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Sunday, August 19, 2001
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16:00 - 18:30

18:00 - 19:15

19:30 - 21:00

21:15 - 22:15

Conference Registration (Independence Room, Crestwood Condominium)

Conference Reception (Lawn at Crestwood Condominium)
(Sponsored by Water Environment Research Foundation
in celebration of the kick-off of their Stormwater Research Program)

Dinner (Roof Garden at the Conference Center)

Social Hour (Crestwood Condominium)

IMPORTANT ANNOUNCEMENTS

• UEF Conferences are smoke-free. Please do not smoke at any conference
function or in any building or tent that contains conference functions.

• Please turn off (or turn to vibrate) your cell phone during technical sessions

• All technical sessions will be in the Anderson Room of the Conference Center

• Poster session will be in the rear of the Anderson Room
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Monday, August 20, 2001

07:00- 08:30

09:00 - 09:30

Breakfast (Independence Room, Crestwood Condominium)

OPENING and WELCOME
Ben Urbonas, Conference Chair
Paul Parisi, UEF, Conference Liaison

SESSION I: KEYNOTING THE TOPIC
Session Chair: Ben R. Urbonas, Chief Master Planning Program, Urban
Drainage and Flood Control District and Conference Chair

09:30 - 10:15 P\l Urban Watershed Trends, Looking Over the Divide
V' Stuart G. Walesh, PhD, P.E., Consultant and Author

10:15 - 10:45 Coffee Break (Kearns Patio of the Conference Center)

10:45 - 11:20 ~ U.S. EPA's Perspective on the Health ofUrban Water Bodies
V Michael Cook, Director, Office of Wastewater Management, US EPA.

- 11:20 - 11:55 ®

11:55 - 12:10

Urban Watershed Needs in the 21st Century, an ASCE
Perspective.
Conrad G. Keys, President EWRI of ASCE.

l12 t-I."J I ~ - r-t M €i'-.rrA-L...

Discussion Period - Questions & Answers '\1-{~2-

12:20 - 13:20

13:20 - 17:00

17:00 - 18:00

18:00 - 19:30

Lunch (Silvertree Hotel Tent)

Ad hoc Sessions and/or free time

Social Hour (Silvertree Tent)

Dinner (Silvertree Tent)

~f-oJrz-L.E:J

C~.rll Tt...Jt~)

SESSION II: BMPs AND IN-STREAM INTEGRITY in URBAN
AREAS
Session Chair: Robert Goo, Non-Point Program, US EPA

19:30 - 20: 10~ Structural and Non-structural BMPs for Protecting Streams.
~ Richard R. Horner, Research Associate Professor, University of

Washington.

20: 10 - 20:50 ® In-Stream Integrity: Can It Be Obtained via On-Site Controls
J Alone?

Doug Sovern, URS Corporation, Seattle, Washington.

20:50 Sodas available in rear of room
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Monday, August 20,2001 (continued)

20:50 - 21:30 £) Documenting Water Quality Improvements Through Long-term
W Urban Watershed Projects

Jean Spooner, North Carolina State University

I
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21:30 - 22:00 Discussion Period - Questions & Answers
Beer, wine and sodas will be available in the Anderson Room during
discussion period until 23:00

I 6 FIN-PROG 1AS



ruesday, August 21, 2001

)7:00 - 08:30

09:00 - 09:35

09:35 - 10: 10

10:10 - 10:40

10:40 - 11:15

11:15 - 11:50

11:50 - 12:05

12:15 - 13:15

13:30 - 16:00

Breakfast (Independence Room, Crestwood Condominium)

SESSION III: WHAT WE KNOW ABOUT IMPACTS of
URBANIZATION on RECEIVING WATER
Session Chair: Charles Rowney, Ph.D., Vice President, Camp Dresser
and McKee, Inc

Interrelationships Between Hydrologic Changes and Obsetved
Stream Responses
Brian Bledsoe, Ph.D., Colorado State University

Relationships Between Water Quality Changes and Stream
Responses to Urban Stormwater Runoff
Edwin E. Herricks, PhD, University of Illinois at Urbana

Coffee Break (Kearns Patio)

Assessment Protocols ofLand Development Impacts on
Receiving Waters
Jesse Pritts, P.E., Office of Wastewater Management, US EPA

What Was Learned from Rouge River Demonstration Project
Kelly Cave and Carl Johnson, Camp Dresser & McKee, Inc.

Discussion Period - Questions & Answers

Lunch (Silvertree Tent)

POSTER SESSION
Session Chair: Richard Field, Office of Research and Development, US
EPA
(Lemonade/juices/sodas and cookies will be served)

1. Analysis ofHeavy Metals in Stormwater
Mary Ellen Tuccillo, US EPA

2. BMP Filters: Upflow vs downflow
Shirley E. Clark, US EPA

3. Effect ofAnaerobiosis on Filter Media Pollutant Retention
Shirley E. Clark, US EPA

4. Treatment ofStormwater by Natural Organic Materials
Izabela Wojtenko, US EPA
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Tuesday, August 21,2001 (continued)

5. Stormwater Treatment: Wet/Dry Ponds vs. Constructed
Wetlands
Christopher Nietch, US EPA

6. Flushing for Sewer Sediment, Corrosion, and Pollution
Control
Chi-Yuan Fan, US EPA

7. Absorption ofPhosphorus by Cattail Callus Cells
Lunique Estime, US EPA

8. Cost Estimating Equation for Best Management Practices
Ramjee Raghavan, USI Infrastructure, Inc.

9. Stormwater BMP Technology Assessment-Preliminary
Findings
Michael Clar, Tetra Tech, Inc.

10. Low Impact Development Case Studies
Michael Clar, Tetra Tech, Inc.

11. Selected RunoffControl Requirements for Construction
Sites
Jim Collins, Tetra Tech, Inc.

12. Measurements ofInfiltration Rates in Compacted Urban
Soils
Robert Pitt, University of Alabama at Birmingham

13. Full-Scale Test ofthe Multi-Chambered Treatment Tank
(MCTT)
Robert Pitt, University of Alabama at Birmingham

I

17:00 - 18:00

18:00 - 19:30

19:30 - 20:00

Social Hour (Roof Garden of the Conference Center)

Dinner (Roof Garden of the Conference Center)

SESSION IV: ZERO and DEMINIMUS IMPACT POLICY ISSUES
Session Chair: L. Scott Tucker, Executive Director, Urban Drainage and
Flood Control District

Local Government Perspective
Doug Harrison, General Manager, Fresno Metropolitan Flood Control

District.
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Tuesday, August 21, 2001 (continued)

20:00 - 20:30

20:30

20:30 - 21:00

21:00 - 21:30

21:30 - 22:00

Urban Aquatic Life Uses - A Regulatory Perspective
William Swietlik, US EPA

Soda available in rear of room

Zero or Low Impact Development - Are We Over-Advertising?
Eric Strecker, GeoSyntec Consultants.

The Prospects for Low Impact Land Development
Thomas R. Schueler, Center for Watershed Protection.

Discussion Period - Questions & Answers
Beer, wine and sodas will be available in the Anderseon Room during
discussion period until 23:00
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Wednesday, August 22, 2001

I

07:00 - 08:30

09:00 - 09:35

09:35 - 10:10

10: 10 - 10:40

10:40 - 11:15

11: 15 - 11:50

11:50 - 12:05

12:15 - 13:15

13:30 - 16:00

13:30 - 16:45

17:00 - 18:00

18:00 - 19:30

19:30 - 20:10

Breakfast Buffet (Independence Room, Crestwood Condominium)

SESSION V: DESIGN OF SUSTAINABLE URBAN WATER
RESOURCES
Session Chair: Larry Roesner, Colorado State University

Mitigating Stream Erosion in Denver, Colorado Metropolitan
Area
David Lloyd, Chief of Design & Construction Program, Urban Drainage &
Flood Control District.

Recent Experiences in the Use ofBMPs in MalmO, Sweden
Peter Stahre, Dr.Ing, Manager, Malmo Water and Wastewater Works.

Coffee Break (Kearns Patio)

Sustainable Designs to Mitigate Effects ofUrbanization
Larry Roesner, Ph.D., P.E., Colorado State University

Wet-Weather Pollution Prevention by Product Substitution.
Shirley Clark and Richard Field, Wet-Weather Flow Research Program,

Office of Research and Development, US EPA

Discussion Period - Questions & Answers

Lunch (Silvertree Tent)

Presentation (in Anderson Room) and Optional Tour ~

Brush Creek Restoration Project, Town of Snowmass.

Ad hoc Sessions and/or Free Time

Social Hour (Roof Garden of the Conference Center)

Dinner (Roof Garden of the Conference Center)

SESSION VI: INFORMATION & MONITORING NEEDS for
EVALUATING THE MmGATING EFFECTS of BMPs
Session Chair: Edwin E. Herricks, University of Illinois in Urbana

Relating Instream Biological Condition to BMP Activities in
Watersheds
James B. Stribling, Tetra Tech, Inc.
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Wednesday, August 22, 2001 (continued)

20: 10 - 20:50

20:50

20:50 - 21:30

21:30 - 22:00

Use ofEnvironmental Indicators for Assessing Stormwater
Program Effectiveness
Jill Bicknell, Supervising Engineer, EOA, Inc. and the Santa Clara Valley
Urban Runoff Pollution Prevention Program, and Dan Cloak, Consulting
Engineer

Soda available in rear of room

Methods for the Assessment ofUrban Wet-Weather Flow
Impacts
Robert Pitt, University of Alabama at Birmingham.

Discussion Period - Questions & Answers
Beer, wine and sodas will be available in the Anderson Room during
discussion period until 23:00
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Thursday, August 23, 2001

I
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I

07:00 - 08:30

09:00 - 09:35

09:35 - 10: 10

10: 10 - 10:40

10:40 - 11:15

11:15 - 11:50

11:50 - 12:05

12:15 - 13:15

13:15 - 15:30

15:30 - 18:00

Breakfast (Independence Room, Crestwood Condominium)

SESSION VII: EXPERIENCE and SCIENCE OUTSIDE UNITED
STATES
Session Chair: Jiri Marsalek

Studies ofUrbanization Impacts and Their Mitigation in France
Bernard Chocat, National Institute for Applied Sciences, Lyon, France.

Auckland Experience With BMPs MitigatingAdverse Impacts
Earl H. Shaver, Auckland Regional Council, New Zealand.

Coffee Break (Kearns Patio)

A Strategic Review ofAustralian Urban Water BMPs
Ian Lawrence, Canberra, Australia, Cooperative Research Center for
Freshwater Ecology, University of Canberra.

BMPs in Urban Stormwater Management in Denmark and
Sweden
Peter S. Mikkelsen, Technical University of Denmark

Discussion Period - Questions & Answers.

Lunch (Silvertree Tent)

Ad hoc Sessions and/or Free Time

CONCURRENT WORKSHOPS
(Anderson Room at Conference Center; Terrace Room and Independence
Room at Crestwood) (Rooms will be assigned on basis of number of
participant sign-ups per session.)
Session Co-Chairs: Richard Field (Workshop 1); Linda Pechacek &
Michael Clar (Workshop 2), Charles Rowney (Workshop 3)

1.

2.

Economic and Social Impacts ofZero, or Deminimus,
Impact Policies. George McMahan, Camp Dresser and McKee,
Inc. - Atlanta, Workshop Leader & Keynoter.

Research Needs to Quantify Urbanization Impacts on
Streams. James P. Heaney, University of Colorado at Boulder,

Workshop Leader and Keynoter.

Quantifying Relationships ofBMPs and Receiving Water
Impact Prevention. Eric Strecker, GeoSyntec Consultants,

Workshop Leader and Keynoter.
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Thursday, August 23, 2001 (continued)

19:00 - 22:00 Banquet Dinner & Social Hour (Roof Garden at the Conference Center)
Entertainment: Tale of the Mountain Men (Bill Cunningham & Karen
Arnold)
Awards:
UEF (Paul Parisi)
Urban Water Resources Research Council (Ben Urbonas)
Recognition of Harry Torno's service to Urban Water Resources Research
Council (Larry Roesner)

13 FIN-PROG 1AS



Friday, August 24, 2001
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07:00 - 08:30

09:00 - 09:35

09:35 - 10: 10

10: 10 - 10:40

10:40 - 11:30

11:30 - 11:45

12:00 - 13:00

Breakfast (Independence Room, Crestwood Condominium)

SESSION VIII: CLOSING SESSION
Session Chair: Michael Cook

Reports on Thursday's Workshops
Workshop 1: Richard Field
Workshop 2: Linda Pechacek and Michael Clar
Workshop 3: Charles Rowney

Use ofReceiving Water Environmental Indicators for
Stormwater Management / Open Discussion on Current and
Future Knowledge Needs
Jill Bicknell, Supervising Engineer, EGA, Inc.

Coffee Break (Kearns Patio)

Summary ofSession Discussion - What Did We Learn This Week?
Jonathan E. Jones, Wright Water Engineers, Inc.

Conference Closure. Ben Urbonas, Conference Chair

Lunch (Silvertree Tent) & Departure
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SESSION I

KEYNOTING THE TOPIC

Session Chair

Ben Urbonas, P.E.
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URBAN WATERSHED TRENDS:
LOOKING OVER THE DIVIDE

INTRODUCTION

ABSTRACT

Possible Down Side

Our Attraction to Water

Walesh1

Described here are threats and opportunities facing the urban water field.
Awareness of and action on these is in the best interests of water professionals,
employers, professions and society. The paper urges more diligence in applying the
state-of-the-art, guarding against software misuse, adopting a holistic approach -to
watershed development, and rejecting price-based selection when clients need
consulting services.

Stuart G. Walesh, PhD, PE
Consultant and Author

3006 Towne Commons Drive, Valparaiso, IN 46385-2979

What brought you into the water field? Regardless of your particular profession, why
is water part of it? My childhood home was across the highway from Lake
Michigan. From as early as I can remember, mother would walk me across that
highway to the beach. We went to where a small creek flowed into the lake. There I
"built" channels, levees, dams, and reservoirs. Upon arriving at college, I discovered
that a degree in civil engineering would enable me to continue to "play" with water
and get paid for it. A water career resulted. I suspect many water professionals have
similar stories. We love this "stuff!" We feel pride and satisfaction in the results of
our work. And we are fortunate. Someone said, "find a life's work you love and you'll
never work another day in your life."

But there is a possible down side. Because of our zeal, we tend to keep our nose to
the grindstone; to focus on current water issues and projects. As a result, we may
fail to look up, around, ahead and behind. As individual professionals and as a
profession, we may miss opportunities and be unaware of threats. It's like working
on a watershed planning project and focusing exclusively on that watershed. While
the watershed may be hydrologically independent, it is environmentally,
economically, and politically interdependent with other watersheds.

I~
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Premise and Purpose

We, in our professional work as in our watershed projects, need to, every now and
then, look over the divide. This paper's premise is that occasional "looking over the
divide" will serve the best interests of individual water professionals, their
employers, our professions, and society. The purpose of this paper is to provide
some thoughts on what we might see over the divide; threats and opportunities
facing the urban water field. A few future-oriented thoughts are presented in this
paper with the hope of stimulating many more. The view over the divide is revealing.
It may encourage thinking and suggest actions through which we can build on
strengths, reduce threats, seize opportunities and more effectively manage our
urban watersheds.

Being invited to offer this keynote address is an honor and a valued opportunity.
Water resources, especially urban issues and projects, have been a part of my work
for over 30 years. Knowledge, experience and biases have been acquired during
that period. Preparing for this presentation caused me to reflect on my knowledge
and experience and review my biases. I appreciate that opportunity. Edward Albee,
the American playwright, said "I write to find out what I'm thinking." By writing and
otherwise preparing this paper, I've more thoroughly discovered what I really think
about urban water management and related topics. Please hear me out; consider
my view of what lies over the divide. Agreement is not my goal; stimulation is.

REINVENTING THE WHEEL

Someone said "inventing the wheel was easy; the clever part was putting four of
them together." We do too much wheel reinventing and wheel putting together in
urban water management.

An Example: Rediscovering the Watershed

Take the watershed itself. About five to ten years ago there seemed to be a rash of
conferences about the "new" concept of approaching water resources planning and
management on a watershed basis. My initial reaction was to somewhat egotistically
think that many of us had already "invented" the watershed approach in the 1970's.
That was the decade when watershed based hydrologic-hydraulic models exploded
and began to be used to assess the impact of urban development. Tools were now
available to facilitate comprehensive watershed planning.

But then I recalled the pioneering work over 80 years ago on the 400 square mile
Miami (Ohio) River watershed. This effort, which was led by engineer and educator
Arthur Morgan and would evolve into the Miami Conservancy District, " ...was the
first time [in the U.S.] that plans would be made for an entire river valley in a
corr~prehensive and thorough fashion." Incidentally, the plan for the Miami River
watershed was the first in the U.S. to use "dry reservoirs" (Leuba, 1971).

Thinking of the watershed part of the Miami Conservancy District reminded me of
the much earlier watershed studies of the French scientist, Edme Mariotte. He was
one of the first to measure rainfall and runoff from a watershed. His 1yth century
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studies were carried out on the Seine River watershed which terminated in Paris at
the confluence of the Seine and Marne Rivers (Biswas, 1970).

Creating a Gap

The point? In my view, too many of the non-routine urban stormwater management
projects we undertake fail to benefit from lessons learned elsewhere within our
professions and often even within individual organizations. Too many of the papers
we present and publish are based on inadequate searches of literature and other
sources. We need to more diligently determine the state-of-the-art. The state-of-the
art, that is, what we know, is often far ahead of the state-of-the-practice, what we
are applying on a day-to-day basis. The gap should be narrowed for the benefit of
those we serve, mainly the public.

Our admirable get-the-job-done attitude has a downside when it causes us to
charge ahead without first looking sideways or backward to see if a similar project is
being or has been done. Maybe, at least within our consulting businesses, the
pressure to bill time and complete projects on schedule and within budget
encourages doing the current project just like we did the last project.

The Global Gold Mine

Even when we in the U.S. "do our homework" for our projects and papers, we tend
to be too parochial, too nationalistic. Perhaps it's the "not invented here syndrome."
Maybe we don't always know how to search beyond national borders. Maybe it's a
U.S. thing. However, smart people all over the globe have and are encountering and
solving urban water problems. We can and should learn from them.

The expression, "think globally, act locally" has become common. A useful variation
for urban water management is "search globally, apply locally." In recent years, the
urban water management community has acquired access to the World Wide Web
and its email.search.website.andwebconferencingfeatures.This communication
technology enables to even more effectively search globally and apply locally. But,
to fully utilize this communication technology to extract knowledge from the global
gold mine, we must adopt a global mindset.

Taking the lead in convening truly international urban water management
conferences is one of the achievements of the ASCE UWRRC. For example, with
significant assistance from the Engineering Foundation, the USEPA, and
Gatukontoret Malmo, such a conference was convened in Davos, Switzerland in
October 1989 (Torno, 1990). Eight countries were represented by presenters. This
was truly a global conference and, as a result, learning and networking occurred.

Consider one example. During the 1970's and 1980's, combined sewage overflow
(CSO) storage tanks were of interest in the U.S. At the 1989 conference, we learned
that what was then West Germany already had 9000 CSO tanks "in the ground."
Advanced and creative technologies used on some of these tanks included real time
monitoring of water level, first and second flush storage chambers, outflow
controllers with vortex valves, and tipping bucket flushing systems (Brombach,
1990). Similar valuable ideas and information were shared by other speakers.

3 Walesh



Looking Over the Divide: Closing the Gap

Some possible ways to avoid reinventing the wheel: 1) Spend some quality world
wide web research time before jumping into a non-routine project or taking on a new
issue; 2) Use electronic technologies, such as telephone and web conferencing, to
enable more water resources professionals to participate in conferences, seminars,
and workshops; 3) Initiate knowledge management programs within private and
public organizations with the primary goal being creating a sharing culture and
providing an electronic system for easily accessing knowledge and knowledgeable
personnel; 4) Select professional service firms who, among other desirable
attributes, can demonstrate that they are truly in the knowledge business by
explaining their internal knowledge sharing processes and how they keep current
with global developments within the water resources field; and 5) Conduct more
critical review of papers submitted for publication by inquiring about the breadth and
depth of authors' literature and source searches.

President Harry S. Truman, one of my favorite historical figures, put it this way: "The
only thing new in the world is the history you don't know.", We water resource
professionals need to be even better students of our history. What we initially regard
as a new problem or issue, may be an old one in new clothing.

EASILY ACCESSIBLE SOFTWARE: GOOD NEWS AND BAD NEWS

Hydrologic, hydraulic and water quality simulation models and other software enable
us to do voluminous calculations that we could only dream of three decades ago. I
had the good fortune of entering professional practice when manual computation
prevailed but computer simulation was beginning to appear. As a result, I used both.
I quickly learned to appreciate the computer's contribution; the quantum leap it
provided in our ability to diagnose watershed problems and create and evaluate
alternatives and then select among them.

Training or Education?

The good news is that computer models and other software are now readily
available and at a low cost. This is also the bad news, that is, computer models and
other software are now readily available and at a low cost. One consequence, is that
we hear stories of engineering and other students, when given a homework
assignment, asking "what computer program do we use?" Perhaps this is simply the
21 st century equivalent of the 20th century student questions "what equation do I
use" or "what handbook do I use?" The temptation within education is to replace
education in fundamentals with training in computer applications. For example, lack
of time to teach and practice the theory of backwater analysis tempts professors to
talk conceptually and superficially about it and then give the students a backwater
computer program and assign some problems.

This temptation to train, rather than educate, is driven, in part, by the ever
decreasing credit hours in bachelors programs and the ever-expanding material to
"cover." This is clearly the case in U.S. civil engineering education, a major source
of water resource professionals. The "box" gets smaller while the necessary
"contents" get larger.
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The answer to the "training or education" question should ultimately lie with the
needs of leading practitioners. Although now somewhat dated, results Of a 1986-87
survey of 19 leading U.S. water resources organizations may be helpful (Walesh,
1988). One theme was dominant in the survey responses: "future practice ... will
require engineers who are computer literate but not at the expense of reduced
understanding of fundamentals such as hydrology and hydraulics." Two other
observations based on the survey: "there is a strong preference for new students
who have more than a standard BS degree" and "the use of computers in education
has not improved the ability of BS and MS graduates to define, analyze, and solve
real problems."

More recent observations by the Task Committee (TC) on Avoiding Failures Caused
by Computer Misuse offer similar thoughts on the "training or education" question
(Task Committee, 1997). Formed by ASCE, the TC's purpose was "to address
issues resulting from misuse of computers in civil engineering." The TC collected
and studied 52 computer misuse cases. They concluded that "computer hardware
caused errors in seven cases (13%), software in 13 cases (25%), users in 30 cases
(58%), and others in two cases (4%)."

Consequences of computer misuse were: "poor solutions to problems in civil
engineering in 31 cases (60%), poor performance of civil engineering facilities in
three cases (6%), and catastrophic failures of civil engineering facilities in two cases
(4%)." Consequences were not known or applicable in 16 cases (30%). Examples of
poor solutions include lost data, unintelligible reports, underbidding construction
projects, cost overruns, schedule delays, over or under estimation of safety factors,
need for redesign, and reconstruction. Poor performance examples are intense
vibrations in a building, window failure during a windstorm, and cracking and
sagging of a reinforced concrete folded plate roof.

Based on its then (1997) completed studies, the tentative advice of the TC included
the overreaching statement "never trust computers." The TC stated that "universities
should be responsible for educating graduates in the fundamentals of engineering."
In contrast, practitioners should be responsible for functions such as selecting
software, testing software, training, supervising and coaching inexperienced users
and establishing protocols for verifying input and output.

The answer to the "training is education" question, as it relates to modeling and
other software use, seems to be it's not one or the other. Both are needed.
However, educators should lead the education effort while practitioners assume
primary responsibility for training.

Possible Adverse Consequences: Embarrassment to Disaster

My fear is that careless black box, or more precisely, beige box use, is entering our
practice. Will the ability to run a watershed simulation model be confused with the
ability to simulate a watershed? Inexperience and incompetent personnel will not
become experienced or competent by equipping them with computer models. To the
contrary, the computer models will simply increase the efficiency with which these
personnel demonstrate their inexperience and incompetence. Worse yet, public
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safety, health and welfare may be subjected to added risk. Recall that the previously
cited TC categorized the consequences of computer misuse as poor solutions, poor
performance, and catastrophic failures.

As a means of focusing this discussion of easily accessible software on watersheds,
consider one of two case studies described by C. S. Hodge (1997). An especially
valuable aspect of the two case studies is that both involved personnel who were
qualified to use the software but failed to be vigilant. In the case study of most
interest, a stormwater modeling program was being used to prepare a master plan
for an unnamed metropolitan area. One project result would be a capital
improvements program to correct stormwater system deficiencies.

The computer model was in transition from a DOS to Windows environment.
Accordingly, extra manual data transfer and writing of some temporCjry programs
were required. Inadequate vigilance during this process on behalf of the experts
resulted in gross over computation of flow rates by up to a factor of two. By the time
the errors were discovered, the consultant incurred cost overruns and a tarnished
reputation with the client and other similar entities in the region. Clearly, use of
easily accessible water resources software by novices, or by experts who fail to be
vigilant, can lead to adverse consequences. Those negative results can vary from
cost overruns and embarrassment on one end of the spectrum to catastrophic
failures on the other end.

Looking Over the Divide: Focusing on Fundamentals and Minimizing Liability

One safeguard against incompetent modeling and other faulty software use is
balanced formal education of engineers and other water professionals. While
students should understand the power of computer models and be expos·ed to
examples of them, the focus of their education should, in my view, be on
understanding hydrologic, hydraulic, water quality and other fundamentals. That is,
with regard to software or any other technology, most of which are very ephemeral,
the college preparation of water professionals should focus heavily on education,
not training. Looking over the divide, I see expanding the required formal education
of civil engineers and perhaps other water resource professionals. This will support
renewed attention to fundamentals and also a broadening of curricular content. The
need for expanded curricula is addressed later in this paper.

Concern with minimizing liability is another mechanism for reducing careless use of
computer models and other software. If errors or omissions occur because model
users within a consulting firm were not competent or modeling experts were not
vigilant, the firm is likely to be liable. This should be a sufficient argument for having
at least one expert associated with each computer model.

However, the need for carefully managed use of computer models and other
software goes deeper. If software contains errors, the individual or organization
using the software, not the outside model developer, is likely to carry all or most of
the liability when a problem arises (Backman, 1993; Engineering Times, 2000; ENR,
October 28, 1991); Mishkin and Schwartz, 1990.) This is another reason for
vigilance by experts. Someone who understands the fundamentals embedded in
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computer models and can judge the reasonableness of computed results is much
more likely than an amateur to detect software errors.

A HOLISTIC APPROACH: THE POWER OF STORAGE

Consider a soon-to-be-developed watershed or portion of one. In its pristine
condition, many development scenarios are possible. Regardless of which scenario
might ultimately be planned, designed and implemented, basic infrastructure must
be provided. Streets, water mains, sanitary sewers, gas and electric lines, and a
stormwater system are typical essentials.

Two Fundamentally Different Approaches to Stormwater Management

In my view, of all the infrastructure elements, the selected approach to stormwater
management has the greatest single impact on the development's ultimate form,
function, and likely quality of life. This is true because two fundamentally different
approaches are available for managing the quantity and quality of runoff from new
urban development. Other infrastructure elements do not offer a similar range of
options.

One stormwater management approach is conveyance-oriented and the other
storage-oriented (Walesh, 1989, pp. 20-31). Each has advantages. For example,
the conveyance approach maximizes the amount of land available for residential,
commercial and industrial land use and is also easier to design. The storage
approach is less likely to cause downstream problems and is more likely to have
water quality management benefits.

However, the principal point is that once the conveyance or storage approach is
selected, the developing area's form, function, and likely quality of life are largely
determined. Often times the decision is not an objective, fully considered one. It may
be made implicitly or with little thought based on local tradition and practice as in
"we always install storm sewers." Or a conscious choice may be made based on
misperceptions such as "the storage approach would be too costly." Or regulations
may drive the choice as in all parcels above a certain size require on-site detention.
Rarely, in my view, is the choice of conveyance or storage made on the basis of life
cycle costs and benefits, sustainability, and quality of life considerations.

Impact of the Storage Choice: Domino Effect

Neither the conveyance-oriented approach nor the storage-oriented approach is
inherently better for all situations. However, in my view, storage has the edge and
both approaches should at least be considered when a watershed or sub-watershed
development is at the conceptual stage. Why? Because, to reiterate, the choice will
profoundly impact the form, function and likely quality of life in the newly developed
area.

Temporary storage of stormwater, regardless of how it's implemented, requires
valuable space. Certainly some stormwater can be stored on rooftops, in tanks
beneath streets and parking lots and in other ways that do not use valuable land.
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However, even with these creative approaches, a storage-oriented system will
require significant land area.

Accordingly, if the storage-oriented approach is being seriously considered, the
resulting thinking is likely to proceed in a "domino" fashion because of the extensive
land area typically needed. The following series of thoughts may occur:

1. Blue-green (Jones, 1967) environmental corridors (Walesh, 1973, 1976) will be
envisioned along perennial and intermittent streams, primarily for stormwater
storage purposes. Vegetation within these corridors will help to reduce non-point
source pollution by serving as a physical and biological filter for runoff en route
to the stream.

2. Isolated woodlands, wetlands, and other low-lying areas will be viewed as blue
green islands mainly to preserve their stormwater storage and infiltration
function. These areas may also help to maintain the volume and quality of the
ground water supply.

3. The blue-green corridors and islands will occupy valuable land whose use for
stormwater quantity and quality management will be important, but infrequent.
Given that much of that land will be publicly owned or controlled by property
owner associations, thoughts will turn to other compatible, high value uses.

4. Recreational trails intended for walking, jogging, biking and rollerblading will
seem appropriate additional uses, especially for the blue-green corridors. Picnic
areas and rest spots will be strategically positioned along the trails.

5. Although originally envisioned as recreational elements, these trails will also be
viewed as linking residences, schools, parks, public buildings, retail and service
businesses. Accordingly, consideration will be given to lateral trails connected to
the corridor. The vision of a pedestrian-friendly community networked with trails
will evolve.

6. Because of their naturalness, some of the blue-green islands and portions of the
blue-green corridors will be seen to have educational value. They contain, and
will continue to contain, a variety of flora and fauna and geomorphologic
features. Signed interpretive sites within the islands and along the corridor trails
will seem appropriate.

7. In the interest of meeting community needs and making optimum use of the
blue-green islands and corridors, portions of them and contiguous land will be
seen as sites for active recreation areas. Included could be softball diamonds,
soccer fields, tennis courts, and golf courses.

8. The evolving vision of multipurpose blue-green corridors and islands will
motivate thinking about other appropriate uses of contiguous land and, looking
even broader, land within view of the corridors and islands. Parkway drives
along some of the corridor edges will seem appropriate for ease of access to
and enjoyment of the corridors. Land areas within view of the corridor and
islands will be seen as prime sites for residential use representing a range of
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price points (e.g., multi-unit apartments and condominiums to estate type
homes).

9. Reflecting on the multipurpose uses and benefits of the large scale" open space
represented by the blue-green corridors and islands, smaller scale multipurpose
open space will begin to be viewed as desirable for some of the residential
areas. The planned unit development mechanism could be used to create mini
corridors and mini-islands, some of which could be connected with others and
the blue-green corridors and islands by a growing network of trails.

10. Continuing the large scale storage theme, which was the original reason for the
blue-green areas, low impact development (LID) stormwater management
measures will be envisioned for residential, commercial and industrial areas
within the watershed (Bay Area Stormwater Management Agencies Association,
1999; Prince George's County, 1997). Examples are infiltration trenches, roof
top storage, vegetative filter strips, rain barrels and cisterns, dry wells, roadside
and other swales, bio-retention facilities, and porous pavement. Land
developers and prospective home owners are likely to be interested because
LID methods can reduce costs and enable building owners to directly participate
in protecting their immediate environment.

11. Noting the storage, multipurpose and pedestrian-friendly themes, some street
and parking lot designers may view the roadways as also having a stormwater
management function. One approach would be to provide strategically placed
speed humps, also known as sleeping policemen (ITE, 1997), that would also
aid stormwater management. The humps or berms could serve to temporarily
store stormwater runoff during moderate and severe rainfall events and/or divert
it to small blue-green areas and ultimately to the large blue-green corridors and
islands (Carr et ai., 2001; Walesh, 2000).

The preceding 11 step domino effect started with one word and one concept. The
word is "storage" and the concept is viewing stormwater as a resource to be wisely
used and thankfully enjoyed. To some readers, the preceding evolving scenario may
seem unrealistic, if not idealistic. I disagree. Many of the blue-green features and
other elements noted in the hypothetical storage motivated scenario already exist.

Looking Over the Divide: Elevating Education Requirements

Achieving a holistic approach to urban water management requires an
interdisciplinary approach which in turn requires interdisciplinary teams. An
effective, cover-the-bases team might include planners, engineers, biologists,
chemists, economic and finance experts, regulators, attorneys, and policy makers.

But, assembling a group of experts is not enough. A multidisciplinary team is not
necessarily an interdisciplinary team. While each team member brings his or her
own depth to the effort, each expert must have sufficient breadth to appreciate and
productively interact with other experts. Needed are more professionals who
specialize in hydrology, but also know the rudiments of psychology; who specialize
in ecological science, but also understand the basics of political science; and who
specialize in environmental law but also appreciate natural laws.
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Young people who select the water resource field and, as a result, enroll in civil
engineering, water resources management, landscape architecture,
biology/chemistry, or other water-related college curricula are most likely to have
strong scientific and technical interests. Their formal education should develop
scientific and technical depth. Recall the need, discussed earlier in this paper, for
teaching hydrologic, hydraulic and other fundamentals.

Their formal education should also develop breadth in recognition of the increasing
need for an interdisciplinary team approach. Examples of topics that could be
included in that breadth are communication, project management, law, economics
and finance, and political science. In my view, the necessary depth and breadth of
knOWledge needed for a holistic approach to urban water management can no
longer be obtained within the bachelor's degree structure. The water resources field
within the U.S. has a tradition of emphasizing graduate study. However, looking
over the divide, I see even more formalization of graduate study and/or specialty
certification as a prerequisite for practicing within the water re~ources area.

Elevating the formal education requirement has begun within civil engineering, a
profession that has traditionally played a major role in urban water management. In
October 1998, the American Society of Civil Engineers (ASCE) Board of Direction
adopted a policy which begins as follows: "The ASCE supports the concept of the
master's degree as the First Professional Degree for the practice of civil engineering
at the professionalleve!."

Subsequently, a task committee (TC) was formed and charged with "developing a
vision of full realization" of the policy and "a strategy for achieving the vision." After
almost two years of work, the TC concluded that "the current four-year bachelor's
degree is inadequate formal academic preparation for the practice of civil
engineering at the professional level in the 21 51 Century." In its draft report (ASCE,
2001), to be acted on by the ASCE Board in October, 2001, the TC: 1)
Recommends the master's degree or equivalent as a prerequisite for licensure and
practice of civil engineering at the professional level; 2) Recommends development
of a specialty certification program for licensed civil engineers who acquire
additional experience and meet other criteria; and 3) Sets forth a 20-year
implementation plan involving a partnership among ASCE, the National Council of
Examiners of Engineering and Surveying (NCEES), state licensing boards, the
Accreditation Board for Engineering and Technology (ABET), universities, other
education providers. and professional societies serving civil engineers.

ASCE is the first engineering society to seriously consider raising the education bar.
Maybe other engineering societies will follow. More relevant to this paper is the
possibility that other disciplines active within the urban water management field will
raise educational requirements (the legal professions did this many decades ago)
and/or institute more specialty certification.

Another Look Over the Divide: Resolving Disconnected Regulations

Raising the education bar supports a more holistic approach to urban water
management. But another obstacle that must be addressed is our disconnected or
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silo type laws, regulations and guidelines. Looking over the divide, we need ways to
integrate water regulations at the urban watershed level.

Water is water, whether it occurs as clouds, rainfall, snowfall, surface water runoff,
ground water, combined sewage or sanitary sewage. Land cover and use are
inextricably linked to water; they directly determine the quantity and quality of
infiltration and runoff.

Given the connectiveness of the water world, why do so many of our water laws,
regulations, and guidance documents promote a disconnected approach? Given the
multiple purpose possibilities inherent in an undeveloped watershed's land and
water resources, why do so many water laws, regulations and guidance documents
focus on single purposes?

Perhaps some examples of highly focused regulations are in order. The two
examples presented here are miniscule compared to the total number of local,

regional, state and federal water laws, regulations, and guidance documents in
effect in the U.S. Nevertheless, they suggest the regulatory disconnect so prevalent
in the water management field when viewed from the local level.

National Pollution Discharge Elimination System

Phase II of the stormwater management portion of the National Pollution Discharge
Elimination System (NPDES) seeks to "provide a comprehensive stormwater
program that designates and controls additional sources of stormwater discharges
to protect water quality," and seeks "to facilitate and promote watershed planning as
a framework for implementing water quality programs" (USEPA, 1998, p. 1548).
With few exceptions (e.g., USEPA, 1998, pp. 1547 and 1578), the 107 page,
110,000 word Phase " rules are essentially silent on the quantity or flood control
aspects of stormwater management. This separation of quality and quantity conflicts
with the technical reality that watershed quality problems cannot be defined and
solved without first obtaining a basic understanding of the quantity dimension, that
is, hydrology and hydraulics. After all, stormwater moving through the hydrologic
hydraulic system picks up, transports and delivers non-point source pollutants.

I do not fault the USEPA for its emphasis on quality in the rules. As noted in the
Phase II rule (Federal Register, p. 1548), the rule is mandated by the Clean Water
Act, Section 402 (p) (6). However, the rule's virtual silence on quantity may result in
a lack of receptivity and support at the local level. Phase" could be more palatable
to and cost effective for municipal officials if it stressed that much of the system
inventory and characterization and other efforts needed for the program (e.g.,
drainage system delineation, public participation) can serve double duty by being
part of the process to also solve flooding problems. Similarly, if structural BMP's are
needed, multiple purpose facilities are much easier to "sell" at the local level.
Accordingly, Phase " rules should stress consideration of facilities that provide
water quality enhancement, flood control, recreation, aesthetic and other functions.

National Flood Insurance Program

The National Flood Insurance Program (NFIP), managed by the Federal Emergency
Management Agency (FEMA), "makes federally-backed flood insurance available in
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communities that agree to adopt and enforce floodplain management ordinances to
reduce future flood damage" (http://www.fema.gov/nfip/summary.htm). The NFIP
prepares Flood Insurance Rate Maps (FIRM), on a community basis, showing flood
hazard areas (including the 1DO-year f100dway and floodplain) and flood risk
insurance premium zones.

As with the USEPA Phase II program, one cannot fault FEMA for emphasizing
hydrologic-hydraulic considerations in floodway delineation and in writing floodplain
ordinances. However, the NFIP's virtual silence on other floodway determination
factors may result in lost opportunities in urbanizing watersheds.

As an illustration of possible adverse legal and environmental consequences of
NFIP's focused approach in delineating floodplains and floodways, consider a
January 2001 suit brought by Forest Guardians and Southwest Environmental
Center, non-profit New Mexico corporations, and the Sierra Club, a non-profit
California corporation. The suit claims that FEMA has violated the Endangered
Species Act (ESA) and the National Environmental Policy A9t (NEPA) by issuing
flood insurance for the Rio Grande and San Juan River floodplains. According to the
suit, FEMA's provision of flood insurance "facilitates development in floodplains"
which, in turn, "causes adverse impacts on endangered species and their critical
habitats. The suit asks the court to enjoin FEMA from certifying new communities
along the two rivers and from issuing policies in already certified communities
"unless and until FEMA complies with NEPA and ESA."

From the local perspective, the problem with single purpose federal and state
programs (like Phase II and NFIP) is not so much conflicting purposes as it is lack of
stress on complementary possibilities. Looking over the divide, we water resource
practitioners need to be advocates for ways to connect the disconnected laws,
regulations and guidance documents. I see increasingly sophisticated local officials
being more aware of the need to comply with a myriad of federal, state and local
water regulations and requirements. More importantly, they will, with possible
assistance from regional planning and similar agencies and from consultants,
creatively integrate these programs to achieve a holistic approach to urban water
management.

PRICE-BASED SELECTION: THE ROAD TO MEDIOCRITY AND MISSED
OPPORTUNITIES

The federal Brooks Act, and versions of it in some states, represent the exception in
the selection of professional service firms for urban watershed projects. The Brooks
Act and its state and other variations require qualifications-based selection.

Prevalence of Price

However, more often than not, consultant selection is heavily influenced by price.
Variations include requiring proposals to include a fee estimate, the number of
expected labor hours, or two envelopes (proposed approach in the first, price in the
second). The result is the same. Price drives the selection and the most qualified
firms, assuming one or more of them responded to the request for proposals (RFP),
are often by-passed. Thoroughness, currency, creativity, sensitivity to stakeholders
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and a life-cycle perspective don't correlate with low fees. As someone anonymously
said: "The bitterness of poor quality remains long after the sweetness of low price is
forgotten."

Missed Opportunities

In my view, excess emphasis on price in the selection of water resource service
providers results in clients receiving shallow diagnosis of problems, a narrow and
dated range of options, high life cycle tangible and intangible costs, and missed
opportunities. Missed opportunities are a significant long-range intangible cost.
Watersheds having the potential for multipurpose stormwater management, blue
green corridors, and pedestrian friendly urban development are instead designed, in
pedestrian fashion, with storm drains, a hodge-podge of stormwater storage
facilities, and an automobile "friendly" configuration. The irrational aspect of this is
that the initial consulting fee, whether it's for the "low cost spread" on even the "real
thing," is a miniscule percent of the total life cycle cost of the resulting stormwater
system and related infrastructure and environmental amenitie~.

Looking Over the Divide: More Sophisticated Clients and More Focused
Service Providers

When our professional societies promote qualifications-based selection, the effort
may seem self-serving. The American Consulting Engineers Council's (ACEC)
Quality-Based Selection (QBS) program may serve as an example. Skeptics might
argue that, after all, consulting firms are likely to be the immediate beneficiaries
when price is eliminated, thus missing the point that QBS benefits users of
professional service firms.

Looking over the divide, I see increasingly sophisticated clients. When outside
assistance is needed for urban water management or other projects, they will ask a
crucial upfront question. Is the service commodity based or consulting based? If the
former, the clients will seek priced proposals; if the latter, selection will be based on
qualifications.

A look over the divide also suggests that consulting firms offering water resources
services will increasingly position themselves as primarily or exclusively commodity
operations or consulting operations. More specifically:

• The commodity operations will offer basic services (e.g., storm drain design),
make intensive and competent use of labor-saving software), and employ
engineers and other professionals with basic educations supplemented with
software-specific training. Efficiency that translates to low costs will be the goal.

• The consulting operations will offer services suited for clients with challenging
problems or clients with challenging visions. Personnel will be well educated and
have rich and varied experiences. Education and training programs and
knowledge management processes will support the recruitment, retention and
continuing development of staff. A broad range of services will be offered
including planning, design, finance, permitting, and stakeholder involvement.
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Effectiveness in serving the long range water management interests of clients
will be the goal.

Growth of the two part commodity operation-consulting operation model will clarify
and simplify the professional services marketplace. Clients will increasingly be more
focused regarding what they want and their RFP's will reflect that focus. RFP's will
be increasingly labeled, explicitly or implicitly, as "commodity" or "consulting." Finns
that are commodity operations will not pursue consulting RFP's and firms that are
consulting operations will not pursue commodity RFP's. The public will be better
served.
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ABSTRACT

The U.S. Environmental Protection Agency implements many of the nation's laws
for protection of public health and the environment. Recently, EPA has focused on
improving the management of urban wet weather flows under the NPDES program.
Among the methods for improving urban wet weather flows, watershed

management, best management practices, innovative funding mechanisms, and
locally developed total maximum daily loads are of particular interest.

THE CHALLENGE OF URBAN WET WEATHER

EPA's Responsibility for the NPDES Program

Water quality is a core component in the quality of life of any nation's citizens. The
United States has dedicated itself to protection and restoration of water quality
through comprehensive programs and cooperation among the jurisdictions
responsible for carrying out national water quality policy. The U.S. Environmental
Protection Agency (EPA) is the primary federal agency working to protect and
restore the nation's water quality. EPA's water program develops national policies,
regulations, guidance, and funding programs to protect surface water, drinking
water, and ground water, and is responsible for administering the nation's water
pollution control programs under the Clean Water Act.

The Clean Water Act has profoundly influenced the way we manage our nation's
water resources. As a result of the 1972 Act, billions of pounds of pollution have
been stopped from entering the environment. The number of waterways safe for
fishing and swimming has doubled. An ethic of environmental stewardship is widely
shared by citizens, members of industry, and all/evels of government. Despite this
progress, about 40 percent of the nation's assessed waterways are still unsafe for
fishing and swimming. Among the numerous challenges EPA and other



environmental agencies face, runoff from city streets, rural areas, and other sources
continues to degrade water quality and to put drinking water sources at risk.

The centerpiece of EPA's efforts to address remaining water quality challenges is
the National Pollutant Discharge Elimination System (NPDES). Under the Clean
Water Act, any point source discharger of pollutants to waters of the United States
must obtain a NPDES permit. It means any discernible, confined and discrete
conveyance, such as a pipe, ditch, channel, tunnel, conduit, discrete fissure, or
container. It also includes vessels or other floating craft from which pollutants are
or may be discharged. By law, the term "point source" also includes concentrated
animal feeding operations, which are places where animals are confined and fed.
By law, agricultural storm water discharges and return flows from irrigated
agriculture are not point
sources.

In 44 states and 1 territory, the NPDES program is implemented through permit
issuance programs approved by EPA. In the remaining states and territories, EPA
is reponsible for NPDES program implementation. Nationwide', nearly 400,000
sources are covered by NPDES permits. The range of facilities covered by NPDES
permits includes wastewater treatment facilities, industrial and commercial facilities,
concentrated animal feeding operations, and other point-source discharges. The
NPDES program also regulates so-called "wet weather discharges" such as storm
water from industrial activities and municipal storm water, combined sewer
overflows (CSOs), and sanitary sewer overflows (SSOs). EPA's storm water
program represents approximately 65 percent of the total number of facilities
regulated under the entire NPDES program:

1. Municipal Separate Storm Sewer Systems (MS4s): Roughly 270 permits
(including approximately 800 co-permittees) currently issued. Under
proposed regulations, discussed in greater detail below, an additional 5,000
MS4s would be subject to storm water regulatory requirements.

2. Industrial Facilities: EPA estimates approximately 120,000 facilities are
covered nationally for storm water discharges associated with industrial
activity.

3. Construction Activities: EPA estimates roughly 150,000 construction sites
are permitted nationwide (19,000 sites annually under EPA issued permit).
Under Phase II, EPA estimates an additional 110,000 sites will be regulated
by the NPDES storm water regulations.

NPDES permits establish specific discharge limits and monitoring and reporting
requirements to reduce or eliminate pollution to receiving waters 1. Pollution limits in
NPDES permits must reflect two kinds of requirements. Technology-based
requirements are uniform national requirements for specific categories of industrial
and municipal dischargers. The technology-based requirement for municipal
wastewater treatment plants is secondary treatment. Water quality-based
requirements are requirements tailored to local conditions that will provide for
attainment of state water quality standards. Water quality standards are adopted by
states for all waters of the United States. Water quality standards define the water
quality goals for a water body, including the Clean Water Act goals of protection and
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propagation of fish, shellfish, and wildlife, and recreation in and on the water. A total
maximum daily load (TMDL) is the sum of wasteload allocations for point sources,
load allocations for nonpoint sources, and a margin of safety. Wasteload
allocations are the basis of water quality-based conditions in NPDES permits.

Recently, EPA has focused on improving the management of wet weather flows,
particularly from urban areas, under the NPDES program. EPA is working in
cooperation with states and municipalities to develop strategies to address storm
water, combined sewer overflows, and sanitary sewer overflows. This task is
critical, as environmental progress must be made to justify and gain maximum
efficiency from the $23 billion municipalities spend annually on wastewater
treatment plants, drinking water treatment, and storm water pollution control. 2

URBAN WET WEATHER DISCHARGES

Storm Water

In the United States, initial efforts at improving water quality under the NPDES
program focused on reducing direct discharges of wastewater from municipal and
industrial facilities. Those discharges were easily identified as detriments to water
quality. As wastewater treatment increased and became more efficient, the federal
government began identifying additional sources of water quality impairment.
Storm water runoff, including agricultural and urban land, was found to be a major
cause of water quality impairment. Storm water discharged through a pipe or other
discrete conveyance is a "point source" and is subject to the NPDES permit
program.

Urban storm water, which is often collected by storm drains and transported via
pavement, rooftops, and other impervious surfaces to receiving waters, contains
pollutants accumulated as it travels. Pollutants in urban storm water include oil and
grease, chemicals, nutrients, heavy metals, bacteria, viruses, and
oxygen-demanding compounds. When left uncontrolled, storm water discharges
can result in the destruction of fish, wildlife, and aquatic life habitats; streambank
erosion; a loss in aesthetic value; and threats to public health due to contaminated
food, drinking water supplies, and recreational waterways.

EPA's 1998 National Water Quality Inventory indicates that storm water from
residential, commercial, and industrial areas is responsible for about 12 percent of
impaired river miles, 15 percent of impaired lake acres, 27 percent of impaired
estuarine square miles, and 61 percent of impaired ocean shoreline miles in the
United States. 3 Polluted storm water discharges from some sources are largely
uncontrolled. Storm water runoff from lands modified by human activities can
change natural hydrologic patterns, accelerate stream flows, destroy aquatic
habitats, and elevate pollutant concentrations and loadings. Storm water runoff
may contain or mobilize high levels of contaminants such as sediment, suspended
solids, phosphorous, nitrogen, heavy metals, pathogens, toxins, oxygen-demanding
substances, and floating debris. 4
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The Political Complexity of Storm Water

The challenges posed by storm water discharges will not vanish as a result of the
storm water regulations. Urban watersheds, perhaps more than other watersheds,
are impacted by a wide variety of complex sources and pollutants. Because of
relatively dense development in urban cores and sprawl in outlying areas,
identifying and implementing viable, cost-effective solutions in urban watersheds is
challenging. Moreover, local officials and citizen groups seeking to improve urban
watersheds are often confronted with a wide (and sometimes daunting) array of
federal and state programs and initiatives. Most of these programs focus on
specific problems and, all too often, operate in relative isolation from each other.
Thus, EPA, states, tribes, municipalities, and citizen groups must strive to identify
and implement innovative solutions to storm water challenges.

Urban development increases the amount of impervious surface in a watershed as
agricultural land, wooded areas, and fields with natural infiltration characteristics are
replaced by buildings, parking lots, and roads with no ability to absorb storm water.
Many studies have shown that stream degradation occurs at levels of
imperviousness as low as 5 percent. Furthermore, most urban streams cannot
support diverse benthic communities when the surrounding area is more than 25
percent impervious. Neighborhoods with medium-density single family homes can
create imperviousness of 25 percent to 60 percent.

Likewise, urban development creates new sources of pollution such as lawn
fertilizer and pesticides, automobile emissions, automobile maintenance wastes, pet
waste, litter, and household hazardous wastes. Such pollutants may be washed
into receiving waters by storm water or dumped directly into storm drains. Thus,
the effects of development have a direct impact on water quality, challenging
politicians and policy makers to balance the need for municipal growth and
accommodation of citizens with the health of the environment and regulatory
compliance. At the watershed level, protecting water quality from the effects of
growth and development will require increased cooperation among discrete
jurisdictions to plan more effectively and implement storm water control plans.

Phase I and Phase II Storm Water Regulations

In 1987, Congress amended the Clean Water Act to require implementation, in two
phases, of a comprehensive national program for addressing storm water
discharges. Phase I of the storm water regulations, issued on November 16, 1990
and currently under implementation, required permits for municipal separate storm
sewer systems (MS4s) serving large and medium-sized communities (those with
over 100,000 inhabitants), and for storm water discharges associated with industrial
activity, including construction activity disturbing five acres or more of land (55 FR
47990). These permits require the implementation of storm water management
plans and programs as necessary to protect and improve water quality.

Phase II of the storm water program, which was finalized on October 29, 1999, and
published December 8, 1999, addresses additional storm water discharges from
certain small MS4s and construction sites (64 FR 68722). It also provides an
exemption for some industrial facilities. The rule automatically regulates two
classes of storm water dischargers on a nationwide basis: Operators of small MS4s
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located in "urbanized areas" and operators of construction activities that disturb
equal to or greater than 1 and less than 5 acres of land. Additional small MS4s
(outside of urbanized areas) and construction sites (disturbing less than 1 acre of
land), along with significant contributors of pollutants to waters of the U:S., may be
brought into the NPDES storm water program by the NPDES permitting authority.
Certain sources are excluded from the national program due to a demonstrable lack
of impact on water quality.

Combined Sewer Overflows and Sanitary Sewer Overflows

CSOs are remnants of the country's early infrastructure. In the past, communities
built sewer systems to collect both storm water runoff and sanitary sewage in the
same pipe. During dry weather, these "combined sewer systems" transport
wastewater directly to the sewage treatment plant. In periods of rainfall or
snowmelt, however, the wastewater volume in a combined sewer system can
exceed the capacity of the sewer system or treatment plant. For this reason,
combined sewer systems are designed to overflow and discharge excess
wastewater directly to nearby streams, rivers, lakes, or estuaries. CSOs contain not
only storm water but also untreated human and industrial waste, toxic materials,
and debris. CSOs are among the major causes of beach closings, shellfishing
restrictions, and other water body impairments. Combined sewer systems serve
about 43 million people in approximately 920 communities nationwide. Most
combined sewer systems are located in the Northeast and Great Lakes regions.

SSOs are discharges of raw sewage from municipal sanitary sewer systems. Such
systems convey sewage in pipes that are separate from storm water conveyance
pipes. Blockages, leaks into or out of pipes (referred to as infiltration and inflow), or
other failures of the collection system can release untreated sewage into
basements or out of manholes and onto city streets and into streams before it can
reach a treatment facility. SSOs occasionally occur in almost every sewer system,
even though systems are intended to collect and contain all the sewage that flows
into them. EPA estimates that about 40,000 SSOs occur every year. When SSOs
happen frequently in a single system, however, something is wrong with the
system. EPA has found that SSOs caused by poor sewer collection system
management pose a substantial health and environmental challenge. Problems
that can cause chronic SSOs include blockages, infiltration and inflow, undersized
systems, pipe failures, equipment failures, problematic sewer service connections,
and deteriorating sewer systems. The potential public health consequences of
SSOs include infections such as flu, diarrhea, cholera, hepatitis, cryptosporidiosis,
and other illnesses.

Reducing CSOs and SSOs

As discussed above, EPA's 1998 National Water Quality Inventory makes clear that
pollution from wet weather discharges is a leading cause of water quality
impairment. EPA believes urban wet weather discharges should be addressed in a
coordinated and comprehensive fashion in order to reduce the threat to water
quality, reduce redundant pollution control costs, and provide State and local
governments with greater flexibility to solve wet weather discharge problems.
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EPA hopes to significantly reduce the occurrence and impact of all wet weather
discharges. Eliminating CSOs and SSOs, although not feasible, would improve
public health and water quality in the United States. EPA is considering proposing
an SSO rule that clarifies the existing regulatory prohibition on SSOs and provides
additional incentives and guidance for effective collection system design and
management. Yet, prohibiting SSOs is only one means of preventing such events.
As stated above, SSOs are an indication that a sanitary sewer system may not be
functioning at its optimal level of efficiency. Thus, the draft SSO proposal also
includes a comprehensive Capacity Assurance, Management, Operation, and
Maintenance (CMOM) program designed to assist collection system operators in
eliminating SSOs. The CMOM program requires collection system operators to
develop an overflow response plan, to conduct a program audit every five years,
and to implement a system evaluation and capacity assurance plan for the system.
Collection systems require ongoing maintenance and evaluation. The CMOM
program essentially codifies measures that all collection systems operators should
be taking to effectively meet their responsibilities to the public.

Recognizing the difficulty of eliminating CSOs, EPA's approach has been to provide
guidance on managing combined systems in a manner aimed at reducing csas as
much as possible. The CSO policy includes nine minimum controls for reducing
CSOs. The nine minimum controls are:
1. proper operation and regular maintenance programs for the sewer system

and the CSOs;
2. maximum use of the collection system for storage;
3. review and modification of pretreatment requirements to assure csa

impacts are minimized;
4. maximization of flow to the POTW for treatment;
5. prohibition of CSOs during dry weather;
6. control of solid and floatable materials in CSOs;
7. pollution prevention;
8. public notification to ensure that the public receives adequate notification of

CSO occurrences and CSO impacts; and
9. monitoring to effectively characterize CSO impacts and the efficacy of csa

controls.

The CSO Control Policy has been interpreted and implemented in a wide variety of
ways across the country. In December 2000, Congress passed the Wet Weather
Water Quality Act of 2000, which states that NPDES permits "shall conform to" the
CSO Control Policy. EPA presently is analyZing the legislation, but collection
systems clearly will be obligated to adopt a more aggressive strategy for
implementing the nine minimum controls and the other provisions of the CSO
Control Policy.

The Wet Weather Water Quality Act of 2000 also requires EPA to provide two
reports to Congress. The first report, due September 1, 2001, will characterize the
status of implementation and enforcement of the CSO Control Policy. EPA is
pursuing an ambitious research agenda to gather this information and to provide
Congress and the public with the most complete report possible. The first report will
include profiles of each state's overflow control program, profiles of community
implementation of CSO controls, and an analysis of nationwide implementation of
the CSO Control Policy. The second report, due December 2003, will evaluate the
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human health and water quality impacts of CSOs and SSOs. These two reports
should provide a comprehensive body of information for determining the future of
the nation's approaches to sewer overflow control.

INNOVATIVE METHODS OF IMPROVING URBAN WET WEATHER FLOWS

Urban watersheds must be managed and assessed in a comprehensive and
coordinated manner. We can find ways to offer efficiencies and flexibility in our
existing programs that would both serve as a catalyst to local watershed
planning/priority setting and help implement priority restoration and preservation
actions. Among the wide range of possible methods for improving urban wet
weather flows, four options are of particular interest. First, watershed management
is an essential step for managing water resources on a hydrologic basis that goes
beyond command-and-control regulations. Second, best management practices
(BMPs) are necessary to optimize the operation of existing infrastructure and to
improve all jurisdictions' environmental performance. Third, EPA and the States
should strive to tailor existing funding and technical assistance tools to meet the
needs expressed in locally developed urban watershed plans: New funding
mechanisms may provide additional resources to achieve the environmental goals
set by law and by public demand. Fourth, the national Water Program seeks to
foster local leadership to protect and restore urban watersheds and to serve as a
catalyst for local planning, priority setting, and project management. Total
maximum daily loads (TMDLs) may be effectively developed by municipal
authorities or citizen groups.

Watershed Management

The watershed management approach is a key to improving water quality in the
United States. This flexible approach encourages priority setting, transcends
command-and-control-type regulation, and meets the unique needs of individual
watersheds. Moreover, managing water resource programs on a watershed basis
makes good sense -- environmentally, financially, and socially. The resource
becomes the focal point, and managers are able to gain a more complete
understanding of overall conditions in an area and the stressors which affect those
conditions. A watershed framework offers many opportunities to simplify and
streamline the workload. For example, synchronizing monitoring schedules so that
all monitoring within a given area (Le., a watershed) occurs within the same time
frame can eliminate multiple trips and greatly reduce travel costs. Efficiency is also
increased once all agencies with natural resource responsibilities begin to work
together to improve conditions in a watershed. In its truest sense, watershed
protection engages all partners within a watershed, including federal, state, tribal
and local agencies. By coordinating their efforts, these agencies can complement
and reinforce each others' activities, avoid duplication, and leverage resources to
achieve greater results. Innovative approaches such as watershed management
will be critical in protecting water quality.

With specific regard to wet weather issues, watershed management provides a
mechanism for pooling resources and knowledge to reduce the impacts of sewer
overflows and storm water discharges. A comprehensive evaluation and plan of
action for a watershed will necessarily include identification and quantification of all
discharges to water bodies in the watershed. Watershed managers likely would
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engage in some determination of the water quality and human health impacts of the
discharges as measured by their physical and statistical characteristics. Using the
watershed management approach, specific discharges, or discharges as a discrete
unit of water quality impairment, would receive a priority relative to other
impairments and water quality challenges. The collective resources of communities
within the watershed could then be directed at reducing individual discharges or all
discharges at the level of effort appropriate to the priority placed on discharges.
The watershed management approach also would allow downstream communities
to discuss actual or potential impacts of upstream discharges on water quality and
use of water bodies. Such new and innovative approaches to improving water
quality are essential elements of the watershed management approach to improving
water quality.

Best Management Practices (BMPs)

BMPs are a first step toward reducing the impact of storm water on receiving
waters. Phase I of the national storm water regulations required the operators of
municipal and industrial storm water facilities to incorporate best management
practices (BMPs) into comprehensive plans for meeting their permit requirements.
BMPs can be characterized as either "structural" or "nonstructural." Structural
BMPs are designed to provide passive treatment, functioning unattended during wet
weather. Nonstructural BMPs are practices and institutional arrangements, such as
good housekeeping measures, that affect the quality and quantity of runoff.
Nonstructural BMPs also include public education and outreach efforts. BMPs in 
storm water pollution prevention plans are likely to include preventive maintenance,
inspections, proper material storage, spill prevention and response, and sediment
and erosion controls. EPA is committed to improving the understanding of the
effectiveness and limitations of BMPs.

Information-sharing is vital to the adoption of innovative and efficient BMPs. EPA
provided a grant to the Urban Water Resources Research Council of the American
Society of Civil Engineers to produce a database of national storm water BMPs.
The data includes information on test site location, watershed characteristics,
climatic data, BMP design and layout, monitoring instrumentation, and monitoring
data for precipitation, flow, and water quality.s The database is one component of a
broader project to identify factors that affect BMP performance, developing
measures for assessing BMP performance, and using the findi~1gs to implement
design improvements. Such a database is necessary becausl 3MPs have been
implemented at facilities throughout the United States, but very few facilities have
used scientific methodology in their BMP programs. The wastewater industry must
use defensible research methods while using and evaluating BMPs in order to
document the managerial and environmental impacts of such practices.

We are beginning to learn about the advantages and successes of BMP
implementation, but we need to know much more. The Office of Wastewater
Management recently recommended that research linking specific BMPs with
specific loadings reductions and improvements in water quality be considered a
priority for EPA. Research must provide information facilitating the refinement of
existing BMPs and development of new BMPs. Detailed information is necessary
on the cost effectiveness of BMPs. Methods of continuous information collection
and analysis of BMPs are crucial for determining the long-term effectiveness of
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BMP implementation. Moreover, states and local governments need a means of
effectively communicating findings on BMPs to responsible entities. Such research
is crucial if wet weather discharges are to be addressed in a coordinated and
comprehensive fashion to improve water quality and increase the affordability of
pollution control.

Financial Mechanisms

EPA's primary mechanisms to help local communities finance water infrastructure
projects are the State Revolving Loan Funds (SRFs) established in the Clean Water
and Safe Drinking Water Acts. The SRF programs were designed to provide a
national financial resource for clean and safe water that would be managed by the
states and would provide a funding resource "in perpetuity." Under the SRF
programs, EPA makes grants to states to capitalize their SRFs. States provide a 20
percent match to the federal capitalization payment. Local governments receive
loans for up to 100 percent of the project costs at below market interest rates.
Low-interest SRF loans provide local communities with dramatic savings compared
to loans with higher, market interest rates. For example, an SRF loan at the year
2000 average interest rate of 2.6 percent saves communities 25 percent over the
life of the loan, compared to using commercial financing at an average interest rate
of 5.8 percent. SRF repayments are used to make new loans on a perpetual basis.
Because of the revolving mechanism, funds invested in the SRFs provide about

four times the purchasing power over 20 years than they would if the funds were
distributed as grants.

To date, the federal government has provided more than $18 billion in capitalization
grants to states for Clean Water SRFs through FY 2001. With the addition of state
matching funds and bond proceeds, the cumulative funds available for loans of the
clean water SRFs were more than $34 billion. Since 1988, states have made over
9,500 individual loans for a total of $30.4 billion. In FY 2000 the Clean Water SRFs
issued a record total of 1,300 individual loans with a value of $4.3 billion.

EPA and the states have been working hard for several years to both increase the
variety of projects that can be funded under the Clean Water SRF and to improve
the planning and priority setting systems that are used to choose those projects. In
October 1996, EPA and a group of representative states concluded negotiations on
a guidance document called the "Funding Framework." The Clean Water Act allows
states to use the Clean Water SRF to fund a wide variety of projects related to
clean water, including nonpoint source, estuary, wetlands, storm water, as well as
more traditional wastewater treatment projects. While these uses were available to
the states, many states did not take advantage of this flexibility during the early
years of Clean Water SRF implementation. States have a great deal of flexibility in
setting priorities for the funds within their Clean Water SRFs. Flexibility is
important as each state has a different range of water quality challenges that it must
address. The Funding Framework document also recognized that state planning
and priority setting systems could be improved to better target SRF funds to high
priority projects. Over the last several years, there has been a dramatic increase in
funding of nonpoint source projects. As of June 30, 2000, 28 Clean Water SRFs
have funded 2125 nonpoint source and estuary projects representing 22 percent of
all projects funded since the inception of the Clean Water SRFs. So far over $1.2
billion has been spent on these important nonpoint source and estuary projects.
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With regard to improved planning and priority setting systems, 12 states are using
integrated systems to manage the allocation of the Clean Water SRF funds.

Many states have also developed very innovative funding mechanisms to make
funding nonpoint source and estuary projects easier for both the applicant and the
state. EPA is continuing to work with all the states to expand the potential uses of
the Clean Water SRF, to improve state planning and priority setting, and to develop
innovative funding mechanisms to meet the needs of people and organizations that
want to help protect and restore our nation's rivers, lakes, and coastal waters.

The success of the SRF program could be even greater if additional innovation is
brought to the program. "Package financing" might bundle small projects related to
one watershed or one TMDL together and finance them together. For instance, one
loan to a municipality might finance a storm water project, SSO work, and stream
bank stabilization as a "package." Another approach might place high funding
priority on a group of separate loans related to one watershed or one TMDL. This
approach could raise awareness of a particular issue, muster diverse
organizations' commitment to a watershed, and encourage applications for loans.
Finally, financing could be a way of evaluating the cost and benefits of various ways
of achieving TMDLs or specific watershed issues and encouraging implementation
of the most cost-effective options. Municipalities might be allowed to "trade"
among the water pollution sources it controls or to "buy" the most cost-effective
approaches to reducing such pollution. 6

In addition to the SRF, the Clean Water Act authorizes two other major types of
financing for water quality protection. CWA Section 106 authorizes EPA to provide
federal assistance to States and interstate agencies to establish and implement
water pollution control programs. Section 106 funding is helping to foster a
watershed protection approach at the state level by looking at states' water quality
problems as an entire system, then targeting finances available for effective
program management. The Section 104(b)(3) grant program provides funding to
state water pollution control agencies, interstate agencies, municipalities, nonprofit
organizations and institutions, and individuals to promote the cooperative activities
for environmental gains. These efforts include municipal compliance with the Clean
Water Act, storm water control, solids management, and pretreatment. The efforts
eligible for funding under this program include research, investigations,
experiments, training, and environmental technology.

Some municipalities are adopting storm water user fee systems to finance storm
water programs. 7 User fees charge property owners according to their impact on
the local storm water collection system and the services the property owners
receive from that system. One method for assessing a storm water fee is to charge
according to the amount of storm water generated by each property. This figure is
derived from the amount of impervious surface each property includes. Public
streets are excluded from the fee structure as part of the storm water collection
system. A rate per unit of impermeable surface, typically around 2,500 square feet,
is included on users' monthly utility bill. Credits may be available for sites
incorporating storm water detention or retention infrastructure on the property.

Related to the storm water user-fee concept is the creation of municipal storm water
utilities. 8 The creation of storm water utilities can enhance funding possibilities,
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provided the new utility has and maintains public support. As allowed by law, storm
water utilities may use funding methods such as revenue bonds, system
development charges, facilities fees, inspection fees, impact fees, and development
fees. The utility also may engage more actively in planning, technical oversight,
and evaluation and maintenance of the collection system. Each of these may result
in greater efficiency and performance of the collection system in protecting water
quality.

Locally Developed TMDLs
TMDLs are a fourth area of potential innovation. At the moment, states are
developing TMDLs throughout the United States. The precision and tight focus of
the TMDL process on individual watersheds, however, suggests that this process
could also be conducted at the localleve!. Local agencies know their area better
than outside agencies, are mandated to protect human health and the environment,
and have a vested interest and control over many of the sources of pollution,
including nonpoint sources and local land use planning. These tools could be
critical in completing a TMDL for a particular water body. A process by which such
locally produced TMDLs were united under a watershed framework could both
enhance environmental protection and potentially draw municipalities closer
together on these and a wide range of additional issues.

CONCLUSION

Real-world solutions to water quality challenges will integrate watershed
management, financial mechanisms, best management practices, and TMDLs to
improve water quality in the most effective manner. These efforts must include
experts from a wide range of disciplines, policy makers, and the public to achieve
success. More information on the issues discussed above and on theNPDES
program is available at the Office of Watershed Management's Web site,
http://www.epa.gov/npdes.
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ABSTRACT

Urban watershed needs for many river basins include water conservation, reclaimed
water, replacement of pipes, slope stability, land use planning, flood control, coastal
protection, desalinization, evaporation suppression on reservoirs, dam safety,
aquifer storage and recovery, and atmospheric water management. Predictions of
national migration and resettlement, seismic performance or urban regions,
scientific developments in water purification, rearrangement of state and provincial
boundaries, further research in vegetation management, and a total water
resources cost recovery system are just a few items that can be further developed
in the 21 st Century.

The American Society of Civil Engineers (ASCE) encourages broader participation
by its Institutes and the other technical councils in the development of codes and
standards, conferences, and appropriate continuing education opportunities. This
President of the Environmental & Water Resources Institute (EWRI) of ASCE
recommends the continuing development of a private sector-government-academia
partnership, including financial support by all sectors, in order for professionals to
participate fully in the development of standards that will benefit partnerships for the
entire world.

ASCE continuing education courses for the professional in 2001 may include: (1)
Urban Watershed BMP's, (2) Municipal Storm Water Management, (3) Applications
in Stormwater Management, (4) Hydrologic & Hydraulic Design of Culverts, (5)
Modernization of Irrigation Water Delivery Systems, (6) Wind Loads for Buildings,
and (7) Wetlands and 404 Permitting.



Past self-study products of the AWWA, WEF, NGWA, AGU, AWRA, University of
Wisconsin - Madison, Clemson University, and ASCE have included wetlands &
404 permitting, forecasting urban water demands, planning & management of
reliable urban water systems, design & installation of buried pipes, slope stability &
landslides, multi-layered aquifer systems, sewer pipeline rehabilitation, trenchless
technology, and soil erosion & sediment control.

Many of the predictions and educational products are related to the expected
development and background education of the recognized technologists associated
with the work by many professionals that serve as volunteers of technical societies.
The future knowledge needed for urban watersheds include a combination of
technologies, additional codes and standards, and continuing education
opportunities. This presentation will provide one perspective of a few of the urban
watershed technologies that could be covered by future EWRIIASCE product and
marketing opportunities.

INTRODUCTION OF PERSPECTIVE

Urban watershed needs for many river basins include water conservation, reclaimed
water, replacement of pipes, slope stability, land use planning, flood control, coastal
protection, desalinization, evaporation suppression on reservoirs, dam safety,
aquifer storage and recovery, and atmospheric water management. Predictions of
national migration and resettlement, seismic performance or urban regions,
scientific developments in water purification, rearrangement of state and provincial
boundaries, further research in vegetation management, and a total water
resources cost recovery system are just a few items that can be further developed
in the 21 st Century.

This presentation will not cover the details for the urban watershed needs for the
many river basins nor will it cover the details associated with the research, design,
operation, maintenance, or urban watersheds within municipalities or small urban
watersheds. It is the intention for this author to cover one perspective of a few of
the urban watershed technologies and how EWRIIASCE can produce documents
and/or continuing education opportunities for the professionals interested in the
topics.

ACTIVITIES BY EWRI PORTION OF ASCE

The ASCE Board of Direction authorized the start-up of the SEI (Structural
Engineering Institute) and G-I (Geo-Institute) as semi-autonomous organizations
within ASCE in 1996. These institutes were initially formed around the activities of
the structural and geotechnical activities of those technical divisions of the Society.
In 1998, AEI (Architectural Engineering Institute) was formed and in October, 1999,
those interested in environmental engineering, water resources planning and
management, and water resources engineering became the core of the EWRI
(Environmental & Water Resources Institute). Now, the CaPRI (Coasts, Oceans,
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Ports, and Rivers Institute) and the CI (Construction Institute) is also in existence
and all ASCE members can join anyone of the six institutes at no additional annual
fee to the Society (Durrant, 2001).

Although ASCE is an exclusive organization whose members are civil engineers, it
is recognized that civil engineers work closely on projects with other professionals.
The strategic planning of ASCE (1998 Plan) allows the institutes to be inclusive and
encourages broader participation by its Institutes and the other technical councils in
the development of codes and standards, conferences, and appropriate continuing
education opportunities. EWRIfASCE recommends the continuing development of
a private sector-government-academia partnership, including financial support by all
sectors, in order for professionals to participate fully in the development of
standards that will benefit partnerships for the entire world.

The vision of the new institutes speak to closer relationships Qetween the technical
activities of ASCE and the activities of outside organizations, as well as the
partnering with sections and branches of the Society.

EWRI Strategic Plan 2001-2002

The EWRI 2001-2002 Goals were drafted in 2000, recently approved by the
Governing Board of EWRI, are presently being reviewed by the EWRI Advisory
Council. The five goals are: (1) Expand and diversify the membership base, (2)
Partnering with external Groups, (3) Improve the advancement and transfer of
technology, (4) Strengthen EWRI's public policy role, and (5) Implement and
Improve the 1999 EWRI Business Plan. The objectives and action items for first
goal are to be carried out by the Member Services Area of EWRI. Goal 2 and 5
were developed for the Governing Board to carry out. The two remaining goals
(Goal 3 and 4) are the responsibility of the Technical Activities Area and the
Products & Marketing Area, respectively, of this Institute.

Publications of EWRI/ASCE

ASCE publishes their publications catalog, www.pubs.asce.org, each year. The
hard copy of 2001 ASCE Publications Catalog was mailed in March 2001 and
shows many publications for the environmental and water resources professionals.
They include Environmental (Wastewater Systems Treatment and Waste
Management), Infrastructure & Planning, Management (Management and Career
Development), Reference & Research, Water Resources (Dams and Hydropower,
Hydraulics and Hydrology, Irrigation and Drainage, Reservoirs and Water Supply),
Series Listings (numerous), and ASCE Journals and Periodicals (Print, Online, and
CD-ROM). Only a few of the publications list any of the six institute's involvement at
this time.



Many of the present ASCE publications will show EWRI involvement or name on the
next edition. The EWRI/ASCE label could appear on these within the next five
years. They could be EWRI/ASCE (or some other agreed title):

Manual 13 (Filtering Materials for Sewage Treatment Plants)
Manual 28 (Hydrology Handbook)
Manual 40 (Ground Water Management) - proposed revision has started
Manual 57 (Management, Operation and Maintenance of Irritation and
Drainage Systems) - proposed revision has started
Manual 60 (Gravity Sanitary Sewer Design and Construction)
Manual 69 (Sulfide in Wastewater Collection and TreatmentO
Manual 70 (Evapotranspiration and Irrigation Water Requirements)
proposed revision has started
Manual 71 (Agricultural Salinity Assessment and Management)
Manual 76 (Design of Municipal Wastewater Treatment Plants)
Manual 77 (Design and Construction of Urban Stormwater Management
Systems)
Manual 81 (Guidelines for Cloud Seeding to Augment Precipitation)
proposed revision under discussion
Manual 82 (Odor Control in Wastewater Treatment Plants)
Manual 83 (Environmental Site Investigation Guidance Manual)
Manual 85 (Quality of Ground Water)
Manual 86 (Operation and Maintenance of Ground Water) - proposed
revision under discussion
Manual 87 (Urban Runoff Quality Management)
Manual 95 (Urban Subsurface Drainage)
Manual 97 (Hydraulic Modeling: Concepts and Practice)
Manual 98 (Conveyance of Residuals from Water and Wastewater
Treatment)
Manual 99 (Environmental Site Characterization and Remediation Design
Guidance)
Manual 100 (Groundwater Contamination by Organic Pollutants: Analysis
and Remediation)

It could be obvious that many of those above could join the ranks of EWRI/ASCE
Codes and Standards if the core group of the committees recommend such
development. The ANSI/ASCE Codes and Standards program follows the Rules
that appear in each ASCE Official Register, including those standards organizations
within ASCE Institutes. Standards Councils or Divisions are setup to manage its
constituent standards committees, enforce the Rules, seek opportunities to market
the standards which its committees produce, and stimulate the initiations of new
ANSI/ASCE standards activities. The present ASCE Standards in the 2001
Publications Catalog include:

ANSI/ASCE 2-91, Measurement of Oxygen Transfer in Clean Water (under
second revision)
ANSI/ASCE 12-92, Standard Guidelines for Design of Urban Subsurface
Drainage (under first revision)
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ASCE 13-93, Standard Guidelines for Installation of Urban Subsurface
Drainage (under first revision)
ASCE 14-93, Standard Guidelines for Operation and Maintenance of Urban
Subsurface Drainage (under first revision)
ASCE 18-96, Standard Guidelines for In-Process Oxygen Transfer Testing
(under first revision soon)

The newest EWRI/ASCE Codes and Standards being published in 2001 include:

EWRIIASCE 33-01, Comprehensive Transboundary International Water
Quality Management Agreement
EWRI/ASCE 34-01, Standard Guidelines for Artificial Recharge of Ground
Water
EWRI/ASCE 35-01, Standard Guidelines for Quality Assurance of Installed
Fine Pore Aeration Equipment

Most have been or will be mentioned in the ASCE NEWS during spring 2001 and
are available at the ASCE and EWRI exhibit booths at conferences throughout the
US.

Other proposed standards under development and/or committee balloting include:

Regulated Riparian Model Water Code
Standard Guidelines for Installation of Urban Stormwater Systems
Standard Guidelines for O&M of Urban Stormwater Systems
Standard Practice for the Design and Operation of Hail Suppression Projects
Standard Guidelines for Design of Urban Stormwater Systems
Standard Practice for the Design and Operation of Precipitation
Enhancement Projects
Standard Practice for the Design and Operation of Fog Dispersal Projects

The EWRI Standards Development Council has six standards committees with over
20 documents under consideration and all of them need total review every five
years. The EWRI Publications Council is to oversee the publication process of
Committee Reports and EWRI/ASCE Manuals of Professional Practice; but there is
no periodical requirement for review of these products at this time.

AseE CONTINUING EDUCATION

Some of the ASCE continuing education courses for the urban watershed
. professional in September 2000 through April 2001 included:

(1) "Surface Water Modeling" in Denver and Dallas by Alan K. Zundel, Darren
Gonzales, and Andrew Fugal. The ASCE pamphlet implies that modeling
tools will be discussed in the course.



(2) "NPDES Storm Water Permit Compliance" in Roanoke, NY Metro Area, Las
Vegas, Columbia, Portland, and St. Louis by Roy D. Dodson. The ASCE
pamphlet suggests that the course covered the 1997 final General Permit,
requirements for Storm Water Management Plans, and BMPs.

(3) "Pumping Systems Design for Civil Engineers" in Charlotte, Honolulu,
Atlanta, Indianapolis, San Antonio and Seattle by David Hanna. The ASCE
pamphlet suggests that the "new Hydraulic Institute/ANSI Design Standards"
were to be used in this short course.

(4) "Modernization of Irrigation Water Delivery Systems" in Portland, Denver,
and Los Angeles by David C. Rogers. The ASCE pamphlet emphasized
"canal operating methods, flow measurement, automatic control, and
instrumentation".

(5) "Hydrologic & Hydraulic Design of Culverts" in Las Vegas, Atlanta, and
Cincinnati by Rollin H. Hotchkiss. The ASCE pamphlet suggested that the
"participants would be able to use HDS-5, their State Roadway Design
Manual", etc.

(6) "Applications in Stormwater Management" in Las Vega?, Washington, DC
and Phoenix by John Blanchard and Mark Glidden, eta!. Each participant
was to "receive a copy of the ASCEIWEF Manual of Practice 77 for Design
and Construction of Urban Stormwater Management Systems".

(7) "HEC-RAS" in Kansas City, Raleigh, Albuquerque, New Orleans, and Boise
by David 1. Williams. The ASCE pamphlet indicated that both "HEC-RAS
software and the HEC-RAS Hydraulic Reference Manual" was to be
provided at these courses.

(8) "Leadership Development for the Engineer" in Washington, DC, Portland,
and Dallas by Charles C. Calhoun, Jr. The ASCE pamphlet indicated that
Calhoun was "a certified facilitator for the Department of Army Leadership
Education and Development course".

(9) "Urban Subsurface Drainage" in New Orleans, Cincinnati, and Reston by
Richard D. Wenberg, Walter J. Ochs, and Bishay G. Bishay. The ASCE
pamphlet emphasizes the use of ASCE Manual No. 95 and ASCE
Standards 12-92, 13-93, and 14-93.

Other pamphlets, received by most EWRI/ASCE members, covered the April
through August 2001 continuing education courses on:

(1) Above Ground Storage Tanks (EPIC)
(2) Applications in Stormwater Management
(3) Concrete Parking Lots and Site Paving
(4) Hydrologic & Hydraulic Design of Culverts
(5) Modernization of Irrigation Water Delivery Systems
(6) Municipal Storm Water Management
(7) TNRCC's Environmental Trade Fair & Conference
(8) Stormwater Utilities
(9) Urban Watershed BMP's
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Other opportunities for certified software training in technical and non-technical
topics are not covered by this presentation. EWRI, ASCE, and many of the other
professional organizations could or have left this opportunity to governmental,
commercial, industrial, and/or academic organizations at this time. NSPE may have
pointed out that "Software Engineering" may be part of the worldwide licensure of
such engineering by the 22nd Century.

OTHER SELF-STUDY PRODUCTS OR PLANNED WORKSHOPS

Self-study products of the AGU, AWRA, AWWA, CLE International, NGWA, WEF,
University of Wisconsin - Madison, Clemson University, USCID, WERC, and ASCE
have included wetlands & 404 permitting, forecasting urban water demands,
planning & management of reliable urban water systems, design & installation of
buried pipes, slope stability & landslides, multi-layered aquifer systems, sewer
pipeline rehabilitation, trenchless technology, and soil erosion & sediment control.

The International Joint Commission continues to hold workshops and/or meetings
associated with the Great Lakes Water Quality Agreement. The State of Arizona
has sponsored studies to develop technical standards on floodplain modeling, water
quality measurements, and TMDLs. Workshops and/or seminars have been
developed in many of the United States for the completion of assessments in the
U.S.EPA Drinking Water Source Assessment and Protection (DWSAP) Program.
The Science Conference on TMDLs, March 4-7,2001, in St. Louis was managed by
WEF and co-sponsored by the USGS, through its Advisory Committee on Water
Information. The NWRA 2001 Federal Water Seminar was held in Washington,
D.C. on April 4-6, 2001 and it probably competed with the WEF Washington Briefing
(EWRI co-sponsored this one) of March 20-21, 2001. A new WEF/EPA/EWRI
workshop is under consideration in October 2001 and it will make use of the next
printing of the ASCE Manual 98.

A few of the urban watershed books or seminars that are advertised by companies
include (not being complete by any means):

ASCE 2001 Publication Catalog, www.pubs.asce.org.Reston.VA.
Looking SEAWARD, Seaward International, Inc.
Stormwater Permit Manual, Thompson Publishing Group, Inc.
Introduction to Uniform Plumbing Code, National Technology Transfer, Inc.
WaterlWastewater Engineers Catalog, Spring 2001, Technomic Publishing
Co., Inc.

The number of conferences, seminars, and workshops, by potential partnering
associations of the EWRI, on all topics associated with environmental and water
resources can not be listed or described in this presentation. Many individuals
(members of EWRI and non-members) are involved and make a very good living
producing volumes and volumes of materials for these efforts each and every year.
Most of the material is place on groups, associations, companies, and even



individual web sites throughout the world and many of the sites are linked together
by partnering agreements, contracts, etc.

SUGGESTION FOR FUTURE EWRUASCE URBAN WATERSHED PRODUCTS

The immediate action items for the Products & Marketing Area of EWRI have been
listed in the 2001-2002 EWRI Strategic Plan as:

(1) Increase the quantity and quality of EWRI products (conferences,
publications and standards, continuing education).

(2) Streamline the standards development process and accelerate the
production of standards for more technologies, materials, and processes.

(3) Conduct member survey for products and services.
(4) Establish public information program.
(5) Place all "products" on the web.
(6) Update and maintain conference web sites for ease of information retrieval.
(7) Consult with Technical Activities and Members Services,areas to determine

state-of-the-art topic areas for continuing education courses as a benefit to
EWRI members.

(8) Develop on line reference for EWRI products.

The use of the ANSIIASCE/EWRI type standards process should be the best
mechanism for the prediction of the type of products and the educational
publications needed by the professionals in any industry.

The ANSI/EWRI/ASCE process for the development of published codes and
standards has followed the ASCE Standards process for at least 10 years and that
process appears in the ASCE Official Register (2001) and is covered in more detail
in the EWRI Publication Approval Process developed in 2000. Basically, a
summary of the process would be as follows (Bomar, 1999):

I. Develop a Process (report, manual, and/or standard) Committee proposal
that would completely carry out the publication of a document to be
published by EWRI/ASCE. This committee proposal form is at
www.ewrinstitute.org.

II. Get approval from the appropriate EWRI EXCOM that will include the
budgeting for the subcommittee in its overall request for funding from the
EWRI Finance Committee.

III. Advertise for additional interested members for the subcommittee process
that includes development of outlines, extended outlines, draft documents,
and/or use of present documents published or non-published by EWRI
and/or ASCE. Many different organizations should be contacted in the initial
stages of the publication process; it is possible that Joint publications and
marketing thereof would help the members of the profession.

IV. Hold a subcommittee meeting to decide on the final product and the process
of developing the final product. Milestones of the process are to be
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understood by the subcommittee before requesting the funding and
approval for the Product Committee.

V. Begin the publication development process according to the EWRI
Publications Approval Process for reports of a committee, manuals of
practice, and/or codes and standards. The complete process for the
different publications by the Institute or the Society are similar; but is a
function of the level of importance to the profession. Committee Reports are
to be approved by an EWRI Council with recommendations after some
appropriate review of the document. EWRI/ASCE Manuals are to be
approved by the EWRI Goveming Board after Council recommendations
and appropriate reviews. EWRI/ASCE Codes & standards will have the final
approval by the ASCE Codes and Standards Activities Committee as set
forth by the ASCE Board of Direction.

VI. The total publication process could be shorten if all committee used the
ANSI/ASCE consensus voting process used by CSAC and detailed in each
ASCE Official Register (2001). It is suggests that a committee consist of at
least 12 voting members, some 75% of the members must vote to proceed,
and 65% of the members voting must approve the portions of the product.

VII. If the ANSI/ASCE/EWRI consensus process is carried out and approved by
the higher level Committee, Council, EXCOM, Governing Board, and the
ASCE Publication Committee; the product can be marketed as
recommended in the original proposal or as determined after the product is
complete.

VIII. More importantly today than in past decades or centuries; the document
should be sold out in five (5) years or less and the revision for future
printings (if necessary) need to be started before the last two (2) years of
completed sales.

CONCLUSION

Many of the predictions for and use of educational products (Conferences,
Committee Reports, Manuals, and/or Codes & Standards) are related to the
expected development and background education of the recognized technologists
associated with the work by many professionals that serve as volunteers of
technical societies. The future knowledge needed for urban watersheds include a
combination of technologies, additional codes and standards, and continuing
education opportunities. Each individual interested in serving on technical
committees, task committees working on Reports and/or Manuals, and standards
development should sign up with EWRI at its web site, www.ewrinstitute.org or send
the EWRI Handbook committee type forms to ewri@asce.org. In summary, this
presentation provided one perspective of a few of the urban watershed technologies
that could be covered by future EWRIIASCE product and marketing opportunities.
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ABSTRACT

Stream ecosystems in three different locations in the United States were found to
benefit in a similar fashion from retention of watershed forest and wetland cover and
wide, continuous riparian buffers with mature, native vegetation. The findings can
help guide comprehensive watershed management and application of these non
structural practices in low-impact urban design. Intensive study of structural best
management practices (BMPs) in one location found that, even with a high level of
attention, a minority of the developed area is served by these BMPs. Those BMPs
installed are capable of mitigating an even smaller share of urban impacts, primarily
because of inadequacies in design standards. Even with these shortcomings,
though, results showed that structural BMPs help to sustain aquatic biological
communities, especially at moderately high urbanization levels, where space limits
non-structural options.

BACKGROUND

Urban Streams and Their Management

By the mid-point of the last decade the effects of watershed urbanization on streams
were well documented. They include extensive changes in basin hydrologic regime,
channel morphology, and physicochemical water quality associated with modified
rainfall-runoff patterns and anthropogenic sources of water pollutants. The
cumulative effects of these alterations produce an in-stream habitat considerably
different from that in which native fauna evolved. In addition, development pressure
has a negative im'iJact on riparian forests and wetlands, which are intimately
involved in stream ecosystem functioning. Much evidence of these effects exists
from studies of urban streams around the United States (e.g., Klein 1979; Richey
1982; Pedersen and Perkins 1986; Scott, Steward, and Stober 1986; Garie and
Mcintosh 1986; Booth 1990, 1991; Limburg and Schmidt 1990; Booth and Reinelt
1993; Weaver and Garmen 1994).



What was missing at that point in time, though, was definition of the linkages tying
together landscapes and aquatic habitats and their inhabitants strong enough to
support management decision-making that avoids or minimizes resource losses.
Lacking this systematic picture, urban watershed and stormwater management
efforts have not been broadly successful in fulfilling the federal Clean Water Act's
stipulation to protect the biological integrity of the nation's waters. Effective
management needs well conceived goals of what biological organisms and
communities are to be sustained and at what levels, and then the foundation for
judging what habitat conditions they need for sustenance and, in turn, watershed
attributes consistent and inconsistent with these conditions.

Management has usually centered on attempting to reduce stormwater runoff
contaminants in passive structural "best management practices" (BMPs) like ponds
with permanent pools or extended detention, vegetated drainage courses, infiltration
basins, sand filters, and others. Some locations also focused management
attention on amelioration of peak stream flow rate increases folLowing development
to reduce erosive shear stress and its damage to stream habitats. However, there
has been little tie between these prescriptions and ecological considerations, or
even how well they work to sustain biological communities that they ostensibly exist
to protect. What little study had been done was far too limited to draw firm
conclusions but was not promising. Maxted and Shaver (1997) were not able to
distinguish a biological advantage associated with the presence of structural BMPs
serving eight Delaware stream reaches versus their absence in 33 cases. Jones,
Via-Norton, and Morgan (1997) studied biological and habitat response in streams
receiving discharges from several types of water quality and quantity control BMPs
relative to reference locations. They concluded that appropriately sited and
designed BMPs provided some mitigation of stormwater impacts, but that the
resulting communities were still greatly altered from those in undeveloped
watersheds.

Toward a More Systematic View of Watersheds, Streams, and Management

With this background of insufficient understanding of relationships among watershed
and aquatic ecosystem elements, and the capabilities of prevailing management
strategies to influence these relationships, the U.S. Environmental Protection
Agency (USEPA) commissioned the Watershed Management Institute (WMI) to
investigate stream habitats and biology across gradients of urbanization and BMP
application in four regions of the nation (Austin, TX; Montgomery County, MD; Puget
Sound, WA; and Vail, CO). This study followed an earlIer effon aTong slfTlifar lines in
the Puget Sound region funded by the Washington Department of Ecology
Centennial Clean Water Fund. Together these studies built a database
representing more than 220 reaches on low-order streams in watersheds ranging
from no urbanization and relatively little human influence (the reference state,
representing "best attainable" conditions) to highly urban (>60 percent total
impervious area, TIA).

Results from the initial Puget Sound research and a portion of the follow-up study
have been extensively reported. Biological health was assessed according to
benthic index of biotic integrity (B-IBI; Fore, Karr, and Wisseman 1996) and the ratio
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of young-of-the-year coho salmon (a relatively stress-intolerant fish) to cutthroat
trout (a more stress-tolerant species). Both biological measures declined with TIA
increase without eXhibiting a threshold of effect; i.e., declines accompanied even
small levels of urbanization (May 1996; Homer et al. 1997; May et al. 1997).
However, stream reaches with relatively intact, wide riparian zones in wetland or
forest cover exhibited higher B-IBI values than reaches equivalent in TIA but with
less riparian buffering. Until TIA exceeded 40 percent, biological decline was more
strongly associated with hydrologic fluctuation than with chemical water and
sediment quality decreases. Accompanying hydrologic alteration was loss of habitat
features, like large woody debris and pool cover, and deposition of fine sediments
that reduce dissolved oxygen in the bed substrata, where salmonid fish deposit their
eggs. The research defined stream quality zones in relation to TIA and riparian
corridor condition and identified sets of necessary, although by themselves not
sufficient, conditions to maintain a high level of biological functioning or prevent
decline to a low level. These findings provide a basis for managing watersheds in
relation to biological goals.

.
Follow-up Puget Sound investigation turned to the question of BMP effectiveness.
This investigation considered the density of structural BMP coverage and, as de
facto non-structural BMPs, extent of watershed forest cover and riparian buffering
(proportion of upstream corridor with riparian zone in forest or wetland cover at least
30 meters wide on each bank). In this comparison, riparian retention exhibited
greater and more flexible potential than other options to uphold biological integrity .
when development increases, with upland forest retention also offering valuable
benefits, especially low in the urbanization gradient (Horner and May 1999).
Structural BMPs at the prevailing densities demonstrated less potential than the
non-structural methods assessed to forestall resource decline as urbanization starts
and progresses. There was a suggestion in the data, though, that more thorough
coverage would offer substantive benefits in this situation. Moreover, structural
BMPs were seen to help prevent further resource deterioration in moderately and
highly developed watersheds. Analysis showed that none of the options is without
limitations, and widespread landscape preservation must be incorporated to retain
the most biologically productive aquatic resources.

Maxted (1999) gave a preliminary report on the overall results of the WMI study
available at that time (excluding one site). Differences in expressions of
macroinvertebrate community integrity appropriate for the various locations were
reconciled by scoring each relative to the best attainable measure for the region.
The patterns of association between these biological expressions and TIA were
similar for the Maryland, Texas, and Washington sites, and also similar to the
Delaware watersheds studied earlier (Maxted and Shaver 1997), in that none
exhibited a threshold level of urbanization where biological decline began. As the
Delaware results had indicated, WMI stream reaches with and without structural
BMPs could not be. 'distinguished in biological quality. This preliminary analysis
points out two instances of general unity among differing ecoregions in landscape
aquatic ecosystem relationships.

Additional Research Needs



Observation in the Puget Sound study area of the role played by riparian and upland
forest retention in maintaining stream ecology suggests that their benefits might be
found in other regions having different aquatic ecosystems. If similarity were
demonstrated, the finding would not only serve the pragmatic need for targ'eting
management attention, but would also continue to develop the picture of general
unity among ecoregions. The hypothesis was tested in the Montgomery County,
Austin, and Vail study areas using the data collection and analysis methods
developed in the Puget Sound study. The next section of this paper presents and
discusses the results.

Results from initial Puget Sound further suggested that structural BMPs can make a
substantive contribution to keeping stream ecosystem health from falling to the
lowest levels at moderately high urbanization and, with extensive coverage, to
maintaining relatively high biotic integrity at light urbanization. It is common sense
that service level (coverage) should make a difference, but also that quality'of
implementation (design, construction, operation, and maintenance) should likewise
matter. The analysis by Horner and May (1999) was supplemenJed by more
detailed evaluation of service level and added assessment of implementation quality
in several catchments relatively well and poorly served with structural BMPs. A later
section of this paper reports the findings.

COMPARISON OF ECOLOGICAL BENEFITS OF RIPARIAN AND FOREST
RETENTION IN FOUR ECOREGIONS

Study Sites and Methods

Table 1 indicates the general levels of coverage of the four regional programs. The
regional programs developed multi-metric invertebrate community indices
appropriate for prevailing ecological attributes but similar in complexity. Puget
Sound watersheds are overall larger than those in the other regions and generally
form higher order streams (second and third) than catchments in the other areas
(mostly first and second orders). Vail watershed configurations differ substantially
from the others, because of topography and other physiographic factors and the
development patterns prevalent there., Most Vail area streams originate in National
Forest land and flow down steep slopes to form narrow valleys containing almost all
development. Overall impervious coverage in these watersheds is low relative to
other study areas, although the local degree of impervious ranges up to comparable
levels. In further contrast to the other regions, runoff in Vail is mostly generated by
snowmelt, and relatively coarse soils are more infiltrative there. Local municipalities
do not use formal structural BMPs at all and manage mainly with the non-structural
strategy of riparian buffer maintenance.

The Puget Sound program quantified stream riparian characteristics during the
period 1994-1997. Full geographic information system (GIS) coverage was not
available in the many local jurisdictions where the streams are located, and the
characterization was performed using aerial photographs and field reconnaissance
(May 1996). To examine the relationship of riparian zones and stream ecology in
the other three areas, their riparian zones were characterized using GIS data that
had become available by the period 2000-2001. These analyses involved defining
bands of specified widths on both sides of stream channels and quantifying various



kinds of natural and developed land cover in these bands, as well the number of
anthropogenic riparian corridor breaks per unit stream length. The main product of
interest from each analysis was a data set representing buffer continuity and the
linear extent of riparian buffers of various widths in several vegetation cover types.

t . rChT bl 1 R· I Pa e eqlona roqram arac ens ICS

Characteristic Austin Mont. Co. Puget Sound Vaila

Number of stream reaches 45 60 74 50
Watershed area ranqe (km£) 0.13-10.5 0.12-6.9 0.65-60.0 0.28-37.3
Overall TIA ranqe (%)0 1.5-53.2 4.7-58.0 1.2-60.6 0-3.5
Developed ranqe (% \0 0-99.7 2.6-70.2 0-96.9 0-13.9
Forest and wetland ranqe (%)0 0.3-100 2.4-43.2 3.1-87.0 86.1-100
Number of metrics in
invertebrate community index 9 8 9 9
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a Range statistics given for 25 sites with full geographiC information system
coverage.
b Overall TIA (total impervious area), developed and forest and wetland ranges are
percentages of the entire watershed. Developed signifies land converted from
natural or agricultural cover by construction, including lawns and other pervious
covers installed by humans. For Vail, forest and wetland includes mountain
meadows that are an ecological climax condition.

An Index of Riparian Integrity (IRI) was developed in a manner similar to the 8-181
formulation (Fore, Karr, and Wisseman 1996) to express with one number the key
attributes of riparian zones. Scores of 1 to 4, representing poor to excellent ratings
or riparian buffering, were assigned to six attributes according to the criteria in Table
2. The six scores were summed and divided by the total possible score (24) and
multiplied by 100 to express the IRI as a percentage of maximum value.

I

The principal objective of the analysis was to compare patterns among the study
locations of aquatic biological response to urbanization and the retention of
watershed forest and wetland cover and stream riparian buffers. To permit
comparison among study regions, invertebrate indices in each case were converted
to percentage of the maximum possible score for the location. The coho salmon:
cutthroat trout ratio (CS/CT) was an additional biological variable employed in Puget
Sound data analysis. It was revealing in making these comparisons to plot
biological measures against independent variables representing combinations of
urbanization and the de facto non-structural 8MPs, individually and in combination.
These variables were constructed to combine the hypothesized negative effects of
urbanization (expressed as TIA) and loss of the non-structural element(s),
specifically as: (1) (% TIA)*(1 00-% watershed forest and wetland cover), the Total
Impervious Area-Watershed Forest and Wetland Cover Variable (TIA-WFWC);
(2) (% TIA)*(1 00-% index of riparian integrity), the Total Impervious Area-Index of
Riparian Integrity Variable (TIA-IRI); and (3) (% TIA)*(1 00-% watershed forest and
wetland cover)*(1 00-% index of riparian integrity), the Total Impervious Area
Watershed Forest and Wetland Cover-Index of Riparian Integrity Variable (TIA
WFWC-IRI).

I



Table 2. Index of Riparian Inteqrity Metrics and Scoring Criteria
Excellent Good Fair Poor

Index of Riparian Inteqrity Metric (4) (3) (2) (1 )
Width (lateral extent >30 m, %) >80% 70-80% 60-70% <60%
Width (lateral extent >100 m, %) >50% 40-50% 30-40% <30%
Encroachment (% <10 m wide) <10% 10-20% 20-30% >30%
Corridor continuity (crossinqs/km) <1 1-2 2-3 >3
Natural cover (% forest or wetland) >90% 75-90% 50-75% <50%
Mature native veqetation or wetland (%? >90% 75-90% 50-75% <50%

a "Mature" vegetation was considered to be the type, and in some cases average
tree size (diameter at breast height, dbh), in the least disturbed reference sites,
typical of natural riparian structure and functioning for the study location, even if not
developed to the maximum extent that would be reached in more time. The
definitions for each area are: Austin-ash-juniper or live oak forest; Montgomery
County- >75 percent deciduous forest with dbh >23 em (9 inches); Puget Sound
>70 percent coniferous forest with dbh >30 em (12 inches) and native understory;
Vail-patchy mosaic of aspen, spruce, fir, alder, willow, and native grasses with no
clear dominant vegetation type.

Results and Discussion

Figures 1a to 1d present plots of biological measures versus the Total Impervious
Area-Watershed Forest and Wetland Cover-Index of Riparian Integrity Variable
described above. Analogous graphs for the TIA-WFWC and TIA-IRI Variables
are not shown but, for the respective geographic areas, are highly similar to those
given. This similarity suggests that each area has treated its riparian zones and
overall watershed forests and wetlands in much the same way.

Figures 1a to 1c for macroinvertebrates exhibit some quite consistent trends among
regions that are discussed below. Vail data do not exhibit these trends, or other
clear and consistent tendencies, and are not plotted. The differences in
macroinvertebrate community responses in the Vail area compared to other
locations, and the lack of clear relationships with urbanization, are likely due mainly
to the small proportions of large watersheds that are developed there, as well as the
unique physiography and terrestrial vegetation regime of the region. Analyses were
performed using local measures of the independent variables, instead of watershed
scale measures, to see if aquatic biology associates more with nearby urbanization
and natural land cover than overall watershed characteristics. These local
measures represent land within 100 meters upstream and on each side of the
stream measured from benthic macroinvertebrate sampling sites. Local TIA ranged
as high as 26.0%, still substantially under maximum watershed TIA for other study
locations. These analyses were not fruitful in discerning patterns helpful to
understanding functioning of Vail area streams and managing them, and further
attempts will be made.
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(b) Macroinvertebrate indices in Montgomery County
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(c) Macroinvertebrate indices in Puget Sound
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(d) Coho salmon:cutthroat trout (CS/CT) ratio for Puget Sound

Figure 1 (a) - (d). Biological Community Indices Versus Total Impervious Area
Watershed Forest and Wetland Cover-Index of Riparian Integrity Variable.
(Left and right vertical lines indicate maximum TIA associated with high biological integrity
and minimum TIA associated with low biological integrity, respectively. Numbers near the
vertical lines are horizontal axis-intercepts.)

Figures 1a to 1d, along with the graphs for other combination independent variables
not shown, exhibit several trends consistent among regions and ways of viewing the
data:

1. The very highest biological indices in all cases are at extremely low values of the
combination independent variables, meaning that in three different regions of the
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nation the best biological health is impossible unless human presence is very
low and the natural vegetation and soil systems are well preserved near streams
and throughout watersheds. These most productive, "last best" places can only
be kept by very broadly safeguarding them through mechanisms like outright
purchase, conservation easements, transfer of development rights, etc.

2. Biological responses to urbanization in combination with loss of natural cover do
not indicate thresholds of watershed change that can be absorbed with little
decline in health, the same as seen in the plots of biological measures versus
TIA alone in earlier reports on this work (Horner and May 1999; Maxted 1999).

3. Regardless of location or variables considered, relatively high levels of biological
integrity cannot occur without comparatively low urbanization and intact natural
cover. However, these conditions do not guarantee fairly high integrity and
should be regarded as necessary but not sufficient conditions for its occurrence.

4. In contrast, comparatively high urbanization and natural cover loss make
relatively poor biological health inevitable.

5. In all cases the rates of change in biology are more rapid to about the points
representing crossover to relatively low integrity (the intersections of the lower
horizontal and right-hand vertical line), and then further decline becomes
somewhat less rapid. This pattern is probably a reflection of communities with'
organisms reduced in variety but more tolerant of additional stress.

6. The points at which landscape condition takes away the opportunity for good
biological health, or alternatively assures poor health, are similar among the
study locations but deviate somewhat numerically. While these results might be
put to general use in managing streams elsewhere, quantitative aspects should
not be borrowed.

7. Comparing Puget Sound fish and macroinvertebrates, coho salmon exhibit more
rapid rates of decline with landscape stress, lower points at which the quite
healthy communities can exist, and also lower points of poor health.

In viewing these data, a reasonable question is whether or not protecting more
forest and wetland, riparian buffer, or both can confidently be expected to mitigate
increased urbanization. This question has considerable significance for the ultimate
success of clustering development within low-impact designs to sustain aquatic
ecosystems. In beginning to think about this issue, it must first be reiterated that if
the goal is to maintain an ecological system functioning at or very close to the
maximum levels seen, the answer is no. If the goal is to keep some lower but still
good level of health, or to prevent degradation to a poor condition, though, the
findings suggest that there is probably some latitude.

In this case the answer to the question can be investigated by using the horizontal
axis-intercepts in Figure 1 as bases for examining combinations of the landscape
variables in relation to biological goals. For example, the left-hand intercept in
Figure 1(d) represents the simple algebraic equation, 8630 =(% TIA)*(1 00 - %
watershed forest and wetlands)*(1 00 - % IRI). That equation can be solved for any



of the three landscape variables, which can then be numerically computed by
substituting selected values of the other two. If, for example, the biological goal is to
provide necessary conditions for a relatively healthy coho salmon population
(CS/CT ~3.0), and the question is how much forest and wetland retention is
necessary with TIA = 10 percent and IRI = 65 percent, an estimate is:

100 _ 8630
(%TIA) * (100 - %IRJ)

= 100 _ 8630
10* (lOa - 65)

= 75%

At least with the present level of understanding and confidence, analyses like this
should be used in management only with caution and as advisory tools, and not as
strict quantitative determinants. It must be kept in mind that, for high biological
goals, the result only indicates the possibility, and not the certainty, of achieving the
goal. Furthermore, the combination of numbers is not necessarily equivalent to an
actual case from the database. Some combinations give nonsensical answers; e.g.,
a sum of impervious land, forest, and wetlands above 100 percent. Biological
response depends on many circumstances not reflected in this' simple analysis,
such as where the developed area is relative to the stream and drainage pathways
to it, what type of activity occurs there, and specific qualities of the natural
landscape units. There are clearly limits to how much forest, wetlands, and riparian
buffer can be preserved around development, particularly with the space constraints
at moderate and higher urbanization levels. With all of these many factors
unaccounted for, these data should be used only with care that conservatively
protects resources.

If these cautions are recognized and taken, though, the findings from this multi
region study can be employed by watershed planners and managers as
approximate guides. The authors' hope is that their use will reduce instances of
decision making without specific goals and consideration of the most crucial
elements that determine their achievement. Decisions made in this way should
reduce simplistic, overly optimistic approaches that very often lead to resource
deterioration. Meanwhile, research should continue to represent more locations and
to develop models encompassing more components of complex watershed
systems.

The best and safest use of the results is probably to analyze how to prevent
deterioration to lower biological integrity, or to improve health somewhat, at medium
to high urbanization. For one reason, the stakes are lower in this situation, as
losses have already been sustained and the relatively tolerant organisms remaining
are more robust than in more pristine areas in resisting change, should decisions
result in unwanted outcomes. Also, the data show more certainty there than at
lower urbanization, where favorable conditions are only necessary but not sufficient
for predicting good health. Table 3 presents some cases from this part of the
urbanization spectrum, computed as demonstrated in the example above. It
considers only realistic forest and wetland cover and IRI values, as drawn from the
regional data sets, which are quite consistent in the quantities of these variables
actually present. Results for macroinvertebrates are similar among locations,
except that Austin watersheds are forecast to be able to sustain a bit more
impervious area than others. For the most part, staying above what has been
defined as poor aquatic health requires holding TIA under 50 percent at usual levels
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I of natural cover retention, or 60 percent with aggressive forest protection (about 5

percent lower in each case for Puget Sound salmon).

Table 3. Total Impervious Areas (TIA) Predicted to Be Sustainable with Specific
A f d d f G I d H th fiN tiL d C Cn 1- egra a Ion oas an Iypo e lca aura an over ases

Location Goal a Forest and Wetland (%) IRI (%)a TIA (%)
Austin Index ~45% 10 25 52

20 35 68
Montgomery. County Index ~45% 10 25 39

20 35 51
30° 40 63

Puget Sound Index ~45% 10 25 36
20 35 47
30b 40 58

CS/CT ~1.0 10 25 34
20 - 35 44
30b 40 55

I

II

a Index refers to the macrolnvertebrate Index for the location as percent of maximum
value. Cs/CT-coho salmon:cutthroat trout ratio. IRI-index of riparian integrity.
b This forest and wetland case represents an ambitious level of retention relative to
the usual amount with fairly high urbanization.

DETAILED PUGET SOUND STRUCTURAL BMP ASSESSMENT

Introduction and Methods

I

Specific, direct evidence of the effectiveness of stormwater structural BMPs in
protecting aquatic biota and receiving water beneficial uses is extremely sparse. As
pointed out earlier, the few data do not give confidence in a clear biological payoff
for the investments being made in these facilities, but are in no way adequate to
warrant any solid conclusions in this regard. To add to this minimal information
base, the Puget Sound component of the USEPA and WMI study conducted an
intensive BMP assessment in the watersheds of four of its stream reaches, two in
Big Bear Creek and one in its tributary Cottage Lake Creek (King County, WA), plus
one in Little Bear Creek (Snohomish County, WA). Having received extensive
management attention because of its rich salmonid fauna, the Big Bear Creek
system has relatively large numbers of structural BMPs for its development level;
while the Little Bear Creek reach has relatively few structural devices for the
urbanization level. Sites were divided in this way because of the observation in
earlier work that BMP service level (density of coverage) varied widely among the
urban catchments in the study and, as seems logical, is a factor in effectiveness.
These five catchments contain a total of 165 individual BMPs, about 6.5 percent of
the more than 2500 found in the entire regional survey.

All BMPs were located and visited in the field, where, if above ground, their
dimensions were measured and various observations were recorded. For BMPs
intended to control runoff water quality (wet ponds and biofiltration swales and



strips), observations included vegetation cover, erosion, and sediment deposition.
Maintenance condition was noted in both quantity and quality control facilities. King
and Snohomish County stormwater management agency files had information on
almost all of the BMPs, which supplemented the field data collection and
observations.

The assessment went beyond service level to encompass quality of implementation
as well. Quantity control BMPs (mostly dry detention ponds and below-ground
tanks and vaults, plus a few infiltration facilities) were rated in terms of their
estimated replacement of natural soil and vegetation storage lost in development.
Before development, the watersheds were mostly covered by mature, second
growth forests almost entirely on till soils of glacial formation. For example, the Big
Bear Creek site 4 catchment had >90 percent forest and wetland cover in 1985,
when TIA was about 1 percent. Such conditions have been estimated to provide
storage capacity for 15 to 30 cm of rainfall (Booth 1991; Booth, personal
communication). Based on other local work on the till soils by Burges et al. (1989),
60 percent of this storage was estimated to be lost in the pervjous portion of
developed areas, and all would be lost in the impervious part. Storage replacement
by infiltration devices was estimated as the volume that can be infiltrated in 24 hours
as a function of the infiltration surface area provided and expected soil hydraulic
conductivity. The volume detained in live storage for controlled release was taken
as the replacement provided by ponds and under-ground facilities. It is recognized
that, except for infiltration devices, the designs employed in these catchments are'
capable only of regulating peak rate discharge and not total volume ultimately
released. Thus, they do not truly replace lost soil storage but only affect discharge
patterns. An overall score of 100 percent for a catchment represents complete
storage of all runoff from developed areas either via infiltration in 24 hours or in
detention live storage.

For runoff treatment BMPs implementation quality was gauged according to
recognized design and maintenance standards for maximizing performance, which
were expressed as condition scores. For wet ponds the score was constructed
according to wet pool volume relative to estimated design rainfall event runoff
volume, ability to resist flow short-circuiting through flow path length and cellular
configuration, emergent vegetation cover, and maintenance condition. For biofilters
the score depended on size in relation to the estimated amount needed to provide
sufficient hydraulic residence time to achieve known performance capabilities,
favorable slope, energy dissipation, vegetation cover, and maintenance condition.
Scores were proportioned based on the consensus capabilities of the devices to
remove two pollutants (total suspended solids and total phosphorus) and the
amount of developed area served by each facility. Individual BMP scores were then
added to compute an overall score for the catchment. A score of 100 percent
represents interdicting all pollutants expected to be in design storm runoff from
developed catchments, performance that could realistically be achieved structurally
only by complete runoff infiltration.

Profile of Catchments and BMPs

Table 4 summarizes the characteristics of the catchments and BMPs given detailed
attention. Watersheds are as much as two-thirds developed but largely with
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medium-density single family residences, producing TIA in or near the 5 to 10
percent range. The Big Bear and Cottage Lake Creek watersheds have the
greatest coverage with structural BMPs among the 38 studied in the regional
project, yet only about one-sixth to one-third of the developed area even-has
quantity control BMPs, the primary management concentration in these salmonid
streams subject to habitat destruction by more frequent elevated flows after
urbanization. The average facility was built before the mid-1980s in the Cottage
Lake Creek watershed, where many are below ground. Those serving Big Bear
Creek average 5 years younger and tend more to be surface ponds.

The quality control service levels are even lower, especially in the older Cottage
Lake Creek developments «5 percent of developed area). The much higher
numbers in the Big Bear Creek catchments indicate the turn to quality control along
with quantity control in the heavy development period there around 1990. The wet
pond is the most prominent BMP type, somewhat exceeding biofilters in numbers.
Most wet ponds perform double service as quantity control ponds with live storage
toO. Many installations are wet pond-biofiltration swale treatme,nt trains, with ponds
usually but not always draining into swales. Facilities expressly designed to be
infiltration devices are relatively uncommon in these glacial till catchments.

The Little Bear Creek catchment has less service of developed areas by both
quantity and quality control BMPs compared to the other watersheds. These cases
thus provide a contrast in management under comparable urbanization.

Analysis

Table 5 summarizes scoring of implementation quality for the two categories of
BMPs. The analysis shows that <4 percent of soil and vegetation storage lost to
development was recovered by BMPs in the Cottage Lake and Big Bear Creek
catchments, and approximately 1 percent in the Little Bear Creek cases. These
very low percentages are in strong contrast to the proportions of developed areas
having quantity control BMP storage, which are about an order of magnitude
greater, although still far from complete. This dichotomy signifies inadequate
standards for designing these BMPs, a point discussed further below.

Achieving the full potential of water quality treatment was similarly low. The Cottage
Lake Creek catchment scored near the Big Bear ones despite a much lower service
level because of substantially more infiltration there, a factor also reflected in its
quantity control score.

This investigation started out to examine if the highest BMP service levels make a
demonstrable difference in stream biological integrity. However, the mitigation
potential provided by even these service levels proved to be so small that this
question still cannot be conclusively answered. Biological measures are indeed
lower in the relatively less served Little Bear Creek catchment, but factors other than
structural BMPs could be responsible. Table 6 summarizes these potential factors
for the five intensively studied catchments and two others with similar development
but no structural BMPs at all. All of these streams are still producing salmon
(generally, several species) and are thus resources to which strong management
attention should be directed.



Table 4. Characteristics of Watersheds in Detailed Structural BMP Assessment
Characteristica Cott-2b BiBe-1° BiBe-4° LiBe-2b

Catchment:
Catchment area (kmL

) 17.5 9.5 29.5 16.9
% developed 66.8 44.0 50.0 67.8
% impervious 11.1 6.6 8.3 9.9
Quantity Control BMPs:
No. Qn BMPs 56 22 59 17
% Qn BMPs below qround 41.1 9.1 32.2 11.8
% developed area with Qn BMPs 30.9 24.2 15.9 11.5
No. Qn BMPs/kmL developed area 4.8 5.3 4.0 1.5
No. Qn BMPs/kmL impervious area 28.8 35.1 24.1 10.2
Averaqe aqe Qn BMPs (v) 13 8 8 9
Quality Control BMPs:
No. QI BMPs 11 22 49 5
No. infiltration devices 4 3 3 0
No. wet ponds 5 11 25 5
No. wet ponds that are also Qn BMPs 4 9 24 4
No. biofilters (swales, filter strips) 2 8 21 0
% developed area with QI BMPs 4.6 15.4 13.5 3.4
No. QI BMPs/kmL developed area 0.9 5.3 3.3 0.4
No. QI BMPs/kmL impervious area 5.7 35.1 20.0 3.0
Averaqe aqe QI BMPs (y) 11 8 7 9
Quantity and Quality Control BMPs:
Total no. BMPs 63 35 84 18
No. BMPs/kmL developed area 5.4 8.4 5.7 1.6
No. BMPs/kmL impervious area 32.4 55.8 34.3 10.8
Stream Biology:
Benthic Index of Biotic Inteqrity 33 29 33 25
Coho Salmon:Cutthroat Trout Ratio 2.9 5.0 3.4 1.7
a Qn-quantlty control; QI-quallty control; average ages are at time of stream
ecology work; infiltration devices considered to be both quantity and quality controls;
individual BMPs total 165, but table numbers do not sum to that total because some
have combined functions and upstream BMPs also serve downstream stations.
b Cott-2-Cottage Lake Creek site 2; BiBe-1,4-Big Bear Creek sites 1 (upstream)
and 4 (downstream); LiBe-2-Little Bear Creek site 2.

t rd Q rt C t I BMP IfQ nT bl 5 Sa e corrnq 0 uan ltv an ua I[V on ro m~ emen a Ion
Score Cott-2a BiBe-1 a BiBe-4a LiBe-2a

Quantity control score (%)0 2.0-3.9 1.5-3.0 1.2-2.4 0.8-1.6
Qualitv control score (%) 3.5 3.6 2.5 0.7
a See Table 4 note b.
b First number in range is score with assumption of maximum natural soil and
vegetation storage (30 cm); second is with assumption of minimum natural soil and
vegetation storage (15 cm).



Table 6. Watershed and BMP Conditions and Stream Biological Integrity in Eight
C 'th Ttl I . A . th A . R f 5 t 10 P t

a TIA-total impervious area; B-IBI-benthic index of biotic integrity; CS/CT-coho
salmon:cutthroat trout ratio; IRI-index of riparian integrity; Qn-quantity control;
QI-quality control.
b See Table 4 note b; also, GrCo-2-Green Cove Creek site 2; LiSo-1-Little Soos
Creek site 1.

ases WI oa mpervlous rea In e Ipproxlmate angeo 0 ercen
Conditiona Cott-2b BiBe-1 b BiBe-4D LiBe-2b GrCo-2D LiSo-1 D

TIA (%) 11.1 6.6 8.3 9.9 7.8 6.3
B-IBI 33 29 33 25 33 23
CS/CT
% forest & wetlands 33.2 56.0 50.0 32.2 76.5 69.3
IRI 55.5 87.5 79.2 45.8 79.2 33.3
Qn score 2.0-3.9 1.5-3.0 1.2-2.4 0.8-1.6 0 0
QI score 4.1 5.4 4.2 0.7 0 0

I
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The table does not present an entirely consistent picture. The Green Cove Creek
reach equals the highest B-IBI among these sites without structural BMPs but high
levels of forest, wetlands, and riparian buffer preservation. The LiBe-2 and LiSo-1
sites exhibit the lowest B-IBI values and also substantially lower riparian indices
than the other locations. Still, Cott-2 also equals the highest B-IBI with the highest
and oldest development, nearly the least forest and wetlands, and only moderate
IRI. It cannot be dismissed that this system is holding its level of health with the
contribution of structural BMPs, even with their overall low service level and quality
of implementation. Big Bear Creek has been the beneficiary of a King County
program of fee-simple and conservation easement purchases that has
encompassed 10.4 and 3.6 percent of the BiBe-1 and 4 catchments, respectively.
These efforts are undoubtedly contributing to the thorough riparian buffering and
moderate forest and wetlands retention seen there. Still, in biological measures
these sites do not rise above the nearby Cottage Lake Creek catchment, which has
very little (0.2 percent of the catchment) of these protected lands.

I

What is probably the safest observation is that many sources of natural variation in
these ecosystems make clear-cut definition of cause and effect elusive. However,
the general conclusion of the primacy of riparian buffering drawn in the preceding
section appears to be upheld by these observations, and structural BMPs cannot be
dismissed as contributing. Verification of that premise and delineation of how much
protection they can actually afford requires their thorough and high quality
implementation and then follow-up ecological study.

Discussion

I

I

The analysis determined that, even in the watersheds around Puget Sound best
served by structural BMPs, a distinct minority of the development has any coverage
at all. The existing BMPs mitigate very small percentages of the hydrologic and
water quality changes accompanying urbanization. To understand how this
situation came, about it is worth reviewing some history of stormwater management
in King County, which has jurisdiction over the relatively well served watersheds.



Agency records show the first detention ponds appearing in 1975. The first King
County stormwater management regulation aimed at protection of aquatic
ecosystems came in 1979. From the beginning of regulation, exemptions from
compliance existed for relatively small developments (e.g., no requirement unless
the development would create at least 5000 tf of impervious surface). Many
development projects are single dwellings or small short plats fitting in the exempted
category. Exemptions largely explain why much of the developed area has no
structural BMPs.

The 1979 regulation specified peak rate control ponds on the basis of a hydrologic
estimation procedure based on the Rational Method. This rather crude procedure
produced very inadequate pond sizes relative to vegetation and soil storage losses.
These inadequacies resulted from the tendency of the method to underestimate pre
development discharges, which gave an artificially low target for post-development
controls. Overall, detention ponds designed in this way recovered under 10 percent
of the estimated lost vegetation and soil water storage (Booth, personal
communication). These ponds thus gave very little water quantity control and,
without any provisions for runoff treatment, no water quality mitigation.

A new King County regulation based on an improved method for hydrologic analysis
(Santa Barbara Unit Hydrograph) took effect in 1990. This regulation also
introduced water quality control requirements for the first time. Peak rate control .
ponds designed under it can replace perhaps two or three times as much lost
storage as the preceding method (Booth, personal communication), an amount that
still represents a small minority of the natural storage capacity. However, applicable
law vests development applications filed before adoption of a new regulation at the
standard prevailing at the time of application. In the rapid urbanization climate in the
area circa 1990, many applications came under the old standard well into the 1990s.
As a result, the large majority of the facilities in place when the stream ecology
surveys were performed (1994-1997) were based on the very inadequate 1979
design criteria. Continuing deficiencies in design standards largely explain why,
even where they are present, the facilities mitigate so little of the impact. These
dual regulatory inadequacies of widespread exemption and insufficient
implementation standards make inevitable the small beneficial effect of structural
management, even where valued resources get a relatively high level of attention.

Relationship of Structural and Non-structural BMPs

Stormwater and urban water resources management first developed around the
concept of structural BMPs but recently broadened to encompass principles often
given names like conservation design and low-impact development. Most
fundamentally, these principles guide where to place development and how to build
it to minimize negative consequences for aquatic ecosystems. There are many
specific tools to implement them, but they fit generally into the broad categories of
separating development from water bodies (i.e., retaining riparian buffers); limiting
impervious area in favor of natural vegetation and soil, especially forest cover; and
strategic and opportunistic use of structural BMPs. The Puget Sound database
offers some opportunity to examine how these structural and non-structural
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strategies might fit together and what they can accomplish in different urbanization
scenarios.

Figure 2 encompasses the various general elements of conservation design and
how they relate to stream biology in terms of macroinvertebrates and fish.
Structural BMPs are expressed as the density of BMP coverage per unit area of
impervious surface (sites with TIA <5 percent do not have structural BMPs and are
excluded). Non-structural practices are represented as the product of watershed
forest and wetland cover (percent) times index of riparian integrity (percent of
maximum) and graphed for the highest, intermediate, and lowest one-third of the
resulting numerical values.

The first observation that should be made about Figure 2(a) is that the five highest
macroinvertebrate indices are not represented, because they are from sites with <5
percent TIA. It is apparent that neither structural nor non-structural measures, at
least at the levels represented in this database, can provide for the highest benthic
macroinvertebrate integrity if any but the most minimal development occurs.

It can further be observed in Figure 2(a) that points at the left (relatively few BMPs)
disperse widely over the macroinvertebrate index range. Some sites with little
forest, wetland, and riparian retention rise into the intermediate biological integrity
zone (45 to 75 percent of maximum index value), while a few locations with higher
non-structural measures fall close to or into the region of relatively low ecological .
health. This observation is an expression of what is also apparent in Figures 1a to
1d, namely that a certain ecological status is not assured by any condition, or even
combination of conditions, but is only more likely with those conditions.

The Figure 2(a) points converge with increasing structural BMP density, overall and
in each non-structural category. Sites with the lowest macroinvertebrate indices
(and also highest urbanization and lowest non-structural measures) appear to
benefit from structural BMP application; while those with higher biological and
natural cover measures and lower urbanization do not, with the result that points
tend toward the intermediate biological level. If ecological losses are to be stemmed
at high urbanization, structural BMPs appear to have a substantial role. In this
situation development has taken forests and wetlands and intruded into riparian
zones, reducing the ability to apply non-structural options.

Given the dearth of data, Figure 2(b) gives a scantier picture for fish, but does
suggest a few points. In contrast to macroinvertebrates, only the second-ranking
among the five highest CS:CT ratios was in a watershed with <5 percent TIA and is
missing from the graph. In further contrast, coho salmon appear to benefit from
structural BMPs in relatively light urbanization, in combination with the highest
natural cover retention, although the small amount of evidence cannot conclusively
support this observation. These fish, therefore, seem to have some robustness in
light and mitigated human presence. On the other hand, there is no evidence that
BMPs can lift the CS:CT ratio from very low levels in highly urbanized catchments
low in forest, wetlands, and riparian cover, although data are inadequate to
disregard this possibility.



100 ...--------------------------,

60

TIA=W6%

TIA=~O%

TIA= 8.3%
TIA= 6.0%

TIA = 36.6% TIA = 36.2%

• Highest non-structural
¢ Intermediate non-structural
t:. Lowest non-structural

•

10 20 30 40 50
Number of Structural BMPs!lmpervious kr:n2

Average TIIlI@ >75% of maximum =
10.4%

90
80

..~~....----::.£-------,.....-......<:-------------I
70

60

50
~:-------r; __-----~~~____,r_-----.,.___---j

40
30 t1

20 ~
10

O+----,.-----,r---,....::==::::::r====r===~

o

I+o

~
x
Q)
"0
c: -- E
Q) ::J

~ .~
.0 X
Q) ro
~~
>c:
·0....
u
ro
~

(a) Macroinvertebrates

•TIA = 6.6%

TIA = 5.7% TIA= 8.3% •

<> • v
• Highest non-structural

<> <> ¢ Intermediate non-
f£t1 • structural

•.l\.t!it1
t1 t1 .t1 t1 t:. Lowest non-structural

AA A AA A
'V" ~~

6
.Q
ro
c::: 5
:5
o
t= 4ro
o....
B 3
::J
U

§ 2
E
ro

(f) 1
o

..c:
o
U 0

o 10 20 30 40 50

Number of Structural BMPs/lmpervious km 2
60

(b) Fish

Figure 2. Biological Community Indices Versus Structural BMP Density with the
Highest, Intermediate, and Lowest One-Third of Natural Watershed and Riparian
Cover for: [Note: Upper and lower horizontal lines represent indices considered to
define relatively high and low levels of biological integrity, respectively.]

Any conclusions from this analysis must be tempered according to the scope of the
underlying data. Probably the leading factor giving caution is that no instances exist
of structural BMPs being exceptionally widely applied and designed to mitigate a
large share of the known impacts of urbanization. Therefore, the fullest potential of
these practices has not been examined, and it is possible that extremely thorough
applications would demonstrate additional benefits not suggested in these data.
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ABSTRACT

Monitoring of both land treatment and water quality is the best way to document the
effectiveness of nonpoint source pollution control efforts. There has been a dramatic
expansion of nonpoint source control projects with the establishment of the Section 319
Program. However, the lack of information and data hindered State and Local efforts to
address nonpoint source pollution. A national framework was needed to address this
issue. Working with States and recognized experts, the United States Environmental
Protection Agency created the National Nonpoint Source Monitoring Program (NMP).
The purposes of the National Nonpoint Source Monitoring Program are to provide
credible documentation of the feasibility of controlling nonpoint sources, and to improve
the technical understanding of nonpoint source pollution ana the effectiveness of
nonpoint source control technologies and approaches. These objectives are to be
achieved through intensive monitoring and evaluation of a subset of watershed projects
funded by a combination of Section 319 funding and other sources. Presently, there are
23 projects within the program - mostly agriculture with two urban projects. Typically,
the ·projects are 6 - 10 years in nature and consist of three distinct monitoring periods; a
pre-implementation baseline (2 years); BMP implementation (2 - 3 years), and post
implementation evaluation (3 - 5 years). An overview of the program is presented.
Lessons learned and successes from selected NMP projects are highlighted. Also,
detailed information regarding how the NMP projects have provided support for the
development of urban runoff programs is presented. Recommendations are given for
successful watershed projects that can document BMP effectiveness through water



quality and land use monitoring.
NONPOINT SOURCE POLLUTION: THE PROBLEM

Clean water is one of our Nation's most vital resources. Since 1972, States and Tribes
have successfully reduced many threats to our nation's water resources by regulating
point sources of pollution. As enforcement of the Clean Water Act regulations and
standards reduced point source pollution from municipalities and industries, the
magnitude of nonpoint source pollution became more apparent. According to the United
States Environmental Protection Agency (USEPA), nonpoint sources of pollution
include agricultural, urban, and forest land that contribute pollutants to waterways
primarily during runoff events. These pollutants are much harder to control because of
their diffuse nature and being primarily generated in response to precipitation.
Pollutants such as nutrients, sediment, pesticides and pathogens are transported to
surface water bodies in runoff from nonpoint sources causing degradation. Many of
these pollutants also reach ground water.

Nonpoint sources are reported to cause the majority of water pollution problems in the
United States today. Based on waters assessed by States in 1998, nonpoint sources
are prominent among the Nation's five leading water pollution sources. In the 1998
303(d) listing, nonpoint pollutants were cited as the primary contributor in 42% of the
listing. A combination of point and nonpoint source impairments were responsible for
an additional 47% of the stream segments listed as impaired. The 1998 National Water
Inventory (USEPA, 2000) documented that urban runoff/storm sewers were the third
leading source of impairment to rivers and streams, as well as to lakes, ponds, and
reservoirs. For estuaries, municipal point sources were the leading sources of
impairment followed by urban runoff/storm drains.

In 1987, building on various efforts outlined in the Clean Water Act, a national
framework to address nonpoint source pollution was initiated; its focus was on
pollutants from everyday activities associated with agriculture, residential and
commercial development, and forestry. This framework was based on the premise that
without a clear understanding of how to minimize pollution from nonpoint sources, state
and local organizations would be unable to develop strategies to protect their water
resources.

NATIONAL MONITORING PROGRAM OVERVIEW

To be eligible for financial assistance under the Clean Water Act, the national Section
319 framework required States and Tribes to inventory their known and suspected
nonpoint source problems and develop a management program to adequately address
them. Most states and eligible tribes developed voluntary watershed-based programs
that focused on providing technical and financial assistance to polluters in a broad
based stewardship manner rather than water quality-based approach. The stewardship
approach distributes technical and financial resources equally, rather than in a
prioritized manner. The stewardship approach is relatively ineffective because the
technical and financial resources are not targeted to the main pollutants of concern and
their primary sources.
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In contrast, the water quality-based approach requires identification of the pollutant(s)
causing the water quality impairment and then directs the focus of land management
improvements to critical pollutant source areas. In this manner, the pollutant(s) source
and transport to the impaired (or threatened) water resource is effectively addressed.
A high level of treatment in critical areas will result in a greater reduction of pollutant
delivery as compared to a broad-brush approach with lower levels of land treatment
over larger areas.

One of the main reasons for states' preference for the stewardship approach is the lack
of information and methodologies to support the water quality-based approach. To
overcome this lack of information and to provide a basis to guide future program
direction, USEPA, in partnership with the States, Tribes and interested Federal
agencies, established the Section 319 Nonpoint Source National Monitoring
Program (NMP).

Since inception of the NMP, information has been gathered from individual projects and
evaluated in a national framework to enhance the decision-making ability of watershed
professionals, policy makers and citizens. The NCSU Water Quality Group at North
Carolina State University works in partnership with USEPA to provide technical support
to the NMP projects with project planning, water quality monitoring, data management
and analysis, and best management practice implementation and evaluation. The
Group is in a unique position to evaluate the NMP projects and program from a national
perspective. NCSU has highlighted successes and lessons learned from the NMP
(Lombardo et ai., 2000). From these lessons, the NCSU Water Quality Group and
USEPA can offer recommendations to help enhance future watershed projects and
State nonpoint source water quality programs.

The NMP projects are supported by USEPA funds authorized by Section 319 of the
1987 Amendments to the Clean Water Act. While the USEPA funding is used primarily
for monitoring and evaluation, support from other funding sources and programs is
leveraged to provide the needed technical and financial assistance for land treatment.
Each watershed project is expected to coordinate funding sources and programs. The
National Monitoring Program aims to scientifically evaluate the effectiveness of control
technologies and to improve our understanding of nonpoint source pollution in these
selected watersheds. To facilitate comparisons, each project follows national
guidelines.

NATIONAL MONITORING PROGRAM PROJECT SELECTION

USEPA's regional offices nominate projects for the NMP by forwarding State proposals
to USEPA headquarters for review and approval. Since 1991, States have proposed
numerous projects for inclusion in the program. USEPA works with States to develop
approvable 6- to 10-year projects. Proposed projects are assessed based on many
factors including:

• Identification of water quality threats or problems, along with a listing of major
pollutant(s) causing the problems, substantiated by previous water quality
monitoring data;
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• Nonpoint source control objectives, including the probability of adequately treating
pollutant sources with the proposed BMPs;

• Characterization of watershed, including delineation of "critical areas" for
pollutant(s) and summary of land uses;

• Land treatment implementation plan (including BMP location and timing of
implementation);

• Water quality monitoring design; and
• Evaluation and reporting plan.

USEPA has reviewed proposals for approximately 60 projects under the NMP,
approving 23 to date (see Figure 1). Twenty-two of these involve monitoring surface
water, particularly streams; and one is a ground water project. The major pollutants of
concern in the projects are sediment, nutrients, and fecal coliform.

Figure 1. Locations of the Section 319 National Monitoring Program Projects.
Waukegan River Watershed (A), Jordan Cove Urban Watershed (I).

Most projects are cooperative efforts between Federal, State, and Local agencies, and
often between two or more Federal water quality programs. Projects with a strong local
interest and highly valued water resources tend to be selected because participants in
these projects often have greater incentive to improve water quality.

U.S. EPA is currently reviewing two (one urban) constructed wetlands projects for
possible inclusion into the NMP and encourages interested States and Tribes to submit
proposals.

RECOMMENDATIONS FOR SUCCESSFUL PROJECTS

The experience gained through the NMP projects provides valuable information for
personnel involved in all NPS control programs and projects, such as the development
of implementation plans for TMDLs and municipal stormwater programs. This
experience reveals the following key recommendations for project success.
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Program and Project Organization and Administration

• Clearly define roles and responsibilities of federal, state/regional, and local
governments for effective interagency coordination and cooperation.

• Involve all major agencies and landowners in BMP selection and planning to
maintain long-term commitments.

• Close coordination is needed between monitoring/evaluation and land treatment
implementation agencies and personnel.

• Ensure up-front commitment of funds for the multi-year project period. Due to the
long-term nature of watershed projects, reliable funding is needed to facilitate long
term planning and budgeting. A short funding cycle or a requirement to request and
compete for funds annually does not ensure full comprehensive implementation of
project activities, continuity of project staff, and reduces the effectiveness of
projects. The short funding cycle is particularly damaging to monitoring and
outreach efforts.

Effective Water Quality and Land Treatment Monitoring Strategies

Water quality monitoring is the primary and most defensible means for evaluating the
effectiveness of nonpoint source pollution controls. The essential step in achieving
effective local urban runoff programs is developing technically valid approaches for
documenting water quality problems and determining if the BMPs currently in use
protect water quality. While making the definitive link between BMP implementation
and subsequent water quality improvements at a watershed scale is difficult, the
following are key elements of monitoring needed to ease the difficulty:

• Water quality problem documentation (use impairment, pollutant(s) causing the
problem, and critical pollutant areas). Complete problem documentation allows for a
realistic and quantitative set of water quality and land treatment goals, which in tum
assists in quantifying project successes.

• Monitoring / tracking of land treatment and land use changes. Documentation of
significant changes in land treatment and land use over time, in coordination with
water quality monitoring, is necessary to show that changes in water quality are due
to land treatment.

• Ensure sufficient storm event monitoring. In general, nonpoint source pollution is
primarily precipitation driven. Monitoring discharge and pollutant concentrations for
at least 15% of the precipitation events is essential, especially in small watersheds.

• Document baseline conditions and conduct multiple years of post-BMP
implementation monitoring to increase chances of documenting water quality
changes. Year-to-year variability is often so large that at least two to three years of
post- BMP implementation monitoring is required to document a significant water
quality change following BMP implementation. Also, longer duration monitoring is
necessary where water quality changes are likely to occur gradually over time.
Sampling location, frequency and collection must be consistent across years.

• Ensure that pollutants monitored correspond to pollutants being treated by BMP
systems. In urban areas, this is particularly important and difficult because of the
occurrence of chemical constituents and pathogens in runoff. In addition,
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monitoring explanatory variables will help adjust for major sources of variability
other than that attributable to BMPs. Other factors not related to BMPs may be
causing water quality changes, such as changes in wildlife populations, lawn
management patterns or land uses; amount of impervious areas; stream discharge,
precipitation, ground water table depth, or other climatic or hydrologic variables.
Explanatory variables should be monitored at the same frequency as the principal
water quality variables.

. Land Treatment Implementation

• Implement appropriate and sufficient BMPs that address the water quality problem.
A high level of BMP implementation is needed because it is necessary to affect
changes of at least 20 percent in the water quality pollutant levels or loads before
statistical linkage can be made. Implementation should focus on critical areas.

• Target BMP implementation to the critical pollutant source areas and pollutants, to
reduce the delivery of the pollutants to the water quality resource of concern.

• Provide long-term operation and maintenance (O&M) - of BMPs for both
management and structural BMPs. Questions of who is responsible for O&M need
to be addressed up front for all parties involved in the project and be documented in
the implementation plan.

• Employ systems of BMPs. It is well known that site- or parcel-scale runoff
management approaches also need to include off-site BMPs to improve water
quality. The installation of one structural or management BMP is rarely sufficient to
entirely control the pollutant of concern. Combinations of BMPs that control the
same pollutant are generally most effective.

Information and Education

• Provide information and education (I&E) for a high level of land-owner participation,
prior to project implementation and continued throughout the project. I&E efforts
conducted early in the project may be necessary to increase general awareness of
the water quality problem, gain public support for the project, and improve land
owner understanding of their contributions to the problem. Continuing I&E efforts
are needed to assist land owners in the management and maintenance of
implemented BMPs and to inform them of the impact of their actions.

NATIONAL MONITORING PROGRAM SUPPORTS THE DEVELOPMENT OF
URBAN RUNOFF MANAGEMENT PROGRAMS

The process of urbanization occurs in phases. In the first phase, a suburban/urban
area is developed through the conversion of land from agriculture and forest to housing
or commercial development. This process of clearing and reshaping land, and paving
over, pervious surfaces to make roads and driveways, creates extensive erosion and
changes the hydrologic balance. Sediment is the primary pollutant during this phase.
The second phase of urbanization, the post-development phase, occurs once
construction and associated development is completed. Once a newly created
suburban/urban area is established, pollutants, which accumulate on impervious
surfaces, are washed off during precipitation events and carried in runoff to nearby
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surface water bodies. In addition, higher peak discharges from developed areas can
lead to increased sediment loads from eroding streambanks. Primary pollutants are
sediment from eroded stream banks; nutrients from lawn care activities and pet waste;
and oil and grease from automobiles. Loading rates of pollutants are generally
correlated with the degree of imperviousness, size of drainage area and type of
drainage system. Another phase of development is characterized by the full build-out of
an urban area, with sewers, extensive impervious areas, large runoff volumes during
storms, and high pollutant loading rates. Older cities typically are served by combined
sewer systems and have increased industrial and commercial activities, which normally
lead to increased pollutant loads.

All phases of development have water quality issues associated with them. According
to USEPA's Phase II stormwater rules, managers must develop and implement
stormwater management programs that are a combination of information/education,
enforcement, technical and financial assistance. The lack of water quality information
has resulted in a technology approach where individual municipal permits are to include
a description of the BMPs that will be used to meet six minin.wm measures: Public
Education and Outreach; Public Participation and Involvement; Illicit Discharge
Detection and Elimination; Construction-Site Runoff Control; Post-construction Runoff
Controls; and Pollution Prevention and Good Housekeeping. In order for the Phase 1/
program to be effective at reducing stormwater impacts, information on BMP
effectiveness is needed.

BMPs will undoubtedly be used to help urban managers meet pollutant load allocations
specified in section 319 watershed projects, stromwater permits and TMDLs. A key
component of the Phase II stormwater rules is the expansion of coverage to a greater
number of urban areas and construction sites. The National Monitoring Program can
provide the information to program managers to promote a water quality approach
rather than the technology approach presently included in the permit program.

A high degree of uncertainty exists with BMPs and their effect on water quality. This is
due to things such as BMP siting, maintenance, instream physical condition and
appropriateness of the target pollutant. Added to this is a lack of scientifically derived
and statistically sound information relating BMPs to their impact on water quality,
especially on a watershed scale.

The National Monitoring Program has succeeded in reducing the uncertainty of BMP
impact on water quality by establishing monitoring programs that track both BMPs and
water quality in urban drainage basins. Some examples of urban NMP projects that
have increased the knowledge base regarding urban runoff management are given
below.

Jordan Cove NMP Watershed Project, Connecticut

The Jordan Cove NMP Project, located along the Connecticut side of the Long Island
Sound, is designed to demonstrate the water quantity and quality benefits of
developing urban residential subdivisions with best management practices for
stormwater runoff controls. Jordan Cove, a small estuary fed by Jordan Brook, is part
of the Long Island Sound, and at present, does not meet bacteriological standards for
safe shellfish harvesting. The Jove Cove Watershed is primarily forest and wetlands
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(74%) with increasing urban land use (19%). Agriculture is 7% of the land use.
Sediment sampling in the Cove has revealed high concentrations of arsenic. Low
dissolved oxygen is an emerging issue.

The project is located in a residential section of the Jordan Cove watershed in the
Town of Waterford and utilizes a paired watershed monitoring design in three
neighborhoods (see Figure 2). The project consists of developing two residential
subdivisions, one following "traditional" requirements and the other incorporating BMPs
during and after construction for controlling stormwater runoff. The traditional
subdivision consists of 18 building lots on 4.3 hectares, with half-acre zoning, curbs,
catch basins, storm sewers and impervious (asphalt) streets 7.3 meters wide. The BMP
subdivision, located next to the traditional subdivision, consists of 12 lots on 2.8
hectares. A variety of BMPs will be implemented during and after construction. A
nearby established neighborhood (5.6 ha) is being used as a control. The three areas
were monitored for one year prior to construction. Water quality monitoring will
continue over an 18-month construction and establishment period, and also for several
years beyond. Monitoring parameters include precipitation, air temperature, and grab
and storm-event sampling for solids, nutrients, metals, fecal coliform, and BOD. A
subset of individual BMPs is being intensely evaluated.

The prior land use in the area to be developed using traditional subdivision
requirements was a poultry farm, while the BMP development site was formerly a
gravel pit. The control area consists of 43 residential lots built in 1987-88.

For the area being developed with stormwater control practices, the construction phase
BMPs include phased grading, immediate seeding of stockpiled topsoil, maintenance of
a vegetated open space perimeter, and immediate temporary seeding of proposed lawn
areas. In addition, structural practices such as sediment detention basins and
sediment detention swales will be employed. Post-construction BMPs include street
sweeping, implementation of fertilizer and pesticide management plans, animal waste
management, and plant waste pick-up. Structural practices to be employed post
construction include grassed swales, detention basins, roof runoff diversion to rain
gardens, pervious concrete shoulders on access roads, bioretention areas and a road
of permeable concrete pavers,· and the minimization of impervious surfaces. The
project goal is to implement BMPs on 100% of the lots in the BMP residential site.

Since management efforts such as nutrient and pesticide management are difficult to
track, each household in all three neighborhoods is surveyed annually to obtain
information on residents' habits that influence nutrient and bacteria losses. The project
started in 1996 and is expected to last until 2005.

The water· quality objectives of the project are to retain sediment on site during
construction and reduce nitrogen, bacteria and phosphorus export by 65, 85 and 40
percent, respectively. Also, an objective is to maintain the post-development peak
runoff rate and volume, and total suspended solids load, to pre-development levels.

While the project has not yet been completed, several lessons regarding runoff from
construction practices have been learned. In the traditional watershed where houses
are being built using generally accepted construction practices, runoff volume
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increased by a magnitude of two. This was due to changes in morphology of the
watershed and also because of an impervious curb and gutter asphalt road, which
increased runoff. In addition, increased concentrations and loadings of nitrate-nitrogen
were found. Sediment export increased 90% and total phosphorus increased 89%
during construction. Loading of copper, lead and zinc also increased during the
construction period. In the BMP watershed, a two-order reduction of stormwater runoff
was observed in the BMP watershed. This was attributed to the excavation of all
basements over a short time period, and the proper location of earthen berms to retain
and infiltrate stormwater onsite. At the BMP site, concentrations of total suspended
solids (TS8) and total phosphorus (TP) were found to significantly increase, which can
be attributed to loss of vegetation and exposed soil during site modifications.

Results from the construction of the traditional site suggest that increased runoff, due to
changes in geomorphology, was the cause of increased pollutant export from the site.
This reinforces the need to reduce runoff from construction sites through detention

. and/or diversion of clean water around sites.

Figure 2. Jordan Cove Urban Watershed (Connecticut). Comparison of three
development scenarios.
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Waukegan River NMP Project, Illinois

The Waukegan River NMP Project is designed to evaluate urban stream restoration.
The Waukegan River, located about 35 miles north of Chicago, Illinois, is a direct
tributary of Lake Michigan. The 20.1 km long river drains a watershed of 3092 ha,
which is predominately urban. Residential land use composes 50% of the watershed,
followed by agriculture (13%), commercial (8%) and industrial (3%). The project
locations for this effort are Washington and Powell parks in an older section of the city.
Washington Park represents the most urbanized reach of the river and is located
approximately 0.8 km upstream from the river's mouth on Lake Michigan. Powell Park
is located 1.6 km from the mouth of the river and is in a residential area. Most of the
watershed was urbanized prior to enactment of the NPDES stormwater regulations.
The lack of stormwater controls has resulted in a system that suffers from flashy runoff
rates and heavy pollutant loading. Water quality concerns include potential
contamination from cross-connections between sanitary and storm sewers, and
potential sanitary overflows; and sediment caused by severe stream bank erosion and
channel down cutting. Habitat quality is degraded in the Waukegan River as evidenced
by low oxygen levels, shallow pool depths, limited cobble substrate, and artificial lining.

To address stream channel erosion, the following practices were utilized (see Figure 3):
vegetative stabilization, structural stabilization, and habitat structures with vegetation.
To achieve this, lunkers, a-jacks, stone, dogwood, willows, and grasses were used to
stabilize the severely eroding stream banks. A series of pool-and-riffle complexes were
recreated through the construction of low stone weirs in a channel reach. An
upstream/downstream habitat monitoring design was used to document water quality
changes.

This project has demonstrated that biotechnical stream bank stabilization techniques
are more cost-effective than traditional armoring approaches in reducing erosion and
also provide additional water quality and in-stream habitat benefits. It was shown that
rock-riffles and pools add to the in-stream physical diversity, which in turn leads to
increased biodiversity. In addition to enhancing habitat, riffles and pools are effective in
reducing erosion of the stream bed, improving stream stability and increasing water
aeration.

Two significant lessons can be learned from this urban stream restoration project. Pool
and riffle restoration has improved biological diversity. The implementation of a
pool/riffle series on the South Branch of the WaUkegan River has increased the Index
of Biotic Integrity and the overall population of the fish collected during the season
sampling events. Also, while stream bank stabilization protected parklands in an
aesthetically pleasing manner, it did not improve stream fisheries significantly.
Employing the principles of natural channel design may have resulted in better results
by using a different type of restoration. Monitoring for suspended sediment could have
resulted in a more complete evaluation of the project effectiveness. Strong
partnerships together with interagency cooperation contributed to the success of this
project.
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Figure 3. Waukegan River Watershed (Illinois). Placement of stream bank
stabilization structures.

FUTURE DIRECTIONS

Landowners, taxpayers, and program administrators need to be confident that nonpoint
source pollution control practices installed will protect, restore or improve water quality.
Through the National Monitoring Program, States and Tribes are continuing to gather
data to demonstrate the types and extent of water quality improvements that can result
from the installation of control practices. The current mix of projects is focused on
agricultural sources, but USEPA in cooperation with its partners continues to seek
projects focused on other land uses such as forests and urban areas. USEPA is
currently soliciting new projects for the NMP and encourages interested States and
Tribes to submit proposals.
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Reducing nonpoint source pollution will require the concerted effort of all people who
spend time in the watershed. Each of us will have to learn how what we do affects
water quality and how we can change our actions to protect one of our Nation's most
vital resources: water. The NMP is just one way in which these important lessons can
be leamed, demonstrated, documented and disseminated. However, it is important to
note that a major limiting factor in this transfer of information and leaming from the
NMP's successes and failures is the lack of sufficient funding to 1) sustain the
necessary analysis at the national level, 2) provide technical assistance at the project
level, and 3) provide forums for the exchange of ideas. USEPA's failure to adequately
support this program has resulted in a number of cases where local projects were
unsuccessful because they were not provided the information or lessons learned from
the NMP.

More detailed summaries of all the current NMP projects can be found at
http://h20sparc.wg.ncsu.edu/319index.html.
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ABSTRACT

Rural to urban land use change is a ubiquitous and formidable challenge in
watershed management. Decades of research have revealed that urbanization
frequently results in severe stream degradation, but the complexity and variability of
stream responses inhibit prediction and informed decision-making. Associations
between gross measures of total imperviousness or human population and stream
characteristics provide little meaningful feedback for understanding key processes
and creating practical mitigation strategies. In contrast, examining the effectiveness
of mitigation strategies relative to fundamental biophysical linkages provides a
foundation for improved management of aquatic ecosystems in rapidly changing
watersheds. The objective of this paper is to provide a process-oriented view of
what is known about the physical response of streams to urbanization and
stormwater controls, to identify some critical information gaps, and to suggest useful
approaches and analysis tools for filling these gaps. In particular, variable
responses to altered flow and sediment regimes across different stream types,
riparian conditions, and spatio-temporal scales are considered. Decision-based
models of channel instability that account for the relative sensitivity of stream types
to changes in flow and sediment regimes can improve our ability to set priorities and
tailor mitigation strategies to the response potential of receiving waterbodies.

,.::

INTRODUCTION

Streams in urbanizing watersheds exhibit a diverse array of complex adjustments
and threshold behaviors in response to changes in water and sediment delivery.
Geomorphologists and engineers are only beginning to elucidate differences in
response trajectories across stream corridor types, flow regimes, and watershed
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contexts. The difficulty of linking stream responses to specific development styles
compounds the challenges of predicting the probable impacts of watershed
development on stream integrity and deVising effective mitigation schemes.

Physical habitat in streams is created and maintained by dynamic geomorphic
processes. Physical habitat may be defined as the combined quality of instream,
riparian, and watershed characteristics that influences aquatic community structure
in streams across multiple temporal and spatial scales. Geomorphic processes are
referred to herein as the hydrologic, erosional, and transportational characteristics of
fluvial systems resulting from the integrated effects of climate, geology, land use,
basin physiography, and human alteration. Geomorphic processes involving the
spatial and temporal distribution of stream energy, bank erosion, and bed scour and
deposition directly affect the quality of physical habitat in aquatic ecosystems
including adjustments of channel features and linkages at local, reach, valley and
watershed scales. In general, habitat characteristics at increasingly finer spatial
scales (e.g., a patch of streambed) are: (1) viewed as being more temporally
dynamic than broad scale characteristics, and (2) develop within constraints set by
the larger scale systems (e.g., stream segments and watershed) of which they are a
part (Frissell et al. 1986). Habitat characteristics may interact over time and during
discrete events to create extreme conditions or disturbances that result in altered
resources and mortality of aquatic biota. In particular, the impact of a discrete
disturbance event is controlled by interactions between flow, channel morphology,
substrate mobility, and available refugia. Thus, developing our understanding 'of
relationships between flow regime and multi-scale geomorphic characteristics is a
prerequisite for a process-based understanding of the key drivers that shape
assemblages of aquatic biota.

HYDROLOGIC EFFECTS OF URBANIZATION

There are two primary linkages in evaluating potential responses to urbanization in
the fluvial system: (1) changes in the flows of water and sediment associated with
different types and phases of land disturbance, and (2) the associated morphologic
response. Both linkages or phases involve temporal lags that complicate monitoring
and interpretation. Changes in channel characteristics reflect the temporal sequence
and combined action of water and sediment flows delivered to that channel.
Interpretations of channel response that do not include consideration of both
hydrologic and sedimentation regimes are incomplete and may produce erroneous
conclusions. Specifically, the magnitude, frequency, duration, timing, and rate of
change in the flows of water and sediment can influence both geomorphic and
biological responses (Poff and Ward 1989, Poff et al. 1997, Waters 1995, Knighton
1998, Bledsoe and Watson 2001a). Gaging data of an adequate period and
temporal density (e.g. characterizing flashy flows may require something on the
order of :::; 15-minute data) and/or the use of long-term continuous simulations are
essential to adequately elucidate changes in the full range of geomorphically '.1

important flows (James 1995, Booth and Jackson 1997, Bledsoe and Watson
2001 a).

The fundamental hydrologic changes that tend to be associated in varying degrees
with urbanization are more frequent and higher magnitude flows (Hammer 1972,
Hollis 1975), increased duration of geomorphically significant flows (Hollis 1975,
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(Henshaw and Booth 2000, Konrad 2000), altered timing and rate of change relative
to riparian and floodplain connections (Poff et al. 1997), altered duration of low flow
periods (Simmons and Reynolds 1982), and conversion of subsurface' discharge
inputs to surface (point) discharge (Booth and Henshaw, in press). These observed
changes are certainly not universal and depend on a variety of complex watershed
and development characteristics. Several of these alterations, especially increased
flow duration, have been observed in watersheds containing storage basins created
for stormwater management (McCuen and Moglen 1988, MacRae 1997). Indeed,
one of the fundamental issues related to channel adjustments and instability in
developing watersheds is associated with the increased duration and geomorphic
effectiveness of sub-bankfull flows.

Although addressing changes in flow regime is critical for improved management, it
remains only a partial view unless it encompasses the variability and pulse nature of
sediment delivery in developing watersheds. The important work of Wolman (1967),
Wolman and Schick (1967), Leopold (1972), Trimble (1974, .1977, 1983, 1995,
1997a), and Benda and Dunne (1997) underscores the stochastic nature of water
and sediment loading in disturbed watersheds, the importance of historical
influences, and the complexities associated with sporadic phases of development
and the spatial distributions of sources relative to hillslope I drainage network
linkages. Of particular importance is development style (the extent, connectivity,
and conveyance of manmade surfaces, compacted areas and drainage facilities)
which profoundly influences the nature and extent of hydrologic and sedimentary
impacts on receiving streams. For example, in a paired watershed study in NC,
water yield from sites with curb and gutter was 6 times greater than sites with similar
levels of imperviousness but without curb and gutter (Bales et al. 1999). Sediment
yield varied by two orders of magnitude between stable residential areas and
developing sites (77 vs. 4700 tonI sq mi).

EFFECTS OF URBANIZATION ON CHANNEL MORPHOLOGY AND FLUVIAL
PROCESSES

Streams and rivers are dynamic systems with forms that adjust over time to the
flows of sediment and water delivered from their watershed. As land uses change,
the balance between a stream's capacity to move sediment and the amount of
sediment delivered from its watershed is disrupted. Numerous studies have
generically reported channel enlargement as the primary response to urbanization;
very few have explored differences in response across streams and contexts.
Some streams exhibit widening and a tendency toward braiding (Arnold et al. 1982)
while others exhibit, at least initially, a predominantly vertical response i.e., incision
(Booth 1990). Exploring the mechanisms controlling the direction and magnitude of
these disparate responses can yield insights into the general nature of channel
adjustment to altered hydrologic regimes, identifying which stream corridor types are . :.'
probably most sensitive to urbanization, and ultimately aid in developing models for
assessing the probable form and magnitude of channel response. To a large
extent, channel adjustment potential in the early stages of a departure from quasi
equilibrium conditions is controlled by the ratio of stream power per unit channel
area relative to the most erodible channel boundary. For example, in an armored
cobble bed stream with sandy banks and little vegetation, the dominant response to
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an increase in stream power relative to sediment supply will tend to be bank erosion
and lateral adjustment. Conversely, in a sand bed stream with clayey banks, the
response will tend to be vertical until bank failure results primarily from gravitational
forces as opposed to direct hydraulic action. In reality, responses to urbanization
involve much more than channel enlargement (Table 1) and tend to be context
specific and difficult to correlate with gross measures of development. Most of
these potential effects are influenced to various degrees by the five key elements of
flow regimes identified by Poff et al. (1997). For example, bank erosion may be
influenced by the rate of change of flows in addition to frequency and magnitude
attributes.

Low levels of imperviousness (5 - 20%) clearly have the potential to severely
destabilize streams, but changes in stream power and sediment delivery associated
with sub/urban development are highly variable and dependent on watershed
specific conditions including the connectivity and conveyance of the drainage
scheme and stormwater controls. In turn, different stream types are likely to exhibit
varying levels of sensitivity to these changes, depending on ~ntrenchment, relative
erodibility of bed and banks, riparian condition, mode of sediment transport (bedload
versus suspended load), sediment delivery, and proximity to geomorphic thresholds
(Bledsoe and Watson 2001a). It is obvious why a simple, quantitative delineation of
a threshold between healthy and unhealthy streams is very desirable from a
management perspective, but we should avoid identifying "one size fits all"
thresholds that actually correspond to various levels of risk across contexts.

Despite the many factors involved, total watershed imperviousness is frequently
used as the sole explanatory variable in simple regression models of biotic integrity
or channel instability. Some workers have focused on developing a general
relationship between imperviousness and channel enlargement of the form:

Channel enlargement =a(%imperviousness)b (1 )

Such a relationship grossly oversimplifies the complexity of responses across
contexts and the manifold forms and consequences of enlargement. One only has
to look as far as studies on the effects of dams by Williams and Wolman (1984) and
Petts (1984) which reveal both width increase and decrease, varying degrees of
vertical adjustments, and response times thought to range from 10 to more than 500
years. Recent research indicates that magnitudes and rates of channel change
have little or no correlation with development intensity and gross measures of
imperviousness, even in urbanized watersheds of a common region (Booth and
Henshaw, in press, Pizzuto et al. 2000, Doll et al. 2000, Neller 1989). Again, the
science of fluvial geomorphology suggests that generic relationships that do not
incorporate key differences in process associated with watershed context, mode of
sediment transport, floodplain connectivity, direction of base level changes, and
J~:ler fundamental drivers will likely fall short of providing the linkages between land
use, hydrologic regime, and alterations in stream physical habitat that are essential
for management.
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Table 1. Some potential effects of modifications related to urbanization on stream
processes and morphology.

ChanCles in stream morpholoClv and response Sources
Some form of channel enlargement via widening, incision, Hammer (1972), Roberts (1989), Arnold et
and/or braiding at. (1982), Booth (1990,1991), Doll eta/.

1(2000), Pizzuto et at. (2000)
Planform changes - e.g., decrease in sinuosity associated Arnold et at. (1982), Richardson et at.
with wideninCl, accelerated miqration rates 1(1990), Pizzuto et at. (2000)
Post development / restabilized channel less Brown (1999), Pizzuto et at. (2000), Doll
heterogeneous and geomorphically complex, cross-section et at. (2000), Henshaw and Booth (2000)
more rectangular and prismatic, straighter channel, less

Ipool volume, less form rouahness
Geomorphic thresholds may be crossed - stream power, Schumm (1977), Arnold et al. (1982),
sinuosity, substrate armoring or breaching, expose new Bledsoe and Watson (2001a,b)
bed or bank strata, bank heiqht, etc.
Diversity of habitats such as pool-riffle frequency, depth- Pizzuto et at. (2000), Henshaw and Booth
velocity combinations altered, debris dams reduced (2000), Duncan (2000), Jackson and

Beschta (1984) .
Overbank flows necessary for energy dissipation, habitat / Schumm et at. (1984), Simon and Darby
timing may be altered via incision and/or widening (1999), Poff et at. (1997)

Incision / entrenchment increases geomorphic Schumm et at. (1984), Simon and Darby
effectiveness of infreauent events 1(1999)
More frequent crossing of threshold into upper regime Simons and Richardson (1966), Chang .
bedforms in sand bed channels - creates opposing system (1988)
equilibria
Removal of vegetation may induce lateral instability Beschta (1998), Millar and Quick (1993),

Bledsoe and Watson (2000)
Riparian zone may be destabilized via bank toe erosion - Trimble (1997b), Davies-Colley (1997),
may increase wood input thereby changing morphology, LeBlanc et at. (1997), Lyons et at. (2000)
diel temoerature regime of bank
Flashy flows result in bank instability via pre-wetting, Thorne (1990)
desiccation, and/or rapid drawdown
Change in flow regime affects plant community location on Bledsoe (unpublished data)
bank which in turn may affect roughness, bank stability,
and deposition of fine material
Bank stability diminished by piping resulting from Thorne (1990)
vegetation isolation from water table (root / stem
decomoosition)
Fine sediment and embeddedness typically increased Wolman and Schick (1967), Wolman
durina construction ohase 1(1967), Waters (1995), Bales et at. (1999)
Substrate coarsening after construction OR continued Finkenbine et at. (2000), Pizzuto et at.
embeddedness via fluvial instability, potential loss of (2000), Bledsoe (unpublished data)
bimodal sediment aradation observed in aravel streams
Changes in mobility of coarser bed material fractions as Beschta and Jackson (1979), Wilcock
affected by intrusion of sand (can increase mobility) or (1997), Montgomery et at. (1999)
cohesive sediments (can reduce mobility) into gravel
framework
¥ore intense and frequent bedload transport and scour King County (1997, 1998a, 1998b),

Bledsoe and Watson (2001 a)
Higher suspended sediment concentrations, especially if Waters (1995), Trimble (1997), Shields et
upstream channels become unstable a/. (1995)
Induces system level/ network fluvial response via base Harvey and Watson (1986), Shields et at.
level lowering of tributaries, downstream deposition, or (1995), Galay (1983), Schumm et at.
other mechanisms 1(1984)
Alters multi-scale mosaic of habitats and refugia Frissell et a/. (1986), Sedell et a/. (1990)
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Sensitivity of Different Stream Types

In a process-based approach to stream classification, Montgomery and Buffington
(1997, 1998) suggested that lower-gradient channels become progressively more
responsive to changes in discharge and sediment supply as transport capacity,
grain size, and channel confinement decrease in the downstream direction.
Channel reaches with a high sediment transport capacity, i.e., stream power,
relative to supply should recover quickly from increased sediment loading (at least
from a purely physical standpoint) because the additional load is rapidly transported
through the system. Reaches with a low transport capacity should exhibit more
persistent morphologic response to a comparable increase in sediment supply.
Following these lines of reasoning, the alluvial streams that are least sensitive to
increases in specific stream power and sediment supply will probably be threshold
channels that have coarse beds, densely vegetated banks and connected
floodplains of high flow resistance. At the opposite end of the spectrum, the most
sensitive channels will tend to have sand beds or sandy banks composed of
noncohesive material that is unprotected from high shear stresses by vegetation
and/or floodplain energy dissipation.

Unless we recognize and classify fundamental types, predicting response potential
is likely to be confounded by poor correlations between response, the degree of
post-development stabilization and the magnitude of developed area or rate of
recent development. This is perhaps most true with regard to sand versus gravel
bed streams, incising versus widening streams, different floodplain types, and
streams from different hydroclimatic regions. Because sand and gravel bed streams
have several. system properties that are fundamentally different (Table 2), it is
unrealistic to expect the responses of sand and gravel bed streams to follow the
same trajectories, display similar relaxation times, and to be comparable in
magnitude and form across spatial scales. Similarly, channels in arid watersheds
are generally unstable, more profoundly affected by extreme events, and less likely
to achieve some semblance of an equilibrium form. In general, recovery times are
thought to be longer in arid than in humid systems (Bull 1991).

Even the same stream type may exhibit very different types and rates of adjustment,
depending on network scale processes. For example, Galay (1983) has
differentiated between migration rates associated with upstream-progressing and
downstream-progressing degradation. Although both responses tend to ultimately
reduce longitudinal profile slope, headward migration generally occurs more rapidly
as it increases slope locally at the headcut or knickpoint zone. One implication is
that incision moving slowly downstream could abruptly create a rapid network scale
response when the degradation reaches a tributary and lowers its base level
thereby creating a complex series of upstream-progressing adjustments. Thus,
incision may have a much larger zone of influence in the drainage network and
broader repercussions for biotic communities when compared to localized widening <",
and bank erosion.
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Table 2. Generalized relative differences in sand and gravel bed streams (modified
from Simons and Simons 1987).

Parameter
Bed material trans ort
Variation in sediment trans rt
Armorin
Bed forms and changes in bed roughness I
configuration

The Importance of Vegetation

Although we know that vegetation can be an extremely important control on stream
form and processes, we currently cannot predict the net effects of vegetation on
channel forms and evolution sequences. Thome et at. (1998) summarized some
the key effects of bank vegetation:

• Foliage and plant residues intercept and adsorb rainfall energy and
prevent compaction by rainfall impact

• Root systems physically restrain soil particles
• Near bank velocities are retarded by increased roughness
• Plants dampen turbulence and to reduce instantaneous shear stresses
• Roots and humus increase permeability and reduce excess pore water

pressures
• Depletion of soil moisture reduces water-logging

Bank vegetation probably increases resistance to fluvial erosion by 1-2 orders of
magnitude depending on both root volume density and roughness characteristics
such as height and stiffness. Vegetation tends to override sedimentary influences
on bank stability and channel width (Edgar 1976, Hey and Thorne 1986, Dunaway
et at. 1994, Rowntree and Dollar 1999). A high silt clay content in the absence of
vegetation tends to increase lateral stability but a high clay content may inhibit root
volume density and vegetation growth on the lower portions of the bank that
disproportionately control stability. Woody vegetation may enhance or diminish
lateral stability depending on the size of wood inputs relative to the size of the
channel and the degree to which canopy closure inhibits development of a high root
volume density in the understory vegetative layer. Bank vegetation also tends to
reduce the frequency of saturated conditions by creating soil suction and negative
pore pressures. Despite the many benefits of vegetation for lateral stability, trees
may in some instances become a liability in terms of wind throw potential and
creating a surcharge on excessively steep and/or high banks.

In general, the ratio of vertical to horizontal adjustment in unstable channels may be
controlled by the rate of bank erosion relative to channel transport capacity and
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vegetation. Severe incision and widening may be viewed as endpoints across a
continuum of potential responses to excess stream power that is highly dependent
on the availability of bank sediments. Thus, quantifying the potential for bank
sediment contributions relative to both sedimentary and vegetative characteristics is
critical for developing predictive models.

Useful Concepts from Systems Theory and Impact Assessment

The complex behavior of geomorphic systems lends itself to the application of
concepts from nonlinear dynamical systems theory in describing the response and
"sensitivity" of stream corridor types. Channel adjustment often involves abrupt
discontinuities and intrinsic thresholds which are directly analogous to bifurcations
(Knighton 1998). One implication is that channel adjustment may proceed gradually
between bifurcations and but relatively rapidly at them. Two concepts from impact
assessment that are especially relevant to an understanding of complex stream
adjustments are inertia and resilience (Westman 1985). Inertia may be defined as
the resistance of a system in the face of a perturbing focce Le., resistance to
change. In contrast, resilience refers to ways in which a disturbed system responds
Le., the degree, manner, and pace of restoration of initial structure and function after
disturbance. Four primary components of resilience are recognized and may be
applied a various spatial scales:

1. Elasticity - rapidity of restoration of a stable state after disturbance
2. Amplitude - zone from which the system will return to a stable state
3. Hysteresis - degree to which the path to restoration is an exact reversal

of path of degradation
4. Malleability - degree to which stable state established after disturbance

differs from the original steady state

Brunsden (1980) suggested a scheme wherein geomorphic time may be divided into
two periods: (1) the time for a system to react to a change in conditions (reaction
time) and (2) the time taken for the system to attain a characteristic equilibrium state
(relaxation time). Thus, the total response time is equal to the reaction time plus the
relaxation time. Brunsden and Thomes (1979) also defined two states of temporal
response in geomorphic systems that are a function of relaxation time relative to the
recurrence time of disturbance events:

1. Relaxation time is less than the average recurrence time of disturbance
events: The system may adjust to new conditions before the next major
disturbance so that characteristic forms tend to prevail and facilitate
recognition of process-response relationships

2. Relaxation time is greater than the average recurrence time of
disturbance events: the system is unlikely to recover or equilibrate and
thus forms are likely to be transient and difficult to link with process
agents

This second state may partly explain the common lack of correlation between
channel geometry and development intensity. Moreover, it is not surprising that
channel width, which tends to adjust on the shortest timescales relative to other
geometric characteristics, is usually more related to development intensity than
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channel depth or cross-sectional area. In general, the terminology and conceptual
framework of systems theory is an attractive vehicle for improving both description
and understanding of geomorphic response and "sensitivity" across stream types
and spatial scales.

PERCEPTION ISSUES

Channel instability is in the eye of the beholder as there is no widely accepted
system for its quantification. Systematic analysis of channel instability is limited by
qualitative assessments that lack explicit descriptions of space / time scales and
watershed / drainage network context. Perception and assessment of channel
instability are influenced by the following important factors that are frequently
overlooked in the literature (Booth and Henshaw in press, Pizzuto et al. 2000):

• Location of measurement in channel network
• Location of urbanization relative to the channel network
• Interplay of timing of development, large storms, and field observations
• Culverts and other hydraulic structures can have a profound effect on

perception of erosion vs. deposition
• Age of development and lag time
• Rate of sediment supply depletion from hillslope and channel sources
• Use of "bankfull" indicators in disturbed channels can introduce significant

error into field estimates of cross-sectional geometry
• Stream type
• Historical influences

TOOLS

Frameworks for qualitative analysis of channel response to modified water and
sediment delivery (e.g. Schumm's 1969 "river metamorphosis" and its variations)
are very useful in predicting the general direction of adjustment. These tools when
combined with process-based stream classification and concepts from applied
fluvial geomorphology (inclUding the conceptual frameworks of thresholds and
catastrophes in geomorphic systems) provide some general guidance on probable
response and which characteristics increase sensitivity to the alterations in flow
regime and sediment loading that often accompany urbanization (Table 3).

Process and historical studies of individual streams suggest that channel
adjustments may be historically contingent on how intrinsic variables have 'primed' a
reach for instability and on the state of the channel at the time of an impact (Brewer
and Lewin, 1998). Because channel forms are frequently transitional and shaped by
complex sequences of disturbance events, stochastic alternatives to deterministic
thresholds have the potential to improve prediction and decision making in a context
of uncertainty. Bledsoe and Watson (2001a,b) suggest that logistic analysis (Tung,
1985; Menard, 1995) is a useful way to attach explicit statements of risk and
uncertainty to associations between controlling variables and unstable channel
forms. Logistic regression models of channel stability developed with an extensive
data set generally exhibit 80-100% accuracy in predicting stable vs. incising or ~

braiding channel forms using only annual flood, STOpe. and median bed material .
data (Bledsoe and Watson, 2001 b). Such probabilistic models provide a starting
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point for risk-based management' of stream systems and may provide an improved
means of gauging channel sensitivity to changes in controlling variables.

Table 3. Stream characteristics associated with risk of instability and response
magnitude.

Hiah Risk Characteristics Lower Risk Characteristics

• High specific stream power relative to the most • Low specific stream power relative to the
erodible channel boundary most erodible channel boundary

• Capacity limited - fine bed material, esp. sand • Supply limited - coarse bed material with
• Little or no grade control (geologic, wood, or potential for armoring

artificial) • Grade control sufficient to check incision
• Low density of vegetation root volume in banks (geologic. wood, or artificial)

• Non-cohesive, fine grained, sparsely vegetated • High vegetation root volume density in
banks banks or cohesive / consolidated bank

• Large ratio of woody debris size / channel width? - sediments (vegetation tends to override
increased input may destabilize banks and/or influence of cohesive bank material)
enhance vertical stability • Instream form roughness and vegetation

• . Entrenched channel - minimal floodplain energy roughness on ban.ks
dissipation at 0 > 02, flows> 02 contained in • Small ratio of woody debris size / channel
channel width

• Near an energy threshold associated with abrupt • Channel well-connected with rough riparian
changes in planform or initiation of incision zone / floodplain that resists chutes cutoffs

• Flashy flows result in pre-wetting / rapid wetting. and avulsions / provides substantial
drying, and drawdown overbank energy dissipation at 0 > 015 - 02

• Low roughness - form and vegetative • Energy level not proximate to geomorphic

• Floodplain susceptible to chutes cutoffs and threshold
avulsions • Flow regime results in gradual bank wetting

• Steep bank angles and drawdown

There are several indices or descriptors of channel energy and stability that may be
computed from a flow series and basic hydraulic information. These descriptors
include:

• Specific stream power (Bagnold 1966, Brookes, 1988; Rhoads, 1995) --

yQS
w=-

w

where: y = specific weight of water;
Q = dominant discharge;
S = slope; and
w = width.

• Mobility index (Chang, 1988; Bledsoe and Watson, 2001 b)--

S[Q'v(4;

where: dso =median bed material size of the surface layer.
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• Bed stability indicator (Olsen et al., 1997) --

(4)

where: 't j = bankfull shear stress; and

Te; = critical shear stress for motion of dS4 or other particle size.

• Time-integrated erosion index (MacRae, 1991) -

I qspas! b.t
Ep ="::::::::---

I qspreb.t

where: qs = sediment transport capacity; and
t = time.

(5)

Energy-based indices of channel stability should be applied with an understanding
of context and be referenced to the erodibility of the limiting channel boundary. The
time-integrated erosion index when combined with effective discharge I sediment
yield analysis (Andrews 1980, Biedenharn et al. 2000, Bledsoe et al. 2001 r is
especially useful in revealing the effects of all geomorphically important events as
opposed to a single estimated value of dominant discharge.

In addition to the stability indices described above, a suite of descriptive statistics
that relate flow regime and channel processes may be examined. These statistics
include:

• Recurrence Interval of Critical Discharge;
• Mean Annual Discharge Exceedence (% time);
• Coefficient of Variation of the Annual Maximum O's; and
• Coefficient of Skewness.

Through application of these indices, predictive scientific assessments (Reckhow
1999), and risk-based models of the potential impacts of land use change on
aquatic ecosystems may be developed. Decision-based models of stream stability
and ecological integrity may include descriptors of key flow regime attributes, the
condition of channel banks and riparian zones, geologic or wood influences,
floodplain connectivity, and development style in addition to hydraulic and flashiness
indices.

SOME GAPS IN OUR KNOWLEDGE

At this point we have hardly begun to explore the relationships between various
development styles, drainage strategies, changes in flow regime, and stream
corridor response. To be effective and defensible, strategies for protection and
rehabilitation of urban streams must be underpinned with an understanding of how
fundamental geomorphic processes are manifested across scales and contexts.
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First and foremost, this necessitates comprehensive, long-term monitoring of the
linkages between development style I drainage scheme, flow regime, multi-scale
changes in physical habitat, and biotic response. Fundamental questions include:

• How do inertia and resilience vary across stream types and watershed
contexts relative to changes in flow regime (water and sediment)?

• Can we use remotely sensed data to identify streams that are proximate to
geomorphic thresholds and presumably at greatest risk?

• Given that urban streams sometimes achieve some semblance of quasi
equilibrium after a few decades of adjustment to post-development
conditions, how does the "re-stabilized" state differ from the original physical
conditions and processes? Specifically, how does physical habitat recovery
and relaxation time differ at local, reach, valley, and watershed scales?

• Interactions between flow energy in three dimensions, bank composition,
vegetation, bank moisture content, and erosive processes are poorly
understood. What are the effects of bank and riparian vegetation on the
inertia and resilience of different stream types?

• Are the long-term ecological impacts associated with altered fluvial
processes more severe in systems that receive a large sediment load during
the "construction phase"?

• How do we transform cumbersome and costly mechanistic models of
channel adjustments into decision-based assessments that are augment~d

with probabilistic I stochastic models, expert judgment, and explicit
statements of uncertainty?

• How do we tailor development and mitigation strategies to specific stream
types and uses?

• How do we balance geomorphic and traditional water quality concerns in
stormwater management, BMP recommendations, and site design?

CONCLUSIONS

The management of streams in urbanizing watersheds stands to benefit from
increased recognition of the following principles:

• Not all imperviousness is created equal - development styles, drainage
schemes, and BMPs must be quantitatively linked with observed changes in
flow regime. Total imperviousness is inadequate as a predictive variable,
effective imperviousness is better, but direct analysis of flow regimes will
yield the most useful relationships between urbanization and biophysical
response.

• Different stream types have inherent system properties that create highly
variable responses to urbanization.

• It is important to consider all aspects of the continuous flow regimes of water
and sediment (magnitude, frequency, duration, timing, and rate of change)
as affected by the spatial and temporal aspects of land use change,
drainage infrastructure, and BMPs.

• Effective assessment includes careful consideration of how time "fits into"
responses observed in impacted streams. This includes response lag times,
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history, and the temporal sequence of geomorphically effective events (water
and sediment).

• Perceptions and interpretations of channel stability and geomorphic change
are variously affected by scale, hydraulic structures, age of development,
location in the network, bankfull estimates, and visual thresholds that vary
among people.

• Shifts in sediment supply (source locations, volume, size) can be abrupt and
assessment of these shifts requires careful monitoring that encompasses
high flow events.

• Historical influences and antecedent events may 'prime' the system for a
particular response trajectory.

• Reach scale restabilization sometimes occurs in a few decades after land
use changes but restabilization does not imply a return of comparable
habitat heterogeneity and quality.

• Vertical stability is generally a prerequisite for lateral stability as relatively
small amounts of incision may destabilize the basal endpoint or "toe" of
banks.

• Understanding is predicated upon consistent terminology and quantification
of channel changes across spatial scales (reach perspective expanded to
include both system and local features).

We have developed the ability to, more often than not, qualitatively predict t~e

general direction of response in geomorphic systems subjected to altered loads of
water and/or sediment. Predicting and quantifying the magnitude of response is
another matter entirely. Accurately predicting the magnitude of stream response in
all its complexity and varieties remains one of the most difficult and pressing
problems in fluvial geomorphology, a point nicely summarized by Richards and Lane
(1997):

Scale, environment and uncertainty may be the three themes that are
central to understanding the problems of prediction of morphological
changes in unstable channels. ... Often attached to the results [of
simulation models that are physically based and distributed] is a
spurious impression of accuracy which should remind us that these
models, whilst they may be used for predictive purposes, may be little
more than tools for probing the depths of our uncertainty.
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ABSTRACT

The question "What do we know about impacts of urbanization on receiving water?"
can be easily answered. We know a lot, and we know almost nothing. The dual
response is due to the fact that we have an abundance of studies that show change,
but few studies that confirm cause and effect relationships between water quality
and receiving system response. The identification of the relationships between
water quality and the response of biological communities can begin with an
assessment of potential toxicity associated with runoff events. Since toxicity is
produced by a contaminant concentration and associated duration of exposure,
assessing the toxicity of runoff should be straightforward. Unfortunately, there has
been very little research supporting exposure regimes that are appropriate to storm
events where peak concentrations of contaminants may last for only a few seconds.
Further, toxicity is also associated with the frequency of exposure to a given
concentration/duration of exposure couple. More frequent exposure events, at
lower concentration may have more effect than less frequent exposure events at
higher concentrations. What emerges from a careful review of this time-scale of
exposure research on environmental toxicity research is that storm-related toxicity is
not easily characterized. In short, we have lots of toxicity data, but little toxicity
information to better understand urbanization effects on receiving systems. In
addition to direct toxicity, bioassessments indicate that urbanization affects the
integrity of receiving streams. Studies over the past twenty years have found
aquatic communities indicative of degraded conditions in urban environments.
Unfortunately, these studies fail to provide a specific community response that is
specifically responsive to urban runoff. Again, we have lots of data, but information
on the specific effects of urbanization is inconsistent. The following discussions will
address the question of "What do we know?" by focusing more on what we should
know! The following discussions will review a time-scale approach to information
gathering that will provide a solid foundation for urban runoff effect analysis



INTRODUCTION

When asking the question "What do we know about impacts of urbanization on
receiving water?" the simple answer is urbanization has deleterious effects on water
quality (McMahon and Cuffney, 2000). These effects are wide ranging and include
phYsical alteration (e.g. channel planform change and sedimentation), chemical
contamination from both conventional and toxic pollutants, and biological/ecological
impact. Although it is possible to relate urbanization and urban runoff to water
quality change, it is much more difficult to relate site specific conditions in urban
environments to single causal factors. In fact, the spatial-temporal scales of
urbanization require recognition that water quality conditions are related to both
regional and local factors, which can vary across space and time (Angermeier and
Winston, 1998). The situation is further complicated by the techniques we use to
assess water quality. Since the early 1970's, following the goal of the Clean Water
Act, instream water quality has been evaluated based on biological/ecological
response, in particular biological integrity (Karr, 1991). Biological integrity is an
ecological construct, which recognizes that physical, chemical,.and biological
characteristics of stream ecosystems will vary in space and time. Most importantly,
biological integrity is inherently difficult to assess.

The identification of the relationships between stormwater runoff/wet weather flows
(SRJWWF) and receiving system integrity can begin either with an assessment of .
potential toxicity associated with runoff events or the assessment of the condition or
state of the biological communities in the receiving system. Since toxicity is
produced by a contaminant concentration and associated duration of exposure,
assessing the toxicity of runoff should be straightforward. Unfortunately, there
response information for exposure regimes that are appropriate to storm events is
limited. In addition, toxicity is associated with both the exposure regime and the
frequency with which exposures are repeated. More frequent exposure events, at
lower concentration may have more effect than less frequent exposure events at
higher concentrations. In addition, the actual sequence of exposure types may also
affect response (Fukami, 2001).

The assessment of the condition or state of biological communities (bioassessment)
has a long history. The basic assumption is that the biological community in a
receiving system integrates the effect of different pollutant stressors (Barbour, et al.
1996). Unfortunately, it is the capacity for integration of different pollutant stressors
that complicates the use of bioassessments in urban runoff analysis. The biological
community of the receiving system will be affected by a wide range of factors, many
unrelated to stormwater runoff. The use of bioassessments may then be challenged
by the need to define site specific effects and then clearly identify causal factors in
producing the state or condition observed in the biological community.

Getting back to the question "What do we know about impacts of urbanization on
receiving water?" the answer is a lot, as well as, not very much! When examining
how we can assess SRlWWF effects on receiving systems it is possible to conduct
toxicity tests, which provide direct evidence of cause and effect, but common test
procedures unrealistically simplify exposure regimes and do not account for the fully
range of possible responses in a biological community. Bioassessments provide a
good measure of the condition and state of the biological community, but
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bioassessment measures reflect the response to all influences present at the
collection site and are thus often inadequate to the task of identifying specific
causes for specific observations. So, although we have lots of toxicity testing
information, in reality we have little "good" information on urbanization ~ffects. What
is needed to is improved protocols for SRJWWF assessment. Protocols that
specifically improve toxicity testing and protocols that provide better integration of
the site specific and cause and effect analysis possibilities of toxicity testing with the
capacity of bioassessments to support improved stormwater management.

So, this paper in an attempt to answer the question about how much we know will
emphasize more of what we should know. Where possible examples of how an
improved understanding of SRlWWF effects will be provided.

WHAT ALTERATIONS TO EXISTING ASSESSMENT PROTOCOLS ARE
NEEDED?

Developing SRJWWF assessment protocols requires a paradigm shift from the
standard programs designed to manage and regulate continuous flow discharges.
A starting point for this protocol development is a recognition of scale, both spatial
and temporal. SRJWWF study design presents complex sampling, analysis, and
interpretation problems that must consider a wide range of scales from the
watershed to the channel substrate particle, and from 1D's to 100's of years to
seconds (Herricks, 1996). Over this wide range of scales, it is necessary to selec~

appropriate measures for the effect to be addressed (Herricks and Milne, 1998) and
the most effective methods for integration of information from different scales.
SRJWWF studies will differ from continuous discharge studies because SRlWWF
studies are event-based and require sampling designs tailored to the event
timescale. For example, the measurement of the first flush input to a BMP or the
analysis of toxicity during a storm event requires a short time scale sampling, using
sequential samples collected to identify variable conditions during the event. In
contrast, longer time scale sampling may approach designs for continuous
discharge monitoring,

In a SRlWWF protocol, time scale considerations are the critical issue in any
analysis/assessment study. To illustrate this point, consider designing the
performance analysis of a SRlWWF control technology. Parameters selected for
measurement, sampling location and sample timing are initially based on design
specifications. Although the analysis approach is defined by the design, the actual
study is defined by the event to be monitored. A short event may drop lots of rain in
a short time, while another longer storm may consist of gentle rain falling for hours
or days. To assure precision and accuracy of performance measures, which may
include analysis of contaminant concentrations or flow variability, the time scale
must match wet weather event characteristics. High frequency sampling may be
required for short events, while long events may require careful compositing of
samples from the entire storm. In addition, the treatment technology may also
create a time scale of its own. For example, a detention basin is designed to hold a
given volume for a given time, so the detention design establishes a time scale for
performance analysis when the technology is operating within design limits. In
summary, even though technology analysis is reasonably straightforward, the
timescale required for a performance analysis is the critical issue in study design.



Developing protocols for the timescales appropriate the bioassessment of SRlWWF
impacts presents a different set of problems. Problems are associated with event
characteristics, watershed location, and aquatic life known to occur at the site. For
example, event characteristics may vary from convective storms that can be
measured in minutes to large scale frontal passage events that may produce events
with durations of days. Each of these event types can be expected to produce a
different effect and corresponding sampling design. For example, a sequence of
convective events with dry periods between events can allow accumulation of
contaminants on the landscape so that runoff event carries significant contaminant
loading. Similarly, a frontal passage with runoff intensity varying over the course of
the event may produce significant contaminant loading only early in the event, with
later events characterized by runoff that reflects rainfall quality (Herricks and Milne,
1998). Watershed location will also affect protocols. A headwaters stream has a
short hydraulic concentration time for any rainfall event. Sampling headwaters
areas require short intervals between samples. Downstream, the concentration time
of the storm event may require different a different sample frequency as well as
different sample analysis protocols to reflect actual or expected contaminant
loading. Finally, since headwaters may be used by spawning fish, a protocol should
recognize seasonal sampling needs occur that may vary with the species that use a
particular site. Downstream, the longer hydraulic concentration time requires less
intense sampling and resident organisms can be the focus for studies although life
stage specific information may require seasonal sampling.

One other factor that complicates time scales in receiving systems is areas of
sediment deposition. These areas may be the sites where contaminants
accumulate, but because the stream channel is a dynamic environment, sediment
accumulations may be ephemeral with different sites affected at different times.
Sites of sediment accumulation are particularly important in SRlWWF analysis
because it is that these sites that the problems (e.g. contaminants) from individual
storm events can accumulate to produce significant impact. Areas of sediment
accumulation will require a time scale of assessment that spans the period of
accumulation of contamination in sediments (possibly years).

When considering SRlWWF analysis a simple rule-of-thumb is that timescales for
these analyses must be adjusted to accommodate both event timescales and
organism presence. With that as a starting point, it is possible to develop a toxicity
testing procedure that is event-based rather than organism-based (Herricks and
Milne, 1998). Next the bioassessment program must be tailored to SRlWWF
analysis needs. This will take advantage of standard analysis protocols but must
not be bound by these protocols. Finally, the SRlWWF assessment protocol must
find effective methods for integration of toxicity testing and bioassessment data.

MODIFYING SRlWWF TOXICITY ANALYSIS

The literature dealing with the difficulty in assessing effects of SRlWWF events is
extensive (Handy, 1994; McCahon and Pascoe, 1990; Seager and Maltby, 1989;
Sprague, 1970). We do know that runoff events can produce high concentrations of
contaminants with exposure to these contaminants both brief and variable (Hall and
Anderson, 1988; Katznelson et at., 1995). Whole effluent toxicity testing methods
have been used to assess effects of wet weather events, but sampling methods and
test durations may misrepresent actual exposure conditions. Handy (1994)
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recommended that current toxicity testing methods be adapted to include time
varying concentrations and intermittent exposure, or that new methods be
developed. Other authors have suggested various modeling and analysis methods
to adapt current testing methods to time-varying concentration exposures (Mancini,
1983; Breck, 1988; Sprague, 1970; DeWalle et a/., 1995), however, these methods
require a detailed knowledge of the pollutant concentration during the event. /n situ
methods provide the most realistic estimation of actual exposure conditions, but
these methods are still under development (Burton et a/., 1996) and are considered
an advanced tier testing approach (Herricks et a/., 1998).

A laboratory-based toxicity testing and analysis protocol has been developed that
can provide more realistic estimates of acute toxicity for wet weather events (Brent
and Herricks, 1999). The advantages of this protocol are that it: 1. matches test
exposure durations to actual environmental exposure durations during the event, 2.
incorporates a test metric that assesses brief exposure toxicity while accounting for
delayed effects or recovery, 3. provides an integrative index of event toxicity that
allows for multiple toxicants, requires no knowledge of pollutant concentration
profiles, and can be used to compare events with varying pollbltant concentrations
and varying durations, and 4. is appropriate for chemical-specific or whole effluent
testing, allowing application to a wide range of wet weather discharge analysis
problems.

The proposed toxicity test method adapts the LT50 (or survival time) test
methodology to more adequately assess wet weather event toxicity. Like the LT50
test methods, the proposed test method uses exposure duration as the test variable,
but the exposure durations are discrete, brief, and chosen to more closely match
actual event exposures, Table 1. The proposed method also measures the toxic
response at the end of a post-exposure period, rather than during the exposure (as
the LT50 test methods) because when exposures are short the response may not
be observed during the exposure period, so it is necessary to allow a post-exposure
observation to assess delayed effects or organism recovery (Brent and Herricks,
1998). The post-exposure period is set to approximate the ultimate effect of the
brief exposures based on experience of preliminary testing. At the end of the post
exposure period, a response endpoint is measured and data is analyzed to obtain
the PE-LET50 C!:ost-J;xposure .Lethal J;xposure lime for 50% of the population) test
metric.

The PE-LET50 test method determines the toxicity produced by a single sample
collected during a wet weather event. This toxicity is measured in units of time to
provide an effective assessment of total event toxicity, the protocol calls for the
collection of multiple, sequential samples during the event. The results from the
analysis of these sequential samples is used to create index termed the event
toxicity unit (ETU). The ETU is a dimensionless index of event toxicity (Brent and
Herricks, 1999). The value of the ETU is that it is a quantitative measure of total
event toxicity. It incorporates both the duration of exposure and magnitude of event
toxicity. It allows comparison of events that may differ in duration, intensity, and
sequence of toxic conditions. The ETU analysis does not require a detailed
knowledge of contaminant concentrations throughout the event. Further, the ETU
can also be used to compare actual event conditions with reference exposure
situations of known toxicity.



Testing of actual wet weather events was conducted for two urban stormwater
events. The 1/PE-LET50 values were determined for time sequenced samples
collected during the event, Figure 1, and the area under the curve was integrated to
give an event toxicity unit (ETU) of 0.98. This result indicates that the toxicity
present during the event was just under the level necessary to cause a 50% lethal
effect to the test organisms Ceriodaphnia dubia.

Table 1. Comparison of PE-LET50 metric with other used and proposed metrics.

Metric Test exposure regime Test characteristic Information
measured provided

LC50 Continuous exposure to Lethality at end of The
range of concentrations set duration concentration

exposure necessary to
produce a lethal
response within
a set duration

LT50 Continuous exposure to Lethality at set The speed of a
single concentration times during toxic response

exposure

pe-LT50 Single concentration Lethality at set The post-
exposure, with times during post- exposure time
subsequent post- exposure necessary to
exposure observation observation observe

lethality

20 day
LT50

PE-LET50

Single concentration
exposure for a range of
exposure durations, with
subsequent post
exposure observation

Single concentration
exposure for a range of
exposure durations, with
subsequent post
exposure observation

Lethality at 20 days
post-exposure

Lethality at set
times during post
exposure
observation

The exposure
time required to
produce
lethality within
20 days

The exposure
time necessary
to ultimately
produce
lethality

The toxicity testing results for a second event are shown in Figure 2. For this event,
samples were composited over 6-h periods. The 1/PE-LET50 value for each
sample was plotted at the beginning and end of the composite period, assuming trlat
the toxicity measured was representative of the 6-h period. The ETU calculated for
this was 3.28, exceeding a 50% lethal effect by more than a factor of three.
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The toxicity of samples from both sites was also assessed using traditional whole
effluent toxicity testing methods (US EPA, 1991; US EPA, 1993). Table 2 shows the
LC50s for each sample that showed toxicity in screening tests. There was
agreement between LC50 and PE-LET50 measures of sample toxicity, with samples
that showed greater toxicity according to the LC50 metric also showing greater
toxicity according to the PE-LET50 metric. The advantage of the proposed test
protocol, however, is that through the ETU analysis, measures of sample toxicity
can be translated into an index of total event toxicity. While the LC50s for samples
from Site #1 showed greater toxicity, the LC50 tells nothing of the duration of the
event or of the overall toxicity of the event. The PE-LET50 test / ETU analysis
showed that even though the magnitude of toxicity present in the samples from the
event at Site #1 was greater than that in samples from Site #2, the severity of the
event at Site #2 was much greater due to the longer duration of the event.
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of the event or of the overall toxicity of the event. The PE-LET50 test / ETU analysis
showed that even though the magnitude of toxicity present in the samples from the
event at Site #1 was greater than that in samples from Site #2, the severity of the
event at Site #2 was much greater due to the longer duration of the event.

Table 2. 48h-LC50 values for samples from stormwater discharge events.

Site Sample Sample Le50
Date Time (% of whole

effluent)
Event #1 5/24/95 6:30PM 18.58

7:00PM 35.03
7:30PM not determined
8:00PM 24.88
8:30PM 12.07
9:00PM 12.50

Event #2 9/6/96 10:15PM 34.02
9/7/96 4:15AM 22.82 _

8:15AM 32.42
2:15PM 35.36
8:15PM 35.36

9/8/96 2:15AM 39.23
8:15AM 68.04

The ETU analysis, in conjunction with PE-LET50 testing, provides a quantitative
measure of total event toxicity that considers the duration of the event and is
independent of pollutant profiles during the event. The exposure regime framework
captured in the ETU envisions a three dimensional exposure regime space with the
dimensions of magnitude, duration, and frequency (Brent, 1998). Environmental
exposures occur as a point or probabilistic volume within this space. Organism
responses also exist within characteristic regions of the exposure regime space.
The effect of an exposure is then determined by the location of the exposure within
the exposure regime space and its location with respect to the characteristic regions
of response. This conceptual framework, has several important features that should
be considered in SRJWWF toxicity testing protocol development. First, the time
scale of exposure involves a continuum of duration and frequency, not a simple
dichotomy between acute and chronic conditions. Second, since effects are
determined by the location of an exposure within the exposure regime space,
toxicity tests used to determine effects of episodic pollution events should use
exposure conditions that match the exposure regime ofthe event.

types of measurements appropriate to different timescales. For a SRJWWF based
test system selection, if toxicity is the indicator then in short-term exposures (intra
event timescale) where concentration transients may be very large (e.g. orders of
magnitude), rapid responses will be the best to answer impact questions. When
analyzing whole events as modified by BMP operation, the timescale analysis
selected (event timescale) should reflect the fact that BMP effluents will have some
characteristics of the storm event (e.g. episodic nature with variable volume and
concentrations associated with the effluent), but BMP effluents will typically be less
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variable with longer, but not constant effluent flow times. Finally, toxicity analysis
related to extended contaminant residence or accumulation of contaminants will
require tests appropriate for a long-term timescale, where exposure durations are
very long.

SO, WHAT DO WE KNOW FROM BIOASSESSMENTS?

We do know that runoff from urban, and urbanizing, areas has a deleterious effect
on receiving streams. We do know that SRlWWF discharges can be toxic, and we
have developed methods to better measure actual toxicity. We know from
numerous studies of CSOs and other urban sources of SRlWWF discharges that
organisms in streams are affected. The effect can vary from chronic toxicity to
changes in numerical dominance of species (Milne et al. 1992). In some studies we
see significant effect, in others effects are not clear cut. We know that reductions in
population density follows storm events, but determination of water quality versus
hydraulic stress as causal factors has not been established in many studies. What
is characteristic of these bioassessment studies is that large scale analysis shows
effects of urbanization, but specific causes for the effects noted pre elusive.

MODIFYING SRlWWF BIOASSESSMENTS

Considering the rule-of-thumb is that timescales for analyses must be adjusted to
accommodate both event timescales and organism presence, the assessment of
SWIWWF effects on biological communities, specifically integrity assessment, also
requires a shift in protocols. A bioassessment program must be tailored to
SRlWWF analysis needs while effectively integrating toxicity testing and
bioassessment data. Establishing a timescale for SWIWWF assessments requires
a careful analysis of location, storm charaderistics, sampling needs, and receiving
system and program objectives. Although SRlWWF event timescales vary widely
at the same location, as well as regionally, it is possible to identify three timescales
as a starting point to identify what we know about the effects of SRlWWF
discharges. An intra-event time scale addresses rapidly changing conditions
where concentration variation may be several orders of magnitude and exposure
times may be as short as seconds, certainly minutes and possibly a few hours.

Intra-event timescale is selected to:

• assess the toxicity within a single storm event

• characterize the range of toxic conditions in an effluent with changing flow

• characterize the range of conditions occurring at a site during a storm
event

• identify toxic contaminants and their dynamics

• identify concentration vs loading effects

• identify sources of contamination and location

• identify likely mechanisms of toxicity

• predict receiving system effects based on site specific toxicity



An event timescale is used when concentration variability is reduced and the
duration of exposure can be hours to days. An event timescale analysis finds
application when within-event change is integrated to provide an assessment of the
whole event, and is particularly applicable to the assessment of management
practices that modify the hydrograph and "average" water quality through detention
and mixing.

Event timescale is selected to:

• analyze whole storm effects

• measure the effects of event mean concentrations of contaminants

• assess the effects of total contaminant loading during a storm

• analyze event-related toxicity as modified by management practices (e.g.
detention)

• assess BMP performance against water quality criteria

• identify sources of contamination and location

• relate intra-event results to common WET testing

• assess short-term response of specific receiving system components to a
whole storm; confirm receiving system effects predicted from other testing

The long-term timescale occurs either in constantly discharging effluents, or may
be associated with the residuals left from single events, which are wet-weather
related, and is particularly applicable to multiple-event analysis or separating
wet-weather events from other watershed influences.

Long-term timescale is selected to:

• assess the effects of multiple storm events

• assess the chronic effect of single or multiple storms

• compare seasonal change in storm event effect

• compare effect among multiple sites

• assess community or ecosystem effects of storm water dischargers)

• determine receiving system state and condition with the intention of
monitoring confirmed wet-weather event effects

These three timescale divisions recognize that effect identification, selection of the
test system to measure an effect, actual measurement of an effect (for physical,
chemical, biological/ecological, etc.), and analysis and interpretation of
consequence must all meet criteria that are specific to an identified timescale·Table
3 provides a summary example measurements that are modified to reflect time
scale categories. What is important to note from this compilation is that not all
questions can be answered from a single measurement, although some
measurements can be applicable to multiple time scales.



Table 3. Example measurements used to apply the timescale concept

MEASUREMENT TIMESCALE

CHARACTERISTICS INTRA-EVENT EVENT LONG-TERM

PHYSICAL Q vs. time BMP modified Q OJchannel
morphology
characteristics

CHEMICAL Hydrograph Flow-weighted sediment
sequenced average or accumulation
contaminant composite
concentration sample

concentration

BIOLOGICAU Physiological and/or Effect testing Sediment
ECOLOGICAL behavioral using whole toxicity and/or

response, modified effluent field
whole effluent approaches; - bioassessments
analysis may include
procedures, acute or sub-
timescale toxicity chronic testing
measures

watershed
.

INTEGRATIVE Simulation/modeling Standard
, bacteria and exceedence comparisons
toxicity assessment frequency,

habitat

AESTHETIC debris sampling/ public attitude public involve-
quantification surveys ment groups

CONCLUSIONS

Answering the question "What do we know about impacts of urbanization on
receiving water?" using information on the interrelationship between water quality
change and the observed effect on receiving systems has been both easy and hard.
For toxicity analysis, it is easy because there is an abundance of supporting
information on toxic response. It is extremely hard to answer this question because
even though we have an abundance of supporting information, it is not necessarily
the right information to answer the question. In fact, the available information may
actually serve to cloud, rather than clarify, the issue. We do know how organisms
respond to a continuous contaminant exposure. We have well developed protocols
to assess both acute and chronic effect. Unfortunately SRlWWF analysis requires
an analysis that must consider variable concentrations, with variable durations of
exposure, which occur with near random frequency. Assessing a toxic response in
this time-scale of analysis setting requires the development of new, and quite
specific, questions that must be developed to address concentration/
duration/frequency conditions.



To answer the impact question using bioassessment results finds a similar duality.
It is easy in the sense that it is clear that communities of organisms are responding
to urbanization. Unfortunately, urbanization produces a whole range of watershed
change. Among these changes is alteration of the physical and chemical
characteristics of runoff. There is clear evidence of effect, but determining whether
physical, chemical, or a combination of factors produce observed effects is difficult,
if not impossible. So, thus it is hard to answer this question because it is extremely
difficulty to define clear cause and effect relationships through bioassessments.

It may be argued that it is only through experimentation, such as toxicity testing, that
cause and effect couples can be identified. If we accept this argument then it will be
impossible to address questions associated with larger spatial and temporal scales,
exactly the questions that bioassessments begin to address. This leads to a
recognition that to answer the question, we will not only need to improve toxicity
testing and bioassessment protocols, but we will have to find better methods of
integration of both of these analysis approaches to provide a real answer to the
effects of urbanization on the environment.
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ABSTRACT

The U.S. Environmental Protection Agency is developing effluent guidelines
applicable to discharges of storm water from new construction and land
development activities. This paper presents EPA's assessment methodology for
measuring the potential benefits of these guidelines, which include reductions in
(1) pollutant loadings to surface waters; (2) habitat/biological impacts (e.g.,
destruction of streamside habitat, increased stream channel erosion, impacts on
cold water fisheries); and (3) impacts on floodplain size.

INTRODUCTION

In developing effluent guidelines, EPA has traditionally evaluated the benefits of
regulation by estimating potential pollutant reductions and the direct improvements
in water quality that would result. Even where the universe of affected facilities and
associated receiving waters number in the hundreds, the traditional approach is
fairly straightforward using existing water quality databases and models. Regarding
runoff from sites under construction and newly constructed sites, the introduction of
temporal and spatial variation in land development complicates any analysis
significantly. In addition, while modeling water quality impairment due to pollutant
discharges is relatively straight forward, by nature, physical, biological, and
geomorphic impairments are much more complicated. However, non-water quality
impairments, such as stream channel erosion, thermal loadings, and habitat
destruction, can not be ignored because they appear to pose the greatest
environmental problem in some locations.

Acknowledging the complexities of land development, the EPA is expanding upon
its traditional effluent guideline approach, constructing a series of mathematical
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models that examine physical, habitat, and geomorphic changes in the
environment. When coupled with models/statistical representations of the affected
industries, the end result is a paradigm that can be used to evaluate major
environmental impacts resulting from construction and land conversion, as well as
the effects of effluent guidelines promulgation.

The modeling approach relies on several fundamental assumptions about the land
development industry, including the location and timing of watershed development
activities and the magnitude and timing of specific impacts during the watershed
build-out process. EPA has relied primarily on existing data sources such as the
National Resource Inventory and construction permitting data to conduct its
analysis, and has built its environmental impact models based on literature and
existing case studies. To date, EPA has tested its models/methodology using
conditions present in Pennsylvania and Maryland. In preparation for national
guidelines development, EPA has also performed a limited peer review of the
methodology and assumptions to be used to inventory environmental and economic
impacts. Based on comments received in the peer review, EPA is modifying its
original approach. In addition, EPA will revise its analysis based on comments on
the yet-to-be published proposed effluent guidelines, as needed.

By nature, any proposed analytic approach used by EPA to establish effluent
guidelines should not favor either more or less stringent environmental
management. To the maximum extent possible, uncertainties in estimating the
environmental impacts attributable to the construction and land development
industry should be acknowledged and analyzed to verify they do not negate the
decision process that establishes any new effluent guideline. EPA is permitted to
make reasonable assumptions and to base its decision on Atypical@ or anticipated
conditions. These caveats are necessary because measuring actual environmental
impacts based on current or historical land development patterns and the nation's
extensive stream network would require exhaustive analysis and data. Even if
current impacts could be inventoried, it is still necessary to estimate the future
impacts resulting from this years land conversions. To establish an appropriate
effluent guideline EPA has to project into the future, because many of the
environmental effects associated with land development occur for many years after
the shift into urban land use.

EPA is not required to prove its estimate of the future impacts will occur in all
locations, but it is required to use the best data available and perform a reasonable
assessment given the current understanding of the impacts as they are reasonably
expected to occur in future years. In its analysis, EPA is attempting to isolate
impacts due solely to the construction and land development industries. Readers
may refer to EPA's web page (www.epa.gov) for ongoing regulation development
for point and nonpoint source pollutants.

WHAT IS THE INTENT OF EFFLUENT GUIDELINES

EPA's strongest influence on the construction and land development industrl is
through the permitting process, i.e., setting minimum performance standards that
are adopted by states with permitting authority. The types of permits that could be
affected by the ongoing effluent guideline development are

$ Construction permits covered by either general or individual state permits
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$ Phase I and /I Municipal separate storm sewer (MS4) NPDES storm water
permits

$ Statewide NPDES storm water permits for Non-MS4 areas

Recognizing the existing permit process and the time frame of environmental
impacts, EPA is evaluating environmental impacts in two parts:

(1) .Impacts related to the construction process or how land is converted from
nonurban land use into urban land use. Generally, these environmental impacts
are observed during the 6- to 12-month construction period.

(2) Impacts related to the fact that land has become urbanized or impacts that can
be measured by comparing the predevelopment and postdevelopment
environmental condition. Generally, these environmental impacts are observed
for many years after land has been urbanized because of the shift in land use.

Wherever unacceptable environmental impacts result from the construction
process, it is anticipated that effluent guidelines will change the construction general
permit. If undesired environmental conditions are present under postdevelopment
conditions that were not present in the predevelopment condition, effluent
guidelines may change either the construction general permit or the NPDES storm
water permits. The actual permitting mechanism for minimizing the environmental
impacts of land development is still being evaluated.

For this paper, construction impacts are distinguished from land development
impacts to the maximum extent practical, although it is acknowledged that their
impacts overlap. Table 1 lists the environmental impacts EPA is currently reviewing.
Wherever construction impacts overlap with land development impacts (e.g.,
loadings of suspended solids) these overlapping effects are combined assuming
that 1 year of construction impacts is followed by 30 years of postconstruction
impacts.

Because of the tight restrictions imposed during effluent guidelines development,
only environmental impacts attributable to the construction and land development
industry are assessed. This means that clearly drawn boundaries delineate which
environmental impacts are being evaluated. As a result, environmental impacts
attributed to the preconstruction land use condition are not evaluated in depth for
effluent guidelines. For example, environmental impacts attributable to agricultural
land use are not being assessed in EPAs current effort.

EPA has authority to regulate pollutant loadings under the Clean Water Act (CWA),
and is also required by the CWA to ensure that the Nation's waterbodies support
designated use levels (e.g., fishable and swimmable). Through the procedures
highlighted in this paper, EPA is attempting to quantify all auxiliary environmental
and economic benefits expected to result from its effluent guidelines that are
targeted to reduce pollutant loadings. For example, environmental regulation of the
land development industry might result in development practices that better protect
stream corridors. These practices could lessen the duration of erosive flows that
damage stream banks and may also reduce the size of the 1DO-year floodplain.

Healthier stream corridors result in an environmental benefit, and smaller floodplains
result in greater protection for existing developed land and potentially developable land.
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Table 1. Issues Related to Construction and Postconstruction Activities
Description Critical Condition Characterization

PHYSICAL/GEOMORPHOLOGIC EFFECTS ON RIVERS AND WATER BODIES DUE TO
MORE FREQUENT HIGH FLOWS
Channel size increase Long-term incising and Issue at construction site outfalls;
due to hiQh flows widening of channel important postconstruction issue
Urbanization of channel

Road crossings inhibit fish
(e.g., concrete, Important postconstruction issue
crossings)

migration

Additional sediment
Sediment filling Local construction site issue;

deposited in
lakes/estuaries

impoundments important postconstruction issue

Reduction in length of Pipes replace
small streams swales/creeks

Important postconstruction issue
Property damage and loss

Flooding of property
of developable land

BIOLOGICAL IMPACTS IN DOWNSTREAM WATERS DUE TO URBANIZATION
Loss of stream bank Bank erosion undercuts
veqetation trees -

Loss of stream substrate
Macroinvertebrates species Infrequent construction site issue;
and density shift important postconstruction issue

Loss of holding water and Fish species and density
spawninq areas shift
PHYSICAL/CHEMICAL CHANGES IN WATER QUALITY

Thermal impacts
Elevated stream and lake

Infrequent construction site issue;temperatures
Groundwater Reduction in base flow

important postconstruction issue

Phosphorus and nitrogen
Algae blooms during
summer months

Lead, zinc, herbicides,
Acute and chronic toxicity

Infrequent construction site issue;
and pesticides site-specific postconstruction

Biochemical oxygen
Low dissolved oxygen issue

demand (BOD)
values during summer
months

Sediment (TSS)
Affects water body use Construction and
support postconstruction issue

pH Accidental spills Infrequent construction site issue;

Oils/grease/hydrocarbons Accidental spills infrequent postconstruction issue

MISCELLANEOUS
Pathogens and pollutant Infrequent construction site issue;

Human health concentrations affect site-specific postconstruction
human health issue
Water turbidity levels Site-specific construction site

Aesthetics exceed those judged issue; site-specific
desirable postconstruction issue
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INVENTORYING OF ENVIRONMENTAL SYSTEMS

To evaluate whether environmental impacts related to stream size and length can
be reduced by effluent guidelines, EPA must first characterize the Nation's stream
network. At this time, the approach is to divide the country into large hydrologic
regions and then inventory the streams in each region to define what is typical of
the region. In terms of implementation, a Astandard@ watershed would be created
for ·each of the 19 large hydrologic regions that cover the contiguous states (Fig. 1).

Each standard watershed would approximate the region's per acre stream density
for each stream order analyzed. The regional stream density is established through
spatial and statistical averaging of actual stream networks for representative areas
at the developing fringe of existing municipalities.

At this time, the inventory is focused on the relatively small watersheds that
terminate in a small perennial stream (a fourth order stream in the central Atlantic
area). Intermittent and small perennial streams are expected to be the water bodies
most adversely affected by the activities of the construction and land development
industry. The inventorying/evaluating of larger perennial rivers (e.g., greater than
fifth order in the central Atlantic area) is being minimized because they have more
pollutant sources and are affected by regional influences such as dams and
reservoirs. Regional factors make it more difficult to isolate and evaluate the
influence of construction and land development activities. In addition, neglecting
larger rivers will bias EPA's analysis toward the low side, providing some safety
factor when environmental and economic benefits are quantified.

For each of the 19 hydrologic regions shown in Fig. 1, it appears necessary to
independently inventory streams based on stream order. The 19 hydrologic regions
were developed based on a stream density assessment using EPA's Reach File 1
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Figure 1. Large order stream densities for Omernik ecoregions (acres per
stream mile)
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(RF1) stream network for 76 ecoregions developed by Omernik (1987). The results
of the RF1 analysis suggested that the ecoregions can be aggregated into 19 larger
hydrologic regions based on the densities of larger (generally perennial) streams.
Based on the assumption that the larger rivers indicate the density of small rivers,
collapsing the 76 ecoregions into the 19 regions proposed in Fig. 1 establishes a
reasonable number of similarly behaving regions and accounts for gross changes
in hydrology, landforms, soil types, and potential natural vegetation.

The actual inventorying of each of the 19 hydrologic regions is proceeding at this
time using data from the USGS National Elevation Dataset (NED). ARC/INFO is
being used to delineate stream networks for approximately 100,000 developable
acres in each hydrologic region, based on 30-meter cell elevation data. The
100,000-acre parcel is located adjacent to an existing metropolitan area and
includes land that is highly developable based on its land features. Once the terrain
mapping tool has generated the stream network, the network is visually checked
against the streams in the National Hydrolography Dataset (USGS, 2000). The
reviewed computer- generated stream network is then evaluated using GIS
software to establish the typical stream lengths, densities, and slopes for the stream
orders of interest in the hydrologic region. Because each hydrologic region is
treated as a relatively uniform feature, only one urban center is evaluated to
characterize the region's hydrologic qualities.

EPA acknowledges that difficulties will be encountered when inventorying stream
networks in arid areas with few perennial streams and in areas with a poorly defined
stream hierarchy (e.g., oxbow regions). Consequently, some environmental impacts
listed in Table 1 will not be analyzed for some of the 19 hydrologic regions in Fig. 1.
Nevertheless, EPA believes it is possible to define a typical watershed (Le., a
standard watershed that terminates in a small perennial stream) for most of the 19
hydrologic regions shown in Fig. 1.

APPLICATION OF STANDARD WATERSHEDS

As expected for a national assessment, some simplification is required when
estimating current and anticipated environmental and economic impacts. It is
beyond current capabilities to monitor/inventory actual environmental impacts the
approximately 2 million acres developed in the Nation each year. It is also not
currently possible to collect local (county-level) zoning rules and development
projections and then estimate future environmental impacts on a stream-by-stream
basis. As a result, EPA is electing to use an approach that minimizes the complex
spatial and temporal integration necessary to superimpose present and future
activities.

The standard watershed approach simplifies the development process by lumping
each year's development into an equivalent number of standard watersheds, as
illustrated in Fig. 2. The standard watershed approach holds that the long-term
environmental and economic impacts of many years of development at a fixed rate
(e.g., 5,000 acres per year) is the same whether it is all in one location each year
(e.g., one completely developed 5,000-acre standard watershed each year) or
dispersed over a much larger area (e.g., 10 percent development per year in a
50,000-acre area).

6



Actual Development Pattern

Year 0
Development

Year 1
Development

Year 2
Development

Year 3
Development

Standard Watershed Representation

II
I

_ This year's development c=J PrevIous year's development

•••Total Development ......~~
. at End of Year 3~~~

. ~~~

Figure 2. Equivalence between actual and standard watershed development

In each standard watershed, the conversion from predevelopment to
postdevelopment is assumed to occur in a single year, which simplifies the analysis
of subsequent environmental impacts over future years. In part, the one-year
conversion assumption was selected because EPA believes the assessment of
partial development and partial impacts for many environmental issues is beyond
current science and information. The other alternative, i.e., to assume there are no
impacts until successive years of development build-out a watershed, is even less
defensible given the literature has reported environmental impacts begin when
average imperviousness increases above 10 percent on a watershed basis
(Caraco, 2000, and Hicks and Larson, 1997). By emphasizing small stream and
watersheds in its analysis, EPA is attempting to increase the representativeness of
the one year conversion assumption.
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EPA is conducting sensitivity studies of the inaccuracies caused by the
simplification of actual stream networks into a number of representative standard
watersheds and the attainment of build-out with one year's development, as
discussed below.

DEFINING PREDEVELOPMENT AND POSTDEVELOPMENT CONDITIONS

For its baseline environmental assessment, EPA is obtaining region-specific
development rates from the 1997 National Resource Inventory (NRI), as revised in
December of 2000 (USDA, 2000). Given the scope of a national assessment, a
standard and consistent methodology must be employed to establish the magnitude
and location of development; Le., it would be very difficult for EPA to collect regional
reports on development and aggregate them to form a national picture. The NRI is
considered valuable in assessing the construction and land development industries
because it provides a periodic national assessment of land development trends and
employs a standard methodology for the entire nation. The NRI also provides
information on land use prior to conversion into more dense land use (e.g., the
acres of farmland converted into residential use), which helps establish the
predevelopment land use mix for the acreage developed. To derive its estimates of
conditions within the contiguous states, NRI independently evaluates approximately
2,100 geographic zones and uses an extensive quality assurance process.

In developing its methodology, EPA performed a test case using the
Commonwealth of Pennsylvania. Based on the 1997 NRI, Pennsylvania is
developing at the rate of 109,000 acres per year. To assess potential environmental
impacts, both the predevelopment and postdevelopment condition associated with
this acreage must be characterized. Table 2 indicates the predevelopment land use
breakdown based on a the 1997 NRI. Overall, the NRI reports that most
development occurs in a rural or forested setting, with very little redevelopment
(assumed to be part of the other category). By using the NRI to help define the
predevelopment condition, EPA is avoiding the use of 100 percent pristine land as
the basis for assessing the benefits of the proposed effluent guidelines.

Table 2. Pennsylvania Land Use Conservation

1992-1997 Annual Conversion Rate
Land Conversion acres/year 109,OOOA

Land Use Type as a Percentage of Developed Acreage

Conversion from Predevelopment Conversion into Postdevelopment B

Forested 48%
Single-family

54%
Residential

Pasture 14%
Multifamily

16%
Residential

Cropland 35% Commercial 26% ,

Other 3% Industrial 3%

ANational Resource Inventory of 1997 (USDA, 2000).
B Distribution based on a 14-community survey (USEPA, 1999).
Represents 0.38 percent of the total Pennsylvania acreage of 28,992,000.
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To characterize the postdevelopment condition, EPA has selected four urban land
use types. As indicated in Table 2, single-family (114-acre lot) and multifamily (8-lots
per acre) residences are used to represent residential development, in general.
The distribution of the 109,000 Pennsylvania acres developed into urban land use
types is based on the development distribution found in an EPA assessment of
construction start data (USEPA, 1999) for 14 communities distributed nationally
(approximately 2,000 construction starts). The 14-community survey also indicates
the distribution of construction starts based on the size of the construction site (e.g.,
1.2 percent of the single-family home development occurs on sites with a total area
less than 1 acre). This is important in evaluating construction activities, where the
construction site size affects the selection of BMPs.

EPA makes one further correction for the postdevelopment condition-eorrection for
steeply sloped areas and wetlands. In the case of Pennsylvania, the 109,000 acres
developed annually will occupy a footprint larger than 109,000 acres. Even in highly
developable acreage, there is some fraction of acreage that cannot be developed
due to steep slopes or wetland areas. For each of the 19 hydrologic regions, an
assessment of steeply sloped and wetland areas is being performed, focused on
the acres in the developing fringe surrounding existing urban c~nters. What this
means for Pennsylvania, assuming 3 percent steep/wetland acreage, is that
developing 109,000 acres requires 112,400 acres of land. Therefore when
converting data on developing acreage into a footprint of surface area
superimposed on the stre~m network, EPA is correcting for the geographic
conditions anticipated in the developing fringe. Because standard watersheds for .
the hydrologic regions illustrated in Fig. 1 are derived from highly developable
acreage identified adjacent to existing metropolitan areas, it is expected that
footprint correction will be small. However, EPA is performing this evaluation to help
determine where physical conditions in a region could limit the density of land
development.

PROPOSED MEASURES FOR EVALUATING ENVIRONMENTAL IMPACTS

EPA's effluent guidelines are primarily focused on reducing pollutants discharged
through NPDES permits. Accordingly, an effluent guideline will produce a benefit if it
either reduces the concentration of pollutants in the discharge or decreases
loadings through reductions in discharge rate and duration. However, in EPA's
assessment of the construction and land development industry, auxiliary
environmental benefits may result from the primary mission of NPDES permits-to
reduce pollutant discharges. For example, if a proposed guideline reduces the rate
and duration of storm water discharges, which in turn reduces the rate of stream
bank erosion, the guideline will produce a quantifiable auxiliary environmental
benefit. EPA is evaluating the use of the benefit measures listed in Table 3 to help
quantify any benefit from potential guidelines.

In selecting on which environmental and economic impacts the EPA should focus,
the Agency has prioritized impacts that can be quantified over those that are
understood on mainly a qualitative basis. For example. although urbanizaticm is
reported to shift benthic macroinvertebrate populations in some circumstances
(Steedmen, 1988), it is unclear how to standardize this condition, correlate changes
throughout the aquatic community (e.g., trout populations), and then estimate the
resulting economic impacts. In the future this capability might arise based on
ongoing research on the local and federal levels. Currently, EPA has proposed a
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more gross evaluation of habitat impacts based on physical changes that can be
represented relatively simply (miles of streams physically degraded).

Table 3. Potential Benefit Measurements for Effluent Guidelines.
Impact Critical Condition or Measurement of Successful
Description Management

Environmental impacts measured in terms of pollutant loadings reductions
Suspended Solids Reductions in pounds of suspended solids (settleable and
Loadings (TSS) nonsettleable) estimated to originate from construction sites and

the acres converted as a part of land development
Nutrient Loadings Reductions in nutrient loadings due to storm water BMPs.

Sediment Eroded Reduction in pounds of sediment (suspended and bed load)
from Streams eroded from streambanks
Environmental impacts measured in terms of habitat protected from direct or
indirect impact
Thermal Impacts Reduction in miles of streams estimated to lose the capacity to

sustain cold water fisheries
Road Crossing Miles of streams estimated to sustain predevelopment fish
Impacts migration capacity .

Environmental impacts measured in terms of cost savings

Erosion/Degrading Reduction in stream miles anticipated to require stream
of Stream Habitat restoration
Flood Prevention Reduction in acres potentially flooded

Other environmental impacts avoided .
Turbidity Reduction in estimated annual loading of silUciay concentrations

in construction site and urban land runoff
Human Health No proposed measure at this time

Groundwater No proposed measure at this time
Rechar~e

EPA acknowledges that certain regions encounter environmental impacts other
than those listed in Table 3. In addition, from its peer review, EPA understands that
other measures are under development or advocated as a result of local or state
monitoring programs. EPA remains open to information demonstrating that other
measures should be considered in its assessment of environmental impacts related
to the construction and land development industry. EPA's criteria for assessing any
additional measures are (1) sufficient data must exist to demonstrate the cause
and-effect relationship with the affected industries; (2) the impact must affect a
relatively large geographic region; and (3) structural and nonstructural technologies
that minimize or prevent the environmental impacts should be available.

OVERVIEW OF APPROACH TO ESTIMATING ENVIRONMENTAL IMPACTS

The inventorying of natural systems, characterization of industry activity, and
definition of the pre- and postdevelopment conditions are all intended to establish a
basis for modeling environmental impacts. Table 4 briefly indicates the dominant
cause-and-effect relationships and critical conditions that are being used to assess
impacts of the construction and land development industry. Critical environmental
and economic conditions may occur the moment land is cleared or may result over
a 30-year period after development has been completed.
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Table 4. Proposed Environmental Modeling Approaches

Impacts most related to how acreage is constructed
Environmental impacts from settleable and nonsettlable suspended solids from
construction sites will be proportional to the acreage developed each year within each of
the 19 hydrologic regions. Regional sediment yields will be based on detailed RUSLE
modeling of typical construction site for each geographic region. (Documentation may be
found in Economic Analysis of the Final Phase If Storm Water Rule, USEPA, 1999).
Impacts most related to what developing acreage becomes and the BMPs employed
under postdevelopment conditions
Estimation of annual pollutant loadings (settleable and nonsettlable suspended solids, TP,
and TN) and reductions due to more intensive management will be based on storm water
runoff volumes and storm water event mean concentrations (EMC) as a function of land
use. Annual runoff volumes will be obtained from hourly precipitation and temperature
data for the typical rainfall year identified from review of over 30 years of rainfall records.
The 19 hydroloqic reqions in Fiq. 1 may be further subdivided based on rainfall.
Impacts most related to increases in flow duration and rate
Regional floodplain expansion will be estimated based on standard watershed stream
networks using EPA-SWMM modeling of the 100-year Soil Conservation Service (SCS)
storm to estimate typical flow rates for various stream orders. Pre- and postdevelopment
floodplain widths per stream order will be based on uniform flow analysis using estimated
stream crosssections ( a trapezoidal main channel with side-sloped overbanks).
Impacts most related to stream location, length, nature, and size in acres developed
Direct habitat loss will be based on total length of rivers enclosed in developed acreage
and historical ratios of stream conversion into pipe systems. GIS evaluation of stream
and road networks will yield region-specific densities of new roadway crossings resulting
from urbanization. Literature and expert estimates will be sought on the frequency with
which new crossings become migration inhibitors.
Loss of cold water fisheries in small perennial rivers will be estimated based monthly
average water temperature for the hottest summer month. The critical condition is where
models predict an assumed 8 degree increase in runoff temperature (originating from
urban areas) will drive stream temperatures above 70 degrees Fahrenheit.
Predevelopment average stream temperatures are established from STORET monitoring
records. Only small perennial streams will be evaluated.
Stream bank erosion estimates will be based on stream channel enlargement ratios
(CWP, 2000) using an assumption that ultimate channel shape is obtained 30 years after
urbanization occurs. Regional enlargement ratios will be established based on estimated
ultimate percent imperviousness, adjusted to account for acreage that is nondevelopable
because of steep terrain or wetlands. The number and length of streams affected will be
obtained from the per order densities observed in the standard watershed network.

The construction industry produces impacts as it converts land into urban land use.
The impacts of land development result from the new (urban) land use that was not
present during the predevelopment condition. In its bottom-up approach, EPA is
focusing on the main causes of environmental and economic impacts. The diversity
of potential impacts and variety of time frames in which they are experienced
means many environmental impacts (pollutant loadings, geomorphologic changes,
habitat destruction) must be evaluated individually and then aggregated, where
possible.

The cause-and-effect relationships proposed by EPA will serve as the backbone for
modeling the impacts and impact reductions that would result from effluent
guidelines. Quantifying impacts (environmental and economic) is important because
it helps rationalize the decision to set effluent guidelines. For example, a more
expensive treatment technology is warranted if it produces a significantly greater
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impact reduction than a no-cost alternative. To help with guideline development,
EPA is conducting two analyses: (1) calculation of average annual conditions to
permit assessment of short-term impacts and (2) analysis of 30-year total impacts
to get the big picture of future impacts resulting from decisions made in the current
year.

SENSITIVITY ANALYSIS OF THE STANDARD WATERSHED ASSESSMENT
APPROACH

Given the basic limits of resources and data, EPA is proposing to use the standard
watershed assessment approach to facilitate its analysis of environmental and
economic impacts. EPA is evaluating the inaccuracies associated with the standard
watershed approach as it relates to spatial and temporal variation. A sensitivity
analysis is being performed on the proposed approach to ascertain whether it
favors either more or less stringent environmental management. To date, the
standard watershed approach has been able to reasonably approximate ,linear and
nonlinear, continuous and stepped, instantaneous and lagged system responses,
such as those illustrated in Fig. 3. In the case of stream area enlargement, work by
the Center for Watershed Protection (CWP, 2000) indicates the response to growth
(its surrogate average watershed imperviousness) is lagged and nonlinear.
Essentially, there appears to be no increase in stream flow area with
imperviousness, until it rises above 10 percent (a lagged response). Because the
enlargement ratio increases geometrically with imperviousness, the natural

Stream Flow Area Enlargement Ratio - Lagged, Nonlinear Function

12.0

10.0

8.0

6.0

4.0

2.0

0.0

/
~

~
~

----------
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Watershed Percent Imperviousness

Example Step Function Responses

IndustrialPastureForested

1600"....----------.------------------,80%
1400 ~Annual TSS Loadings in 70%

kglhalyear
1200 ...... llmperviousness 60%
1000 50%

800 40%

600 30%

400 20%

200 10%

o 0%
Single Family

Cropland ,. Commercial
ReSidential

Figure 3. Example of lagged nonlinear response and step function response.
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response is nonlinear (disproportional) to development. For impacts related to
predicted stream channel enlargement, the simplifications inherent in the standard
watershed approach must not distort the decision process because it shortens the
time frame of development.

Illustrating a step function response, Fig. 3 also indicates pollutant loading rates for
common land use types. Both pollutant loadings (in kg/ha/year) and percent
imperviousness values represent the terminal condition or the limit reached once a
land is fully developed into its built-out condition. While not as complicated as a
lagged and nonlinear response, environmental impacts that respond in step function
manner should also be sufficiently represented by EPA's selected analytic
approach. When estimating pollutant loadings, the standard watershed approach
ignores the nonuniform distribution of land use types throughout the developed
acreage and shortens the time frame in which the development occurs. This
simplification must not distorts the rationalization used for effluent guidelines
development. .

To evaluate the shortcomings of the standard watershed approach, EPA has
developed a 1DO-watershed land development model in which each watershed is
randomly selected for a land use type (e.g., single-family residential) and in which
the model randomly sets the extent of development for any given year for any given
watershed (e.g., Year 1; 0 percent developed, Year 2; 21 percent developed, Year
3; 27 percent developed).

Multiple simulations were used to compare the condition where development is
forced into a standard watershed with a single Aaverage@ composition of land use
types and where it is permitted to randomly occur for short term (30 years) and long
term (100 years) conditions. In all cases the overall average percent
imperviousness, stream network density (with multiple stream orders), and annual
development rate were constant for the standardized and randomized systems.
Fig. 4 shows a typical comparison based on the annual sediment removed from
stream banks in the randomized and standard watershed systems, for three
different stream densities (No scaling is the measured stream density). The total
acreage developed in the watershed shown in Fig. 4 is approximately two years I

worth of Pennsylvania annual development.

Overall, comparison of randomized and standard watershed models indicates the
standard watershed is acceptable as long as the decision-maker recognize its
shortcomings. For watershed-wide analysis (i.e., outflows from the 1DO-watershed
system), the standard watershed predicts the same approximate annual rate and
terminal point for step, continuous, and nonlinear impacts. For the annual effluent
from the 1DO-watershed system, the standard watershed predicts that impacts (e.g.,
watershed sediment yield) occur earlier than the randomized watershed, but only by
2 to 4 years. In the case of stream bi:mk erosion, even extreme variation in stream
densities did not improve or worsen the performance of the standard watershed as
compared to the more realistic randomly developed watershed.
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Comparison between the randomized and standard watershed is also helpful in
assessing the limits that exist with respect to impacts within a single watershed.
For this comparison, a single standard watershed is compared to 100 randomly
developed subwatersheds with the same total acreage. Fig. 5 indicates the results
for modeled annual stream bank erosion yields for a watershed system that
contains 6,800 acres of drainage area and 300,000 total miles of stream length
(swales to fourth order streams). The stream densities were established based on
a survey of a Pennsylvania watershed judged to be typical of its region. (Note:
Based on the most recent NRI, Pennsylvania develops the equivalent of eighteen
6,800-acre watersheds per year.)
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At the end of the first development year, the standard watershed approach
completely converts the single watershed into a fully developed urban area. As a
result, it predicts the annual yield resulting from the standard watershed area will be
191 cubic feet, a constant rate sustained until the enclosed streams reach their
ultimate (postconstruction) limit. However, the 100 subwatersheds (6.8 acres each)
that develop randomly do not produce an annual yield of 191 cubit feet until the
30th year. So, although the standard watershed approach predicts the same
ultimate yield rate, it predicts the annual yield years in advance of the randomly
developed100 subwatersheds.

Fig. 4 clearly suggests that decision making based on the rate of impact growth
should be minimized where the standard watershed approach is used, particularly
where they related to impacts within a single standard watershed. However,
developing effluent guidelines based on the total sediment that will be moved (the
difference between the predevelopment and ultimate stream channel volumes) is
acceptable. EPA's study has demonstrated that at some time in the future the total
volume of sediment removed from the standard and randomized watershed will be
approximately the same. Accordingly, EPA will be careful to keep standard
watershed size small and to focus its decision process on the net changes in
natural systems resulting from land development.

With some care, EPA believes it is reasonable to use a standard watershed
approach to estimate the environmental and economic impacts associated with
30 years of construction and land development at a national rate of approximately
2 million acres per year.

CASE STUDY OF PROPOSED METHODOLOGY
In testing proposed modeling methods, EPA has used the Commonwealth of
Pennsylvania to illustrate the range of impacts that can result from the construction
and land development industries. In the test case, it was assumed that the total
acreage converted into urban land use types was 109,000 acres, with an average
imperviousness of 40 percent.

Table 5 summarizes the environmental and fiscal impacts identified in the
Pennsylvania case study. Given the wide array of physical, habitat, and fiscal
impacts assessed for the Pennsylvania case study, it is not possible to describe
each impact in depth. Readers are encouraged to review the preliminary findings
illustrated in Table 5 and provide EPA with any information they believe can be
used to verify or improve upon the results shown. It is EPA's preference that the
impact listed in Table 5 be critiqued in terms of a per-acre-urbanized basis.
Because some of the listed items represent aggregated impacts (.i.e., the total of
many years of impacts), only long-term studies of historic changes will provide a
basis for comparison with EPA's results.

CONCLUSION

EPA recognizes that an analysis that uses modeling and spatial/temporal averaging
is by its very nature not entirely accurate or predictive. In addition, the difficulty in
defining the input variables to the model, such as the future rate of land
development, introduces a degree of uncertainty into the model results. Some will
argue that any analysis attempting to evaluate impacts, no matter how
comprehensive, will be insufficiently accurate due to the inherent variability in
development rates, topography, and rainfall patterns. In formulating its approach to
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Table 5. Impacts Due to A Single Year's Construction and Subsequent Land
Development Activities in Pennsylvania

Description Construction Activity Land Development Activity
PHYSICAUGEOMORPHOLOGIC EFFECTS ON RIVERS AND WATERBODIES DUE TO
MORE FREQUENT HIGH FLOWS
Channel size Impacts masked by Each year's development envelops
increase due to those of the land approximately 190 perennial stream miles,
frequent high development industry. which will erode approximately 4.5 million tons
flows of sediment before they stabilize into their

ultimate (new) size.
Additional Annual construction The estimated increase in nonpoint source
sediment discharges sediment load due to annual land development
deposited in approximately 1.9 million is approximately 5,740 tons per year.
lakes/estuaries tons of sediment.
Urbanization of Impacts masked by Direct destruction of stream habitat each year
stream channels those of the land ranges between 265 and 769 acres due to new

development industry. road crossing installation.
Reduction in Impacts masked by The estimated ultimate replacement of natural
length of small those of the land swales/creeks with gra:?sed swales/pipes/
streams development industry. concrete channels is approximately 370 miles,

assuming a 20% stream conversion rate.
BIOLOGICAL IMPACTS IN DOWN STREAM WATERS DUE TO URBANIZATION
Loss of holding Impacts masked by Roadways installed in a single year create
water and those of the land between 56 and 224 new fish migration
spawning areas development industry. barriers, impacting between 9.5 and 38 miles.

of perennial streams.
PHYSICAUCHEMICAL CHANGES IN WATER QUALITY
Thermal Impacts Impacts masked by 25 miles of cold water habitat in southeastern

those of the land Pa at risk because summertime temperatures
development industry. will rise above tolerable levels.

Groundwater No estimation of impacts No estimation of impacts performed.
performed.

Nutrient No estimation of impacts No estimation of impacts performed.
Loadings Iperformed.
Other pollutant No estimation of impacts No estimation of impacts performed.
loadings (e.g., performed.
Lead, Zinc)
Suspended Impacts incorporated into Combined construction and land development
Solids Loadings those of the land activities increases instream concentrations
(Settelable and development industry. between 10 to 20 mg/L during wet-weather
nonsettlable) periods compared to predevelopment.
MISCELLANEOUS
Human Health No estimation of impacts No estimation of impacts performed.
and Aesthetics performed.
Flooding of Impacts masked by The percent watershed occupied by the
Land/Property those of the land 1OO-year floodplain is 2.8 for a mixed

development industry. rural/forested watershed, 5 for a mixed urban
watershed without flood prevention ponds, and
4 for a mixed urban watershed with detention
ponds designed to shave the 1O-year peak
flow to predevelopment levels. The urban
watershed has between 30 and 50 percent
imperviousness.
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effluent guidelines, EPA has focused on the key requirement to perform a
reasonable analysis. If the modeled results can reasonably be expected to
approximate the typical conditions, the model is appropriate for assessing how
changes in industry behavior will limit undesirable environmental impacts.

To the extent possible, both environmental variability and nature of industry
activities have been evaluated to identify typical conditions and operations. EPA will
limitits evaluation wherever typical conditions are insufficient to represent the actual
range of conditions, or a typical condition cannot be identified. As noted herein,
EPA is taking a conservative approach that will tend to underestimate the
environmental impacts by neglecting impacts that are still being studied. With this in
mind, EPA invites comments on its model approach, as well as suggestions for
alternative approaches and data sources that will complement the analysis.
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ABSTRACT

The Rouge River National Wet Weather Demonstration Project in Wayne County, .
Michigan, has developed an approach to linking the performance of best management
practices (BMPs) to receiving water impacts. The approach considers the various
stages of the "life cycle" of BMP design and implementation, and it includes a system of
performance measurements at each stage.

INTRODUCTION

In the management of watersheds, measuring progress is an untamed frontier of
professional practice. Watersheds present us with situations that defy accurate
measurement. Consider the following contrasts between measurements for point source
controls versus measurements for watershed management.

• While pollution controls for point sources typically involve large engineered
facilities that can be equipped with sophisticated systems for measuring the
quality of influent and effluent, watershed management entails numerous and
geographically scattered projects making it more difficult to measure influent and
effluent cost-effectively.

• While point source controls provide accountability to one single unit of
governmental or business organization, watershed management often depends
on the individual actions of tens or hundreds of organizations, each working with
an individual set of priorities and budget limitations.

• While point source controls involve one particular technology, such as secondary
treatment, or a bundled set of technologies, such as storage and treatment,
watershed management may involve a detention basin in one area, a wetland



• with nutrient uptake in another, a street sweeping effort in yet another area.
Each technology has its own set of measurement requirements and differing
hydrologic factors.

• While point source controls typically are implemented with the ability to enforce
compliance, watershed management involves numerous efforts for water quality
protection that often are beyond the bounds of regulation, and therefore rely on
voluntary efforts. Voluntary efforts by local units of government must compete
with mandatory efforts for budgetary resources, and this makes it more difficult to
achieve standard design criteria.

It is against this backdrop that the Rouge River National Wet Weather Demonstration
Project (Rouge Project) sets out to link the performance of best management practices
(BMPs) for wet weather pollution control to improvements in water quality in the Rouge
River watershed. While there is abundant information on the technical performance of
many BMPs in controlled settings for scientific or engineering performance analysis,
there is much less information on the performance of BMPs in. real urban watershed
applications. The Rouge Project is filling this information gap by constructing and
measuring the cumulative performance of BMPs in complex urban watershed settings.

In the context of this paper, the term "best management practices, or BMPs" is used as a
generic term to mean any technology - either structural or non-structural - for the control
of flows or pollutants that adversely impact a receiving stream. This paper examines the
array of mechanisms that the Rouge Project has created to link and measure the
performance of BMPs to water quality and ecosystem health improvements. The array
of mechanisms consider all of the complex factors in watershed management which
complicate the measurement process - dispersed geographic distribution of BMPs,
multiple project owners, a wide variety of pollution control technologies, and the
voluntary nature of many activities. The linking mechanisms used in the Rouge Project
extend beyond the basic connection between BMP pollutant reductions and downstream
receiving water impacts after the BMP is built. In fact, the linking mechanisms take into
account of the whole life cycle of BMP development, from setting design criteria, to
project implementation and post-construction monitoring, and watershed-wide
assessments of progress.

PROJECT BACKGROUND

The Rouge River National Wet Weather Demonstration Project, initiated in 1992 by the
Wayne County, Michigan Department of Environment, has learned a great deal on what
it takes to restore an urban waterway to its beneficial uses. The project is partially
funded by the U.S. Environmental Protection Agency (EPA) Region 5. As an indicator of
the project's success, EPA has provided continuous grants each year since 1993.

The Rouge River Watershed is largely urbanized, spans approximately 438 square
miles, and is home to over 1.7 million people in 48 communities and 3 counties. The
Rouge Project initially concentrated efforts on the control of combined sewer overflows
(CSOs). The early objective of the project singled out the control of CSOs as a means
to improve water quality in the river. However, as the project unfolded, the monitoring
showed that other sources of pollution needed to be controlled before full restoration of
the river would be achieved throughout the watershed. In fact, the data showed that
even if all of the CSO discharges were totally eliminated, the waters still would not meet
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water quality standards. Based upon what was learned, the Rouge Project has taken a
wide-angle lens view of pollution sources. The project now has a holistic approach to
consider the impacts from all sources of pollution and use impairments of receiving
waters. The project therefore proceeded on parallel paths,
controlling CSOs, while pursuing the watershed approach to address storm water
management, flow management, non point sources, failing on-site sewage disposal
systems, habitat and riparian restoration, and the development of new recreational
opportunities.

One of the primary goals of the Rouge Project is to guide state and federal regulatory
policy in wet weather pollution control. The chief way that the project guides policy is by
demonstrating the implementation of BMPs for an urban river system, and by
demonstrating workable governmental processes that support the implementation of
watershed restoration. Critical to both the technology design and to the processes of
government is the ability to measure individual BMP performance and to measure the
cumulative beneficial impacts of all efforts in the watershed.

The Rouge Project distinguishes itself among other watershed -efforts by not relying on a
single point of institutional accountability. The federal, state, county, and municipal
units of government are in agreement that watershed management is the ultimate
responsibility of each local municipality. The municipalities collaborate with each other,
and they have formed alliances in seven subwatershed groups that range in size from
about 20 square miles to over 80 square miles. The municipalities also support
watershed-wide activities for monitoring, geographic information systems (GIS),
technical information sharing, public involvement and grant administration. The Rouge
Project has included a large number of voluntary activities, particularly in the arena of
storm water management, where mandatory federal regulations will not take effect until
2002, and state policy has been through a voluntary General Permit since 1997.

THE ARRAY OF LINKS

The Rouge Project uses an array of mechanisms to link BMP performance to receiving
water impacts. The project has found that it is necessary to proactively build the links
so that useful measurements and conclusions can be obtained.

There are five links that span the whole life cycle of a BMP, and they include:

• Design criteria for BMPs;
• Assess water quality needs by subwatershed;
• Promoting the implementation of the most effective BMPs in each

subwatershed;
• Standard protocols for receiving water measurements; and
• Watershed wide monitoring program and data assessment.

Each of the links has three principal components:

• a technical basis developed from engineering analysis;
• a basis of authority, which typically is a process of government, such as an

ordinance, adaptation of existing regulation, new regulation, or as simple as a
peer-supported voluntary guideline; and



• a physical measurement of the effectiveness of the link, such as a
perfonnance monitoring program, a watershed monitoring program, other
type of assessment.

All three components are necessary. The technical basis provides the functional fit of
the BMP into the engineered watershed ecosystem. An authority is needed to provide a
reason and motivation for the BMP to be implemented in the context of other public
needs - education, safety, transportation, etc. The measurement component is the way
to test the success of implementation and assess the need for further action.

The life cycle concept is important, because of: 1) the relatively long time span for BMP
implementation; 2) and the other complexities of multiple parties responsible for
implementation; and 3) the evolving learning curve of watershed management
technologies.

The concept of a subwatershed is also important in the establishment of links between
BMP performance and receiving water impacts. Subwatershe~s allow us to tackle the
larger problems of a watershed in a series of smaller bites. For example, a
subwatershed that is a headwater area allows the suite of BMP solutions to focus on
headwater protection needs, and not need to deal with complications of csa controls.
The subwatershed provides a smaller geographic area, a smaller range of technical
solutions, a smaller list of objectives, and a small group of stakeholders - overall, a more
manageable problem to tackle.

DESIGN CRITERIA FOR BMPS

The first link between BMP performance and receiving water quality improvement comes
at the beginning of the BMP life cycle - that being the design criteria of the project.

Technical Basis

The Rouge Project has developed design criteria, or facilitated the development of
design criteria, for a number of efforts to standardize design criteria for BMPs.
Examples include:

• Development of a guide for Planning and Cost Estimating Criteria for Best
Management Practices that is tailored to metropolitan Detroit applications. This
guide presents a "public works director" view of design criteria and cost estimates for
23 categories of BMPs. Figure 1 shows an examplE! entry from this guide. (1)

• New design standards for storm water management in Wayne County which
establish peak discharge rates, restrict activities in flood plains, and set forth
provisions for operation and maintenance of storm water facilities.(Z)
Development of design criteria for demonstration size csa storage· and treatment
basins. These criteria established a "demonstration" basin size to capture 0.17
inches of runoff compared to the state regulatory agency presumptive size of 0.35
inches of runoff. (~)
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• Water quality models for evaluation of river impacts. These tools are primarily used
in work with the state regulatory agency (MDEQ) for CSO basin sizing and with
performance evaluation of the basins and storm water detention pond operation.
The water quality models utilize the US EPA SWMM and WASP models, and are
configured for both dynamic and steady state simulations.

Wayne County has invested in a program of technology transfer to disseminate the
design criteria that the Rouge Project develops. The technology transfer program
includes an educationally acclaimed website (www.rougeriver.com). training programs
and publications that are for audiences in the Rouge watershed and in other watersheds.
The Rouge Project also offers a technical extension service for communities in the
Rouge River watershed.

Authority

Technical criteria need to have a basis of authority to assure that BMPs are
implemented in accordance with the technical standards. The Rouge Project has been
successful in taking its design criteria and working these into ordinances, regulations,
model ordinances, etc. For example, the project implemented new storm water
management standards for Wayne County in October 2000 (2). Key features of these
standards include:

• Storm water outlet design, and sizing and location of the outlet with regard to stream
capacity.

• For drainage areas of 5 acres or more, the .runoff rate must not exceed 0.15 cfs per
acre for a 1OO-year storm; for less than 5 acres, the runoff rate must not exceed 0.15
cfs for a 1O-year storm.

• Storm water runoff should conform to natural drainage patterns where feasible.
• Storm water management systems should not generally be constructed within the

1OO-year flood plain; work within the flood plain has restrictions and requires
compensatory storage and riparian habitat mitigation.

Another example of bringing technical criteria into law is the State of Michigan Wetlands
Mitigation Bank. The Rouge Project worked with the State of Michigan Department of
Environmental Quality to develop a wetlands banking system (1). Units of government
can apply for membership in the bank, and Wayne County was successful in becoming a
member. The program establishes criteria for design, construction and maintenance of
wetlands. At this time, over 10 acres of wetland are built or under construction for the
bank.

A final example of the authority for promoting design criteria is in the CSO control
program for 157 overflow points in the Rouge River. The authority was based on a
court-ordered compromise under the US EPA and Michigan Department of
Environmental Quality NPDES (National Pollutant Discharge Elimination System)
program. The compromise ordered a phased approach to CSO control. Phase I



FIGURE 1 - EXCERPT FROM "BMP COST ESTIMATING CRITERIA MANUAL"
ROUGE RIVER NATIONAL WET WEATHER DEMONSTRATION PROJECT

SEPTIC SYSTEM MAINTENANCE (1)

Type:

Description:

Function:

Application:

Site Requirements:

Effectiveness:

Who Does It?

Design Requirements

Basis for Cost:

Who Pays For It?

Cost (1000 $s):

Reference:

Non-Structural, Urban Source Control BMP.

Periodic inspection of on-site sewage disposal systems (OSDS) and
regular pumping of septic tanks will prevent, detect and control spills,
leaks, overflow and seepage from on-site sewage disposal systems.

Prevents premature failure of on-site sewage disposal systems and
detects problems that will minimize pollution.

Maintenance practice.

Availability of a plan showing the location of the on-site sewage disposal
Systems.

Pumping of septic tanks on a regular basis and inspection of the on-site

sewage disposal system can prevent premature failure and detect

problems so that repairs can be less costly. An inspection of the on-site

sewage disposal system is recommended every 5 years. Health
Departments recommend a 3-year cleaning cycle for septic tanks.

Can be done by municipal staff or by county health agency.

Risers on septic tanks make location, inspection and pumping easier.
Pumping must be done by a Licensed Septage Waste Servicer. A
Registered Sanitarian should perform inspections or a person certified as
a septic system evaluator by the local health department or NSF
International.

Cost of regular inspections of on-site sewage disposal systems. Assumes
20% of a community's septic tanks are inspected each year so that a five

year cycle is maintained. Time for inspection usually takes 1 to 3 hours,

but can take much longer if the location is not well defined.
Cost per septic tank for pumping and proper disposal of the contents

Paid for by municipality

Inspection: $1 DO/hour, 3 hours per site including reporting and travel time.

(This time can be substantially more if the on-site sewage disposal system

is difficult to locate.)

Pumping: $100-$150/septic tank including disposal

Urban Source Control BMPs-Septic Tank/Sanitary Sewer Maintenance,
Cost Estimating Guidelines-Best Management Practices and Engineered
Controls, (Rouge Program Office, Wayne Strategies to Address On-site
Sewage System Problems, (Rouge Program Office, Wayne County,
Michigan, 1998).
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required the elimination of raw sewage and the protection of public health for
approximately 40 percent of the combined sewer area. The Phase 1 control plan was
based on the technical design criteria (capture 0.17 inches of runoff) developed by the
Rouge Project noted earlier. Under Phase I, six communities separated their sewers and
eight communities constructed basins to evaluate varying sizes and control technologies
of esa basins.

Measurement

The third element in the design criteria link is that of measurement. Design criteria are
first established with computer models, engineering analyses, or results from other
locations. The criteria need to be tested and examined, and ultimately refined based on
the actual implementation in the watershed. The Wayne eounty Storm Water
Management Program also requires post-construction monitoring, and we will learn from
these new data. The Michigan Wetlands Banking Program requires 5 years of
biological and water quality monitoring.

The esa Phase 1 program has completed an extensive program of monitoring to
determine ifthe demonstration size basins had met the water quality standards. A work
group of staff from the Michigan Department of Environmental Quality, the NPDES
permitted communities, and from the Rouge Project evaluated 2-years of measurements
of basin influent and effluent and receiving water quality data. The Michigan
Department of Environmental Quality has certified 6 of the 9 basins to date, and the
design criteria that were established are being used to plan the next phase of controls.

ASSESS WATER QUALITY NEEDS BY SUBWATERSHEDS

In the previous examples, esa locations were known and locations for wetlands
banking sites were governed by land use opportunity. What happens when there is a
watershed sector suffering from eutrophication in an impoundment, stream bank erosion,
and high wet weather bacteria?

This the second stage of the BMP life cycle, when the issue is not the design criteria, but
the questions are: what is the type of technical solution, and at what scale should it be
applied? What are the most appropriate BMPs for the specific environmental needs?

Technical Basis

The technical work at this stage is to thoroughly and systematically analyze the needs of
each part of the watershed. In the Rouge Project, this step was completed through a
series of subwatershed management plans. The subwatersheds can be classified in
three categories: those in headwaters where issues involve preservation, open space is
relatively plentiful, and development ordinances can be useful; those at the most
downstream and developed reaches, where the land is fully developed, and the issues
are restoration and redevelopment; and those in growing suburban areas, which have a
mix of issues from the other areas.

The seven subwatershed management plans for the Rouge watershed specify a series
of BMPs to be implemented over the next 5 years (5,6.7,8,9,10,11,12). General goals
for the period after 5 years were established, and these goals will be formulated into



more specific BMP implementation after the first 5 years of progress are complete. The
8MPs have been identified through a collaborative planning process involving the local
units of government and Counties responsible for performing the work, the general
public, and the state regulatory agency. Over 900 BMPs have been identified for
implementation by 38 communities and agencies in the watershed.

Authority

The subwatershed management plans were developed and implemented as part of the
Michigan Storm Water General Permit of 1997 (13). The General Permit has been
accepted by the US EPA as meeting criteria for EPA's national Phase II storm water
program, which takes effect in 2002. In tailoring the General Permi! to the needs of the
Rouge watershed, the Project has attempted to incorporate watershed planning
components from other of water resource management programs:

• TMDL Program: Various segments of the Rouge River are listed on the federal
Clean Water Act Section 303(d) list for various parameters. The Total Maximum
Daily Loads (TMDLs) for these segments are not scheduled for completion until
approximately 2005. The river will require multiple TMDLs (approximately 15) that
may result in conflicting implementation strategies in the watershed as a whole.
Under the USEPA's proposed TMDL regulations, use of the watershed approach is
encouraged, an approach already being implemented in the Rouge Project.

• Water Quality Trading Program: The State of Michigan is in the process of
completing its Water Quality Trading Program rules. Through this program, the
trading of nutrients in impaired water bodies (for which TMDLs have not yet been
developed) can only occur where an approved watershed management plan has
been developed. Unlike other "approvable" watershed plans, the watershed
management plan for the trading program must include a "cap" and allocations.

As described earlier, the seven subwatershed advisory groups in the Rouge Watershed
have developed watershed management plans as required under the Michigan General
Permit. Obviously it is desirable to develop only one "comprehensive watershed
management plan" that will meet stakeholder goals and objectives as well as all
applicable program requirements any other programs that emerge. Therefore, the
Rouge Project subwatershed management plans have a goal of being comprehensive
watershed management plans that will meet objectives of multiple programs. By doing
so, both the watershed communities and regulatory agencies will save time, money and
effort by having one plan that fulfills multiple objectives. In addition, these
comprehensive plans will provide much needed certainty to the communities, counties
and other stakeholders in planning for watershed management activities and
expenditures.

Measurement

The Michigan General Permit requires that each subwatershed management plan
include a description of the measures that will be used to measure progress on meeting
the goals of the plan. As Rouge Project representatives met with the Michigan
Department of Environmental Quality to examine the requirements for measurement, we
determined that the MDEQ would be satisfied with rather general forms of measurement.
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As a result, the Rouge Project established an overall architecture for the measurement
program, and key elements of the program are noted below:

• The BMPs identified by the stakeholders should be designed to address all known
causes of water quality standards violations;

• Each BMP is "scored" relative to its potential ability to improve major designated
. uses of the receiving water, including fish propagation, partial human body contact,
boating, and aesthetic enjoyment;

• Measurements of the effectiveness will be made based on in-stream flow and water
quality monitoring stations, along with biological surveys;

• The performance standards and budgeting assumptions for all the actions have
been standardized throughout the watershed to help assure that the implementation
approach for various BMPs is relatively standard;

• At the end of the 5-year period, the water quality results achieved will be assessed,
along with the costs and other implementation issues;

• A subsequent 5-year program of BMPs will be developed through the upcoming
federal Phase II storm water program.

Now that subwatershed communities are planning local actions to improve Rouge
quality, the potential of these actions to solve condition and use problems are being
evaluated. The effectiveness of community actions are highly dependent on where and
when actions occur, and how well they address river quality problems. In general, the
most beneficial actions are those, which have the most direct effects. Other less .
beneficial actions have indirect or only potential effects. Some actions may be highly
effective in one location or season and ineffective in another. Moreover, an action may
improve one kind of river condition or use, and have no effect or even undesirable
effects on others. In short, the effectiveness (or cost-effectiveness) of community
actions can be evaluated only in the context of local river conditions and public uses.

The effects of community actions on Rouge quality can best be measured at monitoring
stations where historical conditions are known. Prior data for river quality indicators at
these stations provide a yardstick for monitoring future trends in condition or use quality.
The data provide a basis for gauging the long-term effectiveness of community actions
as well. Site-specific ratings of various actions can help communities to design local
programs, which yield the greatest returns for their money and effort.

Figure 2 shows the structure for developing an action score for each BMP. The action
ratings can be combined with condition and use ratings, as shown below, to produce an
overall "action score" which is location-specific. The result of multiplying the ratings for
effects quality, condition quality and use quality determines the action score. Logically,
the highest score should represent a case where the most appropriate action has the
greatest beneficial effect on the worst river condition and use problems. Rating values
have been assigned accordingly. Action scoring of this type is necessarily based on
"expert opinion", not hard data; but the score numbers should provide a useful scale for
comparing the likely benefits of applying different actions to different problems in
different watershed situations.



Public Uses River Conditions Community Actions

ARE AFFECTED BY. ..

Use Category
1. Fishing
2. Canoeing & Boating
3. Wading & Swimming
4. Aesthetics

Condition Indicators
Value
1. DO
2. Flow
3. Bacteria
4. Aquatic Life
5. Stream Habitat

Community Actions
Value
1. BMPs
2. Etc.

Use Quality

• Full
• Limited
• Restricted

Condition Quality

• Good
• Saelgpia YMY'

• Poor

Effect Quality

• Direct Effect
• Indirect effect
• Potential effect
• No effect

AFFECT. .

Rating Value
1
2
3

Rating

1
2
3

Rating

3
2
1
o

Use
Rating
(1-3)

X
Condition

Rating X
(1-3)

Effect
Rating
(3-0)

=
Action
Score
(0-27)

FIGURE 2 - ROUGE RIVER NATIONAL WET WEATHER DEMONSTRATION
PROJECT BMP ACTION SCORING SYSTEM
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Thus, in this stage of the BMP life cycle, there is a technical process to assess needs
and select the right BMPs at the right scale and the right location. There is an authority
for the planning the process through the Michigan Storm Water General Permit, and that
authority leverages all the benefits of planning at the subwatershed scale. Finally,
there is a measurement step, which will provide feedback on this part of the life cycle.

PROMOTING THE IMPLEMENTATION OF THE MOST EFFECTIVE BMPS

As we come to the third stage of the BMP life cycle, the design criteria have been
established and the plan is in place for what BMPs are need where and at what scale.
The next challenge is implementation - how do we implement the plan and build the
projects that best fit the environmental needs and meets the design criteria?

Succeeding in implementation is difficult in watershed management because there is
seldom one agency with funding and authority to perform all the work. In addition,
implementation often relies on partially voluntary efforts, and with the voluntary nature
there is no guarantee that design criteria will be used, or that BMPs will be implemented
in accordance with a desired schedule. -

Planning and setting design criteria are the easy stages of the BMP life cycle compared
to implementation. Implementation is the unruly adolescent stage of the life cycle. The
Rouge River Project has relied again on its three-part formula of a sound technical basis,
an authority, and a measurement system to make progress with implementation. -

Technical Basis

The Rouge Project has developed a program management approach promote the
implementation or construction of BMPs that meet the design criteria and are in
accordance with the plans. The most powerful tool that the Rouge Project has for
implementation is a source of funding. The US EPA demonstration grant funds are
primarily used for sponsoring projects by stakeholders in the watershed. Over 93
percent of all the grant funding received has been given as "subgrants" to communities
for the design and construction of eso, storm water, and non point source BMPs.

The subgrants are offered on a competitive process to communities, agencies and non
governmental organization in the Rouge watershed that meet minimum qualifications.
Since October 1997, the project has issued "Notices of Grant Availability" at
approximately 6-month intervals. The regularity of these grant notices is designed to
facilitate the funding of projects by the grantee communities and agencies. The funding
is a maximum of 50 percent on a reimbursement basis, so each grant recipient needs to
encumber local matching funds for their projects, which can take 6 or more months.

The Notices of Grant Availability specify requirements for proposals from communities
and establish a date for submittal and project evaluation criteria. The Notices also
identify the types of activities that will be eligible for funding, and these activities have
included:

• wetlands creation or restoration;
• habitat and recreational opportunities;
• storm water management;



• on-site sewage disposal system management;
• illicit discharge elimination;
• public education on storm water;
• geographic information system implementation; and
• projects that implement the subwatershed management plans.

Figure 3 shows the evaluation criteria that have been used in recent competitive
proposal selection. A technical review team comprised of representatives of the County
and other independent agencies performs the proposal evaluation.

Authority

In this stage, the authority for the implementation effort rests with the Steering
Committee of the Rouge River Watershed. This is a group representative of the
counties, municipalities, subwatersheds, regulatory agencies and other parties with
oversight over the project. It is a group of peer communities that governs by
consensus. The Steering Committee reviews the notices of mant availability and the
evaluation criteria, and then it reviews and ratifies the selection process.

CRITERIA WEIGHT

1. Consistency with the watershed management goals of the 30
subwatershed management plan and the Rouge River restoration and .
its national demonstration goals. Higher scores will be given to those
projects that most directly improve water quality.

2. Consistency with the community's or agency's Certificate of Coverage 15
for the Storm Water General Permit and subsequent subwatershed
manaqement plan and storm water pollution prevention initiative

3. Availability of other funding sources. If other sources are available, 10
scoring will be lower.

4. Performance of the community in timely execution and progress and 20
expense reporting of projects under previous interagency
agreements. .

5. Cooperative approaches with other communities or agencies. 10

6. Cost-effectiveness and timely schedule of the proposed project. 10
..

7. Clarity of the proposal and conformance to the submittal 5
requirements.

FIGURE 3 - TYPICAL CRITERIA FOR PROPOSAL EVALUATION

Measurement

In this stage of the BMP life cycle, the most useful measurement is one of BMP
implementability. The measures should address any barriers to implementation, what
would be done differently next time, what lessons were learned. The project is seeking
practical advice in the language of the local community public works department director.
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Each subgrantee is required to submit a report that summarizes the implementation of
the BMP project. Examples of the reporting on the BMP implementation include the
following:

• Erosion Controls At Construction Sites - compared fabrics, fences, and hay;
found hay most versatile.

• Catch Basin Cleaning - found 3-year frequency optimal in terms of cost and
effectiveness in maintaining catch basin functionality.

• Stream Bank Stabilization - designs for bioengineered stabilization, as well as
traditional stone bank protection; training for municipalities in stabilization design
and construction practice.

• Public Education Projects - resulted in surveys that measured public opinion
(14).

STANDARD PROTOCOLS FOR RECEIVING WATER MEASUREMENTS

The next stage in the BMP life cycle is the use of standard protocols for field
measurement. Once there are BMPs built according to design criteria and fulfilling
watershed projection needs, then uniformity in measuring receiving water measurements
is required.

Technical Basis

The Rouge Project has spent considerable effort in analyzing ecosystem health and
receiving water quality, and then determining the key parameters to be measured.

Historically, the Rouge River has been damaged by industrialization and suburban
expansion. The river's name reflects the inherent problem of erosion of the river's red
clay soil banks even from the early days of French settlers 300 years ago. Since
industrialization, public health agencies measured oils and greases and toxics such as
mercury PCBs in the sediments. The Rouge Project began a major annual monitoring
program in 1993. Those surveys have shown the following pollutants to be the main
problems in the Rouge:

• Dissolved oxygen deficits, particularly downstream of combined sewer
overflows, but also upstream in impoundments and reaches of the river
affected by sanitary discharges;

• Extremes of flow - either due to increasing impervious areas and flash
flooding, or due to extremely low flow;

• Pathogens from combined sewers, leaking septic systems, sanitary sewer
overflows, and illicit connections to storm drains; and

• Nutrients from lawn fertilizers, sanitary discharges.



Metals and toxies have generally not been a problem, except in the sediments of the
most downstream portion of the river. There are also some hot spots of sediment
contamination, and one lake that had been contaminated with PCB in the sediments.
This lake was dredged in 1997 and 1998, and it is an example of an easily measured
BMP. The removal of the contamination could be measured, the bottom dredged deeper
and fish stocked. Water quality measurements have confirmed the viability of the new
fishery and new recreational uses of the lake. There is now more recreation, fishing,
boating, and a triathlon celebrating its second year in 2001.

Authority

The Rouge Project has established definitive standards for measurement. Because it is
a federally funded demonstration project, the protocols for all measurements are
established in accordance with quality assurance and control standards established by
the US Environmental Protection Agency.

A Field Sampling Plan (FSP) Preparation Guide has been developed. This guidance
document serves as a template for the preparation of site-specific FSPs. The FSP
Preparation Guide also serves as a review checklist for quality control reviews to ensure
that the appropriate level of detail is provided in the FSP.

Activities that are undertaken routinely in a consistent manner are documented in
Standard Operating Procedures (SOPs). SOPs are available for laboratory methods
(e.g., the 5-day Biochemical Oxygen Demand Determination) and field sampling (e.g.,
sediment coring) techniques.

Each laboratory under contract to Wayne County is responsible for implementing a
quality assurance program specifically designed for laboratory activities. As part of this
program, laboratories must document and update SOPs regularly in their Quality
Assurance Program Plans (QAPP). The Rouge Project maintains on file current copies
of all subcontract laboratory QAPPs. Only EPA approved analytical methods are used
for analyses of samples collected as part of the Rouge Project. For those activities,
which require modification of existing SOPs or development of new SOPs, internal
review and approval will be sought from EPA prior to their use.

Measurement

An example of the detail that the program has achieved is given by the evaluation of the
Cedar Lake detention pond shown in Figure 4. In this example, rainfall, influent and
effluent data were analyzed concurrently as part of the detailed examination of the wet
detention pond.

WATERSHEDWIDE MONITORING PROGRAM AND DATA ASSESSMENT

In the final stage of the BMP life cycle, it is necessary to have a comprehensive means
of measuring the collective contribution of many BMPs to the progress of water quality
improvement. The Rouge Project has successfully monitored the watershed since 1994
through a system of 7 continuous flow and dissolved oxygen gages and dozens of dry
weather grab sampling sites. Special studies have been conducted on an annual basis
to develop more information on phosphorus loadings from fertilizer, sediment oxygen
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FIGURE 4 - MEASUREMENT OF CEDAR LAKE BMP PERFORMANCE
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demands, time of travel, dam reaeration, and total residual chlorine, among other issues.
Frog and toad surveys have been conducted for the last three years in headwater areas.
These surveys have brought out an increasing number of pUblic volunteers each year.

Through its annual surveys, the Rouge Project has been able to document a continuing
improvement in dissolved oxygen downstream of the now controlled csa discharges.
The annual surveys also provide a basis for further investigation and correction of other
pollution sources. Among future benchmarks that the annual survey will consider are
the following:

Flow variability

• Restrict peak flow rates at critical points
• Do not allow critical reach to meet the peak more than 10% of the time

Nutrients

• Phosphorus limited not more than 0.05 mgtl total phosphorus

Soil Erosion and Sedimentation

• Settleable solids or suspended solids not present in concentrations which
interfere with designated uses

Dry weather Total Suspended Solids

• Based on achieving desired aesthetic use, maintain or achieve TSS below 80
mgtl in dry weather

Loss of Natural Features

• Benchmark compared to status in year 2000

Passive and active Recreation

• Dissolved oxygen standard 4 mgtl or 5 mgtl, depending on the location.
• Bacteria standards

SUMMARY

The annual assessment of water quality completes the stages of the BMP life cycle that
the Rouge Project uses to measure the performance of BMPs with respect receiving
water impacts. In the year 2000, the annual assessment showed that the Rouge River
met the dissolved oxygen standards 94 percent of the time in its mqst downstream
reaches. Only six years ago, the river was only meeting the dissolved oxygen standards
in these reaches about 30 percent of the time, or less. Wildlife are responding, with ever
increasing numbers and varieties of fish, birds, macroinverterbrates, and other species.
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The life cycle approach to BMP performance allows the Rouge Project to measure - and
continually improve - each step of the watershed management process. This approach
has allowed the Rouge Project to meet it two main goals; first, to make great progress in
restoration in the Rouge watershed; second, to share practical and transferable results
with other watersheds and demonstrate the implementation of wet weather pollution
control policy.
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Fresno Metropolitan Flood Control District

5469 E. Olive Avenue
Fresno, California 93727

ABSTRACT

The evolution of the stormwater regulations has moved substantially faster than has
the science and economics needed to effectively direct the stormwater regulatory
initiative. The imposition of zero discharge mandates, both as to stormwater-borne
pollutants and stormwater itself, is now the reality facing stormwater managers.
While the inventory of stormwater quality management practices that can
predictably reduce pollutant discharges is growing, to the extent they don't achieve
the zero discharge mandate, they do not reduce vulnerability to statutory
enforcement action.

INTRODUCTION

The application of the Clean Water Act National Pollutant Discharge Elimination
System (NPDES) permitting to municipal stormwater initiated an evolutionary
process for regulating urban stormwater management. While not wavering on the
obligation for point sources in general to achieve in-stream water quality standards,
the Congress and regulatory authorities recognized stormwater's episodic and
variant character and created a Best Management Practices (BMP)/Maximum
Extent Practicable (MEP) approach to permitting that gave consideration to the
technical and financial challenges inherent in regulating urban storm drainage
systems:

The evolving introduction of numeric based limits and Total Maximum Daily Loads
(TMDL)/Waste Load Allocations (WLA) into stormwater permits is now redirecting
the stormwater regulatory focus to mandatory quantifiable load reduction, and/or
zero discharge objectives. Local government, faced with this expanded regulatory
mandate and the criminalization of a failure to attain permit mandates must look to



the stormwater scientist for answers as to how to establish and attain realistic load
reduction or elimination targets. The questions begged by this local government
dilemma are rooted in the following: "Can stormwater pollutant loads be eliminated,
or sufficiently reduced to assure no contribution to a violation of a water quality
standard; and if so, with what economic, environmental, and community impact?"

STORMWATER REGULATORY HISTORY

In 1972, Congress created a comprehensive mandate to protect surface waters
through the control and treatment of pollutant sources. The Clean Water Act
prohibited the discharge of any pollutant from a "point source" unless the discharge
is authorized by an NPDES permit.

The following year EPA issued regulations which exempted stormwater from the
permit requirement because of its "non-point" nature. However, the federal courts
overruled the exemption and mandated NPDES permits for stormwater systems.
Congress subsequently enacted special storm water quality _requirements in the
Water Quality Act of 1987 and EPA promulgated the final regulations on November
16,1990.

Based on the recognition by the Congress and EPA that an end-of-pipe NPDES
permit approach was not appropriate for stormwater, Congress created in the 19?7
Clean Water Act amendments a new standard for such permits - the MEP standard.
As EPA cited in its draft Stormwater Phase I regulation: "Senator Stafford explained,
'These are not permits in the normal sense . . . they in effect are programs for
stormwater management ..." EPA (1988).

EPA concluded in its draft, "Congress recognized that permit requirements for
municipal separate storm sewer systems should be developed in a flexible manner
to allow site-specific permit conditions ... n EPA (1988).

Even as late as its February 2000 "Report to Congress on the Phase I Stormwater
Regulations", EPA described the Stormwater Phase I requirement as that to
"Develop a stormwater management program that minimizes the pollutant
discharges of MS4's ...n (emphasis added). EPA (2000a).

What clearly was intended as a programmatic use of BMP's to prevent or control
stormwater-borne pollutants has changed. This evolution is particularly evident in
California, with some communities now working on their third permit cycle.

In response to California's concerns over early efforts to base the new NPDES
permits on water quality standards (WQS) attainment, EPA General Counsel opined
in a January 1991 memo that Congress had not created a new MEP standard, and
that municipal stormwater permits "must include any requirement necessary to
achieve compliance with water quality standards." Elliott (1991).
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This opinion was quickly assimilated into the positions of environmental
organizations across the country, and the result was a rush to demand the inclusion
of quantifiable chemical concentration permit objectives. Those seeking numeric
permit limits supported their demand by citing EPA regulations (40 CFR 122.44)
which require NPDES permits to include numeric limits for pollutants which cause,
or have reasonable potential to cause an exceedance of a water quality criteria.

The expectation for a definable stormwater pollutant load reduction was given new
energy by the currently pending TMDL Regulations. While the Stormwater Phase I
rule implied an authority to impose a numeric permit limit, it did not convey the
sense of legitimacy of quantifiable load reduction conveyed by the TMDL regulation.

Collectively, the combination of regulatory interpretation, new regulatory
development, permit challenges, and political pressure has created an arena in
which the reality of stormwater's episodic and chemically and physically variant
character has been lost in the rush to environmental objectives. Even the "Defender
of Wildlife, e1. al. v. Browner" suit, decided by the federal Ninth Circuit Court of
Appeals, which affirmed the MEP standard, added to the pressure for numeric limits.
While the Court agreed that MEP was a new and lesser standard for municipal
stormwater permits, it also concluded EPA had the discretion to require strict
compliance with numeric limits. At least in California, this result generated even
more intense initiatives, including legislation, to mandate numeric limits and
discharge elimination in all municipal stormwater permits. .

EVOLUTION IN MUNICIPAL PERMITS

At the risk of over-simplifying the municipal experience, it can be fairly stated that
expectations imposed on municipal permittees have evolved over the eleven year
life of the stormwater regulation from "the reduction of pollutants to the maximum
extent practicable" to "the elimination of pollutants"; and in some extremes to "the
elimination of runoff'. Encouraged by the implicit suggestions in the regulatory
framework that all pollutants are ultimately controllable, and that all dischargers are
capable of successful control and treatment, permit writers and their regulatory
authorities are crafting permit mandates far beyond the original concept of MEP.
This evolution has resulted not only in the debate of zero discharge practicability,
but the actual implementation of zero discharge requirements. The following give
evidence of this evolution.

• Early in the California experience, legal counsel for the State Water
Resources Control Board (SWRCB) crafted the following guidance as a way
to help understand the MEP standard.

"Although MEP is not defined by the federal regulations, use of this manual
:,1 selecting BMPs should assist municipalities in achieving MEP. In
selecting BMPs which will achieve MEP, it is important to remember that
municipalities will be responsible to reduce the discharge of pollutants in
storm water to the maximum extent practicable. This means choosing
effective BMPs, and rejecting applicable BMPs only where other effective
BMPs will serve the same purpose, the BMPs would not be technically
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feasible, or the cost would be prohibitive. The following factors may be
useful to consider:

1. Effectiveness: Will the BMP address a pollutant of concern?

2. Regulatory Compliance: Is the BMP in compliance with storm water
regulations as well as other environmental regulations?

3. Public acceptance: Does the BMP have public support?

4. Cost: Will the cost of implementing the BMP have a reasonable
relationship to the pollution control benefits to be achieved?

5. Technical Feasibility: Is the BMP technically feasible considering
soils, geography, water resources, etc.?" Jennings (1993)

• During the 1997 development of the proposed California Toxics Rule and its
related State Implementation Plan, the concept of "discharge prohibitions"
was introduced as an element of the regulatory permit strategy. SWRCB
(1997).

• In its 1999 action imposing a Standard Urban Stormwater Mitigation Plan
(SUSMP) on all 85 Los Angeles County NPDES municipal permittees, the
Regional Water Quality Control Board (RWQCB) created permit limits on
both stormwater-borne pollutants, and the volume of stormwater itself. The
SUSMP requires on-site retention or treatment of the first 0.75 inch of every
storm, or 80% of the average annual rainfall. RWQCB (2000a).
Subsequently, the SWRCB General Counsel directed all California municipal
stormwater NPDES permits to include similar provisions. Wilson (2000).

• The July 2000 draft permit issued for the San Jacinto Watershed (Riverside
County California) created numeric limits which supercede the State General
Construction Permit requirements, prohibiting the discharge of the first flush
(0.1 inch) of rain after a 48-hour dry period, and prohibiting any construction
activity that causes or contributes to a WQS exceedance. RWQCB (2000b).

• The October 2000 tentative renewal draft permit of the Santa Clara Valley
California permit incorporated the SUSMP discharge and treatment
limitations, and without evaluation as to locational applicability, included
specific other numeric targets and mass limits. Falk (2000). [The Santa
Clara Valley Urban Runoff Pollution Prevention Program previously received
EPA's National Storm Water and Combined Sewer Overflow Control
Program Excellence Award.]

4



I

• The tentative 2001 renewal permit for the San Diego County permittees
declares all urban runoff a 'waste' (not just the runoff-borne pollutants),
imposes SUSMP treatment and capture requirements at 90% of average
annual rainfall, prohibits infiltration of stormwater to groundwater in non
residential areas; and, shifts the permit regulatory focus to the storm drain
watershed rather than the storm drain system. RWQCB (2001 b).

• The January 2001 TMDL for the Los Angeles River establishes a "TRASH"
(man-made litter) waste load allocation of 'zero' for the NPDES permitted
urban drainage systems discharging to the River, to be achieved through
phased reductions over a 10-year period. Los Angeles RWQCB (2000a).
Though recognizing three primary sources of the 'pollutant' (storm drains,
wind action and direct disposal), it is the NPDES permittees' obligation to
achieve the 'zero' objective.

• Draft Guidance published by Region IX EPA indicates all RWQCBs should,
in the absence of final TMDLs, impose through NPDES permits the limitation
of mass loads at current levels of loading, the elimination of mixing zones
and the zero discharges of bioaccumulants unless offset through load
reductions. EPA (2000b). [This guidance was distributed by EPA Region IX
with the disclaimer that it does not represent EPA policy.]

• A recently issued Cease and Desist Order of the Santa Ana California
RWQCB ordered the termination of all urban stormwater discharges to
Crystal Cove, designated as an "Area of Biological Significance" by the
California Ocean Plan, which prohibits the discharge of a 'waste' to such
areas.

THE DILEMMA OF THE ZEROIDIMINIMUS DISCHARGE MANDATE

The clear pattern of stormwater regulation, at least as experienced in California, has
moved rapidly toward zero or diminimus discharges; not only of stormwater-borne
pollutants, but of stormwater itself. What has not moved nearly so rapidly is the
evaluation of the impacts of this regulatory evolution.

The municipal stormwater manager, and the governing bodies of local stormwater
agencies, now face three very practical problems as a result of this evolution toward
zero discharge permitting. First, the data indicate current technology cannot
achieve the regulatory objective if zero or diminimus discharge is the standard of
performance. There is also question as to the degree of improvement in receiving
water quality which can be achieved. Secondly, the effort to achieve a
zero/diminimus discharge may produce unexpected collateral impacts. Lastly, the
cost of the effort to achieve the zero or diminimus result may not represent a wise
use of the resources available for environmental objectives.

BMPs Do Not Achieve the Zero/Diminimus Objective

The Center for Watershed Protection provides an updated review of pollutant
removal reportedly achieved by six different stormwater detention, infiltration and
filtering practices for seven common pollutants. While some of the treatment
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practices achieved removal percentages in excess of 80%, Center for Watershed
Protection (2000), none would achieve compliance with permit requirements based
on zero or diminimus objectives.

Similarly, the Center for Watershed Protection's analysis of nutrient loading
reduction produced by innovative site design demonstrated significant reductions.
Center for Watershed Reduction (1998). Again however, sites so developed and
achieving similar reductions would not be compliant with permit requirements based
on zero/diminimus objectives.

NPDES monitoring data generated by the Fresno Metropolitan Flood Control
District's (FMFCD) total retention based stormwater system has also demonstrated
significant removals, some reaching 93%. FMFCD (2001). But when compared to
the then pending California Toxics Rule, removals for some constituents would need
to be increased an additional 67% to 100% to achieve regulatory compliance. Ruby
(1997).

Even at these reduction levels and attainment of the now adopted was, the
zero/diminimus objective is not met. Moreover, even the regulatory entities' own
data indicate the condition of the receiving water may change little as to various
constituents. Falk (2000).

On a national scale, tremendous attention has been given to the effectiveness of
stormwater quality management and treatment devices. From the practitioner
perspective, the goal has been the maximization of cost effectiveness toward the
goal of regulatory compliance. However, under the zero/diminimus standard, the
good removal percentages now being achieved by many simply aren't good enough
to deflect legal enforcement action.

Collateral Costs

Needless to say, the evolution to criminalized zero discharge objectives comes at a
great expense, both in human, capital and alternative resource impacts. To date,
the merit of and methods to achieve such objectives have not been grounded in
principles of science and management, but in political strategies and litigation.

Consistency has also been a victim of the current regulatory regime. As an
example, while it is legal to manufacture and use Diazinon in the urban
environment, the same concentration in the storm drain is illegal, constituting a
criminal violation of state and federal law by the storm drain owner.

Moreover, the national regulatory focus has not been well targeted on source
reductions, but on end-of-pipe limitations. Such a focus raises the potential for a
variety of collateral impacts, including those of criminalization and consistency just
mentioned.

An immediate impact of numeric end-of-pipe NPDES stormwater permit limits is the
continued deferral of regulatory program attention, away from source identification
and elimination, to end-of-pipe treatment or flow diversion. Both have significant
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collateral impacts themselves that may be as damaging to quality-of-life objectives
as the pollutants they seek to target.

Depending on local hydrological and geological conditions, storniwater flow
diversions can reduce or eliminate in-stream flows which sustain aquatic habitat.
Elimination of sediment can increase erosion or diminish replenishment. Prevention
of irifiltration can result in depleted groundwater. On-site stormwater retention and
treatment can decrease urban densities, increase sprawl, and increase the
dispersion of pollutant repositories throughout the urban community. End-of-pipe
stormwater treatment can adversely impact riparian corridors.

Economic impacts beyond the capital cost of stormwater collection and treatment
systems can also be a factor. Increased infrastructure costs, when added to already
elevated urban housing costs excludes additional segments of the population from
home ownership. Higher costs of business production and operation, without a
commensurate return, reduce bottom lines, reinvestment and employment.

-
Among the potential economic collateral costs is that related to the change in urban
form. The data produced by the Center for Watershed Protection analyses of
innovative urban design relative to nutrient reduction suggested that pollutant
removal moves in proportion to runoff reduction, which similarly moves in proportion
to land use density reduction.

The potential collateral cost then is the reduction in urban per capita use per square
foot of useable urban area - producing the result otherwise known as urban sprawl.
The alternativeoption is to increase the per capita use per square foot of developed
parcel area - producing as a result urban compaction. Inherent in this choice is the
value judgment as to which "cost" is the least damaging to the long-term quality of
urban life.

These choices give rise to a related issue, that being the comparative value of
regional versus on-site stormwater retention and treatment. The regional option
allows an array of urban form choices in the stormwater management matrix while
on-site retention and treatment tend. to limit the choice to that which risks negative
urban form change and pollutant redistribution as a potential result.

Too often focused on, but given too little credibility because of its size, is the cost in
dollars to achieve such flow and pollutant objectives. These dollar costs not only
are found on the price tags of the mandated facilities or programs, but also
collaterally, on the entire economy of the impacted community. The previously cited
work on innovative designs by the Center for Watershed Protection suggests these
urban impact costs actually decline. Given the infrastructure and societal costs of
both sprawl and compaction however, a lower cost thesis would appear hard to
sustain:

Perhaps the most unnecessary cost is that of negative energy which results when
conflict and political intimidation are used as goal attainment strategies. In the
pressing of the environmental protection objectives, an extremism frequently
evolves which uses as its tactics charges against local officials tantamount to the
intentional poisoning of the environment. It is indeed unfortunate when those who
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support the advancement of objective science and management to define the
problem and to structure solutions are targeted as opponents of the national Clean
Water objectives. The true cost of such strategies is the lost opportunity for positive
collaboration among those with a variety of views and expertise to work on effective
technologies and solutions.

The Direct Cost of ZerolDiminimus Discharges
Local System Example: Fresno, California's Urban Drainage System

Perhaps there is no other existing urban drainage system currently under permit that
comes closer to a zero/diminimus objective than that of the Fresno Metropolitan
Flood Control District, in California. And while the system produces notable
pollutant control along with other desirable secondary community benefits, even it
does not and cannot achieve the zero/diminimus regulatory objectives as they are
now evolving.

The Fresno metropolitan area, located in the Central San Joaquin Valley of
California, occupies a planned urban area of 180 square miles. The area
encompasses two cities and a significantly populated unincorporated area, the total
2000 population estimated at 625,000.

Topographically, the area is characterized by a flat valley floor and by rolling foothill
terrain of the adjoining Sierra-Nevada Mountains. Though bordered by two major
rivers, the urbanizing area has no natural water courses which reach the river
channels or other natural receiving water. Distinct wet and dry seasons produce
rainfall averages from 9.5 inches to 13 inches across the urbanizing area.

The area's stormwater management is accomplished through a master planned
regional retention/detention system. The planned urbanizing area is subdivided into
166 individual local drainage areas which average 695 acres (see Fig. 1). With
limited exception, each area is served by a single stormwater retention/recharge

~asin averaging 14 acres in area and 138 acre-feet in capacity.

In aggregate, the cumulative runoff coefficient used in collection system planning is
OAO, based on the two-year design storm. This cumulative runoff coefficient is, to a
minor degree, also influenced by the fact that 2% of the urban watershed is
occupied by the stormwater basins.

Basin capacity is based on storing 60% of the average annual runoff. Basins are
interlinked with piping and pump stations, which allow the movement of stormwater
within the system and the export through irrigation canals to the San Joaquin River.

Ten of the planned drainage areas serve urbanization occurring along the river
frontages. In these areas, stormwater is discharged to the river by means of
stormwater detention basins designed in accordance with the Nationwide Urban
Runoff Program (NURP) based detention basin guidance, to a removal goal of 90%.
EPA (1986).
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In aggregate, 80%-90% of all urban runoff generated in the urbanizing area is
captured and either percolated to groundwater, or lost to evaporation. Of the
balance, all but 1% is captured and held for treatment in the retention or detention
facilities prior to discharge. The 1% discharged without treatment involves small
local drainage areas which were fully developed prior to the advent of the
community drainage program, with no land area available for basin construction.
These areas are served by direct pumping to irrigation canals which ultimately
discharge to the river.

In 2000 dollars, the system bears a total cost to date, plus estimated cost to
complete, of $450,000,000. This represents an average cost per acre of $3,900.
However, excluding previously incurred cost and previously served land areas, the
cost to complete the system, in 2000 dollars equals $8,600 per acre.

On average, 80-90% (depending on storm size and sequencing) of all'stormwater
borne pollutants generated in the urbanizing area are captured and never reach a
receiving water. Of the balance, at least 93% is subject to pr~-discharge treatment.
At the maximum, only 1% of the total is discharged without treatment. Even so,
based on discharge concentrations, the Fresno system does not achieve
compliance with current concentration based criteria, and certainly would violate a
zero/diminimus discharge standard.

The increase of system storage capacity, so as to capture 100% of average annu'al
runoff, was studied. This would require increasing system storage by an estimated
20,000 acre-feet at the current cost of $11,000-$20,000 per acre-foot of new
storage. While the base system capital cost would increase by $220,000,000 to
$400,000,000, storage capacity would still be exceeded in 40% of the rain seasons,
and 100% of the resulting discharges would likely continue to exceed one or more of
the concentration based criteria, and would certainly fail a zero/diminimus discharge
criteria.

The Cost of Pursuing Zero Discharge

In the instance of the Fresno system, the modification to increase storm capture to
100% of all runoff from the average annual rainfall produces costs per capita of
$640. On an area-served basis that cost change is $3,470 per acre. While some
may argue that these costs are not overwhelming, the wisdom of the expenditure
can be questioned when (1) a 50% to 100% increase in system cost only treats an
additional 1% of the area's runoff and increases treatment for only another 14% ±;
and (2) unavoidable discharges which violate water quality standards will continue
to occur.

Expanding cost estimates beyond individual communities has been difficult and
sotnewhat shrouded by misuse in the cost-benefit debate. With that said, a broader
look at the California case may be helpful. Recent estimates by CalTrans of its
stormwater compliance costs ($7 billion) are equaled by that of the local
municipalities' estimates of their costs. Storm Water Quality Task Force (1997).
While these cumulative estimates of $14 billion don't reflect implementation of zero
discharge requirements, they do reflect the advanced stage of NPDES stormwater
permit requirements in the state.
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Based on the 2000 census data, the current per capita tax burden in California is
$2,184. If the $14 billion estimate is correct, the per capita tax burden must
increase by 19% ($422) to fund the current stormwater quality requirements.
Unknown is the extent this tax burden must increase further to achieve a zero
discharge objective.

On a national basis, only the 1993 cost survey and analysis by James M.
Montgomery for the Southern California Chapter of the American Public Works
Association attempted to scope implementation costs at differing levels of
performance objectives. While its estimate of $407 billion in capital costs to
implement full WQS attainment efforts for the nation's municipalities was ridiculed
by some when first published, the view from today's perspective might produce a
more reasoned reception. The Montgomery estimate, if valid in today's dollars,
represents a per capita cost based on the 2000 census of $1,500 to achieve WQS
at the end-of-pipe. This is not inconsistent with the $640 per capita related to the
Fresno system which already captures 80-90% of all runoff; and it compares with
the per capita cost determined by the City and County of Sacramento in its Use
Attainability Analyses (1990 and 1997) of approximately $1,500 per capita.

THE ROLE OF SCIENCE AND MANAGEMENT

It is hydrologic fact that man cannot build a stormwater system God cannot exceed,
and that stormwater discharges are unavoidable. It also hydrologic fact that rains
wash the people-generated contents of the atmosphere and the watershed into the
storm drains and that pollutants impacting stormwater are ubiquitous. Only when
there is no pollutant in the exposed universe, or no rainfall, will we likely be able to
achieve zero discharge.

Since it is likely that rainfall and people will continue to happen, we must find a way
to resolve the inconsistency between our desired load reductions and our regulatory
mandates. If we are to develop a remedy which focuses resources on true pollutant
reduction and elimination, which avoids undesirable collateral costs, and which can
be accomplished within the limits of available resources, we are going to need an
effective partnership among regulatory agencies, the sciences and local
government.

While state and federal legislative and regulatory roles are critical, they are most
likely to follow the science. Just as it was early stormwater science (NURP), that
formed the foundation of the early regulatory initiatives, and current research which
is shaping current permits and regulations, the next generation of stormwater
science must help shape long-term implementation strategies and methods. From
this base of new science will come the program mandates and the implementation
tools.

For the regulatory and implementation legs of the WQS attainment triangle to be
successful, the third leg, the sciences must help answer the following questions:
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1. What do we know today, from the macro perspective, about the sources,
loadings, concentrations, impacts and manageability of urban stormwater
pollution?

Absent the NURP program of the early 1980's, there has been no
succeeding product which documents the state of urban stormwater science,
pollution, and management progress and knowledge.

2. Can we achieve a zero or acceptably low level discharge of stormwater
borne pollutants?

Those who must write and enforce regulations, and those who must finance
and manage the work effort must know if such a goal is attainable. The
expenditure of resources on non-attainable goals comes at the cost of lost
opportunities to pursue achievable goals.

To answer this question we must also know what treatment and
management practices are actually effective at producing demonstrable load
reductions. It must be remembered that unless the mandated load
reductions are both attainable and provable to the permitting authority, the
local system operator still is in violation of the law.

3. Should we pursue a zero or diminimus discharge objective for stormwater or
stormwater-borne pollutants?

To answer requires an understanding of the true impacts on beneficial uses
of varying discharge scenarios. It also requires a better understanding of the
comparative gains which could be made by pursuing source reductions,
rather than discharge treatment.

The Santa Clara Valley Urban Runoff Pollution Prevention Program modeled
such an effort with its early work on copper source reduction. More recently,
the California Storm Water Quality Task Force advanced this effort by
directly engaging in the federal re-registration of diazinon and chlorpyrifos.

This in turn requires a clear understanding of the true sources of the
pollutants of concern found in the receiving waters. Coliform spikes in
receiving waters have been almost universally referenced as evidence of
urban drainage impacts, yet sources are now often found to be wildlife or
non-point related.

4. What does the urban citizen obtain as a result of the effort to achieve the
zero or diminimus discharge?

This question must consider the variety of collateral impacts and whether
those impacts improve, diminish or leave unchanged the quality-of-life. If for
example the zero or diminimus discharge effort simply relocates urban
pollutants from a regional stormwater basin to a residential flower bed, the
question of whether community health has been improved, diminished or left
unchanged must be addressed.
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Also, do land use designs to limit runoff discharges increase sprawl of major
urban centers, or does per capita density per developed square foot of urban
area increase, or both? Must urban populations be redistributed into smaller
urban centers; must the American tradition of home ownership be modified?
If housing costs increase disproportionately to per capita income, is there a
finance mechanism to maintain affordability of housing?

5. What are the necessary and achievable improvements in the designated
beneficial use of the receiving waters?

What specific improvements in existing receiving Water Quality are
essential? Will a stormwater program initiative directed at zero or diminimus
discharges accelerate the rate of observed improvement in receiving water
quality, or will an absence of such an effort cause us to forfeit past gains?
What degree of receiving water improvement is actually achievable?

6. Are the variables created by climate and topography so significant as to
demand significantly differing strategies from one region to the next? For
example, would a termination of urban stormwater discharge into effluent
dominated streams in the arid west be desirable given the loss of habitat
support?

7. What will be the results of the control efforts now being applied to cross
media pollutant sources? Will csa, ssa and air quality goals attainment be
a more effective means of stormwater quality goal attainment than in-system
stormwater treatment and diversion? Is there an appropriate balance among
the various regulatory programs relative to the goals of the Clean Water Act?

CONCLUSION

The recognition of urbanization as a prominent contributing source of receiving
water pollution is unavoidable. The necessity of receiving water protection is
undeniable. But, absent an effective way of addressing these realities, we are left
with the criminalization of such conditions as tennis balls in storm drains. And, it is
the owner of the storm drain, not the owner of the tennis ball who is to be the
criminal. The situation seems somewhat analogous to arresting the street sweeper
operator because the sweeper is full of bad stuff.

Thus far, there is limited evidence that the stormwater controls currently being
mandated by regulation and permit will dramatically improve the existing quality of
the nation's receiving waters. Certainly these program initiatives will not achieve
compliance with the current regulatory expectations.

While we don't have to wait for a definitive answer to these questions to continue
aggressive urban clean up programs, the information which will direct the wise and
effective stewardship of our resources, and our future, must be sought equally
aggressively. And that search must include all stakeholder and resource providers
in a collaborative partnership that transcends the divisions inherent in past
stormwater regulatory debates.
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ABBREVIATIONS USED

BMP: Best Management Practices
eso: Combined Sewer Overflow
EPA: Environmental Protection Agency
FMFCD: Fresno Metropolitan Flood Control District
MEP: Maximum Extent Practicable
NPDES: National Pollutant Discharge Elimination System
NURP: Nationwide Urban Runoff Program
RWQCB: Regional Water Quality Control Board, California
SSO: Sanitary Sewer Overflow
SUSMP: Standard Urban Stormwater Mitigation Plan
SWRCB: California State Water Resources Control Board, California
TMDLs: Total Maximum Daily Loads
WLAs: Waste Load Allocations
WQS: Water Quality Standards
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Disclaimer: The information presented in this paper consists of the personal
views, opinions and interpretations of the author and does not necessarily

represent official EPA positions, policies or requirements. This preliminary
draft has not been reviewed and approved by EPA.

ABSTRACT

The objective of the Clean Water Act (CWA) is to maintain and restore the
chemical, physical and biological integrity (ecological integrity) of the Nation's
waters. However, in populated urban watersheds with large amounts of
imperviousness, loss of riparian cover, extensive habitat modifications, altered
hydrology and numerous pollutant and runoff sources, achieving the highest level
of ecological integrity may no longer be feasible -- attempting to do so may set
unrealistic goals and be economically unachievable.

Under the CWA and federal regulations, States and Tribal Nations have the
capability to set realistic goals for managing urban water bodies. These goals are
the State and Tribal water quality standards and should be the yardstick by which
the success of storm water management efforts to improve water bodies is
measured. Through a public process, States and Tribes can make improvements
in managing aquatic life by adopting more appropriate aquatic life uses for urban
water bodies and setting different levels of criteria for protecting each use. A key
tool for successfully doing this is the use of biological assessments and criteria.

This paper discusses the statutory background and essential elements of water
quality standards and how biological assessments and criteria can be used to
define the most appropriate aquatic life goals for urban water bodies.
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INTRODUCTION

Traditional storm water best management practices (BMPs) studies measure
pollutant removal rates, loading input-output relationships, concentrations, or some
other performance level potentially unrelated to the quality of the receiving water
body. Although understanding pollutant removal capability is useful from a
technology and engineering design standpoint, it may tell us little about whether a
receiving water body is actually improving.

The most meaningful receiving water body endpoints or targets for determining the
effectiveness of any BMP, pollution prevention measure or discharge control, are
those set under State and Tribal water quality standards. When water quality
standards are properly established for a water body, including urban water bodies,
they can consider human population growth, the condition of watersheds and
social and economic impact, along with other factors, to ensure the goals are
realistic and achievable.

However, for some urban water bodies, standards were set many years ago using
older assessment techniques and little empirical data. As a result, older standards
may not be adequately protective of the aquatic life that is present, or may no
longer be reasonably achievable due to human induced, irretrievable impacts
within a watershed. In both cases, the water quality standards program provides a
framework for making necessary adjustments to define realistic and protective
management objectives for all water bodies.

New tools, such as biological assessments and criteria (including habitat
assessments), can play an important role in better identifying existing aquatic life
resources, in prioritizing resources for protection and in setting more appropriate
management goals in watersheds where extensive, irreversible human-induced
changes have occurred.

With the use of biological assessments and criteria, municipalities can better
assess the aquatic life that exist in urban water bodies not yet impacted by the

o,,·-s.tre~ses of urba~ development'and can work yv'ith their States to ensure the water r-.~

:-": ~uality standards will adequately protect those resources commensurate with local ;--,
1 ~. " .\ • '\ -1 " . '.'
' .. values and prevent future degradation. Where water bodies have already been \__L

impacted by watershed urbanization, localities can work to ensure the water quality
standards contain realistic goals for maintenance and restoration.

STATUTORY BACKGROUND

The Clean Water Act ((CWA), 33 U.S.C. 1251 et. seq.) is the legal foundation for
defining water quality standards. The objective of the CWA is to restore and
maintain the chemical, physical and biological integrity (or ecological integrity) of
the Nation's water bodies (CWA section 101(a)).

Congress set an interim goal under section 101 (a)(2), which states; "it is the
national goal, that wherever attainable, an interim goal of water quality which
provides for the protection and propagation of (balanced and indigenous
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populations of1) fish, shellfish and wildlife, (commonly referred to as
"fishable/swimmable") and provides for recreation in and on the water be achieved
by July 1, 1983".

Figure 1: Goal ofEcologicall1legrity Under the Clean water Act

1~ ~:~ -'~-~1 ~'T "-j" .... \ ~ ,.~\ ~ ~ : .... / ~' . . -r-: :'~~--~

i-/t~:~TokchieJe the ~bjectives of the 'CWA,.an9 m~eef the interim 9'9al, section 303 of :~_.. :1

.-.z- _1- the 'Act directs States' and Tribes to adopt water quality standards. States have" ~"- -'....
considerable discretion in adopting water quality standards and tailoring their
standards to reflect particular water resource management needs. This discretion,
however, is not unlimited. State water quality standards must meet minimum
Federal regulations (40 CFR 131) and be consistent With the purpose and Intent of
the Act. .

With public participation, States adopt water quality standards that serve as the
legal basis for TMDLs and applicable permit requirements for point sources, and
provide the program goals for non-point source management programs. Sections
301 (b) and 402(a) of the CWA specifically require that national pollutant discharge
elimination system (NPDES) permits ensure compliance with water quality
standards. The CWA requires States to review their water quality standards at
least once every three years (commonly referred to as triennial reviews). Any new
or revised water quality standards must be approved by EPA before the standards
can be used for CWA purposes.

WATER QUALITY STANDARDS

Water quality standards are laws and/or regulations that States, and Tribal Nations
authorized under the CWA to administer the program, adopt to protect and restore
water quality and to protect the public health and welfare. Water quality standards
provide the foundation for accomplishing the principal goals of the CWA and set
the specific benchmarks, target(s), or desired endpoint(s) for determining if storm
water management efforts are making improvements in any given water body.

A water quality standard consists of three elements: 1) the designated beneficial
use, or uses, of a water body; 2) the water quality criteria necessary to protect

lin other sections of the CWA where the phrase "protection and propagation of fish, shellfish and
wildlife" is used, it includes the phrase "balanced indigenous populations of'. The lack of this phrase
in section 101 (a){2) is an editorial omission
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Table 1: Clean Water Act (CWA) section 303(c) authorizes StatefTribal
Water Quality Standards Programs by:

1. defining water quality standards;
2. identifying common beneficial uses: public water supply, propagation
of balanced indigenous populations of fish and wildlife, recreational
purposes,
agricultural and industrial water supplies and navigation;
3. requiring that State and Tribal standards protect public health or
welfare, enhance the quality of water and serve the purposes of the Act;
4. requiring that States and Tribes review their standards every three
years;
5. establishing the process for EPA review of State and Tribal standards.

the use or uses of that particular water body; and 3) an anti-degradation policy.
Water quality standards apply to all waters of the United States, including streams,
rivers, lakes, estuaries, coastal waters, and wetlands.

Water quality standards serve as the foundation for the water quality-based
approach to pollution control and are a fundamental component of watershed
management. Although the CWA gives EPA an important role in determining
appropriate minimum levels of protection and providing national oversight, the
States, and authorized Tribes have primacy over designing their programs and
establishing the levels of protection for any water body.

Designated Use's

Designated uses are important legal benchmarks or endpoints that assessments of
the effectiveness of storm water BMPs should evaluate. Designated uses are
either the existing conditions in a '.'later body, in '.'lhich case the designated use

" .. prot~cts and maintains that ~xisting ~ondition.. Or, the design~!~d usejs a goal for._ ".,~_.. _.
~, ~ restoration of the water body that is proje'cted to be achievable sometime in the i, ' ;'

\- ...-- .. -' , ,,'.'" '\ .,..-~ ,

j ifuture ' "~-. ,,'--~' !,
.' ,_ ..-:. _.~~ _'L

Table 2: Common Designated Uses:

• Outstanding Natural Resource Water
• Cold Water Fishery
• Warm Water Fishery
• Domestic Water Supply
• Primary Contact Recreation
• Secondary Contact Recreation
• Livestock Watering
• Irrigation Water
• Navigation

When designating uses, States and Tribes must protect all existing uses in a
water body. Existing uses are those uses actually attained in the water body
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~ on or after November 28, 1975 (the date of EPA's initial water quality standards
regulation), whether or not they are included in water quality standards.

In designating uses for a water body, and adopting criteria to protect those
designated uses, States can consider the attainability of the uses often weighing
the environmental, social and economic consequences of their decisions. Under
the language of the CWA a "rebuttable presumption" exists that protection and
propagation of balanced, indigenous populations of fish, shellfish and wildlife are
attainable on all water bodies and therefore should apply to any given water body
unless it is affirmatively demonstrated that such uses are not attainable.

Water Quality Criteria

Water quality criteria, the second part of a water quality standard, provide more
specificity for determining the effectiveness of storm water BMPs. Water quality

__~ ~-----: cri!~IJ.g a~~ level~ of individual'pollu~ants,wa~~~quaIJ,!Yc;;barac.!erlstic5" ~r ~
J "1 ,1 ,'descriptions of conditions of a water body that, if:met, will generally protect the -r-:<·
~ ~ _,-;..,.J ~.; _ ". \".,. <.. ••" -, ~r- i ""~'gesignated use: Under section 304(a) ofthe CWA, EPA periodically publishes\ :

-~~,- -~ recommendations '(guidance) for use by States a'nd Tribes to set 'water quality' f!.- _.\

criteria. Water quality criteria are developed to protect aquatic life, human health,
sediment quality and in some cases wildlife.

To protect aquatic life, there are chemical-specific criteria, toxicity criteria,
biological criteria, contaminated sediment criteria and physical criteria, such as
temperature and dissolved oxygen. These criteria may be expressed in either
narrative or numeric form.

Numeric criteria are values expressed as levels, concentrations, toxicity units, or
other numbers deemed necessary to protect a designated use. Water quality
criteria recommendations developed by EPA under Section 304(a) are based
solely on data and scientific judgments on the relationship between pollutant
concentrations and environmental and human health effects. EPA criteria under
section 304(a) do not reflect consideration of economic impacts or the
technological feasibility of meeting the chemical concentrations in ambient water.

Section 303(a)-(c) of the CWA requires all States, and authorized Tribes, to
evaluate the need for water quality criteria to protect a designated use and then to
adopt water quality criteria (either EPA's recommendations or its own) sufficient to
protect those uses. Economic and technological factors (e.g., the ability of
analytical techniques to detect the pollutant and treatment cost considerations)
may not be used to justify adoption of criteria that do not protect the designated
use.

EPA has developed to date, aquatic life criteria guidance for 45 chemicals and
human health criteria guidance for 100 chemicals. For the most part, States and
Tribes have found EPA criteria useful in setting standards to protect designated
uses.
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Anti-degradation

An anti-degradation policy performs an essential function in State and Tribal water
quality standards. While designated uses establish the water quality goals for the
water body and water quality criteria define the minimum conditions necessary to
achieve the use, an anti-degradation policy specifies the framework to be used in
making decisions regarding changes in water quality. The intent of an anti
degradation policy is to ensure that in all cases, at a minimum, water quality
necessary to support existing uses is maintained (tier 1). Where water quality is
better than the minimum level necessary to support protection and propagation of
balanced, indigenous populations of fish, shellfish and wildlife, and recreation in
and on the water, that water quality must also be maintained and protected unless,
through a public process, some lowering of water quality is deemed to be
necessary to allow for important economic or social development (tier 2). Anti
degradation is also designed to protect water bodies of exceptional rec~eational or
ecological significance (tier 3). Anti-degradation plays a critical role in allowing
States and Tribes to maintain and protect the finite public resource of clean water
and ensure that decisions to allow reductions in water quality. are made in a public
manner and serve the public good.

THE PRIMARY CHALLENGE IN URBAN AREAS

The primary challenge in urban areas is to ensure that appropriate water quality
standards have been developed for urban water bodies. Water Quality standards
should be set that protect valuable existing resources from further degradation,
provide restoration targets for those resources already impacted, and recognize
aquatic life limitations inherent in heavily urbanized areas.

Thresholds of urbanization beyond which aquatic life is likely to be impaired have
previously been identified by researchers in the range of 8-20% imperviousness
within a watershed Schueler (1994). Studies by Yoder and Rankin (1997) found
results in the 8% to 33% urban land use cover for the Cuyahoga River basin and
Columbus area streams. Subsequent studies by Yoder e1. al. (2000) indicated that

T""\ "j "~otherwatershed .stressors such as combined sewer overflowsand.legacy ",T o

",

;..... ; pollutants,: pollutant loadings, watershed development history, ~ripanan buffers, \ f'''''
.;.. .J... types and patterns of land use, habitatmodifications, urban age. arid .hydrology:;.. ...:i...

were significant additional factors attributing to the impairments. When these other
factors were eliminated, the upper level of watershed imperviousness beyond
which the Ohio warm water aquatic life classification was usually lost was 25%
illiperviousness. At greater Ulan 60% irnperviouslless, Ule use was rlever found.
More sensitive aquatic life, such as brook trout, may be unable to survive in
watersheds with as little as 1- to 2-percent impervious land cover Boward e1. al.
(1999). In addition, habitat quality, hydrological regimes, climatic factors, invasive
species, disease and other natural variables may playa role. This literature
suggests the full protection or restoration of aquatic life may not be feasible in
some watersheds that are heavily urbanized. Yoder e1. al. (2000) suggest that
given the complexities in urban watersheds, further study is needed to better
understand the relationships of the different factors that effect biological conditions
which will lead to better management objectives for urban streams.
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One possible management outgrowth is an urban stream habitat use (Yoder et.
a!. 2000) or an urban stream restoration use Stumpe, unpublished) or an urban
stream preservation use. Such use designations would afford urban streams
practicable levels of protection while recognizing the permanent changes
watershed urbanization imposes on stream quality (Yoder et. a!. 2000). Tailored
urban stream standards would be a useful tool to advance urban stream
restoration and protection (Stumpe, unpublished). Community values can be
reflected through community participation in the development of the standards and
the implementation of restoration/protection plans. Urban stream standards may
result in more or less stringent levels of pollution control and storm water
management, depending on the objectives of the community. A downgrade of the
use(s) is not the only potential result. Many good quality water bodies could be
more readily prevented from urban deterioration.

The lack of appropriate aquatic life uses and criteria to protect those uses can
_,_ .....,._ inC!(;tv~,rtef1tly resul~ in a 19we.fJ~vel of protectiof} than intended._,_Aquati~ , __. _, '

J 1 ,~ ;.communities can vary significantly from water bOdy-to-water body; However"'State ;' r
f ' 1" ~~and-Triba'i use dasslfi.ca'tions may, not reflect thevariability among 'aquatic. :__\ ('i

_.... _L community· types and may Iist;instead, very 'general descriptions such as "aquatic-
life" as the designated use for all water bodies throughout the State. Where this is
the case, it is possible that measurable changes in aquatic community composition
or production could occur at a specific site and still satisfy the definition of "aquatic
life", unless somewhere in its process, the State or Tribe has documented
information about its specific intent in applying the "aquatic life" classification to
each water body_ Without specific designated uses and criteria to protect those
uses, such a system of water quality standards could lead to the unintentional
degradation of all water bodies within an urban area.

For example, an activity that causes the discharge of sediment, altering the
physical habitat in the receiving water body, could result in a measurable change in
aquatic community structure and function. Yet, that activity may arguably satisfy a
general "aquatic life" use protection requirement due to the lack of biological
specificity in the description of the designated use or the criteria to protect it.

In assigning criteria to protect general use classifications, a State or Tribe must
ensure that the criteria are sufficient to protect the full range of waters in the State
or Tribal lands. To accomplish this, criteria may be based on the most sensitive
use in any water body. While this approach will result in full protection of all State
or Tribal waters, this approach will result in criteria that may be overly stringent,
especially for urban areas.

In some urban areas, human-induced conditions or sources of pollution prevent the
attainment of the use which cannot be remedied or would cause more damage to
attempt a remedy than to leave it in place, In addition, physical conditions related
to the habitat of the water body, unrelated to water quality, may preclude
attainment of aquatic life uses. In some watershed where imperviousness is the
primary source of stress, controls to reduce storm water discharge volumes could
cause substantial and widespread social and economic impact. For example, an
older urban watershed that is 75% impervious, which results in severe habitat
damage in the urban stream system due to excessive storm water flow, may have
little opportunity for BMP retrofits and the cost of removal of the impervious
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surfaces would cause wide-spread social and economic impact. The question then
in highly urbanized watersheds is, what should be done about the water quality
standards for aquatic life if they are no longer appropriate, or never were?

ENSURING URBAN WATER BODIES HAVE APPROPRIATE AQUATIC LIFE
STANDARDS

Where it is determined that an urban water body has inappropriate water quality
standards (either the designated aquatic life use is not protective of the existing
use(s), or is no longer achievable and restoration is not possible, or the criteria are
over- or under-protective) changes can be made to the water quality standards.

Changing Designated Uses

Changing a designated use to one that lowers the level of protection afforded to
aquatic life in a water body (e.g; lower an aquatic life use from an exceptional
warm water fishery to a warm water fishery) requires that a use attainability
analysis be prepared and submitted to the public for consideration, and to EPA for
approval. A UAA is a structured scientific assessment of the physical, chemical,
biological and economic factors affecting the attainment of the use.

There are six factors, from which if anyone is satisfied, can form a basis for
lowering a designated use. These are;

1. Naturally occurring pollutant concentrations prevent the attainment of the
use; or

2. Natural, ephemeral, intermittent, or low flow conditions or water levels
prevent the attainment of the uses, unless these conditions may be
compensated with sufficient effluent discharges; or

3. Human-caused conditions or sources of pollution prevent the attainment of
the use and cannot be remedied or would cause more damage than to
leave in place; or

4. Dams, diversions or other types of hydrological modifications preclude the
" '>\': \ ;' use, and it is· not possible to restore the water body or operate:the \ . "
·,1--"/ ~--.;:' }-"modificatio~ in sU~h ~ wa~{'that would result in attainment; or i-.~·· .~_~\. '1:""!

1. 5.-- L.-Physical conditions related to the natural features of the water:·body.,-- l_i
unrelated to water quality preclude attainment of aquatic life uses; or

6. Controls necessary to attain the use would cause substantial and
widespread social and economic impact.

The UAA must provide sufficient information for the State, public and EPA to
determine that the use is not attainable. The UAA should also provide sufficient
information for the State to adopt an alternative use and the criteria to protect it.
Substantial guidance is available on conducting aquatic life-use UAAs (WERF
1997, USEPA 1983-1984, USEPA 1995). Bioassessments and biocriteria play
crucial roles in a UAA, in that biological data should be the primary factor for
determining the status of the aquatic life in a water body (USEPA, 1997).

States may not lower a use if the use is an existing use, or if the use can be
attained by implementing effluent limits required under sections 301 (b) and 306 of
the Act and by implementing cost-effective and reasonable best management
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practices for non-point source controls. In situations other than these, uses can be
changed.

Changing to a designated use that requires a higher level of water quality, or to
one that protects more sensitive aquatic life (upgrading) can be done without a
UAA. Raising or lowering uses requires a public hearing. Federal regulations
require that the State conduct the UAA, but do not dictate who must generate the
information used in the analysis.

Subcategorizing Designated Uses

An alternative to removing, or downgrading, a use is refining a water body's
designated use by creating subcategories which describe the use in more detail. A
subcategory can, and may need to be, water body-specific if the State or Tribal use
classification system is not sufficiently precise to accommodate the subcategory of

, . :. dEtWgQ~t.~.duse~ fa! all w9t~r. ~?die~ in tre S!fJ~. B~fil1.~!l1ent.<?f.ad,esignate~ use.. -, ~'_'''''''';11 )j')js not tlme-Ilmlted,te; the deSignated use that results, permapently qeqomes the r ," :: '
....... " ._• .-p_... . , .- . --"'1_t' l":~~=~t~:e ...~~:.. the:~~te~ ~9.?y... _ ~.' ~'\, 'i .:._., ~I ~ \. r··:;t... ,J,. '1

Seasonal Uses:

In some areas of the Country, uses are practical for only limited seasons. States
and authorized Tribes may specify the seasonal uses and criteria protective of the.
uses as well as the time frame for the season, so long as the criteria do not prevent
the attainment of any more stringent uses attainable in other seasons. Examples
may include swimming (primary contact recreation) only during warm seasons and
only incidental contact (secondary recreation) during other times of the year, or
more restrictive aquatic life uses, but only during spawning season, early life stage
seasons, migration seasons, etc.

Variances, Temporary Standards and Ambient-Based Criteria

Three additional alternatives to use changes that have been used by States are
variances, temporary standards, and ambient-based criteria. These alternatives
also avoid downgrading a use in the sense that they can provide adjustments to
particular aspects of the standards -- i.e., to the criteria for particular pollutants or
the criteria as applied to certain dischargers -- without changing the designated use
and the full suite of criteria to protect the designated use.

A variance is a short-term exemption from meeting certain otherwise applicable
water quality standards. The essential elements of a variance are, a variance:

• should be granted only where there is a demonstration that one of the use
removal factors (described above) has been satisfied;

• is granted to an individual discharger for a specific pollutant(s) and does not
otherwise modify the standards;

• identifies and justifies the numerical criteria that will apply during the
existence of the variance;

• is established as close to the underlying numerical criteria as is possible;
• is reviewed every three years, at a minimum, and extended only where the

conditions for granting the variance still apply;
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• upon expiration the underlying numerical criteria have full regulatory effect;
• does not exempt the discharger from compliance with applicable

technology or other water quality-based limits; and
• does not affect effluent limitations for other dischargers.

The principal difference between a variance and a downgrade of a designated use
is that a variance is temporary, When the variance expires, an affirmative showing
would be needed to continue it, or the underlying standards are applicable.
Because a variance is temporary, it actively supports the improved water quality
goal, and it can, under appropriate circumstances serve as an environmentally
preferable alternative to what otherwise might become a permanent change in a
designated use.

Several States have applied factors similar to the first five use removal factors in
establishing variances for entire water body segments or portions of water body
segments. These States sometimes refer to these as "temporary standards" or
"temporary modifications". This has been done where the problems in a water

. body are significant and widespread, involving point and nonpoint sources of
pollution, not just one or a few point sources. For example, where historic mining
practices have severely impaired both water quality and habitat throughout a
headwater basin, temporary standards have been used. Rather than downgrading
these waters, the States have applied temporary standards with specific expiration
dates for certain pollutants affected by the old mining practices. In this way, the .
States have maintained designated uses and underlying criteria for other
pollutants, while recognizing that existing ambient conditions for certain pollutants
are not correctable in the short-term. In such cases, the temporary standards
provide a basis for permit limits in the shorter-term. The temporary standards
approach is then used by these States as the basis for remediation of damaged
water resources because the underlying designated use and criteria to protect that
use actively drive water quality improvements in the longer-term.

Site-Specific Criteria

'1 - States' and Tribes may also develop site-specific numeric aquatic life criteria that
~"'are either more or less stringent than the criteria adopted by the State or Tribe.and r' <

... L that would' normally ap'ply-to 'an'entire water body:-States and Tribes :are permitted L

to do this where chemical and physical characteristics of local waters alter the
bioavailability and/or toxicity of a pollutant; or when the species or community
actually present or desired may be more or less sensitive than the species or
community represented by the EPA cntena database. States and I nbes may
establish site-specific aquatic life criteria equal to natural background conditions,
but such criteria must be scientifically defensible.

Three scientifically defensible procedures are available that States and Tribes may
follow in deriving site-specific aquatic life criteria. These are the Recalculation
Procedure, the Water-Effect Ratio Procedure and the Resident Species
Procedure (USEPA, 1994). States and Tribes may also develop other procedures
for deriving such criteria as long as they are scientifically defensible.

10



I

I

The Role of Biological Assessments and Criteria

Biological assessments and criteria are a principal tool for protecting the biological
integrity of the Nation's waters. Biological integrity is defined as a balanced,
integrated, adaptive community of organisms having a species composition,
diversity, and functional organization comparable to that of the natural habitat of a
region (USEPA, 1990). To be consistent with the CWA, States and Tribes should
designate aquatic life uses for their waters that appropriately considers biological
integrity and adopt biological criteria (along with others) necessary to protect those
uses (USEPA, 1991).

Bioassessments are the primary tool to evaluate the biological condition of a
water body. Bioassessments consist of surveys, and other direct measurements of
aquatic life - the resident plant (aquatic vegetation and algae) and animal
communities (fish, insects, crayfish, worms, snails, mussels, etc.) in the water

~~ ~......."b09,~.:.._B.iq.<3sse~s.m~nts,:<310.pg.with.,9ther physical a~.d c~emi~Lass~?s;nents" are.....---.. r-"i'-:

.1 ;j :1'cruclal to evaluating, the health of a water body and Its ecosystem~ ~ ;01''\ 'j, ,. .~

1 - r( r .\ ~; \' ~ .{ . "'; /'-', "', ; :,: r ~~.;....'"\ ~ 1 .

.~. Biological assessments can be used to more precisely' define State and Tribal·-'--···...· L

water quality goals for aquatic life by characterizing the existing and the desired
biological condition for an aquatic life use designation. Biological criteria can then
be set, along with chemical and other stressor criteria to protect the use.
Whenever a bioassessment is conducted, a habitat assessment is also conducted
to determine the quality of the habitat and its influence on the biological
community. In many urban stream systems, altered or damaged habitat, due to
excessive storm water flows and other hydrological changes, may be the primary
stress and bioassessments and habitat assessments will reveal this.

Designated uses to support aquatic life in urban areas, and elsewhere, can cover a
range, or continuum, of biological conditions (Jackson, 2001) with some waters
being closer to natural or undisturbed biological condition than others. The
attainable levels of biological condition for any water is a State and/or Tribal
determination involving public participation as long as the minimum requirements
of the Clean Water Act and federal regulations -- protection and propagation of a
balanced, indigenous population of fish, shellfish and wildlife -- are met.

Biocriteria are derived from bioassessment data. Biocriteria are narrative
descriptions or numerical values that can be adopted into state or tribal water
qualify standards to describe a desired condition for the aquatic life in waters with a
certain designated aquatic life use.

Biological criteria represent a readily measurable and tangible goal against which
the effectiveness of pollution control and other water quality management efforts
can be judged. However, biological measurements must be accompanied by
appropriate chemical/physical measures, land use characterization and source',
'information necessary to establish linkages between stressors and the biological
responses (Yoder, 2000). Since biocriteria are water body response criteria (EPA
2000a), they reflect the cumulative impact of all stressors and do not readily
identify specific causative agent(s).
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Biological criteria are based on integrated measures, or indices, of the
composition, diversity, and functional organization of a reference aquatic
community. Biological assessments are then conducted to evaluate if a water
body is attaining its designated aquatic life use.

Bioassessments and criteria have been used for at least two decades to assess
the condition of urban and suburban streams and rivers in Ohio, to establish
protective designated uses and restoration uses, and to set numeric criteria to
protect those uses (Yoder e1. al. 1997). Bioassessments have been successfully
used in Florida to assess the cumulative impacts of multiple pollution sources
within a watershed, in particular, storm water runoff and other nonpoint source
discharges (McCarron, Livingston and Frydenborg, 1997).

~ .........
.
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.. L of.best management practices on a farm (Bode e1. ai., unpublished). \. '·<.L .~,,- ..,L .J.

Bioassessments were identified by key storm water experts from across the Nation
as an important environmental indicator tool for assessing the impacts of storm
water runoff and the effectiveness of storm water management strategies (Claytor
and Brown, 1996). Bioassessments were then tested, along 'Nith other storm water
program effectiveness indicators in Santa Clara County, California (Cloak and
Buchan 2000).

Bioassessments are being successfully used in Atlanta, Georgia; Montgomery
County, Maryland; Prince Georges County, Maryland; and Fairfax County, Virginia
as the primary basis for each County's storm water management program required
under the National Pollutant Discharge Elimination System (NPDES) storm water
permitting program. In these localities, streams are assessed for biological and
habitat conditions. From this data, the degree of storm water runoff induced
impairments, versus other stressors, can be estimated. The results are then used
to prioritize degree of impairment in all watersheds, select watersheds and specific
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areas where restoration, remediation, retrofits, pollution control, land preservation
and differing degrees of development intensity will take place.

Reference Conditions in Urban Areas

A reference condition a set of selected measurements or conditions of
unimpaired or minimally impaired water bodies characteristic of a homogeneous
group of water bodies within a region. Reference condition represents the control
against which other water bodies are compared to determined achievable
biological conditions. Reference condition is the expected biological quality for
those water bodies, i.e; all cold water streams above 5,000 feet elevation, or all 4 th

order streams in the Piedmont region of Virginia. A class is a grouping of water
bodies that are expected to have similar biological conditions based upon the
influence of all the ecological factors leading to life within that water body.

Reference conditions are best derived from empirical data taken from natural,
~....... -...,:~ ',':.'~"'''''''''': -,- .. - ~--" .,t"\ ~<.'- - -~'-'. .~.--- '. • ":;'" ~'. - f" '~."'- • '-'-'.',. - -........ ,~~~

tJt),unqJ~t~rb~d, or~miriicna,lIy di~turb~d refer~nce: s~!es in\tpe wat~r bOdy.c.lass beingL:" ~
~. ·l"~~tudied. Abiotic criter.ia ~hould be'developed;fo~" seleGtion of ~eference sites,~and j! ,~

...;:.- .~'Lonce .... the bioassessment data is collected:at these sites, the aistribution of the ,'>- -."- ...L

biological data should be carefully examined to confirm proper classification and to
refine the reference condition data set. Natural, undisturbed or minimally disturbed
reference sites approXimate, as close as possible, natural biological integrity.

Admittedly, establishing reference conditions in urban areas can be difficult.
Where it is difficult to find natural, undisturbed or minimally disturbed
reference sites for the class of urban water bodies being investigated, such sites
within broader classification schemes may need to be located outside the urban
area. The ecoregional classification scheme (Bryce et. a1.1999) can be a useful
scheme from which to start. Cooperation with neighboring municipalities and
neighboring States may be necessary.

Where using broader classification units is impracticable for the urban water bodies
in question, reference conditions can be established using least disturbed
reference sites within the urban area if such still exist. Where urban disturbance
of the landscape is so extensive that all that remains is highly altered sites, the

Table 3: Reference Conditions in Urban Areas Should Be Established
Using

Empirical data from:
1. Natural, undisturbed or minimally disturbed reference sites, if available.
2. Least disturbed reference sites, if available.

Or other information from:
3. Historical records, if available.
4. Estimation and modeling techniques.
5. Local values and management objectives for the urban water bodies
(achievable restoration targets).
6. Combinations of above.
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locality and the State should use historical records, modeling tools or
estimations to attempt to define what undisturbed, natural reference conditions
used to be in the urban area. Where historical information, estimations or
modeling techniques will not work, then the municipality, using local values and
management objectives, can help the State set achievable restoration targets for
the urban water bodies.

The most important aspect of establishing reference conditions using data or
information that does not reflect undisturbed, natural conditions (biological integrity)
is for the State and the locality to gain the best possible understanding of what the
reference condition used to be and how far the current water bodies in the area
depart from this historical condition. By understanding this degree of departure,
localities and the State will be better informed for setting tiered aquatic life
designated uses, special urban aquatic life uses, restoration uses, or in extreme
cases, conducting UAAs and removing aquatic life uses altogether.

Using Biological Assessments and Criteria to Refine and Tier Aquatic Life
Uses in Urban Watersheds

Biological assessments and criteria are the scientific tools to better determine
existing aquatic life resources and to assign the most appropriate aquatic life uses
to restore of protect those resources. Biological assessments and criteria also
provide the means to refine or tier the aquatic life uses in urban watersheds.

Tiering Aquatic Life Uses in Urban Areas

Examples of how bioassessments and biocriteria can be used to tier designated
uses are illustrated below. Biological assessments allow for various levels of
aquatic life uses to be formed where existing designated uses do not adequately
protect the variety of aquatic life present. A set of standards may be developed for
water bodies ranging from healthy, high quality ecosystems to ecosystems with
irreversible alteration. By having several tiers of aquatic life uses, limited financial
resources may be better allocated to water bodies in proportion to their need for

r -": f protection or restoration.fTiering of aquatic life-uses is most applicable to,. .. r--:, ,~--~' ~

}_.,; t--'l11unicipalities where there is:a wide range.of bi%gical;conditic;ms due to varied"r-1 '~
~. .~i.. topography or other natural factors, or where areas of the municipality remain rural ~_ _~l..

and undeveloped.

Refining Aquatic Life Uses

Biological assessments can also be used to refine or sub-categorize aquatic life
uses. This may be more common in urban areas where some tiering of aquatic life
uses is already in place, but the biological data collected during stream surveys
indicates the need to be more descriptive of the actual biological conditions that
exist to recognize and be protective of the unique differences in streams or stream
segments. An example of this might be a municipality that has cold water salmonid
resources, both brook trout and brown trout in mountainous streams. A singular
designated use of salmonid habitat with one temperature, dissolved oxygen and
sedimentation criteria regime, based soley on brown trout tolerances, may not be
specific enough to protect the brook trout community from deterioration.
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EPA regulations allow States to adopt categories of a use and set appropriate
criteria to reflect varying needs of the use. When refining the aquatic life use
categories, the State needs to explain how the proposed biological description
correctly reflects the aquatic life use potential for that water body.

CONCLUSION

Water quality standards are the key benchmark by which BMPs and other urban
storm water control efforts should be measured. If urban storm water controls are
not making an improvement towards achieving the appropriate water quality
criteria, in helping to attain the designated use or in preventing degradation of the
water body, then the efficacy of the controls needs to be seriously questioned.

Similarly, the inability of urban storm water controls to make improvements relative
to the water quality standards, may be indicative that inappropriate standards are
being assigned to a given urban water body. Under these circumstances, the
CWA and water quality standards regulations provide the necessary tools for
ensuring urban water bodies are assigned appropriate, realistic and achievable
water quality standards.

I
I
I
I

States and local communities can conduct assessments of their urban water
bodies, using bioassessments and habitat assessments to ensure existing aquatic
life resources are fully appreciated and that standards are set that will prevent
further degradation of those resources. Local communities can use the same tools
to better determine the appropriateness of current water quality standards that
apply to highly impacted urban water bodies (those in watersheds with 25 - 60%
imperviousness). Where designated aquatic life uses and the criteria to protect
those are determined to no longer be reasonable (based on a UAA), local
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communities can work with their States to determine opportunities for restoration or
proceed forward with suggested revision of the standards to more appropriate
urban water quality designated uses and criteria.
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LOW-IMPACT DEVELOPMENT (LID) - DO WE KNOW IF IT IS
LOW? OR IS IT REALLY LOWER?
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ABSTRACT

Low Impact Development (LID) stormwater management strategies are an important
tool in reducing stormwater impacts. The design and application of these strategies
are an attempt to reduce the changes in hydrology that occur with development by
reducing the peak rate and volume of stormwater runoff, along with providing water
quality treatment through settling, filtration, and adsorption. There has been much
discussion and emphasis placed on asserting that these methods can result in
developments that mimic to a very close degree the natural runoff or hydrology from
a site and hence result in "low impact". This paper reviews the inadequacy of the
hydrological design procedures utilized to substantiate the effectiveness of the
techniques and recommends that much more robust hydrological techniques be
utilized to quantify the potential benefits of this development stormwater
management approach. It also suggests that the name of the technique be changed
to reflect the actual results of applications of the techniques more closely.

INTRODUCTION

Over the last several years there has emerged a number of techniques that applied
in combination in a methodological way have been asserted to result in little or no
stormwater impacts. These techniques have been given the name of Low-Impact
Development (Prince Georges County, Maryland 2000a and 2000b). Some have
gone as far as to call them Zero-Impact development (e.g., Tumwater, Washington
has been evaluating a Zero Impact Development Ordinance) in discussions about
adopting new standards and accepting alternative development patterns and
designs. The purpose of this paper is to suggest that there needs to be more work
completed on the evaluation to what extent that these techniques can really reduce
or eliminate impacts and with regards to their maintainability. In addition, the design
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criteria need to be evaluated and updated as necessary to insure that they are not
based upon potentially improper applications of flood design methodologies that are
likely inappropriate for water quality and runoff peak rate and volume control to
protect streams.

The name that has been given to them, "Low-Impact", infers that the downstream
impacts would be expected to be minimal. When in fact, depending on a number of
site, weather, watershed, receiving water type, design, and maintenance factors this
may not be the case. A likely problem with the initial development and design of
these systems is the use of event-based flood design methods to substantiate that
the post-development hydrograph will mimic or closely resemble the pre
development hydrographs. Flood design methods, with built-in conservative
saturation and rainfall distribution assumptions in almost all conditions over-predict
pre-development (open land use) runoff more significantly than post-development
(higher imperviousness) runoff. Therefore, the result is that it the differences
between pre- and post-development for most regular storm events are likely
significantly underestimated. In fact, for many sites and storm. events the runoff
amounts may be many orders of magnitude larger in post-development conditions.

IMPACTS OF DEVELOPMENT ON HYDROLOGY AND WATER QUALITY

Changes in hydrology and water quality due to development are caused by a
number of factors, but primarily are caused by:

• Removal/reduction of tree and/or shrub canopy and root systems

• Removal or compacting of moisture adsorbing soils

• Increase in landscaping consisting of shallow rooted grasses

• Creation of impervious surfaces, including streets, driveways, roofs,
sidewalks, etc.

• Direct connection of these surfaces to the stormwater systems.

• Activities and exposed materials associated with urban areas that result in
pollutants in stormwater

Much of the recent literature on impacts due to development has focused
quantitatively almost exclusively on the level of imperviousness (or directly
connected imperviousness) of a watershed as the factor that indicates the structural
integrity of a stream or the health of it's aquatic species (May, et. aI., 1997;
Schueler, 1994, Booth and Jackson, 1997). When in fact, depending on pre
development conditions, the vegetation and soil layer changes in many cases are a
large factor as well, particularly for smaller storm events. The impervious factor
does to some extent account for part of the change in canopy and soils, but not
completely for those areas that are affected but remain un-surfaced (e.g., lawns,
compacted soils, etc.). Low-Impact techniques have recognized that the importance
of other factors beside imperviousness via their suggestions for increasing non-
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grassed natural vegetation areas, and being careful to preserve moisture-adsorbing
soils.

A schematic of the pre- (Curve 1) and post-hydrology (Curve 2) changes with
development from the Prince George's County (PGC) manual (2000b) is shown in
Figure 1. This figures portrays the well-understood phenomenon increasing peak
flow rates and volumes with the conversion of open land to urban uses. Note that in
this schematic, that although the represented change in peaks and volumes is large
(somewhere in the 50 percent range), they are not nearly as large as often observed
with real storms and antecedent conditions.

Developed Condition without IMPs

11

•
•
••

••••••

Reduced Q peak
-

Developed Condition, with LID· CN
No Controls

Reduced Runoff Volume

.(})
. ..~Existing

T
Figure 1. Pre-development (Curve 1), Post-development with no controls (Curve 2),
and Post-Development with Curve Number (CN) reductions. (Source: PGC, 2000b)

There have been numerous studies on the sources and magnitudes of urban runoff
pollution (NURP, 1983; Pitt et. ai, 1995; Driscoll, et. aI., 1989) that LID attempts to
address. This paper will primarily focus in on the hydroiogical and hydraulic effects
of these techniques. Below is a discussion of each of the LID Hydrological
Techniques employed in the PGC Hydrological Analysis (PGC, 2000b).

LOW-IMPACT DEVELOPMENT STORMWATER MANAGEMENT TECHNIQUES

LID techniques primarily function by routing stormwater from roofs, parking lots and
driveways to depressed areas and/or infiltration trenches. These areas (rain
gardens, retention areas) usually consist of organic mulches, soils, and/or sand
layers (PGC, 2000a). In soil conditions with poor infiltration, they often include an
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under-drain for discharge to storm systems. The techniques also emphasize
leaving significant areas in natural state (e.g., the manual shows 1-acre lots, with
lots of deeper rooted vegetated areas and undisturbed soils).

The techniques reduce impacts via:

• Temporarily ponding runoff and slowly discharging,
• Soaking water up into the "sponge" (soils, vegetation) and allowing

evapotranspiration to occur, and/or
• Infiltration

The results of the successful application of these techniques to a site are that
stormwater runoff is reduced and slowed. If volumes of runoff can be reduced and
slowed, impacts downstream can be reduced. The hypothesis is that these
techniques reduce runoff changes to levels that would result in no or little significant
impacts. In stream systems, reducing runoff volumes and peak flows could result in
less habitat damage due to physical hydrologic changes and fQr all water bodies a
reduction in pollutant loads. However, peak reductions via controlled releases by
themselves can sometimes lead to increased channel degradation (MacCrae,
1996).

LOW-IMPACT DEVELOPMENT METHODOLOGY

The low impact development methodology utilizes the following flood control design
hydrological approaches to determine the sizing and effectiveness of low impact
BMPs (Maryland, 2000b):

1) Curve Number Reduction
2) Maintain Tc - Time of Concentration
3) Retention (holding water with no surface release)
4) Detention (holding water with slower surface release)

Each of these will be discussed below with regards to the potential results when
considering the actual hydrology that will occur vs. the effects of flood control design
approaches. Figure 2 highlights a schematic of a storm that might actually occur as
opposed to the typical flood design hydrographs. It highlights that with
development, the post-development flows will increase very dramatically as
compared to pre-development. It also highlights the potential problems with peak
rate control (detention is used to control peak flows in LID methodology) in
extending the duration of what were previous peak flows, significantly beyond the
duration of pre-development peaks. This problem in peak matching was highlighted
by Macrae (1996). He found in his work that the policy of matching flood control
design hydrographs from pre- and post-development conditions was a flawed one
that resulted in extended durations of channel forming/effecting flows. It caused
more damage in many streams than letting the larger flows pass. Low-Impact
techniques do attempt to address the runoff volume issue, but also include detention
to allow peak flows to be matched.

Another of the problems with matching post-development flow rates to pre
development hydrographs is that the pre-development flow rate is typically very
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over-predicted, as compared to the post-development using traditional flood design
approaches (as mentioned above). The SCS approach for developing flood design
hydrographs is to select a large rainfall depth over some period (typically 24 hours)
(McCuen, 1998). This selection is usually based upon a desired return period
(typically 2, 5, 10, 25, 50, and/or 100 years). As is it is well understood, the
observed runoff rates are actually dependent on much more than the rainfall depths.
How the rainfall arrives, pre-storm soil and surface moisture/saturation levels, the
effects of soil compaction and impervious surfaces, vegetative canopy level, etc,
also impact runoff hydrographs; each runoff hydrograph from each storm will in
reality display unique characteristics. Because of these effects, the resulting peak
flow rate that occurs in a stream almost always not of the same return period as that
determined from the rainfall analysis alone. Flood design methods that assume
higher saturation levels and assume that the rainfall arrives in a very peaky shape,
almost always over-predict flow rates such that the return period of the resulting
peak flows are much higher. This level of increase is usually much larger for pre
development conditions (Strecker and Reininga, 1999). An example of this is
shown in Figure 3 (Strecker and Reininga, 1999).
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Figure 2. Schematic of pre- and post-development hydrographs with potential outlet
controls to control peak discharges.

The 1990 Master Plan flows in this watershed were determined using the SCS
approach while the Expected Peak Flow was determined from analysis (partial
duration) of a 40-year simulation of a calibrated model. What the chart shows is that
the SCS approach resulted in significantly larger peak flows than the likely more
accurate determine peak flows via the use of long-term simulated flows. If one were
to set requirements for pre=post using a SCS methodology, the resulting change in
peak flow rates (and durations) would likely still be quite large for most watersheds.
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Design requirements that include control for smaller storms to match pre=post for
the purpose of protecting streams has no technical basis when applied uniformly or
likely even in most individual situations, unless pre-development watershed
characteristics are such that by chance, the SCS flood design approach happens to
match peak flow rates.
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Figure 3. Peak Flow Comparison in Urban Runoff from Eugene, OR.

The shape of SCS flood design hydrographs are also quite problematic when used
for water quality and/or smaller storm analyses that are trying to address impacts.
They were developed long ago by combining the analyses results of larger (24
hours) and shorter (to 15 minute or less) duration rainfall frequency distributions,
such that a 24-hour storm would also have the resulting rainfall from 15 minute and
higher durations of the same return periods (McCuen, 1998). In that way, it was
assumed that the storm could be applied in all types of catchments for design
conveyance systems and would be conservative enough to result in large flows from
different sized catchments (a one storm size fits all approach). This has resulted in
peak flows that are likely much larger than would be expected for any given return
period. The problem is then that peak matching is happening at some pretty large
flow rates that in reality must be much smaller to actually match pre-development
conditions.

1) Reductions via Curve Number Reduction

The first approach listed in the PGC manual in their methodology description is
reducing imperviousness. Figure 1 shows the effects of reducing the CN (Curve
Number; Curve 3 on the graph) on the post-development hydrograph. There is no
question that this approach could result in lower impacts and should be pursued.
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However, this should be approached within the context of reducing imperviousness
without necessarily encouraging more urban sprawl. For example. if an area zoned
R10 (10,000 square foot lots), which is about 4.3 houses per acre, was modified to
move to a technique that reduces imperviousness via the use of one-acre lots (an
example size given in the PGC manual), then to fit the same number of households
into a development would require 4.3 times the land. This would spread impacts to
more areas and would require more roadways (so some of the imperviousness
reduction achieved in this way would likely be lost to more arterial roadways).
Cluster development techniques could also encourage more sprawl if it were the
case that the developer could put the same, more compact density over the whole
site and therefore accommodate more people. In effect, this would be "clustering"
the developments within urban areas (e.g, within Urban Growth Boundaries) such
that there would be less need to move further out from City centers. .

Therefore, the key to this provision being successful is to try to achieve the
reduction in imperviousness without enlarging development sizes and encouraging
sprawl (unless, it can be demonstrated that with more sprawl, Qverall impacts are
lower). The goal of preserving trees and soils to reduce runoff is sound. It does
become more difficult in denser developments and perhaps the other approach
might be to ensure that once the project is complete that some of the soils are
loosened up and planted with trees and shrubs that will achieve the goals of low
impact development, but considering that with construction in denser developments
it is more difficult to carefully preserve existing soil and vegetative conditions. The'
State of Oregon has had urban growth boundaries for over 25 years and others are
adopting similar approaches. Urban growth boundaries in Oregon have resulted in
5000 square-foot lots for single-family homes, where it would be difficult to preserve
natural soil and vegetative conditions. The benefit to Oregon has been that urban
sprawl has been more contained. There is a potential conflict between this aspect
of the LID technique and containing sprawl.

2) Time of Concentration Reduction

The second approach given in the methodology development is to lengthen the flow
path. Figure 4 portrays the estimated effect of lengthening the flow path that such
that it changes the time of concentration (TC) to predevelopment conditions (Curve
4). It also shows a reduction in peak flow rates.

There is no question that the use of swales and longer detention systems would
reduce the time of concentration of runoff flows. The actual effects of the
lengthened flow path and of the presumed peak reduction need to be evaluated
using more realistic site hydrology, including modeling of the hydraulics of such
systems. Given the conservative assumptions built into flood design methodology, it
might be that the effect of longer flow paths could be greater on smaller9torm
events and with actual antecedent moisture conditions considered. On the other
hand since the hydrograph of existing pre-development conditions is likely much
more over-predicted (including the time of concentration) as compared to post
development, this might cause the shift towards the pre-development peak to be
lower.
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Figure 4. Hydrograph showing effect of reducing Time of Concentration to pre
developed condition on Flood Design Hydrographs (Source: Maryland, 2000b)

3) Retention and 4) Detention

The LID development methodology (PCG, 2000b) then portrays the reduction in
volumes due to retention (either evaporation or/ infiltration) and reduction in peak
flows via detention (Figure 5). This analysis still suffers from several problems with
the use of a flood design methodology. First as mentioned above, the pre
development peak flow and volume is likely over-predicted for the design event as
described above. Another issue was the choice of using a relatively large storm (3
year and above) for the analysis as the larger the storm, typically the less difference
between pre- and post-flow conditions. It is likely that is this the part of the
development methodology (Retention and Detention) that suffers the most from not
using continuous simulation techniques to evaluate the effects of implementation of
LID methods. Simulation methods would likely show that post-development
hydrographs would be very different than pre-development hydrographs.

The reality of pre- and post- development conditions when converting land from
forested to a developed state is that runoff hydrology changes are much greater
than that predicted by flood design hydrology methods. Although these design
methods tend to over-predict all runoff flows, they typically over-predict to a much
greater extent pre-development conditions. An example of this is shown in the
modeled hydrographs in Figure 6. A calibrated model was applied to a basin in
Eugene and then the predicted pre-development, existing, and built-out ~onditions
were modeled for a rather large storm event of 2.5" (about a two-year, 24-hour
event). From the chart, it is evident that the pre-development peak flow is about 10
percent of the expected built-out flow rate. The volume difference is about 1000
percent difference. This contrasts very starkly with the flood design approaches that
would have resulted in an about 40 to 60 percent peak and volume difference. It
would be much easier to show a match under the flood design approach vs. what is
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a more realistic analysis of site or basin hydrology.
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Figure 5. Effect of detention on Flood Design Hydrographs (Maryland, 2000)

Today, when there are plenty of computing resources available (Donegian and
Huber, 1991) for assessing hydrology on a continuous basis, there is really no
reason for using flood design approaches to assess impacts to streams or water
quality, other than tradition.

LONG-TERM FUNCTIONING ISSUES

Some of the other issues with these techniques include some of the obvious ones
such as the potential for clogging from yard debris (landscaping management) as
well as washing of soils into areas that could then clog the ability for retention areas
to infiltrate and/or filter runoff. There is also the potential for products such as
fertilizers and pesticides to be improperly applied that could cause problems if there
were not downstream BMPs to address these. As in all cases, homeowner
education is critical. Other potential issues include homeowner re-grading and/or
paving of areas, converting natural areas into grasses areas, and elimination of
swales.

However, the author has observed conditions at some projects that utilized LID like
techniques in developments, including Village Homes in Davis California, This
development has been in existence for over 25-years and has no piped conveyance
systems and utilizes deep-rooted vegetation swales to convey runoff. Residents
reported that they have had no flooding problems and that it is rare that the
development discharges to the Cities drainage system. The system is in common
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areas that are maintained by a homeowners association, which may be one of the
keys to it's long-term success.
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Figure 6. Real rainfall event hydrological simulations performed on calibrated
model; demonstrating large change in smaller (about 2-year) events

WATERSHED ATTRIBUTES

A number of watershed and geographic attributes needed to be considered when
evaluating the potential effectiveness of LID or any other BMPs. These include:

• Weather Patterns

• Steep or flat

• Soils Clayey or Sandy soils

• Depth to Bedrock

• Are the streets addressed?

• Past the threshold already?

Weather patterns could greatly influence the potential effectiveness of LID
measures. In the west coast for example, the weather patterns are dominated by
whether the high-pressure ridge (which block storms from coming onshore) is up or
not. Where it is not, then typically in those parts of the Coast a series of storms
track in. This may leave little time for low-impact systems to "recover" prior to the
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next storm arriving. Continuous simulation modeling would address this potential
issue.

Another potential issue is whether the site has steep or flat topography and whether
introduction of runoff (which will be much greater after development) can be safely
introduced into the sub-surface. The predominance of soil types (clay or sandy) will
also affect how well these potential techniques will work. Another consideration is
whether the streets are addressed, including arterials.

What also must be considered is that many watersheds (if not most) in urban areas
are beyond the impervious thresholds that have been observed for stream health (5
to 10 percent imperviousness). In these watersheds, the only improvement in runoff
control over existing conditions would come from retro-fits of existing systems to
reduce impacts. LID techniques could help reduce the level of further degradation.
However, it is the author's opinion that the tradeoff between installation of LID
methods in new or retro-fit situations or any other on-site techniques should be
considered against the costs of providing additional structural and habitat integrity to
the stream through the use of in-stream measures such as log and rock weirs, etc
(Sovern and Washington, 1996). The key here is providing the wisest uses of
limited resources to restore and protect stream health.

RECOMMENDED NEXT STEPS

The next steps in evaluation of Low-Impact Development techniques should be to
perform a series of evaluations of potential effectiveness of these systems via the
use of continuous simulation modeling. One thing that will be key is to ensure that
the canopy layer reduction effects can be accounted for in any modeling. This
parameter is among the tougher ones to evaluate and adequately account for in
simulations. The simulations should address the following:

• Conduct long-term model simulations of sites (entire developments) with applied
low-impact techniques to compare pre- and post- development hydrology. With
and with-out low-impact techniques.

• Conduct the evaluation on a number of sites nationally, with varied climatic and
watershed conditions.

• Compare hydrologic and energy responses (downstream stream energy) of pre
vs. post-no control- vs. post-LID control approaches.

• Assess potential instream energy reductions via an assessment of different
stream conditions, including steep and low slope streams, soft and hard
bottomed streams as well as stream bank stability conditions.

Summary - Zero and Low Impact Development?

Low-impact development tools are certainly ones that should be considered and
implemented as appropriate, but with the recognition that the hydrology and
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resulting down stream energy will still likely change in many or most cases and that
additional instream or other measures may also still be necessary to protect habitat,
water quality, and the physical integrity of streams and other receiving waters. This
paper reviews the potential problems with the analysis used to develop the design
procedures. It also presents some examples from Oregon data where more
"accurate" example event simulation modeling based upon continuous simulation
techniques was performed to compare their results to the flood design approaches
applied.

It is the author's opinion that these "hydrological source control" techniques should
be titled Lower-Impact Development rather than Low-Impact Development to reflect
the fact that more comprehensive watershed management planning and
implementation measures will likely be required in most cases to protect and
maintain beneficial uses. It is important to consider every watershed's
characteristics and that application of anyone set of stormwater management
techniques without considering unique watershed characteristics could lead to
problems in the future. Finally, the paper recommends a National approach to
performing an assessment of the benefits of low impact development techniques in
reducing impacts to determine where these techniques are truly low impact and
where they result in lower impact development.

It is the Author's opinion that the science behind developing the low-impact
development approach (and zero impact) has not substantiated that it in fact will
result in low-impact (and certainly not zero impact). The labeling of these
techniques is problematic in the author's view as the danger is that with terminology
like this, it would be easy for decision makers (City Council, etc.) to opt out of
tougher and in my view much needed watershed based approaches to solving
habitat and water quality issues in urban streams. Part of the allure of this approach
is that it places the burden on new development rather than on both new
development and watershed managers as it should be. In addition, as we will likely
discover down the road that these techniques do not solve all the problems, we will
again be as guilty as when we put forth wet ponds and other BMPs as the solution.

The techniques themselves have much merit in that they can reduce impacts. It is
the author's opinion that watershed planning that incorporates the appropriate level
of technical analyses (e.g., continuous simulation) will be required to find the
balance of appropriate on-site controls and public efforts, including instream
measures as well as LID like techniques.. Given the amount of money that is
expended by both the public and private sectors in construction and maintenance of
stormwater conveyance systems, this level of effort is warranted.
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ABSTRACT

This paper explores the degree to which current stormw.ater treatment practices
(STPs) can achieve low impact at the scale of the development site and the small
watershed. Low impact is defined here as pollutant loading equivalent to that
expected from a rural baseline load. The ability of current STPs to meet this
criterion was determined in a four step process. First, uncontrolled pollutant
loadings were estimated for a range of urban land uses, using the Simple Method
(Schueler, 1987), and recently derived land use/impervious cover relationships.
Load estimates are provided for sediment, phosphorus, nitrogen and fecal coliform
bacteria. Second, ideal pollutant removal rates and effluent concentrations were
derived using a national STP database. Third, these, ideal pollutant removal rates
were adjusted to reflect stormwater implementation factors, such as stormwater
bypass, exempt sites, and practice aging. Lastly, potential load reductions
associated with better site design techniques were evaluated over a range of
suburban land uses.

Based on our analysis, we define the upper limits of pollutant removal for current
STPs. Loads from suburban development with STPs alone consistently exceeded
baseline rural loads for nitrogen, phosphorus and fecal coliform bacteria, and total
suspended solids. The increased pollutant discharge over such a wide suburban
land uses suggests that current STPs cannot consistently meet a zero or low impact
threshold for moderately developed sites. At the watershed scale, it appears that
background loads would be even more difficult to replicate. The implications of this
finding for watershed managers, regulators and land use planners are also
discussed.

I
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INTRODUCTION

Watershed managers have advocated the use of STPs to reduce pollutant loads
from new development in growing watersheds, whether to protect a water supply,
prevent eutrophication in a lake or estuary, keep a beach or shellfish bed open, or
meet water quality standards. With the advent of Total Maximum Daily Loads
(TMDLs), Source Water Assessment Plans (SWAPs) Stormwater NPDES permits,
and regional watershed agreements, many communities are facing the prospect of
numeric load reduction targets at the watershed scale. At the same time, many local
stormwater ordinances are being adopted that require a low or zero increase in
pollutant discharge at the site level.

As a consequence, watershed managers and regulators have a keen interest in the
degree to which STPs can actually reduce pollutant loadings from new
development. If STPs are highly effective, then land use controls and other
watershed protection measures may not be needed to meet pollutant load targets.
If, on the other hand, STPs have a more limited ability to reduce pollutant loads, the
amount of growth in a watershed may need to be regulated. The capability of STPs
to achieve a no net increase criterion has not been systematically evaluated at the
watershed level. This paper presents an analytical framework to make such an
evaluation.

The assessment was conducted in four steps. First, the Simple Method was used to
estimate uncontrolled sediment, phosphorus, nitrogen and fecal coliform bacteria
unit area loadings for a range of urban land uses, using recently derived land
use/impervious cover relationships. Second, these loading rates were adjusted
using ideal pollutant removal rates and effluent concentrations derived from a
national STP database. Third, the ideal pollutant removal rates were discounted to
reflect stormwater "treatability" factors, such as stormwater bypass, exempt sites,
and practice aging. Finally, the potential load reductions associated with better site
design techniques were evaluated over a range of suburban land uses.

LAND USE/IMPERVIOUS COVER RELATIONSHIPS

Although impervious cover has emerged as a key indicator for urban watersheds,
and a direct stormwater treatment variable in many communities, we have lacked
recent data on the relationship between individual land uses and zoning categories.
Capiella and Brown (2001) recently conducted a study that helped to bridge this
data gap by developing more recent and precise impervious cover measurements
for 12 common land use categories (Table 1). The study focused on four
communities in the Chesapeake Bay Watershed: Baltimore County (MD), Howard
County (MD), James City County (VA), and Lancaster County, (PA). The
researchers analyzed 210 polygons of homogeneous land use from the GIS
systems of the four communities, in order to developed generalized impervious
cover data.
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Table 1. Impervious Cover! Land Use Relationships
(Source: Capiella and Brown, 2001)

Land Use or Zoning
Mean Car

N Impervious Cover (%) Habitat
Category

± 90% Confidence Interval (%)
Resid. 2 Acre Lot 12 10.6± 1.3 75

Resid. 1 Acre lot 23 14.3 ± 1.0 65

Resid. Y2 Acre lot 20 21.2 ± 1.5 60

Resid. 1/4 acre Lot 23 27.8 ± 1.2 56

Resid. 1/8 acre Lot 10 32.6 ± 3.1 56

Resid. Townhomes 20 40.9 ± 2.7 55

Resid. Multifamily 18 44.4 ± 3.9 61

Commerical 23 72.2 ± 3.9 . 72

Light Industrial 20 53.4 ± 5.5 67

Agriculture 8 1.9 ± 0.6 56

Institutional 30 34.4 ± 6.8 67

Open Urban Land 11 8.6 ± 3.2 65

Development patterns in these counties were suburban in nature, and most of the
polygons sampled had been constructed since 1970. Consequently, the impervious
cover estimates reported in Table 1 primarily apply to recent suburban development,
and may not be transferable to either highly urban areas or developments
constructed prior to 1970.

POLLUTANT LOADING RATES FOR URBANI SUBURBAN LAND USES

The land use/impervious cover relationships presneted in Table 1, combined with a
few other pieces of information, can be used to compute unit area pollutant loads in
stormwater runoff, using simple models. One such model is the Simple Method,
which calculates annual loads, given annual precipitation, a site-based runoff
coefficient (based on impervious cover) and the event mean concentration for the
pollutant of interest. Despite its simplified assumptions, the Simple Method has been
found to predict annual pollutant loads about as accurately as more complex
simulation models (Chandler, 1996).

Unit area sediment, nitrogen, phosphorus and bacteria loads were calculated for
nine common suburban land uses using the Simple Method, based on East coast
rainfall (40 inches/yr) and regional concentration data (Table 2). For purposes of
comparison, reported pollutant loads for a range of forest, pasture and agricultural
land uses are provided in Table 3. These loads were used to establish a baseline
"rural" loading rate to evaluate how pollutant loads change in response to the
suburban land development process. The baseline reflects a mixture of pasture and

I
Ii
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forest land, and the following values were used: 0.6 Ib/acre for TP, 4.0 Ib/acre for
TN; 100 Ib/acre for TSS; and 25 billion/acre for FC. As shown by the shading in
Table 2, nearly all of the suburban land uses exceed the rural baseline load for the
four pollutants.

Table 2. Loads of Several Common Pollutants in Urban Runoff

Impervious Load (Ibs/acre/yr)
Land Use

Cover TP TN TSS
Fecal
Coliform1

,'.'

2.69/2);;2-Are Residential 11% :0.40 , 101 123
~", ~~., ... , ~ ,

1 Acre Residential 14% "tOA8,,' '3.1·8"()(~~ 119 145

% Acre
21% 0.65 4.32 162 197Residential

1;'4 Acre
28% 0.82 5.46 205 249Residential

1/8 Acre
33% 0.94 6,27 235 286Residential

Townhouse 41% 1.14 7.58 284 345
Multifamily 44% 1.21 8.06 302 368

Light Industrial 53% 1.43 9.53 357 434
Commercial 72% 1.89 12.62 473 575

1) Fecal Coliform Loads in billion/acre/year
2) Concentations for Pollutants are:

TP: 0.3 mg/L; TN: 2.0 mg/I; FC: 20,000 MPN/100 mL; TSS: 75 mg/L
3) Shading indicates that the following "background" loads are achieved: 100

Ib/acre for TSS; 0.6 Ib/acre for TP; 4.0 Ib/acre for TN; 25 billion/acre for
bacteria

Table 3. Background Loading from Rural Land Uses

Load (Ibs/acre/year)

Tp1 TN 1 Fecal TSS3

Coliform2

Forest 0,2 2.5 10 100

Pasture 0.8 5.2 40 100

Mixed Agriculture 0.9 14.3 - 250

1) Source: Reckhow (1980) '~

2) Source: Horner, et al. (1994). Measured in billion/acre/year
3) Source: Smith, et al. (1991)
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THE EFFECTIVENESS OF STORMWATER TREATMENT
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The effectiveness of stormwater treatment practices in reducing on-site pollutant
loads was evaluated using a detailed database of performance .studies that
monitored pollutant removal of 139 practices (Winer, 2000). The data within the
database were used to perform statistical evaluations of pollutant removal efficiency
for five STP groups -- dry ponds, wet ponds, wetlands, filters, and open channels.
Table 4 presents a summary of median removal efficiencies for these STP groups,
as well as their quartile ranges. Average fecal coliform bacteria removal rates range
from 65% for ponds, 51 % for filters -58% for swales (Schueler, 2000), based on an
analysis of 24 studies.

Table 4. Efficiencies of Various STPs

STP TSS TP TN
% N % N % N

Dry Pond 47 (14,71) 9 19 (14,21) 9 25 (14,33) 6
Wet Pond 80 (60,87) 41 51 (39,76) 42 33 (25,43) 26
Wetland 76 (49,87) 35 49 (22,76) 36 30 (13,57) 22

WQSwaie 81 (68,87) 9 34 (18,55) 8 84 3
Filters 86 (79,91) 16 59 (41,66) 17 38 (30,49) 10

N: Number of Observations
Numbers in parenthese represent the first and third quartiles.
Numbers in bold represent median removal efficiencies.
Source: Winer (2000)

STP EFFLUENT CONCENTRATIONS

In general, when these effluent concentrations are compared to national
concentrations for uncontrolled stormwater runoff, one calculates about the same
average pollutant removal for most stormwater practice groups. This finding
suggests that while the influence of influent concentrations can be extremely
important when evaluating one performance monitoring study against another, its

Based on these analyses, it is possible to define a reasonable upper limit for the
pollutant removal of current STP technology. We selected removal limits of 80% for
TSS, 65% for fecal coliform, 50% for phosphorus and 35% for nitrogen. These
removal rates are considered "ideal," given that the majority of performance studies
were conducted within a few years after initial construction, and did not typically
measure untreated stormwater that bypassed the practices during larger storm
events.

Several researchers have observed that removal percentages may not always be
the best indicator of treatment efficiency, particularly when influent concentrations
are variable (Strecker et ai, 2000). Using Winer's (2000) data, we computed median
outflow concentration for four groups of stormwater treatment practices, and these
are provided in Table 5. As can be seen, STP outflow concentrations exhibit a
rather remarkable consistency within and among the five groups of stormwater
practices, as typified by the fairly narrow range in both the mean and confidence
intervals computed.

Schueler/ Caraco5
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effect diminishes when larger populations of performance studies are analyzed
together. Consequently, we concluded that the upper limits on stormwater treatment
derived from the percent removal database could be justified.

Table 5. Mean Effluent Concentrations from Stormwater Treatment Practices
STP TSS TP TN

N C (mg/L) N C (mq/L) N C (mq/L)
Dry Extended

3 25.3 3 0.19 N/ADetention Pond
Wet Pond 22 23.2±7.3 25 0.13±0.03 18 1.5±0.36
Wetland 17 20.7±6.3 17 0.17±0.04 13 1.9±0.54

WQSwaie 7 19.6±14.3 7 0.21±0.11 3 1.3
Filters 13 23.8±16.0 13 0.16±0.06 8 1.7±0.64

Infiltration N/A 4 0.18 3 3.3
Notes:
± indicates 90% confidence intervals assuming a normal distribution. This value is not
calculated for sample sizes smaller than 5.

0

N/A: Data Not available.

ADJUSTED POLLUTANT LOADS

As noted earlier, pollutant removal rates presented earlier represent fairly optimistic
removal rates. Consequently, they should be adjusted, or discounted, to reflect real
world implementation of these practices. First, the "treatability," or fraction of area
treated needs to be accounted for. Second, two discount factors are applied to
reflect the proportion of annual runoff volume bypassed, and the loss of
performance in time due to aging or lack of maintenance. The recently released
Watershed Treatment Model (Caraco, 2001) attempts to quantify these factors when
determining overall practice effectiveness.

Treatability is fairly easy to quantify, knowing the site area regulated and the
distribution of construction site sizes. Most communities have a minimum site area
for which stormwater treatment is exempted, which ranges from 0.5 to 5.0 acres in
size. The impact of exempting small sites is illustrated in Fig. 1, which was derived
using 1998 data on the distribution of development projects based on disturbance
area in 13 communities across the U.S. (EPA, 1999). The curve suggests that a
community that applies stormwater requirements only to larger sites can lose
significant watershed treatment. For example, a community that uses a two acre
threshold exempts over 40% of all sites and about 10% of disturbed area.
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Figure 1. Area Treated Versus Site Size Regulated

Figure 2. Capture of the Annual Volume Captured for Various Sizing Rules
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The discount for untreated stormwater bypass is also relatively simple to quantify,
given that bypass can be easily modeled if the prevailing criteria for stormwater
quality treatment volume is known. Figure 2 illustrates the percent capture by a ST-P
for three regional rainfall regimes. As can be seen, bypass increases as annual
rainfall increases, and/or treatment volume decreases. For example, if a local
ordinance required designers to treat the runoff volume from a one-inch rain event in
Atlanta, nearly 25% of the annual runoff volume would be bypassed. If the same
design criteria were used in a more arid climate such as Phoenix, on the other hand,
bypass would comprise only about 5% of annual runoff.
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The last discount relates to the gradual loss in performance as a STP ages, which is
often accelerated by a lack of maintenance. At the present time, few retrospective
performance monitoring are available to evaluate pollutant removal at the same
practice over several decades. One notable exception is the Lake McCarrons wet
pond/wetland system (Oberts, 1999) which found that sediment and nutrient
removal rates declined by a third or more after ten years. While more data is needed
to establish the long term performance of STPs, it seems reasonable to assume that
soine loss in performance occurs over time.

For purposes of this analysis, we assumed a one acre minimum treatment threshold
(95% treatability). We also assumed capture of the 90% rainfall event (0.9
discount), and a very conservative estimate of long term performance loss (0.9).
The three discounts are considered multiplicative, and they were then used to adjust
the ideal pollutant removals derived earlier. Annual loads including these adjusted
pollutant removals are presented in Table 6. Based on our conservative
assumptions, stormwater treatment alone has only a modest capability to achieve
the baseline rural load (Le., for very low density residential development).

.
Table 6. Loads of Several Common Pollutants in Urban Runoff with

STPs
Load (Ibs/acre/yr)

Land Use

TSS TP TN Bacteria

2-Are Residential 39 0.25 2.0 61

1 Acre Residential 46 0.29 2.3 72

% Acre Residential 62 0.40 3.2 98

1J4 Acre Residential 79 0.50 4.0 124

1/8 Acre Residential 90 0.58 4.6 143

Townhouse 109 0.70 5.5 173

Multifamily 116 0.74 5.9 184

Light Industrial 137 0.88 7.0 217

Commercial 182 1.16 9.2 287

Notes:
• Assumes the following efficiencies: 80% for TSS; 50% for TP; 35%

for TN; and 75% for bacteria.
• Bacteria loads in billion per acre
• Also assumes that 95% of new development is regulated, 90% of

rainfall is captured, and a factor of 0.9 to account for long-term
performance and design.

• Shading indicates that the following "background" loads are
achieved: 100 Ib/acre for TSS; 0.6 Ib/acre for TP; 4.0 Ib/acre for TN;
25 billion/acre for bacteria

..
In most communities, the discount factors presented In the above example are
generous, to say the least. Many communities require capture of only the ~ inch
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storm, and regulate only larger sites (e.g., 5-acre or larger). Finally, the initial
assumption that 90% of performance is retained over time is highly optimistic. By
more sharply discounting practice performance, STPs show less ability to reproduce
predevelopment loading rates. For example, if we recompute loads for the above
example assuming a 5-acre threshold (0.6), a W' capture (0.75) and a more realistic
long-term performance record (0.7), background loads could be achieved only for
the most low-density development (Y:z acre lots and larger).

THE EFFECT OF BETTER SITE DESIGN ON LOAD REDUCTION

For many decades, non-structural stormwater treatment practices were relegated to
obscurity. These practices emphasize minimization of impervious cover,
conservation of natural areas, and distribution of stormwater treatment on individual
development sites. These practices have become much more accepted in recent
years, and go by many names such as better site design, low impact development,
zero discharge, green infrastructure, conservation development and sustainable
urban drainage systems. While the brand names are different, most rely on a mix of
a few dozen non-structural practices.

Redesign analyses have shown that the careful application of these practices on a
development site can be an important complement to structural practices. In
general, the pollutant reduction is achieved by minimizing or disconnecting
impervious cover, reducing turf area, and conserving natural areas. For example,
Zielinski, et al. (2000) reported that intensive application of better site design
techniques could result in nutrient removal equivalent to structural practices on a
range of residential and commercial development sites. The same study also
calculated that when structural and non-structural practices were combined together
they could approach, but not quite attain predevelopment nutrient loading rates.

In general, the greatest benefit of better site design techniques is seen for the low
density residential development, although some benefit has been observed for all
suburban land use scenarios that were analyzed. Table 7 illustrates the combined
impact of effective STPs (using the generous assumptions presented in Table 6)
and better site design on annual pollutant loading rates. In general, this approach
yields the lowest post development pollutant loading rates, but does not usually
meet the rural baseline loading target for most pollutants and suburban land use
combinations.

",-.
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Table 7. Loads of Several Common Pollutants in Urban Runoff with STPs and
Better Site Desi n

Land Use

2-Are Residential

Impervious
Reduction

(Ufo)

50

Load (Ibs/acre/yr)

TP TN Bacteria

41

1 Acre Residential 40 52

% Acre Residential 30 75

Y4 Acre Residential 20 104

1/8 Acre
20 118

Residential

Townhouse 15 150

Multifamily 15 101 0.65 5.1 159

Light Industrial 10 125 0.80 6.3 197

Commercial 10 165 1.06 8.4 261

Notes:
• Uses the same base assumptions as the analysis in Table 6, except that

impervious cover is reduced by the fraction indicated for each land use category
• Bacteria loads in billion/acre
• Shadin indicates that the followin "back round" loads are achieved.

EXTRAPOLATING RESULTS TO THE WATERSHED LEVEL

Unfortunately, site level controls may have less potential to remove pollutants at the
watershed level. The "edge of field" loads calcualted above do not incorporate
many non-stormwater sources that are in fact heavily influenced by development
within a watershed, such as increased wastewater discharges, or channel erosion.
Furthermore, this site level analysis does not allow the watershed manager to fully
address the range of treatment options available. Table 8 summarizes some key
secondary (non-stormwater) pollutant sources and treatment options analyzed by
the Watershed Treament Model (Caraco, 2001).

The total load from wastewater, including CSOs, SSOs, and septic systems, among
others, is directly related to the number of individuals on a system. Since no plant is
100% efficient, we will expect some increased loading at the watershed level in
response to new development, even if we are able to elinimate all other wastewater
discharges. Our analysis does not include any of these sources, because their
pollutant export is not seen at the site level.

Available data also suggest that channel erosion can be a significant sediment
source in urban watersheds, comprising up to two-thirds of the annual sediment
load (Trimble, 1997). Conversely, data from rural watersheds suggest that channel
erosion represents between five and twenty percent of the annual load (Walling and
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Woodard, 1995; Collins et a/., 1997). Additional research suggests that traditional
stormwater treatment practices have historically been ineffective at preventing
channel erosion. While other design options show promise at reducing these
impacts, few have been tested in the field (Caraco, 2000). Consequently, it may
actually be more difficult to produce background loadings for sediment, as well as
the nutrients attached to this sediment, than our site level analysis suggests.

IMPLICATIONS

Recognize the Limits of Current Technology

Focus on Applied Research to Improve the Long-Term Performance of
Existing Practices

An important component of the analysis presented in this paper is the "discount" for
long-term maintenance. Historically, maintenance of existing practices has been

Schueler/ Caraco11

Table 8. Secondary Sources and Treatement Options in Urban
Watersheds

Secondary (Non-Stormwater) Sources TREATMENT OPTIONS

• Septic Systems • Lawn Care Education
• Sanitary Sewer Overflows • Pet Waste Education
• Combined Sewer Overflows • Erosion and Sediment Control
• Illicit Connections • Street Sweeping
• Active Construction • Impervious Cover Disconnection
• Managed Turf • Land Reclamation
• Channel Erosion • Impervious.Cover Reduction
• Hobby Farms/Livestock • Riparian Buffers
• Marinas • Better Site Design
• Road Sanding • Catch Basin Clean Outs
• NPDES Dischargers • CSO Repair/Abatement

• SSO Repair/Abatement
Illicit Connection Removal

.
•
• Septic System Education
• Septic System

Inspection/Repair
• Septic System Upgrade
• Marina Pumpout

The increased pollutant discharge over such a wide suburban land uses suggests
that current STPs, even when combined with site design techniques, cannot
consistently meet a zero or low impact threshold for moderately developed sites or
within urbanizing watersheds. This finding has several implications for watershed
managers, regulators and land use planners.

As stormwater professionals, we need to realize the limits of current technologies.
Even assuming watershed-wide implementation, good design, and aggressive
maintenance, we cannot achieve "background" loads. This result suggests that,
while these technologies are valuable, they must be supplemented with other
watershed protection tools.
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problematic for many communities. We need to develop simple technologies that
can reliably sustain long-term performance, while simultaneously developing
programs that ensure long-term maintenance.

Site Design Techniques Are Important, But They Have Limits

Incorporating site design features that minimize impervious cover and preserve
natural open areas can signicantly reduce the pollutant load from new development,
and particularly for relatively low density developments. Furthermore, these
practices, unlike most conventional STPs, help to more nearly replicate the natural
hydrologic cycle. Consequently, they may be more effective at reducing
downstream channel erosion. However, these practices do not, particularly at the
watershed level, appear to be able to reproduce background loadings at all levels of
development.

Watershed-Wide Analysis Encompass Should All Pollutant Sources and
Treatment Options

While on-site load calculations are often a popular tool for achfeving load reductions,
watershed planning needs to encompass the full range of pollutant sources and
treatment options: particularly those that are not reflected at the site level. Table 8
summarizes the ones evaluated by the Watershed Treatment Model (WTM; Caraco,
2001). In particular, wastewater sources and channel erosion are important sources
that need to be considered at the watershed scale. Furthermore, since the analysIs
presented here focuses on stormwater loads, it gives many management practices
the short shrift. For example, improved wastewater treatment and watershed
education may significantly reduce pollutant loads, but are not reflected in this
analysis.

Land Use Controls May Be Needed at the Watershed Level

Although technology has been improving over the years, as has our understanding,
we cannot reproduce natural conditions or background pollutant loads, particularly
at the watershed level. Consequently, watershed-wide load caps, imposed either as
a part of a SWAP, a TMDL, or other agreement will necessarily require land use
controls, including identification of preservation areas, and changes to zoning
codes. For a full discussion of land use and other watershed protection tools,
consult the Practice of Watershed Protection (Schueler and Holland, 2000).

Remember the Fish and Macroinvertebrates

Finally, pollutant loading analyses such as the one presented here cannot
accurately predict impacts the habitat quality or species richness and diversity of a
stream system. A wide array of data suggests that this diversity begins to decline at
approximately 10% impervious cover (Schueler, 1994). Some studies suggest an
even lower threshold for more sensitive species such as salmon (May et a/., 1997).
Further, treatment practices have shown little availability to reverse this trend. For
years, we have developed without land use controls, assuming that "best"
management practices would take care of any problems that development may
have caused. Simultaneously, we saw steady decline in the quality of life in our
stream systems. While our technology has improved over time, we need to
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recognize our limits and make a m.ore concerted effort to protect these aquatic
resources, using all tools at our disposal.
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ABSTRACT

Urbanization in the Denver metropolitan area has brought about changes in the
hydrologic regime by increasing frequency of runoff; increasing peak discharges;
increasing volume of runoff; decreasing time to peak and increasing duration of flow.
This, when combined with the steep slopes prevalent in Eastern Colorado, results in
severe erosion, degradation, widening and lateral migration of these channels. This
paper will present a variety of solutions successfully implemented in the Denver
metropolitan area to stabilize urbanizing streams and to reclaim degraded ones.

INTRODUCTION

The Urban Drainage and Flood Control District (District) was established by the
Colorado Legislature in 1969, in response to the disastrous 1965 flood on the South
Platte River, for the purpose of assisting local governments in the Denver
metropolitan area with multi-jurisdictional drainage and flood control problems. The
District covers an area of 1,608-square miles and includes Denver, parts of the five
surrounding counties, and all or parts of 33 incorporated cities and towns. There
are about 1600 miles of "major drainageways" which are defined as draining at least
1000 acres. The present population of the District is approximately 2.3 million
people.

The District is an independent agency governed by an 16/iTlember board of
directors. The make-up of the board is unique, in that sixteen members are locally
elected officials (mayors, county commissioners, city council members) who are
appointed to the board. These sixteen members select two registered professional
engineers to fill out the board.



District funds come from four small property tax mill levies that are earmarked for
specific programs that are described below.

The concept of the District is to keep the staff small and to utilize private consultants
and contractors as much as possible. As a result the District operates a $12 to $18
million annual program with only 19 full time employees and six part-time college
student interns. The staff is responsible for management of all project funds;
supervision of all work done by consulting engineers; and coordination of all
planning, design, construction and floodplain management efforts with local
governments.

The District operates five programs: Master Planning, Floodplain Management,
Design and Construction, Maintenance, and South Platte River. Briefly, Master
Planning prepares plans for both mitigation of existing flood hazards and guidance
of new development; Floodplain Management works to insure safe new
development; Design and Construction implements the mitigation master plans;
Maintenance provides routine, restoration and rehabilitation maintenance of flood
control facilities; and the South Platte River Program performs all of the above
functions for the South Platte River.

Statement of Problem

Urbanization of watersheds changes the hydrologic regime by:
• Increasing the frequency of runoff,
• Increasing peak discharges,
• Increasing the volume of runoff,
• Decreasing the time to peak, and
• Increasing the duration of flow, especially with detention practices in place.
Combined with the steep channel slopes prevalent in Eastern Colorado the result is
often severe erosion, degradation, widening and lateral migration of these channels.

Solution

Years of observations have shown us that on-site runoff reduction practices (mostly
on-site detention) have only a limited effect on mitigating the above-stated
problems. Studies in Maryland and Washington also confirm the fact that even
small amounts of land development (i.e., 10 - 15% of total imperviousness) change
the 2-year (i.e., geomorphologically dominant flow) and smaller runoff flows
dramatically. These effects are amplified in semi-arid and arid regions because
runoff from undeveloped catchments is almost zero during a 2-year storm.

We have found that grade control structures, placed to reduce the longitudinal slope
of the natural channels, have not only accomplished the goal of stabilizing
degrading streams and gulches and protecting existing riparian zones, but have
been a very positive factor in encouraging further growth of a\fJide variety of wetland
and riparian vegetation. This has increased the wetland and wildlife habitat areas
along the channels of urban catchments in the Denver region. Although stream
bank stabilization is often also needed, grade control structures by themselves,
installed before development begins or in its early stages, have proven to be the
most important feature in reducing stream degradation and erosion. Its benefits
also include the reduction of silting-in of downstream aquatic habitat.
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Examples

The remainder of this paper is devoted to case studies of various projects
completed by the Design and Construction, Maintenance and South- Platte River
Programs in which the installation of grade control structures has had some or all of
the benefits described above.

DESIGN AND CONSTRUCTION PROGRAM

The Design and Construction Program was established in 1974 to coordinate the
design and construction of drainage and flood control improvements in cooperation
with local governments within the District. The program provides up to a
fifty-percent level of funding for projects requested by the local governments. The
District coordinates final designs prepared by consulting engineers and partners
with the local governments in securing necessary rights-of-way and administering
construction of the improvements.

Sand Creek

Sand Creek in the City of Aurora is an urbanizing basin with a drainage area of
125-square miles, a 1DO-year peak discharge of 21,500 cfs, channel slopes ranging
from 0.4 to 0.8 percent and containing highly erodable sandy soils.

In the mid-1980s, a one-mile stretch of Sand Creek between Sable Boulevard and
the confluence with Toll Gate Creek existed with limited capacity through an already
developed residential area. This reach of channel had been confined by
development in the 1950s, prior to any refined analysis of the basin hydrology and
hydraulics. The channel was placed between two collector streets, which provided
the largest restriction to handling 1DO-year peak flows. By the late 1970s the
floodplain had been mapped, placing several hundred homes in the 1DO-year
floodplain.

The solution to this problem involved a combination of hardened bank treatment and
grade control structures, allowing for maximum conveyance through the reach. A
soft bottom was maintained and, by flattening the longitudinal slope, wetland
vegetation was encouraged, providing a more aesthetic channel. Soil cement was
used on the banks to allow for steeper side slopes. A recent photo of Sand Creek
can be seen in Fig. 1.

Grange Hall Creek

Grange Hall Creek, a small (6-square miles) basin in the City of Northglenn had
been experiencing severe bank erosion and downcutting for several years. Channel
slopes in the range of 0.4 to 2.7 percent and highly erod-able clays and sands, in
conjunction with the urbanizing basin, resulted in a deeply incised channel with
many vertical banks (see Fig. 2). The 1DO-year peak for Grange Hall Creek in
Northglenn is 1,400 cfs.

3



Figure 1.
Copy by permission of Urban Drainage & Flood Control District

Because the creek was located within a large open space corridor, the City of
Northglenn and the District desired to create natural-appearing features in the
improvements. It was decided to utilize a grade control structure that gave the
appearance of a natural rock outcrop. After several iterations, it was decided to use
a "faux rock" concrete drop structure to provide the needed grade control as well as
provide an aesthetically pleasing structure (see Fig. 3). Buried riprap was placed
along the toe of slope on outside bends to provide added protection. Wetland
mitigation was a major component of the project and pockets of wetlands were
created at multiple locations along the channel reach.

Shop Creek

The Shop Creek drainage basin is a fully urbanized basin in the City of Aurora with
a drainage area of approximately 1-square mile. Its outfall into Cherry Creek
Reservoir passes through a state recreation area and for years flowed along an
existing gulch with slopes of approximately 1.5 percent. The 1DO-year peak for
Shop Creek at its outfall is 1,650 cfs.

Over time, the urbanized flows, steep slopes and highly erodable sandy soils
caused the channel along the lower basin to become deeply incised with high
vertical banks, creating an unsightly condition in the recreatibn area and delivering a
large amount of sediment to Cherry Creek Reservoir (see Fig. 4).

The solution to this problem involved the creation of a sedimentation and water
quality treatment pond in the upper reach of the eroded channel, as well as a series
of soil cement drop structures throughout the entire channel reach (see Fig. 5). The
drops create a flattened gradient allowing for the creation of wetland areas
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throughout the channel reach and providing a secondary benefit of water quality
improvement.

Figure 2.
Copy by permission of Muller Engineering Company, Inc.

Figure 3.
Copy by permission of Urban Drainage & Flood Control District
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Figure 5.
Copy by permission of Wenk Associates

Rock Creek

Rock Creek in the Town of Superior is a good example in the Denver metropolitan
area of how new development can accommodate increases in runoff due to
development as well as provide a valuable resource and amenity for the
development itself.

The developer's engineer recognized early-on the need to address the increase in
flows that the new development would bring and incorporated a number of grouted
boulder grade control structures along the existing drainageway and its tributaries.
The installation of these grade control structures has created several wetland areas
along the drainageways supplying water quality benefits, stabilizing the channels,
and providing a tremendous resource for the community (see Fig. 6).

Marston Lake North

Marston Lake North drainage basin (2.0-square miles) outlets into Bear Creek within
Bear Creek Park in the City of Denver. The lower reach of the channel drops
40-feet in elevation over a distance of 850 linear feet witt;1in the park resulting in
severe and unsightly erosion (see Fig. 7).

A drainage master plan previously developed for the basin recommended a series
of large drop structures to stabilize the channel throughout this reach. It was
decided during the design process to look at alternatives to the large number of
drops.
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Figure 6.
Copy by permission of McLaughlin Water Engineers. LLC
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The solution to this problem involved meandering the low flows (90 cfs) down the
40-foot elevation change through a series of ponds and a cobble-lined watercourse
(see Fig 8). Flows in excess- of the 90 cfs were diverted to a large diameter conduit
capable of handling flows up to and including the 10-year design flow of 860 cfs.
This application provided a more aesthetic feature within the park setting.
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Figure 8.
Copy by permission of ICON Engineering, Inc.

MAINTENANCE PROGRAM

The Maintenance Program was established in 1981 to assist local governments
within the District with maintenance and preservation of drainage improvements,
floodways and floodplains. The program provides up to a 100-percent level of
funding for maintenance activities and projects requested by the local governments.
Drainageway maintenance includes routine mowing and debris pickup and design
and construction projects to repair existing drainage facilities which have been
damaged.

Goldsmith Gulch

Bible Park lies between Yale Avenue and Dartmouth Avenue in Denver. Goldsmith
Gulch flows through the middle of this 75-acre urban park. With 6-square miles of t . S- : l
rapidly developing urban area upstream the low flow channel for Goldsmith Gulch
had eroded into a vertical-sided slot ranging from 5- to 10-deep and 15- to 20-feet
wide. A recent capital improvement project just upstream of Bible Park had
replaced an undersized 36-inch concrete pipe with a four cell 5' by 8' box culvert,
dramatically changing flow patterns through Bible Park. The peak flow for the 100-
year return period was about 3,600 cfs. The soils through Bible Park were mostly
clay with only occasional lenses of sandy material. Groundwater was at depths
ranging from 4- to 10-feet.

Two-thirds of Bible Park was improved with play fields, but the central one-third
along the creek was unimproved open space. The creek supported some natural
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grasses and volunteer trees, but this vegetated corridor was only about 40-feet wide
(see Fig. 9). Because the creek had a broad floodplain accompanying it, the
opportunity existed to recreate a relatively natural riparian corridor for the park
related aesthetic and habitat improvements.

Figure 9.
Copy by permission of Dames & Moore

The design process, which began in late 1995, was a partnership of representatives
from the nearby neighborhoods, the Denver Parks Department, Denver Wastewater
Management, the engineering consultant, and the District. The general goal of the
project was to repair the erosion damage to the channel and, at the same time, to
make the gulch a more accessible and aesthetic component of the natural area of
the park.

The selected improvement for this 2,600-foot long channel called for reducing the
longitudinal grade of the creek invert from 0.6 percent to about 0.2 percent with
about 10.5-feet of elevation change being controlled by grade control structures.
The grading plan specified raising the invert and shaping two sweeping meanders to
eliminate the incised channel and create a broad gently sloping riparian corridor
(see Fig. 10).

The critical element of the project was that there was enou£h land area to allow the
design team to consider this type of improvement. Where Goldsmith Gulch had
previously split this urban park in half, the result of this creek improvement project
was a meandering stream with shallow overbanks that was now an integral part of
the whole park.

10
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Figure 10.
Copy by permission of Dames & Moore

Willow Creek

In Arapahoe County, on the south side of the Denver metropolitan area, Willow
Creek had carved a 30-foot high vertical bank that had undercut residential rear
yard fences. About 2,000-feet downstream from this natural open space park area
the creek entered the stormwater detention pool behind Englewood Dam. The
detention pool had been experiencing aggradation for several years such that low
areas of the open space trails had been repeatedly buried with sediment.

The drainage area tributary to the project site is 8.1-square miles, the 2-year
discharge is 1,650 cfs and the 100-year discharge is 6,100 cfs. The Willow Creek
watershed is fully urbanized in the lower half of the basin where the project is
located, and is actively being developed in the upper half of the basin.

The primary purpose of the project was to stabilize the Willow Creek channel and to
repair the 30-foot vertical bank (see Fig. 11). Through the creativity and willingness
of all project sponsors, several bioengineering techniques were used instead of
traditional hard-armoring methods.

An innovative solution to stabilize the 30-foot high vertical bank without the use of
riprap involved using several bioengineering techniques. -At the toe of the slope, soil
wrap lifts were used up the bank about 4-feet. The soil wrap lifts are composed of
natural fiber fabric and coir fiber mat. The bottom two lifts were staked with willows.
The soil wrap lifts add stability until the willow roots are established. Above this,
three to six levels of brush layering were used. The purpose of the brush layering is
to stabilize the upper bank by shortening the sheet flow distance, thus reducing rill
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erosion development. The brush also slows the runoff and traps organic material,
which eventually may provide a stable place where captured seedlings can grow.

Figure 11.
Copy by permission of Urban Drainage & Flood Control District

One creative element of the solution involved the relocation of the low flow channel.
The existing creek was located at the base of the 30-foot high vertical slope and a
stand of old cottonwood and willow trees was located on the opposite bank. It was
very important to save the stand of trees. The toe of the rebuilt slope could not bury
the trees, nor could the channel be moved too far from the trees to ensure their
survival. In order to achieve a stable bank slope of 2: 1, the channel had to be
moved. The channel was strategically relocated 50-feet to the other side of the
trees (see Fig. 12).

In the relocated low flow channel, several other erosion control methods were used.
On the outside bank buried riprap was placed and coir fiber rolls (bio-Iogs) were
used at the toe of the slope. Permanent erosion control mat was placed over the
seeded riprap area. On the inside bend of the creek, a permanent geotextile fabric
was placed which allows sediment to be deposited into the fabric matrix and will
facilitate plant growth.

During the design phase, the opportunity arose to address water quality concerns,
specifically sediment from the upstream watershed. A sediment trap was designed
to serve as a "forebay" for the Englewood Detention Pond. It would help reduce the
amount of large sediments being deposited in the detention pond and improve the
quality of the stormwater. The sediment trap was also intended to reduce the
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on-going sediment removal that had been necessary to keep open the pedestrian
trails.

This sediment trap was a retrofit facility. It was not possible to meet aU the design
criteria due to the physical site constraints. Since the sedimentation pond could not
be sized to accommodate the entire upstream tributary basin, it wil.l be interesting to
evaluate just how much difference the pond real.ly makes to the sediment loads
col.lecting in the Englewood Dam flood pool area. After less than two ful.l years in
operation, the sediment pond has received four sediment removals of 800 to 1,000
cubic yards each.

Figure 12.
Copy by permission of Urban Drainage & Flood Control District

SOUTH PLATTE RIVER PROGRAM

The South Platte River Program was established in 1987 to provide special attention
to the South Platte River, which is the receiving body of water for aU the other
drainageways within the District. The program provides up to a 75 percent level of
funding for capital improvement projects requested by the local governments. In
addition, the program may contribute up to 100 percenLof the cost of maintenance
activities along the river.

Bendway Weirs

For a period of about three years, a bending reach of the South Platte River was
observed to have moved over 50-feet lateral.ly, endangering several mature
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cottonwood trees and creating the potential for berm breach into an adjoining sand
and gravel pit. At many locations along this bend property owners tried, with little
success, to stabilize the bank using unsightly concrete pipe, slabs and other
discarded structures (see Fig. 13). In response to this erosion and aesthetic
nightmare, the District's South Platte River Program cleaned up the riverbank and
constructed a more non-traditional method of bank stabilization known as bendway
weirs.---.--

Figure 13.
Copy by permission of Urban Drainage & Flood Control District

In a typical river bend surface water currents tend to move toward the outer bank,
concentrating flow and higher velocities along the bank edge, resulting in severe
bank erosion. The traditional rock riprap revetment installation resists this increased
bank velocity. The bendway weir method, however, involves redirecting the bank

ocit m the bank towards the middle of the bend. With a series of weirs
angled upstream along the outside 0 a en , the current is redirected through the
bend and into the downstream crossing.

A series of twelve bendway weirs were constructed along the 1,300 linear-foot
outside bank over a period of two years at this location .. The weirs were essentially
small berms of 12-inch (d50) rock riprap keyed into the existing bank, extending into
the low flow channel approximately 40-feet and angled 5 to 15 degrees upstream.
The rock was mixed with in-situ soils and revegetated with willows and native grass
where possible. Figure 14 shows a newly constructed weir in the foreground and an
older weir in the background
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RECENT EXPERIENCES IN THE USE OF BMP IN MALMO,
SWEDEN

Peter Stahre, Dr
Malmo Water and Wastewater Works

S - 205 80 Malmo, Sweden

ABSTRACT

The City of Malmo in Sweden has used BMP more systematically since the late
1980's. Today the implementation of BMP is an integral part of the city's planning of
new developments. As a base for this planning, all technical departments in the city
have jointly developed a policy for a sustainable drainage of urban stormwater,
which has been approved by the politicians.

In 1999 a new concept for upgrading overloaded combined sewer systems based
on BMP was introduced in Malmo. This concept was applied in the existing
development of Augustenborg, which was built up in the late 1940's and early
1950's. The basic idea with the project was to disconnect the stormwater from the
combined sewer system and divert it to a new open drainage system for stormwater.
The open drainage system is formed by a combination of different BMP techniques.
The inhabitants in the Augustenborg area have played a very active role in the
planning and the design of the new system.

Today all new developments in Malmo are planned with special consideration of the
drainage of stormwater. Wherever possible new developments are built up along
constructed open drainage corridors, which are laid out at a very early stage in the
planning process.

INTRODUCTION

The drainage of stormwater from urban areas has traditionally been accomplished
by constructing storm sewers, through which stormwater is discharged to adjacent
surface waters. In recent years there has been an i~'creased concern about the
quality of our surface waters. To be able to improve, protect and restore the water
quality in the aquatic systems it is necessary to control not only the flow but also the
pollutants in the stormwater.
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A number of different techniques for attenuation of flow variations and for reducing
the pollution in the stormwater runoff have been introduced. These new approaches
are sometimes referred to as best management practices (BMP).

As a result of the Rio declaration and the Agenda 21 there is today a strong trend in
the direction of looking at stormwater as a positive resource in the urban
environment. Important ingredients in this new approach are consideration of
aesthetics, multiple use and public acceptance of the technical solutions. In Europe
the term sustainable stormwater management has been introduced for this new
concept. The characteristic feature of sustainable stormwater management is that
quantity and quality issues are handled together with the aesthetics. Sustainable
stormwater management is most typically accomplished in the upper parts of the
drainage area.

POLICY FOR SUSTAINABLE STORMWATER MANAGEMENT IN POLICY

Stormwater management is the responsibility of the city's drainage department.
However, the introduction of sustainable stormwater management has led to the
need for a more active involvement of the other technical departments in the city.
This involvement is very seldom problem-free. Only some years ago there were very
little understanding for the use of open stormwater solutions.

In the city of Malmo it was decided to work out an official policy for the concept 'of
sustainable stormwater management. The department of Water and Wastewater
took the lead in this work. Together with the other technical departments a policy
document was developed, which was approved by the politicians and now forms the
base for the interdepartmental co-operation.

In the policy document the following general goals have been set up for the
management of stormwater in the city:

• The urbanization shall not have a negative impact on the natural water balance
• The pollution load on the storm drainage system shall be limited to greatest

possible extent by different types of source control measures.
• The storm drainage system shall be designed so that no severe surcharge occur

in the system during heavy rainstorms
• The storm drainage system shall be designed so that as much as possible of the

pollutants in the stormwater can be separated before it reaches the receiving
water.

• The stormwater shall be used as a positive resource in the city environment.

The policy document outlines general recommendations for how these goals shall
be fulfilled. This is done by identifying strategies covering the following four areas:

1. Local disposal of stormwater on private property
When new houses are built, the city today normally demands that part of the
stormwater runoff shall be disposed of locally within the private property. The
fulfillment of this demand is obligatory. Examples of technical solutions for local
disposal of stormwater are infiltration of stormwater on lawns, applying a vegetation
cover on flat roofs (=green roofs), surface storage etc.
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2. Stormwater management in new developments
In new developments stormwater shall to greatest possible extent be diverted to
open drainage systems. To be able to accomplish this, space for open drainage
corridors must be set aside in the master planning ofacomplished the area. How this
shall be done is something that must be solved jointly by the planning architect and
the drainage engineer. The open storm drainage systems shall be designed so that
they give a positive contribution to the city environment. Examples of technical
solutions are swales, open water courses, wetlands, canals, ponds etc.

3. Stormwater management in existing urban developments
It has in Malmo been decided, not to separate the old combined sewer system in the
central parts of the city. Instead different measures shall be set in to reduce the load
of stormwater on the system. Through the construction of new storm trunk sewers
through areas with combined sewer system, stormwater from the duplicate sewer
system in the outskirts of the city can be led directly to the recipient. In addition the
existing combined system is upgraded by the construction of detention facilities in
the system. If the local conditions permits, stormwater is detained in open ponds
etc.

4. Management of stormwater from roads with high traffic loads
Stormwater from heavily trafficked roads contain heavy metals, hydrocarbons and
other pollutants. When constructing new roads, the drainage system shall be
designed so that the pollutants to greatest possible extent can be separated. The
runoff from roads should preferably be handled in open systems. Examples of
technical solutions are swales, ponds, filterstrips etc.

The main objective with the developed policy is to get consensus on the concept of
sustainable stormwater management among the different technical departments in
the city. The policy document is kept on a fairly general level. Thus it does not
include any guidelines for the design of the technical solutions involved. These
practical questions are left to the engineers to solve. The developed policy for
sustainable stormwater management has had a considerable positive effect on the
city's interdepartmental co-operation when urban storm drainage is concerned.

CO-OPERATION AMONG THE TECHNICAL DEPARTMENTS IN THE CITY

The introduction of the concept of sustainable stormwater management has among
others had the effect that the question of how to integrate the facilities in the urban
environment has come in focus. Experiences in Malmo show that the design of
sustainable stormwater facilities is not primarily a technical problem. The know-how
of technical design is today well established. The problems of implementing this
type of facility are more of institutional nature and basically a problem of co
operation between different departments in the city admin;istration.

I
I
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Interdepartmental co-operation in a city can seem trivial and should not be a
problem. However most cities do not have the tradition in co-operating in the
planning and implementation of jointly owned and operated water facilities. The
institutional barriers for such initiatives are often unexpectedly high. ~n the city of
Malmo it took many years to break these barriers.

In the city of Malmo the department of Water & Wastewater together with the
department of Park and City Environment have taken the leading role in the
implementation of the concept of sustainable stormwater management. Today
experts from these two departments are working side by side in most sustainable
stormwater projects. This co-operation has been most successful. The main reason
for the positive development in Malmo is that the new facilities are not only planned
and designed in co-operation, but also jointly financed. As a result all new
sustainable stormwater solutions in Malmo are today considered as both a drainage
facility and a park.

To succeed with the implementation of sustainable stormwater solutions it is
important that the different departments involved in the planning really recognize the
positive values of the new concept. One central question in this connection is to
which degree an installation shall be considered a park respectively a drainage
facility. This question must always be subject to negotiations between the two
departments. The investments and maintenance costs are then divided accordingly.

DEPARTMENTS

Urban drainage
City environment

City planning
Park
City environment

Hydrologic and ... ~ Aesthetic values
technical values ~ ~

Biologic and .... ~ Pedagogic and
ecologic values ~ .... recreational values

SUSTAINABLE STORMWATER
MANAGEMENT

DEPARTMENTS

City planning
City environment
Park
Recreation

School
Park
Recreation

Figure 1. Examples of positive values associated 'lt/ith sustainable stormwater
management and their interest for different departments in the city administration.

Examples of the positive values a sustainable stormwater facility can have for
different departments in the city administration are illustrated in figure 1.
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During 10 years experiences of sustainable stonnwater management in the city of
Malmo a planning model for these types of facility has been developed. The
planning model is outlined in figure 2.
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Figure 2. Schematic illustration of the process from vision to realization of a typical
sustainable stormwater project in the city of Malmo, Sweden.
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The planning model can be summarized as follows:

1. Common vision. It is important to develop a common vision of each individual
stormwater facility. At least two or three of the city departments should take
active part in the development of this vision. The vision must clearly indicate the
specific objectives of each department. It is very important at this stage to
outline the possibilities of multiple use of the facility.

2. Physical planning. The vision of the sustainable stormwater management must
at the earliest possible stage be introduced in the physical planning process.
The vision can often become the driving force in the planning process. One
example of such a vision is the formation of a multipurpose blue-green "drainage
corridor" through a new urban settlement.

3. Additional partners. One shall always explore the possibilities to involve
additional partners in the project than those originally initiating it. As example
can be mentioned that land developers often have an active interest in forming a
nice urban environment.

4. Promotion. In the design and implementation phase it is important to seek
support from citizens, schools and other pressure groups in the area. A humble
attitude to public demands and requests will facilitate the public acceptance of
the facility. Local media can play an important role in the promotion of the ideas
of sustainable stormwater management.

5. Design. In the design of the facility all legal demands and requirements must be
fulfilled. The dimensioning must be based on the chosen configuration of the
facility and the multiple objectives that have been set up.

6. Financing. Costs for the construction of a sustainable stormwater facility should
be shared among the involved parties according to their benefits. If for example
a facility simultaneously is used for drainage and for park purposes, the
investment costs should be shared between the drainage and the park
departments.

7. Realization. Before the facility is implemented the responsibilities for the daily
maintenance must be decided. In the city of Malmo most typically the park
department maintains the green part of the facility while the drainage
department maintains the inlet and the outlet structures.

The know-how of the design of BMP facilities is today well established. Extensive
documentation of design practices is available in various guidelines and handbooks.
The new element in design of sustainable stormwater facilities is the integrated
approach where hydraulic design criteria are combined with ecological, biological,
aesthetic considerations. Some characteristic features in the design of sustainable
stormwater facilities are outlined below:

6 Stahre



I
II
I

Natural conditions

The prevailing natural conditions at the site of the planned stormwater facility must
be taken as a base for the design. Examples of natural conditions are. topography,
hydrology (watercourses, wet lands, surface waters), soil condition (permeability,
groundwater), vegetation etc.

Integration of different technical solutions

To optimize the stormwater management one should try to combine different types
of BMP technique. Thus infiltration and percolation of stormwater on individual lots
should be combined with measures on publicly controlled land. The goal must be to
use all parts of the urban stormwater "runoff-train".

Multiple design criteria

The multiple use of a stormwater facility plays an important role in the design. The
special objectives and goals that have been set up for- the facility must be
considered in the design process. The challenge in the design of sustainable
stormwater facilities is that the design criteria for quantity and quality control of
stormwater sometimes are contradictory to the design criteria for other purposes
such as aesthetics, recreation, public access, education etc.

Early realization

A sustainable stormwater facility should be constructed before the construction of
houses around it. To permit vegetation in and around the facility to establish, it
should be completed a year or two before other construction work in the area is
started.

SUSTAINABLE STORMWATER MANAGEMENT IN THE AUGUSTENBORG
AREA IN MALMO

In 1999 a new concept for upgrading overloaded combined sewer systems was
introduced in the existing development of Augustenborg in Malmo. The area has
suffered from frequent basement flooding. The basic idea when upgrading the
sewer system has been to disconnect stormwater from the combined sewer system
and instead handle it in a new open drainage system, which has been built up in the
area. The characteristic feature of the new system is that a variety of different BMP
techniques are used.

The development of Augustenborg is located at the edge of the densely populated
central parts of Malmo. The area, which was developed in the late 1940ies and early
1950ies, consists of several multi-stories houses,..one small market square, one
industrial yard, one school, and a park. The total ~tea is 32 hectare (700 meters x
450 meters) and the number of inhabitants about 2 900.

The backbone in the upgrading of the overloaded combined sewer system is a
newly formed drainage corridor through the area, see figure 3. Because of the
limited space available, a part of this corridor was built in the form of a shallow
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concrete canal, which runs in the free space between the houses. In the park a
stormwater creek was made.

Figure 3. Illustration of the stormwater drainage corridors in the development of
Augustenborg in Malmo.

Most of the stormwater from the area has been disconnected from the combined
sewer system and is instead diverted to the new drainage corridor. Different
techniques for reducing the stormwater runoff near the source have been applied.
As a result the hydraulic load on the corridor can be limited quite considerably.
Some of the facilities in the Augustenborg area is described in more detail below.

The first phase of the project, covering the eastern parts of the development, was
completed in spring 2001.

Open canal

In the most densely populated parts of the area there was very limited space for
building up a drainage corridor. The solution that was chosen was to construct a
concrete canal, built up of especially designedcanal:e:ement. The canal has a width
of 0,7 meter and a depth of 0,5 meter. This part of the project was planned in close
co-operation with the inhabitants in the Augustenborg area.

In a series of meetings the inhabitants was informed about the plans to build an
open drainage system through the area. The participants got the opportunity to
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influence the design of the canal system. Figure 4 shows a section of the canal
system.
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Figure 4. The stormwater canal running through the Augustenborg area.

Figure 5. The wetland pond in Augustenborg.
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Wetland pond

At one point a "wetland pond" was laid out in the drainage corridor. The idea was to
form an "urbanized" wetland with the image of a rice field. Special effortswere made
to create a nice environment for people to gather, see figure 5.

Green roofs in the industrial site of Augustenborg

Most buildings in the industrial part of Augustenborg have flat roofs. To reduce the
stormwater runoff it was decided to install 9 000 square meters (0,9 hectares) of
"green roofs" on the top of the buildings. The vegetation cover chosen was sedum
grass, see figure 6. The green roof installation in Augustenborg is designed as a
research facility with special arrangements for following up the infiltration capacity of
different grass species, the maintenance requirement, the effect of different the
slopes etc.

Figure 6. Part of the green roof installation in Augustenborg

Detention of the runoff from the schoolyard

The schoolyard in Augustenborg has a very high per.centage of impervious surfaces
(roofs and pavements). As part of the upgrading of the sewer system all stormwater
has been disconnected from the combined sewer system and is now instead
handled by surface runoff. To permit stormwater to runoff on the surface the
schoolyard was re-modeled. The new drainage system among others systems
involves open channels and infiltration basins. Figure 7 shows a small amphitheater
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intended for outdoor lectures, which during wet-weather conditions is serving as an
infiltration facility.

Figure 7. Part of the open drainage system in the schoolyard of Augustenborg.

CONCLUDING REMARKS

The experiences in Sweden show that sustainable stormwater management,
including different local disposal and on-site detention measures, is most efficient for
upgrading existing combined sewer systems. In Malmo the new concept has been
successfully demonstrated in the development of Augustenborg.

One characteristic feature of sustainable stormwater management is that co
operation between different departments in the city administration is of greatest
importance. Drainage engineers alone can not accomplish a project where open
stormwater solutions are applied. For a successful result an integrated approach is
necessary, involving also the expertise of geo-hydrologists, city planners, landscape
architects etc. In addition it is also important to involve the inhabitants in the area.
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ABSTRACT

A literature review of urban stormwater runoff and building/construction materials
has shown that many materials such as galvanized metal, concrete, asphalt, and
wood products, have the potential to release pollutants into urban stormwater runoff,
and snowmelt. However, much of this previous research cannot be directly applied
to estimating pollutant loadings from runoff. One limitation is that the studies were
not performed using actual stormwater runoff. A second limitation is that they did
not mimic the cyclic wet-dry weathering to which these materials are exposed. The
weathering phenomena, which may result in the weakening of the strength of the
materials, may significantly impact the release of these pollutants. This paper will
discuss an ongoing research project that is investigating the pollutant releases from
typical materials used for infrastructure construction.

INTRODUCTION

Past studies have identified urban stormwater runoff as a major contributor to the
degradation of many urban streams and rivers (such as Field and Turkeltaub 198~ ;



Pitt and Bozeman 1982; EPA 1983; Hoffman, et al. 1984; Pitt and Bissonnette 1984;
Fram, et al. 1987; Pitt 1995). Roof, vehicle service area, and parking lot runoff
samples were found to have the greatest organic toxicant detection frequencies and
the highest levels of detected metals. These areas are subject to spills and leaks of
automotive products, and to exhaust emissions from frequently starting vehicles
(Pitt, et al. 1995 and 2000). It has been hypothesized that the vast majority of
pollutants entering the stormwater from these sources is attributable to these spills,
leaks, and atmospheric deposition events.

Relative pollutant contributions from various roofing, wooden, and paving materials
should also be a concern, and it is one that has not been adequately addressed.
Material substitutions should be part of the investigation. Around the nation, there is
growing interest in the development and use of environmentally sensitive
construction materials as a low-cost component to stormwater management. It is
thought that more appropriate selection of materials that are exposed to the
environment should result in significant reductions of many toxicants in stormwater.
Unfortunately, there is little data for specific building materials and their alternatives.
The following is a summary of some of the literature available on building material
contributions to stormwater and on the building material compositions.

Investigation of Pollutant Sources in Urban Stormwater Runoff

Boller (1997) identified heavy metals such as cadmium, copper, lead, and zinc as
the critical metals in local wastewaters and, based on his flow studies, concluded
that stormwater from roofs and streets contribute 50-80% of these metals to the total
mass flow in Swiss combined sewer systems. Roof stormwater samples (tile,
polyester, and flat gravel roofs) also were analyzed and metal concentrations were
found to vary significantly with roof type. First flush analyses showed.,g,glyester
LOofs contributing the highest concentrations of copper (6,817Ilg/L), zinc (2,076
Ilg/L), cadmium (3.1 Ilg/L), and lead (510 Ilg/L). Concentrations in stormwater from
tile roofs were for copper (1,905 Ilg/L), zinc (360 Ilg/L), cadmium (2.1 Ilg/L), and
lead (172 Ilg/L). Runoff from flat gravel roofs also contributed copper (140 Ilg/L),
zinc (36 Ilg/L), cadmium (0.2 Ilg/L), and lead (22 Ilg/L). Roof stormwater was found
to contain not only heavy metals, but also polycyclic aromatic hydrocarbons (PAHs)
and organic halogens as well.

Working in Zurich, Mottier and Boller (1996) found average values in road
stormwater of 300 Ilg/L for lead, 4 Ilg/L for cadmium, 150 Ilg/L for copper, and 500
Ilg/L for zinc. However, no information on pavement material type was included.
Averaged roof stormwater concentrations (from tile and polyester roofs) were also
measured at 16 Ilg/L for lead, 0.17 Ilg/L for cadmium, 225 Ilg/L for copper, and 42
Ilg/L for zinc. Boller concluded that copper installations on buildings seem to
represent the largest source for the emission of this metal into the environment.
Stark, et al. (1995) had a similar conclusion, estimatirg that stormwater from roofs
may be responsible for more than 60% of the coppe(in Austria's combined sewers.

Researchers in Marquette, Michigan detected discernable differences in stormwater
quality between a variety of impervious source areas. Commercial and residential
rooftops produced the lowest concentrations of suspended solids, but the highest
concentrations of dissolved metals such as lead, zinc, cadmium, and copper.
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Parking lots produced the highest concentrations for all PAH compounds and high
concentrations of zinc, total cadmium, and total copper. Low traffic streets were
also identified as a major producer of total cadmium (Steuer, et al. 1997).

Forster (1996) sampled and analyzed roof stormwater for heavy metals (cadmium,
copper,.zinc, and lead). The experimental roof systems allowed the influence of
different roof materials (concrete tiles, zinc sheet, pantiles, fibrous cement) on
stormwater quality to be compared. Extremely high values of zinc and copper were
measured when the roof system, or parts of it, were made of metal panels, flashing,
and gutters. For example, stormwater concentrations from zinc sheet roofing
started almost three orders of magnitude higher and remained more than twenty
times above the values measured for the roof sections affected only by atmospheric
deposition. Mean stormwater concentration values at his study sites exceeded by
about two orders of magnitude the local toxicity thresholds; peak values exceeded
thresholds by 1000 or more.

Good (1993) reported the results of sampling of stormwater from a rusty galvanized
metal roof, a weathered metal roof, a built-up roof of plywood cpvered with roofing
paper and tar, a flat tar-covered roof which had been painted with a fibrous reflective
aluminum paint, and a relatively new anodized aluminum material at a sawmill
facility on the coast of Washington. Differences in copper, lead, and zinc were
noticed between each roof type. Built-up roofing contributed the highest
concentrations of dissolved copper (128 ~g/L) and total copper (166 ~g/L),

approximately 10 times higher than levels detected in stormwater from the other
roofs. Runoff from the rusty galvanized metal roof contained the highest
concentrations of dissolved lead (35 ~g/L) and total lead (302 ~g/L), dissolved zinc
(11 ,900 ~g/L) and total zinc (12,200 ~g/L). High concentrations of zinc were noted
in stormwater from each type of roof sampled at the site. Acid rain and the high
ionic content of the coastal atmosphere contributed to the rapid corrosion of the
galvanized metal roofs and the release of zinc. Plastic rain gutters were a source of
lead in stormwater.

Thomas and Greene (1993), working near Armidale, Australia, found differences in
metal contaminant levels between urban and rural roofs associated with variations
in atmospheric deposition and differences related to antecedent dry periods. They
also found stormwater water quality was influenced by different roof types. Zinc
concentrations were significantly higher in galvanized iron roof catchments, while
pH, conductivity, and turbidity levels were higher in concrete tile roof catchments.

As seen in Table 1, Pitt, et al. (1995) found high concentrations of organic
constituents in stormwater from several types of impervious areas. Differences
noted between sampling sites for the pavement may indicate potential differences in
contribution of organics from paving materials themselves. PAHs, in particular, are
of concern, because they are known to have potential for adverse effects to a large
number of invertebrates, fishes, birds, and mammats''(Kennish, 1992). The toxicity
results in Table 2 demonstrate the potential problems caused by urban stormwater
from various sources. What cannot be determined from these results is the
contribution to toxicity of the materials themselves.
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Table 1. Heavy Meld Source Area Observations (Pitt, et al. 1995)

Heavy Highest Source Highest Source
Metal median cone. cone.

(Jlg/L) (Jlg/L)
Cadmium 8 vehicle service area runoff 220 street runoff
Chromium 100 landscaped area runoff 510 roof runoff
Copper 160 urban receiving water 1250 street runoff
Lead 75 csa 330 storage area runoff
Nickel 40 parking area runoff 130 Landscaped area

runoff
Zinc 100 roof runoff 1580 roof runoff

Table 2. Relative Toxicity of Samples Using Microtox™ (Non-filtered*) (Pitt, et at.
1995)

Local Source Highly Moderately Not Number
Areas Toxic Toxic Toxic Of

(%) (%) (%) Samples
Roofs 8 58 33 . 12
Parking Areas 19 31 50 16
Storage Areas 25 50 25 8
Streets 0 67 33 6
Loading Docks 0 67 33 3
Vehicle Service Areas 0 40 60 5
Landscaped Areas 17 17 66 6
Urban Creeks 0 11 89 19
Detention Ponds 8 8 84 12
All Areas 9 32 59 87
* The non-filtered fraction was not processed (filtered) pnor to analysIs.

Microbics suggested toxicity definitions for 25 min exposures:
Highly Toxic - light decrease >60%
Moderately Toxic -light decrease <60% & >20%
Not Toxic - light decrease <20%

Investigation of Construction Materials

Asphalt

In addition to potential environmental problems, asphalt may be harmful to the
health of asphalt workers. Coal tar pitch was one of the first substances detected as
a human carcinogen. Coal tars and pitches are rich in PAHs, including recognized
human carcinogens such as benzo[a]pyrene. Asphalt is an animal carcinogen and
may be a human carcinogen. The components of asphalt have been investigated
by Rogge, et al. (1997). The majority of the elutable organic mass that could be
identified consisted of n-alkanes (73%), carboxylic>acids such as n-alkanoic acids
(17%) and benzoic acids. Polycyclic aromatic hydrocarbons and thia-arenes were
7.9% of the identifiable mass. Hexadecanoic acid was the n-alkanoic acid found in
the greatest concentration. 4-Methylbenzoic acid was the most abundant of the
benzoic acid-type compounds. In addition, heterocyclic aromatic hydrocarbons
containing sulfur (S-PAH), such as dibenzothiophene, have been identified at
concentration levels similar to that of phenanthrene. S-PAHs are potentially
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mutagenic (similar to other PAHs), but due to their slightly increased polarity, they
are more soluble in water and more prone to aquatic bioaccumulation.

An epidemiologic investigation of roofers and waterproofers who likely were
exposed to asphalt and coal tar pitch fumes has shown statistically significant
elevations in proportionate mortality ratios (PMRs) due to all malignant neoplasms
combined. The limitation of this study was that, due to the study design, it did not
control for smoking (Stern, et al. 2000). One potentially harmful component of
apshalt and coal tar pitches is bitumen. Ninety to 95% of bitumen is used at
temperatures> 100°C in road construction, roofing, and flooring, and the fumes
contain PAHs. Exposure to bitumen fumes has been shown to significantly induce
cell damage in peripheral lymphocytes of exposed workers (Burgaz, et al. 1998).

In addition to the components of the bitumens and asphalts, other compounds have
been added to paving and roofing materials. Chemical modifiers have been used
both to increase the temperature range at which asphalts can be used and to
prevent stripping of the asphalt from the binder. Shashidar, et al. (1995) stated that
researchers at the U.S. Federal Highway Administration (FHWA) have been
investigating the modification of asphalts by chemicals such as maleic anhydride,
chromium trioxide, and furfural. Tarrer, et al. (1989) tested laboratory methodsTor
determining the concentrationsof amine-type antistripping agents in an asphalt. A
variety of fillers may also be used in asphalt pavement constructions. Among the
different fillers tested by Ishai and Craus (1996), hydrated lime provided the best
binding between the filler and the bitumen. Glass beads possessed the lowest
binding ability. All other fillers (dolomite, sandstone, basalt, and limestone)
presented an intermediate capacity for binding. Carbon black from pyrolized tires
has been suggested as an asphalt modifier/filler (Lesueur, et al. 1995). Brown, et
al. (1996), in an investigation of stone matrix asphalt modifier/filler, found that
coarser baghouse fines stiffened mortar more than limestone dust, and thus
recommended further investigation of baghouse fines as a modifier for stone matrix
asphalts. Stabilizing additives, such as cellulose fiber, rock wool fiber, or polymer,
often are added to stone matrix asphalt to prevent the binder and aggregate dust
from draining when the mixture is hot (Stuart and Malmquist 1994). The long-term
environmental effects of these chemicals in asphalts are unknown. When
investigating the potential pollutant release to stormwater from asphalt, these
chemicals also need to be considered.

Much of the design of asphalt pavements has been targeted to minimizing moisture
in the pavement. Moisture beneath the pavement softens the subgrade and
weakens base materials with the result of destroying the structural capacity of the
pavement. A FHWA study of many pavement sections found that 33 - 50% of the
precipitation on an asphalt cement concrete pavement could infiltrate to the road
base and 50 - 67% for Portland cement concrete pavements (Marienfeld and Guram
1999). Kandhal, et al. (1995) reported on the research that investigated the
incorporation of recycled asphalt pavement into new binders. Prior researchers
hypothesized that some of the benefits of using recycled pavement included the fact
that the pavements have already aged and therefore were better able to withstand
the actions of water. Reclaimed asphalt pavements (RAP) were also proposed for
use as fill material for roadways. Because of potential environmental concerns from
using RAP, Brantley and Townsend (1999) performed a series of leaching tests and
analyzed the leachate for volatile organic compounds (VOCs), PAHs, and heavy
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metals. Results indicated that the leachate did not violate typical groundwater
standards. Leachate collected during the column studies did Q.Q!..contain elevated
levels of PAHs, VOCs, or selected heavy metals (barium, calcium, chromium,
copper, nickel, and zinc) (above typical groundwater regulatory concentrations). In
RAP from older roadways, lead was detected in amounts slightly above the primary
drinking water standard (15 ).lg/L).

Concrete

Regarding concrete usage, much of the current work has focused on the potential
for incorporating waste materials into the concrete mix. One method for testing any
new mixtures for environmental compatibility has been the Toxicity Characteristics
Leaching Procedure (TCLP). Work by Janusa, et al. (1998) has shown that
inconsistency in the testing procedure can greatly influence the results. Their
experimental data showed that there is approximately a 50% decrease in the
amount of waste released when particle sizes of 8 to 9.5 mm were used compared
to using all particles less than 9.5 mm. Results indicated that as the contact time
between the leachant and waste increased, the amount of wa.ste leached increased
drastically. It had been assumed that bulk diffusion from cement-based systems
was the driving force for contaminant release. However, recent research has shown
that the dissolution of the outer shell of the waste results in the release of
contaminants from the shell, with the rate of the inward diffusion of the acid into the
concrete shell controlling the rate of contaminant release.

Testing of the incorporation of industrial waste sludge into cement by TCLP was
performed by Salaita and Tate (1998). TCLP testing did not significantly affect the
sample morphology; however, subtle compositional changes were observed.
Higher levels of calcium, oxygen, magnesium, silicon, and sodium were seen in the
leached and unleached cement samples when compared to the leached and
unleached cement-waste samples. However, less aluminum, iron, and carbon were
seen in the cement samples than in the leached and unleached cement-waste
samples. When testing the ability of cement to stabilize a chromium waste, it was
seen that the presence of hexavalent chromium (Cr(VI)) retarded the setting
process of cement. Using TCLP (with exposure times increased to 96 h), it was
found that most of the chromium present in the leachate was Cr(VI) (Wang and
Vipuylanandan 2000). Organic constituents also often prevent wastes from being
stabilized using cement. Hebatpuria, et al. (1999) tested the ability of different
adsorbents (clays, zeolites, activated carbon, rubber tires) to prevent the leaching of
waste organics. They found that activated carbon provided the best prevention.
Yaziz, et al. (1999) also found that asphalt and activated carbon could be added to
reduce the leaching of heavy metals from a stabilized glass components' factory raw
sludge.

A variety of sands, including waste sands, have been suggested as potential
additives to cement and for use as fill in roadway construction. Wiebusch et al.
(1998) tested brick sands and found that the higher the concentration of alkaline and
alkaline earth metals were in the samples, the more easily the heavy metals
(vanadium, chromium, cobalt, nickel, copper, zinc, arsenic, selenium, cadmium, and
lead) were released. Testing of foundry residuals (compared to virgin sands) by
Microtox assay showed that many of the foundry sands were non-toxic and likely
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were acceptable for a variety of purposes, with the exception of those from the non
ferrous foundries (Bastian and Alleman 1998).

Wood

The literature supports the concern regarding potential toxicant releases from a
variety of woods, especially treated woods, used for utility poles, recreational, and
other wooden structures. Typical treated woods include chromated-copper
arsenate (CCA), ammoniacal copper zinc arsenate (ACZ6), pentachlorophenol
~El, and creosote. The volume of treated wood produced in the United States in
1987 was as follows: CCAlACZA - 11.9 million cubic meters, PCP - 1.4 million
cubic meters, Creosote - 2.8 million cubic meters (Micklewright 1989).

Both arsenic and chromium are heavy metals which have acute environmental
health risks associated with them. Copper does not generally constitute a human
health risk, however, low concentrations of copper, in certain ionic forms, are highly
toxic to marine fauna and flora. The known toxicity of arsenic and chromium to
humans has resulted in concern about the possible introduction into the
environment of large amounts of these metals in treated wood products (Brooks
1993). Lebow, et al. (1999) tested CCA-treated wood in seawater and deionized
water. They found that the steady-state release rate of copper was much greater in
seawater than in deionized water. In contrast, the steady-state release rate of
arsenic was greater in deionized water than in seawater. The rate of chromium
release was consistently much less than that of copper and arsenic and was not
affected by seawater. Seawater testing may be indicative of how these materials
will behave when exposed to salt-laced snowmelt runoff. Testing of treated and
untreated wood panels in freshwater exposure chambers showed that the metals
leached from CCA-treated wood, could be taken up by epibiota and trophically
transferred. Epibiota on treated panels had more copper and arsenic than epibiota
on untreated panels, and amphipods living on the former had elevated copper.
There was no evidence of biomagnification in the consumers other than the
amphipods (Weis and Weis 1999).

The preparation of CCA-treated wood has been shown to impact the metal
leachability (based on TCLP test results). The kiln drying schedule affects the
leachability of chromium and arsenic in CCA-treated southern pine, although the
drying schedule had no effect on leachability of copper, chromium or arsenic in
western hemlock (Boone et al. 1995). In order to improve c1imbability by electrical
linemen, the CCA formulation has been modified with polyethylene glycol to form a
preservative called CCA-PEG. Poles treated with this mixture have been reported
as acceptable in climbability when compared to poles treated with PCP/oil or
creosote (Beauchamp, et al. 1997). It has been proposed to incorporate CCA
treated wood with Portland cement to make particleboard. CCA-treated wood was
more compatible with Portland cement compared to untreated wood, and resulted in
boards with improved bending strength and stiffness, internal bond strength, water
absorption, and thickness swelling performance. Incorporation of CCA-treated
particles in a Portland cement matrix greatly reduced the release of copper and
arsenic, although chromium release was not reduced. Exposure indicated that
untreated particles could undergo limited decay, while boards with CCA-treated
particles were protected from deterioration (Huang and Cooper 2000).
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PCP is a highly chlorinated, synthetic preservative that also contains 2,3,4,6
tetrachlorophenol; higher chlorophenols; dioxins; and furans (Shields and Stranks
1976). Arsenault (1975) and Stranks (1976) reported the presence of PCP around
the base, and in drainage ditches near treated utility poles. Stranks reported
drainage ditch waters with 1.8 times the 96-h LCso of chlorophenol for salmonids
near PCP treated utility poles. In 1991, the U.S. EPA determined that the use of
PCP poses the risk of oncogenicity because of the presence of hexachlorodibenzo
p-dioxin and hexacholorobenzene, both of which have the potential to produce
teratogenic/fetotoxic effects) (CALEPA 1996). Creosote is composed of more than
160 different distillates that occur in coal-tar, including aromatic hydrocarbons (such
as naphthalene, anthracene, benzene, toluene, xylene, acenaphthene,
phenanthrene, and fluorene), tar acids (such as phenols, cresols, xylenols, and
naphthols), and tar bases (including pyridines, guinolines, and acridines) many of
which are toxicants and carcinogens (Shields and Stranks 1976). The U.S. EPA
determined that creosote has the potential for oncogenicity and mutagenicity
(CALEPA 1996). Christmann, et al. (1989) investigated 16 commercial wood
preserving formulations for polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/PCDF), tri-, tetra-, and PCPs. In 13 samples, they fOl,Jnd hepta-CDD/-CDF
and octa-CDD/-CDF up to the high ppm range. Other congeners were found in
many cases in the ppb range. When compared to the original wood preserving
formulations, the level in treated wood is about 1 - 2 and in house dust about 2 - 3
orders of magnitude lower.

The lifespan of wood products is usually determined by their installation location.
After 30 years in temperate and tropical climates, metal preservative-treated wood
was found to fail more often than that treated with the organic preservatives (De
Groot and Evans 1999). However, when investigating wood preservatives in a
tropical/jungle environment, it was seen that the metal-based preservatives showed
greater durability (Bratt, et al. 1992). According to Edlund and Nilsson (1998), wood
decay is mainly caused by brown rot fungi, e.g., the dry rot fungus, Serpula
lacrymans, and the cellar fungus, Coniophora puteana. The attack on stakes
exposed in the four unsterile soils differed markedly and depended on both the
preservative and the soil type. These differences may be caused not only by the
preservative's effect against different microorganisms, but also by the pH in the soil
and the chemical interaction between soil and preservative. Industrial wood-based
construction materials: chipboard, plain and overlaid plywood, phenolic surface film,
laminates, and selected synthetic polymers were studied for their biodegradability
under aerobic and anaerobic conditions and for the environmental quality of the
residue. Plywoods were more readily degraded under both aerobic and anaerobic
conditions. The original contents of copper, lead, nickel, and cadmium of the wood
based construction materials were low, < 10 mg/kg, compared to polyvinyl chloride
(PVC) and to a typical municipal solid waste. Toxicity and the amount of leachable
organic halogen from the wood-based construction materials were low, ECso of 4 - 8
gil to V. fischeri and < 12 g adsorbable organic halogen/g (Peltola, et al. 2000).

Paints and painted surfaces are another source of environmental contamination.
Davis and Burns (1999) investigated lead concentrations from 169 different painted
structures. They found that the order of lead release was (geometric mean, median,
10th and 90th percentiles): wood (40,49, 2.6 - 380 gil ) > brick (2, 16, 3.3 - 240
g /L) > block (9.7,8.0, < 2 - 110 g/ L). Lead concentration depended strongly on

paint age and condition. Lead levels from washes of older paints were much higher
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than from freshly painted surfaces. Lead in the stormwater was found to be 70% or
greater in the particulate form, suggesting the release of lead pigments from
weathered paints. Typical lead paint pigments included basic lead carbonates,
basic lead sulfates, lead oxides, and lead chromates.

Investigation of Pilot-Scale Test Apparatus Construction Materials

Table 3 lists potential contaminants from some materials that may be used in bench
scale and pilot-scale test equipment (Cowgill 1988). Cowgill found that extensive
steam cleaning (at least 5 washings using steam produced from distilled water)
practically eliminated all contamination problems for sampling equipment.
Cemented materials should probably be avoided, as is evident from this table.
Threaded or bolted together components are much preferable.

Table 3. Potential Contamination from Test Equipment Material (from Cowgill 1988)

Material Contaminant(s)

PVC-threaded joints Chloroform .

PVC-cemented joints Methylethyl ketone, toluene, acetone, methylene chloride,
benzene, ethyl acetate, tetrahydrofuran, cyciohexanone,
organic tin compounds, vinyl chloride

Teflon None

Polypropylene and polyethylene Plasticizers and phthalates

Fiberglass reinforced epoxy None
material (FRE)

Stainless steel Chromium, iron, nickel, and molybdenum

Glass Boron and silica

Tests for potential pollutant release from some construction materials were
conducted by Pitt, et al. (2000) and Clark (2000) as part of a stormwater treatability
research project. This project included the construction of pilot-scale treatment
devices and there was concern that the selection of the construction materials could
affect the test results. Therefore, before the pilot-scale devices were constructed, a
series of tests were conducted to examine the pollutant release of different potential
construction materials. Samples of the various materials were put in beakers in de
ionized water for set periods of time, and then the water was analyzed for a broad
list of constituents of interest.

Tables 4 and 5 present the contaminants that were found in the water at the end of
the test. The most serious problems occurred with plywood, and included both
treated and untreated wood. Attempting to seal the wood with Formica and caulking
was partially successful but toxicants were still released. Fiberglass window-screen
material, especially before cleaning, also caused a potential problem with
plasticizers and other organics. PVC and aluminum may be acceptable materials, if
phthalate esters and aluminum contamination can be tolerated. The most serious
concern was associated with the use of galvanized metals, as expected, where the
tests indicated extremely high zinc concentrations, or the exposure of treated woods
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to stormwater (its typical application). As expected, Teflon did not contribute
pollutants to the de-ionized water.

Table 4. Relative Pollutant Releases from Various Construction Materials after
Exposure to De-ionized Water

<Iod. less than the limit of detection.

Sample Cu Cd Pb Zn Fe Cr Mg Ca
(/lg/L) (/lg/L) (/lg/L) (/lg/L) (/lg/L) (/lg/L) (/lg/L) (/lg/L)

Silica caulk 29 <lad <lad 14 48 8 <lad 0.08

Farmica and silica 54 <lad <lad 26 110 8 <lad 0.38
caulk
Metal roaf runoff 41 <lad 32 10,200 440 11 0.13 1.2

Treated plywaod 1,300 <lad 33 93 110 2,800 0.02 0.67

Untreated plywaad 79 <lad <lad 67 310 12 1.3 3.2

Washed PVC and 36 <lad <lad 32 83 8 <lad 0.60
PVC cement

Washed fiberglass 32 17 <lad 88 47 8 <lad 0.10
windaw screen
1

OVERVIEW OF PLANNED RESEARCH PROJECT

A potential limitation to the application of these past research projects to estimating
the potential for release in stormwater is that the results from this prior work were
based on traditional leaching (TCLP) studies, and were not performed using actual
rainwater. As seen by the research in the Introduction section, long-term exposure
can significantly affect the pollutant release from building materials. For the results
of these leaching tests to be applicable to predicting the pollutant release from
construction materials, tests should be performed at different material ages using
the test waters of interest, i.e., rainwater and rainwater contaminated with road salt
(as sodium chloride). This project will investigate include both aging of the materials
and impact that both rainwater and spiked rainwater have on the pollutant release
from the materials of interest.

A second limitation of the application of the prior research to predicting pollutant
release is that these projects did not mimic the cyclic wet-dry weathering to which
these materials are exposed. In addition to aging of the materials, the weathering
phenomenon, particularly intermittent exposure to acid rain and/or road salt, may
accelerate the release of these pollutants.
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Table 5. Potential Sample Contamination from Treatability Test Apparatus
Construction Materials (from Pitt et a/. 2000' Clark 2000),

Material Contaminant(s)

Untreated plywood Toxicity, chloride, sulfate, sodium, potas§lLJm, calcium, 2,4-
dimethylphenol, benzylbutyl phthalate("bls(2-etfWInexv nnr alatp"",\
phenol, N-nitro-so-di-n-propylamine, 4-chJ"oro-3-methylphenol, 2,4-
dinitrotoluene, 4-nitrophenol, alpha-SHC, gamma-SHC, 4,4'-00E,
endosulfan II, methoxychlor, endrin ketone

Treated plywood (CCA) Toxicity, chlorid.e, sulfate, sodium, potassium, hexachloroethane, 2,4-
dimethylphenol, bis(2-chlorooethyoxyl) methane, 2,4-dichlorophenol,
benzylbutyl Phthalat~(2-et;YWexYI) phthalat$J phenol, 4-chloro-3-
methylphenol, acenaph ene, ,-dlnitrotoluene, 4-nitrophenol, alpha-
BHC, gamma-BHC, beta-BHC, 4,4'-DOE, 4,4'-000, endosulfan II,
endosulfan sulfate, methoxychlor, endrin ketone, and likely arsenic

Treated plywood (CCA) Toxicity, chloride, sulfate, sodium, potassium, bis(2-chloroethyl) ether),
and Formica diethylphthalate, phenanthrene, anthracene, benzylbutyl phthalate,

bis(2-ethylhexyl) phthalate, phenol, N-nitro-so-di-n-propylamine, 4-
chloro-3-methylphenol, 4-nitrophenol, pentachloropheilol, alpha-SHC,
4,4'-DDE, endosulfan II, methoxychlor, endrin ketone, and likely arsenic

Treated plywood (CCA), Toxicity, lower pH, bis(2-chloroethvl\ ether), diethylphthalate,
Formica and silica caulk hexachlorocyciopentadiene{Ois(2-ethvlhexvlTnhthalat~phenol, N-nitro-

so-di-n-propylamine, 4-chloro-3-methylphenol, alpha-BHC, heptachlor
epoxide, 4,4'-DOE, endosulfan II, and likely arsenic

Formica and silica caulk Toxicity, lower pH, 4-chloro-3-methylphenol, aldrin, endosulfan I

Silica caulk Toxicity, lower pH, heptachlor epoxide

PVC pipe N-nitro-so-di-n-propylamine and 2,4-dinitrotoluene
~.

PVC with cemented joint /Bis(2-ethylhexYI) ohthalate) acenapthene, endosulfate sulfate

Plexiglass/Plexiglass Naphthalene, benzylbutyl phthalate, bis(2-ethylhexyl) phthalate,
cement endosulfan II

Plastic aeration balls 2,6-dinitrotoluene

Filter fabric material Acenaphthylene, diethylphthalate, benzylbutyl phthalate, bis(2-
ethylhexyl) phthalate, pentachlorophenol

Sorbent pillows Diethylphthalate,@s(2-ethylhexyl) phtha\@

Black plastic fittings Pentachlorophenol

Reinforced PVC tubing Diethylphthalate, benzylbutyl phthalate

Fiberglass window Toxicity, dimethylphthalate, diethylphthalateC§Is(2-ethylhexyl) phthala@
screening di-n-octyl phthalate, phenol, 4-nitrophenol, pentachlorophenol, 4,4'-000

Delrin(TM) Plastic Benzylbutyl phthalate

Glass Zinc (expected from borosilicate glass)

I
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I
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Technical Approach

The initial phase of this project will investigate a variety of construction materials to
determine the potential pollutant release from each material category. The
categories of materials to be investigated during this laboratory-scale survey include
the following:

• road/parking lot asphalt
• asphalt cement sealer
• concrete pavement
• galvanized metal
• aluminum gutters
• vinyl siding
• asphalt roofing shingles
• roofing tar and felt
• untreated wood
• treated wood
• untreated wood that has been painted (latex enamel, outdoor paint)
• treated wood that has been painted (latex enamel, outdoor paint)
• bricks
• cinder blocks

The construction materials (galvanized metal, siding, aluminum gutters, roofing
shingles, roofing tar, roofing felt, untreated and treated wood, paint for the wood,
cinder blocks, and bricks) shall be those commonly available at a local
hardware/home improvement store. The first series of tests will consist of exposing
the above-listed materials to weather conditions in a manner as to promote an
accelerated aging. This shall include outdoor exposure of the materials, with
asphalt, concrete, and the wood samples being in ground contact, with rainwater
being dripped over the samples regularly. The runoff from these simulated rain
events (which will use actual rainwater or salted rainwater) shall be collected and
analyzed for the constituents listed below. In addition, samples shall be collected
monthly for leach testing with both rainwater and salted rainwater. These tests shall
last for at least to four months at the Urban Watershed Management Branch facility
in Edison, NJ.

The goal of this experimental set-up is to expose the materials to the most adverse
conditions for installation, such as in direct contact with the ground and exposed to
direct sunlight. A flowchart of the installation and testing procedure for the four
month exposure period is given in Figure 1.

The resulting samples shall be analyzed for the following constituents:

• pH
• conductivity
• toxicity (using Microtox)
• chemical oxygen demand
• semi-volatile organics and pesticides (EPA Methods 625 and 608)
• heavy metals and major cations (copper, chromium, cadmium, lead, zinc,

arsenic, calcium, magnesium, sodium, potassium) [by ICP]
• nutrients (nitrate, ammonia, total nitrogen, phosphate, total phosphorus)

12
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Selection of Construction Materials
(including painting of wood samples)

Collection of Rainwater and
Obtaining of Road Salt

Preparation and Installation
of Materials

Analyze an Initial Set of Six Samples
of Each Material (three "leached" in rainwater

with salt and three without salt)

"Rain on samples" for One Month
Using Collected Rainwater

Analyze a Set of Six Samples of
Each Material (three "leached" in rainwater

with salt and three without salt)

"Rain on samples" for One Month
Using Collected Rainwater

Analyze a Set of Six Samples of
Each Material (three "leached" in rainwater

with salt and three without salt)

"Rain on samples" for One Month
Using Collected Rainwater that has

Added Road Salt

Analyze a Set of Six Samples of
Each Material (three "leached" in rainwater

with salt and three without salt)

"Rain on samples" for One Month
Using Collected Rainwater

Analyze Final Set of Six Samples of
Each Material (three "leached" in rainwater

with salt and three without salt)

Figure 1. Simplified Diagram of Exposure Procedure
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FUTURE RESEARCH

Work is ongoing to determine quantities of these building materials currently in use.
Field monitoring of installed construction materials has been proposed. -It is
anticipated that the results of this project can be used to determine which materials
should be monitored in typical field installations. It is anticipated that long-term
monitoring of construction materials that are in use will indicate if laboratory-scale
test results can be used to anticipate behavior in the field and if pollutant releases
from building materials is a significant problem over the long term. Ii is planned to
use the results of this project to construct a simple spreadsheet model that will allow
the groupings of these building materials into pollutant release categories of high,
medium, and low potential. This spreadsheet, when combined with the results of
the simplified model developed by Pitt et al. (2000), can be used to predict the
potential for environmental problems caused by these pollutant releases.

Additional future work should include an investigation of the effects of these various
additives (both in-use and proposed) on the environment. It is anticipated that the
results of a field experiment could be used to improve several stormwater models.
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ABSTRACT

Assessment of the effectiveness of any environmental management activity is
dependent on stated (or implied) goals. Use of biological indicators to evaluate the
success of stressor-control features in enhancing or protecting overall stream or
watershed condition requires that some numeric decision threshold be developed.
The indicators are, thus, interpreted with some understanding of their expected
status in the absence of stressors. The stated goal(s) of stormwater (SW)
management/best management practices (BMPs) such as detention/retention
ponds, riparian revegetation, bank stabilization, grade control structures, or others,
is the removal or buffering of stressors that cause receiving streams to be
ecologically impaired. This paper presents findings from two case studies where a
"BMP-assemblage" was evaluated without the benefit of calibrated biological
reference conditions, and another where SW retention ponds, in isolation, were
evaluated with calibrated reference conditions.
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INTRODUCTION

Installation of best management practices (BMPs) in watersheds or streams is widely used
as a means for reducing, eliminating, or otherwise controlling the input of human-based
physical, chemical, or hydrologic stressors to those systems. Definition of management
objectives, however, may be the "missing piece of the puzzle" in efforts to determine whether
or not they are being effective. For example, it is relatively straightforward to design a
stormwater (SW) detention or retention pond to mitigate the rate of sudden streamflow
increases due to impervious surface runoff or hyper-efficient drainage systems. If the basin
is designed to handle the runoff from a drainage area of 800 acres when exposed to a 10
year storm event, and to maintain a consistent downstream flow rate between some
minimum and maximum value, its effectiveness in maintaining that flow rate can be easily
measured. However, if by "receiving water impact" we mean impairment of biological
condition, and not just flow rate (or other individual measures, e. g., TSS, temperature, trash
solids, or nutrients), BMP design and installation activity need to be focused on some
measured threshold of biological condition as the management objective. That is, a BMP
may be effective in managing a particular stressor, but not in protecting the biological
condition of the receiving waterbody since multiple stressors are known to directly affect
aquatic biota (Figure 1). To be truly protective BMPs should be used in combination, such
as installation of appropriately designed SW management techniques, riparian and instream
revegetation, channel reconfiguration, streambank stabilization, instream grade control
structures, or other factors related to channel "roughness". Appropriately developed
biological indicators (in the form of multimetric indices [Karr et al. 1986, Barbour et al. 1.999])
can help make a determination of the effectiveness of a BMP, and can help suggest the
existence of additional stressor loads that MAY not be mitigated by the facility of interest.
The objective of this paper is to present rationale for considering the effectiveness of various
BMPs and "BMP assemblages" in the context of whether they provide protection of overall
stream or watershed conditions. This paper also presents results from two separate projects
in Maryland (Sligo Creek watershed rehabilitation and Prince George's County stormwater
treatment techniques), each of which was designed to evaluate the effectiveness of various
urban stormwater BMPs. The objectives of the overall Sligo Creek project were to replace,
through restoration, a dynamic stability to the physical habitat structure and flow; to
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demonstrate the positive (or negative) biological response to restoration activities based on
benthic macroinvertebrate assemblage structure; and, when appropriate, to reintroduce fish
species native to the region for appropriate types and sizes of streams. The objective of the
Prince George's County (Maryland) project was to evaluate the effectiveness of stormwater
management ponds for protecting instream biological condition. The importa'nce of strictly
defining management objectives, using standard protocols and decision thresholds, and
developing action plans based on monitoring and assessment results are discussed.

General Effects of Urbanization on Streams

Individual freshwater streams are dynamic ecological systems in themselves; however, they
also function ecologically as hierarchical components of larger systems, i. e., watersheds
(Vannote et al. 1980, Frissell et al. 1986, Pringle et al. 1988, Power et al. 1988). Human
induced alteration in the physical, chemical, or biological condition of a stream can affect the
function of that stream in its relation to the remainder of the watershed. There are many
different kinds of stressors that cause changes in a stream with accumulation of stressors
causing both large- and small-scale degradation (Burns 1991, Cocklin et al. 1992). Karr et
al. (1986) describe five classes of environmental variables on which human actions place
pressure that cause ecological change: food or energy source, water quality, habitat
structure, flow regime, and biotic interactions (Figure 1). Various stressors in urban streams,
such as heavy metals, organic pollutants, fecal coliform bacteria and pathogens, sediment,
and thermal loading are attributed to urban stormwater discharges (Gilbert 1989, Field and
Pitt 1990). This holds true for both large and small waterbodies; exactly how the stress-ors
and responses are described and evaluated depends on the geographic scale of concern.

Hydrophysical characteristics

Erosion in stream channels is a phenomenon that results from the interaction of water and
soil and occurs at natural rates. In dynamically-stable streams there is a geomorphic
structure that serves to maintain natural rates of erosion through the dissipation of flow
energy. Changes in that structure alter the flow pattern, and consequently, the capacity of
the stream channel to dissipate energy (Leopold et al. 1964, Rosgen 1994). When this
happens, accelerated rates of erosion occur and the stream is no longer dynamically-stable.

The physical characteristics of a stream channel that provide for appropriate distribution of
flow energy are channel width, channel depth, roughness of channel materials, sediment
load, sediment size distribution, and channel slope. These, in addition to flow velocity and
discharge, affect the stability of the stream channel. In broader terms, the features of the
stream geomorphic system that are related to its stability are:

II
I

•
•

•
•
•

sinuosity
roughness of bed and bank materials (includes diversity of substrate particle sizes,
woody debris [snags], leaf packs, overhanging vegetation, exposed roots, and undercut
banks)
presence and placement of point bars (point b~fr slope is an important characteristic)
vegetative conditions of the stream banks and the riparian zone
condition of the floodplain (accessibility to stream channel overflows and size are
important characteristics)
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Frequently, human-based alteration of channel morphology or flow has led to increases in
erosion and sediment load, destabilization of the stream system, and the stream to
hydrologically "seek" a new equilibrium state (Simon and Hupp 1987, Simon 1989, Hupp and
Simon 1991 t Hupp 1992). This is uS'ually exhibited through erosion and deposition of soil
and other materials to form a stream with a different flow pattern, sediment load, and
geomorphological characteristics. These stressor types are closely interrelated, thus they
are described together.

Relationship to habitat quality and biological condition

In dynamically-stable streams, the natural roughness and other characteristics that mediate
flow energy also provide the complexity of a habitat that is able to support a "healthy" biota
(Figure 2). Such features have been shown to directly affect the ability of biota to withstand
or recover from relatively harsh disturbance events (Pearsons et al. 1992). Aquatic
invertebrate taxa are dependent on the hydrologic and hydraulic characteristics of stream
and river systems (Newbury 1984, Statzner and Higler 1986). In general, habitat
degradation can be thought of as any activity of human origin that directly or indirectly alters
or reduces the complexity of habitat.

Channel Roughness = Habitat Complexity

r-------------,
Improved Capacity for
Dissipation of Erosive

Flow Energy

Increased Potential for
Biological Community

Development

Figure 2. Relationship among stream channel roughness. habitat complexity. and the
ecological benefits they provide.

Urbanization destroys the terrestrial forest/ecological complex, which serves to purify runoff
and protect streams from hydrologic change. Construction of efficient drainage systems
through use of impervious surfaces in a watershed, such as channelization, compacted soils,
pipes, rooftops, roads, and parking lots of urban and suburban areas, changes the hydrology
of a stream. Coupled with the removal of riparian and upland vegetation, rainwater
percolation into soils and the evapo-transpiration component of the hydrologic cycle are
impeded. Riparian vegetation also provides for soil stability, "cool-down" of runoff, and the
filtering of eroded sediments and chemical contaminants. Lacking percolation and evapo
transpiration, rainfall from even small storm events is instantly converted into runoff and
produces flashy stream flows of high velocity and erosive force; in partially impervious
watersheds these flows are usually of rapid onset and cessation. In an undisturbed
watershed, groundwater acts as a reservoir, providing baseflow during times of reduced rain
frequency, and absorbing rainfall during storms. Once rains end, there is often little flow
remaining for flashy streams since the baseflow has been limited due to hyper-efficient

4



II
I

drainage systems and compacted soils. The stream channel erodes more rapidly during the
flash floods, downcutting into its bed and banks (Yorke and Herb 1978). As downcutting
progresses, a stream loses its "access" to the floodplain, becoming more entrenched. The
hydrological function of a floodplain to aid in dissipating the erosive flow energy by spreading
it shallowly over the broader area becomes lost. Thus, increased downcutting and the
resultant building by humans of levees and channelization in an attempt to control flooding
eliminate additional hydrophysical features that help maintain natural erosion rates.
Channelization is the most severe and includes removal of most instream habitat structure
(and thus complexity) for benthic macroinvertebrates and fish. It alters flow patterns by

.greatly increasing the gradient of a channel, removing any meander pattern, and constructing
linear banks (Gordon et al. 1992). The historical purpose of channelization is to increase the
efficiency with which a drainage system removes stormwater thus reducing flood magnitudes
and frequencies (Simon and Hupp 1987, Simon 1989). However, it is recognized that
channelization causes direct loss of habitat, accelerated rates of bed and bank erosion
upstream of channelized areas, and increases in sedimentation and flow pattern variability
downstream (Hupp 1992). The geomorphic recovery process for channelized stream
channels described by Hupp and Simon will occur only if the sources of disturbance are
removed or corrected (Simon 1989).

MANAGEMENT OBJECTIVES AND THE ACCURACY OF BIOLOGICAL ASSESSMENTS

Accuracy is defined as the nearness of some measurement to a true value (Keith 1994,
Taylor and Kuyatt 1994), or some analytical truth. The commonly practiced approach lJsed
in laboratory analytical chemistry is to have the truth represented by some chemical
reference standard. For most ecological studies and environmental management activities it
is much more difficult to define what that truth is, and consequently what is being managed
for (Diamond et al. 1996). There is typically a greater focus on connections among those
factors being measured and interpreted as indicators and the actual field conditions that
produced the indicator data. As shown in the discussion above, the biological condition of a
stream results from the interaction among multiple, sometimes poorly understood, factors
(Figure 1). Controlling any single stressor, or even several stressors, may not be sufficient to
improve instream conditions to where biological conditions can respond. We hold that if
improving instream or watershed biological conditions is the objective of a program or
project, attention needs to be given to eliminating or controlling all of the stressor sources to
which the biota is exposed. To this end, the "analytical truth" for determining the accuracy of
a biological assessment would be the biological condition of streams or watersheds where
these stressors DO NOT exist, or exist to only minimal degrees.

METHODS

Study Area and Selection of Sampling Locations

The Sligo Creek watershed is located in Montgomery County, Maryland, and drains part of
the Piedmont region of the Anacostia River watershed, a subwatershed of the Potomac River
Basin. Having experienced severe developmerlt:pressure, it is one of the most heavily
urbanized of the Anacostia sub-basins (ICPRB 1994). This study concentrates on the upper
portions of Sligo Creek, a complex of small streams that encompasses approximately 1,215
hectares (4.7 square miles) in Montgomery County. Earlier biological monitoring efforts in
the upper mainstem of Sligo Creek found it to have generally poor to fair biological conditions
based on biological community structure and function, specifically, benthic
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macroinvertebrates and fish (Cummins 1989, Stribling et al. 1989, Cummins 1991, Stribling
and Thaler 1990, Cummins and Stribling 1992). The primary reason for impaired biota was
stormwater input and debris of human origin causing poor water quality (taxies, nutrients, and
solid waste) and degradation of instream physical habitat quality.

For Sligo Creek, fish and benthic macroinvertebrate sampling at a total of 8 sites (Figure 3)
were conducted periodically between 1990 and 1995 for the purpose of monitoring
restoration effects upon Sligo Creek's aquatic biota. Of the eight sites, four were established
in the Sligo Creek mainstem (note that site SL1 is upstream of any BMP activity), two were
located in a feeder tributary which flows next to Flora Lane south of Interstate 495, and two
sites were within the existing restoration area of Wheaton Branch. All locations were
sampled variously from 1990-95, dates which included a period of one year pre-restoration
and two post-restoration. All sites were located to provide instream exposure to effects of
the various restoration/retrofit activities (Table 1).

The restoration program for this watershed entailed three phases. The first, begun in June
1990 and concluded in April 1991, included installation of an inline stormwater management
(SWM) pond on Wheaton Branch (Figure 3), intended to control both SW quantity and quality
to the stream. Stream channel physical habitat complexity was enhanced by bank

* s--.,SooIlio.
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t

Figure 3. Sligo Creek watershed. Maryland. Area map of biological
sampling locations, stormwater management facilities. and restoration
areas.

stabilization, riparian revegetation, and installation of instream grade control structures to
create pools and riffles and control streambed erosion. Also during Phase One, the in-line
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SWM wet pond at the headwaters of the Sligo Creek mainstem (above University Blvd.)
became operational.

Table 1 . Sampling locations in the Sligo Creek watershed and the rehabilitation/retrofit
features affecting instream and riparian conditions.

Sampling Site

WB1

I WB2

FL1

FL2

SL2

SL3

SL4

Rehabilitation/Retrofit Features Affecting

3-celled detention pond, on Wheaton Branch

3-celled detention pond on Wheaton Branch, riparian
revegetation, bank stabilization, instream physical
habitat/flow enhancement features

parallel pipe flow splitter, riparian revegetation

parallel pipe flow splitter, riparian revegetation

University Blvd. stormwater detention facility (stormflow
detention on mainstem)

"improved" flows on mainstem and from Wheaton Branch,
riparian revegetation

"improved" flows from mainstem, WB, and FL; additional
riparian re-vegetation; created artificial wetlands

I

I
I

Phase II rehabilitation activities were concentrated on the Sligo Creek mainstem and on the
Flora Lane tributary (Figure 3). It included creation of a 0.1 hectare buttonbush marsh,
reforestation of 2.0 hectares of riparian zones, selective recreation of fish habitat along 7.0
kilometers of the Sligo Creek mainstem, including design and installation of:

• 4 single wing stone deflectors,
• 6 double wing stone deflectors,

.• a log drop structure,
• 11 boulder placement areas,
• four rootwads,
• repair of 6.3 meters of mass-wasting streambank using coconut fiber rolls and shrub

plantings, and
• approximately 37 meters of stone riprap..,;>

Highly urbanized conditions in the watershed (-35 percent imperviousness in the Sligo Creek
watershed overall, -55 percent in Wheaton Branch) and space limitations required a
combination of "hard" engineering and "soft" engineering techniques for rehabilitation. An
additional SWM feature was installed on the small feeder tributary adjacent to Flora Lane, a
parallel pipe stormflow diversion system. This structure was designed to divert stormflow

7

~--------------------



generated from up to 90% of all one-hour 10 events (peak one-hour discharge is
approximately 1.6 cUbiefneters/second 55 cf . One weir permits both the small baseflow
and stormflows from one stormdrain syst ; the second permits only flow from an adjacent
drain system (Columbia Boulevard). Riparian revegetation was also instituted in this area.

Prince George's County borders the District of Columbia (DC) on the east side and lies
entirely within the mid-Atlantic coastal plain. The eastern border of the county is formed by
the Patuxent River; the southwestern border, the Potomac River; and the south by
Mattawoman Creek. Due to its proximity to DC, Prince George's County has long been
subjected to intense development pressures. In the north, land cover is primarily of urban,
suburban, industrial, and commercial character while the south is more rural and agriculture,
although that is rapidly being converted to suburban development areas. Prior watershed
assessments throughout the county have rated overall biological condition as predominantly
very poor or poor, and occasionally fair (Stribling et al. 1999). Stormwater management has
been a part of the county strategy for dealing with increased rates of land cover conversions
and increases in impervious surfaces associated with development, and in initial efforts to
buffer existing natural resources from stressors produced by the conversions.

One of the techniques, or BMPs, that has been used is the design and installation of various
types of SWM facilities, or specifically, wet retention ponds. The purpose of wet retention
ponds is to collect stormwater exceeding some threshold, and through flow modification and
detention, to buffer receiving streams from the elevated erosiveness that results from
increased watershed development. The objective of this study is to investigate the
effectiveness of the ponds in protecting instream biological conditions. The goal of site
selection was to find 5 sites in each of three groups. The groups were designed to reflect
mi:limal SW stressors, SW without treatment, and SW with treatment.

Candidate stream/pond locations were selected from the County's existing monitoring
network, when applicable, to have total drainage areas as similar as possible to other sites
within the entire group, and thus, similar pond dimensions. Land use and cover for each of
the candidate locations were also examined via available geographic information system
(GIS) data layers. For Group 1, our goal was to select locations that had a calculated
impervious surface of less than 5%. and thus, presumably, only minimal SW stressors.
Groups 2 and 3 were selected to have more than 12% imperviousness, and thus, relatively
intense SW stressors. Group 2 includes locations without ponds; Group 3 includes locations
with ponds.

The resulting 15 stream and pond locations (Figure 4, Table 2) represent streams ranging
from approximately 80-1570 acres in drainage area, all except for 3 are 297 acres or above.
However, within each group there is a wide range of drainage areas. Percent
imperviousness came very close to the target criteria. All group 1 sites fell below 5%, and
groups 2 and 3 had all sites ::J 12%, with the exception of 2 sites that were 11.2 and 11.7%,
respectively. Land use/land cover data were provided by the County and were delineated in
ArcView using the appropriate USGS 7.5' topographic maps. At the time of sampling, the
retention ponds of group 3 ranged from 13 to 7i'years old.
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36-006

36-00533-007
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08-04
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22-003

• Group 1 - Reference (Low Imperviousness)
• Group 2 - SW WITHOUT Treatment Ponds
A Group 3 - SW WITH Treatment Ponds

Figure 4. Prince George's County, Maryland. Sampling site locations
and treatment groups for SW retention pond study.

Sample Collection and Data Analysis

Different field and analytical methods were used for each of these two projects, and are
summarized in Table 3. For Sligo Creek, both riffle and pool habitat was sampled for the
duration of the study, which began in winter 1990 and concluded with sampling in spring
1995, include a total of 12 sampling events. For this project, all sites were not sampled with
the same frequency; the monitoring of selected· sites was discontinued at various points
during the 6-year period, and others were added. Seasonal variation in stream biota makes
it difficult to compare these kinds of data over time unless comparisons are made only with
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Table 2. Sampling sites in Prince George's County including drainage area, percent imperviousness in the drainage, and proportions
of different land use/land cover types in the drainage areas.

Percent Land Use/Land Cover

Site ID Grp Site Name DA (Acres) % 1mper Date of Pond AGR BAR COM FOR HDR IND LDR MDR as

08-034 Beck Branch 148 0.98 NA 19.5 0 0 80.5 0 0 0 0 0

08-040 UT to Upper Beaverdam Creek 367 2.7 NA 27.8 0 1.7 70.5 0 0 0 0 0

33-007 UT to Lower Potomac River 702 2.1 NA 12.7 0 0 80.3 0 0 5.2 1.7 0

36-005 Black Swamp Creek 1446 4.7 NA 18.2 5.9 1.3 64.3 0 0 7.8 2.4 0

36-006 UT to Black Swamp Creek 77 2.4 NA 28.3 10.0 0 61.6 0 0 0 0 0
---_._---_._._---------------------------------------------------------------------------------------_.---.-.-----------..----------------------------------- ------------------------------------------------------------------------------------------------------------------

04-009 2 Crows Branch 734 34.1 NA 0 0 7.3 19.9 20.9 0 17.9 29.5 4.4

08-014 2 UT to Upper Beaverdam Creek 1176 27.6 NA 2.7 0.7 21.2 57.7 16.9 0 0 0 0.8

08-039 2 UT to Upper Beaverdam Creek 1480 17.2 NA 13.1 0.7 21.3 64.7 0 0 0.3 0 0

22-003 2 W3tts Branch 614 26.2 NA 0 0 7.5 37.5 2.9 0 9.0 43.1 0

28-007 2 UT to Broad Creek 1567 20.5 NA 6.4 0.1 10.6 47.9 0 0 7.9 26.9 0
------.--------------------------------------------------------------------------------------------.----.---------------------------------------------------- ------------------------------------------------------------------------------------------------------------------

06-008 3 Bear Branch 413 20.5 1987 3.9 20.2 3.8 51.3 5.6 15.2 0 0 0

24-003 3 UT to Carey Branch 188 34.9 1987 0 0 0.1 4.6 0 0 13.3 81.9 0

24-011 3
UT to Henson Creek (Broad 297 31.3 1993 0 0 0 13.6 0 0 13.1 73.3 0
Creek)

27-070 3 UT to Piscataway Creek 1273 11.2 1989 15.7 ,6.2 0.7 52.2 1.9 0 5.2 18.1 0

29-003 3 Hunters Mill Branch 1404 11.7 1987 12.1 0.1 0.5 59.7 0 0.9 2.7 24.1 0

Abbreviations. Grp-treatment group; OA-drainage area; % Imper-percent imperviousness; AGR-agriculture; BAR-bare ground; COM-commercial; FOR-forest; HOR-high density
residential; INO-industrial; LOR-low density residential; MOR-medium density residential; OS-open space



data from a single season. For the benthic samples, the metric calculation and scoring
system developed in an earlier study of the Anacostia River basin in Maryland was used
(Stribling and Thaler 1991). For this study, total biological index scores using a standard set
of metrics (Table 3) were calculated. Comparison of scores among sites was performed only
within season; whereas, comparison of a site over time relied on examination of the scores
from an individual season from year to year. Although a calibrated impairment threshold was
not developed for this index, there is understanding of expected directions of change for
selectedmetrics and the overall index in the presence of stressors (Table 3) (Stribling et al.
1998, Barbour et al. 1999).

Table 3. Characteristics of the biological sampling and analysis methods used in these
projects.

Methods characteristics

Type(s) of biology
assessed
Sampling dates
Gear types used: benthic
macroinverlebrates
(benthos)

Gear types used: fish
Segment length
Sample sorting (benthos
only)
Taxonomy: benthos
Taxonomy: fish
Metrics calculated:
benthos (expected
direction of change in
presence of stressors)

Calibrated impairment!
nonimpairment threshold?

Study 1 - Sligo Creek

benthic macroinvertebrates,
fish
1990-95. multiseasonal
square foot Surber sampler,
U. S. standard no. 30 mesh
(-600 micron openings), 2-3
fe composited, depending on
year; D-frame net for pool
habitat, same mesh size
backpack electrofisher
variable
total sample field-sorted

primarily genus
species
taxa richness (decrease);
Hilsenhoff Biotic Index
(increase); number of EPT
taxa (decrease); %
contribution of dominant
taxon (increase); %
shredders (decrease)

no

Study 2 - Prince George's County

benthic macroinvertebrates; fish (only
3 sites)
March 2000
D-frame net, U. S. standard no. 30
mesh (-600 micron openings), 20 jab
method, sampling effort proportionally
distributed across multiple habitat
types

backpack electrofisher
100 meters
randomized 100-organism subsample,
in laboratory
primarily genus
species
total number of taxa (decrease);
number of EPT taxa (decrease);
number of Ephemeroptera taxa
(decrease); number of Diptera taxa
(increase); % Ephemeroptera
individuals (decrease); % Tanytarsini
individuals (decrease); number of
intolerant taxa (decrease); % tolerant
individuals (increase); % collector
individuals (decrease)
yes; Maryland Biological Stream
Survey (MBSS) Coastal Plain 8-IBI

Standard field sampling and laboratory processing methods (subsampling and taxonomy)
were used (Table 3) for all sites in the Prince George's County study. Significantly, all
sampling was performed within a single sampling event (Spring Index period: March 01-30,
2000) to avoid excessive seasonal variability. Biology, physical habitat, and field chemistry
were compared among all sites and to calibrated stream reference conditions. The Maryland
Biological Stream Survey (MBSS) developed the reference conditions from a set of
minimally-degraded streams, representativeG~ those found in the coastal plain region of
Maryland (Stribling et al. 1998, Roth et al. 1997). The numeric decision threshold for
impairment/nonimpairment is based on the overall distribution of biological index scores, and
allows narrative ratings (good [4.0-5.0], fair [3.0-3.9], poor [2.0-2.9], or very poor [1.0-1.9]) to
be assigned to sites. This method and analytical framework is based on Maryland Coastal
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Plain benthic index of biological integrity (B-IBI) (Stribling et al. 1998). Roth et al. (1997)
developed the MBSS fish index of biological integrity (FIBI).

Additional methods detail and other information, including sample sorting/subsampling,
taxonomy, calculation and scoring of biological metrics, aggregating metric scores into
multimetric biological indices, the visual-based approach for assessment of physical habitat
quality, and interpretation of the results of biological assessments can be found in Stribling et
al. (1998) and Barbour et al. (1999).

-Fish Stocking and Surveys

Only 3 species of fish were found in the upper Sligo Creek watershed (blacknose dace,
northern creek chub, and goldfish), all of which are considered to be highly tolerant to stream
and watershed disturbances, including physical habitat and chemical stressors. Since the
rehabilitation of upper Sligo Creek and Wheaton Branch was expected to provide more
suitable habitat, the stocking of several, native fish species was implemented, including:
swallowtail shiner, cutlips minnow, satinfin shiner, lon9nose dace, white sucker. tesselated
darter, bluntnose minnow, silverjaw minnow, common shiner, rosyside dace. northern
hogsucker, fantail darter, and mottled sculpin. These re-introductidns took place in Sligo
Creek, Wheaton Branch, and the Flora Lane tributary, were phased in beginning in 1991,
and completed in 1994. Final electrofishing surveys occurred in each year of the period
1994-96 to search for the existence of established reproducing populations of more pollution
intolerant fish species than existed prior to any rehabilitation activity (1990).

RESULTS

Sligo Creek

Over the 6-year duration of this project, the two locations on Wheaton Branch (WB1 and
WB2) and the two sites on the Sligo Creek mainstem just upstream and downstream of the
Wheaton Branch confluence (SL2 and SL3) had a total of 10 sampling events.
Consequently, they have the longest record of conditions in this study (Table 4), with
sampling and index results comparable in spring 1990, 1991, 1993, and 1995 (Figure 5).
The fall sampling events at these same locations are comparable during three separate
years: 1990, 1992, and 1994 (Figure 5). At the sampling location in Wheaton Branch
downstream of the actual instream restoration work (WB2), there was no change in the
biological index score.

The scoring criteria used would have allowed a maximum biological condition score of 30
(five metrics, each with a possible score of 6). Calculations of mean scores by sampling
period (11.7 [winter, n = 14, sd = 1.89], 12.2 [spring, n = 26, sd = 2.14], 12.0 [summer, n =
12, sd =1.48], and 12.9 [fall, n =22, sd =2.2]) show that biological condition in none of the
seasons reach even 50% of maximum possible value for this assessment scoring method.

Although the overall biological index scores f8mained relatively unchanged over the several
years of monitoring, individual metric values were examined for more distinct shifts. Some
metric changes were apparent (though not strong) in values from single locations over time,
for example "Taxa Richness" and "Percent Dominant Taxon" (Figure 6).
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Table 4. Total biological index scores (benthic) for eight stream sites in the Sligo Creek
watershed, Maryland. SL=Sligo Creek, WB=Wheaton Branch, FL=Flora Lane Tributary.

SITESWi90 Sp90 Su90 Fa90 Sp91 Su92 Fa92 Sp93 Su93 Fa94 Wi94 Sp95

SL1 14 12 12 12 10 10 12
SL2 10 10 12 12 12 16 12 12 10 12
SL3 10 10 12 10 10 12 12 12 12 14
SL4 12 14 14 12 12 14 18
WB1 10 12 14 10 14 12 14 12 10 12
WB2 12 16 12 12 10 12 12 12 12 12
FL1 10 16 10 10 16 12 10
FL2 14 18 10 10 16 14 16
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Figure 5. Biological index scores for Spring and Fall sampling over a 6-
year period on Sligo Creek (SL) and'Nheaton Branch (WB) (1990-95).

Fish surveys provided several indications of improved conditions in the overall watershed.
There were several pollution sensitive (=intolerant) fish species found on the Sligo Creek
mainstem immediately downstream of the Wheaton Branch confluence (SL3) including
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Metric 1: Taxa Richness
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Figure 6. Changes in taxa richness and % dominant taxon during
spring sampling over 6-year period.

rosyside dace and mottled sculpin. Throughout the study area, longnose dace were
consistently found, as was a decreased incidence of fish deformities, skin erosions, lesions,
and tumors: by the end of the project less than 3% of the individuals captured, as compared
to 11 % at the beginning. In 1990, capturing only 3 species were collecteeJ by the end of the
study (1996), 16 species were found, many of which are considered pollution sensitive.

Prince George's County Stormwater Ponds

All fieldwork was completed during March 6-20, 2000. Benthic IBI and physical habitat
quality scores were calculated for all 15 locations (Table 5). None of the sites had a
biological condition narrative rating above "fair", with B-IBI scores reaching 3.29 only in group
1. Three sites received a rating of "fair", all in group 1; groups 2 and 3 each had 4 sites rated
as "very poor" and one as "poor". Within group 1, there were 2 sites that rated as "very poor"

o (site 08-034 [Beck Branch] and 08-040 [an unnamed tributary to Upper Beaverdam Creek]).
Beck Branch has very narrow vegetated riparian buffer zones on either side, contributing to a
habitat rating of "non-supporting", and likely the impaired biology. The unnamed tributary
rUT] to Upper Beaverdam Creek was found to have not only extremely unstable banks (bank
stability rating of 4], but also a fairly low pH (3.81). The unstable stream channel, and thus
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habitat, plus the water chemistry problems, are the likely stressors preventing instream
biology from attaining a higher rating. Otherwise, the complement of streams making up
group 1 seem to be representative of those in the Maryland coastal plain, and in relatively
undeveloped watersheds. Group 1 also had 3 of the 5 sites with the number of EPT taxa
:.110, usually, in part, indicative of high quality water resources (biotic and abiotic features).
Fish were sampled at three sites: 33-007 (UT to Lower Potomac River), 28-007 (UT to
Broad Creek), and 29-003 (Hunters Mill Branch), in groups 1, 2, and 3, respectively. Using
the MBSS Fish IBI, UT to Broad Creek (group 2) rated as "good", while the other two in
groups 1 and 3, respectively, rated as "poor" using the fish index.

Table 5. Sampling and analysis results from 15 stream locations in Prince George's County,
Maryland. Treatment group 1, minimal urban stormwater (SW) stressors; group 2, SW
stressors without retention ponds; group 3, SW stressors with retention ponds. All fieldwork
completed in March 2000.

SITE 10

08-034

08-040

33-007

36-005

36-006

Treatment
Group

1

1

PHYSICAL HABITAT BENTHIC-lSI

Score Narrative Score Narrative

91
Non 1.57 Very Poor

Supporting

99
Non

1.86 Very Poor
Supporting

153 Comparable 3.29 Fair

109
Partially

3.29 Fair
Supporting

150 Supporting 3.00 Fair

Poor

Very Poor

Very Poor

Very Poor

1.00

2.14

1.29

1.86

55

95

87

114

2

2

2

2

04-009

08-039

08-014

22-003

Non
Supporting

Non
Supporting

Partially
Supporting

Non
Supporting

----------~~-~~~-~------------------------=-------------------_:~~----------§-~~;~~~~-~-----------~~-=~-------------~=~--~-~~~------
06-008 3 129 Supporting 2.43 Poor

24-003 3 78 Non 1.29 Very Poor
Supporting

24-011 3 86
Non

1.29 Very Poor
Supporting

27-070 3 100 Non 1.29 Very Poor
Supporting

29-003 3 117 Partially 1.57 Very Poor
Supporting
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The relationship among the percentile distributions of measurement values from each of the
three groups was examined. Biological condition (B-IBI rating) was plotted against the
corresponding physical habitat quality for each site (Figure 7). The best sites, that is, those
with the most "healthy" biology and the most complex and stable physical habitat would be
expected to fall in the upper right hand corner of the chart (Rankin 1995, Barbour et al.
1999). As habitat and biology become poorer, i. e., more physically and chemically
degraded and biologically impaired, they would be found more in the lower left hand corner.
Notice that more of the group 1 sites are in the upper right, indicating that streams with a
minimum of SW stressors are in better ecological condition than those exposed to high levels
of SW stressors (as noted above, comprising physical, chemical, and hydrologic
characteristics, and summarized by the characteristic "% imperviousness").
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Figure 7. Scatterplot of benthic 181 scores and physical habitat quality. For a definition of
groups, see Table 2.

The physical habitat and biological data were segregated by groups, and directly compared
using percentile distributions. Habitat quality was not distinct among the three groups

. (Figure 8); however, the biological condition of group 1 overall was still distinct from the other
two groups (Figures 8 and 9). There was very little difference in the two groups of streams
exposed to stormwater stressors. This suggests that stormwater retention ponds, in
themselves, have little effect on improving the quality of instream conditions.

DISCUSSION

Best management practices (BMPs) are typically designed to control or eliminate particular
stressors, or perhaps narrow suites of stressors. This paper presents a small watershed
rehabilitation case study where a BMP assemblage was designed and implemented in a
phased approach to managing a variety of stressors causing impairment of instream
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Figure 8. Comparison of Instream physical habitat quality (visual
based [Barbour et al. 1999]) for each of 3 treatment groups. For
definition of groups, see Table 2.

conditions. At the outset of that entire project, it was assumed that a single BMP, such.as a
stormwater retention pond would not be sufficient for meeting the goals of improved
ecological conditions. Even the unrefined biological monitoring and assessment methods
(both field sampling and data analysis) were able to demonstrate some improvement in

Figure 9. Instream biological condition (benthic index of biological
integrity) for each of 3 treatment groups. For definition of groups, see
Table 2.
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stream biology. Improvement was seen in some selected benthic metrics, and in the fact
that several of the re-introduced fish species seemed to have established reproducing
populations in the Sligo Creek watershed. Recognizing that restoration to predevelopment
ecological conditions (i. e., pristine) is not possible, and that establishment of some level of
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water resource integrity, if not moderate self sustainability, is desirable, we recommend
additional biological, physical habitat, and chemical monitoring in the watershed to provide
further evidence of progress. Without data, we can only guess. Lessons learned from the
approach used for the Sligo Creek watershed strongly suggests a need for comprehensive
watershed management to control degradation; it is very rarely a single stressor problem.
The case study presented using data from Prince George's County is related to the presence
or absence of human-based stormwater stressors and retention ponds. These assessment
results support the idea that single BMPs in isolation may do little to protect or enhance
instream biological condition. Proactive and likely successful approaches to management of
-environmental stressors, in whatever form they may be, can take several different forms.
One would be through careful analysis of the diversity of stressor sources affecting the
ecological condition of streams. For example, shifting the focus from site-specific to the
source of the pressure causing the site specific problem. Another approach would be
adaptive management, i. e., installing/implementing a suite of BMPs, monitoring and
assessing the "receiving" watershed or stream to determine the effectiveness, and if no or
only minimal improvement is observed, determining the cause and implementing
remediation. Third would be to use, as a matter of policy, urban/suburban or
commercial/industrial development techniques that somewhat buffer the intensity stressor
loads that arise from development, similar to what is becoming known as low impact
development (LID) (U. S. EPA 1999).

In any case, techniques should be selected and implemented using a knowledge base,
rather than simply choosing on cost and simplicity. For example, if the waterbody of interest
is thermally-sensitive it would be inappropriate to install wet BMPs, such as instream .
structures, wet ponds, marshes, etc.). In addition, diligence is necessary for maintaining and
enhancing BMP performance, in whatever style or form it may take. More than 3500 cubic
yards of sediment was removed from the Wheaton Branch ponds as part of routine
maintenance, and represented approximately 8 years of accumulation. The results of these
studies suggest that isolated BMPs, such as detention/retention ponds, may be insufficient
for enhancing overall ecological conditions in watersheds, although they do allow
management of some stormwater stressors, such as sediment, trash or contaminants.
Selection and design of a BMP assemblage or low impact development technique need to be
implemented in the context of comprehensive ecosystem management. There is no perfect
system for managing all stressors (originating in urban, suburban, agriculture, or other
changes) affecting the ecological of streams and watersheds; land use decisions ultimately
dictate ecological expectations of watershed managers.
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ABSTRACT

The Santa Clara Valley Urban Runoff Pollution Prevention j>rogram (SCVURPPP)
conducted a Stormwater Environmental Indicators Demon~tration Project (SEIDP)
in the Santa Clara Basin, California. The project consisted of implementing and
testing the applicability of 20 of the Center for Watershed Protection's 26
Environmental Indicators to Assess Stormwater Programs and Practices (Claytor
and Brown, 1996). The indicators were applied at two geographic scales: a 310
square-mile watershed and a 28-acre industrial catchment.

Two groups of useful indicators were identified. The first group, which included the
programmatic indicators targeted at measuring specific program activities, was
useful for documenting and understanding pollution-prevention efforts and yielded
insight into ways to improve them. The second group of indicators included the
application of physical, hydrological, water-quality, and biological measurements at
a watershed scale. These indicators were useful for an overall assessment of
stream function and an understanding of the multitude of natural and anthropogenic
factors that influence stream function.

Results from implementing programmatic indicators stimulated improvements to the
SCVURPPP's tracking and reporting of illegal discharges and industrial inspections.
Results of physical, hydrological, water-quality, and biological indicators are being
used to inform and motivate action among stakeholders in the Santa Clara Basin
Watershed Management Initiative, a local effort to develop and implement a
Watershed Management Plan for the Basin.
INTRODUCTION

--Gauging Stormwater Program "Effectiveness"

The 1987 amendments to the Clean Water Act - and the U.S. Environmental
Protection Agency's (EPA's) 1990 Phase I stormwater regulations - established a
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common national framework for stormwater management programs. The regulations
require municipalities to effectively prohibit non-stormwater discharges to storm
drains and to implement, to the maximum extent practicable, Best Management
Practices (BMPs) for activities that can introduce pollutants to storm drains. These
BMPs are typically organized into program elements such as illicit connection and
illegal discharge elimination and prevention, industrial and commercial discharger
controls, municipal maintenance activities, new development and construction
controls, and public education.

The "maximum extent practicable" standard is somewhat vague. The specific BMPs
selected (and the extent to which they are implemented) depend on local conditions,
including climate, land use, mix of industries, drainage system characteristics, and
available resources. It is up to local stormwater programs to design an "effective" set
of stormwater pollution control measures.

The definition of "effectiveness" is likewise elusive. EPA's 1990 Phase I stormwater
regulations state that NPDES permit applications should include "estimated
reductions in loadings of pollutants from discharges of municipal storm sewer
constituents from municipal storm sewer systems expected -as the result of the
municipal storm water quality management program." However, the high variability
in stormwater pollutant concentrations and flows observed in Phase I monitoring
programs has raised questions as to whether reductions in pollutant loads are a
practical or meaningful measure of program effectiveness. In 1999, when EPA
issued Phase II stormwater NPDES regulations to smaller municipalities, the agency
promoted a general approach to evaluating program effectiveness, the
appropriateness of identified best management practices, and progress towards
achieving identified measurable goals.

The Center for Watershed Protection (CWP) has developed "stormwater
environmental indicators" and a methodology for their use in re-evaluating
stormwater management program goals, assessing program activities, and
implementing monitoring (Claytor and Brown, 1996). The CWP recommends using
programmatic and social indicators, in addition to measures of water quality and
biological health, to gauge the effectiveness of urban stormwater programs.
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The Santa Clara Valley Urban Runoff Pollution Prevention Program

The Santa Clara Valley Urban Runoff Pollution Prevention Program (SCVURPPP) is
an association of 13 cities and towns (including San Jose), Santa Clara County, and
the Santa Clara Valley Water District, covered by a joint NPDES permit to discharge
stormwater to South San Francisco Bay. The permitted drainage area contains
most of a major watershed known as the Santa Clara Basin. Since its first NPDES
permit issued in 1990, municipal "Co-permittees" have implemented mandated
pollution-prevention efforts and integrated them into departmental activities. The
level of effort is codified in Performance Standards that apply to illegal discharge
elimination, industrial inspection, street maintenance, catch-basin cleaning,
construction inspection, review of plans for new developments, and operation of
water supply systems. The Co-permittees also expend nearly $1 million annually on
local and countywide efforts to educate the public to avoid polluting urban runoff.

The Co-permittees recognize that this comprehensive suite of mandated control
measures and BMPs may be insufficient to control the effects of urbanization on
local streams. To address the diverse factors impacting the Santa Clara Basin,
including water quality, land use, flood protection, water supply and habitat
protection, the Co-permittees have been participating with many other stakeholders
in the Santa Clara Basin Watershed Management Initiative (SCBWMI). Currently,
SCBWMI members are conducting watershed assessments to document the basin's
environmental conditions and regulatory framework. When completed in late 2001,
the assessments will be the foundation for a regional watershed management plan".

The SCVURPPP is dedicated to a process of continuous review and improvement
which seeks new opportunities to control stormwater pollution and to protect
beneficial uses. When such opportunities are identified (e.g., through project
evaluations, on-site performance reviews, and input from the SCBWMI), the
Program revises or adds to its activities, control measures, BMPs and Performance
Standards. The changes are documented in urban runoff management plans and
annual reports. As the SCBWMI assesses urban watersheds and develops a
watershed management plan,. stakeholder workgroups are identifying special
studies and institutional needs that the Program (among SCBWMI stakeholders) is
best suited to implement.

STORMWATER ENVIRONMENTAL INDICATORS DEMONSTRATION PROJECT

Under a Water Environment Research Foundation grant, the SCVURPPP
conducted a Stormwater Environmental Indicators Demonstration Project (SEIDP)
to test the use and applicability of 20 of the Center for Watershed Protection's 26
stormwater environmental indicators (Table 1) in the Santa Clara Basin, California.
The indicators were implemented at two scales: the 310-square-mile watershed of
Coyote Creek (which includes the eastern
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Table 1. Center for Watershed Protection Indicators Tested

Claytor and
ttl

E
Brown # Indicator Name £ co

en "0 C5J<U
Categories "iii >. o ttl

$:
0 I... I...

0 0..«
1 Water quality pollutant constituent monitoring ~

2 Toxicity testing ~

3 Non-point source loadings ~Water Quality
Indicators 4 Exceedance frequencies of water quality

~
standards

5 Sediment contamination ~

6* Human health criteria

7 Stream widening/downcutting ~

8 Physical habitat monitoring ~
Physical and
Hydrological 9* Impacted dry weather flows

-
Indicators 10 Increased flooding frequency ~

11 Stream temperature monitoring ~

12 Fish assemblage ~

13 Macro-invertebrate assemblage ~

Biological 14* Single species indicator
Indicators

15* Composite indicators

16* Other biological indicators

17 Public attitude surveys ~

Social
18 Industrial/commercial pollution prevention ~

Indicators 19 Public involvement and monitoring ~

20 User perception ~

21 Number of illicit connections
~

identified/corrected

Programmatic
22 Number of BMP's installed, inspected, and

~
maintained

Indicators
23 Permitting and compliance ~ ~

24 Growth and development ~

25* BMP performance monitoring
Site Indicators

26 Industrial site compliance monitoring ~

* Claytor and Brown indicators whidh were not implemented as part of the
Stormwater Environmental Indicators Demonstration Project.
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portion of the City of San Jose and the City of Milpitas); and a 28-acre industrial
catchment along Walsh Avenue in the City of Santa Clara. Table 1 denotes which
indicators were applied to the Walsh Avenue site, the Coyote Creek watershed, or
the entire SCVURPP Program (permitted) area.

Coyote Creek Watershed Indicator Analysis

Methods

In the Coyote Creek watershed, baseline data were available from an EPA
sponsored study during 1979 to 1981 (Pitt and Bozeman, 1982) that sought to
identify the effects of urban runoff on water quality, sediment, fish,
macroinvertebrates, attached algae, and rooted aquatic vegetation. In addition, the
SCVURPPP monitored stormwater constituents and toxicity at one station in Coyote
Creek during 1987 to 1996. In 1999 for the SEIDP, the project team samp~ledfish f H- 'I
and assessed physical habitat at 18 locations in Coyote Creek, sampled surficial
sediment at six locations, sampled benthic macroinvertebrates at nine locatio - d
monitored for temperature, conductivity, and dissolved oxygen at five locations. The
locations corresponded to the earlier Pitt and Bozeman sampling sites, and were
classified as urban, rural, or "transitional" (recent change from rural to urban)
stations. Analyses were conducted of changes in flood frequency, changes in
stream morphology, and sources of imperviousness in the surrounding watershed.
The project team compared the analysis results between urban and rural stations,
and looked for changes since 1980, as the urbanized area expanded. Industrial and
construction sites were mapped within the watershed, and records of illegal
discharges were also geo-referenced to identify trends.

Results

Approximately half of the Coyote Creek watershed is rural grassland and woodland
upstream of two nearly adjacent dams, and the lower watershed transitions from
rural to urban land uses in the Cities of San Jose and Milpitas. Coyote Creek's
physical habitat, stream geomorphology, and biological indicators are affected by
reservoir releases, stream channel alterations, diverted flows, and a history of
mining and grazing - all of which are typical for California streams, particularly
those in urbanized areas. These factors have irreversibly altered the stream
ecology.

Fish assemblages in Coyote Creek are much the same as they have been since the
construction of a major dam in 1950. However, analysis of fish and
macroinvertebrate indices showed changes in reaches that have urbanized since
the 1979-1981 study. Some of the biological indicator results indicated that water
quality and/or habitat are improving in the urban reaches of the creek, while others
indicated that water quality and/or habitat were declining in the transition area as a
result of urbanization.
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Water quality indicator analyses also yielded mixed interpretations. Concentrations
of cadmium and lead in sediments from Coyote Creek corresponded with increased
urbanization, but neither changed substantially since the 1979-1981 Pitt and
Bozeman surveys. In general, concentrations of mercury in sediments collected
during the SEIDP appeared to decrease by more than an order of magnitude from
historical levels, but this may be attributable to changes in analytical procedures. A
regression analysis of water quality measurements at a lower creek station during
32 storm events in 1988 through 1995 showed that total copper and total zinc
generally decreased over time.

A 70-fold decrease in illicit connections reported from 1993 to 1998 suggests the
cities' surveys and monitoring have effectively eliminated illicit connections to storm
drains. A trend during the same period toward fewer illegal dumping reports (for
most incident categories) suggest that the Co-permittees' outreach,
industrial/commercial inspections, response to dumping incidents, and enforcement
have had an effect. Increased staff and public awareness, and a construction boom,
may have contributed to the rising number of reports for other illegal dumping
incident categories.

Walsh Avenue Indicator Analysis

Method

The Walsh Avenue catchment contains 32 industrial and commercial businesses
whose activities include metal plating, high-tech equipment assembly, parts
distribution, and warehouse storage. Eighteen of the businesses participated in a
1992 pilot industrial stormwater pollution control study to identify pollutant sources
and assist facility owner/operators with source control measures and BMPs. During
the SEIDP, the project team reviewed the City of Santa Clara's business inspection
records and conducted on-site interviews with managers of 29 of the 32 businesses.
The interview results were compared with the results of the 1992 pilot study.

Drainage from the catchment was sampled and analyzed for pollutants during 1989
to 1996. Additional water quality samples were collected during five storm events in
1999 and the analysis results compared to the historical data.

Results

Businesses in the Walsh Avenue catchment are implementing more BMPs and
substantially more businesses are in compliance with pollution prevention
requirements than was found in 1992. This was attributed to the existence of other
regulatory programs (such as hazardous materials management requirements) and
generally heightened awareness of "housekeeping" measures, rather than the local
urban runoff pollution prevention program's efforts. Nickel and lead concentrations
apparently decreased in stormwater from this catchment over time, but stormwater
toxicity due to high zinc concentrations was present and unchanged from previous
years' samples. A more detailed presentation of results appears in the final project
report (SCVURPPP, 2001).
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Summary

Table 2 summarizes the usefulness of the indicators tested and recommendations
for the framework in which they should be applied. Two groups of useful indicators
were identified. The first group, which included the programmatic indicators targeted
at measuring specific program activities, was useful for documenting and
understanding pollution-prevention efforts and yielded insight into ways to improve
those efforts. The second group of indicators included the application of physical,
hydrological, water-quality, and biological measurements at a watershed scale.
These indicators were useful for an overall assessment of stream function and are
best applied in the context of watershed management planning.

APPLICATION OF INDICATOR RESULTS TO SCVURPPP

The Center for Watershed Protection's indicator methodology proved useful in the
context of watershed management and continuous improvement of the SCVURPPP:

• Development and refinement of programmatic and social indicators revealed
new means to continuously improve the NPDES-permitted-urban runoff program
and to track its progress. These included recommendations to improve data
collection and compilation, to geo-reference potential pollutant sources, and to
link this information to storm drainage maps. This will facilitate reporting and
targeting of Co-permittees' outreach and enforcement efforts. The
recommendations will be implemented through updated and improved
Performance Standards.

• Implementation of water-quality indicators, biological indicators, and physical
indicators provided new and better information for assessing watershed
condition. New perspectives were gained on the resilience of native fish
populations, the extent to which dam releases and water diversions affect
habitat in the lower watershed, the persistent effects of historical gravel mines,
biological impacts associated with urbanization and construction of new storm
drain outfalls, and an apparent problem of periodic suppression of dissolved
oxygen concentrations in the most urbanized reaches. Consideration of this
information by SCBWMI stakeholders should lead to specific management
actions - some of which will be implemented, individually or jointly, by the
SCVURPPP Co-permittees.

SCVURPPP is able to make timely use of results from the stormwater
environmental indicators because it: 1) has performance standards;
2) pursues continuous improvement; and 3) participates in a stakeholder-based
watershed management initiative.
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Table 2. Summary of Indicator Usefulness

Indicator Usefulness for Usefulness for Key Conditions! iAdditional or
Problem Assessment of Requirements for iAlternatlve Indicators
Identification Management Program Enhancing Usefulness

#24 - Growth and Development Useful May be possible to use Use indicators within Dam releases and flow
Imperviousness)* physical condition of ramework linking urban ~iversions, amount or

~7 - Stream Widening and Limited streams and extent of drainage patterns to proportion of altered vs.ro drainage modifications as impacts on stream hydro- natural channel,l) Downcutting
OJ

#8 - Physical Habitat Monitoring
an indicator of success in ~eomorphic functions inventory of storm drain

0 Useful watershed management. and habitat functions. outfalls and design flows,0...
#10-'- Increased Flooding Frequency Limited extent of floodplain,"0

>- extent of riparian area.:r: #11 - Stream Temperature Monitoring Limited Requires long-term data

""ro sets and consistent
l) protocols. Most effective

Vl Vl r,vhen used to measure... >-
0 ..r::: specific temporal effects of
oro a.
.~

land use change or water-
"0 ~hed management actions.
E
"0
Ql

1#1 - Water Quality Monitoring..r::: Limited May be applied at site or May be useful to illustrate Continuous monitoring ofVl... atchment scale to relative degree of dissolved oxygen duringQl ~2 - Toxicity Testing Limited- supplement programmatic influence of runoff on summer months.III

3: #3 - Non-point Source Loadings Not Useful measures of BMP ~ifferent stream reaches,

~ #4 - Exceedance Frequencies of Not Useful implementation but not necessarily linked

ro Water Quality Standards o beneficial uses.
:lq #5 - Sediment Characteristics and Somewhat Useful Consider other indicators... Sediment appears to be aQl Contamination of urban influence on-III more robust indicator than
3: storm flows. Best used to ~tream sediments, e.g.

monitor response to clean ~isual observations or

up of specific sites or pil/grease.

atchments.



Table 2. Summary of Indicator Usefulness

Indicator Usefulness for Usefulness for Key Conditions/ Additional or
Problem ~ssessment of Requirements for Alternative Indicators
Identification Management Program Enhancing Usefulness

1#12 -' Fish Assemblage Very Useful Use to correlate and Use established methods Fish and macro-

#13 - Macroinvertebrate Assemblage Very Useful
confirm effects of physical, or data collection and invertebrates seem to be

-
CIl hydrological, and water analysis; refine selection 0 best biological indicesu
'6> quality changes. indices. because methods area

established and links to(5
iii " ~tream function and

beneficial uses are
understood,

# 18 - Industrial/Commercial Pollution r-;ery Useful Can test effectiveness of Conduct on-site interviews Similar approach could
Prevention specific outreach in context of site be applied to other

messages. inspections. groups, e.g. mobile
businesses, restaurant

~ managers, etc.a
ro 1#17 - Public Attitude Useful Use to gauge general Measure behaviors instead.S:?
"0 awareness of watershed pf attitude. Focus onc- and pollution-prevention everyday activities that canro
'13 issues. affect water Quality.
a

#20 - User Perception(f) Limited Importance ascribed to
pollution prevention and
~atershed issues is
affected by social and .
economic conditions.

u
1# 21 - No. of Illicit Connections Identified/Corrected ~ery Useful Establish programmatic Consider appropriate

.~

1# 22 - No. of BMPs Installed, Inspected, and Maintained Somewhat Useful
indicators to complement programmatic indicators

E Performance Standards or public agency
E 1# 23 - Permitting and Compliance Useful and us~ as part of activities, new develop-
~ !,-,ontinuous improvement ment, and participation inOl

# 26 - Industrial Site Compliance Monitoring Usefule process. ~atershed management
0...

# 19 - Public Involvement and Monitoring' Limited process.



Without performance standards - which define the specific pollution-prevention
measures to be implemented, and include standard operating procedures and work
plans for updating those procedures - there would be little basis for evaluating the
results of the programmatic indicators or for developing and implementing
recommendations for continuous improvement. Without an established process of
continuous improvement, the results of indicators would carry "regulatory baggage;"
that is, would suggest that the Co-permittees were falling short of an elusive
"maximum extent practicable" standard. The continuous improvement process
recognizes that "maximum extent practicable" is a moving target and that the Co
permittees must expect continuous change within their pollution-prevention
programs. Further, the continuous improvement policy insures that budget and
personnel are assigned to implement recommended improvements in a timely
manner. Finally, without participation in stakeholder-based watershed management,
the Program would not be able to easily inform and motivate other watershed
stakeholders to contribute toward management actions that can improve stream
function.

Physical, hydrological, chemical and biological indicators are best used to inform
and motivate watershed stakeholders by "telling the story" of now a watershed has
changed, and is changing, in response to human influences. Our experience in the
Coyote Creek watershed suggests the most useful framework must incorporate an
understanding of how stream hydrogeomorphology - the flow of water and
sediment, and the continual re-creation of in-stream structures by natural aQd
human influences - relates to stream biological functions and the associated
aquatic life beneficial uses.

CONCLUSIONS

To be "effective," a stormwater program should be in compliance with its permit 
and should also be coordinated and integrated with its community's broader efforts
to preserve and enhance the local environment.

Results from the SCVURPPP's demonstration application of stormwater
environmental indicators show the opportunity to adapt the Center for Watershed
Protection methodology to support new relationships between NPDES-permitted
urban runoff programs and watershed management. This is particularly important in
California and the semi-arid west, because:

• Western urban streams are more likely to be affected by flow regulation and
diversion, barriers to fish migration, sediment budget, and other factors outside
the direct control of city government.

• In many semi-arid areas, the historical human impacts of mining, agriculture,
grazing, and urbanization, and introduction of exotic species, have irreversibly
altered aquatic ecology. This complicates the process of defining watershed
goals.

• In California and the West, environmental management responsibilities and local
government power are typically dispersed among many agencies with different
perspectives and goals.
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The suite of indicators developed by the Center for Watershed Protection can serve
stormwater pollution prevention programs in two distinct and complementary ways:

1. Facilitate continuous improvement of permit-mandated pollution-prevention
activities.

2. Catalyze actions by other stakeholders to help preserve and enhance local
waters.

To successfully apply indicators for the first purpose, programs should be already
implementing routine mandated pollution-prevention measures. The extent and
means of implementation should be documented in performance standards. To
insure that the results of indicators are incorporated into program activities,
programs should be committed to ongoing program improvements and should have
a methodology for implementing those improvements on an annual cycle. To
successfully use indicators to address the most significant impacts of urbanization
on streams, stormwater programs will need to be actively involved with other
municipal agencies, regulators, advocacy groups, and private interests in a
stakeholder process to preserve and enhance the watershed. _
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ABSTRACT

During the past decade, it has become apparent during numerous receiving
water assessment studies that no one single approach (e.g., chemical-specific
criteria, benthic microorganisms, or habitat surveys) can routinely be used to
accurately determine or predict ecosystem health and beneficial use impairment.
Each assessment approach or component has associated strengths and
weaknesses. The selection of specific assessment tools and goals is highly
dependent on local conditions and objectives. This paper, based on a recently
published book and EPA report, outlines the major components of a receiving water
assessment to evaluate urban wet-weather problems.

INTRODUCTION

A myriad of potential stressor combinations and assessment methods are possible
in waters that are in human dominated watersheds, as previously described by the
EPA (1989,1996, 1999a, and 1999b), among others. In the laboratory, it would be
impossible to evaluate even a small number of the possible stressor combinations,
varying the magnitude, frequency, and duration of each stressor. Traditional
bioassay methods simply look at one simple exposure scenario. Chemical criteria
provide a benchmark from which to evaluate the significance of contaminant
concentration and direct fur-her monitoring resources. Biological assessments
indicate if the aquatic community is of a pollution and/or habitat tolerant or sensitive
nature by showing the effect of long-term exposures. By considering habitat
influence and comparing to reference sites, evaluations of ecological integrity
(health) can be made. Habitat (physical) evaluations are essential to separate point
source and nonpoint source toxicity effects from physical effects. As an example,



some nonpoint pollution effects from stormwater may be of a physical nature, such
as habitat alteration and destruction from increased stream flow, increased
suspended and bedload sediments, or elevated water temperatures. In addition, a
fourth major assessment component (toxicity) is needed beyond the three
components of chemical, physical, and biological integrity. Biosurvey data may not
detect subtle, short-term, or recent toxic effects due to the natural variation (spatial
and temporal) which occurs in aquatic communities. Toxicity testing also removes
the effects of habitat problems relatively well, focusing on the availability of chemical
contaminants alone.

The complexity of ecosystems dictates that these assessment tools be used in an
integrated fashion. Scientists in any of the disciplines are quick to point out the
multitude of ecosystem complexities associated with their science. Many of these
complexities influence chemical fate and effects and, more importantly, affect
natural and anthropogenic stressor fate and effects. For example, it is well
documented that many natural factors may act as significant stressors to organisms
in aquatic systems, including light, temperature, flow, dissolved oxygen, sediment
particle size, suspended solids, habitat quality, ammonia, salinity, food quality and
quantity, predators, parasites and pathogens. In addition, ecofoxicologists have long
been aware of the differences existing between species and their life stages in
regards to toxicant sensitivity. Unfortunately, toxicity information only exists for a
minuscule fraction of the many millions of species in the world. This reality makes
extrapolations between species and chemical tenuous at best. Despite these many
and often interacting complexities, some excellent and proven tools exist for
conducting ecologically relevant assessments of contamination.

The necessity of using each of the above assessment components and the degree
to which each is utilized is a site-specific issue. At sites of extensive chemical
pollution, extreme habitat destruction, or absence of desirable aquatic organisms,
the impact can be clearly established with only one or two components, or simply
qualitative measures. However, at most study sites, there will be "gray" areas where
the ecosystem's integrity (quality) is less clear and should be measured via multiple
components, using a weight-of-evidence approach to evaluate adverse effects.

A recently completed book, and associated EPA report, has compiled substantial
guidance information related to assessing urban receiving waters affected by urban
wet-weather flows (Burton and Pitt 2001). In addition to outlining various suitable
approaches, detailed case studies are also presented. Specific experimental
designs, plus sampling, laboratory, and statistical tools, and overall assessment
methods, comprise most of the content of the book. The report is divided into three
main sections, as shown below:

UNIT 1: THE PROBLEM OF STORMWATER RUNOFF
Chapter 1 Introduction
Chapter 2 Receiving Water Uses, Impairments, and Sources of Stormwater Pollutants
Chapter 3 Stressor Cat<::gories and Their Effects on Humans and Ecosystems

UNIT 2: COMPONENTS OF THE ASSESSMENT
Chapter 4 Overview of Assessment Problem Formulations
Chapter 5 Sampling Effort and Collection Methods
Chapter 6 Ecosystem Component Characterization
Chapter 7 Statistical Analyses of Receiving Water Data
Chapter 8 Data Interpretation
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UNIT 3: Tool Box of Assessment Methods
Appendix A Habitat Characterization
Appendix B Benthic Community Assessment
Appendix C Fish Community Assessment
Appendix D Toxicity and Bioaccumulation Testing
Appendix E Laboratory Safety, Waste Disposal, and Chemical Analyses Methods
Appendix F Sampling Requirements For Paired Tests
Appendix G Water Quality Criteria
Appendix H Watershed and Receiving Water Modeling
Appendix I Glossary
Appendix J Vendors of Supplies and Equipment Used in Receiving Water Monitoring

This paper is a summary of selected material contained in Chapter 4 of the report.

SUMMARY OF ASSESSMENT TOOLS

Almost all states using bioassessment tools have relied on EPA guidance as the
basis for their programs. Common components of these bioassessment programs
(in general order of popularity) include:

• macroinvertebrate surveys (almost all programs, but with varying
identification and sampling efforts) ,
• habitat surveys (almost all programs)
• some simple water quality analyses
• some watershed characterizations
• few fish surveys
• limited sediment quality analyses
• limited stream flow analyses
• hardly any toxicity testing
• hardly any comprehensive water quality analyses

Normally, numerous metrics are used, typically only based on macroinvertebrate
survey results, which are then assembled into a composite index. Many researchers
have identified correlations between these composite index values and habitat
conditions. Water quality analyses in many of these assessments are seldom
comprehensive, a possible over-reaction to conventional very costly programs that
have typically resulted in minimally worthwhile information. We recommend a more
balanced assessment approach, using toxicity testing and carefully selected water
and sediment analyses to supplement the needed biological and habitat monitoring
activities. A multi-component assessment enables a more complete evaluation of
causative factors and potential mitigation approaches.

BEGINNING THE ASSESSMENT

Designing and implementing an assessment study requires careful and methodical
planning in order to ensure that the study objectives will be successfully
accomplished. The main'Gbjectives of most environmental monitoring studies may
be divided into two general categories: characterization, and/or comparisons.
Characterization pertains to quantifying a few simple attributes of the parameter of
interest. As an example, the concentration of copper in the sediment near an outfall
may be of concern. The important question would be "What is the most likely
concentration of the copper?" Other questions of interest include changes in the
copper concentrations between surface deposits and buried deposits, or in
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upstream vs. downstream locations. These additional questions are considered in
the second category, namely comparisons. Other comparison questions may relate
to comparing the observed copper concentrations with criteria or standards. Finally,
many researchers would also be interested in quantifying trends in the copper
concentrations. This extends beyond the above comparison category, as treads
usually consider more than just two locations or conditions. Examples of trend
analyses would examine copper gradients along the receiving stream, or trends of
copper concentrations with time. Another type of analysis related to comparisons is
the identification of hot spots, where the gradient of concentrations in an area is
used to identify areas having unusually high concentrations.

An adequate experimental design enables a researcher to efficiently investigate a
study hypothesis. The results of the experiments will theoretically either prove or
disprove the hypothesis. In reality, the experiments will tend to shed some light on
the real problem and will probably result in many more questions that need
addressing. In many cases, the real question may not have even been recognized
initially. Therefore, even though it is very important to formally have a study
hypothesis and appropriate experimental design, it may be important to save
sufficient study resources in reserve to enable additional unanficipated experiments.

Experimental design covers several aspects of a monitoring program. The most
important aspect of an experimental design is being able to write down the study
objectives and why the data is needed. The quality of the data (accuracy of the
measurements) must also be known. Allowable errors need to be identified based
on how the information will change a conclusion. Specifically, how sensitive is the
data that is to be collected in defining the needed answer? A logical experimental
process that can be used to set up an assessment of receiving waters consists of
several steps:

1) Establish clear study objectives and goals (hypothesis to be tested,
calibration of equation or model to be used, etc.);
2) Initial site assessment and preliminary problem identification;
3) Review historical site data. Collect information on the physical conditions
of the system to be studied (watershed characteristics, etc.) estimate the
time and space variabilities of the parameters of interest (assumed, based
on prior knowledge, or other methods).
4) Formulate a conceptual framework (e.g., the EPA ecological risk
framework);
5) Determine optimal assessment parameters. Determine the sampling plan
(strata and relationships that need to be defined), including the number of
samples needed (when and where, within budget restraints).
6) Establish data quality objectives (000) and procedures needed for
OAJQC during sample collection, processing, analysis, data management,
and data analyses;
7) Locate samplin'g sites;
8) Establish field procedures, including the sampling specifics (volumes,
bottle types, preservatives, samplers to be used, etc.).
9) Review OAJOC issues;
10) Construct data analysis plan by determining the statistical procedures
that will be used to analyze the data (inclUding field data sheets and
laboratory OAJOC plan); and finally,
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11) Study implementation.

Preliminary project data obtained at the beginning of the project should be analyzed
to verify assumptions used in the experimental design process. However, one needs
to be cautious and not make major changes until sufficient data has been collected
to verify new assumptions. After the data has been analyzed and evaluated, it is
likely that follow-up monitoring could be conducted to address new concerns
uncovered during the project.

All of these elements are described in detail in the book and EPA report. If any of
these process components are inadequately addressed, the study outputs may not
achieve the necessary study goals and objectives and/or lead to erroneous
conclusions. An early paper by Green (1979) lists principles (Table 1) that are still
valid for preparing environmental study designs.

Table 1. Principles for Designing Successful Environmental Studies (from Green 1979)

1. State concisely to someone what question you are asking. Your results will be as coherent and as
comprehensible as your initial conception of the problem.

2. Take replicate samples within each combination of time, location, and any other controlled variable. Differences
between groups can only be demonstrated by comparison to differences within groups.

3. To test whether a condition has an effect, collect samples both where the condition is present and where the
condition is absent (reference site) but all else is the same. An effect can only be demonstrated by comparison with
a control.

4. Carry out some preliminary sampling to provide a basis for evaluation of sampling design and statistical analysis
options. Deleting this step to save time usually results in losing time.

5. Verify that the sampling device or method is sampling the population it should be sampling, and with equal and
adequate efficiency over the entire range of sampling conditions to be encountered. Variation in efficiency of
sampling from area to area biases among-area comparisons.

6. If the area to be sampled has a large-scale environmental pattem, break the area up into relatively homogeneous
subareas and allocate samples to each in proportion to the size of the subarea. If it is an estimate of total
abundance over the entire area that is desired, make the allocation proportional to the number of organisms in the
subarea.

7. Verify that the sample unit size is appropriate to the size, densities, and spatial distributions of the organisms
being sampled. Then estimate the number of replicate samples required to obtain the needed precision.

(§)Test the data to determine whether the error variation is homogeneous, normally distributed, and independent of
the mean. If it is not, as will be the case for most field data, then (a) appropriately transform the data, (b) use a
distribution-free (nonparametric procedure, (e) use an appropriate sequential sampling design, or (d) test against
simulated HOdata.

9. Having chosen the best statistical method to test the hypothesis, stick with the result. An unexpected or
undesired result is not a valid reason for rejecting the method and searching for a "better" one.

SELECTING OPTIMAL/6.SSESSMENT PARAMETERS (ENDPOINTS)

Characterization of the ecosystem should allow for differentiation of its present
"natural" status from its present condition caused by polluted discharges and/or
other anthropogenic stressors. This requires that a number of chemical, biological,
and physical parameters be monitored, including flow and habitat. There are a wide
variety of potentially useful study parameters which vary in importance with the
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study objectives and program needs. Many of the chemical endpoints would be
specifically selected based on the likely pollutant sources in the watershed.

The selection of the specific endpoints for monitoring should be based on
expected/known receiving water problems. The parameters being monitored should
confirm if these uses are being impaired. If they are, then more detailed
investigations can be conducted to understand the discharges of the problem
pollutants, or the other factors, causing the documented problems. Finally, control
programs can be designed, implemented, and monitored for success. Therefore,
any receiving water investigation should proceed in stages if at all possible. It is
much more cost-effective to begin with a relatively simple and inexpensive
monitoring program to document the problems that may exist in a receiving water
that it is to conduct a large and comprehensive monitoring program with little prior
knowledge. Without having information on the potential existing problems, the initial
list of parameters to be monitored has to be based on best judgment. The
parameters to be monitored can be grouped into general categories depending on
expected beneficial use impairments, as follows:

• Flooding and drainage: debris and obstructions affecting flow conveyance
are parameters of concern.
• Biological integrity: habitat destruction, high/low flows, inappropriate
discharges, polluted sediment (SOD and toxicants), benthic
macroinvertebrate and fish species impairment (toxicity and bioaccumulation
of contaminants) and wet weather quality (toxicants, nutrients, DO) are key
parameters.
• Non-contact recreation: odors, trash, high/low flows, aesthetics, and public
access are the key parameters.
• Swimming and other contact recreation: pathogens, and above listed non
contact parameters, are key parameters.
• Water supply: water quality standards (especially pathogens and toxicants)
are key parameters.
• Shellfish harvesting and other consumptive fishing: pathogens, toxicants,
and those listed under biological integrity, are key parameters.

Point source discharges, stormwater runoff, snowmelt, base flows in receiving
waters, sediments, and biological specimens may all need to be sampled and
analyzed to obtain a complete understanding of receiving water effects from
pollutant discharges. The following paragraphs briefly describe a long list of analytes
that could be monitored in urban receiving waters. It is expected that the list could
be significantly reduced in most cases through screening analyses and better
selections based on site-specific conditions.

Selection of Biological Endpoints for Monitoring
The optimal assessmentparameters which should be included depend on the
project objectives. These parameters can be defined as measured characteristics,
responses, or endpoints. For example, if the affected stream is classified as a high
quality water and cold water fishery, then possible assessment or measured
responses (endpoints) could include trout survival and hatchability, population and
community indices (e.g., species richness), spawning area quantity and quality,
dissolved oxygen, suspended solids, and water temperature. Endpoints vary
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dramatically in their sensitivity to pollutants and ecological relevance. The endpoints
which are more sensitive are often more variable or respond to natural
"nonpollutant" factors, so that adverse effects (stressors) are more difficult to
classify with certainty.

Aquatic ecosystems are quite complex, consisting of a wide variety of organisms.
These organisms each have their own unique function in the ecosystem and are
directly or indirectly linked with other organisms. For example, bacteria, fungi,
insects, and other invertebrates that inhabit the bottom of the waterways each need
the other to assist in the decomposition of organic matter (such as leaves) so that
they may consume it as food. If anyone of these groups of organisms is lost or
reduced, then the others will also be adversely affected. If the invertebrates are lost,
then their fish predators will be impacted. These groups are made up of a number of
species with varying tolerance levels to stressors, and each possess unique or
overlapping functional characteristics (e.g., organic matter processing, nitrogen
cycling). By carefully selecting the biological monitoring parameters, a broad range'
of relevant and sensitive indicator organisms can be used to efficiently assess
ecosystem quality.

The most commonly used biological groups in aquatic assessments are fish, benthic
macroinvertebrates, zooplankton and algae. In lotic (flowing water) systems fish and
benthic macroinvertebrates are often chosen as monitoring tools. Benthic refers to
sediment or bottom surfaces (organic and inorganic). Macroinvertebrates are
typically classified as those organisms which are retained in sieves larger than 0.3
to 0.5 mm. They include a wide range of invertebrates, such as worms, insect
larvae, snails, and bivalves. They are excellent indicators of water quality because
they are relatively sedentary and do not move between different parts of a stream or
lake like fish. In addition, a great deal is known about their life histories and pollution
sensitivity. Algae, zooplankton, and fish are used more in lentic (lake) environments.
Of these, fish are most often used (both in lotic and lentic habitats). Fish are
transient, moving between sites, therefore it is more difficult to determine their
source of exposure to stressors; however, they are excellent indicators of water
quality and provide a direct link to human health and wildlife consumption
advisories. Rooted macrophytes and terrestrial plant species are good wetland
health indicators, but are used less frequently.

In order to effectively and accurately evaluate ecosystem integrity, biosurveys
should use two to three types of organisms which have different roles (functions) in
the ecosystem such as decomposers (bacteria, producers, primary to tertiary
consumers). This same approach should be used in toxicity testing (Burton, et al.
1989, 1996; Burton 1991). This increases the power of the assessment, providing
greater certainty that if there is a type of organism(s) (species, population, or
community) in the ecosystem being adversely affected, either directly or indirectly,
then it will be detected. This also allows for better predictions of effects, such as in
food chain bioaccumulatiun with subsequent risk to fish eating organisms (e.g.,
birds, wildlife, humans). A large database exists for many useful indicator species
concerning their life history, distribution, abundance in specific habitats or
ecoregions, ecological function and pollutant (stressor) sensitivity.

In the monitoring of fish and benthic macroinvertebrate communities, a wide variety
of approaches have been used. A particularly popular approach recommended by
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the U.S. EPA, Ohio EPA, state volunteer monitoring programs, and other agencies
is a multi-metric approach. The multi-metric approach uses the basic data of which
organisms are present at the site and analyzes the data using a number of different
metrics, such as richness (number of species present), abundance (number of
individuals present), and groups types of pollution sensitive and resistant species.
The various metrics provide unique and sometime overlapping information on the
quality of the aquatic community. Structural metrics describe the composition of a
community, that is the number and abundance of different species, with associated
tolerance rankings. Functional metrics may measure photosynthesis, respiration,
enzymatic activity, nutrient cycling or proportions of feeding groups, such as
omnivores, herbivores, insectivores, shredders, collectors, and grazers.

The Microtox™ (from Azur) toxicity screening test has been successfully used in
numerous studies to indicate the sources and variability of toxicant discharges.
However, these tests have not been standardized by the U.S. EPA or state
en-:tironmental agencies. More typically, whole effluent toxicity test methods are
employed (See review by Burton, et at. 2000). These tests may miss toxicant pulses
and do not reflect real-world exposure dynamics. Many of the if}-situ toxicity tests,
especially in conjunction with biological surveys (at least habitat and benthic
macroinvertebrate evaluations) and sediment chemical analyses, can provide more
useful information to document actual receiving water toxicity problems than relying
on water analyses alone. If a water body is shown to have toxicant problems, it is
best to conduct a toxicity identification evaluation (TIE) study to attempt to isolate .
the specific problematic compounds (or groups of compounds) before long lists of
toxicants are routinely analyzed.

Selection of Chemical Endpoints for Monitoring
An initial monitoring program needs to include parameters associated with the
above beneficial uses. However, as the receiving water study progresses, it is likely
that many locations and some beneficial uses may not be found to be problematic.
This would enable a reduction in the list of parameters to be routinely monitored.
Similarly, additional problems may also become evident with time, possibly requiring
an expansion of the monitoring program. The following paragraphs briefly describe
the main chemical monitoring parameters that could be included for the beneficial
use impact categories for a receiving water only affected by stormwater. However, it
may be a good idea to periodically conduct a more detailed analysis as a screening
tool to observe less obvious, but persistent problems. If industrial or municipal point
discharges, or other nonpoint discharges (such as from agriculture, forestry, or
mining activities) also affect the receiving water under study, additional constituents
may need to be added to this list.

Obviously, chemical analyses can be very expensive. Therefore, care should be
taken to select an appropriate list of parameters for monitoring. However, the
appropriate number of samples need to be collected (using statistically-based
experimental design equttions) to ensure reliable conclusions. Chemical analyses
of sediments may be more informative of many receiving water problems (especially
related to toxicants) than chemical analyses of water samples. This is fortunate
because sediment chemical characteristics do not change much with time, so fewer
sediment samples generally need to be analyzed during a study period compared to
water samples. However, the chemical characteristics of sediments tend to vary
greatly with location, inclUding depth. The concentrations of many of the
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constituents are much higher in sediment samples than in water samples, requiring
less expensive methods for analyses. Unfortunately, sediment sample preparation
(especially extractions for organic toxicant analyses and digestions for heavy metal
analyses) can be much more difficult for sediments than for water.

Sediment Chemical Analyses
The basic list for chemical analyses for sediment samples, depending on beneficial
use impairments, includes: toxicants and sediment oxygen demand. The toxicants
should include heavy metals (likely routine analyses for copper, zinc, lead, and
cadmium, in addition to periodic ICP analyses for a broad list of metals). Acid
volatile sulfides (AVS) are sometimes also analyzed to better understand the
availability of the sediment heavy metals. Other sediment toxicant analyses may
include PAHs and pesticides. Particle size analyses should also be routinely
conducted on the sediment samples collected. Sediment oxygen demand analyses,
in addition to an indication of sediment organic content (preferably particulate
organic carbon, or at least COO and volatile solids), and nutrient analyse's, are
important in areas having nutrient enrichment or oxygen depletion problems.
Microorganisms (E. coli, enterococci, and fecal coliforms) sho~ld also be evaluated
in sediments in areas having likely pathogen problems (all urban areas). Interstitial
water may also need to be periodically sampled and analyzed at important locations
for the above constituents.

Water Chemical Analyses .
The basic list for chemical analyses for water samples, depending on beneficial use
impairments, includes: toxicants, nutrients, dissolved oxygen, and pathogens.

The list of specific toxicants is similar as for the sediments (copper, zinc, lead, and
cadmium, plus PAHs and pesticides). However, because of the generally lower
concentrations of the constituents in the sample extracts for these analyses, more
difficult analytical methods are generally needed, but the extraction and digestion
processes are usually less complex than for sediments. In addition, because of the
high variability of the constituent concentrations with time, many water samples are
usually required to be analyzed for acceptable error levels. Therefore, less costly
screening methods should be stressed for indicating toxicants in water. Because of
the their strong associations with particulates, the toxicants should also be
periodically analyzed in both their total and filterable forms. This increases the
laboratory costs, but is necessary to understand the fates and controllability of the
toxicant discharges. Typical chemical analyses for stormwater toxicants may
include:

• metals (lead, copper, cadmium, and zinc using graphite furnace atomic
adsorption spectrophotometer, or other methods having comparable detection
limits), periodic total and filtered sample analyses;

• organics (PAHs, phenols, and phthalate esters using GC/MSO with SIM, or
HPLC), pesticides (d~ing GC/ECO, or immunoassays), periodic total and filtered
sample analyses;

Pesticides in urban stormwater have recently started to receive more attention
(USGS 1999). The USGS's National Water Quality Assessment (NAWQA) program
has extensively sampled urban and rural waters throughout the nation. Herbicides
commonly detected in urban water samples include: Simazine, Prometon, 2,4-0,

9



Diuron, and Tebuthiuron. These herbicides are extensively used in urban areas.
However, other herbicides frequently found in urban waters are used in agricultural
areas almost exclusively (and likely drift in to urban lands from adjacent farm lands)
and include: Atrazine, Metolachlor, Deethylatrazine, Alachlor, Cyanezine, and
EPTC. Insecticides commonly detected in urban waters include: Diazinan, Carbaryl,
Chlorpyrifos, and Malathion.

Nutrient analyses are also important when evaluating several beneficial uses. These
analyses are not as complex as the above listed toxicants and are therefore much
less expensive. However, relatively large numbers of analyses are still required.
Water analyses may include the following typical nutrients: total phosphorus,
inorganic phosphates (and by difference organic phosphates), ammonia, Kjeldahl
nitrogen (or the new HACH total nitrogen method), and nitrate plus nitrite, and TOC.
Periodic analyses for total and filtered forms of the phosphorus, total nitrogen, and
TOC should also be conducted.

Dissolved oxygen is a basic water quality parameter and is important for several
beneficial uses. Historical discharge limits have typically been set based on
expected DO conditions in the receiving water. The typical app'roach is to use a
portable DO meter for grab analyses of DO. Continuous in-situ monitors are much
more useful, especially the new units that have much more stable DO monitoring
capabilities and can also frequently record temperature, specific conductance,
turbidity, pH, and ORP. These long-term analyses are especially useful when
evaluating diurnal variations or storm-induced discharges.

Pathogens should be frequently monitored in most receiving waters. Both urban and
rural streams are apparently much more contaminated by problematic pathogenic
conditions than have been previously assumed. Historically monitored organisms
(such as fecal coliforms), in addition to E. coli and enterococci which are now more
commonly monitored, can be very high and persistent in urban streams. Specific
pathogens (such as Pseudomonas aeruginosa and Shigella) can also be more
easily monitored now than in the past. Most monitoring efforts would probably focus
on fecal coliforms, E. coli, and enterococci.

Additional conventional parameters affecting fates and effects of pollutants in
receiving waters should also be routinely monitored, including hardness, alkalinity,
pH, specific conductivity, COD, turbidity, suspended solids (SS), volatile suspended
solids (VSS), and dissolved solids (TDS).

Selection of Additional Endpoints Needed for Monitoring
Several other stream parameters also need to be evaluated when investigating
beneficial uses. These may include: debris and flow obstructions, high/low flow
variations, inappropriate discharges, aesthetics (odors and trash), and public
access.

DATA QUALITY OBJECTIVES AND QUALITY ASSURANCE ISSUES

For each study parameter, the precision and accuracy needed to meet the project
objectives should be defined. After this is accomplished, the procedures for
monitoring and controlling data quality must be specific and incorporated within all
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aspects of the assessment, including sample collection, processing, analysis, data
management and statistical procedures.

When designing a plan one should look at the study objectives and ask:

• how will the data be used to arrive at conclusions?
• what will the resulting actions be? and
• what are the allowable errors?

This process establishes the Data Ouality Objectives (DOOs) which determine the
level of uncertainty that the manager is willing to accept in the results. DOCs, in
theory, require the study designers (decision makers and technical staff) to decide
what are allowable probabilities for Type I and II errors (false positive and false
negative errors) and issues such as what difference in replicate means is significant.
The 000 process is an pragmatic approach to environmental studies, where limited
resources prevent the collection of data nonessential to the decision making
process. Uncertainty in ecological impact assessments is natural due to variability
and unknowns, sampling measurement errors and data interpretation errors.
Determining the degree of uncertainty in any of these areas can be difficult or
impractical. Yet an understanding of these uncertainties and their relative
magnitudes is critical to the OA objectives of producing meaningful, reliable and
representative data. The more traditional practices of OA/OC should be expanded to
encompass these objectives and thus help achieve valid conclusions on the test
ecosystem's health (Burton 1992).

The first stage in developing DOOs requires the decision-makers to determine what
information in needed, reasons for the need, how it will be used, and specify time
and resource limits. During the second stage, the problem is clarified and
constraints on data collection identified. The third stage develops alternative
approaches to data selection, selecting the optimal approach, and establishing the
DOOs (EPA 1986).

EXAMPLE OUTLINE OF A COMPREHENSIVE RUNOFF EFFECT STUDY

The following is an outline of the specific steps that need to be generally followed
when designing and conducting a receiving water investigation. Some specific
examples of monitored parameters are listed, but these would need to be modified
based on local conditions.

Step 1. What's the Question?
For example: Does site runoff degrade the quality of the receiving stream
ecosystem? Pitt (1995 and 2001) presents a summary of documented
receiving water problems associated with urban stormwater, for example.
Knowing the problems that have been identified and studied elsewhere will
enable the in~'estigators to identify the likely problems that may be occurring
in their own local receiving waters, and to identify the likely causative factors.

Step 2. Decide on Problem Formulation:
Candidate experimental designs can be organized in one of the following
basic patterns:
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1. Parallel watersheds (developed and undeveloped)
2. Upstream and downstream of a city
3. Long term trend
4. Preferably most elements of all of the above approaches combined

in a staged approach

Another important issue is determining the appropriate study duration. In
most cases, at least one year should be planned in order to examine
seasonal variations, but a longer duration may be needed if unusual or
dynamic conditions are present. However, trend analyses can require many
years. In addition, variations in the parameters being investigated will require
specific numbers of observations in order to obtain the necessary levels of
errors in the program. If the numbers of observations need relate to events
(such as runoff events), then the study will need to last for the duration
necessary to observe and monitor the required number of events.

Step 3. Project Design
3.1. Qualitative watershed characterization .
3.1.1. Establish degree of residential, commercial, and industrial areas to
predict potential stressors. Typically, elevated solids, flows and temperatures
are stressors common to all urban land uses. The following lists typical
problem pollutants that may be associated with each of these land uses:

• Residential: nutrients, pesticides, fecal pathogens, PAHs and
metals;

• Commercial: petroleum compounds, metals
• Industrial: petroleum compounds, other organics, metals,
• Construction: suspended solids

Topographical maps are also used to determine watershed areas and
drainage patterns.

3.2. Stream characterization
3.2.1. Identify potential upstream stressor sources and potential stressors
and photograph and describe sites.
3.2.2. Survey upstream and downstream (from outfall to 1 km minimum)
quality. Record observations on physical characteristics including: channel
morphology (pools, riffles, runs, modification), flow levels, habitat (for fish
and benthos), riparian zone, sediment type, organic mater, oil sheens, and
odors. Record observations on biological communities, such as waterfowl,
fish eating birds or mammals, fish, benthic invertebrate, algal blooms,
benthic algae, and filamentous bacteria.
3.2.3. Identify appropriate reference site upstream and/or in a similar sized
watershed 'With same ecoregion.
3.2.4. Collect any historical data on water quality and flows.

3.3. Select Monitoring Parameters
3.3.1. Habitat Evaluation. Should be conducted at project initiation and
termination. Includes Quantitative Habitat Evaluation Index (QHEI), bed
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instability survey (bed lining materials and channel cross-sectional area
changes), aesthetic/litter survey, inappropriate discharges (field screening),
etc.
3.3.2. Stressors and their indicators:
3.3.2.1. Physical: flow, temperature, turbidity. Determine at intervals
throughout base to high flow conditions.
3.3.2.2. Chemical: conductivity, dissolved oxygen, hardness, alkalinity, pH,
nutrients (nitrates, ammonia, ortho-phosphates), metals (cadmium, copper,
lead, and zinc) and immunoassays (pesticides and polycyclic aromatic
hydrocarbons) and/or toxicity screening (Microtox). The necessity of doing
nutrients, metals, and organics will be dependent on the watershed
characteristics. Determine at intervals throughout base to high flow
conditions.
3.3.2.3. Biological: benthic community structure (e.g., RBP), fish community
structure and tissue residues (confirmatory studies only). Benthic structure
should be determined at the end of the project. Sediment bioaccumulation
potential can be determined using the benthic invertebrate, Lumbriculus
variegatus.
3.3.2.4. Toxicity: short-term chronic toxicity assays of stream water, outfalls,
and sediment. Sediment should be sampled during base flow conditions and
tested prior and after a high flow event. Water samples should be collected
during base flow and during pre-crest levels. Expose test chambers with and
without sunlight simulating light (containing ultraviolet light wavelengths) to
detect PAH toxicity. In situ toxicity assays should be deployed in the stream
for confirmatory studies during base and high flow periods.

3.4. Data Quality Objectives. Determine the kinds of data needed and the
levels of accuracy and precision necessary to meet the project objectives.
These decisions must consider that there typically is a large amount of
spatial and temporal variation associated with runoff study parameters.
Guidance is available that relates sampling efforts associated with actual
variability and accuracy and precision goals. This requires additional
resources for adequate quantification compared to simple preliminary
surveys.

3.5. Triggers and Tiered Testing. Establish the trigger levels or criteria which
will be used to determine when there is a significant effect, when the
objective has been answered, and/or when additional testing is required.
Appropriate trigger levels may include:

• An arbitrary 20% difference in the test site sample, as compared to
the reference site, might constitute a significant effect (a difference
this small will be difficult and therefore expensive to detect because
of the natural variability for many parameters).
• An eifceedence of the 95% statistical confidence intervals as
compared to the reference sample.
• High toxicity in the test site sample, measured as Toxic Units (TUs)
(e.g., 1/LC50),
• Exceedence of biotic integrity, sediment or water quality criteria,
guidelines, or standards at the test site, and/or,
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• Exceedence of a hazard quotient of 1 (e.g., site
concentration/environmental effect or background concentration).

A tiered or a phased testing approach is most cost effective, if time permits.
A qualitative or semi-quantitative study may include a greater number of
indicator or screening parameters, such as: turbidity, temperature, DO,
specific conductivity, and pH using a continuous recording water quality
sonde, plus artificial substrate macroinvertebrate colonization tests, and
"quick" sediment toxicity tests. If possible, Microtox™ screening toxicity tests,
immunoassay tests for pesticides and PAHs, and sediment metal analyses,
should also be added to this initial effort. These simple tests can be
conducted with more widespread sampling to better focus later tiers on
quantifying appropriate stressors in critical sampling areas and times. Final
project tiers can identify specific stressors, their contribution to the problem,
their sources, or simply confirm the ecological significance of the observed
effects.

3.6. Sampling Station Selection. Select the study sites, such as upstream
reference sites, outfall(s), and downstream impacted sites. In the selection of
the upstream/reference and downstream sites, consider flow dynamics,
stressor sources, and reference habitat similarities.

3.7. Quality Assurance Project Plans (QAPP). It is essential that the quality
of the project be ensured with adequate quality assurance and quality control
measures. This will include routine laboratory and field documentation of
operator and instrumentation performance, chain-of-custody procedures,
adequate sample replication, QA/QC samples (blanks and spikes, etc.),
performance criteria, and ensuring data validity. Appropriate experimental
design (study design and sampling efforts) are also critical components of a
QAPP.

Step 4. Project Implementation (Routine Initial Semi-Quantitative Survey)
4.1. Base Flow Conditions
4.1.1. Habitat Survey (e.g., Qualitative Habitat Evaluation Index)
4.1.2. Benthic RBP
4.1.3. Test water and sediment from all test sites for short-term chronic
toxicity with two species.
4.1.4. Establish spatial and diurnal variation (YSI 6000 for several weeks,
plus grab samples or time composites).
4.1.5. Set up automatic stream samplers/monitors, stream depth gauges,
and rain gauges.
4.1.6. Establish local contacts to oversee field equipment and provide rain
event notification.
4.1.7. Conduct field screening survey at outfalls to identify sources of dry
weather floY-is.

4.2. High Flow Conditions
4.2.1. Confirm that the samplers and monitors are operational. Collect grab
samples if necessary (for microbiological and VOC analyses, for example).
4.2.2. Deploy in situ toxicity test assays.
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4.2.3. Measure flow and note staff gauge depth, using manual or automatic
samplers and flow recorders. Repeat flow measurements at intervals of 0.5
to 1.0 ft stream depth intervals as the stream rises, noting time and depth.
Focus on rising limb to crest period.
4.2.4. Measure D.O., temperature, turbidity, conductivity, and stage at each
station following each flow measurement. Establish spatial variance. May
use continuous recording water quality sondes.
4.2.5. Collect flow-weighted composited (or combine many discrete) samples
for other analyses.

4.3. Sample Analyses.
4.3.1. Filter, preserve and chill samples, as required.
4.3.2. Deliver samples to analytical laboratories with chain of custody forms.
4.3.3. Initiate toxicity testing and other chemical and microbiological
analyses within required time period since sample collection.
4.3.4. Document QA/QC.

4.4. Follow-Up (Post-Event) Monitoring
4.4.1. Check in situ assay chambers at 24 and 48 and at 7 and 14 days if
deployed.
4.4.2. Conduct benthic RBP
4.4.3. Conduct QHEI, noting bed load movement
4.4.4. Collect fish for tissue residue analyses.

Step 5. Data Evaluation
5.1. Plot flow vs. physical and chemical analysis results.

5.2. Statistically compare responses/loadings during base, rising limb, and
post-crest conditions. This will provide a characterization of flow dynamics
and its affect on stressor profiles.

5.3. Statistically compare stations (instantaneous, mean periods) for
significant differences and correlations.

5.4. Calculate and compare physical, chemical and toxicity (using Toxicity
Units) loadings. This will show the relative load contribution of stressors from
reference (upstream) vs. impacted (downstream) reach.

5.5. Identify magnitude and duration of trigger exceedences.

5.6. Identify sources of uncertainty.

5.7. Identify potential sources of pollutants and stressors.

5.8. Determ;re literature value thresholds for key stressors on key
indigenous species.

Step 6. Confirmatory Assessment (Optional Tier 2 Testing)
6.1. Repeat Steps 2 and 3 using Tier 1 information to select fewer test
parameters with increased sampling frequency and/or select more
descriptive methods. Increased sampling will better quantify the magnitude
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and duration of stressor dynamics. Expanded sampling will better document
the quality of the receiving water. More definitive testing could include:

• Short-term chronic toxicity testing with additional species (lab and in
situ),

• Increased testing of toxicants,
• Characterizing fish, plankton, periphyton, or mussel populations,
• Measuring assimilative capacity via long term BOD and SOD

testing,
• Measure productivity with light/dark bottle BOD in situ tests

6.2. Conduct Toxicity Identification Evaluation (TIE) study of water, outfalls,
and/or sediment to determine contribution of each stressor to total toxicity.
This information can better determine which stressors are important to
control and can also identify sources of toxicity.

6.3. Conduct bioaccumulation testing of site sediments. Some pollutants,
such as highly chlorinated organic compounds (e.g., chlordane, DDT, PCBs,
dioxins) are readily bioaccumulated, yet may not be detected using the
above study design. The EPA has a benthic invertebrate 28 day assay to
measure sediment bioaccumulation potential. Also SPMDs (semi-permeable
membrane devices) may be used.

6.4. Indigenous Biological Community Characterization and Tissue Analysis.
More in-depth quantification of benthic and/or fish community structure on a
seasonal basis will better identify significant ecological effects. Tissue
sampling of fish for contaminants will provide information on bioaccumulative
pollutants and potential food web or human health effects from consumption.

Step 7. Project Conclusions
7.1. List probable stressors.

7.2. Document trigger exceedences.

7.3. Discuss relative contribution of stressors(s) to ecosystem degradation.
Support documentation may include:

• Literature threshold values,
• Criteria exceedences,
• Toxicity observed (from TIE, photo-activation, or in situ assays)
• Bioaccumulation factors and potential for food web contamination

7.4. Provide recommendations for stressor reduction and ecosystem
enhancement.

:"::t-··

7.5. Include suggestions on habitat improvement, flow reduction, turbidity
removal and reduced siltation.
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CONCLUSIONS

The specifics for any receiving monitoring program would be determined by the
study objectives and the site conditions. As an example, Table 2 summarizes some
general parameters that should be included in an urban water use evaluation study,
depending on the specific beneficial uses of interest. Of course, the final parameters
selected for study would vary for specific site conditions and historical information.
As expected, an investigation of drainage uses (the primary use for an urban
waterway) would be relatively straight-forward compared to studies of other use
impairments. However, investigations of drainage problems can be expensive and
time-consuming. When the other uses are added to the list of potential objectives,
the necessary data collection effort can become very comprehensive and
expensive. Therefore, a staged approach is usually recommended, with a fairly
simple initial effort used to obtain basic information. This information can then be
used to develop specific experimental designs for later study stages.

The book and EPA report (to be available on the EPA's web site) includes many
examples of receiving water investigations and specific examples for conducting a
multi-faceted study. Also included in the book are chapters des-cribing experimental
design procedures for determining the extend of an investigation and chapters to
assist in the evaluation of the data.
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Drainage Biological Non- Swimming Water Shellfish
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fishing uses
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conveyance capacity)
habitat destruction (channel stability, X X
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present
fish species present X X
polluted sediment (SOD and X X
toxicants ')
toxicity and bioaccumulation of X X
toxicants'
health related water quality X X X
standards (especially -
microorqanisms2and toxicants ')
wet weather quality (toxicants , X X
nutrients3, DO, temperature,
alkalinity, and hardness)
Pnmary constituents are Indicated In bold/underlined and should be analyzed for most all samples. Others can be
analyzed less often as screening tests. In all cases, the common constituents should also be analyzed for all
samples.
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ABSTRACT

Following a brief summary of main European regulations dealing with stormwater,
the current French and other West European approaches to innovative stormwater
management are presented, with respect to BMP analysis, design and performance.
This information is based largely on reviews of the European technical literature and
the proceedings of the 2001 Novatech conference on innovative technologies in
urban storm drainage, which contain a wealth of information on the use of BMPs in
France and several other West European countries.

GENERAL FRAMEWORK

Global Context

For 150 years, conventional drainage systems with uncontrolled discharges into
receiving waters were commonly used in Europe. Since the 1990s, a large
momentum to change this situation has developed, and many European countries
have experienced a complete reorientation of drainage approaches, by favoring
source controls rather than discharge-based drainage concepts.

The impetus for this change was probably the publication of the Council Directive
91/271/EEC of May 21, 1991, concerning urban wastewater treatment. In Article 1,
this Directive defines urban wastewater "as the mixture of domestic waste water
with industrial waste water and/or run-off rainwater'. It stipulates, in Article 4, that
"member states shall ensure that urban waste water entering collection systems
shafl, before diSCharge, be subject to secondary treatment or an equivalent
treatmenf', at the latest by December 31, 2000, or December 31, 2005, depending
on the size of the urban agglomeration. Furthermore, the directive specifies that this
treatment must be effective, except during "unusual situations such as those due to
heavy rain".

To obtain a good understanding of the real significance of this directive, it must be
recognized that in western Europe (except for the northern part), most of drainage



systems are combined (70% in Germany, 80% in Spain, 70% in UK, 75% in France,
etc.) (Marsalek and Chocat, 2001). Ensuring that wastewater is subject to
secondary treatment, even during common rainfalls, implies, for most of the
countries, a huge financial obligation. For example, to meet the European
obligations in France will require an expenditure of about 90 billions of French
Francs (Ponce!, 2000). Most of the European countries had to adapt their own
regulations to this new directive, and many new laws, acts and guidelines have
been published in several countries since 1990. Yet, these changes have not been
completed as yet, and other new regulations are under preparation in such countries
as France, Finland, and Sweden.

The revolution in the urban runoff handling paradigm is well expressed in the
Flemish guidelines (VMM, 1996) (Flanders - Belgium) that promote a change from
disposal of runoff "as fast as possible" to "as slow as possible" (Vaes et aI., 2001)
and the key underlying issue is "disconnecting impervious areas from the combined
sewer system." The directive concerning urban waste water promulgated
obligations with respect to the means, but a new directive (Directive 2000/60/EC of
October 23, 2000 establishing a framework for community action in the field of water
policy) set an obligation with respect to the effects on the quality of receiving waters.
This new directive is likely to modify the way that the urban storm water is managed.

Local Context for BMPs

Infiltration is an old method of drainage that has been used widely in nearly all
European countries. Even though the conventional sewer networks have severely
competed with the infiltration systems for 100 years, infiltration facilities still exist
and the current global tendency is to develop or re-develop stormwater infiltration
facilities. For that reason, considerations linked to stormwater infiltration govern
mainly local regulations concerning the implementation of BMPs, even if the legal
context can be highly diverse.

Some countries, like Switzerland, for example, introduced the mandatory infiltration
of "unpolluted" wastewater. The Swiss Water Pollution Control Law (24/06/91 
Article7) stipulates: "Unpolluted waste water has to be infiltrated by order of the
cantonal administration. If the local conditions do not allow this infiltration, the
discharge into surface waters can be authorized [. . .]. In this case, suitable
measures for the detention of discharge have to be applied. [. . .] the cantons ensure
that municipal and, if necessary, regional drainage plans are established'. The
stipulation of practical recommendations is shown in Table 1. Some other countries
like Germany, Sweden or Denmark, encourage the use of BMPs, and indirectly
infiltration, through local or municipal incentive measures. In Germany, for example,
an additional substantive aspect for effective promotion of environmentally sensitive
stormwater management has been the coupling of the implementation of technical
measures with economic benefits (Roth, 1996 in Neitzke 1999). According to the
German law (Kommunalabgabengesetz), municipalities impose fees to cover the
drainage cost in addition to the traditional wastewater fee. This drainage fee is
based on the impervious surface area that is connected to storm sewers. The first
objective of charging this fee is to provide additional funding by charging entities
with large parking lots (like commercial areas) that normally consume little of
drinking water, but generate large volumes of stormwater. The second objective is
to save money on sizing the sewer system by reducing the connected surface.
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Table 1: Simplified proposal for application of stormwater infiltration
(Krejci et aI., 1993, in Neitzke, 1999)

I
I
I
I

Origin of
Stormwater

Roofs or bike lanes
or walk ways

Residential roads or
parking lots

Highways or
freeways

Type of Infiltration Siting with Respect to
Structure Groundwater Protection

SI + SII S III A B C
Surface infiltration + + + +

Subsurface infiltration + + +
Surface infiltration + + +

Subsurface infiltration
Surface infiltration a a a

Subsurface infiltration

I

infiltration not allowed A areas with groundwater of high
+ infiltration allowed importance for drinking water supply
a infiltration allowed only in B areas with groundwater of less

exceptional situations importance for drinking water supply
S I, II, III : protection zones of C other areas

drinking water wells

Some other incentives are also applied. In Denmark, since 1997, a new regulatiqn
has opened the possibility to refund a part of the connection fee to landowners if
they agree to disconnect their roof runoff from public drainage networks and infiltrate
it. However, the participation in this program is voluntary and no legal instruments
have been developed to enforce it. Also, municipalities can not expect to achieve
major cost savings by this arrangement (Salsbruck, 1997 in Neitzke,1999). An
identical approach has been adopted by some Swedish municipalities (Larsson 1. in
GRAIE, 1999).

In the United Kingdom, CIRIA (1996) reported a lack of clear legislation concerning
infiltration systems and this inhibited a wider use of infiltration. Recent modifications
(2000) of the Environmental Protection Act (1990) with respect to new liabilities
arising from stormwater infiltration could notably change the state of mind of the
concerned engineers and landowners. According to Newman (2001) "the
modifications of the law affect statutory liability for the clean up costs of land
contamination which might arise as a result of an infiltration scheme". The situations
in which land might become contaminated are many and various. "Firstly there is a
situation in which the stormwater that is infiltrated is actually contaminated, or where
the infiltration pathway provided to infiltrate stormwater becomes a pathway for the
infiltration of other pollutants following either a catastrophic accident or a long term
pollution situation (such as long term infiltration of solvents through a porous
pavement). Secondly there is the situation in which the infiltrated water itself is not
polluting but which causes the movement of previously isolated contaminants buried
in the path of infiltrated water. The position of civil liability for any harm that arises
from an infiltration system is dependent on whether the harm that is caused is a
reasonably foreseeable consequence of the action. Provided the engineer and/or
developer take reasonable precautions civil liability should be avoidable; however,
there is a real prospect that Part IIA of the Environmental Protection Act (1990) may
make the situation as regards infiltration into contaminated land potentially fraught
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with risk of litigation to both developer and engineer without the need for harm
caused to be reasonably foreseeable".

The French legislation tends to promote the use of BMPs according to the Water Act
promulgated in 1992, which is at present under review. This law is 'based on a
comprehensive approach that proposes a balanced approach: water bodies must be
considered in whole as a natural ecosystem that must be preserved and as a
resource that could be beneficially used for various human needs. It defines the
municipal responsibilities for urban drainage and recognizes the necessity to control
stormwater discharge in terms of both quantity and quality. In Article 35, it is said
that the municipalities must designate "Areas where measures must be taken to limit
imperviousness, in order to control stormwater and runoff flow". To control the
stormwater impacts, a Decree (29/3/93) concerning the application of the water law
defines the classes of cases that demand a permit or just a declaration. These
permits and declarations are subject to the conditions of the local water policy. Local
measures intended to protect groundwater resources may prohibit infiltration or

- impose special conditions. Where stormwater infiltration is authorized, a monitoring
program must be implemented to assess the long-term effectiveness of the
technical system. -

In fact, the above rule is diversely interpreted by different local authorities, so that
infiltration may be promoted in one region to reduce imperviousness, but prohibited
in another according to the "precautionary principle". This Water Act is under review
and a new one should be released in 2002. The establishment, like in Germany, 'of
stormwater fees based on impervious surface areas connected to the sewer
network is under discussion. However, this fee would apply only in new
developments.

METHODOLOGICAL ASPECTS

Accounting for Sustainability in Design Criteria

In whole Europe, sustainability seems to have become an important issue. For
example, during the Novatech 2001 conference, this question was addressed in
several papers, mostly through case studies (Sibeud, 2001, Andersen and Schilling,
2001, McKissok et aI., 2001, Brouquisse, 2001). This new way of thinking about the
management of urban stormwater is well illustrated by the concept of Sustainable
Urban Drainage Systems (SUDS):

"BMPs, as developed in the USA, are best practice ways of minimizing pollution;
hence urban BMP facilities are not necessarily concerned with flooding or other
interests. The SUDS idea builds on that by integrating these interests, whatever the
driver for the creation of the drainage system. That holistic multi-purpose approach
is the only difference between SUDS and urban BMPs". "This terminology is
common practice in the UK, but can cause misunderstanding when simple flood
attenuation structures, for example, are subsequently assessed for achievement of
SUDS aspirations. Clearly, the SUDS concept is still being developed, and is a very
recent idea." (McKissok et aL, 2001). Figure 1, from D'Arcy et al. (2001), illustrates
this concept.
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Figure 1: The sustainable urban drainage triangle concept

One of the main important difficulties in implementing sustainable solutions seems
to be the lack of contacts between engineers, architects and urban planners.
Sibeud (2001) examined the sustainability of stormwater facilities (swales, trenches,
detention basins, ponds, a football field used as an infiltration area) implemented in
a 1.40 km2 area in Lyon. She asserted that the project success resulted from its
organization that allowed an early collaboration between landscape architects and
different engineers, and the involvement of various stakeholders.

Andersen and Schilling (2001) described a stormwater source control system
applied in an urban rehabilitation project that was used as a Norwegian pilot project
for urban ecological development. They also pointed out the necessary collaboration
between participants: "Traditionally, there has been some conservatism amof)g
experts, both, in municipalities and consulting engineers working in the field of urban
water management, when it came to applying non-conventional drainage
techniques. However, pilot project, as the one described here, demand that project
participants must be open-minded with respect to new solutions."

The lack of local design and construction experience, and the lack of information on
the effectiveness of BMPs are barriers that need to be overcome. McKissock et al.
(1999) and D'Arcy and Roesner (1999) presented their experience in collaboration
between Scottish and US experts that was developed in connection with the project
of Dunfermline (Scotland). "Issues such as land take, design criteria, safety and
maintenance were explored at the workshops, which provided an open forum to
address the barriers to new technology as they became apparent."

Different sites with BMPs are subject to monitoring in order to assess their real
effectiveness. Methods of monitoring include chemical and biological analyses, flow
measurements, site inspections, and also surveys of local residents' attitudes. In
addition to researching individual case studies, some countries have launched large
research programs. For example, in Sweden, the "MISTRA" program on sustainable
urban water management was initiated. This 3-year program involves eight
universities, different Swedish communities and the water industry. It deals with
drinking water, waste water and stormwater, taking into account public health,
sociological, economic and other aspects (Malmqvist, 1999).

Re-Use of Stormwater

In a logical extension of the idea of sustainability, the management of water
resources appears as a necessity and leads to considerations of rainwater
harvesting and re-use. A special issue of Urban Water (Maksimovic and Butler,
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1999) has been devoted to this subject. Rainwater harvesting has been sporadically
used during the last 15-20 years in private households, public buildings and industry
in various European countries. Currently, this practice is spreading quickly.
Hermann and Schmida (1999) observed that "the market for rain water usage
related products is booming and of increasing economical importance". According to
Fbr (1999), there are more than 100 commercial manufacturers in Germany
competing in the rainwater usage market. This market offers a variety of different
rainwater collection systems (generally focusing on roof runoff), which can be
classified according to their hydraulic properties.

Most of the authors consider that the current main issue of stormwater management
is linked with the economic interest in harvesting stormwater. "It is important to see
rainfall collection in the right context, based on local circumstances and local
problems, and in each case to evaluate whether there are cheaper and more
practical alternatives" (Mikkelsen et aI., 1999).

From an economic point of view, Burkhard et al. (2000) noted that the pay-back
period of rainwater reuse system depended on the amount of water saved, water
price (water metering), standard of solution, number of uses' and number of users
per system. In UK, this period ranges between 6 and 210 years, when rainwater is
used for external purposes, and between 29-31 years, when it is used for external
and internal purposes. Thomas et al. (2001) suggest that, in a sustainable
development context, the stormwater reuse in industry seems to be a promising and
original alternative. They presented a project sponsored by the European
Community that had been carried out by the Renault MCA factory in Maubeuge
(France). The project aimed to reuse the entire impervious area runoff, after
significant treatment. This project proved to be cost effective. The authors also
presented a technico-economic software for industrial rainwater reuse evaluation.

Different design methods, which are based on water consumption, are being
developed to calculate the storage volumes required (Hermann and Schmida,
1999), (Fewkes, 1999), Mikkelsen et al. (1999). For example, considering the high
variability of the rainfall, Vaes and Berlamont (1998, 1999) used a continuous
simulation with a long rainfall series (27 years) to assess the required storage
volumes. The optimal design volumes of rain water tanks were determined as a
function of the effective connected roof area and the reuse consumption in the
household (FIG. 2).

This study showed the positive effect of rainwater tank storage on combined sewer
overflows and led to a practical design rule: "The minimum storage capacity for the
rain water tanks is set at 5000 liters per 100 m2 of roof area, and a minimum reuse
connection of one toilet or one washing machine is imposed (VMM, 1999). A smaller
tank size could fulfill the reuse requirements, but the additional storage is imposed
to maximize the retention." (Vaes et al. ; 2001)

Risk Management

BMPs are used to mitigate stormwater impacts, including flooding. Brouquisse
(2001) and Sibeud (2001) both addressed this issue by a global approach taking
into account the possibilities of stormwater management on site, and also both
upstream and downstream. Brouquisse (2001) also insisted on the necessity of
maintaining natural floodplains, possibly by paying compensations. Yet this subject
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does not seem to stir great interest, and very few papers really focus on this
problem.
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Figure 2: Design chart to determine the rain water tank volume

RECENT RESEARCH RESULTS

Recent research carried out in France and elsewhere in Western Europe does not
cover all the aspects of BMPs. Yet the number of research laboratories involved is
very large and the number of publications is significant. For that reason, it was
impossible to summarize in this paper all the ongoing studies. Instead, it was
decided to cover the representative themes which were covered in the Novatech
2001 conference, and enhance them by other recent reports that were published
within the European context. Recognizing broad appeal of the Novatech conference,
this methods of selection of BMP coverage was considered appropriate. Five
themes were identified: permeable pavement structures; infiltration facilities; swales;
street sweeping; ponds and detention basins. This selection is probably slightly
biased, but it gives a good idea of the current activities in Western Europe.

PPS (Permeable Pavement Structures)

I
In Europe, permeable pavement structures (PPS) are currently studied mostly in
France and the United Kingdom, even though these techniques are also well known
in Sweden and other northern countries.

In recent years, two types of studies were undertaken in France; short-term studies
addressing hydraulic and treatment capacities of these structures, and long-term
studies addressing the structure evolution (deterioration) in the time and the
development of management recommendations. The approaches adopted are
generally based on in-situ experiments or observations. However, some laboratory
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studies were also carried out to investigate the physical and chemical phenomena
governing pavement clogging (Raimbault et al., 1999).

In the first kind of studies, there is a tendency to follow up particular facilities
throughout the country without any coordination (Belhomme et aI., 2001), (Daligault
et aI., 2001). This leads to multiple short-duration experiments with poor funding and
without common concepts and approaches, so the result comparison is very difficult.
Nevertheless, recent publications confirm the significant hydraulic role of PPSs and
especially their major attenuation of peak flows. This attenuation seems to be more
important for PPSs with a permeable surface and porous body (88%), rather than
for PPSs with impervious surface and stormwater entry through drains into the
porous structure (80%) (Daligault et aI., 2001).

The stormwater treatment role of these facilities is also significant, for a majority of
pollutants measured. Table 2 shows typical results obtained by a comparison of
four suburban areas whose characteristics were shown in Table 2.

In the second type of studies, long term (several years) structural evolution of PPSs
was observed to evaluate their durability. The earlier studies of PPSs focused on
individual aspects of these structures, such as structural durability and acoustics
(noise generation). In recent studies, investigations of individual aspects were
integrated to characterize the joint evolution of PPS performance parameters. For
instance, Balades et al. (2001) studied the evolution of five permeable surface PPS
parameters: noise reduction, traction, transverse deformations, drainage of the
pavement surface, and suitability for regeneration.

The authors concluded that "This type of study shows good structural behavior of
porous bituminous concrete (BBOr) in terms of driving safety and comfort on fast
urban roads. Noise reduction from 1 to 4 dB(A) is commonly observed with BBOr.
BBOr drainage capacity depends on its age, grain-size distribution and the density
or flow of traffic. Cleaning maintenance has a good effect on the traction, but poor
effect on noise reduction and the drainage of the BBOr. BBOr used with porous
bodies, on low traffic urban roads, keep their good adherence regardless of their
age. BBOr's drainage depends on the way they are used and on their grain-size
distribution, and can be restored by cleaning."

The current UK publications are more oriented toward laboratory simulations or
experiments and strive to improve the PPS structures, especially their performance
in runoff quality enhancement through bio-degradation of crankcase oil in permeable
pavements. Previous studies have shown that PPSs possess many characteristics
of aerobic digesters and could sustain microbial degradation of mineral oil by using
a commercial bacterial inoculum or a liquid nutrient supply. It was estimated that
one application of slow release granular nutrients on the pavement surface was
sufficient to support the microbial population for at least 3 years (Brownstein, 1998)
and (Bond et aI., 1999).

In the most recent study, Newman et al. (2001) show that "the addition of
commercially available oil degrading microbial mixture does not seem to be required
for the establishment of microbial populations within the PPS. Further research is
needed to assess the importance of the species composition, particularly of the
higher organisms to the bio-degradation process, as is an understanding of the rate
and methods of dispersal and colonization. The ability of such populations within the
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PPS to resist and be resilient to changes in the environment suggest that, once
established, a very robust biofilm is produced, which is capable of withstanding
major fluctuations over a long time scale."

I
I
I Table 2: Characteristics of the four different test areas (Oaligault et aI., 2001 ).

Reference Zone I Zone II Zone III
Zone

Total
Surface
Slope
Drainage
System

1.3 ha

1% -4%
Stormwater

pipe
network

1.97 ha

< 1%
PPS with

permeable
surface

No infiltration
into the soil

Storage
depth:
0.55 m

2.24 ha

1% -4%
PPS No permeable

surface - injection of
stormwater into a

porous body by means
of injection drains

No infiltration into the
soil

Storage depth: 0.55 m

21 ha

1% -10%
PPS with

permeable
surface

No infiltration
into the soil

Storage depth:
0.55 m to 1.5 m

Table 3: Reduction of the specific pollutant mass (mass per active surface) in runoff
from three test areas as a percentage of the load from a conventional separate
stormwater system (Reference Zone). (Daligault et aI., 2001).

Site Pollutant Removal (%)
BODs DOC TSS He Pb Zn TKN TP

ZONE III
ZONE II
ZONE I

48.7 55.9 52.7 63.5 81.6 64.2
51.1 58.5 76.6 1 83.3 66.6
65.3 78.3 87.3 85.0 .87.0 69.2

47.7
49.8
63.3

40.8
16.8
69.4

Infiltration Facilities

The vast majority of research studies of runoff infiltration are of an experimental
nature and deal with the potential migration of pollutants through the soil (beneath
the infiltration facilities) down to the groundwater. Two types of experiments were
reported; experiments in laboratory columns (or "semi columns") and field in-situ
observations.

The former approach is not really new, as documented by the extensive European
literature on column experiments during the past 20 years. The traditional column or
semi column experiments serve to improve the knowledge of the major mechanisms
involved in transport of pollutants into the soil, and especially the chemical
interactions between certain pollutants (most often metals) and the soil matrix. In
these studies, the experimental system is somewhat simplified. The column medium
can be a basic material, e.g. sand, which does not react much with the majority of
stormwater pollutants and therefore represents an unfavorable case for the
groundwater protection. The column medium can be also formed from samples of
actual soils. The columns are then subject to the action of one or two reagents at a
time. The pollutant migration is studied under both kinetic or static conditions
(batches). The main advantage of this laboratory approach is a good control of
experimental conditions, with respect to pH variation, addition of complexing
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reagents, and others. However, the major criticism of these experiments remains to
be the simplification of the soil drainage system in comparison to actual infiltration
systems. However, efforts are being made to make these experiments more
realistic.

In a recent Novatech 2001 paper (Marcos et aI., 2001), the mobility of lead and zinc
was studied in a traditional way, using a simple column medium and synthetic
stormwater. In another study, metal mobility was studied for various physico
chemical conditions that were likely to occur during the whole road life cycle
(Delmas and Legret, 2001): increase in the ionic strength of runoff water due to road
salting in winter, acidification of the column medium due to acid rain, and the
presence of chemical complexing reagents (EDTA). In that last case, the samples of
actual soils were collected in the upper layer of the road verge, where infiltration
takes place. The study results indicate "that pollutant mobilization due to an
increase of the ionic strength of runoff water appears low. A pH variation or the
presence of a complexing reagent (EDTA) in runoff waters induce a much larger
solubilization of metals. The retention capacity of the soil already polluted with
respect to new pollutant input has shown high capacity for retaining further amounts
of metals and highlights the main binding mechanism. the evolution of the
geochemical distribution of lead and zinc, induced by experiments, showed that the
"acid-soluble" and "reducible" fractions played a major role during solidi liquid
transfers."

In order to assess the impact of stormwater infiltration systems on soils arid
groundwater, in-situ measurements have been carried out in many European
studies, using two types of experimental design (Gautier, 1998). The first,
integrated, method aims to estimate long-term impacts on the basis of (a)
accumulation of pollutants in the soil, using soil samples collected from the bottom
of the infiltration facilities, or (b) the quality of groundwater. The Novatech 2001
paper by Winiarski et aI., (2001) is a typical example of this approach. The main
objective of this study was to measure the bio-physico-chemical impacts of
stormwater runoff from an industrial catchment on a 13-m deep unsaturated zone
beneath an infiltration basin. The measured parameters included pH, organic
matter, heavy metals (Cu, Pb, Cd) and bacterial counts along three vertical profiles
(one near the inlet, the second at a distance of 100 m from the inlet, and the third
one at 200 m from the inlet). The results revealed high heavy metals concentrations
and pH variations up to a depth of 1.5 m, as demonstrated by a sample of date
shown in Figure 3. Furthermore, the results varied greatly from one sampling point
to another. Changes in bacterial populations were observed along the verticals and
among the sampling points. Biological processes were suspected to affect the
mobility of the metals.

10



I
I [Pb] 119/9

o 200 400 0

[Cd] 119/9

10

[CuI 119/9

20 0 100 200 300 7

pH

9

I

0.00 +-'-~-'--'--~

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

Depth (m)

Figure 3: Concentration distribution of heavy metals and pH along the depth at
point 1 located near the inlet (Winiarski et al., 2001).

However, this experimental method has one limitation - the characteristics of the
events that are supposed to produce an impact have not been measured, so it is not
really known whether the impact observed is only related to stormwater.

The second experimental method represents an event-based approach, in which
pollutant transport is measured during a particular event, and related to physico
chemical properties of the infiltrated water. This method is generally applied during
short periods (several months) and suffers from two limitations - there is no
assurance that storm events relevant to the purpose of the study will be captured,
and there is no possibility of evaluating the long-term impacts.

At the current level of understanding, the main innovation in recent research studies
consists in the introduction of long-term monitoring and microbiological constituents
as indicators of pollution, as done by Malard et al. (2001) in their study of an
infiltration basin. This basin receives stormwater runoff from a small catchment
(2 ha), can be characterized by a shallow unsaturated zone (about 1 m), and has
been in operation for more than 30 years. The spatial distribution of pollutants was
investigated using a square grid (spacing 1.5 m) of 30 piezometers located in front
of the main stormwater inlet and extending 1.2 m below the ground surface.
Sampling was carried out during low-water periods and immediately after rainfalls.
This stormwater disposal facility is expected to last more than 10 years. The authors
indicate that "long-term stormwater infiltration induced storage of particulate organic
matter in the unsaturated zone and groundwater. Fine organic sediments are a
potential source of heavy metals and hydrocarbons, the fate of which remains to be
addressed. Degradation of organic stormwater-derived sediments led to the
anoxification of groundwater and to the accumulation of ammonium and phosphate
that can migrate into nearby groundwater. Stormwater infiltration also resulted in the
loss of native groundwater invertebrates and their replacement by simplified
communities of ubiquitous taxa. The appearance of oligochaetfJs during
groundwater recharge suggested that invertebrates resided mainly the vadose zone.
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Because of the long-term accumulation of organic stormwater-derived particles
below the surface, the current infiltration of stormwater appeared as a source of
dissolved oxygen that stimulated the oxidation of anaerobic products of microbial
respiration. "

In fact, experience shows that the main difficulty with in-situ observations is the
complexity of the system observed, and the resulting need to adopt an
interdisciplinary approach covering such fields as hydrology, ecology, biology,
chemistry and soil science. Another difficulty stems from the nature of in-situ
measurements, in an uncontrolled environment subject to highly variable
interference. Thus it is recognized rather long term monitoring is required to ensure
the representativeness of the results (Barraud et aI., 2001). To contribute to solving
these problems, a unique project (OTHU) has been conducted in Lyon (France)
since 1999. OTHU is not only a project, but also the name of a research federation
including 11 research laboratories from six universities and engineering schools,
covering such different scientific disciplines such as climatology, biology, ecology,
hydrology, chemistry, soil sciences, sociology and economics. One of its key
activities concerns a long-term (more than 10 years) experiment on an infiltration
basin that was specifically rehabilitated for monitoring and drainage operation
(Barraud et aI., 2001), (Bertrand-Krajewski et al. 2000).

The monitoring of the entire system includes measurements of climatic conditions
(temperature, evaporation, rainfall, wind velocity, etc.), inflow to the storage and
settling basin (with respect to the settling process and its efficiency), inflow to ttie
infiltration basin, transfers of water and pollutants through the unsaturated soil
layers and into the groundwater (using a 6-m deep measurement well), and the
impacts of these transfers on groundwater quality (by means of a set of six
piezometers, measuring the water quality at different water depths) (see FIG. 4).
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Figure 4: Instrumentation system installed at the Chassieu (France) site, OTHU
Project (Barraud et a/., 2001)
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Swales

Drainage swales appear to be used widely throughout Europe. They are generally
used to infiltrate or transport stormwater. Swales were also studied with respect to
the TSS removal.

Backstrom (2001), for example, reported the efficiency of particle trapping in nine
different grassed swales (two laboratory swales and seven actual swales receiving
simulated, standardized runoff hydrographs). The observed TSS removals ranged
from 79 to 98%. It was found that "sedimentation processes rather than grass
filtration governed the overall particle trapping efficiency. The highest particle
trapping efficiency was observed in the field swales with a dense, fully developed
turf. A high infiltration rate was beneficial for particle trapping and an increased
swale length made it possible to capture smaller particles. It was shown that a
densely vegetated, ten meter long swale, receiving a stormwater flow of 1.0 liter per
second, should capture a majority of the waterborne particles with settling velocities
larger than 0.1 meter per hour."

Street Sweeping

The first projects concerned with the efficiency of street cleaning were carried out by
the U.S. EPA in the mid 1970's (see for example Pitt, 1979). These studied were
further extended throughout the eighties in the NURP program (EPA, 1983). "The
main conclusion from these studies was that the street sweeping was generally
ineffective as a technique for improving the quality of urban runoff' (Deletic et aI.,
1998). Yet, in the late 1990s, the results obtained by Sutherland and Jelen (1997)
seemed to suggest that the use of newly developed sweepers, in optimized
sweeping programs, can significantly reduce the pollutant input into drainage
systems. These results provided a new impetus for research on this subject, and in
Western Europe, at least two teams started research on this subject. First results
were presented at the 1998 Novatech conference (Deletic et aI., 1998), and more
ones at the 2001 Novatech (German and Svenson, 2001). The latter study
described a test program that was set up "to measure the pollutant load on a street,
... and the efficiency of street sweeping to reduce this load."

"A part of a street with a length of 260 m was used as a test section and another
length of 340 m was used as a control section. During three weeks the street was
swept once a week and during the next three weeks it was swept once every
weekday. To evaluate the efficiency of the street sweeper, a 2 m wide lateral section
of the street was vacuum cleaned before, and another similar area was vacuum
cleaned after, each sweeping round." Other investigations were also carried out to
measure the effect of street sweeping on the street runoff.

The study concluded that "street sweeping is shown to be effective in removing
sediments and metals from a street surface". Measurements "also showed that
there is an insignificant increase in sweeping efficiency when sweeping frequency
exceeds twice per week. "

Balades and Petitnicolas (2001) compared the cost of sweeping with the cost of
recovery of fine particles from other facilities. The results are shown in TABLE 4.
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This study confirmed that sweeping performs poorly as a pollution control measure,
but remains indispensable in cities, because of its role in street cleaning. For
pollution control, various BMPs are cheaper and provide better efficiencies.

Table 4: Costs of polluted particle recovery by various measures

Technique Cost in FF/Kg of Pollutant Total Cost
Material Recovered (including eventual depreciation
(particles < 1001Jm) of facilities)

55 to 90 55 to 90Sweeping
vacuuming
Very open-texture
asphalt concrete
De-clogging
Trenches
Swales
Detention basin

Lamellar settler
Manhole

9.3 to 16.4

4 to 6
0.07toO.10
0.10 to 0.25

0.8 to 2.20
9 to 20

9.3 to 16.4

5.5 to 7.8
0.37 to 0.70

Dry pond: 3.10 to 8.25
Undergrounq basin: 30.1 to 40.2

11 to 20
estimated: 9.50 to 20.50

real> - 100

Ponds and Detention Basins

Detention basins, retention basins, ponds, constructed wetlands and similar storage
facilities are used extensively in Europe. They are used to mitigate the impacts of
urban stormwater as well as those of road or highway runoff. The removal pollutant
efficiencies of these measures have been investigated in many studies, but
generally over short periods and for relatively few events. Large variations in
performance were found from one site to another. For example, average removal
rates observed in ponds vary from 26 to 80% for heavy metals, 7 to 67% for total N,
and 40 to 78% for total P (Farm, 2001), (Pettersson et aI., 1999).

Few authors attempted to explain the reasons for these variations. Persson (2000)
studied the influence of the pond shape on the removal pollutant efficiency using a
numerical simulation model (2-D CFD model developed by the Danish Hydraulic
Institute). He analyzed the hydrodynamic performance of 13 different hypothetical
layouts and found that "elongated pond shapes or baffled systems clearly provided
very high hydraulic efficiency". Jacopin et al. (2001) studied the means of modifying
the design features and operation of detention basins to improve the settling
process. For this purpose, they used different methods, including 3-D numerical
modeling and comparisons of results from different facilities. They concluded that
the adaptation of the control rules to local climatic conditions could significantly
improve the settling performance of these basins.

Investigations of the accumulation of sediments in ponds are continuing. Farm
(2001) investigated the accumulation of sediments in a wet stormwater detention
pond in central Sweden, 18 months after the pond construction was completed. It
was noted that a 5-8 cm layer of unconsolidated sediment had accumulated by the
inlet, and its thickness decreased to 1.5 cm by the pond outlet. Concentrations of all
the metals studied were higher in the sediment deposits by the inlet.
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AUCKLAND EXPERIENCE WITH BMP'S MITIGATING
ADVERSE IMPACTS

Earl Shaver, Technical Specialist
and Chris Hatton, Manager Environmental Research

Auckland Regional Council
Private Bag 92 012, Auckland, New Zealand

ABSTRACT

It is essential that good research and programme assessment underpin policy
development and programme implementation. The effectiveness of our efforts must
be continually evaluated to gauge whether our activities provide a level of protection
that the public expects and is consistent with a long term, integrated, and
sustainable resource management strategy.

INTRODUCTION

Concern regarding stormwater is widespread and is considered a very important
issue in the Auckland Region. Programme evolution here has followed the
traditional path with water quantity being considered initially from a flooding context.
Water quality issues then became a priority as a programme component with
aquatic ecosystem function early on emerging as an integral programme element.

It is very tempting to base programme implementation on efforts that have been
done elsewhere, but the final analysis of success or failure must be based on what
happens locally. Problems must be clearly identified and documented even if they
are similar to those experienced elsewhere. In a similar fashion, solutions must also
be shown to work in the local environment. The Auckland Regional Council devotes
significant resources to assessing stormwater related impacts and relating those
impacts to possible solutions. Solutions include a mixture of both structural and
non-structural approaches. A final element includes assessment of programme and
strategy success. There is a public expectation of clean water, especidlly for
bathing beaches, and that expectation will have to be validated by ongoing
monitoring.

PHYSICAL DESCRIPTION OF THE AUCKLAND REGION



It is important to provide a context for problem identification and programme
implementation. With this in mind, the following facts are provided.

Population and Land Area

Population of New Zealand is approximately 3.8 million people. Population in the
Auckland Region is 1.17 million people and represents 30% of the national
population in only 2% of the land area. The Region covers a mainland area of 4,518
km2 of which 530 km2 is urban. Over the next 50 years, the population is expected
to double.

Soils and Slope

Auckland soils are variable depending on location. Despite their diversity, most soils
tend to be thin and prone to acidification, with moderate to high carbon levels and
low nutrient levels with poor physical properties. A number of factors including
humid climate and vegetation contribute to the high degree of chemical and physical
weathering of the rocks of the region.

Slopes in the Region are also variable but tend to be very steep at the top of
catchments and flatten out as those catchments approach their outlet. In addition to
the standard problems that occur on steep slopes, slope slippage is a widespread
problem. The presence of shallow root depths does not resist slope slippage qn
steeper slopes. Soil slippage is also directly related to the steepness of the slope,
the type of soil and the underlying geology. Without deeper-rooted plants holding a
slope, in situations where native vegetation has been replaced by pasture, slopes
in excess of 33% (18°) may start to creep. Slopes greater than 45% (24°) may see
the onset of mass movement.

Stream Classifications

To provide specific information on the Auckland Region regarding streams and their
order, including percentage of total length, a review of Auckland streams was done
by NIWA (1999), detailed in Table 1, and provides the following information.

Table 1: Stream Inventory (NIWA, 1999)
Auckland Region Streams Number Length

Order Number Length % of Cumulative % of Cumulative
of (m) total % total %

Streams
1 810 1,961,112 60.18 60.18 68.25 68.25
2 365 598,097 27.12 87.30 20.81 89.07
3 108 187,888 8.02 95.32 6.54 95.60
4 56 105,073 4.16 99.48 3.66 99.26
5 7 21,233 0.52 100.00 0.74 -1-00.00

Total 1,346 2,873,403 100.00 100.00

Almost 70 percent of Auckland streams, in terms of total length, are first order
streams. When combined with second order streams, that total increases to almost
90 percent. Our goal is to protect, as far as practicable, all streams so much
attention is being given to protection of small watercourses.
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HISTORY OF PROGRAM IMPLEMENTATlo"N

It is beneficial to recognise the evolution of efforts related to erosion and sediment
control and stormwater management and their relationship to the Resource
Management Act (RMA). These programmes are continually evolving and this
evolutionary process will have to continue as long as water quantity and quality
problems exist. Organisationally, erosion and sediment control is consolidated with
stormwater management so thatstormwater runoff is considered from initial site
disturbance through to post development. As can be seen below, the legislation
follows the increasing awareness of the interrelated nature of land developed and
soil and water resources. The greater the level of development, the greater the
likelihood that problems result.

The Resource Management Act (RMA)

The Auckland Regional Council has its duties, powers and functions specified in the
RMA, which was enacted by Parliament in 1991. The purpose_of the Act is defined
in Section 5 of the Act.

"Section 5. Purpose:

1. The purpose of the Act is to promote the sustainable management
of natural and physical resources.

2. In this Act, sustainable management means managing the use,
development, and protection of natural and physical resources in a
way, or at a rate, which enables people and communities to
provide for their social, economic, and cultural well-being and for
their health and safety while.

(a) Sustaining the potential of natural and physical resources
(excluding minerals) to meet the reasonably foreseeable
needs of future generations; and

(b) Safeguarding the life supporting capacity of air, water, soil,
and ecosystems; and

(c) Avoiding, remedying, or mitigating any adverse effects of
activities on the environment."

Under the RMA, Regional Councils and Territorial Authorities (TA's) have different
duties, powers and functions: The relationship between the councils can be
considered similarly to states and local governments in the U.S. The ARC has the
function of "the establishment, implementation, and review of policies and methods
to achieve integrated management of the natural and physical resources of the
region" and "the control of discharges of contaminants into or onto land, air, water,
and discharges of water into water". The RMA is enabling, rather than a prescriptive
act. The ARC can implement management of natural and physical resources
through the adoption of policies and rules.

Under Section 32 of the RMA, the ARC has a duty to consider alternatives and
assess the benefits and costs before adopting policies and rules. An urban runoff
quality control programme must therefore consider all the tools available for
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reducing environmental degradation from urban runoff and establish a strategy that
passes the tests provided for in Section 32 of the Act.

RELEVANT INVESTIGATIONS (COMPLETED AND ONGOING)

Implementation of a stormwater management programme must rest on a sound
technical foundation. A sound foundation relies on having good baseline information
and supplementing that information with an assessment of effectiveness and good
research to provide for programme evolution. An essential element of the ARC's
stormwater programme is devoted to this function. There are numerous ongoing
activities related to programme foundation, assessment, and evolution but some of
the major efforts include the following projects.

Methods of Analysis for Stormwater Management Design

Hydrologic analysis in the Auckland Region historically has been based on models
acceptable to local government authorities or based on a specific model used by a
particular consultant that they are experienced in using. As the stormwater
programme has evolved in recent times it was felt that there should be consistency
in model use for a number of reasons. The most common method of analysis was
the rational formula but that method was considered unsuitable for modern
stormwater management design, as volumes and timing of flow were not provided
in analytical outputs.

As a result, numerous model packages were considered in terms of their features,
support, ease of use, suitability, and track record. Those model packages included
HEC-HMS, HSPF, MOUSE NAM, RORB, TR 55, XP-SWMM, and a number of
other models. Based on an initial screening the list was reduced to three models for
which detailed hydrologic analysis was done on four catchments that were gauged
to evaluate model outputs. Those catchments included a large rural one, a small
rural one, a fully developed urban catchment, and a large semi-developed urban
catchment. On the basis of the evaluation results, the HEC-HMS model using the
traditional SCS curve number approach was adopted as the standard method of
analysis for the Auckland Region.

As the SCS guidelines present standard temporal patterns for four broad regions
within the U.S. a specified rainfall pattern and design rainfall maps (based on 90
automatic and manual rainfall sites) were developed for the Auckland Region. In
addition the empirical relationship relating the time of concentration to catchment
length, slope and SCS curve number was revised and re-calibrated for use in the
Auckland Region (ARC, 1999). One alteration from the traditional SCS design
approach that resulted from the analysis is that pervious and impervious surfaces
should be considered separately. It was found that results were com~arable to
using the SCS 'lumped' approach for peak flow rates and total volumes but that
there is a difference in timing of the runoff peak. This suggests that when accurate
representation of the catchment time response is required, separate analysis should
be used. The model was validated for catchments up to 12 square kilometres in
size.
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Guidelines have been developed for consultant use and training courses are held
by the ARC several times a year to assist designers.

Urban Stream Assessment and Capabilities

The ARC, in conjunction with NIWA, has conducted a review of 65 urban streams in
the _Region to assess the relative value of urban streams from an aquatic resource
standpoint. The results will assist in establishing policy whether to allow works in
urban streams or continue existing efforts to protect them in their natural state.

Using information from streams around the Region, it is expected that 17 species of
fish could potentially be found in Auckland streams. A total of eight fish species
were found in urban streams. Of the 65 streams reviewed, six stream sites had no
fish, with four of those streams being concrete channels. 47 sites had shortfin eel,
27 sites had longfin eel, common bully were found at 16 sites, banded kokopu at 15
sites, inanga at 15 sites, Gambusia affinis (introduced species) at 8 sites, redfin
bully at 6 sites, and common smelt at 1 site. All the native fish collected are
migratory and are expected to recruit annually_ Their distribution is controlled by the
availability of fish passage suitable for the species and the presence of appropriate
instream habitat.

Catchment imperviousness for 45 streams was determined. There was no clear
correlation between individual fish population and percentage imperviousness..A
high correlation does exist for riparian cover, bank stability, stream alteration,
stream gradient and size, and elevation. Urbanisation factors clearly include riparian
cover, bank stability, and stream alteration. Interpretation of the correlations and
discriminant function analyses results provides a good indication of important
habitat features for each fish species (NIWA, 2001). This information can be used to
set the appropriate biological objectives for streams.

There was, however, a clear negative relationship for macroinvertebrates and
percent imperviousness. EPT taxa richness was low, Oxeythira, the pollution
tolerant purse caddisfly was present at 16 sites, but no more than six individuals
were counted from any sample. Other pollution sensitive taxa were considerably
rarer.

Fish species have been found upstream of concrete channels in natural streams
and a basic requirement for any instream works should be maintenance of fish
passage. Significant additional investigation needs to be done if causes and effects
of urban land use on aquatic ecosystems is to be better understood. Very clearly,
urban streams do have aquatic resources present and do have value. A key
element of aquatic ecosystem stream value relates to having good riparian cover,
but that alone does not provide a healthy ecosystem. Management of stormwater
inputs, protection of stream structure, and elimination or prevention of fish
blockages are all important. Different species are sensitive to varying' conditions
(shade, temperature, presence of pools, etc.) and urban streams have the potential
to be enhanced to improve ecosystem value. There may be trade-offs in a given
situation, but protection of urban streams should remain a programme priority_

Okura Estuary Study
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The Okura catchment covers 2253 ha., it lies immediately north of the Auckland
Metropolitan Urban Limit and some 25km north of the central city. The catchment
drains to an estuary of 162 ha. with the estuary being shown in Fig. 1. The estuary
is 600m wide at its entrance and only 30m wide 3.5km upstream. Much of the
northern shoreline is remnant native forest with a small area of commercial exotic
forest, while the rest of the catchment is cleared pastureland. The estuary has a
protected "no take" Marine Reserve status, and is considered of high quality and
value to the Region. The land use is predominantly lifestyle blocks of 4 ha., with a
small village near the estuary. Generally the catchment is steep in the headwaters
and rolling near the mouth of the estuary. Rainfall averages 1278 mm/yr. with
heaviest rainfall over winter, but the north east of New Zealand is exposed to
occasional intense cyclones (hurricanes) in late summer.

N

• Rock Reef

• Silts. muds

: i Sand
'_. I

~

. Low-tide channel

Figure 1: Schematic of Okura catchment

The Local Councils applied to the Courts to urbanise the catchment in 1996. The
ARC opposed the application on the basis that the Okura estuary was sensitive and
highly valued and should not be exposed to the impacts of urbanisation. It was
eventually determined that the catchment to the south (Long Bay) was less
sensitive due to its open coastal situation, and could be urbanised to some degree
as is described in the following section. However, the Okura catchment was to
remain rural. The court did not define what rural was, only that the catchment was
not to be urbanised.

.j'.

The ARC and the two local councils undertook a co-operative assessment to
determine what form of development should occur, and that the development
density and form, be effects based.

Of the factors considered, sediment generation over the development phase was
assessed as being the primary threat to the Okura estuary. However, the final
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development plan combines consideration of water quality, stormwater effects,
amenity values and archaeological concerns.

A (then) novel approach combining catchment runoff modelling of the development
phase effects and hydrodynamic modelling of the estuary was initiated. The output
of the sediment loads predicted by the catchment model were delivered to the
estuary and modelled for dispersion and deposition using a hydrodynamic model. A
concurrent ecological programme determined the characteristics and sensitivity of
the marine benthic assemblages to the predicted sediment challenge. The models
were used in a multiple-scenario testing mode.

Components of the Analysis

Watershed assessment model WAM (SWET/NIWA)

Modified for Okura needs, this model comprised of a 25m x 25m grid, produced
daily sediment and water discharge predictions from a 25-year local weather record
applied. A 5m contour map and land use inventory was generated, and spatial soil
patterns were input via GIS. The model was used to determine the sediment
generated from the earthworks phase of the development scenarios, and was
expressed as yearly averages derived from the approximately 9000 daily
calculations.

Pol 300 (NIWA / WAIKA TO UNIVERSITY)

This is an advection dispersion model used to determine the fate of terrigenous
sediment loads delivered to the estuary from the development scenarios.
Predictions of the likelihood that terrigenous sediment would be deposited, to what
depth, and whether they would remain for a critical time were produced.

Biological Component

An ecological inventory of the estuary was completed, as was a sediment particles
size information. As expected, particle size and the biological community are
closely linked. After obtaining permission from the Department of Conservation,
who administer the Marine Reserve, the sensitivity of the benthic community was
tested in situ for acute depth and time of burial. This was determined to be a critical
depth of 2 cm of sediment deposition for 5 days after which almost total mortality
was recorded (NIWA, 1999).

The catchment stakeholders derived the development scenarios. These included
the three Councils, landowners, developers, and conservation groups opposed to
development, Dept of Conservation and local Maori representatives. Predictably,
the group initially held very diverse views, and debate was colourful. The first issue
was to understand the need for testing of development scenarios for'their risk to the
estuary and then devise scenarios that covered the needs of the stakeholders.

Development Scenarios
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The current land use is predominantly 4 ha. lifestyle lots, but some larger holdings
exist in the hands of development companies. The following development scenarios
were produced.

Scenario 1: All current existing potential development under the present District
Plan Rules to occur. This gave about 160 new house earthworks and 1.2 km of new
roads.

Scenario 2: Catchment wide subdivision to 2 ha., with a corresponding calculated
number of new Lots and new roads. This would result in 464 new house lots and
9km of new roads.

Scenario 3: Catchment wide subdivision allowed to 1 ha. This would create
earthworks associated with 1189 new houses and 10 km of roads.

Development Rules were also developed and wer9 caveats on each of the
scenarios. These included exclusion of all native forest, patches of regenerating
native bush/shrubs and riparian areas 10m either side of any perennial stream and
a 20m fringe around the estuary. The parties involved agreed these caveats. It was
jointly agreed that 0.25 ha of exposed earth would be associated with each house
and driveway, with road construction taken as disturbing 20m widths.

The use of combined catchment / hydrodynamic / ecological modelling for risk
assessment of land use intensification is now considered BMP in sensitive areas of
the Auckland region. We note that the Okura modelling process has yet to be
confirmed by monitoring as the subdivision is yet to occur, however other urgent
growth related development pressures have meant applying the methodology in
other areas and on greater spatial scales. Issues of transferability are being further
researched as are the chronic/sublethal thresholds for impact on benthic organisms
used in Okura. Larger scale applications of the risk assessment process are
imminent.

In the past, development patterns were assessed and implemented without such
risk assessment tools and usually without effects based consensus between
Councils and communities. In the Okura catchment, the process moves into a
statutory and legal testing phase.

Long Bay Catchment Study

Auckland, in a similar fashion to other areas, has a Metropolitan Urban Limit (MUL)
that prevents urban development beyond its boundaries. On a periodic basis, either
through agreement or court action, those boundaries are adjusted, but the primary
purpose of the MUL is to limit urban sprawl and encourage intensification in existing
urban areas. A recent example is an expansion of the MUL to include the Long Bay
Catchment within the MUL by Environment Court Decisior2 While urban
development can occur in this catchment, Section 5 of the RMA (previously stated)
still has applicability.

As a result, the North Shore City Council with assistance from the ARC has been
developing a plan of development for the entire catchment that encompasses
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approximately 351 hectares. The catchment is shown in Figure 2. Their approach to
the catchment has the following key goals (North Shore City Council, 2000):

.......::

Long Bay Region. I Park

Designated Reserve Area (Crimson Walkway)

Possible Area of Reserve Purchasc By North Shoe< City Council

Possible Area of Reserve Purchase by Auckland Regional Council

--
~ Reserve

_ Stonnwater Reserve

Road

I

These goals are lofty and may seem in part contradictory to urbar:: idevelopment but
this effort, as it has evolved, presents a very new approach to urban development in
New Zealand. The plan, now in its final form, takes into account a number of natural
features that are normally not considered from a catchment wide context:

• Expand the existing Long Bay Regional Park
• Protect water quality in the marine reserve
• Create a sense of community
• Achieve a high quality of design
• Respect natural environment and heritage
• Enhance and protect Vaughans and Awaruku stream systems
• Stage development

600 ~200o

Figure 2: Long Bay schematic

600

• Riparian corridors around all perennial streams
• Protection of all floodplains and wetlands
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• Land stability
• Water quality and stream physical structure protection
• Landscape and natural environment (archaeology, core streams, remnant

and regenerating native forest, ridgeline, etc.)
• Infrastructure and staging

Analysis of the catchment has included hydrological analyses, water quality
modelling, sedimentation modelling and relating that to staging of development, and
receiving marine system impacts related to sedimentation. That analysis was done
based on three different development scenarios: conventional development, a
mixed option, and intensive open space. After consideration of the three options in
conjunction with receipt of public input, the intensive open space option was
selected for detailed design and analysis.

The upper catchment is extremely steep with limited area available to provide for
conventional stormwater control and treatment. As a result, land use in the upper
catchment is maintained at a very low level of one home per one to two hectares.
Houses will have domestic water that is provided by home water tanks from roof
runoff so impervious surface contribution to stormwater runoff will be minimised.
The lower catchment having more gentle slopes will have more intense urban
development and a more conventional approach to stormwater management. Being
closer to the catchment outfall to tidewater reduces the water quantity concern as it
relates to channel stability.

The ARC has been conducting baseline biological surveys in both freshwater and
marine environments of fish and macroinvertebrates in addition to water quality
testing. This baseline information will provide a good barometer of resource impact
and recovery through this newer approach to catchment development. The
catchment has already been impacted by the existing rural use of the land,
especially from bush clearance and stock entry into streams and it is hoped that
improvement can be realised through implementation of riparian corridors, wetlands
restoration, and revegetation of steeper slopes.

This is a very controversial effort. A number of land owners have an expectation of
financial yield from their properties and see the restrictions in the upper catchment
as having a serious detrimental impact on their investment. There is little doubt that
the catchment plan will be challenged in the Environment Court where North Shore
City Council and the ARC will have to defend their approach.

Monitoring the Distribution and Characteristics of Contaminants in Marine
Sediments and Shellfish

This is a State of the Environment type-monitoring programme looking at the
characteristics, levels and distribution of urban runoff contaminants in marine
sediments, oysters and green lipped mussel. Sediment composition is also
recorded. The purpose being to measure the environmental benefits accruing from
land management strategies. Monitoring is undertaken biennially and reported in
the survey year in June.

Determining the Effects of Cumulative and Sub-lethal Discharges of Sediment
on Marine Biota
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This research is designed to build on the earlier studies that investigated lethal
thresholds of sediment accumulation on benthic fauna inhabiting mud and sandy
mud estuarine ecosystems. A suite of studies looking at the sublethal effects of
sediment deposition on a range of estuarine biota is currently being ·undertaken.
The results of these studies will be available in July, 2001.

Determining the Effects of Increased Turbidity Levels on Survival, Migration
and Feeding by Diadromous Freshwater Fish

Urban development is typically associated with increases in sediment levels in
adjacent receiving water systems. No generally accepted guidelines exist in NZ for
the protection of aquatic biota from either acute or chronic elevation in sediment
levels. This study was initiated to develop a range of guidelines and has
documented both acute and sublethal adverse effects. The most severe effects are,
as expected, associated with biota typical of hard substrates but significant effects
have also been documented for particularly juvenile fish in soft-bottomed streams.
The studies are proposed to be extended to determine maxim,um acceptable levels
short term exposure for a range of common stream biota. The results of this study
will be available in July, 2002.

Modelling the Build-up of Stormwater Contaminants in Sandy Marine
Environments

The ARC has previously been involved in the development and use of the 'Urban
Stormwater Contaminant Model'. This model predicts the long-term accumulation
of typical, particulate associated, urban contaminants in estuarine muddy
sediments. The model has been particularly useful for screening for likely effects of
urbanisation on these systems. The current research is designed to extend the
model to incorporate accumulation in sandy-muds, which are widely distributed in
the Auckland Region. The results of this study will be available in July, 2001.

Z.
Vegetative Stabilitation Project

Approximately 16 m2 soil plots were set up on a northwestern facing slope on a
recontoured surface. Treatments tested consisted of bare subsoil, bare topsoil,
mulch/subsoil, mulch/topsoil and the present grass cover. Each type of plot, except
the grass plots, has 4 replicates; only two replicates were used for the grass plots
as a general comparison. Dated were collected from 27 June, 1999 to 9 October,
1999. The bare subsoil and topsoil are classed as silt loams consisting of
weathered clays and sandstone. The mulch was applied by hand until most of the
bare soil was covered. Topsoil was applied with a thickness of approximately 150
mm. 12 storm events with 6-minute storm burst intensities ranging from 9.6 mm/hr
to 41.6 mm/hr were measured.

".:..

The topsoil treatments had the greatest reduction in runoff, and mulch further
reduced runoff. The data show mulch application is effective as a form of erosion ~.~

protection. Adding either topsoil or mulch reduces soil loss: topsoil (48%); 'l'
mulch/topsoil (85%); grass/subsoil (93%); and mulch (97%) compared to bare
subsoil (Bennett, 2000).
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If possible, the mulch/topsoil treatment should be used for protection. Mulch/topsoil
treatment generates the least erosion and may be enhanced by seeding, providing
greater protection at a later stage. If no topsoil is available, mulch directly on subsoil
could be used as a cheaper alternative. Adding topsoil or mulch to the subsoil may
become ineffective if the total rainfall exceeds 20 mm. Other treatments need to be
assessed and erosion models applied to provide long-term data.

Flocculation of Sediment Ponds for Enhanced Sediment Removal

Sediment ponds are a commonly used practice for sediment control on construction
sites. The performance of ponds constructed to standards is generally good it was
felt that additional benefits could be realised with chemical treatment improving
sediment removal. The following trials (Larcombe, 1999) have led to wider use of
chemical treatment.

Alum Trial

A trial system was established on a highway construction site. Initial trials focused
on gaining an understanding of the optimum detention time for gravity settlement,
and the relationship between surface decant rate, detention time, and effectiveness
of gravity settling for a variety of rainfall events.

The chemical treatment trials using alum were carried out at an aluminium dO$e
rate of 5.5 mg/L and the treatment system was monitored carefully to determine
effects of the alum dosing on suspended solids removal, pH and the dissolved
aluminium concentration in the discharge from the sediment pond.

The alum system performed well in terms of suspended solids reduction under a
range of rainfall conditions which varied from very light rain to a very high intensity
short duration storm in which 24 mm fell in 25 minutes. Dosing with alum at 5.5
mg/L reduced the pH by about 0.5 pH units. In fact the dissolved aluminium
concentration in the discharge from the sediment pond averaged about 0.10 mg/L
which was often lower than the dissolved aluminium concentration of the pond
inflow.

The treatment benefit of alum was most evident for the intense storm condition for
which the stormwater flow exceeded the hydraulic capacity of the sediment pond.
For the intense storm condition with alum treatment, the suspended solids removal
was 92% compared with removal without alum treatment of about 10% for a similar
storm on the same catchment and with the same sediment pond.

Polyaluminium Chloride (PAC) Trial

When it became clear that a large motorway project was going to need chemical
treatment for clay soil catchments which naturally produce more· acidic stormwater it
was decided to investigate the use of PAC as a coagulant because PAC is less
acidic than alum.

The use of PAC has been trialed extensively within the highway project during the
1998-1999 summer, and has been used for treatment from winter activities during
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the 1999 winter. A total of 16 systems have been used, with contributing
catchments between 1 and 15 hectares.

The overall efficiency of PAC treated ponds in terms of suspended sediment
reduction has been between 90 - 99% for ponds with a good physical design.
Lower treatment efficiency has occurred where there have been problems with
decants not operating properly, or physical problems such as multiple inflow points,
high inflow energy, and poor separation of inlet and outlet. The dissolved aluminium
concentrations in the outflows from the treated ponds were below the USEPA
chronic criterion of 0.087 mg/L (four day average not to be exceeded), and well
below the acute criterion of 0.75 mg/L (one hour average not to be exceeded).

TOOLBOX OF APPROACHES

Low Impact Design (LID) Approaches

Stormwater management efforts can be significantly improved by approaching
stormwater differently from that approach taken in the pa~t, where stormwater
management has been largely considered stormwater disposal. This different
approach is based on a conceptual understanding of stormwater that is more
comprehensive in scope and addresses the full array of stormwater issues. These
issues are so important in order to maintain and protect New Zealand's water
resources, including maintenance of base stream flows, maintaining balance in toe
hydrologic cycle, reducing downstream sedimentation from construction activities,
preventing flooding, and maintaining water quality and the ecological values which
characterise New Zealand streams and waters. This different approach further
challenges us to maximise prevention, even before stormwater becomes a problem,
and to avoid the commonplace highly engineered structural solutions that are
expensive to build and expensive to maintain. In their place, this newer approach to
stormwater management focuses on utilisation of natural systems and processes to
achieve stormwater management objectives where feasible.

At the same time, this new approach is intended to work with site resources, and to
enhance their functioning. The end result is site design which protects and
enhances existing wetlands, promotes the critical functions of floodplains, re
establishes or builds onto existing riparian buffer systems, even as stormwater
requirements are satisfied.

Common to all of these approaches and practices comprising LID are several basic
principles (ARC, 2000):

• Achieve multiple objectives (stormwater peak, volume, quality, temperature)
• Integrate stormwater management and design early in the site planning

process
• Prevent problems rather than trying to mitigate them -r:.

• Manage stormwater as close to the source as possible; minimise collection
and conveyance

• Rely on natural processes within the soil mantle and the plant community

LID approaches tend, for the most part, to be preventive but this is not always true.
Low impact approaches may include mitigative practices, such as swales or filter
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strips, which are less damaging to receiving systems than traditional approaches to
drainage. LID approaches also tend to be broader in scope than traditional
stormwater practices as they involve the entire site. Site design/clustering is one
broad approach. Reduction in imperviousness also transcends the more focused
stormwater management practice concept. The tentative list of approaches included
here can include:

• planning/zoning (building)
• clustering/lot configuration
• reduced imperviousness
• minimum site disturbance

LID avoids the basic issue of how much of what type of use is to occur at any
particular site. The emphasis is to define what we can do to improve stormwater
management primarily on a site-by-site basis, assuming that development
continues to occur. In those cases where conventional development programmes
cannot use low impact design, density reduction is an option. Although development
at the maximum allowable density has come to be the assumed norm in many
cases, development at reduced densities may provide the -economic use while
balancing water and other ecological needs.

Water Storage and Use

The storage and use of stormwater generated runoff has been integral to land
development in New Zealand. Houses have and still use roof runoff for domestic
water supply when public water has not been available. The effect of using roof
generated runoff for domestic water supply has been to eliminate roof impervious
surfaces from contributing stormwater runoff. This elimination of runoff reduces the
total volume of stormwater runoff from land that has been developed downstream. If
reduction in impervious surfaces is important to reduce overall runoff volume, then
water storage and use can provide a significant stormwater management benefit.

Toilet, laundry, and outdoor water use uses approximately 63% of all water use
within the household, as shown in Table 2, and there is no reason why water supply
for those uses cannot be provided by roof runoff. In addition to reducing the total
volume of stormwater runoff, there may be economic benefits in reduced potable
water consumption, and other broader benefits in reducing demand on public water
supply. This would allow existing water supplies to last longer before needing to
establish new sources and service a larger population base.

Table 2: Estimates of Water Use within a Household
Home Water Use Element

Bathroom
Toilet

Laundry
Outdoor use

Kitchen

Water Use (%)
28
27

15
9

The ability of a water storage tank to capture roof runoff is dependent on
establishing a reasonable use rate. A 3-person household is expected to use non
potable water at the rate of at least 432 litres/day for toilet, laundry, and outdoor
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use. At this usage, tanks of 10 - 20 m3 capture 70% to 78% of annual roof runoff
from a 200 m2 roof.

Major benefits result from including a detention component in the upper part of a
rainwater tank. The detention orifice is placed high in the tank and is· in use only
intermittently.

The greatest benefits occur on small lots where the roof is the dominant source of
runoff. For a 200 m2 roof on a 400 m2 lot, with approximately 100 m2 impervious
surfaces, use of rainwater can reduce both annual runoff volume and peak flow
from all storms up to and including most 10 year ARI events. In the catchment-wide
perspective, benefits are muted by the influences of all non-roof sources of runoff
but are still significant. For a medium density development in a small catchment,
comprehensive rainwater use was shown to reduce the 2 year ARI flood by 27%
and the 10 year ARI by 22%. Total annual stormwater volume is reduced by 27%.

Consideration of reduction in rates of stream channel erosion by using water reuse
can also be considered. In this analysis it was done comparing the flow rates and
durations of erosive floods resulting from a 5-year sample of recorded storms
between 1995 and 2000. Based on various catchment scenarios, a reduction in the
rate of erosion of 53% was indicated, although further study is necessary for
validation (Tremain, 2000).

Traditional Stormwater Management Practices

Even with new approaches there is still a need for use and improvement of
conventional stormwater management practices. The ARC has a monitoring
programme for practices that selects one or two practices a year and evaluates the
performance of that practice from a water quantity/quality and aquatic ecosystem
perspective. While information does exist on performance of a number of practices
elsewhere, it is important to verify functioning in the Auckland environment. Wet
ponds and a sand filter have been monitored to verify performance in meeting
programme requirements and this year a wetland is being monitored. Approval has
been given for monitoring of swales in the next fiscal year.

While it is important to assess performance of various practices it is also important
to detail where those practices are most appropriate to use. Guidelines have been
developed for rural countryside development where an individual is constructing one
house on a larger property. The ARC is now revising it's existing stormwater design
manual 'Stormwater Treatment Devices Design Guideline Manual' to provide clear
guidance on practice consideration and selection. The intention is to more target the
practice for the contaminants of concern on a given property. That manual will be
completed by December, 2001.

Several territorial authorities have developed rural stormw~ter control guidelines
and require implementation of these controls on individual sites when they are
developed. This "tool box" of practices is targeted towards individual home
construction in rural areas. Criteria relate to water quantity control, water quality
treatment, and maintenance of existing flow travel times. This approach is not
meant to substitute for catchment analyses, but rather to provide for a reduction in
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downstream impacts of isolated levels of development. Catchment wide
consideration is done when developmental pressures indicate the need.

CONCLUDING COMMENTS

The ARC's stormwater quality control programme extends back some 10 years. At
an early stage, measuring success was clearly linked to measurement of system
performance and ecosystem response to management initiatives. This approach to
assessing both performance areas has evolved throughout the programme.
Stormwater quality control practices have expanded from on-line wet ponds through
to a wider range of treatment (off-line and on-line) and source control techniques.
The complexities of identifying and implementing meaningful environmental
response indicators has necessitated the commissioning of fundamental research
into ecological processes and the development of powerful computer modelling
techniques.

While the programme continues to evolve, across all aspects, it is considered that
we are now in a very sound position to comprehensively manage the effects of
stormwater discharges on the aquatic environment. Our position should also
continue to improve as results of research initiatives provide better information to
facilitate programme evolution.
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AUSTRALIAN URBAN WATER BMPs STRATEGIC REVIEW
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ABSTRACT

There has been rapid growth in application of BMPs across Australian urban areas.
Catchment management plan development frameworks have been established to
guide the selection of appropriate management measures. In addition, there have
been substantial advances in our understanding of pollutant pathways & intervention
& transformation processes underpinning the development of management
strategies. This review indicates that while substantial advances have occurred,
there remain a number of significant shortcomings in the selection & application of
BMPs.

INTRODUCTION

There has been rapid growth in the application of BM·Ps as the basis of urban water
pollution control programs since the mid 1980s. The limited performance monitoring
that has been undertaken to date demonstrates the cost effectiveness of well
designed suite of BMPs in securing a range of environmental, social and economic
objectives.

There are however a wide range of issues emerging out of this growth in application
of BMPs in Australia. Issues of major concern include:
• application of BMPs as a universal panacea for all areas and conditions, with
often a failure to clearly identify management issues as a basis for guiding the
selection of appropriate measures;
• limited understanding of the role of intervention techniques relative to
dominant bio-geochemical processes & pathways, frequently resulting in the
selection of measures inappropriate to the hydrology, Suspended Solids (SS) levels
, organic loading, target stressor, and reduction target conditions and objectives;



• lack of regional receiving water environmental studies against which to identify
catchment wide issues, critical stressors, sustainable loads, current land use
exports and reduction targets.
The issues are in large measure a reflection of the simplistic prescriptive basis of
BMP implementation.

There have also been significant changes in recent years in the urban water
management social, economic and environmental context, comprising:
• a groundswell of community concern to restore urban waterway values;
• rapid technological development in a range of techniques, requiring greater
sophistication in selection and design of measures;
• emerging recognition of BMPs as integral components of urban landscape,
having a wide range of functions and values over and above their pollution control
function;
• growing awareness of the economic opportunities and constraints associated
with hydraulic and pollutant management measures, including:

the significant savings in the application of integrated drainage solutions as
compared to traditional engineered measures;

the significant enhancement of property values associated with the open
space landscape values of integrated measures; and

the high recurrent costs associated with maintenance of some
management practice measures.

In parallel with the growth in the application of BMPs, there has been:
• development of strategic based approaches to ecologically sustainable
development and natural resource management & allocation programs and controls;
• significant advances in our understanding of bio-geochemical processes and
pathways, linking outcomes of changes in land use and management practices with
water quality and stream health implications for receiving waters;
• growth in broad community expectation of more direct partnership in
management.

In summary, the emerging strategic framework comprises:
i) a strategic planning framework, comprising the identification of the range of
catchment land & water related management issues, the agreed social, economic &
environmental values guiding the resolution of the issues, and structures providing
for partnership of the stakeholders in the development and implementation of action
programs;
ii) the development of a knowledge (bio-geochemical/landscape processes
understanding) base guiding the assessment of waterways and selection of
management measures;
iii) the selection of the range of limitation or intervention management practices &
strategies appropriate to the management issues, objectives, and prevailing bio-
geochemical processes and pathways; ...
iv) the clear administrative and legislative framework enabling systematic and
effective implementation of strategies and associated management measures.

The Paper draws on this framework in reviewing the BMP application practices and
programs across the nation.
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STRATEGle MANAGEMENT ISSUES FRAMEWORK

National Policies and Programs

In 1994, the Australian and New Zealand peak Ministerial Councils for the
Environment (ANZECC) and Agriculture, Resources & Minerals (ARMCANZ)
adopted a National Water Quality Management Strategy (ANZECC & ARMCANZ,
1994). The Strategy's objective is 'achieving sustainable use of the nation's water
resources by protecting and enhancing their quality while maintaining economic and
social development'.

The Strategy included the adoption of catchment based land and water
development and management. The catchment management plans have played an
important role in terms of water resource assessment and allocation and water
quality management. The development of catchment management plans build on a
partnership of community groups and government.

In 1994, the Strategy was endorsed by the Council of Australian Governments as a
key element, the Water Reform Policy (Council of Australian Governments, 1994),
of the national economic reform. These economic and environmental reforms have
had a profound impact on urban water management practices across Australia.

In addition, ANZECC has provided a range of environmental, wastewater
management and stormwater management guidelines, as a basis for consistent
approaches across the nation.

At the strategic level, community groups are acknowledged as active partners with
government in undertaking the development of Catchment Management Plans. The
strategic planning process comprises the identification of the key land and water
issues across the catchment, and the environmental, social & economic objectives
(and performance criteria) guiding their resolution. An important aspect of the
Management Plans is the development of an Implementation Plan, detailing the
instruments and responsibility for implementation of the various elements of the
Plan.

Range of Urban Water Issues:

Australia is a highly urbanised society, with some 90% of the population living in the
larger metropolitan areas around the seaboard. Canberra is the nation's largest
inland -city (population 340,000). The range of emerging environmental, social and
economic issues reflect this setting and population concentration in large urban
centres.

Table 1 summarises the typical urban water and related )?sues arising across the
nation. They range across environmental, social and economic values and require
local communities to find a balance across these competing and often conflicting
aspirations.
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Table 1: List of urban water issues & management objectives
Urban water related issues Management objectives

Environmental issues

• Ecological impairment of estuaries,
urban rivers & corridors, lakes & wetlands,
as a result of nuisance plant growth, loss
in significant species & bio-diversity, and
pathogens;

• Impacts of depleted streamflow on
biota;

• Potential impacts on estuaries &
wetlands having international
classification in respect to protection of
migratory bird habitats.

Social issues

• Loss of recreation, landscape & open
space values of urban waterways and
their corridors;

• Concerns regarding flood hazards
associated with growth in urban runoff;

• Concerns regarding possible health
risks associated with faecal pollution of
recreation waters and mosquitoes;

• Sense of dis-empowerment in respect
to decisions affecting community well
being, choices and futures;

• Issues of cost burden allocation
across the community;

• Issues of unequal provision & quality
of open space & landscape amenity.

Economic issues

• High cost of services & environmental
protection;

• Aging infrastructure replacement
costs;

• Recurrent costs of maintaining
pollution control measures;

• Economic benefits of re-use of
stormwater & treated wastewater;

• Enhanced land values associated with
vegetated urban waterways, ponds, lakes
and wetlands.

• Protection or restoration of habitats,
protection or restoration of flows & water
quality;

• Minimise the consumptive use of water &
generation of wastewater;

• Amelioration of peak flows, sediment,
nutrient, toxicant & organic material loads;

• Protection or restoration of waterway
corridors, foreshores & riparian vegetation;

• Protection of designated State, National
& International habitats & species.

• Designation of agreed use values &
criteria ensuring wa!er quality protecting
uses;

• Provision & restoration of open space,
landscape & recreation values;

• Provision of reasonable levels of
protection of life, property & health;

• Partnership in choices of futures,
selection of implementation measures,
sharing of information;

• Distribution of costs based on beneficiary
or polluter pays;

• Equity in the provision of recreation
facilities & open space & landscape amenity
across the community.

• Efficient use of scarce financial
resources;

• Innovative & sustainable solutions to
maintaining services & amenity;

• Whole of life costing of management
options, including external costs;

• Management options securing
enhanced values & economic returns;

• Promote regional development through
enhanced tourism & primary industry.

---------------------------'--.~~.._----------
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The ANZECC Guidelines for Fresh & Marine Water Quality (ANZECC, 2001a) adopt
an ecosystem classification and description of the dominant physical, chemical &
biological processes & pathways, as the basis for assessing the potential
management issues, and the risk of ecological or water quality impairment. The
Guidelines have adopted a strong 'risk based' approach to management of
stressors.

The major urban stormwater related physico- chemical stressors are identified as:
• significant increases in peak discharge and frequency, impacting on ecology
and geomorphology of waterways;
• sediment and suspended solids impacting on aquatic plants and benthic biota;
• oxygen demanding substances impacting on dissolved oxygen (aquatic
animals) and sediment redox processes (water quality);
• nutrients impacting on primary production and nuisance algae;
• toxicants (heavy metals, pesticides, ammonia) impacting on aquatic' biota;
• bacteria impacting on recreation and water supply suitability;
• trash and debris impacting on visual quality of waterways.

Catchment Management Plans

There has now been substantial establishment of catchment management plans
covering urban areas. The development of catchment management plans has
frequently been complicated by the situation of multiple Local government areas
within the catchment. In these cases, State govemments have either legislated to
establish independent catchment Boards to develop plans, or established statutory
based processes requiring contiguous Local Government areas to collaborate in the
development of joint catchment management plans.

Where the assessment of receiving waters identifies current or potential ecological
and water use value management issues, most· plans have identified the critical
stressors or drivers of impacts on the ecology. However, few plans have identified
the limits in (sustainable) loads beyond which unacceptable effects are likely to be
observed. The identification of sustainable loads provides the basis for assessing
catchment land use opportunities and constraints, and associated requirements in
respect to management practices.

In many instances, authorities resort to adoption of ambient water quality criteria as
the water quality protection objective, with the onus on the applicant to demonstrate
that a development will not exceed the criteria. Invariably, this approach fails, as
neither the applicant or the regulatory or approval auttiority has the means to make.
the link between the two. In these cases, the parties resort to the application of
prescriptive measures, as evidence that the protection issue has been addressed.

Not with standing the advances in bio-geochemical processes and pathways, the
research indicates the enormous complexity of a number of these processes, and
consequently, some uncertainty in outcomes. Adaptive management based
approaches are commonly adopted, in which decisions are based on the best
available information, together with a performance monitoring and review process.
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Assessment of Strategy Performance Against Objectives

There continues to be a dearth of reported studies of performance of pollution
control measures. A number of States now have in place State of the Environment
Reporting, which is evolving as an independent assessment of trends in water
quality and ecological health. Water quality & biological monitoring of the
Murrumbidgee River downstream of Canberra (Lawrence, 1999) is one of the few
comprehensive reported studies of performance of urban stormwater management
strategies. This has indicated substantial improvement in water quality, biological
diversity, recreational amenity and substantial economic returns.

The limited extent of performance monitoring of BMPs continues to be a concern.
The challenge for groups such as the CRC for Freshwater Ecology is to identify
robust and low cost indicators of performance that will enable more extensive
monitoring of performance of constructed measures in the future.

KNOWLEDGE BASE GUIDING ASSESSMENT OF WATERWAYS & SELECTION
OF BMPs

There have been significant advances in the knowledge base and decision tools
guiding the assessment of receiving waters, and the selection and design of urban
stormwater management measures.

Arising from ongoing research, substantial progress has been made in the
understanding:
• of pollutant transport, interception and transformation pathways and processes
in receiving waters;
• of pollutant mobilisation and transport processes across the landscape;
• of pollutant interception pathways and processes in associated with a range of
intervention management measures.

Pollutant Transport, Interception and Transformation Processes in Receiving
Waters

There has been gradual expansion of the regional receiving water (estuaries,
embayments, major rivers) quality & ecology studies required for receiving water
issue assessment and consideration of catchment land use and management
implications. Efforts are currently in-hand to develop generic models for assessment
of the myriad of estuaries along the coastline, which are particularly vulnerable to
impacts of urban development.

The regional receiving water environmental studies have been undertaken at a
range of levels, from simple surveys of existing water quality and composition of
fauna, to integrated process based studies of ecology and of key factors supporting
abundance and diversity of biota. Examples of the latter include the Port Phillip Bay,
Moreton Bay & Murrumbidgee Basin Studies (refer to Table 2).

The ANZECC Guidelines (ANZECC, 2001 a) require the identification of the
dominant bio-geochemical processes within the target receiving water body, as a
basis for identification of major issues, the critical stressors or drivers, and the
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analysis of sustainable levels of loading appropriate to the desired state of the water
body.

In view of the great diversity of processes across different water bodies, the
Guidelines adopt a category of ecosystems as a basis for systematic process
description and risk assessment. The categories comprise upland rivers, lowland
rivers, lakes & reservoirs, wetlands, open estuaries, closed estuaries, barrier
lagoons or embayments, and open coastal waters.

Table 2: List of some of the major environmental studies of receiving waters
Study Date

Port Phillip Bay Stage I Environmental Study (Melbourne) 1972-75
Upper Murrumbidgee River Basin Environmental Study 1976-78

(Canberra)
Peel Harvey Inlet (Manjura, WA)

Clean Waterways Program (Port Jackson & Botany Bay, Sydney)
Lake Illawarra (Wollongong)

Gippsland Lakes, (Latrobe Valley, Victoria)
Port Phillip Bay Environmental Study (Melbourne)

Moreton Bay Environmental Study (Brisbane)
Swan-Canning River Estuary Cleanup Program Studies (Perth)

Water quality and ecology research has established the need to further stratify these
ecosystem categories into functional zones as a basis for identifying unique groups
of pathways & processes. Table 4 illustrates the application of the procedures to
lowland river ecosystems.

In the case of stream water quality modelling, the empirical 151 order decay based
transport models are giving way to either regionally calibrated empirical flow 
transport based models, or to turbulent flow transport, sedimentation & re
suspension process based models.

Pollutant interception
measures models

In-stream water quality &
ecology models

Catchment decision
tools/models

7
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Table 4: Summary of key bio-geochemical processes as a function of
flow phase and functional zone: Lowland Rivers

Functional Flow phase
zone Flow events Post event period Sustained low flow

Pools

Dominant
processes

Potential
modifiers of
processes

Riffles &
reaches

Dominant
processes

Potential
modifiers of
processes

Discharge &
transport of water,
SS, adsorbed
nutrients, organic
mat'!. Re
suspension of
sediment & organic
mat'!. Deposition of
sediment, SS,
adsorbed nutrients &
organic mat'I in
pools.
Flow rates, duration
of event, sediment
loads, SS levels,
over-bank flows &
returns)

Re-suspension or
sloughing of organic
mat'I built-up post
the previous event &
transport
downstream.

Flow rates, sediment
loads (aggrading/
degrading), bank

Decomposition of
sedimented organic
mat'!. Potential release
of mineralised
nutrients, or
adsorption/burial in
sediments.
Uptake of released
nutrient by benthic
biofilm & algae

High organic mat'!,
high SS levels, pH,
elevated TDS, temp,
nutrient point source
discharge, grazers &
collectors.

Uptake of nutrient &
FPOM released from
upstream pools by
biofilm, benthic algae,
attached algae &
plankton.

Flow rates, SS, pH,
elevated TDS, temp,
nutrient point source
discharge, grazers &
collectors.

Run-down in cycling of
event derived
nutrients. Direct
recycling of nutrients
by algae. Local
riparian vegetation
inputs sustaining
biofilm & algae.

Time since event, pH,
elevated TDS, temp,
nutrient point source
discharge, grazers &
collectors.

Direct recycling of
nutrients.
Local riparian
vegetation inputs
sustaining biofilm &
algae.
Time since event, flow
rates, pH, elevated
TDS, temp, nutrient
point source
discharge, grazers &
collectors.

Pollutant Mobilization and Transport Processes Across the Landscape

The ability to link the receiving water sustainable loads back to land use and
management practices across the catchment, requires some understanding of the
land use - pollutant export characteristics of the catchment.

The urban water research has highlighted the 4 key requirements of successful
restoration of water quality and health of urban waterways:
• restoration of habitat (morphology, substrate and rTlacro-plants);
• limit sediment loading;
• recover a more natural flow regime (hydrology); and
• restoration of water quality.
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Since the late 1980s, there has been substantial adoption of runoff - depth based
estimates of catchment pollutant exports, by land use categories. These process
based relationships have now been calibrated for each of the major metropolitan
centres across the nation. Empirical 1st order decay based transport models are
giving way to regionally calibrated empirical flow - transport based models, or to
turbulent flow transport, sedimentation & sediment redox process based models.

In a number of instances, research has established that it is the form of pollutants
(ammonia verses oxidised forms on nitrogen, labile forms of carbon versus total
organic material) that is more critical than the total load of the pollutant. The form of
the pollutant is closely tied to the water pathway though the landscape.
Consequently, the simple 'washoff based models are now being expanded to track
the various pollutant pathways and processes through across the landscape. Table
5 identifies the 6 major categories of pollutant mobilisation & transport pathways
characteristic of the Australian landscapes.

This understanding of significantly different hydrological, suspended solids and
organic material composition categories highlights the importance of selection of
pollutant interception measures (BMPs) appropriate to the character & composition
of discharges, if the facilities are to achieve their designed pollution interception
criteria and 'facility' values.

Table 5: Catchment non-point source export categories
Soil Pathway

Category
Composition

I

I
I
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Fine soils
low levels of
agriculture

Deep loam
soils 
intensive
levels of
agriculture

Permeable
sands

Deep soils
ground-water
recharge
systems

Impermeable
urban areas

Local- all
soils

Surface erosion & SS transport.
Adsoption of nutrients, organic
mat'I, metals, pesticides, bacteria
on SS. Event based discharges.

Medium to high infiltration through
soil macro-pores, high reduction
rates of nutrients, metals,
pesticides, with interflow or
throughflow in dissolved or fine
colloidal forms.
High infiltration rates and
throughflow to groundwater.
Discharge from elevated
groundwater table to streams.
Low to medium infiltration rates
and throughflow to groundwater.
Moderate to fully attenuated event
discharges.
Direct wash-off of accumulated
particulates on surfaces.
Rapid event based discharge.
Local spill-over of fertiliser &
pesticide applications

9

High abiotic & biotic particulates,
low dissolved nutrients, high
sediment loading.
Low total dissolved salts
Attenuated event drainage.
High dissolved and fine colloidal
forms. Low total dissolved salts

Low abiotic particulates. High
dissolved and biotic particulate
composition. Low total dissolved
salts.

Dissolved and fine colloidal forms
of nutrients, organic mat'1.
Medium to high total dissolved
salts.
Elevated particulates nutrients,
metals, organic material. Very low
total;dissolved salts

Dissolved and particulate forms of
nutrients.



Table 6: Outline of urban runoff & pollutant related models
Model Category Range of Models

Urban rainfall-runoff XP-RAFTS, RORB, WBNM, XP-SWMM
processes

Urban drain design models
Urban flow routing

Urban pollutant export
models

ILSAX, XP-SWMM, MOUSE
XP-SWMM, MIKE-11, MIKE-21, SMS

RUSLE, XP-SWMM, XP-AQUALM, MOSS

Pollutant Interception Pathways and Processes Associated with BMPs

Water quality and ecological studies of management measures such as ponds and
wetlands, has identified distinct sets of pollutant transport, interception &
transformation pathways and processes, as a function of catchment hydrologic and
pollutant discharge characteristics. Table 7 summarises the dominant 'pathways &
processes' for each of the 'hydrologic & pollutant composition' categories, and the
implications for selection of appropriate BMPs.

SELECTION & DESIGN OF BMPs

Selection Process

The steps involved in the selection & design of management measures at the 10Gai
level comprise the description of:
I. the catchment strategic issues & related management objectives
II. the existing conditions, opportunities & constraints, and the critical pollutants
or flows in respect to protection or restoration of water use or ecological values;
III. the range of available management measures appropriate to amelioration of
the critical pollutant or flow;
IV. the preliminary assessment of measures against the management objectives
& related performance criteria

The opportunities, constraints and economies of different management measures
will be strongly influenced by whether the development is a greenfield development,
re-development within an existing urban area, or a rural town development.

Many of the BMPs (ponds, wetlands, vegetated waterways), by their very nature,
constitute significant aquatic ecosystems within the urban environment, having not
only important open space and landscape values, but sustaining a substantial
diversity of plants and animals. This aspect of the facilities is valued by the
community as much as their open space and landscape values. It highlights the
'multi-purpose' and 'multi-values' nature of all urban water management facilities,
and their place as an important element in the landscape.
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Implications for selection of
BMPs

At-source swales, buffer zones.
At-source flow detention (break
stormwater connection) to
minimise peak flow loading on
downstream ponds.
Sediment traps for interception
of larger particle sizes.
Ponds for detention of
significant proportion of event
volume & sedimentation.

Need to provide sufficient pond
surface-area & shaping to
promote uniform deposition, in
order to limit areal loading of
organic mat'! to levels
preventing development of
severe reducing conditions.
At-source infiltration to intercept
colloidal & dissolved pollutants.
Shallow wetlands to promote
biofilm & macrophyte habitats.
Provision of sufficient area to
provide the volume/area
contact ratio & duration meeting
pollutant removal targets.

Need to provide sufficient
wetland surface area to limit
areal loading of organic mat'I to
levels preventing development
of severe reducing conditions.

Adoption of wetlands with high
macrophyte biomass as
substrate (active C surfaces) for
adsorption of toxicants and
metals.

Advection based transport,
adsorption of nutrients, organics
& metals onto surfaces of SS.
Removal of SS & adsorbed
pollutants from water column by
sedimentation.

Advection based inflows and fine
colloidal or dissolved pollutants.

Potential for transformation of
organic N to NH4 & re
mobilisation of Pas SRP under
high organic loading (reducing)
conditions.

Decomposition (oxidation) of
organic mat'l, de-nitrification
losses of N. Sediment burial of
P, metals, toxicants.

Direct biofilm adsorption &
biological uptake of nutrients &
fine organic colloids, with
transfer of P & metals into
sediments. De-nitrification loss
of N to atmosphere.

Potential for transformation of
organic N to NH4 & re
mobilisation of P as SRP under
the extreme reducing conditions.
Adsorption of toxicants and
metals onto active C surfaces.
Nutrient limiting conditions in
relation to management of redox
potential.

Event based, high
abiotic particulate
& adsorbed
pollutants. High to
extreme turbidity.

+
Low organic
loading &
dispersed
sedimentation
across pond area.

or
High organic
loading or
moderate loading
with concentrated
sedimentation in
inlet zone.
Base flow to
attenuated event
flows, having
moderate to low
levels of turbidity
(SS).

+
Low levels of
dissolved nutrients
& fine colloidal
organic material.

or
High levels of
dissolved nutrients
or organic loading.

Base flow
elevated toxicants
or metals

Table 7: Summary of pollutant pathways and processes as a
function of catchment discharge characteristics

Catchment Dominant pollutant transport,
hydrologic & interception & transformation

pollutant pathways & processes
discharge

characteristics

Evolving Management Practices

I
I
II
II

I

I
I

I
I

I
From 1985, there was progressive adoption of BMPs in relation to erosion and
sediment controls, gross pollutant traps, pollution control ponds and wetlands, and
detention basins. viz: predominantly 'structural' measures based management.

I
I
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The application of BMPs was largely based on a prescriptive list of measures and
sizing criteria, set down in local government, state & national guidelines, and
integrated into land development (planning) approval processes. There was little
information provided guiding the selection of appropriate measures, treatment train
arrangements, target pollutants or peak flow or pollutant export reduction targets.

From 1995 onwards, there has been greater emphasis on 'at-source' related
measures, including swale drains and infiltration techniques. The application of
these measures were gUided by publications such as Water Sensitive Urban Design
(WAWA and EPA, 1994) and the Australian Model Code Residential Development
(Commonwealth Dept. of Housing and Regional Development, 1995).

Decision Tools & Guidelines

A range of guidelines have been developed by State and Local Government
agencies, and by research groups. They tend to be largely prescriptive, with limited
information on empirical or process based decision tools guiding the selection of
management measures.

The ANZECC National Draft Guidelines for Urban Stormwater Management
(ANZECC, 1996 and 2001 b) provided broad catchment based guidance on
selection of measure appropriate to critical pollutants and export reduction targets.
The 2001 ANZECC National Stormwater Management Guidelines (ANZEC~,

2001 b) have moved to a more prescriptive basis.

By 1998, the results of research undertaken by the Cooperative Research Centres
for Freshwater Ecology and for Catchment Hydrology, together with other tertiary
research groups, were becoming available. This information led to the publication of
guidelines and the presentation of workshops providing technical information and
quantitative based decision tools guiding the selection, design and sizing of a
number of the management practices and treatment train arrangements.

Guidelines such as the CRCFE Integrated urban land & water management:
Practices & design guidelines (Lawrence, 2001 b) incorporate decision trees guiding
the selection of measures appropriate to local hydrological, suspended solids,
reduction targets & drainage corridor constraint conditions. In addition, the
Guidelines provide guidance on the treatment train design, the analysis
modifications for treatment measures in series or parallel, and detailed criteria and
formulae guiding the design of individual measures (Lawrence, 2000).

12



Table 8: Summary of current BMP application
Management Measures Current Urban Use & Practice

Location Management Practices

Private On-site wastewater
blocks treatment & recycling

II
II

I
II

Public
areas
(streets,
open
space,
urban
waterways
& drains)

Roof rainwater tanks

Sediment traps,
sumps
Vegetated swales

On-site detention
tanks
Extended detention
wetlands & ponds
Infiltration trenches

Groundwater injection
& abstraction bores
Porous pavements

Local wastewater
treatment & recycling

Gross pollutant traps,
booms,
swirl separators
Detention basins

Extended detention
ponds,wetlands

A range of grey water technologies emerging.
Black water treatment limited to larger medium
density developments.
Rapid growth in rainwater tanks, supported by
incentives provided by water supply authorities
Integrated into stormwater sumps

Limited application. Stormwater pipe based
drainage predominates.
Extensive application of engineered OSD tanks
associated with urban re-development
Generally limited to larger medium density
developments or corporate blocks.
Limited at this time to sandy soil areas or low
rainfall areas
Limited to larger medium d.ensity development &
corporate blocks
Limited at this time but growth associated with
new porous pavement technologies
Growing strategy, in association with local
irrigation water demands (golf courses, sports
grounds), or dual water supply reticulation
Extensive application, particularly in association
with ponds & wetlands

Wide use in the past - now being integrated into
extended detention ponds &wetlands
Extensive application in association with new
development. Limited retrofitting

...........
..;;

A number of groups are currently developing 'tool kit of model modules', capable of
adaptation to a range of local conditions, and providing more rigorous analysis of
performance of measures.

The CRC for Catchment Hydrology is currently developing a Decision Support
System, linking the development of catchment management strategies with
assessment models and graphical output facilities (Wong, 2000).

Limited to sandy soils areas or in association
with conjunctive groundwater aquifer water
supply schemes
Growing shift from concrete lined drains to
vegetated systems in new development.
Limited retro-fitting in established areas

Infiltration basins

Constructed vegetated
waterways

I
I

I
I
I
I 13
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Integrated Land & Water Based Approaches

There is now emerging an integrated urban land & water management approach
(Lawrence. 2001 b), which integrates Water Sensitive Urban Design practices
(WAWA and EPA, 1994) and Total Urban Water Cycle based Management
practices (Lawrence et aI., 1999) into a holistic landscape based approach to urban
water management. Improved information on options for integrated measures for
reSidents, planners, water managers and consultants is the key to this approach.

Integrated landscape & water management measures considers the urban
catchment as comprising 4 major elements in landscape and function terms;
buildings, blocks & streetscape, urban waterway (branch or main drain) & corridor,
regional waterway & floodplain or foreshore levels.

Buildings level:
• 'water in architecture' features, including water spouts, curtains, ornamental
ponds;
• use of water for house climate control;
• roof rainwater tanks, with in-house & garden irrigation use;
• treatment of grey water & recycling for toilet flushing or irrigation;
• siting of building guided by land & water management capabilities.

Blocks & streetscape (local area runoff & landscape) level:
• erosion & sediment controls, buffer strips, traps;
• automatic watering systems, mulching (water conservation);
• swales, infiltration trenches, porous pavements;
• on-site detention tanks, extended detention ponds & wetlands.

Urban waterway (branch or main drain) & corridor level:
• neighbourhood or district wastewater treatment plants, with recycling of
effluent to blocks or sports grounds & golf courses;
• infiltration basins, wells & bores;
• conjunctive surface & groundwater (bore water supply) systems;
• sediment traps, screens, booms;
• detention basins, extend.ed detention ponds or wetlands;
• maintenance of natural creeks or constructed vegetated waterways;
• constructed lakes providing landscape, recreation, conservation, water supply
& drainage functions.

Regional waterway level:
• stabilised banks, protection of riparian vegetation;
• protection of foreshores & floodplain zones (f.~ncing, stabilisation);
• inlet sedimentation forebays; ...1'

• designation & protection of conservation zones/habitats;
• setbacks of land use from waterway edge.

At the residential block and local waterways levels, there has been growth in
measures designed to secure more efficient water use and conservation on the

14



II

I

block. There are also a number of projects involving the removal of in-ground pipes,
restoration of habitat of urban waterways, attenuation of peak flows and reduction in
pollutant loads.

There has been rapid growth in centres such as Canberra in the aBstraction of
storm water for second class water supply applications across urban areas.
Advances in wastewater treatment technology have reached the point where
wastewater may be treated on a district basis, with discharge of treated effluent to
the second class water supply reticulation, or to stormwater drains (waterways) for
environmental flow provision or abstraction for second class water supply
downstream. Examples include Golden Grove in Adelaide, Homebush Bay (Sydney
Olympic site) and Rouse Hill in the Sydney area, and Canberra's integrated urban
water management & second class water supply schemes.

ADMINISTRATIVE & LEGISLATIVE FRAMEWORK

Stormwater drainage has been traditionally the responsibility of local government
authorities, along with roads, and in the case of non-metrqpolitan areas, water
supply and sewerage services. In the case of some of the major metropolitan areas,
the main drains are the responsibility of state government agencies.

A number of local government areas have taken the lead in promoting more
integrated urban stormwater drainage, and in particular, the incorporation .of
pollution control measures. This is particularly apparent in the case of urban areas
draining to coastal estuaries, where the impact of urban drainage and wastewater
discharges is more visible.

Controls in this case are administered under state planning & development and local
government related legislation. Councils have, in many cases, developed
stormwater management guidelines and design standards, as the basis of planning
development approval. The guidelines incorporate prescriptive requirements in
respect to pollution control and flow attenuation measures.

More recently, Commonwealth, State & Local Government planning agencies have
collaborated in the incorporation of pollution control measures and water sensitive
urban design principles into the Australian Model Code Residential Development
(Commonwealth Dept. of Housing & Regional Development, 1995) as a basis for
providing some uniformity in approach nationally.

State governments have drawn on Water Resources and Environmental Protection
legislation, as the basis for requiring the development of catchment management
plans which address the provision of stormwater pollution control related to
protecting the environmental and use values of downstream waters. In some cases,
this is addressed on an information (guidelines) provision basis, in some cases
through administrative procedures under the Acts', and in other cases, through the
creation of Catchment Boards with specific responsibility for assessment of
conditions and the development of Catchment Management Plans.

As part of the wider program of water, ARMCANZ & ANZECC have published
national stormwater management guidelines (ANZECC, 1996 and 2001 b). The
Guidelines seek to promote nationally consistent approaches for managing urban
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stonnwater in an ecologically sustainable manner, and to integrate stormwater
management plans and management with the catchment management plan
framework and national water quality and monitoring guidelines.

URBAN WATER MANAGEMENT FUTURES

Industry in Transition

The last 20 years has seen a .significant shift in stormwater management, from
primary focus on flood management and removal of runoff from urban areas, to one
of valuing stormwater and its drainage corridors as a valuable resource. This
progression has been accompanied by remarkable innovation in the development of
management measures and decision tools, delivering significant social, economic
and environmental benefits.

The scale and rate of change appear to be increasing rather than diminishing, with
the very under-pinning of much of the professional practice that has served urban
communities so well for so long, now coming into question. This poses significant
challenges to professional groups. .

Shift to Integrated Urban Land and Water Management.

Community concerns regarding environmental degradation and the desire ~or

sustainable urban water management are leading to the integration of urban land
and water management. This includes the application of total urban water cycle
based management, water sensitive urban design, and conjunctive aquifer
management and protection. Integration of land and water management
acknowledges that water supply and wastewater management is inextricably linked
with on-site wastewater, surface and groundwater management.

Integration of urban land and water management offers substantial economic, social
and environmental benefits to the community, such that expectations are being
placed on water authorities to partner the community in implementing these
approaches. The water industry needs to develop and implement strategies for
achieving this integration, and to develop a range of new tools necessary for its
effective implementation.

Replacement of Aging Infrastructure

Much of the urban water related infrastructure is reaching the end of its economic
life and replacement with similar infrastructure would result in water authorities and
communities being confronted with significant economic and social disruption.
However, replacement of this ageing infrastructure offers a window of opportunity to
implement new infrastructure arrangements that yield substantial economic, social
and environmental benefits to the community. For example, it offers great
opportunities for introduction of total urban water cycle based management.

Understanding and Managing In-Stream Bio-Geochemical Processes

Recent research has demonstrated the important role of in-stream processes in
determining water quality and ecological health. These processes are occurring in
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the sediments as well as in the water column. Bacteria and other biota often
mediate these water quality changes and are fuelled by organic carbon. Models
being developed from this research give new insights into the causes and controls
of water quality and ecology and therefore have significant implications for
catchment management strategies, licence setting and wastewater treatment. For
example, the importance of managing organic carbon inputs as an important driver
of algal blooms is now better appreciated.

This improved system understanding also paves the way for improved links between
management practice and environmental outcomes, guiding licence setting in
determining outcome-based standards.

Assessment of Outcomes of Water Management Initiatives

Assessment of environmental outcomes of water resource management is an
increasingly important issue as the implementation of a range of water' quality and
river health protection initiatives involve substantial public cost. The community will
increasingly demand that water resources be being managed_ sustainably. This will
pressure scientists and water authorities to demonstrate effectiveness of
management initiatives in relation to the cost of meeting environmental objectives.

There will be continued pressure to improVe our ability to quantify environmental
outcomes, and improved monitoring and reporting of outcomes. Research will ~e

required to further understand ecosystem process and develop defendable
indicators and monitoring programs.

Stronger Government, Industry & Community Partnership Arrangements

The adoption nationally of the catchment management strategy framework has
provided an effective framework for partnership of stakeholders in identifying
desired futures and resource allocation.

At the urban level, communities are demanding a greater role in decisions affecting
urban sustainability, in the recovery of urban waterway values and in the
implementation of more sustainable resource use on residential blocks. The issues
of competing and conflicting values, and the impact of many of the management
measures on life styles and urban forms and choices, requires community
ownership of the strategies and measures if they are to be accepted and effectively
implemented and sustained. Only through processes enhancing open
communication, sharing of knowledge and development of trust, can the ideas and
capacity for change be harnessed.
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ABSTRACT

Best Management Practices (BMPs) for control of stormwater runoff include
structural elements (structural BMPs) that can be applied on the local scale (e.g.
infiltration), the drainage catchment scale (e.g. ponds and treatment, or wetlands)
and the receiving water scale (e.g. retrofitting of river reaches), and non-structural
BMPs, such as controls of chemicals or building materials, and street sweeping.
The available knowledge of stormwater BMPs performance in pollution control is
inconsistent and the effect of various BMPs on receiving water quality is either
poorly understood, or not known. A review of recent experiences with selected
stormwater BMPs in Denmark and Sweden is presented and discussed with respect
to the current issues related to legislation and the forces driving future development
in stormwater management.

INTRODUCTION

The development of alternative stormwater management practices that are more
sustainable than the traditional ones have come into focus in the Scandinavian
countries during the 1990s. Attention has been paid to mitigating the effects of wet
weather discharges from separate storm s8y..Jers and combined sewer overflows
(CSOs), because these effects are considered critical, after controlling wastewater
treatment plant effluents to acceptable levels. Towards this end, cost efficient
methods that make stormwater "visible" are promoted. Concerns are also paid to
treatment facilities operating on different spatial scales, and to operation and
maintenance practices.



This paper presents some recent experience from Denmark and Sweden related to
the use of stormwater 'best management practices' (BMPs). First, the structure of
the existing drainage systems in the two countries is explained and some future
development scenarios are outlined. Hereafter, experience from selected recent
case studies is presented and finally, the findings and other issues of current
interest in Denmark and Sweden are discussed.

STRUCTURE OF URBAN RUNOFF SYSTEMS IN SWEDEN AND DENMARK

Existing Sewer Systems

The concept of drainage systems serving urban settlements was conceived in
Sweden and Denmark around 1850, when cholera epidemics raged in European
cities. Many old town centers are still today served by combined sewer systems
(Figure 1, top left), but most urban areas built during the 1950-70s building boom
and hereafter are served by separate sewer systems (Figure 1, top right). The idea
of separate sewer systems was adopted earlier in Sweden than in Denmark, and
separation of old combined systems has been systematically carried through in
Sweden for many years. This is the reason why today, the fraction of urban areas in
Sweden that are still served by combined sewers is only 15% (based on the pipe
length), compared with 50% in Denmark.

Conventional combined and separate sewer systems

Catchment Catchment
- wastewater

. - . .. Stormwater

Future urban drainage systems

Figure 1: Structure of existing and future urban drainage systems
(S - storage and balancing of stormwater flows, T - treatment)
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In Denmark, combined and separate systems often co-exist within the same urban
areas, and separate sanitary and storm sewer systems are sometimes connected to
existing combined sewers situated downstream from new developments. However,
in most cases, stormwater runoff is intentionally discharged without treatment into
receiving waters. In both combined and separate systems, sewage treatment plants
have been constructed to treat the wastewater since the 1960s and upgraded to
comply with the present discharge limits during the 1980s-90s. However, CSO and
stormwater outfalls still remain, and they have become more visible and received
more attention in Denmark and Sweden at present, after the wastewater pollution
discharges have been significantly reduced.

Future Sewer Systems

Figure 1 (bottom right) illustrates how the separate sewer systems may evolve.
Importantly, all stormwater discharges will undergo some kind of equalization and
treatment using a storage facility (e.g., a tank, pond or wetland) in combination with
a treatment process for polishing the effluent. In some cases, storage and treatment
will be combined in vegetated wetlands that may also function as pUblic amenities.
Roof runoff will preferably be infiltrated locally, leaving the stormwater sewers to
take care of only the heavily polluted runoff from roads and industrial areas.

For combined systems, a similar development can be foreseen (Figure 1, bottom
left). Many CSO structures will be closed down and the remaining ones will be fitted
with large storage facilities and various treatment devices to prevent gross
pollutants and other constituents from impacting on the receiving waters. Roof
runoff will be infiltrated locally, but since flooding of basements and traffic routes is
unacceptable, excess quantities of stormwater must be allowed to escape to the
combined sewers. Runoff from transportation corridors will be partly infiltrated and
partly discharged to the combined sewers after equalization; however, local
treatment or street sweeping will be mandatory to reduce traffic related pollutants
from entering into the combined sewers and ending up in sewage sludge.

Undoubtedly, future sewer systems will be more complex than the conventional
ones, as structural BMPs for control of stormwater runoff will be applied on the local
scale (e.g. infiltration), the drainage catchment scale (e.g. ponds and treatment),
and the receiving water scale (e.g. retrofitting river reaches), and as pollution
control needs will also be met by non-structural BMPs, such as control of chemicals
and building materials, and street sweeping.

RECENT EXPERIENCE WITH BMPs IN DENMARK AND SWEDEN

Characteristics of Stormwater Runoff

With respect to stormwater quality, recent studies focused mostly on selected key
constituents, such as total suspended solids (TSS), chloride (from road salting),
biodegradable organic matter (BOD/COD), E-coli, heavy metals and polycyclic
aromatic hydrocarbons (PAH). Bio-cumulative compounds have received the most
attention, because they end up in environmental compartments causing direct
exposure to humans (i.e. sediments). Pesticides and other organic chemicals used
in the urban environment and the materials released by abrasion or corrosion of
urban surfaces have only recently come into focus.
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The 'traditional' list of key substances is however not exhaustive. The society
produces thousands of new chemicals every year, and most of them will find their
way into stormwater runoff and eventually be detected as the analytical detection
limits are continually improved. The international literature reports on an increasing
number of investigations that focus on chemicals in stormwater runoff, and
hundreds of individual constituents have already been identified according to the
literature. As an alternative approach, some investigators recently studied the
ecotoxicity of stormwater as a supplement to identifying and quantifying individual
compounds.

In both Denmark and Sweden, several investigations during the 1980-90s studied
the chemical composition of stormwater runoff from transportation corridors, mostly
focusing on selected heavy metals (Cd, Pb, Cu, Zn) and PAHs. Currently, national
surveillance programs require that wet weather discharges from combined systems
are quantified annually, either by measurements or calculations. In Denmark,
discharges from separate systems are also included in the surveillance program,
and several monitoring stations have been set up to improve the basis for
estimating pollutant loads from ungaged locations. In addition to N, P and COD that
have been monitored for many years (Arnbjerg-Nielsen et aI., 1999), more than 60
individual 'environmental contaminants' are included in the new monitoring program,
and ecotoxicity is studied as well. The results have not been reported as yet, but
this initiative illustrates the present focus on 'new' chemical pollutants and
ecotoxicity. In a similar manner, measurements will be set up for small experimental
plots in the near future to improve the knowledge of the chemical and
microbiological composition of various types of stormwater runoff.

BMPs in Separate Stormwater Systems

Wash Water from Road Tunnels

Road tunnels are becoming common in Swedish cities and serve to improve the
flow of traffic and save space. The tunnels are washed regularly, depending on the
traffic intensity. The wash water contains many traffic byproducts originating from
vehicles and roads, and the detergents used. Modern tunnels are usually equipped
with a settling tank or a basin for this water. After settling the water is either
discharged to a watercourse or brought to a wastewater treatment plant (WWTP).

Four Stockholm tunnels were investigated from 1992 to 1995 (Bennerstedt, 2001).
Their total length was 2.9 km and corresponded to 5.8 km of road surface. The
tunnels were washed between two and nine times per year. Grab samples of the
wash water were collected in gutters and compared to settling tank effluents and to
stormwater from one of the roads with a traffic load of 60,000 vehicles per day. The
values given in Table 1 are averages for the four tunnels.

It was concluded that settling was effective but the wash water still contained
pollutant concentrations which were 2-4 times higher than those in runoff from
adjacent roads. The traffic volume and the tunnel length seemed to have a little
effect on the pollutant concentrations. Laboratory experiments showed that it is
possible to further reduce the concentrations by more effective sedimentation.
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Table 1: Average pollutant concentrations in wash water from four tunnels and in
stormwater runoff from a nearby road (Bennerstedt, 2001)

Parameter Wash Water from Tunnels
In the gutter After settling

II

Suspended solids
Total P (mg/l)
Total N (mg/l)
Cd (j.Jg/l)
Cu (j.Jg/l)
Pb (j.Jg/l)
Zn (j.Jg/l)
Total Oil (mg/I)
Total PAH (j.Jg/l)

Oil Separators

(mg/I) 5000 1000
2.8 1
17 8
10 1

1800 200
1500 100
9000 900
100 15
60 5-10

Road runoff

248
0.4
2.3
0.5
99
61

399
4.2
12 ?

I
I
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I
I
I
I
I
I
I
I

Oil separators are often used to improve the quality of stormwater from industrial
areas, and sometimes from transportation areas in cities as well. Different types of
oil separators are used, which most often employ sedimentation, flotation or
filtration.

A lamella separator was installed in the Blommensberg area in central Stockholm
1995, treating stormwater from the "Essingeleden" road with a traffic density of
about 120,000 vehicles/day. Flow-proportional samples were collected from
incoming and outgoing flows during 32 rain events (Ekvall, 1998). The average
results showed that out of 900 kg of suspended solids entering the separator,
approximately 160 kg were retained, which corresponded to a 17% removal. The
reduction of the oil load was 11 %. This value is uncertain because of low
concentrations in incoming water. The removals of heavy metals varied between 9
and 14%. The relatively low removal efficiencies were caused by short detention
times in the separator (about 8 minutes). The need to use a by-pass or a detention
tank upstream the separator was stressed.

Open Ponds

Open ponds are generally used in both Denmark and Sweden to reduce peak flows
and retain pollution from separate systems (particularly from highways), but there is
generally insufficient knowledge of the performance of such ponds. At Chalmers
University of Technology two ponds were investigated in more depth recently: the
Jarnbrott pond in Goteborg and the Krubban pond in Orebro (Pettersson et aI.,
1999). Both ponds were equipped with automatic flow-proportional samplers and
investigated for about two years. Some results are presented in Table 2.

It was concluded that ponds can effectively control pollution and that their pollutant
removal efficiency increases with the specific storage of the pond up to about 250
m3/impervious ha (equivalent to a depth Of 2.5 mm). It was also concluded that
pond sediments were severely polluted and should be disposed in a proper way.
Thus stormwater ponds should be regarded as treatment facilities and not as
habitat for wildlife. It was also concluded that the heavy metal concentrations in the
outflow were critically high compared to Swedish guidelines for lakes and streams
(German, 2001). A literature study serving to identify future stormwater treatment
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systems for a part of Copenhagen to be redeveloped arrived at a similar conclusion
(Ml2lller, 2001).

84
82
75
82
50
33
74

The Krubban PondThe Jarnbrott Pond
Pond System *

ISS (mg/l) 70 42
Zinc (l1g/l ) 30 24
Copper (119/1 ) 30 24
Lead (119/1 ) 48 30
Cadmium (l1g/l ) 11 12
Nitrogen (mg/l) 7 8
Phosphorus (119/1 ) 40 27

Table 2: Removal efficiencies of two Swedish stormwater ponds
(Pettersson et aI., 1999)

Pollutant

* Removal efficiency considering the by-pass upstream of the pond.

Constructed Filter Systems

It seems that post-treatment of effluent from stormwater ponds or wetlands is
needed in some cases to achieve the limit values set for receiving waters. Farm
(2001) studied the removal of heavy metals in laboratory-scale filters. Column
experiments were carried out with three different filter media; a calcium silicate rock,
zeolite and peat. Different metal solutions were used to simulate the runoff
composition. The results showed high removal efficiency for low flow rates,
however, as the flow rate increased, the removal efficiency decreased. With regard
to the removal efficiency and clogging, the calcium silicate rock and zeolite were the
best materials. The removal capacity varied between 0.6 kg/m3 to 1.8 kg/m3

depending on metals, filter substrates, and the volume of the filtered metal solution.
Similar laboratory experiments using iron oxide coated sand as filter media are
currently conducted in Denmark (Ml2lller, 2001).

Filter systems have been tested in-situ in Sweden in a stormwater management
system that was constructed at Vallby, Vasteras in 1998. The system consists of a
detention pond, the filter system and a constructed wetland (Farm and Renman,
1999). The drainage area includes a 4.3 ha highway area with the daily mean traffic
density of 20,000 vehicles/day. The results from the filter system showed that the
calcium silicate rock clogged during the winter, and that water could not pass
through the filter surfaces. The clogging was probably caused by cementation of the
material.

Vegetated Wetland Systems

Vegetated systems are sometimes used for equalization and treatment of
stormwater discharges, partly because of low costs and partly because the public
generally likes 'green' solutions that can bl:;). incorporated into a natural landscape
and also serve as public amenity areas. So far, most experience with such solutions
was gained in Sweden.

A stormwater system consisting of an oil separator, sedimentation basins, a
grassed filter strip and ponds was constructed in Flemmingsberg/Huddinge during
1994-95 (Lannergren, 1998). The catchment area is 9.6 km2 and the detention time
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is about six days. Despite some problems with the sampling program that took
place during 1995-98, the results showed that lead and zinc concentrations were
reduced by this system, while copper, mercury, chromium, suspended solids, COD,
and TOe concentrations increased. BOD remained constant. Initially, Jhere was a
chemical treatment facility at the inlet, but it is no longer in use since it has not
worked as expected. Interestingly enough, the wetland had a positive effect on the
wildlife. In and around the wetland, 10 to 12 different bird species and a variety of
fish have been observed.

Another stormwater system in Lake Magelungen, located between Huddinge and
Stockholm, was installed in 1992 (Rosen, 1996a,b). The catchment area (81.5 ha in
total) consists of: the Farsta town center, roads, and a sport arena. The system
includes a 1,000 m2 grassed filter strip and a 10,000 m3 basin formed by the
embankments built in the lake Magelungen. Sampling was carried out during 1993
95 to study the removal of phosphorus and nitrogen. The discharge of P from the
grassed filter strip varied, depending on the season, and ranged from P washout
(during the summer) to a removal of 70-80%. Also, the removal of nitrogen varied
greatly, with the lowest reduction observed during the summer. Furthermore, the
dissolved fraction loads were reduced less than the particulate-bound loads. Both
conductivity and metal concentrations increased along the strip surface. It was
concluded that the pollutants did not stay on the surface, but were washed out, and
the grassed filter strip was therefore taken out of operation. These problems could
be explained by difficulties to spread the incoming stormwater evenly over tbe
surface - the water followed its own paths and eroded channels in the surface. The
results for the pond showed that the main pollutant removal was achieved by
sedimentation (Rosen, 1996a), Le., mostly for TSS, P and metals. The results also
showed that denitrification occurred in the sedimentation basin.

BMPs in Combined Sewer Systems

Overflow-Regulating Modules

A newly developed system for a combined reduction of water volume and pollution
load from esos has recently been installed in HQlrsholm (Lupan et aI., 2000). The
system consists of a large-diameter pipe section in the drainage system. The inflow
is kept constant by a weir, thus allowing for a relatively quiescent flow though the
pipe section and enhancing sedimentation. The outflow is separated into two parts;
the deep flow (underflow) containing most solids is conveyed to the treatment plant
and the cleaner surface flow is discharged to a nearby stream, which is intensively
monitored. The volume of the pipe' section is so large that by itself it significantly
reduces the annual volume of overflow. However, experience shows that this
system is 30-40% cheaper than traditional concrete tanks achieving a comparable
reduction of eso pollution discharges.

The benefits of this system are significant'/;'achieving a pollution load reduction of
about 90%, although the reduction of the annual overflow volume is only 65%.
These values are estimated partly from measurements and partly from calculations.
Further improvements are expected in the future by continuously regulating the flow
returned to the treatment plant, using the information about the state of the plant
operation. These conclusions suggest that the efficiency of detention ponds in
separate stormwater systems may be improved by enhancing settling conditions.

7



For ponds in existing urban areas, the efficiency may possibly be further improved
by transporting settled sludge to the treatment plant via sanitary sewers.

Compact Physical-Chemical Treatment

Efficient pollution control for transient events can be obtained by physical-chemical
treatment. The Actiflo® treatment plant (Figure 3) was originally developed for
drinking water treatment, but its testing showed high treatment efficiency for CSOs
(SS: 80-98%, COD: 65-90%, N: 20-50%, P: 70-95%; ct. Plum et aI., 1998). The
effluent concentrations do not exceed 0.05 mgtl total P even during variable load
conditions. This high efficiency is due to the injection of micro-sand and coagulants
that enhance sedimentation in a lamella-settler. In this manner, a very compact and
efficient treatment system can be designed.

The first Actiflo® Danish plant is located at a small lake in Copenhagen that
receives water from a brook heavily impacted by CSOs during wet weather. The
plant treats the CSO-impacted stream runoff during wet weather and is switched to
treat the lake water (especially for P) during dry weather. The treated water from
this lake is the main source of water used in renewal of the lakes in the center of
Copenhagen. It is expected that the treatment of CSOs and stormwater discharges
by this process will become popular in the future, because the treatment plant is
very compact, can start up quickly and has a high removal efficiency compared with
most other techniques serving for treatment of transient discharges.

Combined Detention Basins and Wetland Systems

Detention CSO basins have generally been constructed in such a way that, once
full, the overflow is discharged directly into the receiving water. The basin volumes
depend on the type and size of the receiving water, but these basins are often fairly
large and costly. In Herning, Denmark, constructed wetlands are used in
combination with conventional CSO detention basins to reduce costs. The basins
were built to store an equivalent of 2-4 mm of rain. When the basin is full, the
overflow is discharged into a more natural, large, wet pond, with a storage of 25 mm
of rainfall or more, that also receives discharges from separate stormwater
systems. From here excess water is discharged slowly into the stream, with some
delay. In this way the stream is protected against erosion which would be caused by
peak flows. The overflow is less polluted because of sedimentation and degradation
in the pond, and the central treatment plant is protected against the large water
volumes generated by emptying basins. Furthermore, this system is much cheaper
than normal concrete tanks with the same volume. A monitoring system (measuring
dissolved oxygen and flow) in the river has shown that the receiving water in the
stream can handle the limited load from this system. There are only very few
measurements available at the inlets and outlets of these ponds, but the available
data show a 40-70% reduction of concentrations of COD and nutrients, and the
concentrations in pond effluents are often lower than those in effluents from
wastewater treatment plants.
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Figure 2: The Actiflo® compact physical-chemical treatment plant

Source Control BMPs

Stormwater harvesting and infiltration

Stormwater infiltration is a common practice in residential areas in both Denmark
and Sweden, using e.g. permeable surfaces, swales and infiltration trenches.
Recent findings in Denmark show that infiltration in existing urban areas with
combined sewer systems is much more efficient for esa abatement than
conventional detention ponds (Mikkelsen et aI., 1996), and stormwater infiltration
has now been proven as a realistic option even in central urban areas (Warnaars et
aI., 1999). However, difficulties still remain in cases where the soil permeability is
too low and where there is a risk of contamination of sensitive groundwater
aquifers. The harvesting of stormwater and its use for toilet flushing has received a
lot of attention during the past years in Denmark, but it appears to be expensive
compared to conventional water supply and the resource savings are only marginal
(Mikkelsen et aI., 1999). In spite of these facts, however, the public increasingly
sees the stormwater harvesting for subpotable water supply in households and
industry as a 'sustainable' solution.

Snow management

In cold regions, great demands are rv~de on municipalities and their engineers
regarding snow handling. Snow handiing, such as plowing and removal, is
necessary in order to maintain safe road conditions, but it is expensive and has
detrimental effects on the environment. Depending on the snow handling strategy,
snow may be transported to a local or central snow dump, or be dumped on land or
in a water body. This way, the snow and the associated substances will be
relocated. Thus, the impact of snow handling on the environment will vary.
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Optimal snow handling takes into account the whole process, allowing
implementation of the best practice possible with the lowest environmental impact
and the most reasonable costs. A snow handling strategy that takes into account
environmental concerns has been suggested by Malmqvist (1985) and NV (1990).
According to this strategy, cities and towns should be divided into different areas on
the basis of the quality of snow in each area. Since the snow quality varies with
location and time, the city should be divided into white, gray and black zones, where
the white zones represent areas with clean snow during the whole winter, the black
zones represent the areas with dirty snow throughout the whole winter and the gray
zones represent the areas in which snow is clean in the beginning of the winter but
becomes dirty at the end. These divisions must be worked out for each city
individually since local conditions vary. Snow that is more polluted should be
transported to a snow dump which is appropriately located, designed and operated
to minimize the negative environmental effects. Conversely, clean snow may be
dumped where stormwater discharges are allowed. If this snow handling strategy is
followed, the dirty snow dumps will experience a significant reduction in the volume
of dumped snow, but also a higher content of pollutants, compared to the current
practices.

Street sweeping

In order to evaluate street sweeping as a pollution control measure, street sweeping
experiments were performed in Jonkoping, Sweden (German, 2001). The t~st

period lasted six weeks; during the first three weeks the street was swept once a
week and in the following three weeks every workday. Table 3 shows the content of
heavy metals in the removed sediments. Generally, an increasing frequency of
sweeping increased the amount of removed sediment. However, the increased
amount of collected sediment was not proportional to the increase in sweeping
effort. It was concluded that street sweeping with modern sweeping equipment can
be an effective pollutant control measure.

Catch Basin Filters

Catch basins are common elements of conventional drainage systems and serve to
trap solids before they enter the sewer systems. However, the trapped sediments
are typically not removed at the required frequency and the catch basins generally
do not remove finer particles that carry a major pollutant load. In Sweden, some
new types of catch basin filters are now marketed and some of them have been
investigated in test installations (Stockholm Water, 2001). The first results indicate
that the actual capacity of these filters is smaller that the advertised one. A recently
held technology contest in Stockholm brought forward some improved types of
filters; two of them will be tested in field installations.

Table 3: Removed sediments and heavy metals in sediment (D<0.25 mm)
during the test period (German, 2001) .y

Sweeping All Sediments Cr Ni Cu Zn Pb
period (kg) < 0.25 mm (kg) (g) (g) (g) (g) (g)

1 37.9 6.3 0.4 0.1 1.5 1.2 0.2
2 46.6 10 0.5 0.2 2.5 2.5 0.4

1+2 84.5 16.3 0.9 0.3 4 3.7 0.6
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Advantages of catch basin filters are that they are flexible and can be retrofitted to
existing drainage systems. In particular, they are effective for capturing particles
and particle-bound substances and, some types may capture oil as well. They are
also useful in critical situations. Disadvantages of catch basin filters are high costs,
with respect to the initial purchase, operation and the cost of disposal (high pollutant
contents). There is also a risk of flooding when the filters freeze or become clogged.

DISCUSSION

Stormwater BMP Design and Performance

The examples above illustrate that generally, there is a lack of knowledge of what
can be achieved with various structural BMPs, and that non-structural BMPs are still
not applied widely in practice. Treatment efficiencies for structural BMPs are known
only for few pollutants and, in some cases, are questionable. Part of the reason
being that structural BMP design often neglects the inherent transient nature of
extreme stormwater flows; it is almost impossible to treat such flows and thus it may
be necessary to by-pass the treatment system for such flows. Examples of BMPs
without bypasses are some oil separators and ponds in which the retained matter is
flushed out during heavy rainstorms. There are a few examples where structural
BMPs have been built in a modular way, allowing different treatment steps .to
operate in sequence (e.g. post-treatment of pond effluent). There are also examples
of integrated systems combining e.g. storage and settling with filtration and plant
uptake in vegetated systems. However, authorities seem to loose interest in
monitoring programs after investments have been made, thus terminating the
measurements before the results of scientific value have been obtained. This
makes the results difficult to generalize, and cause-effect relationships that would
allow the design of BMPs on the basis of a desired pollution removal do not exist.
The only cases where high removal efficiencies have been obtained are combined
systems, in which compact physical-chemical treatment plants show promising
results. If high d~mands are imposed on stormwater discharges in the future, the
same kind of treatment systems may be necessary.

Most engineering projects in Denmark serve to reduce the discharges of
conventional pollutants, such as N, P and COD, but in Sweden some attention has
been also given to heavy metals and polycyclic aromatic hydrocarbons. There is
some evidence that pollutant concentrations can build up in pond and wetland
sediments and biota to critically high levels, and this actually presents a dilemma.
On one hand, structural BMPs such as ponds and wetlands are considered public
amenities that are integrated actively into modern town planning, but on the other
hand, this may lead to contaminated sites developing in and around urban
settlements and to concentrations of hazardous compounds increasing in both flora
and fauna. The same phenomenon d'ccurs in stormwater infiltration; pollutants can
build up to critically high concentration levels within a few decades, leaving soils
unsuitable for vegetable gardening (Mikkelsen et aI., 1996). So far, health hazard
due to the presence of pathogenic bacteria, viruses and parasites in stormwater
runoff has not received much attention, but both theoretical and experimental
investigations are under way.
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A technology competition was held in Stockholm in 2000 to stimulate innovative
development of urban stormwater BMPs. A pre-study was carried out, comprising
11 main technologies and some of their variants. The advantages and drawbacks of
each of them were noted. The competition was well pUblicized, and the competitors
received detailed instructions to conduct a pre-study of these BMPs. The
requirements on proposed BMP systems included: High efficiency (cost/benefit),
reasonable life cycle cost, small space requirements, flexibility, robustness, and low
operation and maintenance requirements.

Fifteen proposals were received and examined by a jury. The requirements of the
competition seemed difficult to meet, and the degree of innovation was fairly low.
Two proposals received awards. One was a detention basin with subsequent filters
in a series and a parallel use of several filter materials allowing for the reduction of
different types of pollutants, and for easy operation and maintenance. The life-cycle
cost was estimated to be reasonably low. The second awarded proposal was a
drainage swale, combining well-known technologies in an effective and cost-saving
manner. These two BMPs will be constructed in a full scale in Stockholm and
possibly in two other Swedish cities as well, and investigated with respect to their
performance. -

BMP Design for Impact Mitigation?

Although some theoretical assessments have been made, so far, there are flo
experimental studies that characterize changes of receiving water quality caused
solely by stormwater BMPs. The main problem is that the receiving water quality is
affected by many other impacts than 'just' stormwater discharges. For example,
recent findings stress that the primary factor determining the ecological quality of
urban streams is the physical structure of the streams themselves. Thus, impact
mitigation needs to be addressed differently by following a stepwise, or empirical
iterative, approach (e.g. Harremoes, 2001), in which small steps are taken and
followed up by adequate monitoring programs before further action is taken.

Regulatory Issues

In both Denmark and Sweden, discharges from wastewater treatment plants are
strongly regulated, but apart from recreational water quality criteria, there are very
few regulations related to wet weather discharges. The local environmental
authority can, however, promulgate its own regulations. In most cases, these focus
on aesthetic effects, physical impacts such as peak flows causing erosion of river
beds. In some cases, dissolved oxygen depletion and pollution by individual
compounds, such as heavy metals or hydrocarbons, were also included.

The European Union adopted the Water Framework Directive (EU WFD) in
December 2000. Member states must implement the directive in their national laws
by 2003, but there is a 6-year interim period until environmental standards and
monitoring programs etc. will be finalized, and a 15-year time frame to achieve the
receiving water quality objectives. The directive is a complex and ambiguous legal
document that does not mention stormwater in any detail and has not yet been
explored at national levels. Thus, implementation of this directive is a good
opportunity for professionals in the stormwater field to influence future regulations of
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wet-weather discharges. A short preliminary discussion of the possible future EU
regulations related to stormwater BMPs follows.

The basic legal entities of the EU WFD are river basin districts, which will be in
charge of preparing river basin management plans that set the objectives for
receiving water quality. Importantly, the receiving water quality objectives will be
defined in ecological terms. Thus, the goal is to achieve a 'good ecological status' 
not a particular discharge frequency or pollutant concentration. The measures to
achieve these objectives can be formulated in the so-called 'combined approach':

1. Discharges must be regulated so that the ecological objectives are
achieved.

2. Regulation can be based on
emission limit values (e.g. number of discharges per year, or
concentrations of chemicals in discharges)
environmental quality standards (limiting values focusing on receiving
water quality)
best available technologies
best environmental practices (for diffuse discharges).

In parallel to this, European regulation of hazardous chemicals is expected to
increase in the coming years. This may lead to stricter emission limit values and
environmental quality standards for individual pollutants, compared to the past.
There is a risk that current stormwater BMPs cannot sufficiently reduce
concentrations in effluents, and stormwater professionals will have to develop new
and much more efficient treatment technologies, probably employing more 'high
tech' solutions than currently.

Integrated Stormwater Pollution Management

Integrated management of stormwater and the associated pollutants has so far only
been addressed theoretically in Denmark and Sweden. Mikkelsen et al. (2001)
discussed the possibility of using the principles known from environmental
chemistry and ecotoxicology for risk assessment of chemicals to find ways for a
sustainable management of stormwater pollution. They emphasized that there are
basically only three options for action:

• Contaminants can be controlled at the source, e.g., by controlling the use of
construction materials subject to attrition, corrosion and elution of contaminants,
or by cleaning urban surfaces (non-structural BMPs).

• Contaminants can be immobilized or degraded in structural stormwater BMPs
designed with the specific purpose of pollution reduction.
Contaminants can be discharged in the least harmful manner.

In principle, stormwater and the associated pollution can be discharged to surface
waters and sediments or to urban soils and groundwater, depending on how various
stormwater BMPs are used. Svensson and Malmqvist (2001) showed how models
can help quantify pollutant mass flows, but the basic question 'where to place the
pollutants' has still not been answered, and the management of hazardous
compounds is still not properly integrated into the stormwater management.
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Driving Forces for Future Development

Several pressures drive the development of the future, more complex sewer
systems with an extensive use of stormwater BMPs. Traditionally, the stakeholders
include policy makers and legislators, as well as planners, engineers and other
technocrats. Although the legislation is commonly implemented at the institutional
level by regional, national or provincial organizations, practical projects are carried
out at the local level and the municipal staff and their consultants thus have a major
influence on such decisions. Local citizens and Agenda 21 groups, however, also
influence decisions as people become aware of the aesthetic and ethical values of
water and increasingly promote the visibility of water, particularly of the rainwater,
as adding to the quality of life in an around urban settlements. The idea of water as
a "vehicle" of urban planning goes well in hand with modern ideas of urban ecology.

Management of sludge quality will also be of major concern, and local treatment,
regulation of building materials, street sweeping etc. may thus be "enforced to
prevent harmful substances from entering combined sewer systems. This
philosophy goes well in hand with cleaner technology policies already adopted for
industrial wastewater discharges. On top of this come institutional requirements,
Le., the regulations imposed by local, regional, national or European laws to
improve environmental quality.

CONCLUSIONS

Many structural and non-structural BMPs have been tested in Denmark and
Sweden during the last decade; some of them on a large scale, others on an
experimental scale. Experiences gained are not consistent, and the actual effects of
BMPs on the receiving water quality are either not understood well, or not known at
all. From a rational point of view, no further large-scale facilities should be
constructed until such effects can be determined. However, there are several other
driving forces that determine the developments in this field. One such a factor is the
development of legal instruments and directives, both at a national level and at a
EU level. Another important factor is the urban planning in many cities, which
currently often includes "blue-green" areas with "visible" stormwater. A third driving
force is the aim for sustainable solutions within the water and wastewater sector,
which also puts demands on the management of stormwater.
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ABSTRACT

Laws and policies dealing with environmental degradation, creation and disposal of
waste products, or consumption of natural resources arising from human activities may
be considered zero-impact policies when specific effects or waste products are banned
outright or limited to detectable minimums. While zero-impact processes are in the
strictest sense precluded by the second law of thermodynamics (entropy), the
aggregate benefits of the intra- and intergenerational transfer of environmental effects
necessitated by zero-impact policies may conceptually be assessed using a
progression of sustainability-based social welfare criteria: efficiency, survivability, and
sustainability. The core concern prompting implementation of de-minims impact
policies relates to the precautionary principle of modern ecological economics.
ordaining that precautionary measures be taken when the potential consequences of
an activity are catastrophic (i.e. may threaten human health or cause irreversible harm
to the environment), even if a direct causal relationship is not scientifically established.
An integrated framework for formulating and evaluating zero-impact policies is
proposed, incorporating sustainability, precautionary, and adaptive management
concepts as a guide to formulating and evaluating zero-impact policies.

INTRODUCTION

Laws and policies dealing with environmental degradation, creation and disposal of
waste products, or consumption of natural resources arising from human activities may
be considered zero-impact policies when specific effects or waste products are banned
outright or limited to detectable minimums. Zero-impact processes are in the strictest
sense precluded by the second (entropy) law of thermodynamics. Stated differently, it
is not so much a matter of zero impact as how (in what form), when (in the present or
the future), and where the impacts must ultimately be dealt with. Economic, environ-
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mental and social impacts of human activities deferred or shifted are known as
externalities. Accordingly, the net economic and environmental effects on current and
future generations andlor on other societies of meeting extremely stringent pollution
reduction or waste-minimization standards imposed in the present may conceptually
be assessed using a progression of sustainability-based social welfare criteria While
more qualitative than quantitative at present, sustainability criteria can nonetheless help
gage the effectiveness, desirability, and relevance of such policies.

At the core of de-minimus policies is the precautionary principle of modern ecological
economics, ordaining that precautionary measures be taken when the potential
consequences of an activity are catastrophic (i.e. threaten human life or health or cause
irreversible harm to the environment), even though a direct causal relationship between
the activity and the consequences may not have been scientifically established. The
precautionary principle may be applied to any environmental or economic policy, de
minimus or otherwise. A prominent example of the precautionary principle being invoked
is the United Nations (1997) Kyoto protocol, proposing proportional reductions in
greenhouse gas emission targets by developed nations to forestall global warming.

A natural extension of the precautionary principle, adaptive management must also
drive the formulation and implementation of de-minims impacts policies. From a purely
physical perspective, environmentalists advise that changes to a natural system should
be small and incremental when the consequences are unknown, uncertain, or
potentially catastrophic or irreversible. Changes should be coupled with real-time
experiments to explore how social and natural systems react before setting a course
of future action.

WELFARE-BASED SUSTAINABILITY CRITERIA

The problem of sustainability in essence is one of insurance-dealing with the question
of how to provide for future well-being given the needs of the present, and given present
as well as foreseeable future ecological and economic needs and constraints.
Sustainable resource-use policies, in Ophuls' (1992) words, balance "present utility
against future regrets." Unlike insurance in the traditional sense, however, the long-term
consequences of present actions may not be entirely predictable, nor are the needs and
preferences of future generations. The social, environmental, and ethical dimensions
of sustainability thus make precise definition and measurement difficult at best.
Nonetheless, the potential for sustainable resource management can be assessed
within an empirical framework that embodies a number of fairly well-established
concepts and perspectives.

Carpenter (1995) enumerates the essential dimensions of sustainable resource-use
policies, as follows:

Environmental - integrated policies and practices focused on ecosystem health

Ethical - concern for intra- and intergenerational equity
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• Economic - environmental and social cost accounting to minimize externalities

Technological - reduction of energy and material throughput, or techno
metabolism, in the economy.

Sustainability may in the broadest sense be defined as the maintenance of social
well-being over time, McMahon and Mrozek (1997). A broad definition is insufficient for
assessing the impacts of specific policies, however, though it does permit an important
logical inference-that the longer social well-being is maintained, the more sustainable
the policy-assuming social well-being or welfare can in some way be measured. A
definition better suited to environmental policy assessment is contained in a recent
ASCE Task Committee report (1998) on sustainable water resource systems.
recognizing the strong interdependence of social welfare and environmental health:

Sustainable water resource systems are those designed and managed to fully
contribute to the objectives of society, now and in the future, while maintaining
their ecological, environmental, and hydrological integrity.

In applying this definition to the assessment of de-minims impact policies, "environmen
tal management systems" may be substituted for "water resource systems." From this
perspective, policy assessment now becomes a problem of measuring sustainability
Loucks (1997) proposes the following criteria, centering on measures of welfare:

Efficiency - maximizes current and discounted future welfare values:

Max ~'y W(k,y)/(1+r)Y

where W(k,y) is welfare resulting from decision k in period y, and r is the
discount rate, which can alternatively be considered to represent the value of
present in comparison to future well-being. Clearly, as r increases, the
contribution of future welfare to the efficiency metric declines.

• Survivability - assures that future welfare will always exceed the minimum level
required for survival:

W(k,y) :.' Wmm

• Sustainability - assures a non-negative change in welfare from the present to
the future:

dW(k,y)/dy , 0

Unfortunately sustainability predicated on continuous welfare improvement over time
may not adequately guide formulation aT policies for coping with entropic degradation
and ecological scarcity, whether accelerated by human activities or not. In certain
instances, adopting this philosophy might even promote behavior better characterized
as self-interested than altruistic, following Hardin's (1968) logic of the commons and
natural aversion to risk, manifested as heightened concern for present as opposed to

I
I
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future well-being. Accordingly, McMahon (2001) has proposed an unbiased sustain
ability metric, as follows:

Max ~'y (W(k,y+1) - W(k,y))
s.t.

W(k,y) Wm1n (survivability)

This sustainability criterion discloses those policies that either maximize cumulative
gains or minimize cumulative losses in welfare to be the most sustainable over time.
Assuming welfare can be measured, these metrics could identify policies or develop
ment paths that are efficient, survivable, or sustainable, separately or in combination.

THE PRECAUTIONARY PRINCIPLE

As an extension of the survivability criterion previously proposed, the precautionary
principle can be applied to ensure that de-minimus policies themselves do not create
greater harm than the harm avoided, in consideration of the following criteria:

• Irreversible, persistent, or pervasive potential harms should be given greater
priority over reversible, temporary or localized harms.

• Threats to human life should take precedence over threats to the environment,
unless the two can reasonably be linked.

• Assuming equal severity, threats of harm having a higher certainty should take
precedence over those that are less certain.

• For threats that are equally certain, more weight should be given to those that
have a greater expected impact.

• More immediate threats should be given priority over threats that could occur
later, unless the potential harms from future threats are more severe,
irreversible or persistent than from the immediate threats.

• Potential"harm may be discounted to the extent technology to adapt is available,
assuming unintended consequences and externalities are taken into consider
ation.

The precautionary principle alone cannot guide implementation of de-minimus policies,
because, by codifying a basis for risk-averse decisions made in the present, it
inherently discounts future welfare-leading to externalities and/or unsustainable
outcomes. Extending the previously-cited example, the precautionary principle has been
used to argue both for and against U.S, adoption of the Kyoto protocol, Goklany (2000),
implying substantially different perspectives on risk and discounting.
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ADAPTIVE MANAGEMENT

The call for adaptive management drives sustainable resource management policies,
and is thus a natural extension of welfare-based sustainability and the precautionary
principle. From a purely physical perspective, environmentalists advise that any
changes to a natural system should be small and incremental when the consequences
are unknown, uncertain, or potentially irreversible. Changes should be coupled with
real-time experiments to explore how social and natural systems react before setting
a course of future action. The logic is simple, McMahon and Farmer (2001):

• There is much we do not know about nature, so before we commit to a massive
change or find ourselves committed to an activity that cannot be sustained,
prudence dictates effecting incremental changes that can be assessed in time
to prevent environmental or economic catastrophe.

• Changes that are made should yield the greatest social benefit for the smallest
environmental assault, or conversely effect the greatest environmental gain at
the least social expense. Intrusion onto nature for trivial economic gains will
sooner or later overstress the environment, just as indeterminate or marginal
environmental improvements achieved at enormous social expense will
ultimately prove intolerable.

UNIFIED FRAMEWORK FOR ASSESSING DE-MINIMS IMPACT POLICIES

Neither welfare-based sustainability, the precautionary principle, nor adaptive
management principles are singly sufficient to assess the need for and efficacy of de
minims impact policies. Together, however, they can provide an integrated framework
for policy assessment. Screening criteria or qualitative measures of performance for
BMP design or mitigation of environmental impacts policies must accommodate all
three perspectives by posing and answering, for example, the following types of
questions:

Is the future environmental gain worth the present economic and environmental
costs of de-minimus policy implementation? (Efficient/sustainable, adaptive)

Do alternative, less stringent policies pose unacceptable risks or threaten
irreversible environmental damage, now or in the future? (Sustainable,
precautionary)

If de-minimus policies are not imposed, will the economic and social costs or
environmental impacts of deferred action be irreversible, inequitably distributed,
or economically intolerable? (Efficient/survivable/sustainable)

Where effects of inaction as well as the de-minimums policies themselves are
uncertain, can the policies be incrementally imposed, reassessed and
modified? (Precautionary, adaptive)

I
I
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• To what extent does achieving policy objectives rely on un-tested or as-yet
nonexistent technologies? (Sustainable, precautionary)

These criteria in some respects resemble benefit-cost accounting principles
traditionally applied in planning. However, they encompass by comparison a much
expanded set of social and temporal concerns, including the following:

• Balancing of economic, environmental and social objectives;

More complete energy and materials accounting;

Intrinsic (non-use) valuation of environmental assets;

• Concern for future as well as present welfare;

• Equitable (intra- and intergenerational) apportionment of economic benefits,
costs, and environmental impacts, and

Valuation and extenuation of risk in policymaking.

In sum, these concerns extend to future generations as well as our own, in recognition
of the inextricable interdependence of the economy, the environment, and social well
being.

CONCLUSIONS

The evaluation of the economic impacts of de-minimus policies is not complete without
an explicit recognition of the life-supporting functions of the environment-whether
valued or not in markets-and their contributions to economic security, now and in the
future. Accordingly, it is not just the present worth of fixed and variable costs of de
minims compliant projects that must be balanced against the immediately-apparent
environmental payback. Rather it is the full scope of economic, environmental, and
social opportunity costs of various actions, including incremental or adaptive
management responses, that must be compared with the continuation or aggravation
of environmental damage due to inaction.

Thus a new framework embodying principles of sustainability, precaution, and adaptive
management is proposed in place of benefit-cost accounting approaches traditionally
applied to assessing the impacts of environmental decisions in general and de-minimus
policies in particular.
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RESEARCH NEEDS TO QUANTIFY THE IMPACTS OF
URBANIZATION ON STREAMS

James P. Heaney, Professor
Department of Civil, Environmental, and Architectural Engineering

University of Colorado
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ABSTRACT

This paper summarizes findings on the impact of urbanization on streams, as it relates to
upstream best management practices. First, streams are defined. Next, recent efforts
to quantify the impacts of urban runoff are described. Lastly, the results of previous
research needs are summarized, and research needs are presented.

INTRODUCTION

The purpose of this paper is to summarize findings on the impact of urbanization on
streams, especially as it relates to the benefits that are attained by using upstream best
management practices. In the first part of this paper, streams are defined. This
definition is important since U.S. streams range in size from small, intermittent, channels
to the Mississippi River. Next, the results of recent efforts to quantify the impacts of
urban runoff are presented. Major sources include the US EPA's biennial national
survey of the health of the nation's receiving waters, the USGS's National Water Quality
Assessment (NAWQA) program, CALTRANS' BMP effectiveness program, and the
general literature. Lastly, the results of previous research needs are summarized, and
research needs are recommended.

STREAMS DEFINED

This paper deals with the water quality-related impacts of urban runoff discharges to
streams. Streams are also called brooks, creeks, rivers, gulches, washes, runs, forks,
etc. (Riley 1998). The word stream will be used to refer to all flowing freshwater
receiving waters. Streams are usually considered to be smaller rivers and smaller rivers
are of primary importance for stormwater quality. The impact of wet-weather flows
depends on the relative size of the stormwater discharge and the receiving stream. At
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one extreme, stormwater runoff from a single outfall in St. Louis that discharges into the
Mississippi River will only cause a very localized impact due to the dominant dilution
provided by the Mississippi River. At the other extreme, the wet-weather flow may be
the only source of flow to a small, intermittent stream in an arid part of the country.
Thus, dilution is a key component of receiving water impact.

Heaney and Huber (1984) classified the primary surface receiving waters for 248
urbanized areas in the United States as part of a national assessment of the impact of
urban runoff on receiving water quality. The results, shown in Table 1, indicate that
streams comprise nearly 85% of the primary receiving waters in urban areas, lakes and
ponds, about 5%, and estuaries and oceans the remaining 10%.

Table 1. Distribution of primary receiving waters for 248 urbanized areas in the United
States (Heaney and Huber 1984).

% of Urban
Category Areas
A. Rivers

1. Creeks and shallow streams (0-100 cfs) 19.8
2. Upstream feeders (100-1,000 cfs) 21.3
3. Intermediate channels (1,000-10,000 cfs) 24.4
4. Main drainage rivers (10,000-100,000 cfs) 15.1
5. Large rivers (>100,000 cfs) 3.9

Sub-total, Rivers 84.5
B. Lakes 5.1
C. Estuaries and Oceans 10.4

Total, A,B, and C 100

The database for this assessment was USGS State Hydrologic Unit maps at a scale of
1:500,000. Thus, only larger streams would appear at this scale. Dilution ratios were
calculated for each of the 248 urbanized areas in the United States. Using this criterion,
the aggregate effect of urban runoff discharges for most cities was very small simply due
to the small size of the urban area relative to the contributing watershed of the major
receiving waters.

A more complete evaluation can be obtained by inventorying all streams in the United
States. Streams are classified by their order with the headwaters streams being
designated as first order (Leopold et al. 1964). The stream ordering process depends on
the scale of the map. The stream order statistics for Watts Branch near Rockville,
Maryland are shown in Table 2. Watts Branch has a total of 46 streams, of which 32 are
order 1, 10 are order 2, 3 are order 3, and 1 is order 4. The first order streams have an
average length of 0.27 miles while the fourth order stream is 5 miles long. About 2/3 of
the total stream length is comprised of 1st and 2nd order streams. To give an
approximate idea of the size of this dr2inage area in terms of human population, an
average population density of 10 persons per acre is assumed. Thus, the first order
streams would service a population of about 500 people residing on roughly 50 acres.
When this area is urbanized, the storm sewer system would greatly
increase the drainage density with a first order sewer in the drainage network serving
about 5 acres of development.
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Table 2. Stream order statistics for Watts Branch (Adapted from Leopold et al. 1964)

Average Total Average
Stream Length Length Cumulative % of Drainage
Order No. mi. mi. Length, mi. Total Area, mi:'\2 Acres Pop.*

1 32 0.27 8.6 8.6 33.1% 0.074 47.4 474
2 10 0.8 8.0 16.6 63.7% 0.286 182 1,830
3 3 1.5 4.5 21.1 80.9% 0.765 49C 4,896
4 1 5 5.0 26.1 100.0% 6.65 4,256 42,56C

rrotal 46 26.1 72.6
*Assuming 10 persons per acre.

Leopold et al. (1964) have estimated the total number and length of stream channels in
the contiguous United States. The results, shown in Table 3, indicate over two million
streams with a total length of 3.2 million miles. In this case, the results from Watts Glen
upscale nicely to the national statistics with about 71 % of the total length of streams
being of order 1 or 2. Leopold et al. (1964) give higher average drainage areas for the
national summary than they found for Watts Glen. Using the same population density of
10 persons per acre, the average order 5 stream could accommodate over 3 million
people if it was completely urbanized. Thus, it is reasonable to restrict our attention to
streams of order 1 through 5. Larger streams (orders 6 through 10) would not be
dominated by urban activities.

Table 3. Expected number and length of river channels in the United States
(Adapted from Leopold et al. 1964).

Mean Total % of Cum. % of Mean Travel
Length Length Total Total Drainage Time, Urban

Order Number mi. mi. Lenqth Lenqth Area, miA2 Hours* Population#
1 1,570,000 1.0 1,570,00C 48.4% 48.4% 1 1 6,400
2 350,000 2.3 805,000 24.8% 73.2% 5 2 30,080
3 80,000 5.3 424,000 13.1% 86.3% 23 4 147,200
4 18,000 12.0 216,000 6.7% 92.9% 109 9 697,600
5 4,200 28.0 117,600 3.6% 96.5% 518 21 3,315,200
6 950 64 60,800 1.9% 98.4% 2,460 47 15,744,000
7 20C 147 29,400 0.9% 99.3% 11,700 108 74,880,000
8 41 338 13,858 0.4% 99.8% 55,600 248 355,840,000
9 8 777 6,216 0.2% 99.9% 264,000 570 1,689,600,000

10 1 1,800 1,80C 0.1% 100.0% 1,150,000 1,320 7,360,000,000
Total 2,023,400 3,244,674 100.0%

*At 2 feet/second.
#At 10 persons/acre.

The U.S. EPA, through its 305(b) program, assesses the quality of our nation's waters
biennially. The latest report of their findings was the 1998 assessment (US EPA 2000).
This EPA report tallied a total of 3.3 million miles excluding Alaska and Hawaii, close to
the Leopold et al. (1964) estimate of 3.2 million miles. Review of the US EPA database
indicates that several states did not break down their estimated miles into perennial and
intermittent streams and canals and ditches. Each state provides its own estimates;
thus, the national results are not based on an entirely consistent set of assumptions
regarding the definition of streams. Also, the total reported length of streams did not
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always equal the sum of the three categories. Thus, the total list was filtered to delete
states that didn't break down their estimates and the total miles are the sum of the
individual categories.. The results indicate that only 34% of the reported stream miles
are perennial streams. The majority (62%) of the stream miles are intermittent, and 4%
are canals and ditches. As expected, the percentage of intermittent streams increases
as precipitation decreases. For example, only about 4% of the streams in Arizona are
perennial. US EPA does not categorize the streams by order. However, it is reasonable
to aSSume that the lower ordered (orders 1 and 2) streams would constitute the bulk of
the intermittent streams. Taken together, the early results from Leopold et al. (1964) and
the recent US EPA (2000) tabulations both point to similar conclusions including:

1. About 2/3 of the streams in the United States are first or second order. In an
urbanized area, these streams would serve populations in the range of 500 to
50,000 people.

2. Many of these first and second order streams are intermittent. Thus, they would
not support important beneficial uses such as swimming, boating, and fishing.

3. These lower ordered streams would be the most likely candidates to be altered
as part of the development of an urban drainage system., For example,
Wonderland Creek in Boulder, Colorado, a first order stream, has sections where
it has been channelized, buried and becomes a storm sewer, reappears as a
concrete lined rectangular channel, and remains as a natural meandering
channel.

4. It is important to explicitly describe the relative sizes of the contributing draina,ge
area and its land use relative to the receiving stream in order to make meaningful
statements about receiving water impacts.

MEASURES OF STREAM IMPACTS

EPA 305(b) Program

Section 305(b) of the Clean Water Act requires states, territories, tribes, and interstate
commissions to assess the health of their waters and the extent to which their waters
support state water quality standards and the basic goals of the Clean Water Act (US
EPA 2000). The National Water Quality Inventory: 1998 Report to Congress is the
twelfth biennial report about the quality of the nation's rivers, streams, lakes, ponds,
reservoirs, wetlands, estuaries, coastal waters, and ground water. In each biennial
assessment, the states report on a sample of their receiving waters. Approximately 23%
of the river and stream miles were assessed in 1998. This assessment focused on
perennial streams. Thus, it is not a representative sample of the total stream population.
This discussion summarizes only impacts to rivers and streams. The general results for
rivers and streams indicate that 55% of them are "good", 10% are "good but threatened",
and 35% are "impaired". "Good" indicates that the streams meet applicable water quality
standards, both criteria and beneficial uses. "GoodlThreatened" means that the streams
meet water quality standards but are expected to degrade in the near future. "Impaired"
means that they violate water quality':::;tandards. Table 4 shows a more detailed
breakdown of these results according to six categories of designated uses, the miles
assessed in this category, and the ratings. Primary contact for swimming is the most
frequently impaired beneficial use. The rankings of the leading pollutants/stressors for
streams are shown in Table 5. Siltation, pathogens, nutrients, and oxygen depleting
substances are the leading pollutants/stressors. The leading sources of the
impairments, shown in Table 5, indicate that agriculture is the dominant source, followed
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by hydromodifications, urban runoff, and municipal point sources. While agriculture is
the leading source, it also comprises about 50% of the land area of the contiguous
United States while urban areas constitute about 5% of the land area. Thus, these
results would change significantly if they were normalized on a per area basis.
Hydromodifications include flow regulation and modification, channelization, dredging,
and construction of dams. The complete report is available at
http://www.epa.gov/305b/98report.

Table 4. Individual use support for rivers and streams based on the 1998 survey of stream
health in the United States (Adapted from US EPA 2000)

Percent
Good Good Fair Poor

Miles Fully Threatened Partially Not Not
Designated Use Assessed SupportinQ Supportinq Supportinq Attainable

Aquatic life support 706,291 58 11 20 10 <1
Fish consumption 381,952 87 1 5 7 <1

Primary contact-swimming 435,807 69 3 11 13 5
Secondary contact 261,767 76 2 14 7 <1

Drinking water supply 140,956 87 4 6 3 <1
Agriculture 336,690 97 <1 2 1 0

Table 5. Leading pollutants and sources impairing assessed rivers and streams in the
United States (Adapted from US EPA 2000)
ALd' P II t t /Stea Ing o u an s ressors

River % of Assessed
Pollutant/Stressor Miles River Miles

Siltation 111,228 13.2%
Pathogens (Bacteria) 103,616 12.3%
Nutrients 84,071 10.0%
Oxygen-depleting Substances 67,662 8.0%
Metals 60,070 7.1%
Pesticides 44,791 5.3%
Habitat Alterations 43,483 5.2%
Thermal Modifications 38,298 4.5%
Total River Miles Assessed 842,000 100.0%

B L d' Sea Inq ources
River % of Assessed

Source Miles River Miles
iAgriculture 170,750 20.3%
Hydromodification 57,763 6.9%
Urban Runoff/Storm Sewers 32,310 3.8%
Municipal Point Sources 29,087 3.5%
Resource Extraction ,:" 25,231 3.0%
Forestry 20,020 2.4%
Land Disposal 19,928 2.4%
Habitat Modification 18,451 2.2%
Irotal River Miles Assessed 842,000 100.0%
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USGS NAWQA Program

The United States Geological Survey (USGS) has an ongoing National Water Quality
Assessment (NAWQA) Program that is designed to describe the status and trends in the
quality of our nation's water resources and to provide a sound understanding of the
natural and human factors that affect the quality of these resources. A description of
NAWQA is available at http://water.usgs.gov/nawqa. The experimental design for
NAWQA is to conduct detailed investigations in rotating study units. During the past
decade, NAWQA has described water quality conditions in nearly 120 agricultural and
35 urban watersheds. Summary findings for urban watersheds are presented below:

1. Concentrations of fecal coliform bacteria commonly exceed recommended
standards for water contact recreation.

2. Concentrations of total phosphorus are generally as high in urban streams as in
agricultural streams with more than 70% of sampled urban streams exceeding
USEPA's desired goal for preventing nuisance plant grovtth.

3. Insecticides such as diazinon, carbarly, chloropyrifos, and malathion, occur more
frequently and at higher concentrations in urban streams than in agricultural
streams. However, the concentrations of these insecticides rarely exceed
drinking water standards but they may affect aquatic life.

4. Herbicides were detected in 99% of urban stream samples. Most common ace
those applied to lawns, golf courses, and road rights of way, such as atrazine,
simazine, and prometon.

5. Sediment in urban streams is associated with higher frequencies of occurrence
of DDT, chlordane, and dieldrin and higher concentrations of chlordane and
dieldrin than sediment in agricultural streams. Sediment-quality guidelines for
organo-chlorine pesticides were exceeded in 36% of sampled urban sites.

6. Concentrations of selected trace elements, such as cadmium, lead, zinc, and
mercury, are elevated above background levels in populated urban settings,
most likely caused by emissions from industrial and municipal activities and
motor vehicles.

7. Sediment cores indicate that zinc and polycyclic aromatic hydrocarbons (PAHs,
which result from fossil fuel combustion) are increasing. These results are most
likely related to increasing motor vehicle traffic in watersheds. Sediment-quality
guidelines for PAHs were exceeded at more than 40% of urban sites.

8. Toxic compounds in streambed sediments in urban areas were also found in fish
tissue. One or more of organochlorine compounds were detected in 97% of
whole fish samples collected in 97% of whole fish samples collected at urban
sites, and PCBs were detected in more than 80% of whole fish samples.

9. Concentrations of organochlorine compounds exceeded guidelines to protect
wildlife at more than 10% of urban sites; wildlife guidelines for PCBs were
exceeded at nearly 70% of urban sites. These findings have contributed to
decisions by some states etc issue fish consumption advisories.

10. Deteriorated water quality and sediment, as well as habitat disturbances,
contribute to degraded biological communities in urban streams. The greatest
effects are seen in areas with the highest human population densities and
watershed development. Pollution-tolerant algae and aquatic invertebrates (such
as worms and midges), as well as omnivorous fish communities, prevail at the
affected sites.
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The relative levels of contamination based on the NAWOA results are shown in Table 6
(USGS 2001). Urban streams are subjected to similar levels of nutrients and pesticides
as occur in agricultural streams. Concentrations in shallow ground water tend to be
lower than for urban and agricultural streams. As far as impacts for larger watersheds,
agriculture will tend to dominate since it constitutes about 10 times as much land area as
urban land use in the United States.

Table 6. Relative levels of contamination based on NAWQA studies
'USGS 2001).

Streams Shallow Ground Water
Urban Agricultural Undeveloped Urban Agricultural

Constituent Areas Areas Areas Areas Areas
Nitrogen Medium Medium-High Low Medium High

Phosphorus Medium-HighMedium-High Low Low Low
Herbicides Medium Low-High No Data Medium Medium-High

Currently used Medium-High Low-Medium No Data Low-Medium Low-Medium
insecticides -

Historically used Medium-High Low-High Low Low-High Low-High
insecticides

NAWOA summary reports do not categorize urban streams in terms of their size or the
nature of their drainage areas. They do provide one specific example to indicate that
small streams are more vulnerable to rapid and intense contamination than are larger
rivers. The concentrations of atrazine in Canajoharie Creek, a tributary to the Mohawk
River, are about 10 times higher than the concentrations in the Mohawk River following
Summer 1994 storms (USGS 2001).

General Literature Review

This section summarizes the results of reviewing the recent literature on BMPs and
stream impacts from urban runoff. The primary sources of information are the 1999
(Field et al. 2000) and 2000 (Clark et al. 2001) annual reviews of the literature on urban
wet-weather flows prepared for Water Environment Research. The results of the
literature review are organized into physical, chemical, and biological impacts, and also
with regard to habitat management and restoration, and integrated control-receiving
water studies. Lastly, recent developments in receiving water impact models to support
these efforts are described.

Physical

Finkenbine et al. (2000) describe the impact of urbanization on stream health in salmon
spawning streams near Vancouver, British Columbia. They quantify how the physical
channels are changed by urbanization and describe the impact of detention ponds. It
takes about 20 years for the streahis to adjust to urbanization. The key detrimental
effects of urbanization are much-lower base flows during the summer, increased
imperviousness, reduced riparian integrity, and increased human access. The loss of
large woody debris compromises bank stability. Urbanization did improve the fish
habitat by decreasing the percentage of fine material in the streambed leading to higher
levels of intra-gravel dissolved oxygen. Henshaw and Booth (2000) describe studies in
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the Seattle area of the impact of urbanization on stream channels. They observed
widely varying responses among the streams and conclude that there is no easy way to
predict when or whether the channels will stabilize after urbanization.

Chemical

Mason et al. (1999a) reported that the chemistry of a first-order stream in Amherst,
Maine with a catchment area of 103 ha has been strongly altered as a result of road salt
application at a rate of approximately 4 t of NaCI per year in the lower 15% of the
catchment. Rhoads and Cahill (1999) studied the elevated concentrations of chromium,
copper, lead, nickel and zinc that were found in sediments near storm sewer outfalls.
They noted that copper and zinc concentrations were greater in the bedload compared
to the bed material and therefore were more likely to be mobilized during runoff events.

The concentrations and characteristics of organic carbon (as DOC) in surface waters in
Arizona were studied by Westerhoff and Anning (2000). Fluorescence measurements
indicated that DOC in desert streams was from autochthonous sources; however, DOC
in unregulated upland rivers and desert streams shifted from autochthonous to
allochthonous sources during runoff events. The urban water system affected temporal
variability in DOC concentration and composition.

Biological

Pess and Bilby (1999) identified Coho salmon distribution and abundance in Puget
Sound rivers and explained the distribution by using both stream-reach and watershed
scale habitat characteristics, including the influence of urban areas on the habitat.
Crabill et al. (1999) presented their analysis of the water and sediment in Oak Creek in
Arizona, which showed that the sediment fecal coliform counts were on average 2,200
times greater than that in the water column. Water quality standards for fecal coliforms
were regularly violated during the summer due to the high recreational activity and
animal activity in the watershed, as well as the storm surges due to the summer storm
season. Lemke and Leff (1999) analyzed the bacterial populations at five sites,
including two in disturbed urban streams. The results indicated that anthropogenic
disturbances of watersheds and streams can alter some bacterial populations
(Acinetobacter calcoaceticus) but not others (Burkholderia cepacia, Pseudomonas
putida).

Habitat Management and Restoration

Markowitz et al. (1999) documented the CSO Long Term Control Plan implemented by
the City of Akron,Ohio which focused on habitat preservation and aquatic life use of the
receiving waters. The plan included these non-traditional alternatives: riparian setbacks
in undeveloped areas, stream restoration, linear parks or greenways and artificial riffles
for stream aeration, and were found to cost less than five percent of the typical cost of
controlling CSO flows. Derry et al.'"('1999) reported on the habitat management
strategies implemented by the City of Olympia, Washington to control the degradation of
aquatic habitats by urban stormwater runoff, These management strategies provided a
basis for resolving the conflict between growth and the protection of aquatic resources.
Ishiakwa et al. (1999) reported on efforts to restore the hydrological cycle in the Izumi
River Basin in Yokohama, Japan while Saeki et al. (1999) have documented the efforts
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of the Tokyo Metropolitan Government and its Basin Committee to restore the natural
water cycle in the Kanda River. Jarrett et al. (1999) analyzed the data collected from
1991 through 1998 as part of the stream-monitoring program implemented in Louisville
and Jefferson County, Kentucky. They found that recreational contact standards for fecal
coliforms were exceeded during WWF and that much of the pollutant loadings of
suspended solids and BOD were also contributed by WWFs. However, they found that
the nutrient loadings were more varied with some impact seen from wastewater
treatment plants. The concentrations of phosphate, total phosphorus, and total volatile
solids in the streams were reduced as more of the watershed was sewered.

Integrated Control-Impact Studies

Clifforde et al. (1999) describe developments towards the creation of a comprehensive
integrated management capability for urban wastewater systems. The principal vehicle
by which these developments are taking place is a European Union (EU) funded
collaborative project led by the Water Research Center (WRc) in England and the
Danish Hydraulic Institute (DHI) in Denmark together with numerous other partners. The
project comprises both technological developments in terms of p!ocedural issues,
hardware and software and extensive practical testing via a series of pilot studies. Of
the six pilot projects, the Oldham study in Northeastern England deals with wastewater
discharges to relatively small receiving streams. This Technology Validation Project on
Integrated Wastewater is the largest effort to date to do integrated modeling of the entire
urban wastewater and stormwater system. Bazzurro et al. (1999) described a pilot .
project carried out in the framework of the EU Technology Validation Project. This pilot
project was related to the combined urban drainage system of Genoa's historic center
that consists of eight natural streams flowing in culverts under the urbanized area.

Receiving Water Models

Reda and Beck (1999) studied the impacts of CSO on river water quality using the
Multiple Continuously Stirred Tank Reactor (MCSTR) dynamic model. Petruck et al.
(1999) described the water quality simulation model, FGSM, developed by the German
Association for Water Pollution Control (ATV) to simulate major water quality parameters
of a small urban stream. The FGSM assesses not only chronic, but also acute, effects
of combined sewage overflow events.

Walker and Stedinger (1999) described the movement and fate of pathogens from
wastewater and dairy sources and the resulting raw water quality for New York City,
New York. Manure and Cryptosporidium oocysts were modeled as surface pollutants
and assumed to move in response to runoff events in the six watershed-reservoir
systems within the Catskill-Delaware watershed. This research highlights the
importance of wastewater-derived oocysts, the need for expanded research into oocyst
fate in streams and reservoirs, and the concentration of oocysts in sewage effluent.
Rangarajan et al. (2000) developed a model for the City of Edmonton for predicting the
impact of rainfall on combined sewer overflows and hence on river water quality. This
model would be used to predict elevated fecal coliforms in the river, and hence, for
determining when microbiological standards for recreational waters would be exceeded.
Artina et al. (1999) described a water quality model for intermittent streams receiving
stormwater runoff. Petruck et al. (1999) performed a dynamic simulation of the effects of
CSOs on small urban streams. Thackston and Murr (2000) describe how CSO controls
were selected based on receiving water quality studies.
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CALTRANS Stormwater Research

The California Department of Transportation (CALTRANS) is in the final stages of a five
year, $30 million, program to evaluate a variety of BMPs at 39 locations in the Los
Angeles (26 sites) and San Diego (13 sites) areas (Kreiger 2000). Approximately $9
million has been spent constructing these BMPs. A general description of the program
can be found at
http://www.dot.ca.gov/hq/env/stormwater/ongoing/pilotstudies/bmps.htm

A total of 33 locations are being retrofitted with 39 structural BMPs of different types.
Automated monitoring stations are installed at each BMP site. Pollutant monitoring
includes suspended solids, metals, nutrients, and organics. A comprehensive
monitoring program is included in the program. Also, initial and operation and
maintenance costs are being tabulated. Results are due in the Fall of 2001. The
following BMPs are being evaluated as part of this program:

1. Extended detention basins (5)
2. Drain inlet inserts (6)
3. Continuous deflector separators (2)
4. Media filters (8)
5. Biofiltration swales (6) and strips (3)
6. Infiltration trenches (2)
7. Multi-chambered treatment train (3)
8. Infiltration basins (2)
9. Oil/water separators (1)
10. Wet basins (1)

The following data are being collected for each BMP:
• Storm water sample characteristics
• Flow into and out of the BMP
• Analyses of the BMP influent and effluent as collected by flow-weighted

samples with automatic monitoring equipment
• Analyses of grab samples for the BMP influent and effluent
• Empirical observations on the performance of the BMP during storm and

post-storm periods
• Man-hour and equipment requirements for maintaining the BMP, and the

resulting costs.

These BMPs discharge to a variety of receiving waters. It is not clear whether any
concurrent monitoring of these receiving waters is incorporated in the ongoing work. This
CALTRANS effort is the largest overall assessment of urban stormwater since the EPA
Nationwide Urban Runoff Program (NURP) that spent about $30 million in 1980 dollars.
The results should provide valuable insights into BMP cost-effectiveness.

PREVIOUS RESEARCH NEEDS ASSESSMENTS

Heaney et al. (1999) presented a list of research needs in urban wet weather flows
based on a national assessment. The results of the assessment were organized into ten
categories, one of which is receiving water impacts. An expenditure of an estimated
$20-40 million per year is needed to address all of the identified research needs. The
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results for stream impacts are presented below. The following five recommendations
from the 1998 WERF assessment relevant to receiving streams are listed below:

• Improved understanding of the physical, chemical, and biological processes
(Priority 2)

• Defining beneficial uses for urban streams (Priority 2)
• Urban stream and sediment geomorphology and restoration (Priority 1)
• Stormwater-groundwater-vadose zone impacts
• Participate in long-term experimental studies of urban watersheds (Priority 1).

With the notable exception of the ongoing $30 million BMP evaluation program of
CALTRANS, no major research efforts have been conducted on the subject of BMP
effectiveness and receiving water impacts since the EPA NURP of over 20 years ago.
The USGS NAWQA program results offer strong evidence that urban streams are
receiving significant stress both in the water column and the sediments. Unfortunately,
NAWQA has not addressed land-side source characterization other than rough
estimates of land use, water quality relationships. The EPA 305(b) biennial
assessments of the Nation's water quality also look at the receiving waters but are
limited by the lack of a consistent data collection and analysis methodology from state to
state. Its results do indicate that urban runoff is a significant contributor to water quality
problems. The ASCE BMP database provides cross-sectional data on BMP
effectiveness, but it does not include process-level analyses for individual BMP sites that
would provide a more definitive conclusion on their performance and its variability.
Receiving water impacts are outside the scope of the ASCE BMP project.

Only a few studies have jointly evaluated BMPs and receiving water impacts. Given the
relatively large number of combinations of urban stormwater pollutant sources, e.g.,
highway runoff, shopping center runoff, BMPs, and ways to categorize receiving water
impacts, many gaps remain in filling in the matrix of wet-weather loadings, BMPs and
receiving water combinations.

Previous research needs papers and reports by this author and his colleagues ended
with a list of topics and their priorities (Field et ai., 1996, Heaney 1986, Heaney et al.
1998, 1999). A prominent member of the high priority research needs list is to support
long-term experimental urban catchment monitoring and modeling. Unfortunately, this
recommendation has not been implemented by any agency. This is most unfortunate
and greatly restricts our ability to make significant progress in this critical area. In sharp
contrast, the Agricultural Research Service (ARS) has maintained numerous long-term
experimental sites for evaluating agricultural practices. Similarly, NSF has supported
monitoring since 1980 of undisturbed ecoystems through its long~term ecological
research program (LTER). The ARS program is directly relevant to the urban wet
weather flow program since it has the same general purpose of blending basic and
applied research to address problems associated with agriculture. This program is
described below with a view towards using it as a framework for a long-term urban wet
weather research effort centered ar~und experimental catchments.

ARS NATIONAL PROGRAM

The ARS National Research Program in Water Quality and Management is partitioned
into three components (http://www.nps.ars.usda.gov/programs):

• Agricultural Watershed Management
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• Irrigation and Drainage
• Water Quality Protection and Management Systems

While the Water Quality Protection and Management Systems component is most
directly relevant to the wet-weather flow problem, the other areas are germane because
they permit a more holistic evaluation of the problem. For example, the most cost
effective solution may be to modify agricultural production practices by using less
fertilizers. The core of this national program has been the long-term experimental
watersheds in several diverse regions in the United States including outdoor
laboratories. While the focus of the research being conducted on these experimental
watersheds has changed over time, the fundamental data can be used for many
purposes by a wide variety of researchers. General watershed research is being
conducted at 19 ARS sites across the United States under the following seven
categories:

1. Climate and weather uncertainties, risks, and extremes
2. Watershed characteristics, processes, and responses
3. Watershed hydrology, erosion, and sediment/contaminant movement
4. Riparian streams, and wetlands ecosystems
5. Water scarcity and drought mitigation
6. Watershed management and flood control
7. Watershed management and decision making

Research on irrigation and drainage is being conducted at 20 ARS sites across the
United States under the following eight categories:

1. Economical irrigation crop production
2. Precision irrigated agriculture
3. Water conservation management
4. Irrigation and drainage in humid areas
5. Waste water reuse
6. Erosion on irrigated land
7. Salinity and trace element management
8. Drainage management.

Lastly, the research being conducted under the Water Quality Protection and
Management Systems program is being performed at 34 sites nationally across five
pollutant and three methodological categories as listed below:

Pollutant categories
1. Nutrients
2. Pesticides and other synthetic chemicals
3. Pathogens
4. Erosion and sedimentation
5. Trace elements

Methodological categories
1. Model testing, evaluation, and improvement
2. Integrated field, farm and·vvatershed management systems
3. Environmental and economic risk evaluation

With regard to spatial scale, ARS research takes place at laboratory, field, farm, and
watershed scales. Interest in more macro issues such as global climate change is
stimulating research at these larger spatial scales.
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SUGGESTED URBAN ANALOGUE TO THE ARS EXPERIMENTAL WATERSHED
PROGRAM

Rather than presenting another list of a variety of research needs, I prefer to focus the
recommendation of this paper to one fundamental research need. Without"long-term
monitoring of at least one urban watershed, we cannot hope to make significant
progress in advancing the state of the art in linking BMPs and receiving water impacts.
The ARS program is a good one to emulate. The next section of this paper provides a
very preliminary description of some aspects of this recommended program.

Spatial Scales

Spatial scale is a critical component in designing a research program. Smaller spatial
scales permit direct measurement of more components of the system. Also, current
interest in source control of wet-weather flows as illustrated by the Low Impact
Development initiative, call for monitoring at individual property and small neighborhood
scales (Wright and Heaney 2001). Smaller spatial scales are also appropriate for
evaluating individual BMPs that receive runoff from homogeneou~ land uses of the scale
of one to ten acres.

Temporal Scales

The only long-term precipitation data available in the United States is 15 minute data.
from the early 1970s and hourly data from 1948. Precipitation data should be collected
at frequencies such that the travel time through the study area is at least five times the
frequency of the key input data such as precipitation. This suggests collecting
precipitation data at one to 15 minute intervals for these smaller study sites.

Climatic Regions

The climatic regions of the United States can be divided into as few as three categories,
i.e., eastern, midwest, and west. However, much finer categories would be better. The
ARS water quality research is being conducted at 34 sites nationally. NURP used 28
sites.

Land Uses

It is more instructive to monitor specific functional land uses such as streets, roofs,
parking lots, and lawns as opposed to the more popular descriptors such as residential,
commercial, and industrial. Runoff from major highways is probably the most
contaminated source for many urban areas, excluding specific industrial activities that
are very site specific. The other major partitioning of runoff is directly connected vs. non
directly connected impervious areas. Directly connected impervious areas are the most
serious water quality threat sir;Jce they generate runoff from nearly all storms. Pervious
areas contribute runoff much'iess frequently. With smaller storms contributing 70-80%
of the annual runoff volume, the directly connected impervious areas are the much more
critical areas to evaluate.

Pollutants

II
I
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The selected suite of pollutants should correspond to the suspected sources in the study
area of interest. As described earlier, the US EPA 305(b) results for 1998 suggest that
siltation, pathogens, nutrients, oxygen-demanding substances, metals, and pesticides
are the leading causes of impairment for rivers and streams (US EPA 2000). Sufficient
individual pollutant loading data exist to make a good estimate of its expected
characteristics for a specific land use such as rooftops.

BMPs

The CALTRANS BMP evaluations provide the most up to date basis for selecting the
mix of BMPs to be evaluated. This large effort provides an excellent starting point for a
more refined evaluation. The results of the ASCE BMP database project also provide
useful insights into the areas that additional research will be most productive.

Receiving Waters

This long-term experimental catchment evaluation should focus on the following smaller
scale receiving environments that will permit the essential data tQ be gathered in a cost
effective manner.

• Streams-first and second order
• Lakes and ponds-wet detention basins and small ponds
• Groundwater-sensitive aquifers with high water tables that would tend to interact

with the nearby streams.

Funding for this Program

Required funding for this effort would be in the range of $10 to 20 million per year.
Probably the biggest challenge is to secure a long-term commitment to continue this
activity. It may be necessary to place it outside of an action agency like EPA that it is
much more subject to shorter-terms shifts in priorities. The NSF LTER program is
perhaps a good model. It began in 1980 and has grown to a network of 24 sites
nationwide. The ideal model is similar to the ARS network wherein the basic and
applied science aspects of the experimental sites are studied cooperatively.

SUMMARY AND CONCLUSIONS

The purpose of this paper is to summarize findings on the impact of urbanization on
streams, especially as it relates to the benefits that are attained by using upstream best
management practices. In the first part of this paper, streams are defined. Next, the
results of recent efforts to quantify the impacts of urban runoff are presented. Major
information sources include the US EPA's biennial national survey of the health of the
nation's receiving waters, the USGS's National Water Quality Assessment (NAWQA)
program, CALTRANS' BMP effectiveness program, and the general literature. Lastly, the
results of previous research,needs are summarized, and recommendations of research
needs are presented. The fundamental research need is to establish and maintain for at
least a decade, a suite of experimental catchments in urban areas. This program could
be modeled after the ARS experimental watershed program. Required funding levels of
$10-20 million per year are needed to support this activity.
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The understanding of the effects of urban stormwater best management practices
(BMPs) in protecting, preserving, and/or improving the health of receiving waters is
poor at best. BMP performance in terms of pollution and flow control is not well
understood by itself, although through recent efforts this understanding is improving.
The purpose of this paper is to provide a framework to begin discussions regarding
potential approaches and methods for assessing the performance of urban
stormwater BMPs in improving the health of aquatic ecosystems. The paper
presents potential methods and study approaches along with potential individual
physical, chemical, biological, and biochemical measurements/indicators that
employed in particular combinations may be useful in assessing downstream BMPs
performance. The paper also presents a brief overview of some of the challenges
that will be difficult to overcome.

INTRODUCTION

In a report to U.S. EPA, Urbonas (2000) suggested that there are sufficient data and
past studies to know that urbanization changes the nature and quantity of surface
runoff and groundwater flows reaching the nation's receiving waters. This paper
includes a brief overview of the findings in this report. The possible changes include
the rates, volumes, frequ'ency, and quality of the surface runoff and groundwater
flows, which then result in impacts on the physical, chemical and biological nature of
receiving water systems (May, et. ai., 1997; Schueler, 1994, Booth and Jackson,
1997). EPA and many others have proposed that many of the ultimate biological
impacts of urbanization in receiving waters can be mitigated using a variety of best
management practices (BMPs) (US EPA, 1993; Prince Georges County, Maryland
2000). However, there are little data or other quantifiable information to suggest
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how well various BMPs work in meeting this overall goal. In fact, there have been
limited studies that have suggested that urban areas with BMPs (wet ponds) have
not been able to result in better biological results than urban areas with no BMPs
(Maxted and Shaver, 1996).

To date, there have been a number of efforts to compile and evaluate quantifiable
data about the urbanization effects and impacts on receiving waters. However,
these past studies did not follow consistent protocols or attempted to couple data
from various sources together in order to develop linkages between observed
impacts and effects, nor do they specifically define the exact cause(s) of the
impacts. There have been very few attempts (e.g., State of Delaware, Maxted and
Shaver, 1996; and King County, Washington, Horner, e1. aI., 1996) to link the
performance of stormwater best management practices (BMPs) with mitigation of
impacts on receiving waters, again, these studies did not have a consistent
approach that can be compared, nor did they thoroughly evaluate all of the potential
cause and effect relationships that can effect receiving system health to isolate
those effects that the BMP(s) could mitigate These efforts to link BMP performance
to receiving water impacts have contributed significantly to the knowledge base for
specific study areas. But they were very limited in scope.

There is a need to establish a similar effort to the ASCE BMP Database that utilizes
an approach that will permit the development of an authoritative nationwide
quantitative evaluation of the effects of urban runoff, the performance of BMPs, and
the relationship between BMP designs and receiving system responses.

This paper is intended as a beginning in the discussion about how to proceed in
developing a set of protocols for assessing the effects of BM P performance on
receiving water health. It primarily highlights some of the challenges in developing
these protocols and assessment approaches. The paper discusses potential
reporting protocols, study approaches, issues with linking BMP effectiveness with
receiving water measures and potential approaches to proceed with.

Overall Approach to Establishing a Nationwide Evaluation of Effects of BMPs
on Receiving Systems

To be scientifically defensible, such an effort will need to (Urbonas 2000):

(1) Involve a broad spectrum of technical expertise and disciplines,

(2) Identify the sources of currently available data and other related
information,

(3) Postulate areas of knowledge and lack thereof,

(4) Examine c,yrrent thinking and models of these phenomena,

(5) Develop a consistent protocol for data and information development and
acquisition,

2 Strecker and Urbonas
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(6) Obtain, consolidate and organize currently available data,

(7) Launch a nationwide data acquisition effort to supplement existing data,

(8) Conduct a quantitative scientific evaluation of the data and information
thus gathered,

(9) Attempt to quantify relationships in a manner that provides defensible
and useable tools throughout various eco-regions of the United States.

Such an effort needs to be aimed at defining which physical (i.e., hydrologic,
geomorphic, stream power, sedimentation, erosion, etc.), chemical (i.e., toxicity,
oxygen availability, etc.) and biological (i.e., numbers and types of species of flora
and fauna, habitat, euptrophication, etc.) processes are at work and what is
achievable in mitigating the resultant effects of urbanization using appropriate
BMPs.

IMPACTS OF DEVELOPMENT ON HYDROLOGY AND WATER QUALITY

• Efficient hydraulic connection of these surfaces to the stormwater systems.

• Activities and materials on urban surface areas that result in increased
pollutant concentrations in stormwater

Changes in hydrology and water quality due to development are caused by a
number of factors, but primarily are caused by:

• Removal/reduction of vegetative cover and root systems

Strecker and Urbonas3

• Removal or compacting of moisture adsorbing soils

• Increase in landscaping practices promoting greater surface runoff

• Creation of impervious surfaces, including streets, driveways, roofs,
sidewalks, etc.

This scientific effort can build upon the development of the National Stormwater
Best Management Practices Database for the evaluation of BMP effectiveness
(www.bmpdatabase.org; Urbonas, 1995; Strecker, et. aI., 2001). The data needs
suggested for the BMP evaluation effort were developed with the idea that these
data should be integrated in the future with data collected in receiving systems in an
effort to assess any BMP's ability to mitigate the physical, chemical and biological
impacts of urbanization on receiving systems. Some of the tools needed to achieve
the above-stated goals are now available, albeit somewhat still limited due to the
amount of BMP performance data available. However, specific protocols for linking
BMP performance with receiving water quality have yet to be developed. This paper
discusses the primary issues related to development of a standard data collection,
storage, and analysis protocol and suggests some approaches and specific
information to be included as part of a toolkit to link receiving water quality to BMP
performance monitoring data.

I

I
I
I
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BMP-RELATED INFORMATION

BMPs, depending on their design and integration into the urban landscape, can
have the following types of effects on urban stormwater runoff:

• Enhance water quality of runoff

• Reduce runoff flow rates

• Reduce volume of runoff and constituent loads

• Replenish groundwater levels through infiltration

• Combination of two or more of the above-stated effects.

Data on BMPs available in the existing BMP database needs to be examined in a
quantifiable fashion in light of known and suspected effects on r-eceiving systems.
An effort is needed to find sufficient data on BMPs and receiving water impacts
(RWls) to establish (or to determine that it is not feasible to establish) the linkages
between observed impacts in receiving systems and the effects attributed to various
BMPs. This investigation could reveal which BMP designs best mitigate various
impacts of urbanization. In addition, it could also reveal potential negative impacts
that some BMPs might have, such as wet ponds in some parts or United States
causing temperature increases in the waters reaching receiving waters.

CONSIDERATIONS REGARDING ASSESSING BMPS AND RWIS

There are a multitude of considerations in conducting BMP Effectiveness in
preventing urban stormwater RWls. A discussion of some of these considerations is
below.

Receiving Water Types

There is a huge variety of receiving water types and situations that would effect how
the approach taken for assessing the effectiveness of BMPs. Some broad
classifications of receiving waters include:

• Streams
• Rivers
• Wetlands
• Lakes
• Bays and Est\Jaries
• Groundwater

One of the primary effects of the receiving water being able to be assessed is the
size of the water body in relationship to the size of the tributary watershed, and the
size of the urban area contributing within that watershed. Obviously the larger the
receiving system, typically the more challenging it will be to isolate effects of urban
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BMPs considering all of the other potential factors that could effect the system. For
example, it would be easier to determine effects on a stream system that drains
entirely urban areas, rather than attempting to determine effects on a larger river
system that has many land uses and other impacts along with the dilution
capabilities that are much different than an urban stream. Likewise, a well flushing
estuary, even if the whole tributary watershed were urban would have smaller
impacts (and therefore ability to assess BMP performance) than one that is not well
flushed with ocean waters.

BMPs Cause Impacts

Isolating Urban Effects

Figure 1. Example of Potential Sources of Effects of Urbanization on Coho Salmon

Physical, Biological,
Chemical, and
Biochemical impacts
from outside of watershed
(Ocean Conditions, Fish
Harvest, climate effects
on stream flows)

Physical, Biological,
Chemical, and
Biochemical Indictors
from other watershed
sources

Coho Salmon Health
(Adult Returns, Juvenal
Recruitment, etc.)

Physical, Biological,
Chemical, and
Biochemical Indictors
from urban effects

It is also often very difficult to isolate the effects of urban stormwater on a receiving
system. Figure 1 below presents a very simple example that highlights that there
are other watershed sources of impacts as well as other factors that can affect coho
salmon health within a receiving creek. Some of the other watershed effects could
be such impacts as barriers to migration, channelization, other land uses
(agricultural), etc. While other factors can include longer term and shorter term
affects such as Ocean temperatures, rainfall patterns, and fish harvesting outside of
the receiving system. It will be important to attempt to either select indicators that
isolate these effects, attempt to quantify them, or account for them through
comparisons to reference systems.

In some cases, BMPs have been found to cause impacts. Gali, 1996 found that in
many cases wet ponds were in essence helping with the conversion of cold water
fisheries to warm water fisheries due to thermal heating in on-line pond (i.e., wet)
systems. In addition, these on-line systems interrupt aquatic drift of invertebrates
from upstream, as well as upstream and downstream migration of fish species. Any
protocols developed will have to assess potential negative impacts of BMPs as well
as improvements.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Time Scales for Assessing Results

The time scales for assessing results of BMP implementation and effectiveness of
protecting impacts will be an important consideration. In larger watersheds,
development seldom is completed in a short period such that affects of short-term
construction and long-term urban runoff may be commingled for long periods.
Some impacts may take years to develop and be effected by weather patterns in
their severity (such as channel form changes).

Other Factors

Prior land uses- Prior uses of land could significantly effect the ability of a receiving
water to support desired aquatic life. For example, past forestry activities could
have resulted significant impacts to fisheries from channel modifications and
sediment delivery. In some areas past agricultural practices may result in long-term
sources of nutrients that with urbanization might be reduced, but could take years to
reach levels that are protective of receiving water health.

Other land uses/factors - As mentioned in other parts of this discussion are the
other factors that may effect receiving water health, including global or regional
impacts. One example would be the continued cycling of DDT on a global scale that
is still resulting in some species with elevated DDT in tissues. Other factors could'
be the dewatering of streams due to relocation of the stream bed over more
pervious areas. One stream system (Duck Creek) in Juneau, Alaska was observed
by one of the authors to have suffered from this impact. Even with improved
stormwater management in this Creek, the infiltration of low flows through the
porous stream bottom will be a limiting factor for this system until it "seals up" again.

RWI AND BMP EFFECTIVENESS STUDY DESIGN APPROACHES

There are a number of potential approaches to assessing whether BMP
implementation in a watershed has resulted in positive effects in receiving waters.
These include:

• Paired Watershed
• Before and After
• Development Level vs. Change in Indicators
• Trends Analyses
• Hybrid Before/After and Paired

Each of these have their potential applications as well as positive and negative
attributes. Any paired watershed or before and after approach can suffer from other
environmental perturbations, including the watersheds not being as similar in other
attributes besides BMP implementation or varying weather and dry-fall particulate
patterns being different among different years of study. A good example of how
variable stormwater can be is the study by Ruston (1997) that showed how influent
quality to the BMPs tested at the site varied dramatically among sampling periods,
and in fact accounted for almost all of the difference in the BMP performance
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reported using percent reduction metric. That was not the case when BMP effluent
quality was compared, clearly illustrating that the metric used in evaluations can
sometimes lead to wrong concussions and the selection of appropriate metrics is
important to research in this field. Using proper metrics, trends analyses can be
applied to before/after approaches to attempt to assess longer-term changes, but
also could be impacted by other factors that are not constants.

What is probably necessary is to utilize multiple approaches to determined BMP
effects. The first one should likely employ a very comprehensive approach that
employs multiple BMPs to address all known limiting factors in a watershed and to
study a system that is almost entirely impacted by urban runoff during, before and
after as well as the paired watershed approach. Results from some detailed studies
of this nature could then be utilized to assess how well that metrics of stream health
vs. urbanization might be employed at a broader scale.

Shaver and Maxted (1996) identified that the use of wet ponds did not lead to a
measurable change in aquatic invertebrate populations over those urban streams
with no wet ponds. However, what was not identified was what were the limiting
factors and to what extent were they addressed. What was also not identified are
the design parameters of the BMPs to show how effectively the they control the
surface runoff rates and quality. Figure 1 shows a very simplified schematic of
potential limiting factors and which ones that an extended detention wetland system
could potentially address. Figure 2 highlights that in order to result in the receiving
water beneficial uses being achieved that a combination of BMPs was necessary.
In this example, was it the case that the wetland was not effective? Or was it the
case although it effected positive changes on some of the limiting factors, it was not
sufficient on its own to solve the urban caused problems?

One of the more promising approaches is to look at some indicator of development
level (percent impervious + some other factors such as vegetative cover, soils
impacted, etc). This approach is appealing in that it directly relates an indicator of
the level of urbanization with resulting receiving water beneficial uses (cold water
fisheries health/diversity) and/or biological health effects (aquatic invertebrate
population health/diversity). One of the problems with this approach is that for any
BMP implementation or sets of BMP implementation, not all of the limiting factors for
a system may be addressed (or known) and therefore is the assessment really
pointing out that the BMPs do not work, or merely that all of the factors have not
been addressed. One example of this is the fact that often a runoff from large
percentage of the public streets is not captured and treated by I3MPs installed by
land developers, thus affecting the performance of the total system. Therefore the
problem with this approach is that it does not really identify whether certain BMPs
are effective, what it does identify is that the BMP implementation as a whole may
not be sufficient to protect/retain the identified desired instream characteristic.

I
I

I'
I
I
I
I
I
I
I
I
I
I
I
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Figure 2. Schematic of Limiting Factors for a Receiving Water System and Which
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Receiving Water Impact (RWI) Indicators

There are a large number of indicators of receiving water health that could be
employed in an assessment of BMP performance vs RWI mitigation. Table 1 is a
listing of the general categories of indicators as a start. It breaks these indicators to
those that might be considered primary (affect change) vs. secondary (those that
result from primary change). What is difficult is that there are really factors that are
affected by both the primary factors and the secondary factors.. For example,
Coho salmon fry could be affected directly by chemical changes as well as changes
in aquatic invertebrate populations.

BMPs applied

Another consideration will be how to proceed with assessing individual BMP
performance vs. a system of multiple BMPs located randomly throughout the
watershed. As Figures 2 and 3 point out, there are many factors that could affect
the health of receiving systems and in many cases it is likely that one BMP would
not mitigate all of the limiting factors. In this case, it would be more likely that a
"program" of BMPs would need to be assessed and that the performance of each
individual BMP be assessed based upon the limiting factors that it can address vs.
an overall factor of stream health that is affected by many factors, including ones
directly caused by a "affects change" vs. one that results from change. The
inclusion of a system of multiple BMPs throughout the tributary catchment would
make it difficult to utilize indicators of urbanization approaches alone to assess
whether a given single BMP is effective. Individual factors would also have to be
assessed. Obviously, the easiest case study is one with a smaller watershed with
one major BMP that addresses a systems limiting factors. These cases are likely
rare at best.

Economic-Related Information

• Economic Impacts on Private Sector
o Land area set-asides during land development for BMPs, including buffers
o Cost of installation
o Life-cost of operation, maintenance and replacement of BMPs
o Impacts on contractors and developers (e.g., business closures)
o Ability to pass through costs: contractors, developers, markets
o Financial impacts (e.g., bankruptcy, financial stress, lower profits, diminished

return on investments)

Also important to consider in the effectiveness of urban stormwater BMPs to
reducing RWls are economic factors. At what cost where the desired beneficial
uses protected? Is this cost commensurate with the benefits obtained? Would
there be greater ecological benefit in using limited resources in other ways to protect
larger ecosystem health? These are all very tough and difficult to answer questions
that diverge from pure scientific evaluation. However, having the economic data
available to decision makers is an important step in improving the decision making
process. The following are suggested as potential protocols for consideration:

I
I
I
I

II
I
I
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Table 1 Potential Receiving Water Indicators of Receiving Water Effects of Urban Stormwa er BMP Implementation
Indicator Physical Indicators Chemical Indicators Biological Indicators Biochemical

Type Indicators
Urbanization Flow Patterns Water Column Pollutant Possibility of Introduced Toxicity Testing

Affected Dry Weather Detections Species TIE Evaluations
Change Wet Weather Concentrations BOD/CODITOC DO

Loadings TSS
Dry weather
Wet weather

Sediment Quality
Results in
Change

Erosion/Sedimentation
Channel form
Pool/Riffle ratios
Channel elevation
Temperature
Habitat atype/availability
Physical migration barriers
Water clarity
Substrate types
Substrate oxygen levels
Bank stability/landslides
Changes in stream meander
patterns or bar
movemenUdynamics

.r.

Frequency of
Standards
Exceedances
Toxicity
Chronic effects

Diversity indices
Population shifts
Increased or reduced
predation
Indicator species
biomass
Substrate attached
biomass
Biotic Responses

Reproduction
Diseases
Growth
Respiration

Recruitment (fish counts)
Riparian canopy
Riparian vegetation
types



• Economic Impacts on Public
o Loss of economic resource for community (available land for development

and community uses, certain types of land uses, etc.)
o Changes in land-use mix
o Long-term operation and maintenance costs
o Property taxes and user charges
o Changes in bond ratings
o Community debt impacts
o Overall community and economic health impacts

o Prevention or encouragement of urban sprawl
+ Miles of roadways and utility lines and resulting emissions
+ Total land area impacted by urbanization and impacts on

terrestrial habitat
+ Cost to public to provide services to larger and smaller urban

area footprints

Evaluation of Data

Once the protocols are developed, quantitative data and other information should be
compiled using the accepted information collection, storage and evaluation
protocols developed. Next, these data and information need to be objectively
judged for their adequacy in assessing trends using scientifically acceptable,
possibly statistical, tools. The data sets that are judged adequate will need to be
analyzed using appropriate interpretive methods, including statistical and parametric
analyses to assess the effects of using various BMPs on mitigating the RWls from
urbanization. The hope is to find parametric relationships that could lead to better
selection and design guidance for BMPs to be used in urban areas.

SUMMARY

The ability to assess the performance of BMPs on Receiving Systems health and
beneficial uses is difficult at best. There are many compounding factors in receiving
water health that mayor may not be just an urbanization effect. This paper has
attempted to layout a foundation for considerations in developing a set of protocols
for assessing BMP performance in relation to RWI mitigation.

When interpretations are possible and defendable, the results should be reported in
terms of "most probable" ranges of expected performance. It will be very important
to flag uncertainties in reported findings so as not to mislead EPA or the public on
how effective various BMP design may be under various circumstances (i.e.,
climate, meteorology, morphology, urban growth, etc.)

Scientific discipline will be needed to report only the interpretation that can be
backed up by available data and information and to clearly state its limitations.
When this is not possible, it will be necessary to recommend what and how much
data and other information need to be acquired before trends can be suggested and
how to isolate or address other potential factors contributing to observed impacts on
receiving systems.

Strecker and Urbonas11
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ABSORPTION OF PHOSPHORUS BY
CATIAIL CALLUS CELLS

Estime, L., O'Shea, M., Borst, M. United States Environmental Protection Agency,
Water Supply and Water Resources Division, Urban Watershed Management

Branch. 2890 Woodbridge Avenue (MS-1 04). Edison, NJ 08837

ABSTRACT

Data from this study demonstrates that cattail callus cells can be used to predict the
phosphorus concentration in cattail leaves when they are supplied with similar
phosphorus levels. If this relationship between callus cells and whole plants is
found applicable to other marsh plant species, callus cells could be used as a rapid
means to screen plants for their capacity to absorb phosphorus.

INTRODUCTION

Few marsh plants, such as Typha sp. (cattail) have been investigated for their
nutrient absorbtion capacity when grown in stormwater wetlands (Kadlec and
Knight, 1996). For example, cattail is a marsh plant that is very effective at
absorbing and retaining phosphorus (P) from stormwater wetlands (Stockdale,
1991: Kadlec and Knight, 1996). However, thousands of marsh plant species exist
in New Jersey alone (Reed, 1988). Some of these plants may be preferentially
effective in absorbing P from stormwater wetlands. Tissue culture techniques may
prove useful in screening marsh plants for their effectiveness in absorbing and
retaining nutrients, as researchers are using callus cells to screen plant species for
their capacity to degrade organic pollutants (Wang et ai, 1996: Estime and Rier,
2001). Using callus cells to provide rapid data on the absorption capacity of marsh
plants is potentially valuable to stormwater wetland managers concerned with
controlling the nutrient load entering nearby receiving waters. Using the callus cells
to gain an understanding of how the plant will perform before cultivating in the field,
can allow mangers to maximize the removal effectiveness of the site. This study
deteriTlined that the mean P concentration in the cattail plant leaves from the study
reported by Cary and Weerts (1984) was within the confidence interval (P # 0.05) of
the P concentration in the cattail callus cells when exposed to similar P levels.

MATERIAL AND METHODS

Incubation of Callus Cells On Semi-Solid Media



Regenerable Typha latifolia L. (cattail) callus cells were initiated from immature
inflorescence spikes. These cells were grown for seven months on 85 basal
medium (Gamborg, et aI., 1976) supplemented with 5 mg/l dicamba, 1 mg/l 8A (6
8enzylaminopurine), 0.8% agar, and 3% sucrose adjusted to a pH of 5.6 with 1N
HCl or 1N KOH, maintained in the dark at 25 ± 1DC. They were subcultured every
three weeks onto fresh media containing the same nutritional components and
incubated under the same conditions as described above. The growth experiments
were initiated by aseptically placing 2 g of cells on semi-solid media containing 85
media supplemented with 0, 11,22,33, and 44 mg/l P, as sodium phosphate
(NaH 2P04 • H20). Only phosphate-free water was used to make up the culture
media in this study. All glassware was rinsed with hot dilute HCl, then three times
with sterile phosphate-free water to remove any residual P from the glasswashing
detergent. The P concentration supplied in the standard 85 basal medium is 33 P
mg/l, and so cells grown on this concentration represented the control. The plants
cells were grown for three successive subcultures in the same P concentrations
from which they were derived. The first two subcultures occurred on semi-solid
media, while the last subculture was carried out in liquid media.. The cells were not
subcultured after they were placed in suspension culture.

Initiation of Suspension Cultures and Extraction of Callus Cells

Five grams of callus cells were added to 60 ml of liquid media in 125-ml
Erlenmeyer flasks. The flasks were topped with a cotton plug and wrapped with
aluminum foil. All of the flasks were placed on a rotary shaker in the dark at 25 ± 1
DC at 75 rpm. Four flasks were removed from the shaker every four days. Once
removed from the shaker, the flasks' contents were vacuum filtered to separate the
callus cells from the media. The P concentration in the cells was obtained when the
cells achieved their maximum fresh weight increase (Table 1). The P concentration
of the cells was obtained by extracting the cells according to the Acid Digestion of
Sediments, Sludges, and Soils (Method #3050), and the extracts were analyzed
according to the Ascorbic Acid Method (Method #4500-PE) (Clesceri, 1998). All
statistical analysis was accomplished using the SigmaStat® software package.

Comparison of the Phosphorus Concentration of Cattail Callus Cells and
Cattail Leaves

The mean cattail leaf P concentration from a study reported by Cary and Weerts
(1984) was compared to the P content of the callus cells (at the point of maximum
fresh weight increase) incubated in suspension culture with similar P levels. Cary
and Weerts (1984) grew whole cattail plants in glass jars for 90 days at various P
concentrations. Conducting this experiment in glass jars allowed all the P to be
bioavailble.

RESULTS

Growth of Cattail Callus Cells in Suspension Culture

When placed in suspension culture, the fresh weight of the cells grown on 33 mg/l
P was significantly (P# 0.05) greater than the fresh weight of the cells grown on all
of the other P concentrations tested (Table 1). The maximum fresh weight of the



cells on 0 mg/L P was 6.6 9 on day 32 (Table 1), which is a 42% reduction in the
fresh weight of the cells as compared to the control cells (Figure 1). The maximum
fresh weight increase of the cells on 11 mg/L P was 10.2 9 (day 32), which is a 29%
reduction compared to the control cells (Table 1). Also, the maximum fresh weight
of the cells on 22, and 33 mg/L was 11.4 9 and 14.3 g, respectively (Table1). The
fresh weight of the control cells was 20% greater than the cells on 22 mg/L (Figure
1). Themaximum fresh weight of the cells on 22 mg/L and 33 mg/L occurred on
day 28 (Table 1).

fCII CIIt fChd PhT bl 1 F h W . ht Ia e res el91 ncrease an OSpl orus oncen ra Ion 0 a us e s

Media P Mean Fresh Days to Achieve P Concentration
Concentration Weight ± 0.01 (g) Maximum Fresh Extracted From

(mg/L) Weight Callus Cell* (mg/kg)
± C.l.t

0 6.6 ± 0.29 32 1651.3 ± 134

11 10.2 ± 1.44 32 1971.3 ± 321

22 11.4 ± 1.44 28 3201.3 ± 1248

33 14.3 ± 0.27 28 3536.3 ± 1318

44 12.5 ± 0.8 28 3854.4 ± 436 .

I

:j: =Confidence interval: *When the cells achieved their maximum growth rate

Figure 1. Fresh Weight Of Cattail Callus Cells Grown In
Liquid Culture With Various Concentrations Of Phosphorus
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The maximum fresh weight of the cells on 44 mg/L was 12.5 g, which is a 13%
reduction in fresh weight as compared to the control cells (Table1). The cells grown
on 44 mg/L achieved their maximum fresh weight on day 28 (Table 1). The
reduction in the fresh weight of the cells on 44 mg/L as compared to the control
cells (Figure 1) is an indication that the increased P level in the culture medium
inhibited the growth of the cells.

Data from this study demonstrates that the 33 mg/L P supplied in the original
Gamborg's (1976) 85 basal media is superior for the growth of this cell line in
suspension culture over all other concentrations tested (Table 1). It appears that
changes in the P concentration will have a dramatic effect on the growth of this cell
line in suspension culture. For example, reducing the P concentration by 33% or
more, or increasing it by 25% will cause a significant decrease in the fresh weight of
this cell line in suspension culture.

Comparison of Phosphorus Level in Cattail Callus Cells and Cattail Leaves

Cary and Weerts (1984) reported that the P concentration in the cattail leaves vary
depending on the P levels supplied to the plants. This is in agreement with results
of this study, which shows that the P concentration in the callus cells will also vary
depending on the level of P supplied to the media (Table 1). Data from this study
demonstrates that when cattail callus cells and whole cattail plants are supplied
with similar P concentrations (22, 33, and 44 mg/L), the nutrient level in the plant
leaves is similar (P # 0.05) to the mean concentration of the callus cells at their
point of maximum fresh weight (Table 2). Thus, the cattail callus cells used in this
study could have estimated the P concentration of the cattail leaves reported by
Cary and Weerts (1984).

Table 2. Comparison of the P Concentration in Cattail Callus Cells and Whole
Cattail (Cary and Weerts, 1984)

P Concentration P Concentration P Concentration P Concentration P Concentration
Of Liquid Media Extracted From Supplied To Extracted From Of Whole Plant
(mg/L) Callus Cell Whole Plants Whole Plants Within

± C.l. t (mg/kg) (mg/L) (mg/kg) Confidence
Interval Of
Callus Cells

0 1651.3±134 1 1270 No

11 1971.3 ± 321 10 3300 No

22 3201.3 ± 1248 20 3570 Yes

0':\ 3536.3 ± 1318 30* 3680 YesV~

44 3854.4 ± 436 40 3780 Yes

+= Confidence interval; * = Interpolated data
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CONCLUSION

This study presents a procedure which uses callus cells to estimate the
concentration of P that cattail leaves will absorb when grown out in the field. If this
procedure is found to be applicable to other marsh plants, it would allow
researchers to screen a variety of marsh plants relatively quickly for their capacity
to absorb P. For example, data from callus cells could be obtained in weeks as
opposed to months using whole plant bioassays. This can possible provide wetland
managers with the ability to form a database containing a variety of marsh plants to
use in their decision-making process when establishing a stormwater wetland. The
wetland manager could select the most appropriate plant based on the climatic
conditions and P levels of the site. For example, a wetland manager may select
plants from the database for a site in New Jersey containing relatively high P levels,
while another set of plants would be selected for a site in Florida containing lower
levels of P.
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ABSTRACT

Cost data and methods are presented to support the development of an Internet
based, interactive tool for estimating capital and operation and maintenance (O&M)
costs of commonly used urban runoff best management practices (BMPs).

INTRODUCTION

Stormwater pollution is a problem throughout the United States. The 1987
amendment to the Clean Water Act mandated the U.S. Environmental Protection
Agency (EPA) to develop a strategy for the National Pollution Discharge Elimination
System (NPDES) for stormwater discharges. The Stormwater Phase II Final Rule
(EPA 1999a) addresses stormwater discharges associated with industrial activity
and discharges from storm sewer systems. Operators of the regulated activities
are required to apply for NPDES permits and implement stormwater controls or best
management practices (BMPs) that reduce or eliminate the discharge of pollutants
into receiving waters. Because no single BMP will satisfy all stormwater control
objectives, consideration should be given to cost-effective combinations of
measures that achieve the overall objectives of a particular site. Operators of
regulated activities need proper BMP design guidance and tools for estimating
capital and operation and maintenance (O&M) costs to aid in BMP selection. This
paper presents cost data and methods for commonly used urban storm runoff
BMPs, i.e., retention/detention ponds, swales, and constructed wetlands.

Existing BMP Databases and Cost-estimating Methods

Many research organizations collect BMP cost information, however, only a few
1



studies provide useful cost data for generating cost equations. All capital and O&M
cost data used in this study came from five sources: BMP Cost Effectiveness
Database (Brown, W. and T. Schueler, 1997), Southeastern Wisconsin Regional
Planning Commission Database (SWRPC 1991), North American Wetland
Database (NAWD 1993), the EPA Design Manual for Wetlands (EPA 1988), and
Cost Data Format for the Nationwide Urban Runoff Program (NURP) Projects (MRI
1980). Cost data are adjusted for inflation and are reported in December 2000
dollars. Costs are further adjusted for regional variations using the nearest city
index methodology described below.

The cost data from these databases, adjusted for inflation and regional variations,
are the basis of regression analysis to develop the coefficients for the capital and
O&M cost equations. The cost functions for the determination of BMP costs
typically follow the single determinant equation (Novotny and Chesters 1981):

C =aP

Where:
C = BMP cost ($),
P = total BMP facility volume, area, or drainage area, and
a, b = statistical coefficients determined from regression analysis.

Statistical coefficients for the single determinant equation can be determined by
linear regression analysis (log-log scale) of cost data.

Linear regressions for area, volume, and total cost were performed on log-log scales
to obtain R2 values and the relevant cost equation coefficients. Table 1 summarizes
the results of the cost equations developed for capital and O&M costs for dry
detention ponds, wet detention ponds, constructed wetlands (both free water
surface (FWS) and subsurface flow (SF)), and grass swales.

Capital Costs

BMP capital costs include construction, erosion and sediment control, design
(engineering and administrative), permitting, and contingencies. Land costs may be
significant but were not considered in this paper because they are highly variable
and inconsistent based on regional and land use factors. Construction costs
primarily consist of labor, materials, and equipment. Design and permitting costs
include site investigation, surveying, permitting, designing, and planning.
Contingency costs are any unexpected costs occurring during BMP implementation.
Total BMP volume, surface area, or drainage area can be used to predict the overall
construction costs (EPA 1999b).

Operation and Maintenance Costs

Costs for construction, design, and permitting are typically incurred in the beginning
of a BMP project. O&M costs need to be calculated annually throughout the life of
the facility. BMP O&M costs incorporate the value of materials and labor needed to
ensure proper operation and functionality of a BMP facility. O&M costs can include
site maintenance, chemicals, insurance, real-estate taxes, and plant supplies
(Novotny and Chesters 1981). Routine maintenance includes inspection, vegetation
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management, debris and litter control, and mechanical component maintenance.
Non-routine maintenance includes bank stabilization, erosion control, sediment
removal, and outlet structure maintenance or replacement. In most studies, annual
O&M costs are expressed as a fraction of the capital cost.

Inflation Adjustment

Several sources of cost data were used to develop the cost equations. These cost
data are expressed in different ye·ar dollars. For example, the Sears (1996) study
cost data are in 1995 dollars, where as those of Brown and Schueler (1997) are in
1997 dollars. In order to assess the costs accurately, all cost data in this paper are
adjusted for inflation and reported in December 2000 dollars. To adjust for inflation,
the ENR construction cost index (ENR 2000) is used to convert all the BMP cost
data to December 2000 dollars. To adjust BMP cost for any other year, the BMP
cost is multiplied by the ENR December 2000 cost index and divided by the base
year cost index.

Regional Adjustment

Costs for construction and O&M of a BMP facility vary significantly by region of the
county or state within which the facility is located. Cost differences result from
variabilities in the costs of living, labor, and materials from region to region (EPA
1999b). Regional cost variations are perhaps the most difficult costs to estimate for
construction of a BMP facility. In this paper, cost data are adjusted for regional cost
variation by using the ENR 20 city construction cost indexes for December 2000
(ENR 2000). The cost data adjusted for inflation is multiplied by the 20 city index
factor (city index/national index for December 2000) of the city closest to the region
of study to adjust for regional variation.

Results

Table 1 summarizes the regression results for this study. Capital cost equations are
developed for dry and wet detention ponds, grass swales, and constructed
wetlands. O&M cost equations are developed for wet detention ponds, wetlands,
and grass swales. Due to the lack of data, no O&M cost equations were developed
for dry detention ponds or SF wetlands. However, the O&M cost for dry detention
ponds is approximately 1% of capital costs, and ranges from 3% to 6% for SF
wetlands (SWRPC 1991). The capital cost equation for grass swales is developed
on the basis of area only. The regression results shows that the capital costs of all
BMPs correlate well with volume (R2 > 0.70) and reasonably well with area (0.43 #
R2 # 0.85), except for wet detention ponds (R2 = 0.56 for volume and 0.22 for area)
and grassed swales (R=0.23 for area). The surface area in dry and wet detention
ponds refers to drainage area and for constructed wetlands it refers to BMP surface
area. The O&M costs of FWS wetlands correlate well with area (R2 = 0.86) but wet
ponds do not (R2 = 0.49). The O&M costs show good correlation with grass swale
area (R2 = 0.99).

Applications

The derived cost equations allow for comparisons between various BMPs and are helpful in
screening the appropriate BMPs. As an example, Figure 1 shows the comparative BMP
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capital cost vs. volume (1,000 to 200,000 fe) using the equations listed in Table 1. For
volume between 1,000 and 10,000 fe, the calculated capital cost is highest for wet
detention ponds (ranging between $13,500 and $44,000), followed by SF wetlands (ranging
between $6,000 and $29,000), FWS wetlands (ranging between $5,500 and $25,500), and
lowest for dry detention ponds (ranging between $4,000 and $22,000).

d SisP d W tl dd O&M C t f DT bl 1 C "t I C ta e apia as s an os s or etention on s, e an s, an wae
,

BMP Type Capital Costs N R2 0& M Costs N R2

Dry Detention Ponds y=1.504 DA 0.8049 16 0.857 No data,

y= 20.44 V 0.7568 13 0.944 Use 1% capital cost

Wet Detention y= 3821 DA 0.2767 24 0.223 y= 46.39A 0.4681 8 0.491
Ponds y= 385.72 V05147 17 0.563

Constructed

FWS y= 121.47 A 0.5708 12 0.476 y= 2.212 A .545 ff 6 0.857

y= 53.11 V 0.6704 5 0.702

SF y= 1016.9 A 0.4935 20 0.430 No data,

y= 55.74 V 06784 12 0.695 Use 3-6% Capital cost

Grassed Swales y= 16.64 A 0.6883 4 0.231 y= 38.86 A 0.32 4 0.997
- . . ,L - ... L - ..

II Where A - BMP faCIlity area In ft ,DA - BMP Drainage area In ft and V- BMP facility
volume in ft3, and N =number of data points

I

For a volume of 100,000 fe, the projected capital costs are highest for wet detention
ponds ($145,000), followed by SF wetlands ($137,000), and dry detention ponds
($124,000) and lowest for FWS wetlands ($119,500). The cost curve shows that
beyond 200,000 fe, dry detention ponds may not be an attractive alternative. The
cost of SF wetlands beyond 150,000 fe becomes more expensive than wet ponds
mainly because of the cost of pre-designed rock or gravel beds. The costs of wet
ponds are always higher than the FW wetlands. Similar curves can be developed
for O&M using the cost equations.

Conclusions
Cost equations developed from actual cost data provide rough estimates of the
actual BMP capital and O&M costs. O&M costs are annual costs. To obtain the
total cost of the BMP over its life, future O&M costs must be adjusted to present
value and added to the capital cost. This method can be used in the screening
process for selecting an appropriate BMP. The actual cost of constructing any BMP
is variable and depends largely on the site conditions and drainage areas. Actual
capital cost may also include cost of land acquisition, which is not included here.
Using the ENR cost index to adjust for inflation is a good methodology. Regional
cost variations may be estimated using the techniques presented, however, further
studies are needed to accurately predict them. Efforts are needed to collect capital
cost and O&M cost data along with performance data. Increased information in the
cost database will help develop more accurate cost equations.

4



I
I

I

250

0:::
200Z

w-
_0

00 150
00
ON
'r"
~t.) 100........ Q)
~O

Cf) 50
:)

50 100 150
Total Volume (1000 ft3)

200 250

--+-DP
__ WP

-o-FWS
-X-SF

I
I
I

I

I
I

Figure 1. Plot of Comparitive BMP Cost Estimating Equations
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ABSTRACT

Extant data were used to assess the relative effectiveness of ponds vs. wetland
type BMPs. Compared to wet ponds, wetlands tended toward higher constituent
concentrations in effluent, were inefficient at nitrogen removal, and appeared to
preferentially retain phosphorus. These differences were hypothetically evaluated in
terms of emergent macrophyte growth dynamics.

INTRODUCTION

Design criteria for popular stormwater treatment structures such as wet and dry
ponds, swales, and wetland-type best management practices (BMPs) are most
often set by the least cost for optimal flow control. In Phase II of the Clean Water
Act, permits issued under the National Pollutant Discharge Elimination System
require stricter water quality control. These regulations are changing the design
objectives for stormwater management. For example, the standard for New Jersey
states, "the water quality requirement for detention will require prolonged retention
of a small design storm which shall be either a one-year frequency, 24 hour storm
using the rainfall distribution recommended for New Jersey by the U.S. Soil
Conservation Service or a storm of 1.25 inches of rainfall in two hours" (NJAC 7:8
1998). Pitt and Voorhees (2000), among others, have pointed out that structural
BMP design based on these criteria may yet be ineffective at water quality control,
which should focus on even more frequent, smaller-volume rainfall events. Given
this, BMPs for stormwater quality control will need to be implemented more often
and, likely, over smaller catchment areas (1-20 acres) to obtain the desired levels of
control.
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How well a specific BMP meets water quality control objectives depends on
effectively balancing site hydrological characteristics, hydraulic efficiency, and
biogeochemistry. Of these three design criteria, the biogeochemical aspects of
BMPs are least certain, yet, perhaps, the most directly related to water quality.
Based on their popularity and the availability of first-rate existing data, the focus was
initially put toward a biogeochemical evaluation of ponds and wetland-type BMP
designs.

This paper highlights the results of the initial phase of a larger study that will
evaluate and develop mechanistic formulations describing BMP performance that
take into account the dominant physical, chemical, and biological processes that
determine overall effectiveness at water quality control. The primary objective was
to test for differences in the relative performance of ponds and constructed wetland
type BMPs for stormwater treatment of solids and nutrient species using readily
available, extant data. Additionally, data on species-specific wetland macrophyte
growth dynamics were used to provide more realistic estimates of potential water
quality control from harvesting aboveground vegetation in stormwater wetlands.

THE BIOGEOCHEMICAL DATABASE

In this phase of the project a sub-database of extant biogeochemical performance
data was developed. Termed as such, because much of the information was
obtained from larger databases. A secondary objective was to qualify the
accessibility of suitable, extant data required to meet statistical objectives of making
inferences between pond and wetland BMP designs. Primary sources used in this
evaluation included the National Stormwater BMP Practices Database (BMPDB)
(www.bmpdatabase.org; Clary et al. 2001); a report prepared by Schueler et al.
(1992), summarizing water quality performance data using efficiency values (%
removal), much of which overlapped with information in the BMPDB; and, for
comparative purposes, the North American Treatment Wetland Database v 2.0
(NADB) was used with the exclusion of wetlands specifically receiving livestock
wastewater (contact: Don Brown, USEPA/ORD/NRMRL tel.: 513-569-7630). Other,
more specific references with biogeochemical performance data were included as
encountered in the, primarily, web-based search. '

Biogeochemical constituents of interest included total suspended solids (TSS), total
phosphorus (TP), total nitrogen (TN), total Kjeldahl nitrogen (TKN); total organic
nitrogen (OGN), nitrate (N03), ammonium (NH4) and soluble reactive phosphorus
(including orthophosphate) (SRP). Additionally, total organic and bound phosphorus
(PP) was derived from TP and SRP (PP=TP-SRP). The BMPDB, in particular,
provided summary mean influent and effluent values along with efficiency data;
reported as the mean percent difference between influent and effluent (i.e. (influent
effluent/effluent)*100). On occasion, there was a difference between the efficiency
reported by the author of the data set and that that resulted from the statistical
summary provided by the database managers. These values were included with
other data that represented general efficiency citations with no accompanying
influent/effluent data. The concentration data proved to be non-normal, and, hence,
were log-transformed before calculating descriptive statistics. Summaries of these
values are represented as geometric means and 95% confidence intervals by BMP
type (Table I). From these geometric means a 'calculated efficiency' value was
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determined and cited here alongside the mean of 'reported efficiency' values for
individual constituents, which were normally distributed (Table I).

Three BMP types were included in the final analysis: 1) wet ponds (RPy, which were
defined as a structure containing a surface pond with a permanent pool and,
therefore, included both retention and extended detention type designs; 2)
constructed stormwater wetlands (SW), which included wetland basins, wetland
channels, and natural wetlands with free-surface flow; and 3) treatment wetlands
(TW), which were cited in the NADB as receiving wastewater and/or stormwater
from industrial and municipal facilities. Dry ponds, or dry detention basins, were
excluded from the analysis due to insufficient sample size for most parameters.
Descriptive statistics and significant tests were generated with the SAS software
package (SAS Institute, Cary, NC). These results are summarized in Table I.

PLANT HARVESTS FOR NUTRIENT REMOVAL IN WETLAND BMPS'

The presence of emergent macrophytes in stormwater treatm~nt basins complicates
the biogeochemistry of these systems. The relative effects on overall water quality
control for treatment structures inhabited by emergent plants as opposed to open
water systems have not been adequately addressed. Although the harvesting of
plants from wetlands is often cited as a potentially significant practice for pollutant
removal (e.g. Wang and Mitch 2000, Kadlec and Knight 1996), it has also been
concluded as insignificant considering the nutrient loads to typical wetlands treatin§
wastewater (EPA 2000). Influent nutrient concentrations and the load to stormwater
BMPs are not of the same magnitude as that for treatment systems (Table I), and,
therefore harvesting may yet be an effective means of removal.

Data on species-specific growth dynamics for marsh macrophytes (Nietch 2000)
were used to constrain the potential benefits of performing maintenance harvests in
stormwater BMPs sized for small catchments. A range of potential nitrogen (N) and
phosphorus (P) removal was provided based on shoot production and turnover
temporal dynamics and literature values of tissue Nand P content for two species of
wetland plants, representing common emergent growth types, and that were grown
under different nutrient regimes. The harvest-based removal estimates assumed
uniform plant densities over wetland basins sized for a one and 20 acre catchment
according to general design recommendations (Pitt and Voorhees 2000). The
removal estimates were compared to a range of estimated total stormwater mass
load of Nand P given a) the geometric means computed for influent concentrations
in Table I; b) a regionally-based range in mean annual rainfall between 20 and 80
inches; and c) a runoff coefficient that varied between 0.25 and 0.8 to calculate
runoff volumes from different landscapes.

RESULTS AND DISCUSSION

Biogeochemical data for stormwater BMPs is not readily available and in a format
that lends itself easily to statistical inference. Hence, due to the small sample sizes
represented in the biogeochemical database, thus far, these results should be
considered preliminary. Nonetheless, potentially important differences between
ponds and wetlands were observed, and were hypothesized to result due to the
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predominance of emergent plants in wetland-based BMP designs compared to
primarily open water pond systems.

First, geometric mean influent concentrations for biogeochemical constituents are
similar between stormwater ponds and wetlands, whereas treatment wetlands show
significantly lower TSS and higher nutrient influent concentrations (Table I).

Second, although not significant, effluent concentrations are higher for stormwater
wetlands as compared to ponds for all biogeochemicals addressed in this analysis.
This translated to lower calculated efficiency values for wetlands for all constituents
except SRP. The means of the reported efficiency values, in general, adhere to this
trend, and for TN, TKN, and OGN were significantly lower for the stormwater
wetlands compared to ponds.

Third, stormwater wetlands appear to preferentially remove P relative to N, as
shown by the larger increase in N:P ratio between influent and effluent for wetlands
compared to ponds (Table I). This may be explained by the facJ that phosphorus is
most often limiting to emergent plants in freshwater wetlands.

55
61
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66 9
65 ,

-164

generate counter-intuitive 1nnIwl1 _ S.mpl. C.'culat.d "un of S.mpl.
Parameter 8MP Reported

effects on water quality if not LOS" o<om..nU05" LOS" g<om..n UOS"" Siz. Eltld.ncy Eltla.ncy Siz.

managed properly. suspendedso~: T~;~6 71.9 144.1 119 23.' 46.7 11 61.'

RP 470 82.3 1435 11.B 1lU 300 20 77.0

TW 10.( 11.0 116 5.8 '.1 6.3 2"11 "4.9

Finally, low to negative efficiencies for nitrogen species in wetlands suggest that
they may be potential sources of N, especially organic nitrogen, to receiving waters.
A similar conclusion is reached from linear equations relating TSS and TN and TP
efficiency (data not shown). These suggest negative nutrient removal efficiencies at
low levels of TSS removal for wetlands. This might be connected to plant shoot
turnover and leaching of soluble organic nitrogen as has been observed for P
(Wang and Mitsch 2000). Organic nitrogen is recognized as an important source of
eutrophication in receiving waters (Seitzinger and Sanders 1997). Hence,
stormwater wetlands may Table I. Summary 5tatlsbcs fO( performance data in the BMP biogeochemical database.

SW=stormwater Wetland: RP=wet pond; and TW-=treatment weiland.

Total Phosphorus (TP)
SW -0.589 0.324 1.571 ·07&6 0.205 1 6CJ.4 11 3&.8' 378 53

RP -0604 0.359 1.697 -0.315 0.170 0.714 20 52.6 45 9 59
TW 3.252 3.441 J 636 1675 1.153 1833 2421 n,D 263 21-45

·Oenotes a sl9n11canl dl"erence between Ihe reponed mean effic.ency ",alues beTween SW and RP

InorganIc N P lnnuenl Emuenl Tolal N P Innuenl Etnuent
SW 5.9 9.3 7,4 11.7

RP 5.5 5,J •.1 '.6
TW 3.6 1.5 1." 1.3

Soluble Reactive Phosphorus (SRP)

• SWl0088 0.192 0,3070055 0.121 0191 II 37.1 223
RP 0043 0.107 0175 0018 0.077 0139 9 25.4 326

TW 1059 1.145 1233 0778 0.850 0925 1072 25.7 122

,.
"2236

•
o

692

23
35

2288

7
7

2129

35

30
2352

20,.
25"8

18

13
1059

114

30.8
34.2

•.6
53.

430

·5.5
25.1

'50

3«
328
185

--046.3

213
·56

22.8
116

·"20

23.5
65.7

5&.2

Organic and Partide·Bound Phosphorus (PP=TP-SRP)

SW 10.061 0.165 0250 0067 0.127 0.t89 8
RP 0086 0.238 0"1t 0056 0.012 0108 9
TW 0319 0.356 0395 0132 0.149 0166 654

Tolal Nitrogen (T N
• sw 1.50 2.41 3.66 140 2.40 3.19 10 0.7

RP 1.47 2.« 3.77 0.99 1.47 2.08 12 39.6
TW ".71 4.90 5.09 2.21 2.2' 237 2"20 53.3

Total Kjelc:lahl NItrogen (TKN)

• SW r 0.83 1.32 1,94 109 1.4' 1.90 10 ·10.'
RP 091 1.24 1.62 0.7" 0.9" 1.17 15 23.11
TW 2.92 3.05 3.19 187 1.95 2.02 24"8 38.3

Total Organic Nrtrogen (OGN)

• SW [ 0.48 0.11 1.20 0.69 1.01 1.60 7 ~5.7
RP 054 0.17 1.28 037 0.69 1.08 7 21.1
TW 1.61 1.87 1.73 128 1.31 1.35 2182 21.2

Ammonium-NItrogen (NH4)

SW /0080 0.239 0422 0079 0.240 0 "25 8 -0.4
RP 0039 0.148 0269 0017 0.136 0269 8 7.9

TW 1 537 1.633 1.731 0603 O,U5 0688 2911 60.5

Nltrate·Nitrogen (N

r
03)

SW 0312 0.901 1.7711 0230 O.las 1889 9 2.6

RP 0239 0.440 0.614 0049 0.346 0726 12 21.5
TW 2353 2.497 26<l1 0635 0.683 0.733 2556 72.6

It is hypothesized here that the
observed differences between
ponds and wetlands are a
function of macrophyte growth
and decay dynamics. Further
support for this hypothesis is
provided in Wang and Mitsch
(2000) where a 5.1 % increase
in modeled P retention was
reported for a treatment
wetland basin absent of
emergent plants. It was
suggested, however, that
harvesting of shoot material, on
average, would remove the
equivalent of 75% of the TP
inflow, and, therefore,
considerably offsetting the
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difference between open water and wetland systems. This estimate however did
not take into account temporal dynamics in shoot biomass.

Considering variability in aboveground biomass, shoot turnover, and tissue riutrient
content within and between emergent macrophytes (Nietch 2000, Kadlec and Knight
1996), it was estimated that harvesting could realistically remove between 5 and
25% and 2 and 15% of the total Nand P load, respectively, over the growing season
in stormwater wetlands. This maintenance alternative may be favorable to, or

.decrease the necessity of, dredging of stormwater treatment basins to extend life
and decrease contamination. In Conclusion, the data presented here suggested
that in the absence of maintenance harvests, ponds appear to slightly outperform
stormwater wetlands for water quality control of nutrients.
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ABSTRACT

This paper presents the results of experiments conducted to determine if four
potential filter media (sand, activated carbon, peat moss, and compost) could retain
previously-trapped pollutants even under anaerobic conditions. The results
indicated that permanent retention of heavy metals may occur even in an anaerobic
environment. However, retention of nutrients may not occur under these conditions.

RESEARCH BACKGROUND AND DESCRIPTION

One of the primary problems with downflow filtration of stormwater runoff is the clog
ging of the filter prior to the medium's exhaustion of the chemical capacity. Upflow
filtration using a siphon control may improve the life of the filters. However, for
upflow filtration with siphon control for entering water, it would be expected that only
the top of the filter would be exposed to air (unlike a gravity filter where the top and
bottom are potentially exposed to air between storms), and an anaerobic
environment could develop. The purpose of this series of tests was to determine if
filter media were able to retain trapped pollutants even if the filter developed an
anaerobic environment, either throughout the filter or only in sections of the filter,
between storm events. A full description of the tests and results can be found in
Clark (2000).



For this set of tests, four media were used: activated carbon, peat moss, compost,
and sand. These media were selected because they provided the best overall
results during the preliminary work - with sand being used as a comparison to
traditional filter material. The media were exposed to a concentrated solution 
spiked tap water (10 mg/L of lead, copper, zinc, iron, nitrate, phosphate, and
ammonia) - for several hours. The water was filtered then filtered through a 0.45
11m membrane filter. The amount of material sorbed onto the media was calculated
using the pre- and post-sorption water concentrations (a blank sample was
evaluated in a similar manner, except with no media, so that the effects of sorption
onto the exposure containers would be accounted for in the data analysis). After
rinsing with a buffered distilled water to remove any loosely bound material and to
replace any concentrated pore water, the media were exposed to pre-settled
stormwater runoff (from Star Lake, a stormwater detention pond, in Hoover,
Alabama) for a period of several weeks. One sample of each medium was
maintained in an aerobic environment where aeration stones were used to keep the
lake water saturated in oxygen. The other sample of each medium was exposed to
the Star Lake water while in sealed BOD bottles, where the naturally-occurring
matter/organisms in the water would consume the oxygen and create an anaerobic
environment. No seeding was done to encourage more rapid development of
anaerobic conditions.

At the end of the exposure time, the dissolved oxygen (DO) concentration and the
oxidation-reduction potential (ORP) of each aerobic and anaerobic sample were
taken. Then the samples were filtered through a 0.45-/lm gel membrane filter, and
the filtrate were analyzed for the ammonia, nitrate, total nitrogen, phosphate, total
phosphorus, and the following metals (calcium, magnesium, iron, copper, lead and
zinc.

RESULTS

For all three forms of nitrogen measured in this experiment (see Figures 1 and 2,
total nitrogen not shown), pollutant retention was equal to or greater under aerobic
exposure conditions than under anaerobic exposure conditions. For ammonia, the
compost released ammonia during the initial sorption. When exposed to aerobic
conditions, additional release did not occur. Additional release/leaching did occur,
however, when the compost was exposed to anaerobic conditions. Previously
sorbed ammonia was released from the peat moss when the water went anaerobic.
Peat moss also released previously-adsorbed nitrate when the exposure water went
anaerobic. Within experimental error, no other media was shown to release nitrate
when exposed to anaerobic conditions. The behavior of all media for total nitrogen
reflected the behavior seen for nitrate (Figure 2).

Phosphorus retention (phosphate: Figure 3; total phosphorus: not shown) on
carbon, peat, and sand was excellent under both aerobic and anaerobic exposure
conditions, indicating that the phosphate that is sorbed on the media will tend to
remain on the media, and, if the sorption capacity is not full, additional phosphorus
may be sorbed to the media during the long-term exposure. For compost, retention
was better and/or leaching was lesser when the media are held under aerobic
conditions.
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Figure 1. Behavior of
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conditions .
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The results for the heavy metals are shown in Figures 4,5,6, and 7 (copper, iron,
lead, and zinc, respectively). As expected, once the metals were adsorbed onto the
media, only negligible removal occurred during rinsing and exposure, except for the
iron-compost combination. For copper, lead, and zinc, the sorption onto the peat

I



and compost appeared to be permanent, likely due to the formation of complexes
with the organic compounds on the surface of these materials. Retention by the
sand and the carbon also appears to be pennanent under the conditions of this
experiment. Iron (Figure 5) was adsorbed to all four media. However, when the
initial sorption pH is closer to neutral (as in these experiments), the bonding
between the compost and the iron was not as strong, and pollutant release occurred
during anaerobic conditions. When the test was repeated with a lower initial
sorption pH, pollutant release was not seen for any of the metals under either
aerobic or anaerobic conditions.

Calcium and magnesium (data not shown) were leached from the compost and peat
media (loss greater than total amount sorbed), likely due to competition between
these ions and the other ions in solution (especially the heavy metals) for sorption
sites on these media. The leaching is significantly greater under anaerobic
conditions, where a reducing environment has been developed. Minimal sorption of
calcium and magnesium was seen on the carbon and the sand.
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These results indicate that permanent retention by the filter media for the heavy
metals may occur even when the filter goes anaerobic. However, retention of the
nutrients may not occur under anaerobic conditions. This indicates that in situations

. where nutrient release was cause problems for the receiving water, the filter needs
to stay aerobic. Therefore, upflow filtration may not be a suitable stormwater
treatment technology for those sites. The permanent retention of the heavy metals
indicates that upflow filtration may be feasible for sites where the primary
stormwater pollutants are metals, such as scrap metal recyclers and junkyards.
This project is part of the WERF Project 97-IRM-2, Innovative Metals Removal
Techniques for Urban Stormwater.
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ABSTRACT

Stormwater filters are typically operated in a downflow mode. This research had
two objectives: (1) to determine the increased life of a filter operated in an upflow
mode, and (2) to determine if the operation of a downflow, mixed-media filter could
be modeled using the power equation proposed by Urbonas (1999). The results
showed that upflow operation could provide longer filter run times. Using laboratory
scale columns, the use of a power equation to model downflow filtration was also
demonstrated. Model confirmation using pilot-scale columns is currently underway.

INTRODUCTION

Filtration is effective in reducing pollutant levels in stormwater. A filter's ability is a
function of the likelihood of a successful interaction occurring between the medium
and the pollutant. Successful interactions are more likely to occur when the filter's
flow rate is slow. However, drainage design, of which filters may be a component, is
primarily concerned with rapidly removing the water from the parking lot, street, etc.,
and thus the desired flow rate is larger than dictated from a pollutant removal view.

Particulate Removal Modeling for Downflow Operation

Suspended solids removal in a filter is generally considered to be a straining
process, i.e., physical capture of the particles at the surface or in pores whose



diameter is smaller than the diameter of the particle(s) in question. Urbonas (1999)
developed a design equation to predict the unit flow rate through a sand filter based
on the suspended solids load. For a sand filter, the suggested design equation for
predicting the unit flow rate, u, through the filter in feet per day (fe/day)/tr based on
the suspended solids load, Lm, accumulated on/in the filter in pounds per square
foot of filter area is Equation 1. This equation indicates that, for a gravity-driven
sand filter, the vast majority of the suspended solids removal occurs on the surface
of the filter and therefore, removal is not a function of the media depth, but instead a
function of the filter's surface area.

[1]

Although Urbonas developed this equation for the sand filters installed in Lakewood,
Colorado, Equation 1 appears to be conceptually and theoretically reasonable for
modeling the suspended solids removal for any site for any filter medium whose
primary solids removal mechanism is surface and near-surface straining. This
hypothesis was tested as described in the Methods section. This task was
performed for compost, activated carbon, zeolite, cotton textile ~aste, agrofiber,
peat moss, and sand. It would be anticipated that the results of these experiments
also could be used to estimate the removal of particulate-bound pollutants since
their behavior should mimic the behavior of the solids to which they are attached. In
addition to testing this hypothesis, this phase of the project also examined the effect
of maintenance, such as disturbing or removing the top 3 to 5 cm of the mixed
media, on flow rate.

Upflow Operation

The second phase of this research addressed the fact that the main drawback of
downflow filtration is the frequent clogging of the filters and the regular maintenance
that is integral to long-term downflow operation. In locations where the filter is
receiving large suspended solids loadings, the filter size must be large to have a
long filter run before maintenance. To reduce the large filter surface area, the
stormwater runoff must be pretreated to remove the solids loading prior to entry to
the filter.

One alternative to pretreatment would be to operate the filters in an upflow mode.
The solids that were trapped on the surface of the filter would be able to "drop off'
the filter and settle into a sump area when the filter is not in operation. It would be
anticipated that this settling of surface solids during non-operation would increase
the life of the filter and prolong the filter runs. Extremely heavy and large solids
would then never approach the filter surface but would instead be settled into the
sump. Upflow and downflow filtration modes were compared for the same filter
media used in the particulate removal modeling task.

METHODS

The media used for these experiments were sand, compost, agrofiber, cotton,
activated carbon, reef carbon, and zeolite, mixed 50% media and 50% sand (by
volume) to standardize the hydraulic conductivities through the filters. A clay-water
mixture with concentrations of 4 gil (first series) and 1.5 giL (second series) was
used as the test water. The red clay, sieved to less than 250 )J.m, was selected
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because it was easily visible in the column (and, therefore, the depth of filter being
used for physical removal was visible). Effluent flowrates were determined after
every liter of filtrate was collected. For the maintenance investigation, the endpoints
of interest were when the flow rate reached 10 m/day, 5 m/day, and 1 m/day. When
the flow rate through the column reached 5 m/day, maintenance (perfornied only
during the first series of tests), such as disturbing the top 3 to 5 cm of media, was
performed. When the flow rate reached 1 m/day (maintenance no longer effective),
the visible depth of the red clay was measured. The turbidity of each effluent
sample was also measured. Breakthrough occurred when effluent turbidity was
greater than 100 NTU or when the flow rate through the column decreased to less
than 5 m/day.

RESULTS AND DISCUSSION

The results of the downflow experiment for all the media except zeolite are shown in
Figure 1. Zeolite was not included because the size distribution of the media was
significantly changed by the manufacturer between the batches used in the first and
the second series of tests. The scatter in the data confirms the effect that column
preparation has on the flow of water through the column (re: inifial flow rate) and on
the particulate removal ability of the media. This scatter was apparent even in the
sand column, where the scatter should have been minimal. However, the general
trend of carbon-sand having the greatest loading capacity prior to clogging and
peat-sand having the least capacity is the same between the two series of tests.

A linear form of equation 1 was used to model the data for all of the media except
the agrofiber-sand and cotton-sand. The resulting equations are given in Table 1.
The statistical analysis of the coefficients for those equations indicates that the "c"
term, although shown in the table, is not significantly different from 1. For the
agrofiber-sand and cotton-sand media, Equation 1 did not fit the data. However, as
can be seen by the agrofiber-sand data in Figure 1, a relationship existed between
the suspended solids loading on the media and the flow rate measured as a unit
loading rate. The agrofiber-sand and cotton-sand loadings versus flow rate data
were regressed assuming a linear relationship between the two parameters,
Equation 2.

where u =loading rate (m/day), c =rate of loading rate decrease, Lm =suspended
solids loading on the media (g/m\ and b =intercept of the regression line (m/day).
The results of the regression analysis for the second series of agrofiber and cotton
clogging tests showed statistically significant coefficients (with normally distributed
residuals) when Equation 2 was used to model the data.

A statistical analysis to compare the media for potential grouping by behavior was
performed. Should groups of equations (such as between media) not be statistically
significant from each other, the media could be categorized. The results of the
comparisons of 'c' values in Equations 1 and 2 showed that the slopes of the linear
equations for the individual media were statistically significantly different from each
other. The table data indicated that establishing groupings of the media would not
be valid.

I

u =c. Lm + b [2]
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Figure 1. Effect of cumulative suspended solids loading from a clay-water mixture
on the filter flow rate.

Table 1. Model Equations for the Effects of Particulate Loading on Flow Rate
Filtration Media Equation for Effect of Suspended Solids Loading on Flow Rate*

Sand u = 44500 • Lm,sand·1.02

Carbon-Sand u = 14800 • Lm,camon-o.77

Peat-Sand u = 2000 • Lm,peat-o.71

Compost-Sand u = 1.6 x 1013
• Lm,compost-4·09

Zeolite-Sand u =60 • Lm,zeolite-0.23

Agrofiber-Sand u = 205 - 0.09 • Lm,agrofiber

Cotton-Sand u = 106 - 0.01 • Lm,cotton

* where u =flow rate (m/day), Lm,media =loading (g/m2
)

As Table 2 indicates, no more than 20 percent of the filter depth contained visible
quantities of the test clay at the time of clogging. The removal of approximately the
top 1 cm was found to be ineffective in significantly recovering flow rate, even in the
cotton-sand filter where the visible depth of penetration was not significantly greater



Table 2. Visible Depth of Red Clay Penetration When Filters Clogged (u ::; 1 m/day)
Media Penetration Depth at Clogging (cm) Penetration Depth as Percent of Filter

Depth

than the depth of media removed. Penetration of small solids was apparently
greater than that seen with the visible red clay penetration.

I
I
I
I

Sand
Carbon-Sand
Peat-Sand
Compost-Sand
Zeolite-Sand
Cotton-Sand
Agrofiber-Sand

8.89
4.76
1.9

3.81
3.81
1.27
8.26

19
10
4
8
8
3

18

While groupings of media could not be established for the downflow filters, patterns
of flow behavior were noted for the upflow filtration set-up. Three different classes
of upflow filtration behavior were observed.

• Particles were primarily removed at the surface through straining. Similar to
downflow filtration, penetration far into the filter's depth was not observed.
For media that surface strained pollutants, the filter deptli would not be an
issue in design. The media which behaved in this manner were the fibrous
material (e.g., cotton and agrofiber).

• Particulate removal occurred throughout the complete depth of each
medium. The sediment slowly traveled upward through the medium,
eventually breaking through. For these media, the granular media (e.g.,
activated carbon, sand and zeolite), the life of the filter would be dependent
on the filter's depth.

• The peat-sand medium separated into two layers during upflow filtration.
After clay was observed to have broken through the bottom sand layer, the
peat-sand layer was observed to float as a mass above the base sand layer.
This allowed easy passage of the water around the peat-sand mass, with
little filtration/straining occurring.

CONCLUSIONS

Using the power law equation proposed by Urbonas (1999) appears to have
promise for modeling the effect of suspended solids loading on flow rate for
downflow, mixed-media filters. Since maintenance appeared ineffective over the
long term, another way to prolong the life of these filters would be to operate them in
an upflow mode. Of the nine mixed media, six performed better. as upflow filters
than as downflow filters. Unlike their behavior in downflow mode, the media
behavior in upflow mode can be broken into the three categories described in the
Discussion section. Pilot-scale testing is currently underway to confirm the results
seen using laboratory-scale columns. Stormwater treatment using upflow filtration
also will be evaluated as part of the Water Environment Research Foundation's
Project 97-IRM-2, Innovative Metals Removal Techniques far Url:!an Starmwater,
during 2001.
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ABSTRACT

The poster presents a synopsis of the results of an industry profile data collection
effort organized in a manner that facilitates evaluation of existing regulatory
approaches based on classifying the requirements for erosion and sediment
controls and for post-construction storm water management into one or more control
strategies or levels.

INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is developing effluent guidelines
for the discharge of runoff from construction and land development activities.
Effluent guidelines are national technology-based standards for categories of point
source dischargers. EPA develops these regulations pursuant to Title III of the
Clean Water Act, and the standards are implemented in National Pollutant
Discharge Elimination System (NPDES) permits. The effluent guidelines will
complement the existing NPDES Phase I and Phase II storm water permit
regulations, and will be incorporated into the construction general permits issued by
States and EPA Regional offices.

The effluent guidelines development process requires EPA to develop a profile of
the industry that is being regulated. The process for developifl9 the industry profile
usually consists of gathering a wide range of technical, economic and environmental
impact information by actively working with industry, citizen groups, state and local
governments, other federal agencies and researchers. As part of this process, EPA
has collected comprehensive information about the required erosion and



sediment control and post-construction BMPs for all states and for selected
municipalities throughout the nation.

The regUlatory development being undertaken by EPA will consider the. merits and
performance of appropriate management approaches that can be used to reduce
impacts of runoff from construction and land development industry activities.
Although EPA does not intend to require use of particular BMPs at specific sites, it
plans to assist the industry in BMP selection by publishing data on the anticipated
performance of various BMP types and to assess the technologies in the context of
targeted control strategies. The poster will demonstrate how the effluent guideline
will build upon the successes of some of the effective state and local programs
currently in place around the country.

The tables included on the poster serve to present the range of performance-based
technologies in current use (i.e., the baseline condition). In classifying the
information, the effort focused on the identification and definition of "performance"
used to evaluate the existing and innovative BMP technologies that were either
specified or implied by the requirements. This classification is useful in assessing
the extent to which existing definitions of BMP performance address the range of
receiving water impacts identified in the baseline environmental assessment for the
possible construction and land development effluent guidelines regulatory effort.

CONSTRUCTION ACTIVITIES

Information in the tables for the construction phase has been classified into 4
different control levels, as follows:

Construction Level 1 - Controls Based on Design Standards

This level is generally typical of existing construction sites regulated under NPDES
Phase I Storm Water regulations as well as existing state and local requirements.
Technologies typically required to meet current requirements consist of sediment
control devices such as sediment traps or sediment basins, seeding and mulching,
and the use of perimeter controls such as silt fences. Sediment traps or basins are
typically designed to capture a certain storm size and provide a detention time
adequate to allow for removal of heavier sediment particles. Seeding and mulching
is typically required for areas of the site that are at final grade or that will not be
worked on for 14 or more days, and this technology helps to prevent soil erosion
and sediment transport. Perimeter controls such as silt fences are typically installed
around the perimeter of the site to help prevent transport of sediment-laden storm
water off-site.

Construction Level 2 - Controls Based on Effluent Standards

This level includes an effluent limit or performance-based standard targeted at
meeting a maximum site sediment discharge based on a peak discharge, total
suspended solids, or settleable solids standard for sediment basins or other
equivalent erosion and sediment controls. A settleable solids standard could be
implemented by determining the site-specific soil settling characteristics based on
soil texture or settling tests, and designing sediment traps or basins to provide
detention times adequate to remove the desired particle size fraction. Since the

2
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fraction of particles that are settleable is highly dependent on the soil texture, sites
that have soils that settle slowly will likely need to apply additional technologies,
such as surface mulching, erosion control mats, and channel linings, to reduce
sediment generation in order to meet the site sediment discharge standard.
Sediment generation could also be reduced by phasing construction sequencing to
reduce the amount of land area that is disturbed at anyone time, limiting the amount
of time site areas are denuded, and scheduling land-disturbing activities outside of
rainy seasons.

Construction Level 3 - Enhanced Performance of Controls

This level would provide enhanced performance-based standard beyond Level 2, by
relying on an additional level of technology, namely application of polyacrylamide
and/or alum treatment. This standard would reach a more stringent level of
settleable solids or a total suspended solids value. This standard would be based
on treatment of denuded areas with mulching and with polymers, such as
polyacrylamide, to prevent soil detachment. In addition, additional control of storm
water can be accomplished by batching sediment traps and basins with alum, or by
using polymer blocks that dissolve and release polymer into drainageways or
sediment basins to aid in particulate settling.

Construction Level 4 - Integration of Controls

This level would provide for a design and maintenance or inspection certification
requirement over any of the other levels, or as an alternative to numerical
standards. There could be a range of design certification and maintenance
standards developed for this level that would be intended to provide increasing
levels of assurance that the appropriate design criteria are being implemented, and
that the controls are being properly installed, operated, and maintained.

POST CONSTRUCTION ACTIVITIES

Information in the tables for post-construction storm water (SW) controls has been
classified into 5 different control levels as follows:

SW Level 1 - Current NPDES Compliance

This level is the control level provided by the National Pollutant Discharge
Elimination System (NPDES) Storm Water Program regulations. It implies the use
of two performance criteria that are closely related, flood control and peak discharge
control. This requirement is generally implemented by controlling the
postdevelopment peak discharges for one or more design storms to the
predevelopment levels. The two most frequently used storms are the 2- and 10
year storms. Some degree of pollutant removal is assumed to be obtained with this
control level depending on the type of BMP used to meetdhe peak discharge
criteria.

SW Level 2 - Settling-Based Criteria

This level is provided by the Guidance Specifying Management Measures of
Nonpoint Pollution in Coastal Waters (EPA, 1993), issued pursuant to the Coastal
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Zone Act Reauthorization Amendments (CZARA) of 1990. The CZARA guidance
includes requirements for municipalities located in coastal states. This level
specifies the same criteria as level 1 but in addition requires 80 percent removal of
the total suspended solids (TSS) from developed (i.e., post-construction) sites.

SW Level 3 - Water Quality and Peak Discharge Controls

This . level is frequently encountered in more environmentally-progressive
municipalities and states. It is also the performance level used in the ASCE
National Stonn Water BMP Database (ASCE, 2000). It defines perfonnance with
respect to three traditional criteria: (1) pollutant removal effectiveness, (2) peak
discharge control effectiveness, and (3) flood control. It differs from Level 2 in that
there is generally some mandated volume of control, typically the first Y2 inch or first
inch of runoff for water quality and pollutant removal. While no specific pollutant
removal requirements are typically used, it is generally assumed that the pollutant
removal levels reported in the literature can be achieved.

SW Level 4 - Multi-Parameter-Based Controls

This level, which has recently been developed by the Center for Watershed
Protection for the State of Maryland's Storm Water Design Manual, is referred to as
the "Unified Sizing Criteria." It relies on a broader definition of receiving water
impacts and includes two additional criteria for BMP performance to supplement the
three criteria found in Level 3. These additional criteria are maintenance 'of
groundwater recharge functions and criteria for the protection of receiving channels
using extended detention control concepts.

SW LevelS - Hydrologically Functional Design

This level represents an attempt to provide a more ecologically-sustainable
approach to storm water management based on the use of hydrologically functional
site design concepts being developed and used by several different groups
throughout the country. This level uses an integrated approach including biological,
chemical, and physical criteria to define BMP performance. This level builds on
levels 2, 3, and 4 by including a number of additional parameters that accomplish a
number of goals, including reducing runoff volumes and rates of flow, maintaining
groundwater levels, reducing pollutant generation and transport, reducing stream
channel erosion, and reducing thermal impacts to receiving waters. Elements of this
approach are known collectively as low impact development (Price George's
County, Maryland, 2000a and b)

CONCLUSIONS

The compilation of state and local regulatory requirements summarized on the
poster shows that it would be useful to conduct qualitative and quantitative
assessments about the available control technologies. Several recent literature
reviews have revealed that there is very little and, in many instances, no field
monitored performance data for the existing BMP database for three out of the four
major categories of impacts, i.e., physical, biological, and habitat. The lack of these
data are related to the current regulatory requirements of states and municipalities.
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ABSTRACT

Low Impact Development (LID) is an innovative technology to control stormwater
quantity / quality impacts at the source using micro-scale management practices
distributed and integrated throughout the landscape. This technology, developed by
Prince George's County, Maryland, to address perceived problems in conventional
approaches to stormwater management (SWM) within the County and the State,
makes multifunctional use of the urban landscape allowing one to design a
hydrologically functional site ( P.G., 1997). This approach results in an ecologically
based approach to stormwater management that is usually more aesthetically
pleasing, precludes impacts to receiving waters, and is generally less costly to
construct and maintain than conventional end of pipe systems

This poster session provides a chronological overview of a number of projects which
have been instrumental in the development of LID technology. The focus of the
paper is on case studies and demonstration projects. While the emphasis of these
projects is the state of Maryland, projects and case studies from other regions of the
Country are also included.

INTRODUCTION

The range of projects and case studies that are included in this poster session help
to demonstrate the considerable range and versatility of LID technology in
addressing environmental issues resulting from land development activities. Some
of the applications of LID that are documented in this po~ter include:

1. LID as a water quality control technique for infill development
2. LID as a water quality retrofit for existing urban areas.



3. LID as a comprehensive strategy to replicate predevelopment hydrologic
functions for a developed site.

4. LID as a win/win strategy to provide improved environmental performance and
reduced site development costs. _

5. LID as volume control method to provide downstream peak discharge protection
for major storm events.

6. LID as an improved approach to protect water supply water reservoirs.

Case Study No.1: First Steps - Bioretention Design Manual

One of the first steps in the development and application of LID techniques in
Maryland consisted of the development of the Prince George's County Design
Manual (ETA, 1993). The bioretention design manual provided one of the first
integrated, landscape based micromanagement tools for stormwater management
that made the development of the LID concept possible. This project began with
modest objectives that included a feasibility study to evaluate if an upland living filter
could be used to achieve the water quality goals of SWM (i.e., control the first Yz of
surface runoff), and be used on small sites to replace the very costly and ineffective
BMPs, such as, the oil-grit separator and other similar devices.

The feasibility study demonstrated that bioretention could be used to meet the
existing water quality control criteria. In addition it also revealed that many additional
benefits could be anticipated including; improved aesthetics, significantly low.er
construction and maintenance costs, as well as the potential to reduce peak
discharges by increasing the time of concentration and reducing the effective CN.
Based on the positive results of the feasibility study, a number of case studies were
developed and documented for various uses of the bioretention concept and a
"Bioretention Design Manual" was prepared.

Case Study No.2: Infill Development with LID - Beltway Plaza Expansion

The Beltway Plaza Expansion project demonstrated the application of bioretention
techniques for an infill development project. Infill development projects are very
commonplace in existing urban areas. Often these sites have an existing storm
drainage infrastructure designed to convey the 2 or 10-year storms, but typically
lack either storm water management or water quality control. This was the case at
the Beltway Plaza located in Prince George's County, Maryland. It was determined
that this site would receive a waiver for peak discharge control due to the existing
storm drainage system, but would require water quality control.

The entire parking lot for the expansion received water quality control trough the use
of bioretention cells. This site proved to be a significant milestone for the use of LID
technology for a number of reasons. First it demonstrated that the bioretention
concept could be used to control a large parking lot area by breaking the area up
into a number of small drainage catchments, each approximately % to Yz acre in
size; the micro-scale management concept. Second it has provided crucial
information on the durability of this practice. The bioretention cells have been in
operation since 1993 and are holding up very well. Third, it provided a site that could
be monitored to document the pollutant removal performance of bioretention cells as
described below. Fourth, it has provided actual data that verifies the very low and
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simple maintenance requirements and costs of these practices which are
approximately $200.00 per site per year.

Case Study No.3: Parking Lot Retrofit with Bioretention

The parking lot of the Prince George's County Office Complex in Largo, Maryland
had been designed with conventional end-of-pipe SWM controls. The Prince
George's County government conducted a bioretention retrofit project to
demonstrate that the bioretention cell was an effective way to retrofit existing urban
areas to provide water quality benefits. This demonstration site also served as an
important milestone in the development of LID technology in Maryland for a number
of reasons. First it demonstrated that existing impervious areas could be cost
effectively retrofitted with bioretention cells to provide water quality control. Second
it demonstrated and documented the use of various materials for the construction of
the cells. Third it provided another site that was monitored to document the pollutant
removal performance of bioretention cells in a retrofit setting.

Case Study No.4: LID Comes of Age- LID Design Manual -

The bioretention case studies described above together with considerable technical
analysis of improved approaches for addressing the stormwater management
impacts of development activities culminated in the development of the Prince
George's LID Design Manual in 1997. This manual is a milestone in LID technology
for several reasons. First it provided a complete and systemic approach for
integrating the major elements of LID design. In addition, it provided a hydrologic
analysis procedure based on the NRCS TR-55 method.

Case Study No.5: Detailed LID Comparisons with Conventional SWM Design.

In 1997 -1998 Prince George's County conducted a series of studies to compare
the costs of using LID design with conventional SWM design practices ( G&O,
1998). Three case studies that compare LID with conventional design were
developed with an emphasis on mitigating hydrologic impacts. The case study
approach is valuable because of the highly site-specific and interrelated outcomes
of LID techniques, which cannot be sufficiently evaluated if they have been applied
only to idealized or theoretical circumstances.

The three case studies developed included: 1) Patuxent Riding ( residential Y:! and
1/3 acre lots); 2) Pennsylvania Riding (residential townhouses); 3) Great Eastern
Shopping Center (commercial). The results of the residential case study are
summarized below.

Costs. The LID design provided seven additional lots while achieving a significant
cost decrease in the development of the Patuxent Riding Site. Cost comparisons
are summarized in Table 1. These cost figures demomstrate significant savings in
grading and roadway costs and dramatic reductions in the costs for storm drains
and SWM. While the total roadway length was increased due to the addition of a
cul-de-sac, savings in roadway costs resulted from decreases in both road width
and road thickness. The storm drain costs were reduced by nearly 50% on account
a greater proportion of the conveyance made available on the surface in grassy
swales rather than underground in pipes. With the elimination of the need for two
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SWM ponds, the SWM cost was reduced to the fee-in-lieu. The savings in SWM
costs were approximately equal to the cost of bioretention and rain barrels.

Table 1. Construction Cost Comparisons for Patuxent Riding

Costs (Dollars) Percent of Total Cost
Element Conventional Low Impact Conventional Low Impact
Grading, $ 569,698 $ 426,575 52% 52%
Roadway RJW
Storm Drain $ 255,721 $ 132,558 24% 16%

SWM* $ 260, 858 $ 10,530 24% 1%

Bioretention, $ ° $ 252,124 - 31%
Rain Barrels
Total Cost $ 1,086,277 $ 821,787 100% 100%

Units 74 81
Unit Cost $ 14,679 $ 10,146 -

*The SWM cost for LI D IS the SWM fee-m-lieu

Case Study No.6: Pembroke Subdivision - Total LID Site Design Also
Provides Downstream Peak Discharge Control.

The Pembroke Subdivision is a Y2 acre residential development located in northern
Frederick County Maryland and is the first LID subdivision permitted in this County.
In order to satisfy County criteria for adequate downstream conveyance a
downstream impact analysis was conducted. Initially the site LID hydrologic analysis
was based on the 1-year storm (2.5 inch rainfall) which is Frederick County's criteria
for water quality control. The downstream analysis revealed that the 1-year storm
design was not sufficient to maintain predevelopment peak discharges for the 10, 50
and 100-year storms. An incremental iterative procedure was then used to
determine the additional control requirements that would be required to provide the
required downstream control. The analysis showed that by increasing the design
storm to the 2-year storm (3.0 inches of rainfall), the required downstream protection
for the complete range of flood events ( 10, 50 and 100 year storms) was achieved.

LID CASE STUDIES OUTSIDE OF MARYLAND

While the focus of this poster is on LID related activities in the State of Maryland; it
is important to note that the LID concept is being recognized as a viable alternative
to the traditional approaches to SWM management and is being rapidly
implemented in many jurisdictions throughout the US. In addition some applications
are beginning to surface in other countries. A few of these developments are briefly
identified below.

Case Study No.7: LID for Optimum Water Quality Protection of Water Supply
Reservoir - High Point, NC.

The City of High Point, North Carolina due to its proximity to a proposed regional
water supply reservoir is faced with the implementation of very stringent water
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quality controls related to nutrients control (i.e. phosphorus) and limitations on total
impervious area (TIA). As part of a watershed wide assessment and development of
a comprehensive stormwater management plan, an evaluation of the benefits of
using LID technology was conducted ( Tetra Tech, 2000).

The evaluation revealed that the use of LID, particularly the incorporation of
bioretention techniques, could optimize the removal of phosphorus by approximately
50% over conventional pond based BMPs. The bioretention cells can achieve
phosphorus removal levels ranging from 75 to 90 percent compared to the reported
levels for SWM ponds which range from 40 to 50 percent.

Case Study No.8: LID for Commercial Applications - Florida Aquarium,
Tampa Bay, Florida.

The Florida Aquarium site is an 11.5 acre, asphalt an concrete parki~g area that
serves approximately 700,000 visitors per year. An innovative storrnwater
management system was designed using a SWM treatment train approach that
incorporates many elements of LID design (Rushton, 1999), Runoff is controlled
using the following BMPs: 1) end-of-island bioretention cells; 2) bioretetion swales
located around the parking perimeter; 3) permeable paving; 4) bioretention strips
between parking stalls

This project has incorporated a long term monitoring program which is providil)g
valuable performance data on the hydrologic and water quality performance of this
facility. A total of 16 storm events were monitored at the Florida Aquarium site
during 1998. The Southwest Florida Water Management District measured rainfall
and flow from. each of the sub-catchments in the parking area and collected ware
quality samples on a flow-weighted basis. Comparisons between pavement areas
controlled by the BMPs and uncontrolled asphalt areas were made for peak runoff
rate, runoff volume, runoff. coefficients, and water quality. Sediment cores from
swales also were collected and analyzed. The parking areas controlled by the BMPs
showed a significant reduction in runoff volume and peak runoff rate.
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ABSTRACT

The U.S. Environmental Protection Agency is developing effluent guidelines
applicable to discharges of stormwater from new construction and land development
activities. As part of the effluent guidelines development process, EPA conducted
two interrelated assessments. First it conducted an evaluation of the environmental
impacts attributable to the land development industry. Second it conducted a related
assessment of the effectiveness of erosion and sediment controls, post construction
stormwater BMPs and low-impact development practices to determine the ability of
these practices to mitigate impacts attributable to construction and development
activities which were identified in the first assessment. This poster session
describes the protocols that were used to conduct the assessment of the
effectiveness of the post construction BMP's and summarizes the preliminary
findings of the assessment. The effectiveness assessment was conducted for two
broad categories.

INTRODUCTION

This poster session summarizes the protocols that were used to conduct the
assessment of the effectiveness of the post construction BMPs in mitigating the
impacts attributable to land development activities. The effectiveness assessment
was conducted for two broad categories. The first category evaluated the control
strategies associated with various BMPs. These strategies include; flood control,
peak discharge control, water quality control, multi-parameter control approaches
and finally ecologically sustainable control approaches. The second broad category
evaluated individual BMPs. For each individual BMP it identified the control



strategies that are incorporated in the BMP and results of analytical and field
monitoring data.

The protocol incorporated a number of sequential steps that included; 1)
identification of performance goals; 2) development of a linkage between the
performance goals and impact areas identified in the environmental assessment
component of the rulemaking process; 3) incorporation of both qualitative and
quantitative assessment procedures; 4) identification and assessment of control
strategies, criteria and standards; and 5) identification and assessment of post
construction BMPs. These elements of the protocol are summarized below.

IDENTIFICATION OF PERFORMANCE GOALS

The assessment of the available literature for both of these activities focused
particular attention on the identification and definition of "performance" ·used to
evaluate the existing and innovative BMP technologies. This assessment includes
an evaluation of the extent to which existing definitions of _BMP performance
address the range of receiving water impacts identified in the baseline
environmental assessment. This area of study is experiencing rapid advances. The
project team has currently identified at least five different approaches or levels of
BMP performance definitions as follows:

Level 1-This is the level provided by the National Pollutant Discharge Elimination
System (NPDES) Storm Water Program regulations. It provides two performance
criteria that are closely related, flood control and peak discharge control. This
requirement is generally implemented by controlling the post development peak
discharges for one or more design storms to the predevelopment levels. The two
most frequently used storms are the 2- and 10-year storms. Some degree of
pollutant removal may be obtained with this level depending on the type and design
of BMP used to meet the peak discharge criteria.

Level 2-This level is provided by the Guidance Specifying Management Measures
of Nonpoint Pollution in Coastal Waters, issued in 1993 by EPA pursuant to the
Coastal Zone Act Reauthorization Amendments (CZARA) of 1990. The CZARA
guidance includes requirements for municipalities located in coastal states. This
level specifies the same criteria as level 1 but in addition requires 80 percent
removal of the total suspended solids (TSS) from construction sites.

Level 3-This level is frequently encountered in more environmentally active
municipalities and states. It is also the performance level used in the ASCE National
Storm Water BMP Database. It defines performance with respect to three traditional
criteria: (1) pollutant removal effectiveness, (2) peak discharge control effectiveness,
and (3) flood control. It differs from Level 2 in that there is generally some mandated
volume of control, typically the first ~ inch or first inch of runoff for water quality and
pollutant removal. While no specific pollutant removal requirements are typically
used, it is generally assumed that the pollutant removal levels reported in the
literature can be achieved.

Level 4-This level, which has recently been developed by the Center for
Watershed Protection for the state of Maryland, is referred to as the "Unified Sizing
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Criteria." It takes a broader definition of receiving water impacts and includes two
additional criteria for BMP performance to supplement the three criteria found in
Level 3. These additional criteria are maintenance of groundwater recharge
functions and receiving channel protection criteria using extended det~ntion control
concepts.

Level 5-This level, which represents an attempt to provide an ecologically
sustainable approach to storm water management, is currently under development
by a number of groups throughout the country. It includes the joint effort by Tetra
Tech, Inc., and Prince George's County (USEPA, 2000), and Snodgrass et al.
(1997) among others. This level uses an integrated approach including biological,
chemical, and physical criteria to define BMP performance. A combination of water
quality, bio-habitat, and geomorphic criteria are used to evaluate whether a
receiving stream is at the targeted goal of "fishable and swimmable," or the extent of
departure from this goal. A number of additional parameters are added to the Level
2 performance criteria: (1) stream buffer retention and thermal impact
considerations, (2) volume control considerations, such as considerations presented
in the low impact development concept approach, are added 10 the peak discharge
and groundwater recharge criteria to achieve maintenance of hydrologic function at
a site - specific level, and (3) geomorphic criteria as described by Dunne and
Leopold (1978), Rosgen (1996), and others are incorporated to supplement or
replace extended detention approaches to achieving channel stability.

GOALS AND ENVIRONMENTAL IMPACT AREAS

The performance goals included in this technology assessment were developed
under EPA's regulatory development process to evaluate the ability of each BMP to
effectively control impacts caused by runoff, as well as the design criteria or
standards currently used to size each practice to ensure effective control of runoff.
Consequently, the environmental impacts due to runoff identified in the baseline
environmental assessment became the performance objectives of this assessment.
Table 1 summarizes the categories of impacts that were identified in the baseline
environmental assessment. The four major categories of impacts identified: (1)
physical, (2) habitat, (3) biologic, and (4) chemical or water quality. In this
assessment the habitat and biologic categories were combined into one category as
habitat/biological, because these two categories are so closely related. Twelve
individual metrics identified for the physical impact category; 10 for the habitat
category, 5 for the biological category, and 9 for the chemical or water quality
category. Thus for all the categories combined, a total of 36 impact metrics were
identified.

QUALITATIVE VS. QUANTITATIVE ASSESSMENT

The review of the literature conducted for this assessment, showed that it would be
useful to conduct both a qualitative and a quantitative"assessment of the available
technology. The literature review quickly revealed that there is very little and, in
many instances, no field-monitored performance data for the existing BMP database
for three of the four major categories of impacts, namely-physical, biological, and
habitat. Consequently, the project team determined that it would be useful to
develop a rapid screening tool that could evaluate the control strategies as well as
the design criteria or standards currently used to size each practice to determine
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from a practical, scientific basis whether the metrics associated with any of the
impact categories were addressed by the control strategy or criteria. For example,
one can reasonably conclude that if a wet pond is used to control the runoff from a
highly impervious area such as a parking lot, that groundwater recharge metrics are
not being addressed. If an infiltration trench or pond were used instead of the pond,
however, one could reasonably conclude that the groundwater recharge metric was
being addressed.

A quantitative assessment was conducted for each of the BMPs and control
strategies identified in this report. The quantitative assessment includes at a
minimum, a review of the appropriate scientific and engineering principles that are
used in the design and application of either a control strategy or specific BMP. A
fundamental theoretical analysis was conducted for each of the control strategies
and BMPs. This theoretical analysis was supplemented by the use of field monitored
performance data, where such data were available.

CONTROL STRATEGIES, CRITERIA, AND STANDARDS

This technology assessment revealed that the implementation of the performance
standards is typically accomplished by using a number of control strategies, criteria
or standards which can be grouped into at least four major groupings which include:
peak discharge control; 2) water quality control; 3) multi parameter controls, and 4)
habitat protection and ecological sustainability. Each of these control strategi~s

were subjected to a quantitative assessment of the extent to which they address the
technical issues associated with the four major impact areas. The results of this
analysis were summarized in a series of tables which are contained in the technical
report and will be provided at the poster session.

POST CONSTRUCTION BMPs

The technology assessment grouped the BMPs currently available to mitigate the
impacts into six major groupings which include: 1) ponds; 2) wetlands, 3) infiltration,
4) filters, 5) vegetated channels, swales and filter strips, and 6) low impact
development ( LID ) techniques. A series of tables were used to summarize the
available data either qualitative or quantitative that documents the ability of these
BMPs to address the technical issues associated with the four major impact areas.
These tables are contained in the study report and will be provided at the poster
session.

CONCLUSIONS

This assessment has been unique with respect to previously conducted
assessments of urban runoff technology in a number of significant ways. Most
previous assessments of urban runoff control technologies have defined BMP
effectiveness with respect to levels 1 thru 3 described in this paper. In other words,
the previous assessments have measured performance with respect to peak
discharge control and pollutant removal. This assessment adopted a broader
definition of effectiveness and performance. In response to the objectives set forth
in the scope of work, performance was defined as the ability of the control
techniques, or BMPs to address the full range of environmental impacts which have
been identified in the available literature. These impacts which are identified in
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Table 1 were grouped into four major impact categories which included: 1) physical,
2) chemical, 3) habitat, and 4) biological.

There is some question regarding the authority under the Clean Water Act (CWA) to
address or regulate impacts to receiving water bodies other than discharges of
pollutants, as summarized by Swietlik (1997) in his paper titled, Stormwater
Management in the US- Key Challenges and Possible Solutions. However, there is
little question about the growing .awareness of the broad range of environmental
impacts to which receiving waters in urbanizing areas are subjected and which
inevitably lead to the impairment and reduction and loss of ecological sustainability
of these water bodies.

The results of this technology assessment clearly indicate that there exist numerous
unresolved technical issues and problems with respect to the existing technology in
terms of its ability to effectively control the range of impacts to receiving waters. As
documented in the technology assessment, these problems begin with the existing
control strategies and criteria, and are carried through to the suite of BMPs that are
used to implemented the control strategies. -

A number of new and innovative control strategies and BMPs are being developed
at the local level to address ecological sustainability issues. These innovative
technologies are being developed based on integrated ecological principles and
thus hold promise for achieving ecologically sustainability in the future. Most of
these innovative technologies, however, still require field validation of their
performance before they can be considered to effective in addressing the full range
of environmental impacts associated with post development activities.
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ABSTRACT

This paper overviews causes of combined-sewer deterioration and their heavy
pollutant discharges caused by rain events together with a discussion of their control
methods. In particular, it covers in-sewer and combined-sewer overflow (CSa)
storage-tank-f1ushing systems for removing sediments and minimizing hydrogen .
sulfide production, resulting in the reduction of associated pollution and sewerline
corrosion, respectively. Performance of two technologies, i.e., the tipping flusher
(TF) and the flushing gate (FG) were evaluated by a detailed examination of 18
facilities in Germany, Canada, and the United States. Results indicate that both the
TF and FG technology appear to be a cost-effective means for flushing solids and
debris from csa storage tanks, while the FG is considered to be the most efficient
method for controlling combined-sewer sediment.

INTRODUCTION

Wastewater solids deposited in combined-sewer (CS) systems during dry weather
are major contributors to the combined-sewer overflow (CSa) pollution load. In
recent years, pollution caused by csa has become a serious environmental
concern. Although requirements may vary concerning allowable overflow amounts,
the need for permit compliance has resulted in the design and construction of
storage facilities as well as utilization of inline in-sewer storage or constructing deep
tunnels. In the case of in-sewer storage, shallow slopes and low average velocities
allow debris to settle along the invert of the sewer during storage periods.
Accumulation of sediment results in a loss of storage capacity that may cause
blockage, surcharge, or local flooding and septic conditions that create odor,
corrosion, and hazardous gas safety problems.

Estimates of dry-weather flow (DWF) deposition in CS systems range from 5 to 30
% of the daily suspended solids (SS) pollution loading. The average dry period
between storm events is about four days for many areas of the United States,
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accumulates in the collection system, an intense rainstorm after four days of
antecedent dry weather could cause a two-hour CSO which could wash the
equivalent of one-day's raw-sanitary wastewater to the receiving waters.
Furthermore, a one-day equivalent of raw-sanitary wastewater discharged within a
two-hour period is twelve times the rate at which raw sanitary wastewater enters the
collection system.

SEWER-SEDIMENT SOLIDS ORIGIN

The sediment solids and associated pollutants found in combined sewers result
from raw-sanitary wastewater solids deposited during DWF and washoff from land
surfaces during storm events. For combined sewers, the largest solids and pollutant
loads are likely to originate from raw sanitary wastewater during dry weather.

Solids from Overland Surface Sheetflow

The particulates and associated pollutants in urban stormwat~r come mainly from
atmospheric deposition, roof tops, parking lots, and streets/highways. Other
sources include construction sites, automobile maintenance operations, leaking
sewer infrastructure and septage, accidental spills, and runoff from lawn irrigation.
In some cases, treated wood has been identified as a potential source of arsenic,
cadmium, copper, chromium, and zinc in stormwater.

Raw-Sanitary Wastewater Input during Dry-Weather Flow

Solids originating from raw-sanitary wastewater sources can be categorized into
three types: fine fecal and other organic particles (sanitary solids); large fecal and
other organic matter (gross and kitchen waste solids); and paper, rags, and
miscellaneous (sanitary refuse). These categories also apply to commercial and
other workplaces, where additional substances from industrial sources may be
found, subject to pretreatment effluent compliance requirements. Due to the
diversity of the inputs from industrial sources, they will not be considered further
here. Garbage grinders are installed in many cities and will take a range of wastes,
including plastics, and emit them into sewer systems.

IMPACT OF SEWER-SEDIMENT SOLIDS

In general, sewers will not maintain self-cleansing velocities at all times. The diurnal
pattern of the DWF and the temporal distribution and nature of sediments found in
sewer flows may result in the deposition of some "juvenile" sediments at times of low
flow. The subsequent erosion and transport of these sediments, either as
suspended load or bedload, at times of higher flow during a storm event, contribute
to the so-called first flush (or polluted-segment load) phenomena in CSO. In addition
to CSO pollution, sewer sediments create corrosion and odor problems due to
septicity conditions in the sewer that result from the activity of anaerobic
microorganism in the sediment layer.
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Structural Deterioration

During low-flow dry-weather periods, raw sanitary wastewater solids deposited in CS
systems can generate corrosive and toxic hydrogen sulfide (H2S) and explosive
methane (CH4) gases. Bacteria utilize H2S gas and produce sulfuric acid (H2S04),

The effect of H2S04 on concrete surfaces in the sewer environment can be
devastating. Sections of interceptors and entire pump stations have been known to
collapse due to loss of structural stability from corrosion caused by H2S04 . In severe
instances, pipe failure, disruption (")f service, street-surface caveins, and uncontrolled
releases (exfiltration) of wastewater to surface streams and/or groundwater can
occur.

Surface-Water Quality

From 40% to 80% of the total annual organic loading entering receiving waters from
a city is caused by wet-weather flow (WWF). During a single storm event, WWF
accounts for about 95% of the organic load as well as high loads of heavy metals
and petroleum hydrocarbons (Field and Turkeltaub 1981). CSO can have damaging
impacts on receiving waters. The concentrations of SS and associated heavy
metals and chlorinated hydrocarbons were found to be greater for CSO than for
stormwater discharges in Lake Washington, Seattle, WA. Human enteric viruses
were also detected in the CSO (Tomlinson et al. 1980).

Groundwater Quality

Contamination of soils and ground water in the vicinity of a leaking (exfiltrating)
sewer appears to occur in regions having lower ground water elevations than sewer
invert elevations. Furthermore, exfiltration events resulting from sewers that have
collapsed or catastrophically failed due to long-term sewer system deterioration are
likely to be more severe than infiltration events at locations where ground water
fluctuates (U.S. EPA 2000).

SEWER-SEDIMENT CONTROL METHODS

Management of solids to prevent their entry into the sewer system is usually the
most cost-effective way of reducing sewer sediment. Source-control methods
include the application of best management practices (BMPs), such as improved
street cleaning practices, improved street stormwater-inlet design and operation, and
other nonstructural BMPs. Elimination of kitchen garbage grinders and segregation
of sanitary items from toilets can be more cost effective than control of SS, floatable
solids, and debris at CSO points. Evaluation of BMPs is covered elsewhere (US
EPA 1977; Weisman and Field 1981). The following sections briefly discuss the
concept of sewer flushing for sewer solids control.

Fan and Field
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Sewer Flushing

The concept of sewer flushing is to induce an unsteady wave by either rapidly
adding external water or creating a "dambreak" effect by the quick opening of a
restraining gate. The objective is to resuspend and transport deposited pollutants to
the wastewater-treatment plant during DWF periods and/or to displace solids
deposited in the upper reaches of large CS systems closer to the system outlet. The
control idea is either to reduce deposited pollutants that may be resuspended and
overflow during wet events and/or to decrease the time of solids transport within the
CS system. During wet-weather events these accumulated loads may then be more
quickly displaced to the treatment headworks before overflows occur or be more
efficiently captured by wet weather "first-flush" capture storage facilities. The two
most effective flushing technologies are flushing gate (FG) and tipping flusher (TF).
The FG system has been used to clean settled debris and sediment in sewers,
interceptors, tunnels, and retention and detention tanks in Canada, Germany, and
Switzerland. For sewer inline flushing installations, the required storage volume for
the flush water is created by erecting two walls in the sewer to form a flushwater
storage area. The TF system is effective for cleansing sediment from storage tank.
This device was initially developed in Switzerland, and has been used in North
America for about ten years (about 20 tanks with flushers in the United States, with
most located in Michigan) and over 15 years in Germany and Switzerland.

CASE STUDIES

Pisano et al. (1998) evaluated operational results of 18 tank and sewer flushing
installation sites in North America and Europe and the effectiveness of system
designs in terms of sediment removal and capital and operation and maintenance
costs.

A cost analysis comparing FG technology to conventional large-pipe-c1eaning
operations using bucketing methods was conducted for an actual project under
construction in Cambridge, MA. A FG system to flush a 1,500 m (5,000 ft) length of
large-diameter sanitary sewer [size range: 0.46 m (18 in.) to 1.2 m (48 in.)] and
storm drains [size range: 0.6 m (24 in.) to 1.2 m x1.8 m (4 ft x 6 ft)] was examined.
A present worth (9% interest, 30 years) savings of $500,000 was estimated (ENR =
6,500) using the FG technology in lieu of periodic cleaning using conventional
means.

For a long flat-depositing sewer carrying warm sanitary wastewater with high-organic
loadings and H2S concentrations, a cost-effectiveness study was conducted by using
FG technology in conjunction with ferric chloride (FeCI3) addition. FeCI3 treatment
alone was estimated to be $15.5 million and the cost of the FeCI3 treatment
combined with the FG for the control of H2S was estimated to be $12.5 million.
Thus, a saving of $3 million would be realized using the combined FeCI3 treatment
and sewer flushing system.

Fan and Field
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CONCLUSIONS

The control of sewer sediment and reduction of H2S in CS systems is o~ vital
importance. This article emphasizes the potential benefits of flushing technology for
effective: (1) reduction of sewerage sediment accumulation, (2) decrease of
sewerage structure corrosion, and (3) subsequent alleviation of pollutant emissions
in CSO. A case study indicated that the control of H2S in sewerage systems may be
more cost-effectively achievable by using in-sewer chemical addition in combination
with sewer flushing.
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FULL-SCALE TESTS OF THE MULTI-CHAMBERED
TREATMENT TANK (MCTT)

Robert Pitt, M. ASCE
Department of Civil and Environmental Engineering

The University of Alabama
Tuscaloosa, AL

ABSTRACT

The MCn was developed to control toxicants in stormwater from critical source
areas. During monitoring, the pilot-scale MCn provided median reductions of >90%
for toxicity, lead, zinc, and most organic toxicants. Suspended solids was reduced'
by 83% and COD was reduced by 60%. The full-scale tests substantiated these
excellent reductions.

INTRODUCTION

The MCn is most suitable for use at relatively small areas, about 0.1 to 1 ha in
size, such as vehicle service facilities, convenience store parking areas, equipment
storage and maintenance areas, and salvage yards. The MCn is an underground
device and is typically sized between 0.5 to 1.5 percent of the paved drainage area.
It is comprised of three main sections, an inlet having a conventional catchbasin
with litter traps, a main settling chamber having lamella plate separators and oil
sorbent pillows, and a final chamber having a mixed sorbent media (usually peat
moss and sand). Long-term continuous simulations are used to size the unit for
specific toxicant reduction goals based on local rain conditions. Pilot scale tests on
the campus of the University of Alabama at Birmingham verified the design
procedures and indicated very high pollutant removal capabilities. Full-scale units
were installed in Milwaukee and Minocqua, WI, and monitored for a one year period.
Currently, Caltrans is monitoring three full-scale units in Los Angeles County.

WISCONSIN FULL-SCALE MCn TEST RESULTS

Results from the full-scale tests of the MCn in Wisconsin (Greb, et al. 1999) are
encouraging and collaborate the high levels of treatment observed during the pilot
scale tests. Table 1 shows the treatment levels that have been observed during
seven tests in Minocqua (during one year of operation) and 15 tests in Milwaukee
(also during one year of operation), compared to the pilot-scale Birmingham test
results (13 events). These data indicate high reductions for SS (83 to 98%), COD
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(60 to 86%), turbidity (40 to 94%), phosphorus (80 to 88%), lead (93 to 96%), zinc
(90 to 91 %), and for many organic toxicants (generally 65 to 100%). The reductions
of dissolved heavy metals (filtered through 0.45 ~m filters) were also all greater than
65% during these full-scale tests. None of the organic toxicants were ever observed
in effluent water from either full-scale WI MCn, even considering the excellent
detection limits available at the Wisconsin State Dept. of Hygiene Laboratories that
conducted the analyses. The influent organic toxicant concentrations were all less
than 5 Jig/L and were only found in the unfiltered sample fractions. The Wisconsin
MCn effluent concentrations were also very low for all of the other constituents

.monitored: <10 mg/L for SS, <0.1 mg/L for phosphorus, <5 ~g/L for cadmium and
lead, and <20 ~g/L for copper and zinc. The pH changes in the Milwaukee MCn
were much less than observed during the Birmingham pilot-scale tests, possibly
because of the added activated carbon in the final chamber in Milwaukee. Color was
also much better controlled in the full-scale Milwaukee MCn.

Cotchbasin Main Settling Chamber
- Pocked Column - sorbent pillows

aerators - fine bubble aerators
- tube settlers

Figure 1. Men cross section.

Filtering Chamber
- sorbent filler fabric,
- mixed media filter layer

(sand and peat)
- filter fabric
- grovel pocked

underdrain

Q. ..

The Milwaukee installation is at a public works yard and serves about 0.1 ha (0.25
acre) of pavement. This MCn was designed to withstand very heavy vehicles
driving over the unit. The estimated cost was $54,000 (including a $16,000
engineering cost), but the actual total capital cost was $72,000. The high cost was
due to uncertainties associated with construction of an unknown device by the
contractors and because it was a retro-fit installation ..

The Minocqua site is a 1 ha (2.5 acre) newly paved parking lot for a state park and
commercial area. It is located in a grassed area and was also a retro-fit installation,
designed to fit within 3:l existing storm drainage system. The installed capital cost of
this MCn was about $95,000 and included the installation of the 3.0 X 4.6 m (10ft
X 15ft) box culverts used for the main settling chamber (13 m, or 42 ft long) and the
filtering chamber (7.3 m, or 24 ft long). These costs are about equal to the costs of
installation of porous pavement (about $40,000 per acre of pavement).
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Pumps were used to ensure that the stormwater remained in the sedimentation
chamber for at least 24 hours. The filter chambers have a 450 mm (18 in) layer of
mixed media (50/50 mixture of sand and peat moss). The filter areas were sized
using a loading rate of 5,000 g TSS/m2/yr (Pitt, et at. 1999).

MCCIT bl 2 L Aa e os nge es a trans TT Test Sites
Site Area Design Water Quality Sedimentation Filter Basin
Location ha (ac) Storm Treatment Volume Basin Area Area

mm (in) m3 (te) m2 (ft2) m2 (ft2)

Via Verde 0.44 (1.1) 25 (1.0 123 (4,300) 35.5 (380) 17.4 (190)
Lakewood 0.76 (..:1.9) 25 (1.0 173 (6,100) 61.2 (660) 32.9 (350)

I
I RESULTS FROM THE ON-GOING CALTRANS FULL-SCALE MCTT TESTS

I
Three MCTT units are planned for the on-going Caltrans stormwater monitoring
project in Los Angeles County, CA. Two of the facilities have been completed and
monitored for the past two years. Both of these sites are at Park & Ride lots and

I
range from about 1 to 2 acres. Both drainage areas are 100% impervious.

Table 1. Performance Data for WI Full-Scale MCTT Tests, Compared to
Birmingham Pilot-Scale MCTT Results (median reductions and median
effluent quality)

Milwaukee MCn Minocqua MCn Birmingham MCn
(15 events) (7 events) (13 events)

suspended solids 98 «5 mg/L) 85 (10 mg/L) 83 (5.5 mg/L)
volatile suspended solids 94 «5 mg/L) naa 66 (6 mg/L)
COD 86 (13 mg/L) na 60 (17 mg/L)
turbidity 94 (3 NTU) na 40 (4.4 NTU)
pH -7 (7.9 pH) na 8 (6.4 pH)
ammonia 47 (0.06 mg/L) na -210 (0.31 mg/L)
nitrates 33 (0.3 mg/L) na 24 (1.5 mg/L)
Phosphorus (total) 88 (0.02 mg/L) >80 «0.1 mg/L) ndb

I
Phosphorus (filtered) 78 (0.002 mg/L) na nd
Microtox® toxicity (total) na na 100 (0%)
Microtox® toxicity (filtered) na na 87 (3%)
Cadmium (total) 91 (0.1 J.l9/L) na 18 (0.6 J.lg/L)
Cadmium (filtered) 66 (0.05 J.lg/L) na 16 (0.5 J.lg/L)
Copper (total) 90 (3 J.lg/L) 65 (15 J.l9/L) 15 (15 J.l9/L)
Copper (filtered) 73 (1.4 J.lg/L) na 17 (21 J.lg/L)
Lead (total) 96 (1.8 J.lg/L) nd «3 J.lg/L) 93 «2 J.lg/L)
Lead (filtered) 78 «0.4 J.l9/L) na 42 «2 J.lg/L)
Zinc (total) 91 «20 J.l9/L) 90 (15 J.lg/L) 91 (18 J.l9/L)
Zinc (filtered) 68 «8 J.l9/L) na 54 (6 J.lg/L)
benzo(a)anthracene >45 «0.05 J.l9/L) >65 «0.2 J.lg/L) nd
benzo(b)f1uoranthene >95 «0.1 J.lg/L) >75 «0.1 J.lg/L) nd
dibenzo(a,h)anthracene 89 «0.02 J.l9/L) >90 «0.1 J.l9/L) nd
fluoranthene 98 «0.1 J.l9/L) >90 «0.1 J.lg/L) 100 «0.6 J.l9/L)
indeno(1,2,3-cd)pyrene >90 «0.1 J.l9/L) >95 «0.1 J.lg/L) nd
phenanthrene 99 «0.05 J.l9/L) >65 «0.2 J.lg/L) nd
pentachlorophenol na na 100«1 J.lg/L)
phenol na na 99 «0.4 J.l9/L)
pyrene 98 «0.05 J.lg/L) >75 «0.2 J.lg/L) 100 «0.5 J.lg/L)

naa
: not analyzed

ndb
: not detected in most of the samples
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Major maintenance items for MCns include removal of sediment from the
sedimentation basin when the accumulation exceeds 150 mm (6 in.) and removing
and replacing the filter media about every 3 years. Neither of these activities where
required during the first two years of the Caltrans study. After two wet seasons, the
total accumulated sediment depth was less than 25 mm (1 in.), indicating that
sediment removal may not be needed for about 10 years. The sorbent pillows were
scheduled to be replaced annually, or sooner if darkened by oily stains. Weekly
general inspections were conducted during the wet season for such things as trash
removal from the inlet and outlet structures. Monthly inspections were also
conducted to identify damage to inlet and outlet structures, and evidence of graffiti
or vandalism. Because the MCn test units used by Caltrans were above ground
and not initially covered, the permanent pools were available for mosquito breeding.
The Via Verde site was finally completely enclosed to prevent mosquito access.

Table 2 is a summary of the average influent and effluent concentrations averaged
for the two year monitoring period, and resulting reductions, for these Caltrans tests
(Michael Barrett, University of Texas, personal communication). Statistical tests
showed no significant differences between the two MCn sites, so their data was
combined for this table. These data indicated comparable performance to the Austin
sand filter design that was also tested, even with the additional peat moss and the
pre-treatment provided in the MCn. This was likely due to the low influent
concentrations observed at these two parking lot sites and the absence of more
contaminated runoff for which the MCn was designed. Caltrans ranked the
performance of the stormwater controls in the following general order (based on
TSS performance): MCn and Austin media filter; wet basin; infiltration devices;
Delaware media filter; biofilters strip; dry detention basin; biofilters swale;
StormFilter®; and drain inlet inserts. Further information concerning the Caltrans
stormwater program is available at: www.dot.ca.gov/hq/env/stormwater/.

CONCLUSIONS

The pilot- and full-scale test results show that the MCn provides substantial
reductions in stormwater toxicants (both in particulate and filtered phases) and
suspended solids. Increases in color and a slight decrease in pH also occurred
during the final treatment step when using peat as part of the filtering/ion-exchange
media. The main settling chamber provided substantial reductions in total and
dissolved toxicity, lead, zinc, certain organic toxicants, SS, COD, turbidity, and color.
The sand-peat chamber also provided additional filterable toxicant reductions.
However, the catchbasin/grit chamber did not provide any significant improvements
in water quality, although it is an important element in reducing maintenance
problems by trapping bulk material.

Zinc and toxicity are examples where the use of the final chamber was needed to
provide high levels of control. Otherwise, it may be tempting to simplify the MCn by
removing the last chamber. Another option would be to remove the main settling
chamber and only use the pre-treating capabilities of the catchbasin as a grit
chamber before the peat "filtration" chamber (similar to many stormwater filter
designs). This option is not recommended because of the short life that the filter
would have before it would clog from the silt and fine sand in stormwater. In
addition, the bench-scale treatability tests conducted during the development of the
MCn (Pitt, et al. 1999) showed that a treatment train was needed to provide some
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redundancy because of frequent variability in sample treatability storm to storm,
even for a single sampling site.

80
-62
35
11
39
38
50
85
25
NA
74

>41
85
82

Concentration
Reduction ( "!o)

6
0.68
0.82
1.50
0.11
0.005
0.003
0.013
0.003
0.001*
0.013
0.20*
0.21

171 MPN/100mL

Effluent
Concentration (mg/L)

Influent
Concentration (mg/L)

Constituent

TSS 29.6
Nitrate 0.42
TKN 1.27
N Total 1.69
PTotal 0.18
Cu Total 0.008
Pb Total 0.006
Zn Total 0.086
Cu Dissolved 0.004
Pb Dissolved 0.001*
Zn Dissolved 0.050
TPH-Oil 0.34
TPH-Diesel 1.43
Fecal Coliform 973 MPN/100mL

The MCTT pilot-scale tests were funded by the Wet-Weather Flow Management
and Pollution Control Program of the U.S. EPA, Edison, New Jersey and the U.S.
Army-Construction Engineering Research Laboratory in Champaign, Illinois. Special
thanks are also extended to Minocqua and Milwaukee, the state of Wisconsin, and
Region V of the EPA, plus Caltrans for funding, constructing, and monitoring of the
full-scale MCTT installations. Numerous Caltrans consultants were also involved in
final design, monitoring, and analyses of the Los Angeles installations. Many UAB
graduate students and staff also freely gave of their time to support this project.

The MCTT operated as intended: it provided very effective reductions for both
filtered and particulate stormwater toxicants and SS. Additional filterable toxicant
reductions were obtained in the peat/sand mixed media sorption-ion exchange
chamber, at the expense of increased color, lowered pH, and depressed COD and
nitrate reduction rates.

Table 2. Initial Caltrans Test Results for MCTTs

*equals value of reporting limit
Note- TPH and Coliform are collected by grab method and may not accurately reflect removal.

The concentrations are the mean of the EMCs for the entire monitoring period.
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MEASUREMENTS OF INFILTRATION RATES IN COMPACTED
URBAN SOILS
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ABSTRACT
Previous research (Pitt, et al. 1999) has identified significant reductions in infiltration
rates in disturbed urban soils. More than 150 prior tests were conducted in
predominately sandy and clayey urban soils in the Birmingham and Mobile,
Alabama, areas. Infiltration in clayey soils was found to be affected by an interaction
of soil moisture and compaction, while infiltration in sandy soils was affected by soil
compaction alone. The tests reported here were conducted under more controlled
laboratory conditions and represent a wider range of soil textures and specific soil
density values.

METHOD
Laboratory permeability test setups were used to measure infiltration rates
associated with different soils having different textures and compactions. These
tests differed from normal permeability tests in that high resolution observations
were made at the beginning of the tests to observe the initial infiltration behavior.
The tests were run for up to 20 days, although most were completed (when steady
low rates were observed) within 3 or 4 days.

Test samples were prepared by mixing known quantities of sand, silt, and clay to
correspond to defined soil textures, as shown in Table 1. The initial sample
moistures were determined and water was added to bring the initial soil moistures to
about 8%, per standard procedures (ASTM D1140-54), reflecting typical "dry" soil
conditions and to allow water movement through the soil columns. Table 2 lists the
actual soil moisture levels at the beginning of the tests.



Three methods were used to determine the effect of compaction on infiltration: hand
compaction, Modified Proctor Compaction, and Standard Proctor Compaction. Both
Modified and Standard Proctor Compactions follow ASTM standard (D 1140-54). All
tests were conducted using the same steel molds (115.5 mm tall with 105 mm inner
diameter, having a volume of 1000 cm3

). The Standard Proctor compaction hammer
is 24.4 kN and has a drop height of 300 mm. The Modified Proctor hammer is 44.5
kN and has a drop height of 460 mm. For the Standard Proctor setup, the hammer
was dropped on the test soil in the mold 25 times on each of three soil layers, while
for the Modified Proctor test, the heavier hammer was also dropped 25 times, but on
each of five soil layers. The hand compaction was done by gentle hand pressing to
force the soil into the mold with as little compaction as possible. A minimal
compaction effort was needed to keep the soil in contact with the mold walls and to
prevent short-circuiting during the tests. The compacted specimens in the
compaction molds were transferred to the permeability test setup. The head for the
permeability test was 1.14 meter (top of the water surface to the top of the
compaction mold). The water temperature during the test was kept consistent at
75°F.

T tL b tDT bl 1 T t M"xta e es I ures urmg a ora ory es s
Pure Sand IPure Clay I Pure Silt I Sandy IClayey Loam I Silt Loam Clay Mix !

Loam i I
% Sand 100 I I 72.1 I 28.9 19.4 30

% Clay 100 I I 9.2 I 28.8 9.7 I 50

% Silt ! 100 I 18.7 I 38.4 I 70.9 20

As shown on Table 2, a total of 7 soil types were tested representing all main areas
of the standard soil texture triangle. Three levels of compaction were tested for each
soil, resulting in a total of 21 tests. However, only 15 tests resulted in observed
infiltration. The Standard and Modified Proctor clay tests, the Modified Proctor clay
loam, and all of the clay mixture tests did not result in any observed infiltration after
several days and these tests were therefore stopped.

RESULTS
The following figures show the infiltration plots obtained during these compaction
tests. Table 3 presents the calculated Horton equation coefficient values for these
tests, using the nonlinear curve fitting routines in SYSTAT, version 8 (SPSS, Inc.).
Also shown on this table are the ANOVA tests for the complete model, indicating if
the complete models were significant (or if a constant infiltration value should be
used), and if the individual equation coefficients are significant. Only seven of the
models were significant at least at the 0.10 level. All of the calculated Fo (initial
infiltration rates) were significant, except for the hand compacted sand and the
Modified Proctor compacted sand. Fewer Fc (final infiltration rates) and k (rate
constants) were significant.

CONCLUSIONS
.Table 4 summarizes the overall test and analysis results. In many cases (those with
significant and close Fc and Fo rates, but insignificant k coefficient), uniform
infiltration rates would be most appropriate to describe soil infiltration. Some tests
also indicated significant model results with differing infiltration equation coefficients
(except that many of the rate coefficient values were not significant). Obviously, it is
unlikely that any other infiltration model would provide significant coefficients for the
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conditions where no, or constant infiltration was observed. However, those
conditions that generally were described by the Horton equation could likely be
modeled successfully for alternative equations. These tests indicate that both
texture and compaction were important in determining the infiltration rates, with time
since the beginning of rain only important for less than half of the conditions tested.

REFERENCES
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Additional tests are planned in the field to compare the earlier infiltration rates
observed by Pitt, et al. 1999 for a broader range of soil conditions. In addition, in-situ
soil density values will be determined for comparison to these laboratory test results.
Finally, tests will be conducted to compare rain induced infiltration with double-ring
infiltration rates. Our earlier work indicated that the double-ring values could be
substantially greater than observed during actual rains, but would be useful for
designing bilfiltration and other infiltration stormwater controls.

T td " L b tdOT bl 2 S "I M " ta e 01 OIS ure an ensity Values unng a ora ory es s
Sbil Types Compaction Dry Bulk Density Before Test Moisture After Test Moisture

Method Before Test (glee) Content (%) Content (%)
Silt Hand I 1.508 9.7 22.9

Standard 1.680 8.4 17.9

Modified 1.740 7.8 23.9

Sand Hand 1.451 5.4 21.6

Standard 1.494 4.7 16.4

Modified 1.620 2.0 16.1

Clay Hand 1.242 10.6 N/A

Sandy Loam Hand 1.595 7.6 20.2

Standard 1.653 7.6 I 18.9.
Modified 1.992 7.6 9.9

Silt Loam Hand 1.504 8.1 23.0

Standard 1.593 8.1 27.8

Modified 1.690 8.1 27.8

Clay Loam Hand 1.502 9.1 24.1

Standard 1.703 9.1 I 19.0
I

Modified 1.911 9.1 14.5

Clay Mix Hand 1.399 8.2 42.2

Standard 1.685 8.2 N/A

Modified 1.929 8.2 I N/A
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a ANOVA P values of <0.05 are typically accepted as being significant. If the P value IS large, the Fc
and Fo values are likely very close in values, and the k parameter is likely close to zero and
insignificant. Under these conditions, very little changes in the infiltration rates were observed during
the duration of the tests. b negative Fc rate values should be considered as zero

ItRd

M d I

C ffi·f

t I filt f

ET bl 3 H rta e 0 on ~Qua Ion oe IClents an ANOVA esu s
Soil Types Compo Sign. of Overall Model Fo value Sign. of Fe value Sign. of k value Sign.ofk

Method Overall Adjusted R2 (in/hr) Fo eoef: (in/hr) Fe eoet: (1/hr) eoet:
Model·

Silt Hand <0.0001 0.96 3.001 <0.0001 0.717 <0.0001 7290 0.99

Standard 0.99 0 0.034 <0.0001 0.034 <0.0001 0.13 0.99

Modified 0.45 0.02 0.003 <0.0001 0.003 <0.0001 0.21 0.73

Sand Hand NA 0 3.03 0.97 3.09 1.0 -0.004 1.0

Standard 0.088 0.18 0.60 <0.0001 -0.076" 0.99 0.25 0.94

Modified NA 0 3.21 0.91 3.16 1.0 0.004 1.0

Clay Hand <0.0001 0.87 0.157 <0.0001 0.108 <0.0001 0.039 0.015

Sandy Loam Hand <0.0001 0.75 32.0 <0.0001 -350" 0.95 -0.007 0.95

Standard <0.0001 0.81 7.15 <0.0001 _209" 0.94 -0.007 0.94

Modified 0.028 0.85 2.63 0.002 1.04 0.006 0.060 0.17

Silt Loam Hand 0.022 0.70 2.50 0.0003 1.13 0.0018 4.33 0.15

Standard 0.11 0.96 0.0269 0.0014 0.0276 0.0018 0.052 0.22

Modified 0.12 0.59 0.0015 0.0004 0.0018 <0.0001 0.089 0.54

Clay Loam Hand 0.10 0.37 0.30 <0.0001 0.87 0.99 -0.0038 0.99

Standard 0.50 0 0.0166 <0.0001 0.0154 0.0068 0.021 0.82

T bl 4 S· Ta e 19nJ Ican nl ra Ion 0 es
Soil Types Compaction Dry Bulk No Observed Model Not Use Horton (or other) Infiltration Model

Method Density Infiltration Significant, Use (use coefficients shown on Table 3)
Before Test during Tests Constant Infilt.

la/eel (use 0 in/hr) Rates (in/hr)
Silt Hand 1.508 X (k not significant)

Standard 1.680 X (0.034)

Modified 1.740 X (0.003)

Sand Hand 1.451 X (3.06)

Standard 1.494 X (use 0 for Fc, k not significant)

Modified 1.620 X (3.19)

Clay Hand 1.242 X (all coefficients significant at <0.05)

Standard N/A X·

Modified N/A X

Sandy Loam Hand 1.595 X (use 0 for Fe, k not significant)

Standard 1.653 X (use 0 for Fe, k not significant)

Modified 1.992 X (k significant at 0.17 level)

Silt Loam Hand 1.504 X (k significant at 0.15 level)

Standard 1.593 X (0.027)

Modified 1.690 X (0.0017)

Clay Loam Hand 1.502 X (increase rate with time, Fe and knot
significant)

Standard 1.703 X (0.016)

Modified 1.911 X

Clay Mix Hand 1.399 X

Standard 1.685 X

Modified 1.929 X
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ANALYSIS OF HEAVY METALS IN STORMWATER

Mary Ellen Tuccillo, aRISE Postdoctoral Research Fellow
U.S. Environmental Protection Agency, Urban Watershed Management Branch,

2890 Woodbridge Ave., MS 272, Edison, NJ

ABSTRACT

Stormwater sampling for colloidal and dissolved metals and organic carbon has
been initiated at six outfalls draining locally-designated, nonindustrial land uses in
Monmouth County, New Jersey. Of the heavy metals, only Cu and Zn were found in
all samples, mostly in dissolved form. Larger colloids (>0.45 ~m) were composed.
mostly of Fe, AI, and Si. Organic colloids were found mostly in the 0.01-0.45 ).lm

size range.

INTRODUCTION

Researchers have demonstrated that heavy metals (e.g., Cu, Cr, Zn, Pb, and Cd)
are common pollutants in wet weather flows and urban waterways (e.g., Pitt et aI.,
1995). Unlike organics, metals are not degraded in the environment. They can
exert short-term toxicity and, because of accumulation in sediments, long-term
toxicity as well. Metals have been shown to associate with particles in stormwater.
For example, Pitt et al. (1995) found a reduction in metals in filtered runoff samples.
Morrison et al. (1990) have studied metal speciation in stormwater systems and
found some metals (in particular, Cu and Pb) associated with suspended solids. At
the smallest end of the particle size fraction are colloids, which tend to remain
suspended in water. Colloid size is defined as 10 ).lm to 1 nm (Buffle and Leppard,
1995). Although they do not settle gravitationally, they may separate from an
aqueous solution by aggregating and settling (thereby contributing to sediment
metal concentrations), or possibly by sorption to filter grains if they are filtered.
Colloids can have a high affinity for heavy metals (Gounaris et aI., 1993). They
have been investigated as a vehicle of contaminant transport in groundwater
systems, in seawater and freshwater (pham and Garnier, 1998; Benoit and Rozan,
1999), and in landfill leachate (Jensen and Christensen, 1999). Various studies
have explored the colloidal fractions in stormwater, primarily those greater than 0.45
~m (Pitt et aI., 1995; Characklis and Wiesner, 1997; Sansalone et aI., 1996). Grout
et al. (1999) analyzed smaller colloidal phases (particles <0.45 ~m) in stormwater
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runoff from one storm event and characterized both the colloidal phases, and the
associated metal loadings.

Understanding the concentrations of metals carried in stormwater and the
partitioning of metals between liquid and colloidal phases is important for
understanding their movement and fate and for considering the effectiveness of
infiltration, detention, vegetated filter strips, and wetlands methods. The goal of this
project is to determine the concentrations of dissolved and colloid-associated heavy
metals, as well as the overall composition of colloidal particles, in stormwater from
several storm sewer outfalls in residential and highway settings in Monmouth
County, New Jersey. This project is ongoing in concert with coordinated studies of
pathogen and nutrient inputs from the same outfalls.

STUDY SITES

Samples were taken from six outfalls draining locally-designated land uses in
Monmouth County (Table 1). The selected outfalls are made of concrete, are free of
non-stormwater cross-connections, and exhibit no dry weather flow. None of the
outfalls drains an area with industrial or heavy commercial usage.

Table 1 Names and descriptions of stormwater outfalls

Name Land Use Diameter (in.) Town

GSP Garden State Parkway 10 Holmdel

SP Performing Arts Center 15 Holmdel

L1 Residential 17% imperviousness 15 Holmdel

L6 Residential 17% imperviousness 12 Colts Neck

R15 Residential 65% imperviousness 15 Fair Haven

R16 Residential 65% imperviousness 24 Fair Haven

SAMPLING AND ANALYSIS

The outfalls are outfitted with American Sigma automatic samplers. The samplers
are programmed to collect flow-weighted samples. For this project, a rain event is
defined as having a 72-h antecedent dry period and producing sufficient runoff to
gather the sample volume required for analyses. Samples are collected in acid
washed polyethylene containers. During sample collection, the integral data logger
collects all data for flow rates, pH, temperature, dissolved oxygen, and specific
conductivity. Samples are retrieved from the field when a rain event has occurred
and are transported to the laboratory in coolers.

Samples dre sequentially filtered in the laboratory to produce four size-fraction
subsamples: unfiltered liquid, liquid passing through a 5 11m filter, liquid passing
through a 0.45 11m filter, and liquid passing through a 10K nominal molecular weight
(NMW) ultrafilter (approximately 0.01 11m). Ultrafiltration is achieved using a
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Millipore stirred cell unit. At all stages of handling, samples are shaken to maintain
homogeneity.

.
Subsamples are analyzed for the following: pH, total organic carbon (TOC), and
metals (Fe, Mn, AI, Si, Ca, Mg, Na, K, Pb, Zn, Cu, Cr, Cd, and Ni). In addition,
samples for chloride, nitrate and sulfate analyses are taken from the 0.45 11m filtrate.
Unfiltered samples are analyzed for total suspended solids (TSS) and total solids.
Samples are analyzed for metals by inductively coupled plasma spectroscopy. TOC
analyses are performed by a UV-persulfate wet oxidation. Anion analyses are

. performed by ion chromatography.

RESULTS AND DISCUSSION

Samples have been collected from one storm (November 11, 2000). Of the heavy
metals analyzed, Cu and Zn were detected in all samples. Cu values in the
unfiltered samples ranged from 3 to 50 Ilg/L. The Zn values in the unfiltered
samples ranged from 25 to 135 /lg/L (Table2). Chromium was detected in the 5 11m
and 0.45 11m filtrate of one sample. Lead was detected in one unfiltered sample and
in the 5 11m filtrate of one other sample. The Cr and Pb concentrations were very
close to the detection limits. Cadmium was not detected in any of the samples.
TOC in the unfiltered samples ranged from 5 to 119 mg/L. The pH values for the
stormwater samples ranged from 5.68 at outfall L6 to 7.47 at outfall R15.

Table 2. Total (unfiltered) concentrations in stormwater.

Outfall Cu Zn TOC Fe AI Si TSS

(llg /L ) (/lg/L) (mg/L) (llg /L ) (llg /L) (/lg/L) (mg/L)

R15 50.0 133.0 36.4 468.0 256.0 1,100.0 9

R16 17.9 62.1 119.0 330.0 227.0 566.0 42

L1 3.0 25.0 19.7 1,010.0 365.0 691.0 17

L6 7.6 26.8 25.2 2,280.0 852.0 1,260.0 49

GSP 7.3 33.7 5.1 349.0 133.0 584.0 4

SP 28.3 135.0 8.8 3,210.0 1,310.0 1,740.0 32

Metals concentrations in stormwater can vary widely. The Zn concentrations found
in this study are comparable to those reported by some researchers for urban runoff
(Pitt et aI., 1995; Grout et aI., 1999; Sansalone and Buchberger,1997), but they are
lower than the median concentrations reported by Schueler (1996) for residential
and transportation areas. The Cu concentrations reported here are lower than the
average concentrations reported by Pitt et al. (1995) for street and parking lot runoff,
but are similar,.to those reported by Schueler (1996) and Sansalone and Buchberger
(1997). Concentrations of both Cu and Zn are much lower than event mean
concentrations reported by Line et al. (1996) for industrial areas (191-10,083 /lg/L
for Zn and 39-2,223 Ilg/L for Cu). Copper and Zn concentrations for this data set
were positively correlated (R2 =0.84).
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Fig. 1. Cu and Zn concentrations for unfiltered samples and filtrates.

Figure 1 shows Cu and Zn concentrations in the unfiltered samples and in the
filtrates. The Cu and Zn concentrations in the 0.01 /lm filtrate for outfalls R16 and
L6 showed evidence of contamination and have been omitted from this paper.
There was no measurable colloidal or particulate Cu for four of the six outfalls (R16,
L1, L6, and GSP). At outfalls R15 and SP the percentages of dissolved Cu «O.O~

Ilm) were 77 and 36% respectively. Similarly, outfalls R16 and L6 do not have
measurable colloidal fractions of Zn. Outfalls R15 and SP show clear evidence for
some colloidal/particulate Zn. Although the Zn concentrations at outfalls GSP and
L1 are low and the measured differences are small, the data for these two outfalls
are suggestive of a particulate Zn fraction. Overall, the majority of Cu and Zn in the
stormwater was present in dissolved form. For those samples with non-dissolved
Cu and Zn fractions, concentration reductions were most apparent in the 5 Ilm
filtrates, indicating that the non-dissolved metals were present as large colloids
and/or small particles greater than 5 Ilm in size.

Other studies have found Zn and Cu primarily in the dissolved phase (Sansalone
and Buchberger, 1997; Grout et aI., 1999). Of these, only Grout et al. (1999)
reported the composition of particles smaller than 0.45 Ilm. Although this project is
in a preliminary stage, the data presented here suggest that small colloids (0.01 
0.45 Ilm) may not be significant in the fractionation of Cu and Zn in stormwater from
these nonindustrial land uses.

Characklis and Wiesner (1997) found a correlation between TOC and Zn
concentrations in a stream impacted by stormwater runoff and note that this may
indicate the presence of Zn-organic carbon complexes. No such Zn-TOC
correlation is apparent in this data; concentrations of metals are small relative to
TOC concentrations and there is likely to be abundant organic matter for potential
complexation with metals. It is possible that complexation with the dissolved
fraction of organic matter may contribute to the predominance of dissolved Cu and
Zn in these samples. Other water characteristics, such as pH and ionic strength,
influence metal speciation and sorption processes and may be responsible for
differences in metal partitioning between the samples.
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It was anticipated that TOC, Fe, AI, and Si would be present in colloidal form in the
stormwater, providing potential sorption substrates for metals and other pollutants.
The majority of organic carbon, however, was present in the dissolved phase
(69 - 89%). Of the colloidal fractions, organic carbon was found in all size fractions,
with the highest concentrations in the 0.01 - 0.45 J.lm size fraction. The largest
fractions of Fe, AI, and Si, on the other hand, were found in the >5 J.lm fraction.
Smaller fractions of these elements were found in the 0.01-0.45 J.lm fraction. These
.Iarger colloids and small particles are likely composed of Fe oxides, silica, AI oxides,
and AI- and Si-bearing clay minerals. Continued research for this project will focus
on collecting data from additional storms to ensure a representative data set.
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ABSTRACT

The objective of this study was to evaluate the feasibility of using low-cost,
natural filter materials for stormwater (SW) treatment. Generic mulch, pine bark
mulch, and processed jute were evaluated for metal and organic pollutant removal
from actual SW samples collected from a "hot-spot" site (commercial parking lot) in
New Jersey. The retention and release behavior of pollutants in different filter
materials was evaluated using a specially constructed bench-scale filtration
apparatus which allowed for the simultaneous testing of up to 10 different media
conditions. SW f10wrates (fluxes) through the individual columns and the sorption
capacity of each filter medium were studied under a variety of conditions. The
benefits of combining mulch or jute with sand (in ratios of 0.25,0.50, and 0.75) to
improve the hydraulic properties (filter flux), removal ability, and cumulative capacity
of the filter for a specific pollutant were evaluated. Initial tests were performed to
evaluate the basic performance of the mulch and jute materials ("as received").
This performance was compared with the performance of the materials whose
particle size was altered. This alteration of the particle size within the filter material
was done by separating the mulch materials into "coarse" and "fine" fractions and
cutting the jute fiber into significantly smaller pieces.

The effectiveness of the filtration process was found to be dependent upon
the physical characteristics of the filter media. Both the sand content and particle
size of the filter media affected flowrates of SW and their pollutant removal
capacities. Copper (Cu) and benzo(a) pyrene [B(a)P] were used a surrogates for
heavy metals and organics, respectively. Removals as high as 100% of Cu were
observed for all of the combinations of sand with mulch or jute. The removal of
B(a)P was found to be dependent upon the media-to-sand ratios, and ranged from
68 to 94%. No significant amount of either pollutant was released from any of the
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media when the columns were flushed with distilled water. Both mulch and jute
appear to be suitable filter materials for Cu and B(a)P removal from urban SW
runoff. Additional investigations, however, are necessary to evaluate the practicality
of field applications of mulch or jute in the treatment of SW runoff.

INTRODUCTION

Stormwater (SW) runoff is water from precipitation (rain, snow, snow-, and
ice-melts) that travels over ground, streets, roofs, and parking lots. This runoff can
seep into the ground or can be collected in storm drains/sewers and combined
sewers and then released into receiving waters. The principal objective of this
research was to determine the ability of the natural organic materials, mulch and
jute, to remove copper [Cu] and benzo(a)pyrene [B(a)P] (selected as surrogates of
toxic metals and organics) from SW runoff by filtration. It was envisioned that these
types of filter materials could be applied at critical pollution-source areas, e.g.,
vehicular service stations, open industrial areas, terminals, and parking lots. The
materials could also be used as enhancements to low-impact development (LID)
methods. In this way, pollutants could be removed before entrY into urban drainage
systems. The composition of SW is based on contaminants in the precipitation and
the surfaces with which it comes in contact. SW runoff is a health concern because
of the -pollutants it transports. For this investigation Cu and B(a)P were selected as
surrogates for representative pollutants found in urban SW runoff.

A previous study indicated that the specific sorption capacity of a filter
medium for a pollutant directly impacts the amount of the pollutant removed (Clark
and Pit 1999). The capacity of a natural filter medium has been shown to be
strongly dependent upon its organic matter content; thus, all media selected for this
study were analyzed for humic and fulvic acid content. This study consisted of two
tasks: (1) selection of the most efficient filter media for enhancement of flow-through
hydraulics (flux) in the filtration system, where various mulch- or jute-to-sand ratios
were evaluated, and (2) investigation of the pollutant sorption capacity of filter media
of "coarse" and "fine" sized particles with the expectation that increased sorption
would take place with an increase in surface area (size reduction) of the filter
material. Filter performance was measured by changes in Cu and B(a)P content
and flowrates of SW runoff through filter columns. The most efficient filter medium
with the highest sorption capacity was identified from these experiments.

MATERIALS AND METHODS

Three commercially available filter materials (generic hardwood mulch [bark,
branches and chips of various hardwood trees, e.g., maple], pine bark mulch, and
jute) were evaluated in this study. The physical and chemical properties of the
media are summarized in Table 1. In this study, a soil mixture mainly comprised of
fine sand (at different ratios) was added to the selected natural medium to overcome
compression of the filter material and reduction in flow. All experiments were
performed using silica-quartz. Sieve analysis of the sandy mixture was performed.
The mixture

The SW runoff samples were collected at a New Jersey location satisfying
the "hot-spot" criteria. The SW runoff was pumped through Teflon-lined tubing into
pre-cleaned, polyethylene-lined 55-gal drums. The SW runoff samples were
prepared in the laboratory by mixing them in a large (200-L) container and then
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allowing them to stand for a period of two hours to settle out particulate matter. The
supernatant was pumped into another drum, mixed, and analyzed for pH, turbidity,
Cu, and B(a)P content. Since neither Cu or B(a)P was detected in the collected
runoff, the supernatant was spiked with these two chemicals and re-analyzed.

Tests were carried out using a specially constructed filtration apparatus
designed to test up to 10 different medium/media (or conditions) simultaneously.
The apparatus was designed to hold 10 columns (1-L Kimax-brand graduated
dispensing burrets with an outside diameter of 4.76 cm and an inside diameter of
.4.53 cm). The setup had adequate space for the positioning and removal of an 8-L
Nalgene jug (for filter effluent collection) under each column which was packed with
a 5-cm layer of gravel acting as an underdrain and a 15-cm layer of sand. A 30-cm
layer of mixed medium (sand with mulch or jute) was placed above the sand layer.

EXPERIMENTAL DESIGN

Task 1: Selection of the most efficient mulch and jute to sand ratio for
enhancement of flow- through hydraulics (flUX) in the filtration system.
This task was designed to determine the most effective mixture of ?and and mulch
or jute for SW runoff treatment. Sand was mixed with mulch and jute to improve the
hydraulic properties of the filter column by increasing and maintaining the flow
through rate (flux). Three different ratios of sand to mulch or jute were investigated:
(1) 25% sand and 75% mulch or jute, (2) 50% sand and 50% mulch or jute, and (3)
75% sand and 25% mulch or jute (on a bulk volume basis). Material was added to a
measuring cylinder, compacted by tapping, and thoroughly mixed with the requirecf
volume of sand. Duplicate columns were used for each ratio investigated. This
study followed the Quality Assurance Quality Control procedures identified and
approved by the US EPA.
. Prior to experimentation, each column was flushed with distilled water to: (1)
condition the column, (2) remove any existing (weakly sorbed) contaminants, (3)
determine base flowrates for each filter media, and (4) remove air gaps. Before
actual experimentation, grab samples of filter effluent were collected and analyzed
for Cu and B(a)P to ensure that the filter media were free of the pollutants of
interest. In order to compare the efficiencies of the filter media systems, equal
volumes of SW runoff were used in each run. A total volume of 40.36-L of SW
runoff was filtered through each of the columns. The filtrates were collected at
designated intervals of 8.07-L, 24.21-L, and 40.36-L (to monitor the potential
clogging). The resulting three grab samples were analyzed for pH, turbidity, B(a)P,
and Cu. At the conclusion of the passage of SW through each column, the flowrate
of tap water through each column was re-determined. Fluxes were calculated for
each medium.

Filter performance was measured by changes in Cu and B(a)P
concentrations, and by flowrate of SW runoff through the filter column. Cu was
digested (S.M. 3030F) with HN03 and HCI. Any insoluble material was filtered off.
The filtrate was diluted with distilled water to a known volume and analyzed by
Inductivety<::oupled Plasma (ICP) spectroscopy (S.M. 3120). Batch studies were
conducted to investigate the probability of pollutant desorption from the filter media.
Mulch/sand and jute/sand mixtures were washed with pre-determined volumes of
distilled water and the effluents were analyzed for any stripped pollutant. From
these tests (i.e., flux, pollutant removal, desorption) the most efficient media
combination was selected and used in Task 2 of this project.
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Task 2: Investigation of pollutant sorption capacity of coarse- vs. fine-sized
filter media.
The objective of this task was to investigate the effect of the surface area of filter
medium on pollutant removal. The surface area of the organic filter media available
for sorption was increased by reducing their particle sizes. The particles'of the
mulch materials were segregated by hand into two groups: (1) "coarse" pieces (
>2mm and <3.35mm) and (2) "fine" pieces «2mm). Jute fiber was also separated
into two groups: (1) "coarse" original jute fibers cut into 3.81-cm pieces, and (2)
"fine" original jute fibers cut into 1.27-cm pieces. The mulch and jute media used in
Task 1 were not segregated by size and will be referred to as "as received" media.
Based on the results of Task 1, the 50/50 mulch- or jute-to-sand ratio was selected
for the remainder of the investigations. Each column was set up as described in
Task 1. The collected samples were analyzed for the same parameters as
described in Task 1.

RESULTS AND DISCUSSION

Task 1. In all cases (with the exception of fine pine bark mulch) the fluxes through
the organic media were higher than the fluxes for sand alone. Decreases in
flowrates (fluxes) were found to be proportional to decreases in the mulch- or jute
to-sand ratios. The original (as received) filter medium used in this task consisted of
a mixture of particles of various sizes. The flowrates in such systems could be
retarded due to the settling or filling of smaller particles (mulch, jute, or sand) in the
voids of larger particles. More detailed investigation is necessary to better .
understand the above mechanism(s), which are outside of the scope of this work.
Combinations of larger and smaller particles tend to slow the flowrates of water
through sand and mulch or jute mixtures. However, this phenomenon was not
observed in Task 2, where more uniformly sized filter media were used. Removals
as high as 100% of Cu were observed for all of the combinations of sand with
generic mulch (Table 2). The removal of B(a)p was found to be dependent upon
the media-to-sand ratios and ranged from 68 to 94%. Once sorbed, neither Cu nor
B(a)P was released from the filter media by flushing with distilled water. In general,
the removal capacity of a filter medium for both compounds increased as the
proportion of the mulch- or jute-to-sand decreased in the filter-bed mixture. This
phenomenon can potentially be explained by the longer retention time of the SW in
the filter bed due to the lower flow-through rate or flux.

Task 2. The water and SW flowrates were found to be significantly more uniform
over time compared to flowrates measured in Task 1. It appears that by using a
uniformly sized filter medium and by keeping the sand-to-medium ratio constant,
flowrates (fluxes) can be increased.
As expected, the sorption capacities of all media increase with reduction in particle
size (increase in medium surface area per unit weight or volume). Regardless of
the particle size of the medium, once sorbed, pollutants were held firmly and were
not easily removed.

CONCLUSIONS

Application of natural and low-cost organic materials as filter media for SW
treatment is a new and promising development. Both mulch and jute have been
found to be effective in removing Cu and B(a)P from SW runoff. In general, fluxes
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Note: ND - not detected; B(a)P - Benzo (a) pyrene; Cu - Copper

Note: NO - not detected; * dry weight
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of SW through the filter beds of pure medium were found to be higher than those
through the sand bed alone. Results indicate that as the ratio of sand in the media
mixture increases, the flowrate of SW through this media (and flux) decreases.
Since this study was carried out on a laboratory scale using two surrogates, it is still
not clear how the filters will perform under actual field conditions to remove other
SW pollutants. In order to accurately predict their performance and to clarify filter
design questions, pilot-scale studies are necessary. Another issue which must be
res61ved prior to field application is the removal and disposal of mulch and jute
medium after use. Disposal of waste mulch and jute does present a problem due to
the potentially large volumes of contaminated medium generated.
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Table 2. B(a)P and Cu Removal by "As Received" Media/Sand Mixtures

a e arac ens ICS 0 I er e la se In e u JY
Medium Bulk Moisture Cu B(a)P Humic Fulvic Humic +

Density (%) (ug/g) (ug/g) Acid Acid Fulvic
(g/cc) (mg/kg)* (mg/kg)* (mg/kg)*

Generic 0.247 11.2 NO NO 1163 3551 4714
Mulch
Pine 0.353 33.8 NO NO 40 3542 3583
Bark
Mulch
Jute 0.148 7.3 NO NO 123 1034 1157

Medium % Sand B(a)P Removal (%) Cu Removal (%)
Pine bark 25 74 96

mulch 50 86 87
75 93 66

Generic 25 68 100
mulch 50 94 100

75 80 100
Jute 25 68 100

50 72 42
75. 87 89

Sand 100 60 100
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