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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with
protecting the Nation’s land, air, and water resources. Under a mandate of
national environmental laws, the Agency strives to formulate and imple-
ment actions leading to a compatible balance between human activities
and the ability of natural systems to support and nurture life. To meet this
mandate, EPA’s research program is providing data and technical support
for solving environmental problems today and building a science knowl-
edge base necessary to manage our ecological resources wisely, under-
stand how pollutants affect our health, and prevent or reduce risks in the
future.

The National Risk Management Research Laboratory is the Agency’s
center for investigation of technological and management approaches for
reducing risks from threats to human health and the environment. The
focus of the Laboratory’s research program is on methods for the preven-
tion and control of pollution to air, land, water, and subsurface resources;
protection of water quality in public water systems, remediation of contami-
nated sites and groundwater; and prevention and control of indoor air
pollution. The goal of this research is to catalyze development and imple-
mentation of innovative, cost-effective environmental technologies; de-
velop scientific and engineering information needed by EPA to support
regulatory and policy decisions; and provide technical support and infor-
mation transfer to ensure effective implementation of environmental regula-
tions and strategies.

This publication has been produced as part of the Laboratory’s strategic long-
term research plan. It is published and made available by EPA’s Office of
Research and Development to assist the user community and to link research-
ers with their clients.

Hugh McKinnon, Acting Director
National Risk Management Research
Laboratory
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ABSTRACT

A wide array of effective storm water management and resource protection
tools have been developed for urban environments, but theirimplementation
continues to be hampered by a lack of technolog% transfer opportunities. At
the national conference Urban Storm Water: Enhancing Programs at the
Local Level, attendees learned about state-of-the-art technologies and imple-
mentation programs that have proven success in local communities.

The timing of this Conference coincided well with the implementation of U.S.
EPA’s Phase Il NPDES Storm Water Program. Participants learned about
the most effective tools and technologies for meeting these new NPDES
ermit requirements. Attendees included staff and engineers representing
ocal municipalities, as well as water resource managers, conservation
groups, local officials, researchers, educators, and state agency personnel.

Conference sessions featured progressive scientists and researchers, along
with managers of successful projects from across the country. Two concur-
rent sessions—one focusing on tools and technology, the other focusing on
program implementation—allowed participants to tailor the Conference ex-
perience to fit their personal educational goals.

This Conference was the fifth in a popular series of water quality specialty
conferences sponsored by the U.S. Environmental Protection Agency’s Re-
glon 5 Water Division office. The Chicago Botanic Garden, which is owned
the Forest Preserve District of Cook County and managed by the Chicago
orticultural Society, was pleased to coordinate the conference. Also co-
sponsoring the event were the U.S. Environmental Protection Agency’s Of-
fice of Wastewater Management and Office of Research and Development,
as well as Tetra Tech, Inc. The conference was conducted in cooperation
with thedCenter for Watershed Protection. Approximately 350 attendees par-
ticipated.

Three pre-conference workshops were held on February 17. Smart Water-
sheds: Building Municipal Programs to Restore Urban Watersheds pro-
vided practical and useful advice on how to implement “smart” watershed
programs, which relate to a group of 17 municipal programs that can be inte-
ﬁrat_ed together at the watershed level to improve the quality of runoff and

abitat in urban streams. The workshop was led by staff from the Center for
Watershed Protection. The second pre-conference workshop, Countdown
to the Phase Il Implementation Deadline: Putting the Final Touches on
Your Storm Water Permit, presented details that Phase Il municipal pro-

rams and construction site operators need to know in order to complete
their programs and storm water permit applications. Instructors for this work-
shop were staff from

Tetra Tech, Inc. The third pre-conference workshop, Certified Professional
in Storm Water Quality FCPS WQI% Exam Review Course, provided partici-
pants with an understanding the CPSWQ exam'’s content and format. Instruc-
tors for this workshop were from Certified Professional in Erosion and Sedi-
ment Control, Inc.



This Conference Proceedings includes many of the papers presented dur-
ing the conference, and a copy has been provided to each attendee. All pa-
ers included were peer reviewed. Additional copies, in either paper or CD-
OM format, are available free of charge from the U.S. Environmental Pro-
tection Agency’s National Center for Environmental Publications: telephone
800/490-9198, or visit their Web site at <http://www.epa.gov/ncepihom/>.

Robert J. Kirschner
Conference Coordinator,
Chicago Botanic Garden
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Sour ce Area and Regional Storm Water Treatment Practices: Options for Achieving
Phase Il Retrofit Requirementsin Wisconsin

Roger Bannerman, Wisconsin Department of Natural Resources, Madison, WI
Greg Fries, City of Madison, Madison, WI
Contributor: Judy Horwatich, U.S. Geologicd Survey; Middleton, WI

Abstract

A recently cdibrated urban runoff modd, the Source L oading and Management Modd (SLAMM), is used
to compare the cost- effectiveness of using source area and regiond stormwater trestment practices. The
demondtration is done for the totaly urbanized Lake Wingra watershed in Madison, Wisconsin. Thegod is
to retrofit practices that are able to reduce the annua tota suspended solids load by 40%. Model results
indicate the parking lots and streets are the most important sources of total suspended solids. Practices
evauated for the parking lots include the Delaware Perimeter Sand Filter, Stormeeptor, Multi- Chamber
Trestment Tank, bioretention, porous pavement, and infiltration trenches. Individudly they reduced the
solids load to Lake Wingraby 7 to 19%. High efficiency street sweeping is projected to reduce the annua
solids load by 17%.

Nine combinations of the source area practices are able to achieve the 40% reduction goal. For example, a
42% reduction in solids load to Lake Wingrais estimated for the combination of high efficiency street
sweeping on al the streets and Delaware Perimeter Sand Filters on dl the parking lots. Alternatively, the
40% reduction is achieved by using regional detention pondswith atotal of 20 acres of permanent pool
area. Many of the combinations of source area practices are more cost-effective than the regiond practice.
Assuming alifespan of 20 years the annua cost of the source area practices ranges from abut $573,000 to
$1,504,000, while the range for the detention ponds is $963,000 to $1,840,000. The least expensive
combination of source area practices would only increase the annud stormwater utility bill for the Madison
taxpayers by about $6, while the most likely detention pond adternative will increase the utility bills by

about $18. Cities should consider retrofitting source area practices as a cost-effective way to meet reduction
goalsfor tota suspended solids.

I ntroduction

A new rule (NR151) to be administrated by the Wisconsin Department of Natural Resources (Department)
contains performance standards to reduce the impacts of sormwater for both devel oping and established
urban areas. Over 200 Wisconsin citieswill be affected by the rues, because the performance standards
will bein their EPA Phase Il permits. Standards for the developing areas address problems of construction
erosion, post-development suspended solids loads, and sustaining the natura hydrology of the watersheds.
These developing areas standards should reduce the risk of any future degradation to our lakes and streams.
The Department aso hopes to enhance the quality of our degraded urban lakes and streams by requiring
some sediment reduction in established urban areas.

Performance standards for the established areas will require the cities to reduce the annud totd suspended
s0lids (TSS) loads by 40%. The standard must be achieved by the year 2013. Since the Phase Il permits
will be issued in 2003, the citieswill have two permit cyclesto achieve the sandard. Ten years seemslikea
long time, but the cities will need the time to implement the practices. It might take more than two yearsjust
for cities to develop their management strategies



The 40% reduction assumes no stormwater treatment practices (STPs) exist in the established urban aress.
A city will receive credit for any exigting STPs. Since mogt cities rely on street sweeping and catch basin
cleaning for reducing solids loads in older neighborhoods, they will have to add more practices or
completely replace their old ones to achieve the 40%. Older style broom street sweepers and catch basin
cleaning is not expected to achieve more than a 20% reduction in annual suspended solids loads.

Citeswill have the chalenge of both determining the benefits of their existing STPs and deciding what
additional practices they will need to achieve the goa. At the same time they need to sdect STPsthat have
the lowest possible capital and maintenance cost. To meet the chdlenge the cities will have to use urban
runoff models and the latest information available on the effectiveness and cost of STPs.

Our purpose is to demongtrate the types and cost of STPs that will achieve the 40% reduction in the Lake
Wingrawatershed, which is an established urban areain Madison, Wisconan. Of specid interest to usisto
compare the benefits of using source area STPs, such as street sweeping and filtration devices, with regiona
practices, such as detention ponds. An urban runoff modd called Source Loading and Management Modd
(SLAMM) is used dong with literature vaues for practice effectiveness and codt.

A Description of the Lake Wingra Water shed

A lot of the information needed to complete a sormwater plan is dready available for the Lake Wingra
watershed. Not only has there been alot of research completed on the lake itsdlf, but the watershed has also
been the object of two planning efforts (Univ. of WI., 1999; Dane County, 1992). Both of the plans identify
sedimentation as an important issue for the lake. Both plans say that sormwater is an important source of
the suspended solids load to the lake. The priority watershed plan suggests a 30 to 50% reduction in the
annua suspended solids load. Neither plan did a comprehensve andysis of the dternative sormwater
practices, which means they did not do a detailed comparison of source areaand regiond practices.

Lake Wingraisasmdl (325 acres), shdlow, highly eutrophic lake, but itslocation in a highly populated
urban areamakes it the focus of many recreationa activities. Sedimentation problems are bad enough

around sawer outfalls to restrict access by boats — even canoes. Heavy weed growth in the lake aso reduces
the area of the lake used by canoes, sailboats, and sail boarders. Water quality problems contribute to a
decline in attendance at the swimming beach, but there is dill alot of use of the beach.

The most recent landuse informetion is available from the City of Madison. The city has divided the
watershed into eght sub-watersheds (Figure 1). Five of the sub-watersheds are highly urbanized, while two
of the sub-watersheds (WI-05 and WI-08) are mostly in the University of Wisconsin arboretum. Most of
thisland isforest and prairie preserve managed by the university. Thereisamaost no new congtruction in
the watershed.

The watershed is about 3947 acres (6.2 square miles) in size (Table 1). This vaue does not include the area
of the lake, the 210 acres of wetlands and 48 acres of pondsin the watershed. Residentid isthe largest
landuse category in the watershed and most of it is medium dengty residentid. Open space is the next
largest landuse category a 29%, which includes the University Arboretum, golf courses, city parks, and
cemeteries. About 62% of the open space isin the University Arboretum. Together the resdentia, open
space and commercid landuses account for 92% of dl the land in the watershed. Most of the commercid
landuse is divided equaly between shopping centers and office parks. The watershed dso includes a
freaway, five schools, and some light indudtrid Sites.



Table 1. Landuse areas for the eight subwatershed in the Lake Wingra Watershed"

Landuse Acres of landuse by subwatershed” Watershed Total
\WI-01{wWI-02 WI-03 |WI-04 | WI-05 |WI-06\WI-07WI-08| Ac %
Residential 418 | 829 | 229 31 37 43 | 371 | 11 1968 50
Institutional 0 18 63 0 0 0 0 0 81 2
Commercial 256 7 9 0 0 0 |256| O 528 13
Industrial 0 0 0 0 14 0 40 0 54 1
Open 88 | 170 | 188 0 104 13 | 41 | 539 | 1144 29
Freeway 53 | 27 0 0 0 0 92 0 172 5
Total 815 | 1051 | 489 31 155 56 | 800 | 550 | 3947 100

1. Lake Wingra (325 ac), wetlands (210 ac) and ponds (48) are not included in landuse areas.

2. Most of WI-05 and WI-08 are in the University of Wisconsin Arboretum.

Explanation
A Watersheds

I Lake Wingra [[] Low_Density_Res

[_|Pond [_| Multi_Family
[ ] Wetland Med_Density Res
[ Undeveloped o jhstitutional
I Park [ Strip_Commercial

[ ] Golf Course
[ ] Cemetery

[ Beltline

] Shopping Center
Il Office_Park
[_] Light_Industrial

Figure 1. Digribution of landusesin the Lake Wingra watershed.

For the purpose of the demonstration, we assumed no pre-exiting practices in the Lake Wingra watershed.

Consequently, our modd runs do not include any pre-exigting practices. In fact, the city does street
sweeping and there are seven detention ponds in the watershed. Six of the detention ponds are located on



the University Arboretum property. These are seen as smdl blue dotsin Figure 1. The remaining detention
pond is on the golf coursein WI-01 [Figure 1]. The arboretum built the detention ponds to reduce the
erogve effects of the runoff and to protect their wetlands from sedimentation. These practices are helping

to reduce the suspended solid load to Lake Wingra. Otherwise much of the runoff from four of the more
urbanized sub-watersheds (WI1-01, WI-02, WI-05, and WI-07) would flow unchecked down open channels
to Lake Wingra.

Also, we do not include sediment loads from bank erosion in our estimate of total sediment loadsto Lake
Wingra. Severe bank eroson is occurring in severa streamstributary to the lake. Bank stabilization
projects are necessary to control this source of sediment.

Six Stepsto Finding the 40% Solution

Developing a tormwater plan that considers both source area and regiona STPs will require more steps
than a plan that just congders regiond practices. To include the source area practices, more work is needed
to identify the sources of the pollutants of concern, more types of STPs need to be evauated, and more stes
in the drainage area must be identified. Although it takes more work to include source area practices, we
think aretrofit plan has a better chance of being implemented if it is not limited to regiona practices. Source
area practices can be incorporated into places that regiond practices will smply not fit and they are usudly
less disruptive to the neighborhood. Previous experience in Wisconsin has demonstrated how unreceptive
people can be to being displaced from their parks and homes by regiona stormwater treatment practices.

We think the following six steps should be part of any ssormwater management plan that includes source
area practices. We used these steps to demondtrate the vaidity of using source area practicesin the Lake
Wingrawatershed. Since we are only trying to demondrate the relative cost- effectiveness of source area
and regiond practices, the steps do not include dl the activities needed to actualy ingal STPsin the Lake
Wingrawatershed. For example, a more comprehensive sormwater plan should include collection of dte
information, such as soil types and location of utilities, Szing of the STPsin each location, and the actud
cost of ingtdlation at esch Ste.

=

Sdect and cdlibrate an urban runoff modd.

Determine the annua suspended solids loads for each sub-watershed, landuse, and source areain the
watershed.

Select source area and regiond practices to be evauated for watershed.

Determine ability of each practice and combinations of practices to achieve pollutant reduction god.
Identify unit capital and maintenance cost of each practice.

Determine cost of each management dternative that achieves pollutant reduction god.

N

ok ow

We think enough information is available now to complete dl six steps for any watershed. Cost information
about each STP isthe hardest to find. Fortunately we could find some conceptua cost data for each
practice. Information about the effectiveness of each practice is dso very limited (Winer, 2000), but
ongoing monitoring efforts, such asthe EPA’s Environmenta Technology Verification effort, should

greatly increase our database over the next few years. New monitoring sites are being added to the Nationa
Stormwater Best Management Practices (BMP) Database adl the time (EPA,1999). We relied on an urban
runoff modd to help identify the most important sources of the TSS.



We sdlected the Source Loading and Management Model (SLAMM) to demondirate the relative benefits of
regional and source area practices (Pitt, 2002). We considered other moddls, such as P8 and SIMTPM, but
only SLAMM isdesigned to easily produce a TSS load for each source area, such as streets and parking lots
(Sutherland, 1999 and Walker, 1990). All three models are capable of testing regiona practices, but only
SLAMM is designed to specificaly evauate the effectiveness of practices on dl the source aress.

Source areas are the building blocks for calculating runoff volumes and pollutant loads for the Six landuses
addressed by SLAMM — residentid, commercid, industrid, ingtitutional, open space, and trangportation
landuses. Examples of the source areas characteristic of each landuse are roofs, parking lots, driveways,
sdewaks, streets, smal landscaping (lawns), large landscaping, playgrounds, isolated areas, undevel oped
aress, and unpaved parking lots. Pollutant loads and runoff volumes calculated for eech source area are
added together to produce the estimates for each landuse.

Stormwater treatment practices can be applied to each source area, the conveyance system, and/or the end-
of-the-pipe. Some of the practices are only applied to source areas, such as street sweeping and porous
pavement. Others, such as caich basin cleaning and grass swales, are reserved for the conveyance system.
Many of the available practices in SLAMM, such as detention ponds and infiltration devices, are applied to
both source area and end-of-the-pipe solutions. A user may select multiple sites and practices or just decide
to apply one practice a one location. The modd output summarizes the benefits of the practices by source
area and landuse.

To make the source arealoads as vaid as possible, we think it is very important to cdibrate SLAMM for al
parts of the country. A minimum calibration requires the collection of event related flow and TSS
concentration data at the end of a tormsewer pipe. Although most people preparing sormwater plans will
not have enough data to calibrate amodd, our effortsto caibrate SLAMM should make the mode a
reasonable choice for preparing sormwater plansin the upper Midwest.

SLAMM Calibration

To help people prepare sormwater management plansin Wisconsin, we cdibrated SLAMM using data
collected by the U.S. Geological Survey officein Madison, Wisconsin. Fortunately, they have recently
collected source area runoff volumes and TSS concentrations, rain depths for monitored storms, and runoff
volumes and T'SS concentrations at the stormsewer outfall a six sawershedsin Wisconsin and onein
Michigan (Table 2).

Table 2. Comparison of measured and predicted TSS loads and runoff volume at eight stormwater study sites.

TSS Runoff Volume

Site Landuse Type Number of Number of

Events for Percent Storms for Percent

Calibration Difference Calibration Difference
Harper" Residential 23 11 55 -27
Monroe™ Res/com 32 52 75 7
Canterbury ™ Res/com 14 12 55 10
Marquette Res/com 71 -29 64 19
Superior Commercial 21 -66 91 -4
West Towne™ Commercial - N/A 66 31
Syene” Light Industrial 82 19 108 -8
Badger Road" Light Industrial 18 -40 40 -4

1. Sites are near or in Lake Wingra Watershed.



The mosily resdentid Monroe sudy Steisin the Lake Wingrawatershed and four of the Sudy Stesare
located very near the Wingra watershed (Bannerman and others, 1990 and Waschbusch and others, 1999).
These are the Harper, Canterbury, Syene, and Badger Road study sites. The Marquette site isin Michigan
(Steur and others, 1997) and the Superior site is northern Wisconsin (Steur and others, 1997). The median
number of storms collected for flow is 64, while the median value for the number of water quaity Sormsis
23.

Thefollowing isalig of the fileswe cdibrated in SLAMM and the name of the file we use in Wisconan.
These and other filesfor the mode are on the U.S. Geologica web page with the URL of
http://wi.water.usgs.gov/dammy/index.html. Copies of SLAMM are available at WINSLAMM .com.

1. Runoff coefficient: .rsv (WISIOL1.rsv)

2. Particulate Solids Concentration: psc (WIAVGOL1)
3. Pollutant Probability Digtribution: .ppd (WIGEQOOQL)
4. Particulate Resdue Reduction: .ppr (WIPLV01)

5. Street Ddivery Parameter: .std (WISTRO1)

SLAMM did agood job of matching the tota runoff volumes and TSS loads measured &t the end of the
stormsewer pipe for each study Site. The median difference between the predicted and measured runoff
volume is 8% and the median difference for the total suspended solids loads is about 29% (Table 2). We
are concerned about the differences of around 50% for suspended solids a Monroe, Superior, and Badger
Road sites. It appears the modd is not accounting for some of the sediment collected by the autometic
samplers at these three Stes during the largest rainfal events. Over haf the difference between the
measured and estimated sediment |oad at the Superior Site are caused by the modd underestimating the load
for thelargest rainfal. Estimated sediment loads would be ten percent higher without the effect of the
largest rainfal at the Badger Road Site. Piles of soil observed at both sites could be the source of sediments
the modd does not account for during larger events. Estimated and measured runoff volumes are very close
for those larger events, so the difference in loads is due to the difference in concentrations.

A 52% difference a Monroe seems to be explained by the unusua amount of deposited sediment observed
in the flat part of the orm sewer pipe. Six high intengity storms accounted for most of the error a Monroe
Street. The modéd is not designed to account for the re-suspension of sediment deposited at the bottom of a
storm sewer pipe.

Sources of Total Suspended Solidsin the Lake Wingra Water shed

After we completed the cdibration, we thought SLAMM was ready to help usidentify the important
sources of TSSin the Wingrawatershed. We first ran SLAMM on the eight sub-watersheds with the hope
of diminating some of the sub-watersheds from the rest of the analysis. The city of Madison provided the
acres of each landuse in the subwatersheds and the development characteristics we needed for each landuse
were obtained from the average development characteritic files on the U.S. Geologica Survey web page
(http:/Awi.water.usgs.gov/d amnvindex.html). Examples of the development characteristics are the acres of
each source area, amount of connected imperviousness, and street texture.

We used the average rainfdl year file for the Madison area (M SN1981.ran) to run SLAMM for the eight
subwatersheds. Four of the sub-watersheds contribute about 92% of the annua suspended solids load for
the watershed (Table 3). In an average rainfal year sub-watersheds WI-01, WI-02, WI-03, WI-07
contribute about 457 tons of suspended solidsto Lake Wingra. Thisis aout the same as the average load
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(401 tons) estimated for the watershed when the principle landuse was agricultura (Cors and others, 1997).
It isnot a surprise that these four watersheds contribute most of the sediment, since they contain about 95%
of dl the built-up landuses in the Wingra watershed.

Table 3. Annud TSS loads and runoff volume for each subwatershed

in the Lake Wingra Watershed
% of Total TSS, Annual runoff | Percent runoff

Subwatershed Area TSS (lbs) % volume (ft°) volume
WI-01 21 269,000 27 30,519,000 28
WI-02 27 253,000 26 23,886,000 22
\WI-03 12 108,000 11 11,149,000 10
\WI-04 1 8,000 1 724,000 1
\WI-05 4 19,000 2 2,376,000 2
\WI-06 1 8,000 1 663,000 1
WI-07 20 284,000 28 37,314,000 33
\WI-08 14 44,000 4 3,114,000 3
Total 100 993,000 100 109,745,000 100

Regiona or source area STPs should be implemented in these four critical subwatersheds. If regiona STPs
were to be ingtdled at the ends of the critica subwatersheds, they would need to have at least a 50%
remova efficiency in order to achieve the 40% reduction goa. The output from the modd runs used to
identify the critical subwatershed can dso be summarized to determine landuses with the highest TSS loads.
Thisisthe next sep in the identification of the most important source areas to control.

Commercid and resdentia landusesin the critical subwatersheds contribute about 82% of the annud TSS
loads (Figure 2). Residentid loads are proportionate to the percent of the area they occupy, while percent of
the load contributed by the commercid is amost twice as high as the percent of the arealit occupies. This
makes the commercia landuse an important target for our management efforts. On the other hand it isless
cost effective to treat the open space landuses, since 16% of the area produces only 5% of the load. We did
not add industria landuse to our targeted landuse list, because they represent only 2% of the load. If we
assume theinditutional and commercia landuses have similar source areas, we can add the 4% TSS load
from the indtitutional landuses to the commercia load for atotal of 35%. Source areas within the
commercid, inditutional, and residentia landuses were expected to yield the highest percent of the annud
TSS load.

% Landuse % Total SUSpended % Runoff volume
Solids
5%
O Residential 16% 7%
M Industrial 5% 4%
O Commercial 3%
O Institutional -~ 51% 47%
B Freeway 0
17% 0,
OOpen 31%

1%
2% 1%

Figure 2. Percent area, TSS load, and runoff volume for landusesin four Lake Wingra sub-watersheds.



Parking lots and Streets in the four sub-watersheds represent only 26% of the area, but contribute about 66%
of the annual suspended solids load (Figure 3). These two source areas are mostly in the commercid,
indtitutiona, and resdentia landuses. Roofs and lawns are aless critical source of suspended solids,

because they represent 47% of the areaand only produce about 12% of the load. The sameistruefor large
landscaped areas, which includes city parks and golf courses. To be cogt-effective our practice selection has
to target the streets and parking lots as much as possible.

If we want to evauate source area STPs that have aremova effectiveness for TSS of |ess than about 70%,
we have to include some of the other source areasin our analyss.

D Roof % Source Area % Total Suspended Solids % Water Volume
[dPaved Parking 0,
3% 4% 130 1200 5% 12% -
[OStreet 7% 7%
0,

[OLarge 26% 5%

Landscape 34% 17% 7%
HELawns 204

3%
[l Freeway
9% 28%
[ Other 24%
20% 40%

Figure 3. Percent area, TSS|oad, and runoff volume for source areasin four Lake Wingra sub-watersheds.

A 70% control of parking lots and streets would just achieve the 40% (46% control TSS) reduction god for
the Wingrawatershed. Thisis partially because a 100% control of the two source aress resultsin TSS
reduction of 66% for the entire watershed. To give us more choices in our practice selection, we needed to
boost the total % of the TSS load we could control. We did this by including other source areasin our
andysis, especidly freeways, lawns, and roofs.

Selection of Stormwater Treatment Practices

To achieve the god of the demondtration, it was only necessary to select one regiond practice. Severd
types of source area practices are needed, however, to cover al the types of source areas. Sdection of a
number of source area practices would alow us to include proprietary and non-proprietary practices with a
range of TSSremova vaues. These could represent a number of treatment processes, such as stling,
filtration, and infiltration. Our criteriafor salecting regiona and source area practices included the
availahility of good data to verify their effectiveness, some cost information, and hopefully some experience
with the practice in Wisconsn.

Regional Practice

Detention ponds met al our criteria, so they were selected as the regiond practice to compare to source area
practices. Settling isthe main trestment process for the detention ponds. Many studiesincluding onein
Wisconsin indicate detention pond can achieve an 80% reduction in annua suspended solids loads (House
and others, 1993, Winer, 2000). The regiona practice had to have a TSS remova capability of at least 50%



to achieve the 40% reduction god for the watershed. By using a practice with a TSS remova of 80% the

regiona practice could be located to serve less the whole drainage area and il achieve the 40% god

(Table 4).

Table 4. TSS removal values reported for selected stormwater

treatment practices.

Description of Stormwater Treatment i
Practices Abbreviation of
Stormwater Stormwater Treatment Reported TSS
Treatment Practices Practices removal, % (1)
Multi Chamber Three chambers — grit chamber,
Treatment Tank settling chamber, and sand/peat
filter media chamber with by-pass MCTT 80
Stormceptor Vertical single cylindrical chamber
using swirl action and settling with
built in by-pass Stormceptor 33
Delaware Perimeter  |Underground sand filter using
Sand Filter settling chamber followed by sand
filter chamber Delaware Filter 83
High Efficiency Street | Vacuum action pick-up assisted by
Sweeping (city street) brooms and/or jets of air High Sweep 60°
High Efficiency Street | Vacuum action pick-up assisted by
Sweeping (freeway) brooms and/or jets of air High Sweep 45°
Holes in the ground with permanent
Detention Ponds pools designed to settle particles Ponds 80
Shallow depressed planted area
underlain by a layer of formulated
soil (mostly sand) over a layer of
gravel. Treatment includes
sedimentation, filtration, adsorption,
Bioretention microbial decay, and plant uptake. Bioretention 75
Broom Street Broom action pick-up assisted by
Sweeper conveyor belt Broom Sweep 20°
Porous asphalt or interlocking
Porous Pavement paving blocks providing infiltration Pavement 95
A lined excavated trench backfilled
with gravel. Infiltration followed by
Infiltration Trench filtration in native soils Trench NA*
Shallow depression that’s planted
Rain Gardens with a variety of perennials. Gardens 75°

1. Percent assumes all devices working at maximum efficiency.

2. Removal efficiency for city streets with sweeping once per week for 30 weeks.
3. Removal efficiency for freeways with sweeping once per week for 30 weeks.
4. TSS removal is probably very high, because reportedTP removal is 100%.

5. Assume same as reported bioretention.

Of course, many detention ponds have been ingdled in Wisconsin. With so many being ingtaled in new
development sites, Wisconsin cities have accepted them as a good way to meet their gods for flood control
and reduce TSSloads. Very few of them, however, have been retrofitted into existing urban aress.
Refrofiting a detention pond in an existing urban area has the potentid to cause alot of disruption to people
living in the neighborhood. In most cases, this dternative will not be politicaly feasble, except when a
thereisalot of open land, such as the presence of the arboretum in the Lake Wingrawatershed. A
stormwater plan prepared for the Lincoln Creek Watershed in the City Milwaukee was promptly rejected



when the groups involved redized the only adternative being offered was to put detention pondsin many of
the public parks — 60 ponds atogether.

In estimating cogts for ponds, it was assumed thet either the land is available and must be purchased at afar
market price or the land is available but the purchase price included the cost of existing buildings (Table 5).
Both aternatives assumed a cost for repositioning the exigting storm sewer system (Southeastern Regiond,
1991). Sincetheretrofit cost calculations are over ten years old, we gpplied an annua inflation factor of 3%
to building and maintenance of the ponds and we increased the land cost by 10% each year. Retrofit cost of
about one to two million dollars for each acre of permanent pool is prohibitive compared to the approximate
cost of $100,000 for each acre pond in a new devel opment.

Table 5. Conceptual unit capital and maintenance cost for selected stormwater treatment practices.

Stormwater treatment practice Unit capital cost, $ | Annual maintenance cost, $
Source area practices
MCTT 38,000 / acre of imper.~ 2,200/practice
Stormceptor 15,000 / acre of imper.1 500/practice
Delaware Filter 17,500 / acre of imper.1 1,700/practice
Bioretention 20/ft* of practice or 2/t
44,000/acre of imper.l
Trench 18/ft* of practice or 88/ft 6/ft
of trench
Pavement 85,500/acre of practice 290/ac of practice
Broom Sweep 39/curb mile Included in capital
High Sweep 41/curb mile Included in capital
Gardens 6/ft° of practice 0
Regional Practices

Ponds (with no land cost) 383,000/acre of pond 3,500/acre of pond
Ponds (with land cost) 980,000/acre of pond 3,500/acre of pond
Ponds (with land cost & buildings) |1,935,000/acre of pond 3,500/acre of pond

1. Imper. = connected imperviousness.
Source Area Practices

Nine source area practices were sdected that best met our criteria (Table 4). The TSS reduction capabilities
of the practices have been verified by a least one monitoring study (Winer, 2000, Shoemaker and others,
2000; Bell and others, undated; Y oung, 1996; Nationd Stormwater, 1999). The TSSremova vaues
include the losses of pollutant load if the practice has a bypass mechanism. Although most of the practices
do not have many test results, the available results indicate most of the practices can achieve ahigh leve of
suspended solids reduction. All the proprietary and nonproprietary practices that are available should have
an efficiency that fals somewherein the range of efficiencies we used in the demondration.

The Stormeeptor™™ represents many of source area practices with amoderate level of suspended solids
reduction, while the multi-chamber trestment tank (MCTT) represents the practiceswith ahigh leve of
suspended solids reduction. Test results indicate the Stormeeptor™™ should reduce the annual suspended
solids load by about 30% (Waschbusch, 1999). Many single chamber practices relying on settling will
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probably achieve smilar levels of reduction. Many multi-chamber practices that include filtration have a
better chance of achieving the 80% reduction in annua suspended solids loads observed for the MCTT
(Cors and others, 1999). Eighty percent is probably near the maximum annua oad reduction we can
expect for a source area treatment practice, because the practices that have 98% removal efficiencies, such
asthe MCTT, usudly bypass some of the higher flows. It is assumed most devices are designed to bypass
some flows for rainfals greater than about 1.25 inchesin 24 hours.

Reported TSS reduction for the old style broom street sweeper islow at 20% (Bannerman, 1983,
Sutherland, 1999). Street sweeping has the potentia to be a very effective practice, because the source
areas that can be swept (parking lots and streets) are the most important sources of TSS. Changesto
sweeping schedules and types of machines would be much less disruptive to the public than any other
source area practice. New types of street sweepers appear to be more effective (Sutherland, 1999). High
efficiency street sweepers should be able to reduce TSS loads from residentia streets by at least 60%.
These numbers are based on estimates from a cdibrated version of the SSIMTPM modd. The sametype of
high efficiency street sweepers should be able to reduce the TSS loads from freeways by about 45%
(Martindli, 2002).

The selected source area practices cover arange of treatment processes. Bioretention, MCTT, infiltration
trenches (trench), rain gardens (gardens), and the Delaware perimeter sand filter (Delaware filter) al use
sttling and filtration to remove solids from stormwater.  Infiltration dso lowersloads by reducing runoff
volumes. Infiltration isakey eement of trenches, bioretention, gardens, and porous pavement (pavement).

We have experience in Wisconsin with al of the selected source area practices except for bioretention and
Delaware sand filters. Personne communications with cities supporting the source area practices indicate
they are mostly happy with their performance. Public works people in Osceola, Wisconsin are telling us

they are happy with the performance of their high efficiency street sweeper. Two MCTTsingdled in
different cites seem to performing well. We are not aware of any complaints about the severd Stormceptors
that are ingtaled around Wisconsin. Mot of the porous pavement ingalations seem to be in the form of
paver blocks. Some people have observed failures of infiltration trenches. These failures gppear to have
been caused by clogging during the construction process. Homeowners have reported they are very satisfied
with the operation of their rain gardens.

At begt, the available cost information can only be used for conceptud purposes (Shoemaker, 2000;
Southeastern Regiond, 1991) (Table 5). Obvioudy, the cost will vary with each site depending on factors
such as obstacles to indaling the practice, cost of the land, and how difficult it isto connect the practice to
exiging conveyance sysems. Exigting utilities have aready increased the cost of some of our retrofit
effortsin Milwaukee. A need to support truck traffic and the presence of underground pipes increased the
cog of indalingaMCTT in acity maintenance facility. The cost of connecting the exigting plumbing to
the practices was the mgjor part of the construction cost of ingtaling two source area controls at a freeway
site. Conceptud is good enough, though, for a demongtration.

Unit capital and maintenance cost calculation varies from practice to practice (Table 5). Some of the
literature provides the cost in terms of the amount of drainage areato the practice, while other cost are
determined from the Size of the practice. When more than one cost vaue was available we aways saected
the higher value. For older cost values we assumed an inflation of 3% each year. Some of the practices
share smilar costs. For example, the MCTT and bioretention cost about $40,000 for each acre of
imperviousnessin the drainage area. Surprisingly, the Delaware filter achieves about the same solids
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reduction asthe MCTT and bioretention, but only costs about $17,500 for each acre of imperviousness.
Thisis one reason we included the Delaware filter in our demongtration.

L ocation and Sizing of the Practices

Before we could use SLAMM to determine the benefits of ingtalling each type of source area STP, we had
to match each practice to the appropriate source are(s). Street sweeping is an obvious match for streetsin
the three landuses contributing the largest amount of TSS (Table 6). All of the source area practices except
Street sweeping and rain gardens are gpplied to parking lotsin the commercia and inditutiond aress.
Practices likethe MCTT and bioretention are recommended for reatively smal drainage areas such as a
parking lot. Not enough information is available about trestment levels and cost to include sireet sweeping

Table 6. Szing information for selected ormwater treatment practices.

Total area of practice or
area of connected Estimated
Stormwater Source area  [Dimensions each site| impervious draining to number of
Treatment Practice treated (ft) practice (ac) treatment sites
Residential
Rain Gardens Lawn & roof 10 x 17 x 0.33 47.6 12,200
Bioretention All 15x30x4 27.5 2,666
MCTT Al 1 site/2 ac. of imper. 563" 281
Stormceptor All 1 site/2 ac. of imper 563" 281
Delaware Filter Driveway 1 site/driveway 92! 6,100
Broom Sweep Streets 1/week for 30 weeks - 4110°
High Sweep Streets 1/week for 30 weeks - 4110°
Commercial/lnstitutional
Infiltration Trench Parking lots 5x200x 4 6.2 270
Infiltration Trench Roofs 5x200x 4 2.2 96
Bioretention Parking lots 15x30x4 15.6 1,500
Porous Pavement Parking lots - 306 20
MCTT Parking lot 1 site/ 2 ac imper. 310" 155
Stormceptor Parking lot 1site/2 ac imper. 310" 155
Delaware Filter Parking lot - 310" 55
MCTT Al 1 site /2ac imper. 530" 265
Stormceptor All 1 site / 2 ac imper. 530" 265
High sweep Streets 1/week for 30 weeks - 990°
Broom Sweep Streets 1/week for 30 weeks - 990°
Freeway
Infiltration Trench All 5x200x4 1.74 75
MCTT All 1 site / 2ac. imper. 91 45
Stormceptor All 1 site / 2 ac. imper. 91 45
High sweep Freeway 1/week for 30 weeks - 141°
Regiond
Ponds | Al 8.5 ac. 34 4

1. Acresof connected imperviousness.

2. Total curb mileseach year.




asapaking lot practice. Together lawns and roofs produce enough of the TSS load (12%) to include them
in the andlys's of source practices. Resdentid lawns and roofs are treated with rain gardens and
commercid roofs are treated with infiltration trenches.

To understand the maximum possible benefit of using an STP in the three landuses, some of the source area
practices are gpplied to dl the source areasin each landuse. By ingtaling MCTTs, Stormceptors, and
bioretention systems near or under the streets they should bein a position to treat the runoff coming from al
the source areas. It is assumed that some of the water is bypassed for these source area practices.

For example, we assumed 2,666 bioretention systems or 27.5 acres of treatment surface areais required to
treat al the source areasin residentia landuses (Table 6). Each bioretention site would cover a surface area
of at least 15 feet wide and 40 feet long and the practice would be ingtdled next to the street in the right of
way. Itisassumed the people living on the Street are respongible for the maintenance of the bioretention
plants.

In most casesit seemsimpractica to assume enough source area practiceswould be inddled in a
subwatershed to act as aregiond practice. But some examples aready exist in this country where cities
have ingaled source area practices in the public right-of-way to control the amount and quality of runoff
from all the source areas. Rain gardens are dready being indaled dong resdentia streetsin the
Maplewood, Minnesota (Cavett, 2002). They are dso being indtalled as part of Street drainage system
during street recongtruction projects. Bioretention swales have been ingtaled dong a street in Sedttle,
Washington (http://mww.ci.seattlewaug/util/urbancreeks/ SEA streetshistory.hitm) to trest the runoff from
the two year return interval ssorm. They project that the addition of bioretention swales will not
ggnificantly increase the cost of street reconstruction projects.

For the regiona practice we assumed that there is one detention pond for each of the four subwatersheds.
Since thisis a demondration effort, it is not necessary to match the number of ponds to the number of
avalable dtes. Itisvery likely the tota number of ponds would exceed four, if anumber of pondsis
needed in each subwatershed to overcome the congtraints of each site.

Among the sdlected practices, SLAMM s able to predict the TSS reduction of street sweeping, porous
pavement, rain gardens, bioretention systems, infiltration trenches, and detention ponds. Iterations of the
model are used to determine the optimum size of rain gardens, porous pavement, bioretention systems and
infiltration trenches (Table 6). Reported TSS removal values for the other practices are inserted directly into
themodel. The modd accepts the reported vaues in the “other” option for source areas, the conveyance
system, and the outfdl controls.

Total Suspended Solids Reductions Estimated for Individual Practices

Evauation of the individua source area practices produced only two examples of a practice achieving about
a40% reduction in annua TSS loadsto Lake Wingra (Table 7). Bioretention systems and MCTTslocated

to control al the residentia source areas are those two practices. They worked because the residentia
landuse represents about 50% of the TSS load to Lake Wingraand they have a TSS remova capability of
80%. The other gpplications of the source area practices are usualy treating landuses or source arees that
gart with less than 40% of the annua TSS load. One exception is streets with 40% of the annua TSS load,
but a practice applied to streets would need dmost a 100% remova of TSS to achieve the goa. Source area
practiceswill have to be combined to offer more ways for source area practices to achieve a 40% reduction.
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Since the ponds are designed to achieve an 80% reduction it is not surprising that the regiona practice
achieved the TSS reduction god (Table 7).

Table 7. Reduction in annual TSS loads to Lake Wingra for stormwater treatment
practices applied to four subwatersheds

Annual TSS reduction,
Practice Source area treated %
Residential
Broom Sweep Streets 4
Delaware Filter Driveways 7
Gardens Lawn & roof 9
Stormceptor All 16
High Sweep Streets 17
MCTT All 38
Bioretention All 41
Commercial/lnstitutional
Broom Sweep Streets 1
Trench Roofs 2
High Sweep Streets 5
Stormceptor Parking lot 7
Stormceptor All 11
Trench Parking lot 12
Bioretention Parking lot 13
MCTT Parking lot 17
Delaware Filter Parking lot 19
Pavement Parking lot 19
MCTT All 27
Freeways
Stormceptor All 1
High Sweep Freeway 4
MCTT All 5
Trench All 6
Regional

Ponds (with land cost) All 74

1. Percent of load for all eight subwatersheds, i.e. entire load to Lake Wingra.

Thelir actud reduction is 74% because we divided the total suspended solids load reductions by the solids
loads for the entire watershed, not just the four sub-watersheds where they were applied. Detention ponds
could, therefore, be located to serve less of each subwatershed and <till meet the TSS reduction god for the
entire watershed.

Cost Comparisons Between Source Area and Regional Practices

To make avalid comparison between source area practices and regiona practices it was important to select
configurations of the practices that achieved about a 40% reduction in annual TSSloads. From the analysis
of the individual source area practices we discovered it is necessary to try combinations of them to have
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more than a couple of aternatives that achieve the 40%. These aternatives could aso be more reasonable
than applying a source area practice to al the source areasin alanduse, which is needed to achieve a 40%
reduction with the MCTT and bioretention. Since detention ponds were determined to achieve a74% in
annua TSS loadsto Lake Wingra, it is possible to achieve the 40% reduction by assuming less of each
subwatershed drains to each pond. This not only has the effect of reducing the TSS remova by the ponds,
but also reduces their cogts.

Combinations of Source Area Practices Determined to Achieve 40% Reduction

To evauate the benefits of combining the source area practices, the practices were arranged into about 80
combinations. One important consideration isto avoid redundant practices, such as using street sweeping
and the MCTT under the street inthe same area. After diminating al the combinations that were lower
than 40% or higher than a 45% reduction, we were left with a set of about 15 combinations. We dropped
about sx more combinations for different reasons. For example, we iminated al those combinations with
trenches on the parking lots because we thought this practice would be hard to implement dueto the
potentialy high cost of pretrestment. Porous pavement is not included because of the potential disruption
and cogt associated with removing the existing pavement. Nine combinations of source area practices met
our criteriafor percent TSS reduction and reasonableness (Table 8).

All of the combinations included at least one source area practice in the resdentia area. To make them

more reasonable, MCTTs and bioretention systems were applied to one-haf the area. By treating one- hdf
the area the number of bioretention systems required drops from 2,666 to 1333. Rain gardens were designed
to trest one-hdf of theroof and lawn area. High efficiency sweeping is an important part of dl the
combinations except one. The 40% could not be achieved for the combinations without some kind of

source area practice on the parking lots. In every case one of three source area practices (bioretention
systems, MCTTs, and Delaware Perimeter Sand Filter) was designed to treat the entire area for each parking
lot. Infiltration trenches dong the freeway are the most effective freeway practice at a 6% TSS reduction, o
they are included in three of the combinations.

Sdlection of the Most Cost-effective Practices

The most cost-€effective practices will achieve the 40% god for the least amount of cost. To cdculate the
cost the capitol cost is added to the maintenance cost assuming the practices have a useful lifespan of 20
years. Thetwenty year cost for the source area practice combinations ranges from $11,000,000 to
$30,000,000 (Table 8). The next cheagpest combination of source area practices is almost twice the cost of
the cheagpest one. Five of the combinations have avery smilar cost. Making a choice between the
combinations with smilar cost is more ajudgment of which ones are easest to ingtdl.

All of the combinations of source area practices cost |ess than retrofitting detention pondsif you have to buy
the land and the buildings on the land. To create 40 acres (20 acres of permanent pool and 20 acres of space
around the pool) of open space in adeveloped areawill probably mean buying some of the land that has
buildingson it. Inamedium densty resdentid areathisis equivaent to about 136 homes. Even if the cost

of retrofitting the detention ponds is cheaper than the source area practices, it is unlikely the peopleliving in
the neilghborhoods would tolerate the condemning of 136 homes to build the detention ponds.

If the conceptua codts for the street sweeping and the Delaware filter are redigtic than combining these two
practices is the most cost effective gpproach to reducing the TSS load to Lake Wingra by 40%. Improving
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the street sweeping program for al the streets and ingtaling Delaware Perimeter Sand Filterson dl the
parking lots seems like a reasonable god for the city. To maximize the benefit of the enhanced seeping
programs the city should adso implement aternate sde parking restrictions. The city should be able to meet
thisgod by 2013 asrequired by NR 151. It will probably be more difficult to meet thistime frame for
combinationsusng MCTT, rain gardens, and bioretention systemsin the resdentia aress.

Table 8. Cost of combining stormwater treatment practices to achieve
a 40 to 45% reduction in annual TSS loads to Lake Wingra.l

Additional utility fee
Total cost for for households in
twenty | Annual cost Madison,
Practice combinations years” ($) $) $/household/year.”
High sweep (All)* + Delaware Filter
(Lots) 11,460,000 573,000 6
Bioretention (1/2 Res) + Delaware
Filter
(Lots) + High sweep (Com/Inst) 20,420,000 1,021,000 10
High sweep (Res) + MCTT (Lots) +
Trench (Freeway) 19,860,000 993,000 10
MCTT (1/2 Res) + Delaware Filter
(Lots) + High sweep (Com/Inst) 21,540,000 1,077,000 10
Gardens (1/2 Res) + High sweep
(Res) +
Bioretention (Lots) + Trench
(Freeway) 25,240,000 1,262,000 12
Gardens (1/2 Res) + High sweep
(All) +
MCTT (Lots) 26,020,000 1,301,000 13
Bioretention (1/2 Res) + MCTT
(Lots) + High sweep (Com/Inst) 27,940,000 1,397,000 14
MCTT (1/2 Res+ Com Lots) + High
sweep (Com/Inst) 29,060,000 1,453,000 14
Bioretention (1/2 Res) + Trench
(Com/Inst roof) + Bioretention (Lots)
+ Trench (Freeway)4 30,080,000 1,504,000 14
Detention Pond (treat 1/2 of area) 4 19,260,000 963,000 9
Detention Pond (treat 1/2 of area) ° 36,800,000 1,840,000 18

* Capital and maintenance cost included.

% Annual cost divided by 46,553 household paying stormwater utility fee in City of Madison and multiplied by 45% to
adjust for percent of total utility revenues paid by homeowners.

. Does not include freeways.
Includes cost of land.

® Includes cost of land and buildings.

Although the annud cost of the cheapest combination of practicesis only about $600,000, the impact of this
cost can only be measured in terms of how much it will cost each tax payer. We are able to do thisfor the
City of Madison because the city has crested a sormwater utility district. Each household pays a utility fee
of about $36 ayear. If we assume the utility district would use any additiona feesto pay abond back over
twenty years, we can caculate the amount of increase to this fee by dividing the annud cost of the practice
by the 46,553 households in the city and multiplying the result by 45%. In the City of Madison the
households are paying about 45% of the utility fee, while the commercia and indtitutiona property owners
are paying therest. To pay back the cost of the least expensive combination practice combinations would

16



raise the annud fee to each household by $6 (Table 8). If the cost of the practicesis assessed to just the
people living in the Lake Wingra watershed the annual cost of the practices for each household would be
goproximately 6 times higher than the valuesin table 8.

The most expensive fee increase would be only $14 each year. All the source areafees are in the range of
the vadues for the regiond practices. Only the taxpayers can answer the question if this too much money to
sgnificantly reduce the pollutant load to Lake Wingra, but it seems like a reasonable fee to pay.

Conclusions

A sx step process can be used to determine the most cost effective practices for achieving an annua TSS
load reduction of 40% in an established urban area. An important element of the processis the use of an
urban runoff model to determine the most important sources of the TSS and the levels of TSS reduction
achieved by each management dternative. The steps are valuable for demongtrating the most cost effective
management gpproach, but do not include the steps for selecting the Stes, making find design decisons,
and determining the actud cost for ingtdling the practices at each Site.

The god of reducing the annua suspended loads by 40% to Lake Wingra can be achieved at what seemsto
be a reasonable cost to the Madison city taxpayers. A combination of source area practices, such as sireet
sweeping and Delaware Perimeter Sand Filters on parking lots, are the most cost effective practices. Given
the potentialy high amount of disruption caused by the implementation of regiona structurd practices, a
combination of source area practices also appears to be a more feasible way to achieve the reduction god.
Not only isacombination of source controls possibly more acceptable to the people living in the watershed,
but aso the annud cogt to each household could be asllittle as Sx dallars. Thisis much less than retrofitting
detention ponds at eighteen dollars for stes that include the cost of the buildings.

Although the retrofit performance standard in NR 151 is only for TSS, people in Wisconsin recognize there
are other problem pollutants in sorm water. Levels of heavy metas, polycyclic aromatic hydrocarbons
(PAHS), and bacteriain storm water frequently exceed water quaity standards (Bannerman and others,
1996). Some of these pollutants will be reduced if the TSS performance standard is achieved. Since
SLAMM is designed to estimate loads for metals and PAHS, future reports will eva uate the sources and
levels of control possble for other problem pollutants.

Both source area and regiona practices will take at least ten years to implement. The source area practices
because so many sites need to be ingtalled and the regiona practices because so much land must be secured.
Combinations of practices that include street sweeping and source area practices on the parking lots have
the best chance of mesting the retrofit deadline of 2013.
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Abstract

Physicd, hydrologicd, socid, and biologica conditions were evaluated at 45 stream sites in the Puget
Lowland of western Washington, with watersheds ranging in area between 5 and 69 kn? and having urban
development as thelr dominant human activity. Using the benthic index of biotic integrity (B-1BI) as our
biologica indicator, we found a progressve decline in B-1BI with increasing watershed imperviousness but
with large Site-to-Ste differences a any given leve of imperviousnessin the contributing watershed. This
vaiability isgreatest at low to moderate levels of development; as development intengity increases, the

range of biologica conditions narrows. No threshold effects are gpparent. Instream biologica condition
aso varied directly with anew stream flow metric, showing significantly better correlations than with
imperviousness. We aso found a wide range of landscape conditions, some very degrading, in the
backyards adjacent to these streams. These data do not suggest that the full range of hydrological and other
ecologica conditions can be replaced in a now-degraded urban channdl; thus key management tasks are to
identify those watersheds where low urbanization and associated high-quality stream conditions warrant
protection, and to develop a new set of management gods for those watersheds whose surrounding
development precludes complete ecosystem restoration but in which some recovery might be possible.
Thereisno rational bassto support acommon srategy in all watersheds, developed and undevel oped alike.

Introduction

For decades, watershed urbanization has been known to harm aguatic systems. Although the problem has
been long articulated, solutions have proven eusive because of the complexity of the problem, the evolution
of dill-imperfect analytical tools, and socio-economic and political forces with different and often
incompatible interests.

Recent Endangered Species Act (ESA) listings of Puget Sound chinook and bull trout, and the potentia for
more salmonid listings, have brought new scrutiny to al aspects of the Pacific Northwest' s watershed
protection and urbanization-mitigation efforts. Such increased atention is forcing a better articulation of the
godls, the means, and the judtification for mitigating the effects of urban development. It dso has

highlighted the failure of most sormwater mitigation efforts, not only in the Pacific Northwest but dso

across the country, where well- publicized successes are overshadowed by progressive degradation of once-
hedthy streams. This degradation has continued, despite sincere but ineffectua efforts via structura “Best
Management Practices’ (BMP's), particularly detention ponds, buffer regulations, and rurd zoning.

Severa factors make Puget Sound idedl for this study. Streams within our Sudy regon sharerdatively
uniform soil, climate, and topography, alowing direct comparisons among streams. The region has awide
range of watershed development intensities and ages within a circumscribed ares, including minimally
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developed areas that serve asreference stes. All study watersheds have (or once hed) diverse natura
biotas, including anadromous salmonids; some moderately developed watersheds still support regiondly
vauable biologica resources that merit protection and enhancement. Individuals and citizen groups support
protection of aguatic resources in generd and salmon in particular, and these groups are the focus of a
variety of loca agency efforts to improve public education and stewardship. Findly, mgor expendituresin
the region are expected over the next decade in the name of “ stream enhancement.” Improved knowledge
should help direct these outlays to activities most likely to protect the region’s aguetic life (including its
iconic endangered salmonids), protect water quality, and thereby maintain cherished components of the
region’s qudity of life.

Study Sites and M ethods

For this study, we focused on 45 sites selected from 16 second and third-order streams in King, Snohomish,
and Kitsap counties (Fig. 1) that share the following physical characteristics. (1) watershed area between 5
and 69 knt; (2) local channel gradients between 0.4 and 3.2 percent; (3) soils, elevation, and climate typica
of the centrd Puget Lowland; and (4) urban development as the dominant human activity (except in low-
disturbance reference Sites).
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Figure 1. Map of Puget Lowland showing location of study streams and watersheds.
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We explored the nature, and the causes, of change to aguatic-system hedlth dong a gradient of human
activity. We used common measures of land cover (road density and total impervious area percentages) to
characterize that “human activity.” Benthic invertebrates were sampled at each Site between 1997 and 1999
(Morley, 2000; Morley and Karr, 2002). Substrate data were collected at 19 of the Sites, and hydrologic
andyses were made a the 18 Sites located in close proximity to gauging stations without intervening

tributary input (Konrad, 2000). Hydrologic andyses for ten additiona lowland streams of Smilar
characteristics, but some with watershed areas up to 171 kn?, were also conducted. The socia assessment
had three parts—a survey of stream professonds, an in-depth evaluation of the landscape conditionsin
backyards adjacent to streams, and an evauation of the values held by residents.

Although the hydrologic consequences of urban development are well documented &t the scale of an
individua storm (e.g., Hoallis, 1975), consequences over longer periods are lesswell known. Because we
expected the latter effects to be especially important to the biota of streams, we applied a hydrologic atistic
to represent the annud digtribution of storm and baseflow patterns: namely, the fraction of ayear thet the
daily mean discharge exceeds the annual mean discharge (Tgomean)-

Tomean Was calculated for each of the 18 streams by first determining the fraction of the year that the daily
mean discharge (Quaily) exceeded the annua mean discharge (Qmean) for each year of record for each stream.
Tomean Was then calculated as the average annud fraction of ayear that Quaily €xceeds Qmean, Which averages
about 30 percent of the time across this range of Puget Lowland streams.

Results

Biological Condition at Multiple Land-Cover Scales

Relationships between land cover and biological conditions display severd trends. Asagroup, our Sudy
stesdisplay aprogressive decline in B-1BI (Karr, 1998) with increasing urban development, athough large
gte-to-Ste differences exist a any given level of imperviousness in the contributing watershed (Fig. 2). This
variability is particularly evident a low to moderate levels of development, where amost any degree of
biologica condition may be associated with a given level of imperviousness (see dso Karr and Chu, 2000).
As development intensity increases, the range of biologica conditions narrows until, in the most urban of
our watersheds, conditions are uniformly poor.

Across dl study stes, urban land cover (i.e. the combination of “intense,” “grassy,” and “forested” urban
categories) corrdated approximately equaly well with B-1BI at each of three spatial scaes. subbasin (i.e.,

the entire watershed area upstream of the sample point; r =-0.73, p < 0.001), riparian (a 200-m-wide buffer
on each sde of the stream extending the full length of the upstream drainage network; r = -0.75, p < 0.001),
and local (a200-m-wide buffer on each sde of the stream extending 1 km upsiream; r =-0.71, p < 0.001)
(Morley and Karr, 2002). In our data s&t, riparian and subbasin land cover closely correlated with each

other (r = 0.98, p < 0.001).
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Figure 2: Relationship between watershed urbanization and stream health (i.e. biological condition) for our study
streams as measured by total impervious area in the watershed upstream of benthic invertebrate sampling sites.
Stream health is measured using the benthic index of biological integrity (B-IBI); samples collected 1997, 1998,
and1999.

Hydrologic Changes

Hydrologic effects of urban development are evident, even amidst the variability generated by
physiographic differences among the basinsin the Puget Lowland. In urban streams (road density >6
km/ki?), the fraction of time that the meen discharge is exceeded (Tomean) generaly is less than 30% (and
dl £ 32%), whilein suburban streams (road density <6 kmvki?), Tomean is generally grester than 30% (and
al but one® 32%; Fig. 3). For WY 1989 to 1998, the mean value of Tomean fOr 11 urban streams was
smaller (0.29) than for 12 suburban streams (0.34). The difference is statisticaly significant (p < 0.01 using
Student’ st-test of sampleswith equal variance). Independent of urban development, however, larger
sreamstypicaly have more atenuated siream flow patterns than smaller streams and so higher values of
Tomean (Konrad and Booth, 2002). Thus Tomean May only be ardiable indicator of urban development if
stream basins are Ssmilar in drainage area and other physographic factors.

Thebiologica conditions of streams varied directly with this stream flow metric (Fig. 4), with Sgnificantly
better correlations than for smple land-cover metrics (see Fig. 2). Variability in B-1BI is ill Sgnificant,
however, because flow regime is only one factor controlling biotic integrity; for any value of Tomean, the B-
IBI rangeis about 10.
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Figure 3: Fraction of year that mean discharge rate is exceeded (Tomean) @s a function of watershed road density.
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Figure 4: Benthic index of biological integrity (B-IBI) plotted against fraction of time that daily mean discharge rate
exceeds annual mean discharge rate (Tomean) for Puget Lowland streams with biological and hydrologic data.
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Social Assessment

The socid assessment yielded arich array of results. The most ingghtful was finding awide variaion in
backyard conditions where streams were located. These subject properties ranged from those adjacent to
sreams, located in watersheds having a county-funded steward who provided extensive public educetion, to
backyards in neighborhoods with little community avareness of the stream at dl. In al locations the range
of conditions varied from benign neglect to severe, “ecopathic’ destruction of the landscape adjacent to the
stream. Broad socid measures do not explain these differencesin behavior, but the influence of these
actions on stream hedth (whether benign or damaging) was locdly very sgnificant.

Discussion

Correlations between watershed devel opment and aguitic-system conditions have been investigated for over
two decades. Klein (1979) published the first such study, where he reported arapid decline in biotic
diversity where watershed imperviousness much exceeded 10 percent. Steedman (1988) believed that his
data showed the consegquences of both urban land use and riparian condition on instream biologica
conditions. Later sudies, mainly unpublished but covering alarge number of methods and researchers, was
compiled by Schueler (1994). Since that time, additional work on this subject has been made by avariety of
Pacific Northwest researchers, including May (1996), Booth and Jackson (1997), Karr (1998), and Morley
and Karr (2002)

These data have severd overdl implications:

“Imperviousness,” athough an imperfect measure of human influence, is clearly associated with stream:
system decline. A wide range of stream conditions, however, can be associated with any given leve of
imperviousness, particularly at lower levels of development.

“Thresholds of effect,” articulated in some of the earlier literature (e.g., Klein, 1979; Booth and Reindlt,
1993) exist largdly as afunction of measurement (im)precision, not an intrinsgc characteristic of the
system being measured. Crude evaluation tools require that large changes accrue before they can be
detected, but lower levels of development may ill have consequences that can be revealed by other,
more sengtive methods. In particular, biological indicators (e.g., Figure 2) demongtrate a continuum of
effects, not athreshold response, resulting from human disturbance (Karr and Chu, 2000).

Although direct corrdation of imperviousness with biologica hedth is overly amplistic, imperviousness
isauseful index of human activity in awatershed because it provides a gross measure of the watershed
area appropriated by people, and thusit functions as a first-order indicator of human influence on
selected processes supporting stream ecosystems. Many of the changes that degrade Streams are
progressively more likely to occur ashuman activity increases (Booth et d., 2002). The fraction of
impervious areais not a suitable surrogate of stream hedlth, however, because this metric neither
captures nor diagnoses al mgor causes of stream degradation; neither does it provide an adequate guide
to effective solutions. In combination with other measures and analyses, however, it can enhance both
river protection and restoration.
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Management I mplications

Development that minimizes the damage to aquatic resources cannot rely on structurd BMP's, because
thereis no evidence that they can mitigate any but the most egregious consequences of urbanization.

Instead, control of watershed land-cover changes, including limits to both imperviousness and clearing,

must be incorporated (see dso Horner and May, 1999). We anticipate needing all of the following dements
to maintain the possibility of effective protection:

clustered developments that protect haf or more of the natural vegetative cover, preferentidly in
headwater areas and around streams and wetlands to maintain intact riparian buffers,

amaximum of 20% tota impervious area, and substantialy less effective impervious area through the
widespread reinfiltration of ssormwater (Konrad and Burges, 2001);

on-Ste detention, redigticaly desgned to control flow durations (not just pesk discharges);

riparian buffer and wetland protection zones that minimize road and utility crossings aswell as overal
clearing;

no congtruction on steep or unstable dopes; and

aprogram of landowner stewardship that recognizes the unique role of adjacent private property owners
in maintaining or degrading stream hedth.

Past experience suggedts that each of these factorsisimportant. However, we gill lack empirica dataon

the response of aguatic resources to such “well-designed” developments. Therefore, these recommendations
are based only on extrapolations, model results, and judgement; they have yet to be tested. Where
development has dready occurred, these conditions clearly cannot be met and different management
objectives are inescapable: many, perhaps dl, streams in aready- urban areas cannot be truly protected or
restored, and a significant degree of probably irreversible stream degradation is unavoidable in these

SHtings.

Our detailed analyss of one feature, flow regime, demondtrates the importance of this particular agpect of
the aguatic system. Hydrologic dteration is ubiquitousin al urban watersheds, and flow regimeis akey
determinant of ecologica hedth and biologica condition. Stream conditions are not solely determined by
flow regime, however, and flow regimeis not solely determined by urban devel opment—intringc watershed
characteristics (watershed geology, soil permeability and depth, topography, channd network, climate) are
aso relevant. Thus no single watershed indicator can predict flow regime or the consegquences of its change
on stream conditions, even ametric that provides ecologically useful measures of the variability of stream
flow. A new paradigm that systematically ignored weter chemigtry or the effects of dteration of stream
channds, for example, would be no more defensible than previous regulatory mandates that focused only on
these parameters.

We cannot find any basis to expect that the full range of hydrological and other ecologica conditions can be
replaced in a now-degraded urban channel (Fig. 5). The key tasks facing watershed managers, and the
public that can support or impede their efforts, are therefore (1) to identify those watersheds where existing
low urbanization, and associated high-quality stream conditions, warrant the kinds of development
conditions that may protect much of the existing qudity of these systems; and (2) to develop anew st of
management gods for those watersheds whose surrounding development precludes significant ecosystem
restoration but in which some recovery might be possble. Where urban development is virtualy complete,
our results (and common sense) suggest that neither widespread ripariantcorridor replanting nor extensive
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hydrologic rehabilitation of the watershed are feasible or could achieve greet biologica improvements.
Stream-enhancement efforts can Hill be important and worthwhile, for both in-stream biota and the people
that livein thelr watersheds. Thereisno rationd bass to support acommon strategy in all watersheds,
developed and undeveloped aike.
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Figure 5: Management strategies as suggested by the distribution of B-IBI data as a function of the % total
impervious area (TIA) in the contributing watersheds of our study. Although management goals are commonly
articulated for the upper right-hand corner of these graphs (i.e. high-quality streams in highly urbanized watersheds)
we find no evidence, and thus little hope, that this does or can occur.
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REMEDIATION OF STORMWATER RESIDUALS DECANT
WITH HYDROCOTYLE RANUNCULOIDES

Katie Bretsch
Program Development Assistance
Portland, Oregon

Abstract

A stormwater resduds decant treestment regime employing floating marsh pennywort, Hydrocotyle
ranunculoides, is gpparently effective a remediating lead- contaminated suspended solids, 25 microns and
less, after one year's experience in Portland, Oregon.

Gravity settling provided by Portland's existing sormwater sediment dewatering facility does not give
sufficient pollutant remova, and Portland experienced occasiona exceedances of locd pretrestment limits
for lead. In March of 2001, Portland began afull-scdetrid of sormwater residuas decant trestment using
marsh pennywort, or Hydrocotyle ranunculoides. This free-floating aquatic plant is localy acceptable for
aquatic landscaping and needs no specid contral.

Firg-year review found this project apparently successful and very inexpendve. Preliminary second-year
data continues to show promise and minima cos.

Project Context

Portland, Oregon maintains a separate sormwater collection and trestment system, which includes over
15,000 sumps and sedimentation manholes that drain only curbed and guttered urban streets. Over 1,800
metric tons of stormwater residuals are recovered by vacuum eductor truck (Vactor®) from these fadilities
annudly. These resduds are contaminated with common urban sormwater pollutants, most prominently
TPH, lead and cPAHSs. The contaminants are mostly fixed -- adsorbed to the fine soils which dominate these
residuals (Bretsch, 2002). On average, fine particles 31.2 microns and less account for 22% of residud
solids particle counts.

The resduals are recovered along with substantia amounts of standing sormwater and injected chlorinated
tap water. They are discharged onto doped pads at the City's Inverness Stormwater Sediment Dewatering
Facility from vacuum eductor trucks at about 90% water by weight, or pea soup consistency. After
dewatering to about 25% water by weight, or dry enough to passa"paint filter test," the materid is removed
for therma remediation and recyding.

Decant off Portland’s tennis court size Vactor® dumping pads flows through soped channels with weirs of
wood and screen fabric intended to catch the large floatables, then through a system of ductile iron pipe and
shallow below-ground sedimentation manholes to a two-cdled settling tank made from a section of the old
aeration settling basin of an abandoned wastewater trestment plant. An overflow stand pipe in the second
cdl adlows continuous discharge to the City’ s sanitary sewer system.
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This dewatering process yields about 684,000 liters of decant annually. The decant is pretrested prior to
discharge into the City's sanitary sewer system in order to protect the City's wastewater system biosolids
qudity, acritica City objective.

The decant carries ultra-fine sugpended solids which are negatively charged and resistant to settling by
gravity (Collins, 1999; Ghezzi, M., Callins, J., Moore, J., Bretsch, K., and Hunt, L., 2001). A $300,000
facility improvement provided additiona gravity settling. But, gravity settling elone failed to provide
consistent enough pollutant remova at the desired levels of operation. In consequence, dewatering facility
decant occasiondly exceeded loca pretreatment limits for leed of 0.7 mg/L. The City’sgod isto
consstently meet a0.2 mg/L limit. In response, the City began plans for a second six-figure fadlity
expansion project to provide additiona gravity settling capacity.

Working in cooperation with the Oregon Department of Trangportation (ODOT) and the Oregon
Department of Environmental Qudity (DEQ) under the auspices of the Federd Highway Adminigration
(FHWA) funded ODOT Roadwaste Research Project, Portland aso explored methods for achieving better
removal of decant solids with the existing facility. Because Portland's sormwater Vactor© waste represents
the worst case for sormwater residuas qudity in Oregon, finding a best vaue solution to Portland's
Vactor© waste decant pretrestment problem promised to be helpful to roadwaste management agencies
elsawhere, aswdll.

Portland conducted chemical flocculation trids as one dterndtive, and tria results are documented in the
Phase Two Report of the ODOT Roadwaste Research Project (Ghezzi, M., Callins, J.,, Moore, J., Bretsch,
K., and Hunt, L., 2001). Electroflocculation, as demonstrated by Dennis Jurries, PE, of the Oregon DEQ
using sormwater with suspended fines from congruction Site eroson (Jurries, 2000), was a so considered.
These methods were found practicable, but the projected treatment costs of about US$0.38 per liter were
deemed prohibitive.

Reasoning that only amargind increase in decant quaity was required, that some of the sormwater
treatment vaue provided by plants in a constructed wetland might occur if alarge enough planting could be
propagated and maintained in the decant tank, that the potential benefits were high and the cost of fallure
was low, the author initiated a search for suitable aquatic plants.

Voluntary duckweed (Lemna) colonies had previoudy appeared in the tank, but were flushed through the
system during rain events. Pennywort was sdlected for triad becauseit is free-floating, easly contained, a
locally acceptable native, and available. Risks of escape were well consdered. Because it propagates by
budding, seed digtribution by wind or animal lifeisnot arisk.

| mplementation

A trid of phytoremediation was begun in May of 2001 by introducing a 19-liter starter bucket of the
floating marsh pennywort plant materia into the first cdll of the decant tank (Figure 1.). H. ranunculoidesis
andive, freefloating perennia found throughout the United States (PLANTS Database, 2002). The plant
materia was gleaned from an ornamenta pond maintained on the grounds of the City’s Columbia
Boulevard Wastewater Trestment Plant.
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Figure 1 Photograph shows pennywort growing in the first cell of Portland’s Vactor© waste decant tank. About three
months after its initial introduction into the tank, the pennywort has formed a dense colony about 2.5 m square.

Pladtic roll screening materid with 1.3 cm openings and non-woven filter fabric of the kind used in erosion
control were used to confine the plant material in thefirg cdl of the tank.

The plant materid thrived and filled out the cdll by July of 2001 (Figure 2). So far, the plant materia has
proven hardy in thisimplementation. Just asin an ornamenta planting, it pales and dows its growth during
the winter months, but no substantial winter dieback has occurred. It dso paes and dows its growth during
the warmest sunny summer months, when decant tank flow is warmed and reduced by evaporation.

Figure 2. Photograph shows a dense matt of the vigorous pennywort completely covering the surface of the first cell
of Portland’s Vactor© waste decant tank in August, 2002.
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To further test the technology and compensate for variables such as weather and changesin Vactor®
cleaning program activity which couldn’t be isolated in this trid, additiond plant materia was introduced
into the second cdll of the decant tank starting in the Spring of 2002. A full second year review could be
conducted in June of 2003.

Operation

No appreciable additiona operating needs or costs were presented by the introduction of plant materid into
the decant trestment stream during thetrid. Thinning of the plant colony may eventudly be needed.
Replacement may be required if the very rare extended hard freeze that can occur in Portland provesfatd.
No additiona nutrients or other treetments have been required for the hedth of the plants. As a public hedth
measure, the tank is trested with Bt (Badllus thuringiend's) to inhibit mosquito hatching at gppropriate
intervals during the warm season.

At about sx month intervas, both cedlls of the tank are drained, and the mucky settled solids are cleaned
from the bottom by Vactor® extraction. The cleanings removed from the tank are placed back onto the
Vactor® dumping pad for dewatering, remediation and recydling.

H. ranunculoides plants are available locally in the Portland, Oregon area from commercia nurseries which
supply native agquetic plants at about US$1.00 per plant. The starting colony for one cdll in thistrial
probably consisted of the equivaent of 100 commercid plants.

If thinning or remova of the plant materid is required, testing to assess pollutant concentrationsin the
removed materia should be performed. Aswith any phytoremediation project, disposd of plant materias
should be guided by the findings of gppropriate testing.

Monitoring

Accurady measuring the fine, contaminated, negatively-charged colloidd soil particles found suspended in
stormwater Vactor® waste decant proved by itself to be achallenge. The standard pretrestment screening
test for total suspended solids (TSS) proved imperfect, because the filter used to capture solids was found to
have a 25-micron pore size. A particle sze study found that over 90% of solids in the decant were under 25
microns.,

We considered turbidity (NTU) as an dternative indicator, and rejected it because it also reflects other
factors which couldn’'t be controlled in this operationd setting, such as color from dissolved substances and
non-target particles of organic matter. In the end, we chose total lead (EPA 200.8) as our primary
monitoring parameter. Lead is adsorbed preferentialy to the fine solids (Collins, 1999); and lead isthe
contaminant of concern for protection of the City’s wastewater processes by decant pretreatment.

The progress of the plant colony was observed and photo-documented. Samples representative of the decant
discharges were tested for lead at routine intervas dictated by the City’ s pretrestment compliance
monitoring program. Older and younger plant materiad was removed from the tank for close visud

ingpection.
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Discussion
Appropriate and Successful Plant

A perennia native species, H. ranunculoides (Figure 3) requires no specia substrate or media. While
relatives of this plant have been identified asinvasive pest speciesin Britain and e sewhere, H.
ranunculoidesislisted as endangered in [llinois. In the maritime Pacific Northwes, it is conddered a
desirable native species for ornamental propagation. It presents no obvious risk of escagpe in the setting
under trid. In Portland' strid, it quickly covered the surface area of the tank. It thrived for most of the yesr,
being somewhat discouraged in growth only during the warmest and coolest months. The test Site near
Portland Airport did not experience a hard freeze during the tria period, however.

\ 1p X
Al

I'I I.j'm
Figure 3. H. ranunculoides plant material shown against graph paper to illustrate form and scale. Depth of highly

tangled root mass is about 10 cm. Height of mature stem and leaf is about 20 cm or more above root. Plant colonies
form a dense floating matt.

Volunteer blooms of duckweed (Lemma) had appeared previoudy in the decant tank, but had been flushed
out by rainfal events. H. ranunculoidesis far more easily contained. In fact, it provides some containment
for duckweed, which appeared as aminor voluntary overgrowth in the second summer. Based on visud
observation as well as close handling of removed bucket samples, both the mass and immersed surface of

the pennywort, with its heavy, tangled and tough, amaost woody root system, broad leaves and long stems,
dwarfed that of the duckweed in Portland’ stridl.
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Pant materid has not yet been sampled to determine the amount, if any, of metd hyper-accumulation. From
an operationa perspective, thistesting will be critica to establish appropriate management of any plant

materid wasted from the process

Apparently Successful Remediation

Operationdly vauable improvement in decant lead results and visua observation gppear to support the
finding that H. ranunculoides is effective at remediating wastewater contaminated with lead bound to ultra-
fine suspended solids in stormwater Vactor® waste decant. Previoudly absent flocculation and settling is

observable in the tank and is the presumed method of remediation.
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Figure 4. Graph illustrates Portland’s Vactor© waste decant total lead and total solids results from January, 2000 to
December, 2002, in relation to local wastewater pretreatment limits and the dates pennywort was introduced into the
decant treatment regime, first in March 2001, and second in May 2002. A stable pattern of lower values has been

coincident with the presence of the pennywort.

Decant monitoring for tota lead and total solids shows (Figure 4.) that the presence of pennywort in the
decant trestment stream has been coincident with an operationdly sgnificant and stable pattern of lower
vaues. Prior to the introduction of the pennywort, exceedances of a0.7 mg/L local limit were a source of
concern. None have reoccurred since the introduction of the pennywort. No exceedances of the lower 0.2

mg/L limit have occurred snce Fal of 2001.



Minimal Cost

Because the plant materid for thistrid was obtained as surplus from an ornamenta planting, and the plant
has proven both a vigorous grower, and to have no pecia operational needs in this implementation, the
treatment cost observed in thistrid is estimated at less than US $0.01 per liter. Competing commercid
technologies would run about 40 times that, based on Portland’ s previous trids.

Unanswered Questions

Asafiddtrid, this project was successful enough. However, as a scientific endeavor, this project leaves
many important questions unanswered.

Important variables such as changesin Vactor® deaning program activity and rainfal could not be isolated
inthisfull scdetrid. How much remediation vaueis provided by plants done in a controlled setting? Are
the author’ s belief's about the primary remediation mechanism verifiable in the [ab? How much filtration is
occurring? Fines may be adhering and then doughing off the root surface; but, if so, thisis not observable
with the naked eye. Do the plant roots carry adight positive charge? Will waste plant mass require specid
management? The author cannot say.

The dataiis good enough for operationa purposes, but poor by scientific standards. The author has received
expressons of interest from individuas in the academic community to take these investigations further, and
hopes to see these questions answered in the future with their help. The author considersthe field tria

results presented in this paper preliminary but promising.

Phytoflocculation?

The American Heritage Dictionary defines phytoremediation as, “the use of plants and trees to remove or
neutraize contaminants, as in polluted soil or water (American Heritage Dictionary, 2003). In constructed
wetlands and other biologicaly based wastewater treatment regimes, plants are widely recognized to
provide trestment vaue viathe natural phenomena of rhizofiltration, nutrient consumption and
hyperaccumulation.

The EPA defines flocculation as a*process by which clumps of solids in water or sewage aggregate through
biologica or chemica action so they can be separated from water or sewage”’ (EPA, 2003). Based on field
observation, the author believes that the plant materia provided remediation by flocculation of the lead
contaminated ultra-fine suspended solids in thistrid. Although the exact mechanism of trestment has yet to
be clearly established in the Iab, the author proposesto cdl this natural phenomena phytofl occulation.

Thanks

The author would like to thank Linda Dartsch, PE, Manager of the City of Portland, Environmenta
Services, Collection Systems Operations and Maintenance Division, for the opportunity to do thistrid, Paul
Johnson of Portland’s Maintenance Bureau for project assistance, Atina Casas of the City’ s Environmental
Services Investigations and Monitoring Division for technicad assstance, and the staff and partners of the
ODOT Roadwaste Research Project for collegia support.
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INAPPROPRIATE DISCHARGE DETECTION AND ELIMINATION
WHAT PHASE | COMMUNITIES ARE DOING TO ADDRESS THE PROBLEM

Jennifer Zidinski and Ted Brown
Center for Watershed Protection
Ellicott City, Maryland

Abstract

| nappropriate connections to storm drain systems account for significant annua pollutant 1oads from urban
areas. Ingppropriate discharge detection and elimination (IDDE) are important eements of any effective
sormwater quality management program. Since 1990, under US EPA’s Nationa Pollutant Discharge
Elimination System (NPDES) Phase | Storm Water Program, cities and counties with populations of
100,000 or more that operate amunicipa separate ssorm sewer system (M $4) were required to obtain
discharge permit coverage. An eement of NPDES Phase |, Part | was that regulated M $4s were required to
perform discharge characterization by screening outfalls for ingppropriate connections to MS4s. NPDES
Phase |, Part 11 required regulated M $4s to demonstrate adequate legal authority to control discharges,
prohibit inappropriate discharges, require compliance, and carry out inspections, surveillance and
monitoring (EPA, 1996). Asaresult, 173 cities and 47 counties (Glanton et al., 1992) were required to
develop IDDE programs.

In 2001, the Center for Watershed Protection (CWP) and Dr. Robert Fitt from the Univerdity of Alabama
obtained a multi-year grant from US EPA to research the most cost-effective and efficient techniques that
can be employed to identify and correct ingppropriate discharges, and write a“Users Guide’ geared toward
use by NPDES Phase [I communities and citizen volunteers. One eement of the research isinvestigating

and compiling data and methods that have been employed in pursuit of IDDE by NPDES Phase | MS4s.
CWP conducted a survey of 24 NPDES M $4s representing various geographic and climatic regionsin the
U.S. to research what these communities have been doing on the IDDE front. Surveys requested information
about: community characterization; system characterization; IDDE program characterization; legd

authority; system mapping; procedures used for inappropriate discharge identification, confirmation, source
identification and correction; education and outreach; and other programmatic fegtures or references. This
paper presents the findings of the survey and provides inferences that can be drawn about the collected data

I ntroduction

The Center for Watershed Protection (CWP) and Dr. Robert Fitt, University of Alabama, are working under
amulti-year grant from the US EPA to research the most cost effective and efficient techniques that can be
employed to identify and correct ingppropriate discharges, and to develop a*“Users Guide’ for use by
Nationa Pollutant Discharge Elimination System (NPDES) Phase 11 jurisdictions and citizen volunteers.

One element of the research isinvestigating and compiling data and methods that have been employed in
pursuit of ingppropriate discharge detection and imination (IDDE) by NPDES Phase | M4s.

A survey was devel oped and submitted to over 50 locd jurisdictions representing various geographic and
climatic regions in the United States that have implemented IDDE programs. The intent of the survey wasto
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determine the current state of practices utilized by local governments, and to identify practical, low cost, and
effective techniques that have been implemented in the fidld and Iaboratory for inappropriate discharge
detection and dimination. The survey information will be used in the preparation and development of the
Users Guide. This paper summarizes the results of the survey.

Design of Survey

The survey was designed to dicit detailed information on existing IDDE programs and to gain ingght on the
following topics. (A copy of the survey can be accessed from www.cwp.org)

Community Characterization

System Characterization

Ingppropriate Discharge Detection Elimination (IDDE) Program Characterization and Cost
Legd Authority

System Mapping

Methods to Identify and Confirm Ingppropriate Discharges

Inappropriate Discharge Corrections Program

Education, Outreach, and Pollution Prevention Programs

N~ WNE

The target audience for the survey included jurisdictions that have implemented IDDE programs, primarily
those subject to NPDES Phase | requirements.  Jurisdictions selected for the survey represent avariety of
geographic and climatic regions. The EPA stormwater coordinators for each region of the country were
contacted for recommendations on jurisdictions to include in the survey. A variety of jurisdiction Szeswere
targeted on the basis of population, IDDE program service area, and land use. The ages and reputations of
the program were dso consdered. The survey was sent to 57 jurisdictions, with 24 jurisdictions (42%)
from 16 states completing the survey (Figure 1).

Surveys were supplemented by on-ste interviews of IDDE program daff in seven jurisdictions: Bdtimore
City, MD; Bdtimore County, MD; Boston, MA; Cambridge, MA; Dayton, OH; Raeigh, NC; and Wayne
County, MI, witnessing field operations when possible.

Survey Results
Community Characterization

Of the 24 jurisdictions that completed the survey, 18 are NPDES Phase | jurisdictions, one was awaiting the
issuance of its Phase | permit, two are Phase 1 jurisdictions, two operate under a Stormwater Genera
Permit, and one is a Special Purpose Didtrict servicing both Phase | and Phase | jurisdictions (Table 1). Of
the 24 respondents, only 21 have fully implemented IDDE programs. Alexandriaand Fals Church,

Virginia, are both currently developing programs as part of their NPDES Phase |1 requirements. Sesttle,
Washington, currently addresses ingppropriate connections viawater quaity complaints and aroutine
business ingpection program. Sesttle’ s Phase | NPDES permiit is currently being updated, and the next
permit cycle will require the implementation of afull inappropriate discharge reduction program. Even
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though these three jurisdictions have not fully implemented their programs, they have each implemented
some dements. Therefore, data reported throughout this paper reflects varying numbers of responses to
different survey questions.

Overdl, the respondents included five counties, 18 cities, and one Specid Purpose Didrict. Land use was
varied, but tended towards ultra- urban, urban, and suburban. The population densgity ranged from 175 to
15,000 people per square mile, with amedian of 2,600 people per square mile. Thejurisdictions aso vary
in service area, with ranges from 2 to 498 square miles, and a median of 70 square miles.

ry

O completed Survey
® Retumed Suppotting Information Only
@ CWP Field Interview

Figure 1: Jurisdictions that Participated in the IDDE Survey

System Characterization

To help determine the relative scale of the programs, the survey requested informetion that would
characterize the jurisdictions drainage systems in addition to population density, service area, and land use.
Speedificdly, information on length of storm drain network, number of mgor outfdls, and the ratio of
outfalsto miles of gorm drain were compiled (Table 1).

39



Table 1: Characterization of Jurisdictions that Participated in the IDDE Survey

Population Total Length of Outfall / Mile of

L Form of NPDES Land Use (%) , Service ) # of Major .
Jurisdiction Government Status gr'tbr:;] Urban uSI'Ll‘JJt;}] Rural Sr?(;z\slfé (pe%?c)r}z;ziz) Area (mi2) Sﬁé{cvc?rrf'(m?e Outfalls E‘::wg?f
Ada County Highway Special Phase I,

District (ACHD), ID Purpose District  Phase Il 12 23 28 U 26 1,070 69.73 351 65 0.19
Albugquerque, NM City Phase | - 90 - - 10 2,400 181 582 6 0.01
Alexandria, VA City Phase II 100 - - - - 8,000 15.75 N/R N/R N/A
Arlington Co., VA County Phase | 10 9 47 - 33 7,149 20 400.5 100 0.25
Austin, TX City Phase | 1 25 54 20 - 2,745 238 600 250 0.42
Baltimore City, MD City Phase | - 71 - - 29 7,173 92 726 345 0.48
Boston, MA City Phase | - 85 - - 15 12,271 48 542 94 0.17
Cambridge, MA City Phase Il 85 15 - - - 15,000 6.25 81 11 0.14
Clackamas Co., OR County Phase | 10 15 60 5 10 181 22 N/R 22 N/A
Dayton, OH City Phase | 20 50 10 5 15 3,115 52 600 300 0.50
Durham, NC City Phase | 4 20 43 5 28 1,950 92 2,690 890 0.33
Falls Church, VA City Phase | 10 50 39.5 - 0.5 5,000 2 N/R N/R N/A
Howard Co., MD County Gen. Permit 15 25 53 6 - 972 255 300 365 1.22
Knoxville, TN City Phase | 10 20 55 5 10 1,750 100 324 1,004 3.10
Lakewood, CO City Phase | N/R 3,225 44 N/R 204 N/A
Montgomery Co., MD County Phase | - 30 12 30 28 1,762 496 2,597 7,165 2.76
Phoenix, AZ City Phase | - 30 60 10 - 2,537 473 3,500 322 0.09
Portland, OR City Phase | - - - - - 3,534 47 562 110 0.20
Raleigh, NC City Phase | 5 20 40 10 25 1,800 120 3,200 1400 0.44
Seattle, WA City Phase | 100 - - - - 6,706 84 630 200 0.32
Springfield, MO City Phase | 5 50 30 - 15 2,000 70 500 6 0.01
Thousand Oaks, CA City Phase | - 33 10 47 2,142 58 N/R N/R N/A
Wayne Co., Ml County Gen. Permit 33 6 41 13 7 175 498 3,265 2,000 0.61
Worcester, MA City Phase | N/R 4,600 37.6 347 250 0.72
Median 10 25 41 10 15 2,600 70 582 250 0.33

Notes: N/A = Not applicable; N/R = Not reported
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Program Characterization

Staff time dedicated to the IDDE programs surveyed ranged from 0.08 to 10 persontyears, with amedian of

1.5 person-years (Table 2). It was difficult for many of the jurisdictions to quantify actud saff time

dedicated to IDDE activities since the responsibilities are spread among many departments, or because the
gaff who work on IDDE aso perform other un-related tasks.

Table 2: Staff Time Dedicated to IDDE Program Annually

Staff Time (person-years) Dedicated to IDDE

Jurisdiction Program Annually (n = 21) Ratio of Field
- - T to Total
Field Staff Office Staff Total Staff

Wayne Co., Ml 6 4 10 60%
Baltimore City, MD 6 2.25 8.25 73%
Phoenix, AZ 5 2 7 71%
Knoxville, TN 2 1.5 3.5 57%
BWSC, MA 2 1.25 3.25 62%
Worcester, MA 2 1 3 67%
Durham, NC 2.1 0.5 2.6 81%
ACHD, ID 1 1.5 2.5 40%
Montgomery Co., MD 2 0.5 2.5 80%
Cambridge, MA 1? 0.50 1.50 66%
Albuguerque, NM Note 3 15 15 N/A
Austin, TX 1 0.35 1.35 74%
Raleigh, NC 1 0.3 1.3 7%
Thousand Oaks, CA 0.9 0.3 1.2 75%
Springfield, MO 0.5 0.5 1.0 50%
Howard County, MD N/R 0.6 0.6 N/A
Portland, OR 0.22 0.11 0.33 67%
Clackamas Co., OR 0.1 0.1 0.2 50%
Dayton, OH 0.1 0.05 15 67%
Arlington Co., VA 0 0.1 0.1 0%
Lakewood, CO 0.04 0.04 0.08 50%
Median 1.0 0.5 1.5 67%
Notes:

1. Includes administrative and professional office staff.
2. Additional 1.75 person-years spent by professional consultant performing sampling, inspection work.

3. Field monitoring subcontracted to a consultant.

For smilar reasons, it was dso difficult for jurisdictions to accurately report the full IDDE program budget,
aswell as costs associated with different related activities (Table 3). Annua IDDE program expenditure
ranged from $3,500 to $613,561, with a median of $121,825.
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Table 3: Annual IDDE Program Expenditure

($) (% of total) (%) (% of total) (%) (% of total) (%) (% of total) (%) (% of total) (%)

Wayne Co., Ml 460,672 75% 3,760 0.6% 319 0.1% 7,500 1% 141,273 23% 613,561
Phoenix, AZ 500,003 84% - - 15,665 2.6% 13,840 2% 64,571 11% 593,134
Cambridge, MA 100,200 25% 1,000 0.2% 3,000 0.7% 10,000 2% 297,200 73% 406,400
Baltimore City, MD 298,750 75% - - 10,000 2.5% 87,000 22% - - 395,750
Albuguerque, NM 110,000 28% - - 14,000 3.6% 20,000 5% 250,000 63% 394,000
Worcester, MA 160,000 57% - - - - 15,000 5% 100,000 36% 280,000
Montgomery Co., MD 200,000 97% - - 5,500 2.7% - - - - 205,500
BWSC, MA? 142,000 73% 200 0.1% 1,000 0.5% 500 0% 50,000 26% 193,700
Durham, MA 156,600 89% 2,500 1.4% 3,500 2.0% 8,000 5% 4,600 3% 175,000
ACHD, ID 160,450 100% - - - - - - - - 160,450
Thousand Oaks, CA 60,000 2% - - 10,000 12.0% 5,000 6% 5,000 6% 83,200
Raleigh, NC 53,000 64% 5,000 6.0% 6,000 7.2% 12,000 14% 7,000 8% 83,000
Springfield, MO 70,000 84% 5,000 6.0% 5,000 6.0% 1,000 1% 2,000 2% 83,000
Austin, TX 67,500 82% 1,000 1.2% 4,000 4.8% 5,000 6% - - 82,500
Knoxville, TN 33,000 55% 1,000 1.7% 500 0.8% 15,000 25% 10,000 17% 59,500
Portland, OR 15,000 58% - - - - 10,000 38% 1,000 4% 26,000
Clackamas Co., OR 16,000 100% - - - - - - - - 16,000
Arlington Co., VA 7,000 95% - - 50 0.7% 300 4% - - 7,350
Lakewood, CO 3,500 57% 300 4.9% 1,600 26.0% 500 8% 250 4% 6,150
Howard Co., MD 3,000 86% - - - - 500 14% - - 3,500
Median $85,100 75% $1,000 1% $4,000 3% $8,000 5% $10,000 11% $121,825
Notes:

1. Typical costs included in the “other” category include education, training, travel, consultants, and contractors.
2. The annual budget information provided by BWSC does not include the costs associated with corrections, nor the costs associated with special drainage

system studies.
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Legal Authority

Ninety-Sx percent of the surveyed jurisdictions have some type of regulation that prohibits ingppropriate
discharges from entering the M4, Discharge prohibitions typicaly come under a least one of three
regulations:

1) A dormwater ordinance that addresses ingppropriate discharges to the sorm sewer system or receiving
waters;

2) A plumbing code that addressesillegal connections to the storm sewer system; or

3) A hedth code tha regulates the discharge of harmful substances to the storm sewer system or receiving
waters.

Mot jurisdictions surveyed have the legd authority necessary to inspect private properties for illega
discharges, but based on our interviews, few seem to have found it necessary to invoke that authority.
Communities noted that owners are usually cooperative with respect to property inspections by jurisdictions
investigating ingppropriate discharges, and that achieving compliance is not usudly problematic.

Mapping Capabilities

Over 80% of the jurisdictions surveyed utilize Geographic Information Systems (GIS) to track outfals and
record Ste data. Despite the convenience and power of the digital maps, many communities il relied on
supplementa information provided on paper maps, particularly where information transfer to the GIS was
not complete or was unverified. Based on interviews with select jurisdictions, preferences for paper or
digital mapping varied. For instance, Batimore City field crews expressed a preference for paper mapping,
which they fet to be eadier to interpret than printouts from the digita mapping system. In addition, for areas
where sewer mapping either does not exis, they have often turned to historic topographica mapsto
determine possible pre-development stream locations.

A primary use of mapping in an IDDE program isto prioritize areas for outfal screening or dyetesting. In
addition, it is useful for tracking areas that have been investigated versus those that till need to be
investigated. Table 4 displays the IDDE program mapping elements that surveyed jurisdictions use.

Based on interviews, other key areas that are useful to map include:

Certain industries by SIC code

Higtoric complaints

Sanitary and storm sewers in close or in common manholes
“Ggps’ in sanitary mapping

Licensed businesses, SIC codes, industria permittees

Areas with businesses with night hours (e.g., bars and restaurants)
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Table 4: Common IDDE Program Mapping Elements

Elements Mapped by Jurisdictions % of Jurisdictions Responding (n = 24)
Storm sewers 96%
Waters of the US receiving discharges from outfalls 83%
Outfalls 79%
Open channels (conveyance channels) 71%
Land use 67%
Sanitary sewers 63%
Industrial discharge permit holders 33%
Building connections to storm sewers 25%
Connections to adjacent systems / communities 25%
Building connections to sanitary sewers 21%
Watershed, outfall drainage area boundaries 13%
Hotspot areas 13%

Methods to I dentify and Confirm Potential | nappropriate Discharges

Table 5 digplays the procedures utilized by the surveyed jurisdictions to determine the presence of a
suspected ingppropriate discharge. Most of the jurisdictions used severd different methods and there was no
apparent trend based on geographical location. The top three procedures selected were: 1) pollution
reporting hotline (86%); 2) regular inspection of outfalls by jurisdiction (76%); and 3) water qudity
monitoring of recelving waters (71%o).

Some of thejurisdictions found that the initid outfal screening conducted was very successful at
identifying chronic problems, but that the following screening was less useful. For sporadic discharges,
jurisdictions are relying more heavily on telephone hotlines and cross-training ingpection and maintenance
gaff than on monitoring or field screening.

Table 5: Investigative Procedure(s) Used to Determine the Presence of a Suspected Inappropriate Discharge to a
MS4 or Receiving Water

Investigative Procedure % of Respondents (n = 21)
Pollution reporting hotline for citizens to call 86%
Regular inspection of outfalls by jurisdiction 76%
Water quality monitoring of receiving waters 71%
Regular inspection of storm sewers 62%
Regular inspection of sanitary sewers 48%
Dye- or smoke-testing of buildings in problem areas 48%
Sporadic outfall inspection by watershed/citizen organization 38%
Regular outfall inspection by watershed/citizen organization 24%
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Sporadic inspection of outfalls by jurisdiction 24%

Dye- or smoke-testing of buildings at the time of sale 5%
Water quality monitoring of discharge waters 5%
Septic system inspection at time of sale 5%

Sour ces of Discharges Typically Found

Common sources of discharge found by jurisdictions responding to the survey are displayed in Table 6.
While certain sources are random and may occur anywhere, such asillega dumping, other sources can often
be associated with specific factors within acommunity or subwatershed. These include:

Land use (eg., industrid discharges, restaurant grease, failing septic systems)

Type and age of sewer system (e.g., pump station failures, inflow/ infiltration, SSOs)

Higtoric plumbing codes (e.g., connection of floor drains to storm sewers)

Recredtiond fadilities (e.g., chlorine from svimming pool discharges, sewage from marina pumpouts)

No sgnificant relationship was gpparent relating sources of discharge to geographic location.

Table 6: Sources of Inappropriate Discharges Typically Found

Sources of Inappropriate Discharge % of Respondents (n = 21)
lllegal dumping practices 95%
Broken sanitary sewer line 81%
Cross-connections 71%
Connection of floor drains to storm sewer 62%
Sanitary sewer overflows 52%
Inflow / infiltration 48%
Straight pipe sewer discharge 38%
Failing septic systems 33%
Improper disposal of wastes from recreational vehicles 33%
Pump station failure 14%

Outfall Monitoring

All but two of the jurisdictions surveyed conduct some sort of outfall monitoring program. Most conduct
outfall monitoring on aregular bass, per NPDES Phase | requirements.

Jurisdlictions reported that beyond initid outfal screening, continued outfal monitoring was less useful in
finding intermittent or one-time discharges. For instance, Wayne County, M, noted that outfal monitoring
is not the mogt effective method for identifying ingppropriate connections due to the potentid for dilution,
the periodic nature of some discharges, and the time delay between discharge into the system and discharge
from the outfal. Thisis supported by survey results that indicate the periodic neture of dischargesisthe
biggest impediment to identifying ingppropriate discharges.

Jurisdictions seem to place a heavy reliance on physica indicators of discharges, as opposed to chemical

outfal screening, evenin light of a 30% fase positive identification rate (Laor, 1993). The most common
gpproach to outfdl screening involves conducting avisud ingpection of the outfdl and a quditative

45



assessment of any flow present, including observation of water color, odor, turbidity, floatables, and
sedimentation. In some cases, if the flow is suspected to be ingppropriate, afollow-up grab sample istaken
for quantitative anayds. Many jurisdictions bypass the quantitative tests and immediately move upstream

to find the source of the discharge.

I n-Stream Monitoring

Some jurisdictions utilize in-stream monitoring to enhance or supplement outfal monitoring. In-stream
monitoring is used to identify trends that may lead toward characterization of inappropriate discharges.
The City of Raeigh, NC has conducted basdline monitoring on nine streams for basic parameters, some of
which are used to detect sewer leaks including fluoride, fecal coliform, ammonia, sodium, and conductivity.
Deviation from the basdine for these parameters observed during regular in-stream monitoring prompts
further investigation of possible ingppropriate discharges. Batimore City conducts weekly screening of
receiving waters using a hydrolab or equivaent and field test kits for anmonia. When athreshold vaueis
exceeded, sampling continues upstream until the source is located. To address chronic problems, a monthly
sampling program is conducted using an extengve variety of |aboratory-andyzed chemical parameters at
approximately 40 recelving water sations. When long-term medians exceed a certain percentile based on
the entire database, investigations are conducted by sampling further upstream in the storm drain network.

Citizen Hotlines

Citizen hotlines are acommon method for indicating the presence of a suspected ingppropriate discharge.
Nineteen (90 %) of the surveyed jurisdictions have pollution reporting hotlines, and 18 of these track the
number of complaints that have been received and corrected to help determine IDDE program SUccess.
Montgomery County, MD, noted thet the success of their IDDE program is directly related to their water
qudity outreach, complaint, and enforcement system, not to their outfal-screening program. On average,
County staff identify and correct about Six ingppropriate discharges per year as aresult of regular screening.
By contrast, over 185 ingppropriate discharges are corrected each year as adirect result of citizen
complaints and cdls to the hatline.

Public education and labdling of outfals and other sorm drain infrastructure is an important eement of
establishing a successful citizen hotline. Boston Water and Sewer Commission (BWSC) has labded
outfals along the Charles River so that citizens can identify outfalls from the water. Dayton has labeled
outfadls aong the City’s popular riverfront, and recommends labeling catch basins and manhole covers.

Tracersand Methods Used

The mgority of surveyed jurisdictions utilize tracers to confirm the presence of a suspected ingppropriate
discharge (Table 7). Emphasisis on quick and smple tests that do not require extensive and time-
consuming laboratory analyss. Quditative physical parameters are the most widely used tracers, including
color, odor, deposits and stains, temperature and presence of floatable matter. When chemicd tracers are
used, communities tend to focus on a sSingle parameter such as bacteria, anmonia, or detergents so that field
and lab equipment cogts are controlled. However, using only one parameter as atracer can leave
unanswered questions about other sources of ingppropriate discharges. This uncertainty can be reduced
somewhat when sampling is conducted in conjunction with land use data anadlyss. In addition, there are
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certain Stuations where asingle source is known to dominate the ingppropriate discharges to a watershed
and asingle tracer iswarranted. For example, Batimore, MD, has chronic sewage infrastructure problems
and makes the assumption that sewage isthe likely dominant ingppropriate discharge in many of its
subwatersheds. Consequently, Batimore often uses ammonia as a sole tracer to track ingppropriate
discharges.

Table 7: Tracer Parameters Used to Confirm the Existence of Inappropriate Discharges
Tracer Parameter Physical or Chemical % of Respondents (n = 21)

Color P 95%
Odor 95%
Deposits and stains 90%
Floatable matter 86%
pH 86%
Temperature 86%
Chlorine 76%
Turbidity 76%
Changes in flow 62%
Specific conductivity 62%
Vegetation change 62%
Ammonia / ammonium 52%
Structural damage 52%
Surfactants 48%
Fecal coliform 33%
Fluoride 33%
Copper 29%
Florescence 24%
Phenols 14%
Potassium 14%
Detergents 10%
Dissolved oxygen 10%
Grease / oil 10%
Hardness 10%
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* Some chemical parameters can be measured in the field with probes or test strips. These methods are often not as
sensitive as those that would be used in a laboratory analysis.

| nappropriate Discharge Corrections Program

Some jurisdictions smply bear the cost of inappropriate connection repairs and bill the owners after the
repairs have been completed. Ada County, 1D and Raeigh, NC use this method asalast resort to gain
compliance. Worcester, MA pays haf of repair costs and bills the owner for the remainder.

Mogt jurisdictions reported that diplomacy, trugt, reasoning and educetion are the primary people kills
required to successfully perform their jobs effectively. Diplomacy and trust are important when trying to
gain access to private property for plumbing inspections and dye testing. Reasoning and education are
necessary when explaining to property owners that a problem exists on their property when trying to get the
owners to make required connections. The bottom line isthat different tactics and approaches work to gain
compliance from different people. Wayne County, Ml mentioned that the publicity surrounding the Rouge
River Project helped open doors for them, because property owners had heard enough about programs to
clean theriver prior to having IDDE inspectors knock on their doors.
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Education, Outreach, and Pollution Prevention Programs

Nineteen of the IDDE programs surveyed include some type of education and outreach elements. Of these,
al target resdents, 75% target the commercia sector, 63% target the industrial sector, and 50% target the
government sector. In some cases, educationa messages relating to ingppropriate discharges are
incorporated into campaigns developed for other departments or programs within the jurisdiction. Other
jurisdictions run very targeted IDDE education programs.

Resident Education

For jurisdictions thet rely heavily on citizen hotlines as a means of identifying potentid inappropriaie
discharges, resdentid education is an important program component. Some common forms of residentia
education identified through the surveys indlude storm drain stenciling or marking; Sgnege at outfdls,
educationd brochures or newdettersin utility bills; and promation of citizen haotlines.

Schoolchildren Education

Some communities such as Dayton, OH and Phoenix, AZ have educationa programs geared towards
schoolchildren.  Dayton's ingppropriate discharges education is part of a larger schoolchildren educationd
effort that includes regular vists to schools and the “Children’'s Water Festivd.” This one-day event for
3,000 sudents from the 4th-6th grade levels offers a series of presentations, games, experiments, and
exhibits on groundwater, surface water, conservation, land use, and other water related topics. Phoenix
noted that the school presentations made to third and fourth graders are an effective part of their sormwater
program. City stormwater ingpectors give presentations to the children and didribute Storm Drain Dan
coloring books, pencils, erasars, rulers (al bearing the City’s sormwater logo and phone number) and
Storm Drain Dan dolls. They have found this to be particulaly hepful in lower income neighborhoods
where school supplies are in high demand. The children are reported to be enthusiastic and motivated to
keep the environment clean.

Commercial and Industrial Education

In most cases, jurisdictions have devel oped targeted commercia or industrial education programs based on
specific locd problems, land uses, or “hot spot” activities likely to contribute specific types of problems.

For example, severd jurisdictions have developed educationa programs regarding grease handling and
disposdl at restaurants. Clackamas County, OR has devel oped educationa brochures for contractors
regarding concrete and mortar management. Both land use mapping and a historical record of problems and
complaints help jurisdictions to identify areas to focus on in these types of educational campaigns, which

tend to be accomplished through one-on-one contact as opposed to mass distribution of educational
materials used for resdentid education.
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Public Employee Education

Severd jurisdictions identified cross training of public employees as an important means of identifying
potentia ingppropriate discharges. For example, Wayne County, MI currently trains field crews of the
Divison of Public Works, County Drains, and Recreation and Parks on ingppropriate discharge detection to
increase both awareness and the number of “eyes’ looking for problems. Effective training typicaly
includes presentations, videos, and problem: solving activities.

Conclusions

Severd conclusions were developed from the surveys and interviews regarding IDDE program
development. Typicdly, 67% of program staff time is dedicated field staff. As program staffing increased,
thisratio stayed fairly consstent. Also, severa program directors noted that experienced fidd Saff area
vauable assat, while severd others noted that the lack of staff expertise and experienceisatop problemin
identifying inappropriate discharges. Accurate mapping resources can improve the efficiency of a program
in the identification of outfalls and prioritization of problem areas. The wide range of program budgets can
be attributed to the methods used by the programs to identify potentia ingppropriate discharges. The five
programs with the highest annua expenditures dedicate sgnificant portions of their budgets to support
intengve outfal screening, continuous in-stream monitoring, and targeted arealinvestigations. Their budgets
support larger field staffs or consultants who conduct these investigations; the purchase of more
sophisticated |ab and field equipment; and targeted educationd programs. IDDE programs have invoked
legdl authority using one or more of three mechanisms: 1) a sormwater ordinance that prohibitsillicit
discharges to the drainage network; 2) a plumbing code that prohibitsillegal connections to the drainage
network; or 3) a heath code that regulates the discharge of harmful substances to the drainage network.

Drawing from these conclusions, there are severd program development challenges that will likely be faced
by NPDES Phase |1 communities and potentiad ways to dleviate them. The range of responses with regard
to program characterization questions indicates a defined need for rdatively smple guidance for performing
ingppropriate discharge investigations. The guidance should provide programmatic recommendations as
well as recommendations for field methods and anticipated costs. A lack of staffing resources may prove to
be a 9gnificant hindrance to implementing a successful IDDE program. Phase | communities rely heavily

on the expertise of their field Saff — expertise that has been largely developed as the programs were being
devel oped. Methods or approaches recommended for Phase |1 communities should be less dependent on
professond judgment. Many communities do not have current mapping. Focus should be placed on
mapping storm sawers, open drainage channds, waters of the US, outfals, and land use. Thiswill provide
fidd gaff the minimum data necessary to conduct field investigations, and will serve asabasisfor
prioritizing field investigations.

Outfal screening can require significant staff and equipment resources. An efficient approach that examines
alimited number of parameters at each outfdl is necessary. In addition, more effective and reliable tracers
and associated andytica techniques are needed to reduce the uncertainty (i.e., number of false negatives and
fase pogtives). When examining equipment needs, Phase Il programs shoud communicate with other
jurisdictiona programs that utilize the same types of field equipment and examine the possibility of sharing
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purchase expenses. Model ordinance language should be provided to Phase || communities to ensure that
al potential sources of ingppropriate discharges are prohibited; and that the community is provided with the
necessary legd authority to ingpect private properties and to enforce corrections. Effective IDDE programs
need to have a balanced approach involving field screening, hotspot targeting, hotlines, public education,
and municipa employee cross-training.
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The Need for Funding

Many municipalities have funded traditional storm water management activities through their general
revenue sources. Traditionally, storm water management was thought of as minimizing street flooding and
reducing property damage caused by peak runoff flows. Controlling the water quality aspects of urban
runoff is a much more recent addition to the perceived municipal storm water management responsibility.
With few exceptions, incorporating water quality controls in tandem with the traditional quantity
management has occurred through the regulatory process. Therefore, municipalities typically consider the
quality component of storm water management to be a new and separate mandate. Some municipalities
recognized the link between storm water quantity and quality and took the initiative to establish
comprehensive storm water management programs to address both issues. More often than not, however,
municipalities began managing storm water quality and quantity together in response to regulations
implementing the National Pollutant Discharge Elimination System (NPDES) permit program for storm
water.

Subsequent to the 1987 amendments to the Clean Water Act (CWA), EPA published regulations
establishing Phase I of the NPDES Storm Water Program in 1990. Under Phase I, EPA required NPDES
permit coverage for discharges of storm water associated with industrial activity, discharges of storm water
from construction sites greater than 5 acres in size, and storm water discharges from medium and large
municipal separate storm sewer systems (MS4s) located in incorporated places or counties that serve
populations of 100,000 or more. The Phase II Final Rule, also a result of the 1987 CWA Amendments, was
published in the Federal Register on December 8, 1999. The Phase II rule requires NPDES permit coverage
for storm water discharges from construction sites that disturb between 1 and 5 acres and from small MS4s,
defined as those systems serving areas populations less than 100,000 to a lower limit based on the U.S.
Census Bureau's definition of an urbanized area.

Costs of Municipal Storm Water Management Programs
Every four years, EPA conducts an assessment of the water quality and human health protection financial
needs for wastewater collection and treatment systems, storm water management programs, and nonpoint

source projects. This effort is the Clean Watersheds Needs Survey (CWNS), which is a joint effort between
states and EPA. During the Construction Grants Program the CWNS only included project-specific costs
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for traditional wastewater collection and treatment system needs. Over the last 10 years, however, the
survey has expanded to include nonpoint source, estuary management, and storm water management
projects. The storm water management projects typically included in the CWNS are the capital costs of
developing and implementing municipal storm water management programs under the NPDES. Very few
Phase I MS4s had provided sufficiently detailed planning information to serve as project-specific
documentation for their needs in the last two surveys, thus the assessment of storm water management
program costs and needs relied primarily on modeling. The modeling approach used in the 1996 CWNS for
estimating Phase I MS4 needs assumed the use of regionally-targeted best management practices (BMPs)
for the major program areas based on hydrologic regions and variation in soil characteristics. Beginning
with the 2000 Clean Watersheds Needs Survey (CWNS 2000), several states made significant progress in
obtaining documentation for eligible storm water management program (SWMP) elements from the
operation of MS4s.

EPA was not required to conduct an analysis of the estimated cost expected to be incurred by municipalities
when developing their SWMPs and otherwise implementing the 1990 Storm Water Phase I regulations. The
1996 CWNS estimate for municipal storm water management program elements (i.e., facilities) was $7.4
billion, but this value was recognized as an underestimation. Table 1.1 provides a list of cost estimates that
were identified in the Phase I storm water modeling for the 1996 CWNS. These costs largely represent
one-time costs such as the cost to develop ordinances or the cost for initial training of municipal staff.
Because such expenditures are generally discrete and predictable, as are structural BMPs, they are examples
of items ideally suited to being included in the CWNS.

Table 1.1. Cost Estimates used inthe Phase | storm water modeling for the 1996 CWNS.

Institutional Source Co ntrols Costs
Site Plan Review $10,000 per municipality for initial training
Inspection and Enforcement of Sedimentand Erosion $10,000 per municipality for initial training

Control Plans at Construction Sites

Proper Storage, Use and Disposal of Ferttilizers, $10,000 per municipality for initial training
Pesticides, and Herbicides

Used Oil Collection and Recycling Program $30,000 per municipality for an ordinance and
development ofregulations

Solid Waste Management/Litter Control Ordinance $15,000 per municipality to pass an ordinance

Pet Waste Removal/Pooper Scooper Ordinance $15,000 per municipality to pass an ordinance
Nonstructural Source Controls Costs

Enhanced Litter Control Cost to place additional trash receptacles - $100.00

each (must be multiplied by the number of acres served
by enhanced litter control)

Source: USEPA, 1997

EPA estimated costs to Phase Il municipalities to be between $848 million and $981 million. The costs to
MS4s are based on an annual per household cost of compliance. The individual household cost was
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calculated based on two different approaches. First, EPA used a survey of Phase Il storm water program
costs developed by the National Association of Flood and Stormwater Management Agencies (NAFSMA).
The NAFSMA Phase Il Survey was sent to more than 1,500 communities potentially impacted by Phase II,
with 121 communities responding. The communities were asked to report actual costs to implement any of
the six minimum control measures (or equivalent) that they are currently implementing. Not all
communities responded to each measure, and public involvement costs were not included (however, EPA
believed that cities included public involvement costs with public education costs). Table 1.2 presents the
average and percentile costs for five Phase II minimum control measures as estimated by the NAFSMA
survey (USEPA, 1999).

Table 1.2. Average and Percentile Costs for Five Phase |l Minimum Control Measures (Per Household Costs, 1998
Dollars)

Public Erosion/

Education/ Ilicit Sediment Municipal Totals: All

Outreach Discharges Control Development Runo ff' Categories
Mean Cost $0.91 $1.78 $1.84 $2.64 $1.75 $8.93
Minimum $0 $0.03 $0.09 $0.07 $0.01 $0.19
25% $0.08 $0.20 $0.30 $0.37 $0.14 $1.09
50% $0.37 $0.75 $1.08 $1.24 $0.52 $3.96
75% $1.01 $2.65 $2.10 $2.79 $1.63 $10.17
95% $3.04 $5.61 $7.92 $10.68 $9.08 $36.34
Maximum $5.97 $5.95 $13.10 $17.47 $12.19 $54.68

Source: USEPA, 1999
" A single outlier was removed because it was 15 times the mean cost for all municipalities.

The NAFSMA survey found an average annual household cost for Phase II of $9.16 (the table above lists
$8.93, and the difference is due to the addition of administrative costs of the program, including
recordkeeping and reporting requirements of the rule).

EPA also looked at an alternative approach for estimating Phase II costs. Thirty-five Phase I MS4s were
evaluated, with 26 providing adequate cost data. Smaller Phase I MS4s were selected in order to be
comparable to Phase II communities. The average annual household costs to implement a program similar
to the six minimum measures for these Phase I municipalities was $9.08.

With the continual expansion of water quality protection initiatives in storm water management,
municipalities are constantly faced with finding new and creative methods of funding projects.
Additionally, as more Phase II communities develop their storm water management programs, traditional
sources of funding will be less available, leaving storm water program managers with the need to find
alternative ways to fund multiple projects.
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Sources of Funding

Municipalities, counties, states, and private citizens have relied on a variety of sources of funding for storm
water management projects. Largely, these have included storm water utilities, tax revenue, grants, loans,
and fees. The Clean Water State Revolving Fund (CWSRF) program is one that is traditionally underutilized
for funding storm water management programs. The CWSRF program was established in the 1987
amendments to the CWA under title VI. In these amendments, Congress instructed EPA to replace the
Federal Construction Grant Program with the CWSRF program. Since its inception over ten years ago, all
fifty states and Puerto Rico use the CWSRF Program. Using a formula determined by Congress in the 1987
CWA amendments, EPA grants each state an allotment of funds; the states then match up to 20 percent of
the federal grant to set up their CWSRF program. The program acts as arevolving fund to provide
independent and permanent sources of low interest loans for all types of water pollution control activities. It
is a unique system that relies on the continuous awarding and repaying of the loans to provide a permanent
funding source for water quality protection projects (USEPA, 2001). Communities, non-profit
organizations, municipalities, counties, individuals, and citizens are all eligible to apply for CWSRF loans.
To date, it has awarded more than $34.3 billion, using more than 10,900 low interest loans (USEP A, 2002a).

Congress designed the CWSRF program to give each state the utmost flexibility in providing financial
assistance. States can choose the types of assistance programs (e.g., loans, refinancing, purchasing, or
guaranteeing local debt and purchasing bond insurance) and set the loan terms, interest rates, and repayment
methods (EPA, 2002b). In addition to giving each state the authority to determine how to distribute funds,
Congress awarded states complete flexibility in determining the types of projects eligible for funding. Over
the years CWSRF monies have funded nonpoint source projects, wetland and estuary protection, storm
water management programs, and traditional wastewater collection and treatment system projects. (USEPA,
2001).

Nationally, the CWSRF loan average interest is 2.4 percent (individual state loan interests vary), with
repayment terms up to 20 years. Projects using CWSRF loans at this interest rate are funded using 23
percent less money than projects using the current market rate (USEPA, 2002a). CWSREF loans can be used
to partially or wholly fund a project. To apply for a CWSREF loan, a public or private entity submits an
application with the state-required information about the project. Most applications require a description of
the problem and information about how the project will be implemented (e.g., specifics on the water quality
and public health benefits, usually expressed in dollars per unit, the start and completion dates, as well as the
cost disbursement plan). States use the application forms to rank the projects and create a list of priority
projects that are eligible for CWSRF loans. These lists typically are called the project priority lists (PPL) or
intended use plans (IUP). A state will fund the projects on the PPL or IUP as money is available.
Depending on a state’s program, projects that are not funded in one year might be transfemred to the next
year.

Typical Storm Water Management Projects Funded with CWSRF
Restrictions on the types of projects eligible for CWSRF money are determined by the state, however, as a

general rule, projects should have a water quality or public health benefit. CWSRF loans can be used for
funding the capital costs for developing and implementing municipal storm water programs as required by
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an NPDES permit. This can include the costs for design, construction, and implementation of erosion and
sediment control and storm water BMPs and development of a storm water management program; operation
and maintenance costs are not funded by the CWSREF.

Since the expansion of the CWSRF program to include storm water and NPS projects, the number of
projects funded with CWSRF loans has expanded. The increase was not apparent in the 1996 CWNS
because needs for SWMP were mostly derived from modeling; however, the CWNS 2000 reported the
increase because better data were available. Despite the increase, the number of loans for storm water
management is still considerably less than the number of traditional wastewater collection and treatment
loans. For example, the CWNS 2000 reports 20 states with municipal storm water management program
needs, where as all 48 participating states had wastewater collection and treatment system needs. The
projects that are submitted to the CWNS 2000 must be CWSREF eligible; the projects do not require funding
by CWSRF. Only 5 states appeared to have used CWSRF loans to meet their storm water management
program costs: Maryland, Florida, New Jersey, Colorado, and Nebraska. (USEPA, 2002¢). The CWNS
2000 has strict data requirements that can prohibit some storm water management projects from being
classified as storm water management needs. Projects that have a storm water management component that
are not associated with an MS4 permit program are categorized as a nonpoint source (NPS) project in the
CWNS 2000. Twenty-three states submitted needs for NPS projects; of these 23 states only 8 states (New
York, New Jersey, North Dakota, Florida, Connecticut, Colorado, Wisconsin, and Maryland) appeared to
have used CWSREF loans to meet their storm water management costs (USEPA, 2002¢).

Below are examples of storm water management projects in the State of Maryland that were funded using
CWSRF loans.

Baltimore County, Maryland

In 2000 Baltimore County developed a watershed management plan to identify storm water pollutants and
storm water management retrofits for the three watersheds as part of their NPDES permit. The plan
identified storm water management retrofits for 9 areas. The projects were designed to help control
unmanaged storm water runoff in a fully developed watershed and to improve water quality. The County
submitted a CWSREF loan application to the state for assistance with financing these projects. The CWSRF
loan applications called for developing feasibility analyses, enhancing existing storm water facilities,
designing extended detention ponds with shallow marshes, restoring stream channels, enhancing aquatic and
riparian habitats, and retrofitting storm drain outfalls. Baltimore County applied for loans to cover
approximately two-thirds of the engineering and construction costs; the county would pay the remaining
one-third (USEPA, 2002d).

Howard County, Maryland

In 1999 Howard County conducted an assessment of all the publicly owned storm water management
facilities in the Patapsco River Watershed. The County's NPDES permit required the County to determine
the viability of its storm water management facilities. The study identified and ranked the facilities that
were candidates for retrofitting. The county used the results of the study to apply for CWSRF loan
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assistance with the retrofits. Six individual projects were identified and submitted as separate loan
applications. Each project requested funds for reconstructing of sediment ponds, redesigning ponds to
include shallow marshes and extended detention ponds, retrofitting ponds to include water quality
management in addition to quantity control, removing concrete channels, adding forebays, implementing
stream restoration projects, and planting riparian and aquatic vegetation. As with Baltimore County, the
requested CWSREF loans covered approximately two-thirds of the engineering and construction costs; the
county and other stakeholders (e.g., homeowners associations) covered the remaining one-third (USEPA,
2002d).

Below are several examples of storm water management projects that could have been funded partially or
wholly using CWSRF loans.

Suffolk County, New York

In Suffolk County, New Y ork, several projects were developed to prevent and contain road runoff from
entering Long Island Sound. The county applied for 12 grants to construct several recharge basins and
sediment traps to receive highway runoff and remove pollutants. The basins were designed to contain the
10-year design storm and the sediment traps were designed to intercept the first flush of runoff. For each
grant, the county matched the amount of the state funds requested. In this case, if grant money was not
available or if the county could not match the grant fund, the county could have applied to the state CWSRF
program for a loan (USEPA, 2002d).

Malabar, Florida

The Town of Malabar is a Phase II community that is approximately 20 percent developed. Its storm water
management system consists of swales and ditches, storm water pipes, baffle boxes, drain gutters, and
outfall structures. Inlow lying areas the town experiences flooding of ditches, clogged drains, eroding
stream channels, and discharges of pollutants into the Indian River Lagoon. Storm water management needs
for this town include development and implementation of a Master Plan, construction of swales along
streets, retrofitting of outfall structures, and addition of outfall structures. Although the town has developed
a storm water utility fund, because the storm water system needs major upgrades, more funding will be
needed beyond what the utility can provide. In this case, the town can apply for loans for both planning and
engineering costs necessary to begin construction, in addition to the actual construction costs. The town has
approximately 2,500 people, which allows the town to qualify for CWSRF benefits associated with a small
community (USEPA, 2002d). For small communities, the state sets aside 15 percent of all the CWSRF loan
funds (FLDEP, 2002).

Guadalupe, Arizona

The town of Guadalupe, in Maricopa County, will be constructing several retention basins along a canal
and an outfall system to control storm water runoff. The canal has a history of ponding and flooding the
nearby homes. The storm water collection system upgrades will contain the storm water runoff, prevent
flooding, and remove pollutants. This is a good example of combining traditional flood control designs with
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water quality protection techniques in the arid west. Maricopa County will be funding this initiative using
tax money because the town of Guadalupe is not able to contribute financially. The CWSRF program could

have been a viable alternative because the town of Guadalupe could have applied for loans directly (USEPA,
2002d).

Missouri

Across the State of Missouri there are several urban NPS projects that involved storm water management to
prevent erosion and flooding. Examples of projects to be completed included, installation of rip-rap and/or
grouted rock, retaining walls, culverts, natural bank stabilization, berms, gabions, detention ponds, inlets,
and new storm sewers. The projects were submitted to the CWNS as needs for a particular sewershed.
These types of projects are all candidates for CWSRF loans for NPS pollution control. If the projects could
be directly linked to an MS4 storm water management program, then the CWSRF loans would fall under the
storm water management category (USEPA, 2002d).

Conclusion

Despite the fact that the CWSRF program has been available to fund storm water management programs at
the local level for more than ten years, it is still a highly underutilized source of funding for this pollution
source in most states. As storm water programs continue to evolve and communities, municipalities, and
states begin to focus on the water quality benefits of storm water BMPs, finding creative financing
mechanisms will become even more of a challenge. Using the CWSRF to fund part if not all of a project
has already been demonstrated to be a practical mechanism for investing in elements of Phase | SWMPs.
Phase I municipalities should continue to use the CWSREF loans as a viable source of funds as retrofits and
upgrades are required. Consideration of using this funding source more widely should be strongly
encouraged for Phase II municipalities. Additionally, communities that cannot show a link between a
specific storm water management project and their MS4 storm water management program, should also
consider the potential of CWSRF funding by describing their project as an NPS pollution control project.

Interested municipalities should investigate their state’s PPL or IUPs for information about projects that are
most important in their state. These lists can serve as an example of the types of projects that the state
approves for CWSREF loans. It appears that in some instances, states are failing to adequately get the word
out about the availability of the revolving loan funds for storm water projects. However, in other states, the
impediments to using this funding sources for storm water projects is due more to competition from projects
that address other water pollution sources, which are in many cases traditional wastewater collection and
treatment systems.
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ABSTRACT

The Rouge River Nationd Wet Weather Demondtration Project in Wayne County, Michigan, has devel oped
an approach to linking the performance of best management practices (BMPs) to receiving water impacts.
The approach considers the various stages of the entire BMP process, including design, implementation, and
asystem of performance measurements a each stage.

INTRODUCTION

In the management of watersheds, measuring progressis an untamed frontier of professiona 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 typicaly involve large engineered facilities that can be
equipped with sophisticated systems for measuring the qudity of influent and effluent, watershed
management entails numerous and geographicaly scattered projects making it more difficult to
measure influent and effluent cost-effectively.

While point source controls provide accountability to one single unit of governmenta or business
organization, watershed management often depends on the individua actions of tens or hundreds of
organizations, each working with an individua 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, awetland with nutrient uptake in another, a street sweeping effort in yet
another area. Each technology hasits own set of measurement requirements and differing

hydrologic factors.

While point source controls typicaly 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 loca units of
government must compete with mandatory efforts for budgetary resources, and this makes it more
difficult to achieve sandard design criteria
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It isagaingt this backdrop that the Rouge River Nationa Wet Westher Demonstration Project (Rouge
Project) sets out to link the performance of best management practices (BMPs) for wet weather pollution
control to improvements in water qudity in the Rouge River watershed.  While there is abundant
information on the technica performance of many BMPsin controlled settings for scientific or enginearing
performance analyss, there is much less information on the performance of BMPsin red urban watershed
aoplications. The Rouge Project isfilling thisinformation gap by congtructing and measuring the
cumulaive 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 structurd or non-structura — for the control of flows or pollutants thet
adversaly impact arecelving 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 hedlth
improvements.  The array of mechaniams considers al of the complex factors in watershed management
which complicate the measurement process — dispersed geographic distribution of BMPs, multiple project
owners, awide variety of pollution control technologies, and the voluntary nature of many activities. The
linking mechanisms used in the Rouge Project take into account the whole process of BMP development,
from setting design criteria, to project implementation and post-construction monitoring, and watershed-
wide assessments of progress.

PROJECT BACKGROUND

The Rouge 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
partidly funded by Congressiona appropriations managed by the U.S. Environmental Protection Agency
(EPA). Asanindicator of the project’s success, continuous grants have been awarded to Wayne County
each year since 1993. Some of the project funding is spent on watershed-wide activities such as sampling
and monitoring, but the mgority of the funding is passed to loca communities and nonprofit groups for
watershed management activities such as design and congtruction of pollution controls.

The Rouge River Watershed islargely urbanized, spans gpproximately 438 square miles, and ishome to
over 1.4 million people in 48 communities and 3 counties. The Rouge Project initidly concentrated efforts
on the control of combined sawer overflows (CSOs). The early objective of the project sngled out the
control of CSOs as ameans to improve water quality in theriver. However, asthe 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 dl of the CSO discharges
were totaly eliminated, the waters till would not meet water quality standards. Based upon what was
learned, the Rouge Project has taken awide-angle lens view of pollution sources.  The project now has a
holigtic gpproach to consider the impacts from al sources of pollution and use impairments of receiving
waters. The project is therefore proceeding on pardle paths, controlling CSOs, while pursuing the
watershed approach to address ssorm water management, flow management, non point sources, failing on-
Ste sewage digposa systems, habitat and riparian restoration, and the devel opment of new recreationd
opportunities.

One of the primary godls of the Rouge Project isto guide state and federa regulatory policy in wet wesather
pollution control.  The chief way that the project guides policy is by demongrating the implementation of
BMPsfor an urban river system, and by demonstrating workable governmental processes that support the
implementation of watershed restoration.  Critica to both the technology design and to the processes of



government is the ability to measure individua BMP performance and to measure the cumuletive beneficid
impacts of dl effortsin the watershed.

The Rouge Project distinguishes itself among other watershed efforts by not relying on asingle point of
indtitutional accountability. The federd, Sate, county, and municipa units of government are in agreement
that watershed management is the ultimate respongbility of each locd municipdity. The municipdities
collaborate with each other, and they have formed dliances in seven subwatershed groups that rangein Sze
from about 20 square miles to over 80 square miles. The municipdities dso support watershed-wide
activities for monitoring, geographic information systems (GIS), technica information sharing, public
involvement and grant adminigtration.  The Rouge Project has included alarge number of voluntary
activities, particularly in the arena of sform water management, where mandatory federa regulations will

not take effect until 2002, and State policy has been through a voluntary General Permit since 1997.

THE SERIES OF STAGES

The Rouge Project uses a series of stagesto 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 stages that span the BMP process:

Design criteriafor BMPs,

Assessment of water quality needs by subwatershed,

Promotion of the implementation of the mogt effective BMPs in each subwatershed,
Standard protocols for receiving water quality measurements, and

Watershed wide monitoring program and data assessment.

Each of the stages has three principal components:

A technical bass developed from engineering andyss,

A basis of authority, which typically is a process of government, such as an ordinance,
adaptation of exigting regulation, new regulation, or as Smple as a peer- supported voluntary
guiddine and

A physicd measurement of the effectiveness of the stage, such as a performance monitoring
program, awatershed monitoring program, or other type of assessment.

All three components are necessary.  The technica basis provides the functiond 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, trangportation, etc. The
measurement component is the way to test the success of implementation and assess the need for further
action.

The concept of looking at the entire BMP process is important, because of: 1) the relatively long time span

for BMP implementation; 2) the complexities of multiple parties responsible for implementation; and 3) the
evolving learning curve of watershed management technologies.
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The concept of a subwatershed is aso important in the establishment of links between BMP performance
and receiving water impacts. Subwatersheds alow us to tackle the larger problems of awatershed ina
series of smdler bites.  For example, a subwatershed that is a headwater area dlows the suite of BMP
solutions to focus on headwater protection, which may not require dealing with the complications of CSO
controls typica in downstream aress of the Rouge watershed. The subwatershed provides asmaller
geographic area, asmaller range of technica solutions, asmaller list of objectives, and asmal group of
stakeholders — overal, amore manageable problem to tackle. The delinestion of subwatersheds may
therefore be an important step in the BMP process. A discussion of the locally controlled subwatershed
delineetion process in the Rouge River watershed is given by Cave, et d., 1998.

DESIGN CRITERIA FOR BMPS

Thefirg link between BMP performance and receiving water quality improvement comes at the beginning
of the staged BMP process — that being the design criteria of the project.

Technical Basis

The Rouge Project has developed design criteria, or facilitated the development thereof, for a number of
efforts to sandardize design criteriafor BMPs. Examplesinclude:

Devel opment of aguide for planning and estimating costs for BMPs that is tailored to metropolitan
Detroit applications.  This guide presents a*“public works director” view of design criteriaand cost
estimates for 23 categories of BMPs. Figure 1 shows an example entry from this guide. (Ferguson, et
a., 2001)

New design standards for storm water management in Wayne County which establish pesk discharge
rates, redtrict activitiesin flood plains, and set forth provisons for operation and maintenance of sorm
water facilities. (WCDOE, 2000)

Development of design criteriafor demonstration size CSO storage and trestment basins. These criteria
established a“demondtration” basin size to capture 0.17 inches of runoff compared to the state
regulatory agency presumptive size of 0.35 inches of runoff. (Alsaigh, 1994)

Water quality models for evauation of river impacts. These tools are primarily used in work with the
date regulatory agency (MDEQ) for CSO basin szing and with performance evauation of the basins
and storm water detention pond operation.  The water quality models utilize the US EPA SWMM and
WASP modds, and are configured for both dynamic and steady state smulations.

Wayne County has invested in a program of technology transfer to disseminate the design criteriathat the
Rouge Project develops.  The technology transfer program includes an educationdly acclaimed website
(www.rougeriver.com), training programs and publications that are for audiences in the Rouge watershed
and in other watersheds. The Rouge Project aso offers atechnica extenson service for communitiesin the
Rouge River watershed.
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Type: Non-Structural, Urban Source Control BMP.

Description: 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.

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

Application: Maintenance practice.

Site Requirements:;

Availability of aplan showing the location of the on-site sewage disposal systems.

Effectiveness: Pumping of septic tanks on aregular basis and inspection of the on-site sewage disposal system can
prevent premature failure and detect problems so that repairs can be less costly. A ninspection of the
on-site sewage disposal system is recommended every 5 years. Health Departments recommend a 3-
year cleaning cycle for septic tanks.

Who Does It? Can be done by municipal staff or by county health agency.

Design Requirements:

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.

Basisfor Cost:

Cost of regular inspections of on-site sewage disposal systems. Assumes 20 percent of a
community’ s septic tanks are inspected each year so that afive-year cycleis maintained. Timefor
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

Who Pays For It?

Paid for by municipality

Cost ($)

Inspection: $100/hour, 3 hours per site including reporting and travel time. (Thistime can be
substantially moreif the on-site sewage disposal system is difficult to locate.)
Pumping: $100-$150/septic tank including disposal

FIGURE 1 - SEPTIC SYSTEM MAINTENANCE
(Excerpt From “Cost Estimating Guidelines: Best Management Practices And Engineered Controls’, Rouge River National

Wet Weather Demonstration Project)

Authority

Technicd criterianeed to have abass of authority to assure that BMPs are implemented in accordance with
the technicadl standards. The Rouge Project has been successful in taking its design criteriaand working

these into ordinances, regulations, model ordinances, etc.  For example, the project implemented new storm
water management standards for Wayne County in October 2000 (WCDOE, 2000). Key features of these

dandardsinclude:

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 100-year
storm; for lessthan 5 acres, the runoff rate must not exceed 0.15 cfs per acre for a 10-year storm




Storm water runoff should conform to natura drainage petterns where feesble
Storm water management systems should not generally be congtructed within the 100-year flood plain;

work within the flood plain has redtrictions and requires compensatory storage and riparian habitat
mitigation.

Ancther example of bringing technicd criteriainto law is the State of Michigan Wetlands Mitigation Bank.
The Rouge Project worked with the State of Michigan Department of Environmenta Quality to develop a
wetlands banking system (State of Michigan, 1998). Units of government can gpply for membership in the
bank, and Wayne County was successful in becoming amember. The program establishes criteriafor
design, congtruction and maintenance of wetlands. At thistime, over 10 acres of wetland are built or under
congtruction for the bank.

A find example of the authority for promoting design criteriaisin the CSO control program for 157

overflow pointsin the Rouge River. The authority was based on a court-ordered compromise under the US
EPA and Michigan Department of Environmental Quaity NPDES (Nationa Pollutant Discharge

Elimination System) program. The compromise ordered a phased approach to CSO control. Phasel
required the imination of raw sawage and the protection of public heath for gpproximately 40 percent of
the combined sewer area.  The Phase 1 control plan was based on the technica design criteria (capture 0.17
inches of runoff) developed by the Rouge Project noted earlier. Under Phase |, Sx communities separated
their sawers and eight communities congtructed basins to evaluate varying sizes and control technologies of
CSO basins.

Measurement

The third component in the design criteria stage 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 actua implementation in the watershed.  The Wayne
County Storm Water Management Program a so requires post-congtruction monitoring, and we will learn
fromthesenew data.  The Michigan Wetlands Banking Program requires 5 years of biologica and water
qudity monitoring.

The CSO Phase 1 program has completed an extensive program of monitoring to determineif the
demongtration size basins had met the water quality standards. A work group of saff from the Michigen
Department of Environmental Quality, the NPDES permitted communities, and from the Rouge Project
evauated 2-years of measurements of basin influent and effluent and receiving water qudity deta. The
Michigan Department of Environmenta Quality has certified 6 of the 9 basinsto date, and the design
criteriathat were established are being used to plan the next phase of controls.

ASSESSWATER QUALITY NEEDSBY SUBWATERSHEDS

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

This the second stage of the BMP process when the issue is not the design criteria, but the questions are:
what isthe type of technica solution, and a what scae should it be gpplied? What are the most
appropriate BMPs for the specific environmental needs?



Technical Basis

The technicd works at this stage is to thoroughly and systematicaly andyze the needs of each part of the
watershed. In the Rouge Project, this stage 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 isrelatively plentiful, and development ordinances can be useful; those a 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 amix of issues from the other aress.

The seven subwatershed management plans for the Rouge watershed specify a series of BMPsto be
implemented over the next 5 years (Rouge Subwatershed Advisory Groups (7), 2001). Genera godsfor 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 BMPs have been identified through a
collaborative planning process involving the loca units of government and Counties responsible for
performing the work, the generd public, and the Sate regulatory agency. Over 900 BMPs have been
identified for implementation by 38 communities and agenciesin the watershed.

Authority

The subwatershed management plans were devel oped and implemented as part of the Michigan Storm
Water Generd Permit of 1997 (State of Michigan, 1997). The US EPA has accepted the General Permit as
mesting criteriafor EPA’s nationd Phase Il storm water program, which takes effect in 2002. In tailoring
the Generd Permit to the needs of the Rouge watershed, the Project has attempted to incorporate watershed
planning components from other of water resource management programs, including:

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

Water Quality Trading Program: The State of Michigan isin the process of completing its Weater
Qudity 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 gpproved watershed
management plan has been developed. Unlike other “approvable’” watershed plans, the watershed
management plan for the trading program must include a* cap” and dlocations.

As described earlier, the seven subwatershed advisory groups in the Rouge Watershed have devel oped
watershed management plans as required under the Michigan General Permit. Obvioudy it isdesirable to
develop only one “comprehensive watershed management plan” that will meet stakeholder gods and
objectives aswdl as dl applicable program requirements any other programs that emerge. Therefore, the
Rouge Project subwatershed management plans have agod of being comprehensve 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 Genera Permit requires that each subwatershed management plan include a description of the
measures that will be used to gauge progress on mesting the gods of the plan. As Rouge Project
representatives met with the Michigan Department of Environmenta Quadlity to examine the requirements
for measurement, we determined that the MDEQ would be satisfied with rather genera forms of
measurement. As aresult, the Rouge Project established an overdl architecture for the measurement
program, and key elements of the program are noted below:

The BMPsidentified by the stakeholders should be designed to address al known causes of water
quality standards violaions

Each BMP is*scored” reative to its potentia ability to improve mgor 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 quaity monitoring
dations, aong with biologica surveys

The performance standards and budgeting assumptions for dl the actions have been standardized
throughout the watershed to help assure that the implementation gpproach for various BMPsis
relatively standard

At the end of the 5-year period, the water qudity results achieved will be assessed, dong with the costs
and other implementation issues

A subsequent 5-year program of BMPswill be developed through the upcoming federd Phase Il storm
water program

Now that subwatershed communities are planning loca actions to improve Rouge River water quaity, the
potentia of these actions to solve condition and use problems are being evauated. Figure 2 shows the
dructure for developing an action score for each BMP. The effect rating for actions can be combined with
condition and use ratings, as shown below, to produce an overdl “action score” which islocation specific.
Logicdly, the highest score should represent a case where the most appropriate action has the greatest
beneficid effect on the wordt river condition and use problems. Rating vaues have been assgned
accordingly. Action scoring of this type is necessarily based on “expert opinion”, not hard data; but the
score numbers should provide a useful scae for comparing the likely benefits of applying different actions
to different problems in different watershed Stuations.

The effectiveness of community actionsis highly dependent on where and when actions occur, and how

well they addressriver quality problems. In generd, the most beneficid actions are those, which have the
most direct effects. Other less beneficid 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 evauated only in the context of loca river
conditions and public uses.

The effects of community actions on Rouge quality can best be measured a monitoring stations where

historicad conditions are known. Prior datafor river quaity indicators at these stations provide a yardstick
for monitoring future trends in condition or use quaity. The data provide abassfor gauging the long-term
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Public Uses River Conditions

Community Actions

ARE AFFECTED BY . . . > « AFFECT . ..
Use Category Use Quiality Rating Value
1. Fishing - Full 1
2. Canoeing & Boating - Limited 2
3. Wading & Swimming - Restricted 3

4. Aesthetics

Condition Indicators Condition Quality Rating Value
1. DO - Good 1

2. Flow - Fair 2

3. Bacteria - Poor 3

4. Aquatic Life

5. Stream Habitat

Community Actions Effect Quality Rating Value
1. BMPs - Direct Effect 3
2. Etc. - Indirect effect 2

- Potential effect 1

- No effect 0

Use Condition Effect Action
Rating X Rating X Rating = Score
(1-3) (1-3) (3-0) (0-27)

FIGURE 2 - ROUGE RIVER NATIONAL WET WEATHER DEMONSTRATION PROJECT:
BMPACTION SCORING SYSTEM

effectiveness of community actionsaswell. Site-gpecific ratings of various actions can help communities to
design local programs, which yield the greatest returns for their money and effort.

PROMOTING THE IMPLEMENTATION OF THE MOST EFFECTIVE BMPS

Aswe come to the third stage of the whole BMP process, the design criteria have been established and the
plan isin place for what BMPs are needed, where, and at what scde.  The next chalenge isimplementation
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-- how do we implement the plan and build the projects that best fit the environmenta needs and mest the
design criteria?

Successtul implementation is difficult in watershed management because there is seldom one agency with
funding and authority to perform al the work. In addition, implementation often relies partidly on

voluntary efforts. Consequently, there are no guarantees that design criteriawill be used or that BMPs will
be implemented in accordance with a desired schedule. The Rouge 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 gpproach to promote the implementation or
congtruction 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 demondiration
grant funds are primarily used for sponsoring projects by stakeholders in the watershed. Over 93% of al
the grant funding received has been given as “subgrants’ to communities for the design and construction of
CSO, storm water, and non point source BMPs.

The subgrants are offered on a competitive process to communities, agencies and non-governmenta
organizations in the Rouge watershed that meet minimum quadifications. Since October 1997, the project
has issued “Notices of Grant Availability” at gpproximately sx-month intervas.  The regularity of these
grant notices is designed to facilitate the funding of projects by the grantee communities and agencies. The
funding is amaximum of 50% on a reimbursement basi's, S0 each grant recipient needs to encumber locdl
matching funds for their projects, which can take six or more months.

The Notices of Grant Availability specify requirements for proposas from communities and establish a date
for submittal and project evauation criteria. The Notices dso identify the types of activities that will be
digible for funding, and these activities have included:

wetlands crestion or restoration

habitat and recrestional opportunities

sorm water management

on-Ste sawage disposa system management

illicit discherge dimination

public education on storm water

geographic information system implementation

other projects that implement the subwatershed management plans.

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



CRITERIA WEIGHT

1. Consistency with the watershed management goals of the subwatershed 30
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 for the 15
Storm Water General Permit and subsequent subwatershed management
plan and storm water pollution prevention initiative

3. Auvailability of other funding sources. If other sources are available, scoring 10
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 requirements. 5

FIGURE 3 - TYPICAL CRITERIA FOR PROPOSAL EVALUATION, ROUGE RIVER NATIONAL WET
WEATHER DEMONSTRATION PROJECT

Authority

In this Stage, the authority for the implementation effort rests with the Steering Committee of the Rouge
River Watershed. Thisisagroup representative of the counties, municipaities, subwatersheds, regulatory
agencies and other parties with oversaght over the project. It isagroup of peer communities that governs
by consensus. The Steering Committee reviews the notices of grant availability and the evaluation criteriag,
and then reviews and ratifies the selection process. The Steering Committee is an ad hoc group without legal
authority, but is operates on a consensus basis. 1n 2002, the communities of the Rouge watershed began
planning discussonsto form aLocad Management Assembly to replace the Steering Committee with amore
formd organization having limited legd authority through inter-governmenta agreements.

M easurement

In this stage of the whole BMP process, the most useful measurement is BMP implementability. Such
measures should address any barriers to implementation, what would be done differently next time, and
what lessons were learned. The project is seeking practica advice that isin the language of the locdl
community public works department director.

Each subgrantee is required to submit a report that summarizes the implementation of the BMP project.
Thefallowing are examples of reporting on the BMP implementation:

Erosion Controls at Construction Sites— compared fabrics, fences, and hay; found hay most versatile

Caich Basin Cleaning — found 3-year frequency optima in terms of cost and effectivenessin
maintaining catch basin functiondity
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Stream Bank Stabilization - improved designs for bioengineered stabilization, aswell astraditiona
stone bank protection; developed training for municipdities in stabilization design and congtruction
practice

Public Education Projects — resulted in surveys that measured public opinion (Powell, et d., 2000)

STANDARD PROTOCOLSFOR RECEIVING WATER MEASUREMENTS

The next stage in the whole BMP process is the use of standard protocols for field measurement. Once
there are BMPs built according to design criteria and fulfilling watershed protection needs, then uniformity
INn measuring receiving water messurements is required.

Technical Basis

The Rouge Project has spent consderable effort in andyzing ecosystem hedth and receiving water qudity,
and then determining the key parameters to be measured.

Higtoricaly, the Rouge River has been damaged by indudtridization and suburban expanson.  Theriver's
name reflects the inherent problem of erosion of the river’ sred clay soil banks even from the early days of
French settlers 300 yearsago.  Since industridization, public health agencies measured oils and greases and
toxics such as mercury and PCBs in the sediments.  The Rouge Project began a mgjor annua monitoring
program in 1993.  Those surveys have shown the following pollutants to be the main problemsin the
Rouge:

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

Extremes of flow — elther due to increasing impervious areas and flash flooding, or due to
extremdy low flow

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

Nutrients from lawn fertilizers and sanitary discharges

Metds and toxics have generdly not been a problem, except in the sediments of the most downstream
portion of theriver. There are aso some hot spots of sediment contamination, and one lake that had been
contaminated with PCB in the sediments. Thislake was dredged in 1997 and 1998, and it is an example of
an eadly measured BMP. Theremova of the contamination could be measured, the bottom dredged deeper
and fish stocked. Water qudity measurements have confirmed the viahility of the new fishery and new
recreationa uses of the lake. Thereis now more recregtion, fishing, boating, and atriathlon celebrating its
second year in 2001.
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Authority

The Rouge Project has established definitive sandards for measurement.  Becauseit is afederaly funded
demondtration project, the protocols for al measurements are established in accordance with quality
assurance and control standards established by the US Environmental Protection Agency. The US EPA
provides grant funding for a portion of the sampling cost.  The project has demondirated the effectiveness
of avariety of sampling and modding techniques and has published the information on the Rougeriver.com
web ste. By using the web site, communities that need to develop less extensive sampling programs can
benefit from the experience of the Rouge project.

A Fidd Sampling Plan (FSP) Preparation Guide has been developed. This guidance document serves asa
template for the preparation of ste-specific FSPs. The FSP Preparation Guide also serves as areview
checkligt for quality control reviews to ensure that the appropriate level of detail is provided in the FSP.

Activities that are undertaken routindy in a condstent manner are documented in Standard Operating
Procedures (SOPs). SOPs are available for laboratory methods (e.g., the 5-day Biochemica 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 specificaly 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 al subcontract laboratory QAPPs.  Only EPA approved andyticd methods are
used for analyses of samples collected as part of the Rouge Project.  For those activities, which require
modification of exising SOPs or development of new SOPs, interna review and approva will be sought
from EPA prior to their use.

M easurement

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

WATERSHEDWIDE MONITORING PROGRAM AND DATA ASSESSMENT

The preceding stage of the entire BMP process yields an important end product -- acomprehensive 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 weether grab sampling sites. Specid studies have been
conducted on an annua basis to develop more information on phosphorus loadings from fertilizer, sediment
oxygen demands, time of travel, impoundment reaeration, and total residud chlorine, among other issues.
Asan example of alow cost method of evauating ecosystem hedlth, frog and toad surveys have been
conducted for the last three years in headwater areas. These surveys, which have brought out an increasing
number of public volunteers each year, provide useful information with the added benefit of bringing people
to the resource which will hopefully assist with pollution prevention through increased avareness.
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Figure #B1
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FIGURE 4 - MEASUREMENT OF CEDAR LAKE BMP PERFORMANCE

Through its annud surveys, the Rouge Project has been able to document a continuing improvement in
dissolved oxygen downstream of the now controlled CSO discharges. The annud surveys aso provide a
basis for further investigation and correction of other pollution sources.  Among the benchmarks that future
annud surveyswill consder are the following:

Fow variahility

Redtrict pesk flow rates at critica points
Do not dlow critica reach to meet the peak more than 10% of thetime
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Nutrients

Phosphorus limited not more than 0.05 mg/l totd phosphorus
Soil Eroson and Sedimentation

Settleable solids or suspended solids not present in concentrations that interfere with designated uses
Dry Weather Totd Suspended Solids

Based on achieving desired aesthetic use, maintain or achieve TSS below 80 mg/l in dry weether
Loss of Natural Festures

Benchmark compared to status in year 2000
Passve and Active Recreation

Dissolved oxygen standard 4 mg/l or 5 mg/l, depending on the location
Bacteria standards

SUMMARY

The annua assessment of water quality completes the stages of the whole BMP process that the Rouge
Project uses to measure the performance of BMPs with respect receiving water impacts.  In the year 2000,
the annua assessment showed that the Rouge River met the dissolved oxygen standards 94% of thetimein
its most downstream reaches. Only six years ago, the river was only meeting the dissolved oxygen
sandards in these reaches about 30% of thetime, or less. Wildlife are responding, with ever increasing
numbers and varieties of fish, birds, macroinverterbrates, and other species.

The staged approach to BMP performance alows the Rouge Project to measure, and continualy improve
each step of the watershed management process. This gpproach has alowed the Rouge Project to meet its
two main goals, first, to make grest progressin restoration in the Rouge watershed; and second, to share
practical and transferable results with other watersheds and demondtrate the implementation of wet weather
pollution control policy.
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THE MARYLAND STORMWATER MANAGEMENT PROGRAM
A NEW APPROACH TO STORMWATER DESIGN

Stewart R. Comstock, P.E. & CharlesWallis, P.E.
Maryland Department of the Environment
Bdtimore, Maryland

Maryland's origina stormwater management program was developed as part of the Chesapeake Bay
Initiativesin 1984. At that time, the prevailing atitude was that controlling flooding caused by increasesin
new development would maintain the qudity of receiving streams. Thus, the origina Code of Maryland
Regulations (COMAR) specifying ssormwater management was danted towards flood control. Much
experience has been gained in years since Maryland implemented the original program.

Recently, additiona emphad's has been directed on controlling the qudity of runoff from land use changed
by urbanization and the quantity of this runoff to reduce stream channel eroson. Recognizing that the
State' s ssormwater management program had not changed in over a decade, the Maryland Department of the
Environment (MDE) proposed modifications to the COMAR in July 2000. The primary gods of the
proposed regul ations were to refocus the overdl objectives for controlling runoff from new devel opment
and promote environmentaly sustainable techniques. To that end, MDE developed the 2000 M aryland
Stormwater Design Manual, Volumes| & |1 (MDE, 2000) to establish ssormwater design criteriaand
provide specific procedures for loca jurisdictiona usein improving existing programs for nonpoint source
pollution control within the Chesapeske Bay and itstributaries aswell as coasta bays. As such, the Design
Manud would serve as the primary source of sormwater management information for the devel opment
community and regulatory agencies throughout the State.

In the beginning, MDE developed the Design Manual to address three godsto: (1) protect the waters of the
State from the adverse impacts urban sormwater, (2) provide desgn guidance on effective structurd and
nonstructura best management practices (BMPs) for new development sites, and (3) improve the qudity of
BMPs that are congtructed in the State. While drafting the Design Manual, MDE recognized that the project
was evolving into a more comprehensive gpproach to sormwater design. Included in this approach was
better guidance for tota Ste design and incentives for environmentally sustainable or “green” development
techniques. The projected outcome of this new gpproach would be Site designs that more closely mimic
natura processes and reduce reliance on the use of structural management techniques to treat stormwater
runoff.

Asafind product, the Desgn Manud shows great promise in accomplishing the goas and objectives
established in the beginning and during this project. The adopted manual serves as a primary source of
sormwater design information for the development community and regulatory agenciesin both Maryland
and in many other aress.
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1. I ntroduction

Maryland's current Ssormwater management program was established in 1984 when the prevailing attitude
was that if the flooding caused by increases in runoff volume from new development was controlled, the
qudity of recaiving streams could be sustained. Hence, the origind Code of Maryland Regulations
(COMAR) specifying sormwater management design requirements were danted toward flood control.
Specificaly, new development was required to reduce post-construction flows of the two and tenyear
design sorms to pre-development levels. This policy, known as pesk management, was thought to address
stream channdl erosion concerns as well as provide adequate flood control in recaiving waters. Although a
generd definition of water quaity management was included in the origindl regulations, specific guiddines
and design criteria were absent from the Stat€' s origina stormwater management program.

More recently, more emphasis has been placed on controlling the qudity of runoff from land use changed
by urbanization and the quantity of this runoff to prevent stream channd erosion. Recognizing that
Maryland' s sormwater management program had not changed since its inception, the Maryland
Department of the Environment (MDE) proposed modifications to COMAR in 1993 to refocus the overal
objectives of Maryland' s efforts toward controlling new development runoff. The gods of these
modifications included the control of more frequent sorm events, prevention of stream channd erosion,
limiting the number of Sormwater management waivers, and providing incentives to developersto design
projectsin an environmentaly friendly way. MDE solicited and received an enormous amount of
recommendations from numerous organizations and individuas induding State and loca government
officids, developers, desgn engineers, and environmenta groups. While there was generd agreement that
the State' s sormwater management program needed revison, there was a huge disparity in the comments
regarding how the program ought to be revised. One common suggestion was that COMAR should set
generd policy and that specific design requirements should be compiled in a Sngle, separate guidance
document. Consequently, MDE commenced work on the development of a sormwater management design
manua in 1995,

Maryland' s scormwater management program has been considered one of the more advanced of itskind.
However, the original program’ s focus on flood control and its reliance on a preference list for best
management practice (BMP) sdection hampered MDE' s gods to more effectively control nonpoint source
pollution, reduce stream channel erosion, and promote innovative ssormwater design. The 2000 Maryland
Stormwater Design Manual, Volumes| & |1 was developed with three distinct goals to; 1) protect the
waters of the State from adverse impacts of urban sormwater runoff, 2) provide design guidance on the
most effective structurd and nonstructurd BMPs for development Stes, and 3) improve the quality of
BMPs that are constructed in the State, specificaly with respect to their performance, longevity, safety,
maintenance, community acceptance, and environmental benefit. On October 2, 2000, the Maryland
Department of the Environment (MDE) adopted new stormwater regulations including the Design Manual.
Recognizing the demand for environmentally sustainable or “green” design, these regulations represent a
more comprehensive approach to sormwater design. Included in this gpproach are better guidance for total
Ste design and incentives for nongtructurad BMPs. The anticipated outcomes of this program are projects
designed to more closely mimic naturd processes.

While going along way in promoting sustainable development, the State’ s sormwater management

program is not the only set of rules that govern development. There are severd State and locd programs
(e.g., Critical Areas, Forest Conservation, Wetlands Protection) that promote natural resource conservation.
There are d o loca zoning regulaions that govern land development. Although the god of these diverse
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programs s to protect the environment, there are instances where green development practices are
discouraged and older, less sustainable standards are required.

It is difficult to accommodate the requirements of the full spectrum of resource protection programs.
However, the Design Manual recognizes the importance of each and encourages these principles during
project design. Accordingly, the State' s gpproach to stormwater design may be summarized as a three-step
process. avoidance, minimization, and mitigation. Thefirst step, avoidance, is not just resource protection,
but aso includes avoiding development practices such as large-scae clearing and mass grading, structura
fill, and suburban sprawl that have negative impacts on loca hydrology. Any reduction in imperviousness
or agte sfootprint Sgnificantly reduces the amount of sormwater runoff. The second step is minimization.
After dl options for avoiding impacts are expended, the designer should incorporate practices that either
replace or disconnect impervious surfaces. For example, using green roof technology, permesble
pavements, or promoting sheet flow will dso reduce runoff. After dl optionsto avoid or minimize have
been exhausted, the remaining runoff must be treated using structura practices to mitigate water quaity and
channe gahility impacts.

2. The?2000 Maryland Stormwater Design Manual
2.1 Volumel

Thefirgt volume of the design manud presents the basic technicd information for designing sormwater
management in Maryland. Itsfive chapters present background material on the importance of controlling
stormwater runoff, generd performance standards for sormwater management, basic sormwater design
objectives, minimum design criteriafor BMP design, guidance for selecting and locating BMPs, and an
innovative system of “credits’ for environmentally senstive design techniques. The information contained
in these chapters provides for meeting the three god's of the design manudl.

2.1.1 Chapter 1- Introduction

A basic understanding of the impacts of ssormwater runoff on watersheds is critica before any stormwater
design criteria can be established. Chapter 1 provides fundamental information on the effects of sormwater
runoff on water quality, groundwater recharge, stream channel habitat, overbank flooding, and flood plain
expanson. Thisinformation is critica if innovative sormwater designs are to be successful.

Chapter 1 dso establishes twelve generd performance standards for stcormwater design and provides
guidance on how to use the manual. The chapter concludes with a brief description of new stormwater
design requirements and alist of al symbols and acronyms used within the manud.

2.1.2 Chapter 2—Basic Stormwater Design Criteria

Thefirst god of the sormwater design manua is to protect the waters of the State from adverse impacts
associated with urban runoff. Chapter 2 presents a unified approach to szing sormwater BMPs for meeting
thisgod. Thisgpproach consgs of five criteria (see Table 1) that are designed to meet pollutant removal
gods, maintain groundwater recharge, reduce channel eroson, prevent overbank flooding, and pass extreme
floods. Of these criteriag, the water quaity (WQ,), recharge (Re,) and channd protection (Cp,) volumes are
determined by soils, amount of imperviousness, proposed design and/or layout, and implementation of
nongtructura practices. This smplifies caculations, reduces error and/or abuse, and provides direct
incentives to reduce impervious aress.
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Another important festure of these three volumetric criteriais the relation to natura hydrologic processes.
Explicitly, the Re, criterion is designed to promote groundwater recharge and interflow. Likewise, the
rationade for the Cp, criterion is that runoff will be stored and released in such a gradud manner that critica
erosve veocities during bankful and near bankful events will sldom be exceeded in downsiream channels.
While the WQ)y is the storage volume needed to capture and treat the runoff from 90% of the average annud
rainfal, it aso provides management a acritica leve (1/3 bankfull devation) within stream channds.

When considered together, these three criteria capture and treat the runoff from at least 95% of the average
annud rainfal (see Figure 1) and mimic naturd recharge and channel forming processes.

Chapter 2 aso introduces five groups of structural BMPs and a group of non-structurd BMPs that may be
used to meet pollutant remova and groundwater recharge goals. Ladtly, this chapter designates certain land
uses as “ stormwater hotspots’ which may restrict the use of certain BMPs and may require pollution
prevention plans.

Table 1. Summary of Unified Stormwater Sizing Criteria

Sizing Criteria Description
Water Quality Volume WQ, = [(P)(Ry)(A)])/12
(WQ,) (acre-feet) P = 1.0" in Eastern Zone and 0.9” in Western Zone

Ry, = 0.05 + 0.009(1) where I is percent impervious cover
A = Area in acres

Recharge Volume Re, = [(S)(Ry)(A)])/12
(Re,) (acre-feet) S = Soil Specific Recharge Factor

Re, is a sub-volume of WQ,
Channel Protection Cpv = 24 hour extended-detention of the post-developed one-year 24 hour storm
Storage Volume event.
(Cpv)

Cpy is not required on the Eastern Shore of Maryland
Overbank Flood Local review authorities may require that the peak discharge from the ten-year storm
Protection Volume event be controlled to the pre-development rate (Qp10). No control of the two-year
(Qpx) storm event (Qpy) is required.

For Eastern Shore, provide peak discharge control for the two-year storm event (Qpy).
No control of the ten-year storm event (Qp1o) is required.
Extreme Flood Consult with the appropriate local reviewing authority. Normally no control is needed
Volume (Qy) if development is excluded from the 100-year flood plain and downstream
conveyance is adequate.

2.1.2.1. Unified Stormwater Sizing Criteria— Water Quality Volume (WQ,)

The Water Qudity Volume (denoted as the WQ,) is the storage needed to capture and treat the runoff from
90% of the average annud rainfal (COMAR 26.17.02). In numerica terms, it is equivaent to an inch of
ranfal multiplied by the volumetric runoff coefficient (R,) and Ste area. Treatment of the WQ, shdll be
provided at al developments where sormwater management is required. A minimum WQ, of 0.2 inches
per acre shdl be met at Stes or drainage areas that have less than 15% impervious cover. Drainage areas
having no impervious cover and no proposed disturbance during development may be excluded from the
WQ, cdculations.
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2.1.2.2. Unified Stormwater Sizing Criteria— Recharge Volume Requirements (Re))

The criteriafor maintaining recharge is based on the average annud recharge rate of the hydrologic soll
group(s) present at a Site as determined from the United States Department of Agriculture (USDA), Natura
Resources Conservation Service (NRCS) Soil Surveys or from detailed soil investigations. More
specificaly, each specific recharge factor (S) is based on the USDA average annud recharge volume per
s0il type divided by the annua rainfal in Maryland (42 inches per year) and multiplied by 90% (Table 2).
This keegps the recharge volume calculaion consstent with the WQ, methodology.

Table 2. Soil Specific Recharge Factors (S)

Hydrologic Soil Group USDA Average Annual Soil Specific Recharge
Recharge Volume* Factor (S)
A 18 inchesl/year 0.38
B 12 incheslyear 0.26
C 6 inches/year 0.13
D 3 incheslyear 0.07

*Rawls, Brakensiek & Saxton, 1982

The recharge volume is considered part of the total WQ, that must be addressed at a site and can be
achieved ether by nongtructurd techniques (e.g., buffers, disconnection of runoff), structura practices (eg.,
infiltration, bioretention), or a combination of both. Like WQ,, drainage areas having no impervious cover
and proposed disturbance may be excluded from recharge caculations. Re, and WQ, areindudve. If Re,
is treated upstream of WQ,, then Re, may be subtracted from the WQ, when szing water qudity trestment.

The intent of the recharge requirement isto maintain existing groundweter recharge at development Sites.
This helps to preserve water table eevations thereby maintaining the hydrology of streams and wetlands
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Figure 1. Rainfall events captured and treated by the recharge (Re,), water quality (WQ,) and channel
protection (Cp,) volumes using 1980 to 1990 rainfall frequency records for Baltimore City
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during dry westher. The volume of recharge that occurs on a site depends on dope, soil type, vegetative
cover, precipitation, and evapo-trangpiration. Sites with natura ground cover such asforest or meadow
have higher recharge rates, less runoff, and greater transpiration losses under most conditions. Because
development increases impervious surfaces, anet decrease in rechargeisinevitable.

2.1.2.3. Unified Sizing Criteria - Channel Protection Volume (Cp,)

The primary purpose of the Channel Protection Storage Volume (Cpy) requirement is to protect stream
channels from excessive erosion caused by the increase in runoff from new development. The rationale for
this criterion is that runoff from the one year design storm will be stored and released in such a gradua
manner thet critica erosve velodities during bankfull and near-bankfull events will rarely be exceeded in
downstream channdls. The method for determining the Cp, requirement is based on the “Design Procedures
for Stormwater Management Extended Detention Structures’ (MDE, 1987) and is detailed in Appendix
D.11 of the Desgn Manud. The Cp, requirement does not apply to direct dischargesto tidal waters or
developments located on Maryland' s Eastern Shore.

2.1.3. Chapter 3— Performance Criteriafor Urban BM P DesignThe secondary and tertiary gods of the
design manud are to provide design guidance and improve the quality of BMPsthat are constructed in the
State. Chapter 3 promotes these gods by outlining performance criteriafor five groups of ructura
sormwater BMPs for water quaity treatment (see Figure 2). These performance criteria are designed to
ensure that each BMP group is capable of meeting the State’ s goa of an 80% reduction of total suspended
solids (TSS) from urban sormwater runoff. This alows prospective designers to choose from avariety of
BMPsthat best fit individud dte needs and gtill meet the State' s pollutant remova gods. Each set of BMP
performance criteriais based on six factors that address generd feasibility, conveyance criteria,

pretreatment needs, BMP geometry, environmental and landscaping requirements, and maintenance
concerns.

Stormwater Ponds Stormwater Filtering Systems
Micropool Extended-Detention (ED) Ponds - Surface Sand Filters
Wet Ponds - Underground Sand Filters
Wet ED Ponds - Perimeter Sand Filters
Multiple Pond Systems - Organic Filters
“Pocket “ Ponds - Pocket Sand Filters
Stormwater Wetlands - Bioretention
Shallow Wetland Open Channel Systems
ED Shallow Wetland - Dry Swale
Pond/Wetland System - Wet Swale

“Pocket” Wetland
Stormwater Infiltration

Infiltration Trench

Infiltration Basin

Figure 2. Structural BMPs that may be used for “stand alone” water quality treatment in Maryland

2.1.3. Chapter 4 —Selecting and L ocating the M ost Effective BMP System

In conjunction with the previous chapter, Chapter 4 promotes the secondary and tertiary gods of the manud
by outlining a process for sdlecting the best BMP or group of BMPs for a development site. The chapter
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aso provides guidance on factors to consider when locating BMPs a agiven site. This processis used to
filter those BMPs that can meet the pollutant removal targets for WQ, and guides designers through six
steps that screen for watershed factors, terrain factors, ssormwater trestment suitability, physicd feeshility
factors, community and environmental factors, and locationa / permitting factors. These factors, when used
progressively, alow designersto sdlect BMPsthat are mogt suitable for the various physographic regions
within the State as well as for pecific site and design characteritics such asland use or wildlife habitat

enhancement.

2.1.5. Chapter 5— Stormwater Credits

One of the mgor programmatic changes promoted by the Design Manud is the notion that ssormwater
management should not rely solely on the use of structurad BMPs but should integrate sormwater into the
overd| dte design process. Chapter 5 supports this philosophica change by advancing a series of
nonstructura design practices that can reduce the generation runoff from a site thereby reducing the size and
cost of structurd BMPs. Additionally, these practices provide partid remova of many pollutants. To
promote greater use, these non-structural practices have been classified into Six sub-groups (see Table 3.)
with an associated “ credit” provided for designers utilizing these progressive techniques.

Table 3. Stormwater Credits for Innovative Site Design

Stormwater Credit

Description

Natural Area
Conservation

Disconnection of
Rooftop Runoff

Disconnection of
Non-Rooftop
Runoff.

Stream Buffer
Credit

Grass Channel
(Open Section
Roads)

Environmentally
Sensitive Rural
Development

Conservation of natural areas such as forest, non-tidal wetlands, or other sensitive areas
in a protected easement thereby retaining their pre-development hydrologic and water
quality characteristics. Using this credit, a designer may subtract conservation areas
from total site area when computing WQ,. Additionally, the post-development curve
number (CN) for these areas may be assumed to be forest in good condition.

Credit is given when rooftop runoff is disconnected and then directed over a pervious

area where it may either infiltrate into the soil or filter over it. Credit is typically obtained
by grading the site to promote overland flow or by providing bioretention on single-family
residential lots. If a rooftop area is adequately disconnected, the impervious area may be
deducted from the total impervious cover. Additionally, the post-development CNs for
disconnected rooftop areas may be assumed to be forest in good condition.

Credit is given for practices that disconnect surface impervious cover by directing it to
pervious areas where it is either infiltrated or filtered though the soil. As with rooftop
runoff, the impervious area may be deducted from the total impervious cover thereby
reducing the required WQ,.

Credit is given when a stream buffer effectively treats stormwater runoff. Effective
treatment constitutes capturing runoff from pervious and impervious areas adjacent to the
buffer and treating the runoff through overland flow across a grass or forested area.

Areas treated in this manner may be deducted from total site area in calculating WQ, and
may contribute to meeting requirements for groundwater recharge.

Credit may be given when open grass channels are used to reduce the volume of runoff
and pollutants during smaller storms. Use of grass channels will automatically meet the
minimum groundwater recharge requirement. If designed according to listed criteria,
these channels may meet water quality criteria for certain types of residential
development.

Credit is given when a group of environmental site design techniques are applied to low
density or rural residential development. This credit eliminates the need for structural
practices to treat both Re, and WQ,. The designer must still address Cp, and Qpy
requirements for all roadway and connected impervious surfaces.
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2.2  Volumell —Technical Appendices

The second volume of the design manua was crafted to support the technical requirements of the first
without duplicating information thet is readily available from other resources. This paring of support
information was necessary to prevent the design manua from becoming unusable because of repetitive
information. The decision to include information in this volume was based primarily on availability in
existing documents, or the relevance to information within Volume . After Sfting through the massve
amount of support information related to scormwater design, four appendices were drafted that contain the
minimum information required for the design manud to be sdf sufficient yet not overly large. These
appendices contain information such as landscaping guidance (App. A) and BMP construction
specifications (App. B.), aswell as step-by-step design examples for each structural BMP group (App. C)
and an assortment of tools (App. D) that assit in the design of various sormwaeter systems. This collection
of information is ether unavailable in outsde sources or intringcally vauable to the proper design of
sormwater management.

3. Conclusions

The Environment Article Title 4, Subtitle 2, Annotated Code of Maryland states that “...the management of
sormwater runoff is necessary to reduce stream channel erosion, pollution, siltation and sedimentation, and
local flooding, al of which have adverse impacts on the water and land resources of Maryland.” The
program designed in the early 1980’ s to address this finding of the Generd Assembly concentrated
primarily on controlling runoff increases associated with new development. Over the last 18 years, tens of
thousands of BMPs have been constructed in order to curb flooding caused by urbanization. Although
implementation has not changed, our scormwater management knowledge and experience has continued to
evolve snce Maryland enacted its sormwater Satute. With the experience gained comes the identification
of improvements that are needed to fulfill the origind intent of this essentid water pollution control

program.

Conventiona development and congtruction processes are increasingly identified as destructive to the
environment, encroaching upon natura areas such as wetlands, stream systems, and forests. These activities
aso dter loca hydrology. Trees and meadow grasses that intercept and absorb rainfal are removed and
natural depressions that temporarily pond water are graded to auniform dope. Cleared and graded Stes are
often compacted, contributing to the rapid conversion of rainfal into runoff. Impervious surfacesimpede
groundwaeter recharge. Pollutants accumulated on these surfaces quickly wash off and are ddlivered to
receiving waters. While sormwater runoff from developed areas adversely impacts water quaity, channd
dability, and disrupts agquetic life, usng environmentaly sustainable Site design techniques may reduce

these impacts.

On October 2, 2000, the Maryland Department of the Environment (MDE) adopted stormwater regulations
induding the 2000 M aryland Stormwater Design Manual, Vol. | & |1 (the Desgn Manud). Recognizing
the demand for environmentally sustainable or “green” development, these regulations represent a more
comprehensive gpproach to ssormwater design. Included in this approach are better guidance for totd site
design and incentives for nonstructural BMPs. The projected outcome of this new program is hoped to be
designs that more closdy mimic exigting hydrology.

While going along way in promoting sustainable development, the State’ s sscormwater management
program is not the only set of rules that govern development. There are severd State and local programs
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(e.g., Critical Aress, Forest Conservation, Wetlands Protection) that promote natural resource conservation.
Thereisdso the loca zoning regulations that govern land development.  Although the god of these diverse
programs is to protect the environment, there are instances where green development practices are
discouraged and older, |less sustainable standards are required.

It is difficult to accommodate the requirements of the full spectrum of resource protection programs.
However, the Design Manud recognizes the importance of each and encourages these principles during
project design. Accordingly, the State’ s gpproach to ssormwater design may be summarized as athree-step
process. avoidance, minimization, and mitigation. The first step, avoidance, is not just resource protection,
but dso includes avoiding development practices such as large-scde clearing and mass grading, structurd
fill, and suburban sprawl that have negative impacts on loca hydrology. Any reduction in imperviousness
or agte sfootprint sgnificantly reduces the amount of sormwater runoff. The second step is minimization.
After dl options for avoiding impacts are expended, the designer should incorporate practices that either
replace or disconnect impervious surfaces. For example, using green roof technology, permesble
pavements, or promoting sheet flow will aso reduce runoff. After al optionsto avoid or minimize have
been exhausted, the remaining runoff must be treated using structura practices to mitigate water quaity and
channd gahility impects,

Maryland' s sormwater management program is one of many State and loca programs that regulate land
development. However, the three-step philosophy inherent in the Design Manud incorporates many of
these other programs in its gpproach. This philosophy refocuses design from the structural management of
runoff as an afterthought to the mimicking of natura processes as part of atotd site design.

The Design Manud could never have been produced without the taents, experience, and hard work of the
many people involved in the project. The Maryland Department of the Environment, Water Management
Adminigration would like to acknowledge those individuas who helped in this process. In particular, Tom
Schuder, Richard Claytor and the staff of the Center for Watershed Protection aswell as their project team
partners, Environmenta Quality Resources, Inc. and Loiederman Associates, Inc. for their dedication and
efforts. Thanks are aso extended to the members of the Stormwater Management Regulations Committee
whose ingghtful comments and loca perspective were helpful in improving the manud. Findly, the S&ff

of MDE/WMA’s Nonpoint Source Program for the patience and support necessary to complete the project
successfully.
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ENHANCING STORM WATER INFILTRATION TO REDUCE WATER
TEMPERATURE DOWNSTREAM

Joseph M. Dorava, Vierbicher Associates, Inc.
Aircardo Roa Espinosa, Dane County Land Conservation Department
Ken Johnson, Wisconsin Department of Natural Resources
Daryl Severson, City of Sun Prairie

A substantia storm water management project was recently completed in the city of Sun Prairie, about ten
miles east of Madison, Wisconsin. The primary god of this project was to protect the water qudity of
Token Creek, one of the lagt remaining cold-water trout streamsin south centrad Wisconsin.,

Reducing the downstream movement of sediment and preventing excessive heating of the runoff were two
chdlenges faced in this project. A team of engineers and scientists from the city of Sun Prairie, the
Wisconsin Department of Natural Resources, Dane County’ s Land Conservation Department, and
Vierbicher Associates, Inc., joined forces to meet the gods of this project. Thisteam designed and built a
series of gone-filled gabion weirsto filter sediment, and they engineered a stone-lined channd to infiltrate
runoff into the ground.

State funding earmarked for the reduction of non-point source pollution supported this project. The
outcome being a system which treats scorm water runoff from more than 492 acres of new resdentia
development. Enhanced infiltration provided by the stone-lined channd is designed to reduce stream water
temperatures by moving the surface runoff under ground. The gabion weirs are designed to remove
sediment from the streamflow by trgpping large particles and filtering smdler ones. The capability of this
storm water treatment system to reduce stream temperature was designed with a Site-specific therma modd.
The subgtantial accumulation of sediment upstream from the gabions indicates the systems ability to treat
storm water runoff. The system’s design and functiondity, dong with its aesthetic gppearancein a densdy
developed subdivison, demonstrate its success in suburban Sun Prairie. Because infiltration is becoming
more important as a ssorm water management practice, this trestment Strategy may have applications
wherever development occurs.



I ntroduction

The Token Creek Watershed is a 27 square-mile sub basin of the Y ahara- Lake Mendota Priority Watershed
in south centrd Wisconain, on the northeast Side of Madison, immediately adjacent to the city of Sun Prairie
(Figure 1). Thiswatershed supported a native brook trout fishery prior to European settlement (Sorge,
1996). Today, natural springs, which discharge more than 4000 gallons per minute of 50-degree Fahrenheit
water to Token Creek, continue to support a cold-water fishery (University of Wisconsin, 1997, Wiscondan
Department of Natural Resources Unpublished Data). Development around the city of Madison and
especidly the outlying areas near Sun Prairieisincreasing. Theresult isincreased pressure to build near
wildlife habitat areas and watersheds that support such fisheries. The chdlenge thenisto create

development that is compatible with the surrounding environment and to develop in ways that minimize
degradation of natura resources.
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Figure 1. Location of Dane County, Wisconsin, and Token Creek in the Yahara River and Lake Mendota Priority
Watershed. The proximity of Token Creek to the growing cities of Madison and Sun Prairie increases the demand for
development in the watershed. The importance of the cold-water fishery in Token Creek and the priority designation
of downstream lakes create a regulatory agency emphasis on protecting water quality. Map modified from Dane
County, http://www.co.dane.wi.us/landcopnservation/pwshed.htm.

Background

Regulatory agencies redlize the importance of the natural resources and they understand the value of

limiting sediment inflow and water temperature increases to an urbanizing stream that also supports a cold-
water fishery. Asaresult, proposed developments in the Token Creek Watershed are closdly scrutinized for
their contributions of non-point source pollution. In addition, there is aregulatory emphasis placed on
managing water temperature increases and there are no concise compliance standards, documented best
management practices (BMPs), or design manualsto rely upon or use as targets. Therefore, biologists and
engineers commonly use professond judgement, persona experience, and modeling to predict the outcome
of various management practices.
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In the case of Token Creek, where there were benefits to protecting the creek for, the participants were quite
cooperative. For example, the developer for the residential subdivision generoudy donated land along

Token Creek tributary drainageways to the city of Sun Prairie so it could be managed in the public interest.
The developer redlized benefits from protecting Token Creek if home Site and property vaues are higher as
aresult of the attractive storm water management features in the dedicated public lands and a viable cold-
water fishery downstream. Furthermore, the city of Sun Prairie will benefit from an increased tax base of

the higher home values. Regulatory agencies dso benefit because enhanced protection of the natura

resources is one of their primary directives.

Purpose and Scope

Token Creek is part of the Y ahara-Mendota designated Priority Watershed Project, which aims to reduce
sediment and nutrient flows into Lake Mendota. This designation and the creek’ s high vaue as a cold-water
fishery, prompted the State of Wisconsin's Department of Natural Resources, (WiDNR) to award a Nor+
Point Source Pollution Abatement Program codt-share grant to the city of Sun Prairieto design and ingdl
BMPsin the Token Creek Watershed. In support of the Priority Watershed Program, Dane County’s Land
Conservation Department is working with the agricultura industry to ensure that agricultura BMPs are
ingalled throughout the watershed to reduce sediment inflows to the lake. The Land Conservation
Department is aso developing amodd to predict the effects of land-use change on water temperature and to
predict the change in water temperature derived from various land-management practices. The resources at
Dane County and the WiDNR assisted the city of Sun Prairie and their engineering consultant, Vierbicher
Asociates Inc., with the design of BMPs to reduce the movemernt of sediment and heated runoff to Token
Creek.

The cogt-share grant from WiDNR supported design and construction of BMPs in a proposed 492-acre
resdentia subdivison along atributary to Token Creek. Dane County provided design recommendations
based on their experience with agricultura practicesin the area and results of detailed temperature
modeling. Vierbicher Associates provided engineering design and congtruction plans. The city of Sun
Prairie supervised design and congtruction of the project and the WiDNR and Dane County provided
regulatory agency oversight. The two primary gods of the project:

To protect the water quaity of Token Creek (primarily by controlling sediment inflow
and water-temperature increases)
To provide BMPs that are attractive and improve property values

The purpose of this paper isto describe the Token Creek Water Quality Control Project and the design
process used to sdect BMPsfor this project. Primarily because the project provides an introduction to
relatively new sorm water management techniques (rock-filled gabion dams and rock-lined channel storm
water infiltration), and a new engineering tool (water temperature modding). These new techniques and
tools provide protection against non-point source pollution, in addition to mitigating therma impacts from
storm water runoff. Both the project’ s design process, including the new engineering techniques and tools
and the project’ s unique BMPs, should have broad applications in urban storm water management. The
project also provides valuable examples of cooperation between adjacent city governments, regulatory and
funding agencies, and design professonds.
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BMP Selection

The proposed 492-acre sngle-family development was planned to include about 15 acres of green space
aong the tributary drainageways to Token Creek and the remaining land converted to agpproximately 0.25-
acre resdentid lots (Figure 2). Each ot was planned to contain a 3-bedroom home (2,500 square feet) and a
2-car garage (480 square feet). Thislot configuration results in about 4,400 square feet of tota impervious
surface if an dlowance of 900 square feet is made for roads and 520 square feet is dlowed for driveways,
and sdewaks. The result of this development is an dteration of land use from 100 percent open-pastureland
and forest to about 34 percent impervious area.
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Figure 2. Proposed single-family residential development in the watershed of a tributary to Token Creek. Of the
approximately 492-acres proposed for development, 15-acres will be dedicated to the public as green space and the
remaining land will be subdivided into approximate 0.25-acre lots.

The result of thistype of land-use converson typicdly is an increase in runoff and a subgtantia increasein
peak discharge, severe streambank erosion, and degradation of water qudity including elevated water
temperatures. Common BMPs available to address these concerns would include storm water detention
ponds, streambank reinforcement, and created wetlands. Principa concerns with these common BMPsasa
result of acold-water fishery less than 0.25 miles downstream include storing and ponding weter that would
potentialy increase the water temperature and unsightly wetland areas that might attract mosquitoes. The
city of Sun Prairie as the supervisor of design and congtruction and the regulatory agencies within their
review capacity both understood the need to closely coordinate this project. Early in the design process
consultations with regulatory agency staff resulted in consderable efficiencies in the design. For example,

in headwater areas where wetlands prevail aong the drainageway, consideration of the need to infiltrate
runoff and preserve wetlands resulted in agreement on selection of an erosion control met for stream bank
stahilization ingtead of rock lining. In addition, the agreement between engineers and regulators to place
rock dams near planned or existing roadway and bike path embankments minimized the disturbance to the
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gte by concentrating fill materias and provided for easy maintenance of the storm water management
system. The common acceptance of the need to mitigate water temperature increases in Token Creek
among designers and reviewers brought together ateam of engineers and scientists that otherwise would be
working independently. The design process, techniques, and tools this team used to complete this one
project are now complementary itemsin new countywide storm water management and erosion control
ordinances, Statewide model ordinances, and the daily practice of theindividud engineers and scientists
involved in the project. One of the most important new engineering tools is the application of atemperature
model developed during the project.

Temperature Modeling

A Temperature Urban Runoff Modd (TURM) was developed and tested in Dane County, Wisconsain, to
predict the therma impact of proposed development projects (Arrington et a., 2002, Roa- Espinosa, 2003).
A number of sample model runs are presented here to help understand how severd variablesinteract to
result in the stream temperatures predicted by the modd. Three of the important variables that determine
stream temperature as aresult of astorm are:

the percentage of impervious area of the parcd,
the parcd areaand
the baseflow of the stream that the parcel drainsinto.

Per centage of Impervious Area and Water Temperature

Impervious surfaces, such as pavement or asphdlt, increase stream temperature for two reasons. Fir,
impervious surfaces absorb solar radiation, which raises their suface temperature. When it sorms, some of
this heat istrandferred to the water that falls on these surfaces as precipitation. Second, impervious surfaces
reduce infiltration, which increases the runoff volume from these surfaces. (Pervious surfaces, like grass or
other vegetation, dlow some of the precipitation that fals on them to infiltrate into the soil.) Asthe
percentage of impervious area of a parcel increases, more of the tota runoff from the parcel comes from the
heated runoff contributed by the impervious surfaces. Therefore, as percentage impervious area increases,
the temperature of the water runoff from the parcel increases and the temperature of the stream that the
runoff entersincreases aswell.

Because there are some sgnificant seasond variations in sorms and their effect on water temperature the
modd uses atypica summer rainstorm event in Dane County to predict water temperature changes. The
assumed storm and loca environmenta conditions accompanying the sorm event are described in Table 1.
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Table 1. Typical storm and environmental conditions assumed for mid-summer storms in Dane County, Wisconsin
from TURM predictions.

rainfall depth 0.5 inches

rainfall duration hours

hour of day rain start (between 1 and 24 hours) 1

o~
>

Time of concentration (Tc) 0.100 ours

wind speed 10.2

=3
7

rain temperature (during storm) 73.7

m T
o

Initial temp. of impervious surface 93.6

o

Air temperature 80.0

T

Relative humidity 80.0%
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Figure 3. There is an increasing trend in stream temperature with increasing percentage impervious area for a given
parcel area and baseflow. Baseflow is given in cubic feet per second (cfs).

Parcel Area and Water Temperature
In generd, at a given percentage of imperviousness, the larger the parcel area, the more runoff it contributes
to the stream. More heated runoff means greater stream temperature increases resulting from a storm.
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Figure 4. For a given percentage of impervious area and a given baseflow, the greater the parcel area, the greater

the stream temperature.

Baseflow and Water Temperature

Baseflow isthe flow rate (volume of water per unit time) of a stream beforeastorm. Typicaly smdl
bassflow isfound on smdl streams and tributaries, whereas large baseflow is found on larger streams.
Stream temperature resulting from a storm isa mixture of the initia stream temperature and the runoff
temperature. At agiven volume of heated runoff (determined from the parcel areaand the percentage
imperviousness) there is a greater stream temperature increase in a stream with asmall baseflow than a
sream with alarge baseflow. Thisis because the runoff volume is a greater proportion of the stream

volumein asmall baseflow stream than alarge baseflow stream.
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Figure 5. For a given parcel area and a given percentage of imperviousness, higher stream temperatures are found

in streams with smaller baseflow and lower stream temperatures are found in streams with larger baseflow. Baseflow
is given in cubic feet per second (cfs).

Watershed Characteristicsand Water Temperature

Underganding the inter-relation between watershed characteristics and water temperature eucidates
opportunities to manage devel opment or mitigate the effects of development in awatershed (Figure 6). For
this developing tributary watershed to Token Creek, which generaly has alarger parcel area (492-acres)
and alower base flow about (9 cubic feet per second), mitigating increases in stream temperature and
reducing the movement of sediment to the creek were common gods of the devel oper, the city, and the
regulatory and funding agencies. Because additiond single-family housing isin high demand in thisarea
mitigeting the potentid harmful effects of development was more desirable than reducing the size or

number of housing units developed.
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Figure 6. The relative trends of how stream temperature varies with percentage impervious area for different
combinations of parcel areas and baseflow. For small parcels and large baseflow, there is little thermal impact to the
stream, regardless of the percentage of impervious area. On the other hand, large parcels that drain into a stream
with a small baseflow cause a substantial stream temperature increase, even at relatively low percentages of
imperviousness. Baseflow is given in cubic feet per second (cfs).

A 21.6-degree F increase in stream temperature is predicted to result from the proposed development in this
Token Creek Tributary watershed by the TURM (Table 2). The resulting water temperature of 71.6 degrees
F is above the stress zone for trout and, thus, is undesirable. Therefore some temperature mitigating
management practices are necessary.
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Table 2. For a given rainfall event a temperature increase of 21.6 degree F is predicted to result from the proposed

development in this tributary to Token Creek.

Temperature Urban Runoff Model
POST-DEVELOPMENT
Units: I english ;|

Required Inputs: Outputs:
% Connected imperviousness in watershed Temp. of runoff from development F c
Watershed area acres Difference between runoff and stream tem F ’
Base flow in stream cfs Temp. of stream after development F ’
Existing stream temp. 500 | Increase in stream temp. F

The mode runs described here represent the relative therma impact of various devel opment scenariosif
heated runoff has little opportunity to cool before entering a stream. The combinations of percentage of
impervious area, parcd area, and baseflow do not necessarily have the impact shown above if temperature
reduction practices are used to mitigate the therma impacts of development. The two basic principles
behind therma reduction practices are to dow down heated runoff on its way to the stream (to give it time
to cool) and to increase infiltration of heated runoff (to reduce the volume of heated water that reaches the
stream). Some useful temperature reduction practices include rock cribs, therma swales, and
retention/infiltration area,

In this development a trestment train was proposed where storm water runoff was collected in the streets
and developed lots and directed to the existing drainageway. In the most headwater areas where the
drainageway was poorly defined, an eroson mat was used to stabilize the channd and rock-check dams
dowed the water and enhanced infiltration (Figure 7).



Figure 7. Erosion control matting and a rock check dam combine to reduce stream channel erosion and enhance
storm water infiltration in developed headwater areas.

In areas where runoff is concentrated into a defined channd, arock lining was used in the channel to protect
the streambank from erosion, to dissipate heat by contact, and to more rgpidly infiltrate the runoff below the
surface (Figure 8). Rock-filled gabion dams were indaled dong the drainageway where flow was restricted
by aroadway or bike path embankment. These rock dam sites were also used for maintenance access as
consderable debris and sediment accumulated upstream from these structures (Figure 8).

Figure 8. A rock lined channel provided rapid infiltration of runoff, substantial heat dissipation, and near complete
control of channel erosion. Rock-filled gabion dams located near channel restrictions provided easily accessible
maintenance sites. Sediment and debris that accumulated upstream from the dams could be readily removed in these
areas. The rock dams filtered large sediment and debris, slowed the flow of water, and dissipated heat.
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The treatment train strategy implemented in the Token Creek Water Quality Project included atotal of
3,055 feet of channd reinforcement and five gabion-dam structures (Figure 9). TURM predicted an increase
in water temperature of only 10.7 degrees F as aresult of the planned development following ingtdlation of
the storm water BMPs (Table 3).
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Figure 9. A storm water treatment train that included five gabion dams and 3,055 feet of channel reinforcement was
installed along this tributary to Token Creek to mitigate water temperature increases and reduce stream bank erosion.

Table 3. TURM predicted the water temperature in Token Creek would be 60.7 degrees F following the development
of a 492-acre single-family residential area once BMP’s designed to mitigate for water temperature increases were in
place. The increase in water temperature of 10.7 degrees F relates back to the 9-cfs baseflow from the springs that
had a temperature of 50 degrees F.

Temperature Urban Runoff Model
POST-DEVELOPMENT

Temperature Reduction Practices:

I stone bed/basin 40000 cubic feet, 6 inch stone
Temperature outletting practices: o F
Temperature of stream after practices F
Increase in stream temp. after practices F




Conclusions

The Token Creek Water Quality Control Project pogitively affected the water quality of the creek. The
project aso demonstrated the success of close working relationships among designers, regulatory and
funding agencies, and contractors. Everyone, including the developer, supported the project’s emphasis on
mitigating thermd impacts and contralling the downstream movement of sediment. The rapid and profitable
sales of homesin the subdivison demongtrate the project’ s acceptance by the public. The lack of
streambank erosion and the accumulation of debris and sediment upstream from the rock-filled gabion dams
indicate adequate performance of the project’s erosion control features. Although not supported by a post-
condruction monitoring program at this site, a hedlthy cold-water fishery downstream in Token Creek
indicates the relatively new TURM may be providing useful guidance to designers. Although specificaly
developed for Dane County Wisconsin, this temperature modd, the temperature mitigating BMP's, and the
design process used on this project may have gpplications much wider than the loca area. More details of
the TURM are aso presented in these proceedings (Roa- Epinosa, 2003). Additional documentation of the
TURM and guidance for its use can be found on the Dane County WWW page at

“ http:/AMwwwv.co.danewi.us/landconservetion/thmode pa.htnt . Additiona examples of smilar BMP's

and projects are dso available by contacting any of the authors.
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LOCAL SOLUTIONSTO MINIMIZING THE IMPACT OF LAND USE CHANGE

Kyle Dreyfuss-Wedls
Chagrin River Watershed Partners, Inc.
Willoughby, Ohio

Abstract

This presentation introduces the Chagrin River Watershed Partners, Inc., (CRWP) discusses why local decision
makers joined the organization, and presents recommendations for minimizing the impact of land use change. The
paper concludes with a discussion of CRWP s implementation of these recommendations through two active
program aress - asssting member communities with zoning regulations for riparian setbacks and compliance with
USEPA’s Phase || NPDES Storm Water Program. The paper provides examples of how local communitiesin the
Chagrin River watershed have implemented CRWP s recommendations and are using their required compliance
with Phase Il as an opportunity to address issues of loca importance.

Chagrin River Watershed Partners
Formation & Membership

CRWP is a nonprofit educationa and technica organization formed by watershed communities to address
concerns over flooding, erosion, and water quality problems. Since its formation in 1996, CRWP has grown to
represent 30 townships, counties, cities, and park digtricts, gpproximately 80% of the Chagrin River watershed.
Each community sdects atrustee to CRWP, either a council member, mayor, or township trustee. These individuas
form our Board of Trustees and direct our member services and watershed studies.  With its unique structure,
CRWP works directly with dected officids and their engineers, law directors, and other professiona advisors.

Communities joined CRWP due to concerns over rising infrastructure costs and threats to public and private
property crested by the loss of natura resource functions and subsequent increases in flooding, erosion, and water
quality problems.

CRWP s gructure enables the organization to work directly with communities to update comprehensive plans,
zoning ordinances, and other programs guiding land development, and to introduce innovative practices that prevent
or minimize flooding, eroson, and water quality problems. Building on its relationships with communities, CRWP is
aso uniquely positioned to assst members with their NPDES Phase || compliance.

The Watershed

The Chagrin River watershed drains approximately 265 square miles northeast of Cleveland, Ohio. The Chagrin
watershed, like most of Northeast Ohio, was shaped by glacid activity. Many areas of the watershed, particularly
aong its steep hillsdes and steam banks contain loose sand and gravel that naturdly erode a a high rate. Other
areas of the watershed have clay soils that do not easily absorb water, alowing much of the rainfal and snowmet to
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runoff quickly. Asaresult of thisglacid past, the Chagrin River watershed has varied topogragphy and naturaly high
rates of both flooding and eroson.

The Chagrin, aLake Erietributary, is recognized statewide as a high quality resource with State Scenic River
designation from the Ohio Department of Natural Resources (ODNR) on al of itsfive (5) branches. Severd of the
Chagrin’stributary streams support Coldwater Habitat (CWH) aguatic life use designations from the Ohio
Environmenta Protection Agency (Ohio EPA). CWH use designation applies to waters that support assemblages of
coldwater organisms. The portions of the Chagrin supporting CWH are primarily small tributaries of the Main Stem
and the Aurora Branch, severd of which support breeding populations of Ohio Brook Trout (Salvelinus
fontinalis). CWH is considered among the highest quaity aguatic habitat in Ohio and the Chagrin River watershed
isunique for the extent of this high quality habitat so close to amgor urban area. (Ohio EPA, 1997)

Other portions of the Chagrin River are designated as Warmwater Habitat (WWH). WWH use designation defines
atypica warmwater assemblage of aquatic organisms. WWH isthe principa restoration target for the mgority of
water resource management efforts in Ohio and waters with this designation are congdered to be in generdly good
hedth. (Ohio EPA, 1997)

Ohio EPA’ s most recent sampling data on the Chagrin in 1994, 1995, and 1996 places the River on the Agency’s
303(d) list of impaired streams (Ohio EPA, 2002). A Totd Maximum Daily Load (TMDL) study of the Chagrinis
scheduled for 2006. This sampling data dso indicates that many reaches of the Chagrin are not meeting their CWH
or WWH aquatic life use desgnations. The principa causes of impairment and non-attainment in the Chagrin are
hydromodification, sedimentation, and pollution from urban storm water runoff; nutrient enrichment from failing
home sewage trestment systems and suburban lawn care; sedimentation from streambank erosion and poorly
controlled condruction Stes; riparian encroachment from land use changes, and thefilling and draining of wetlands.
In 2002 CRWP completed a study of wetland loss in the watershed, estimating both historic and current wetland
acreage usng available digital data. Our initid estimates place wetland loss a gpproximately 80%. Adequate
restoration and mitigation for the assmilative capacity of these lost wetlands has not been completed within the
watershed.

Problems Causing Local Decision Makers to Act

Land use and the problems associated with unmanaged development form the common theme among the watershed
problems highlight above. Deve opment increases both the flow and velocity of storm water runoff and, with the
exception of nutrient pollution due to home sewage trestment systems, the water qudity problems of the Chagrin
River watershed are due to increases in water quantity. The current land use practices in the Chagrin have caused a
variety of flooding, eroson, and water quaity problems. These concerns are seen in Ohio EPA’s sampling deta as
well asin watershed wide and locdized flooding and eroson. These problems cost local governments and residents
as they must clean up from flooding, rebuild threatened or damage roads and bridges, and protect homes and
infrastructure from flooding and eroding streams.

Current land use practices cause flooding, erosion, and water quality problemsin two ways, both of which are
linked to increases in water quantity. Traditiona land use planning, the guide for acommunity’slong-term
development, does not account for the amount and functions of floodplains, wetlands, and open spaces that
naturaly control water quaity and quantity. As aresult, communities and developers are not aware of these
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resources and they are lost when land is developed. Traditiona land use practices then compound this|oss of
natura resource functions by increasing impervious cover. Impervious cover includes roads, rooftops, driveways,
lawns, and other surfaces that do not absorb storm water, and impervious cover increases both the volume and
velocity of sorm water runoff. The result of these two impacts of current land use practicesis that as the cause of
the flooding, erosion, and water quality problems - impervious cover - grows, the ability of floodplains, wetlands,
and open spaces to control these problems declines.

Our Recommendations for Solving Problems in the Watershed

Faced with a high quality naturad resource experiencing the stresses of land use change but not yet in need of
sgnificant remediation, the communities in the Chagrin River watershed have a unique opportunity to implement
innovative, prevention focused solutions to minimize the impacts of development. To assst member communitiesin
capturing this opportunity, CRWP has devel oped a series of recommendations on minimizing the impacts of
development. These recommendations are based on the following three (3) principles:

1. Natural resources provide services: Wetlands, riparian areas, and other natural resources provide flood
control, erosion control, and water quality protection services. Table 1 summarizes the services provided by

wetlands and riparian areas.

Table 1: Health & Safety Benefits of Wetlands and Riparian Areas.

Wetlands Riparian Areas
Reduce peak flood flows: by storing flood waters and | Reduce flood impacts: by absorbing peak flows,
maintaining stream flow patterns. slowing the velocity of flood waters, and regulating base
flow.

Minimize streambank erosion: by reducing runoff
volume and velocity. Stabilize stream banks: to reduce bank erosion and the
downstream transport of sediments eroded from stream
Protect ground water quality: by filtering pollutants | banks.

from storm water runoff.
Reduce pollutants in watercourses: by filtering,
Recharge groundwater reserves: by alowing water to | settling, and transforming pollutants in runoff before
filter into the ground. they enter watercourses.

Maintain surface water quality: by minimizing
sediment pollution from streambank erosion, and
trapping sediments, chemicals, salts, and other
pollutants from flood waters and storm water runoff.

2. Prevention ischeaper than remediation: Preventive steps to maintain the services of natura resources
cost less than remedid actions to recreate these services.

3. Local governments havearole: Actionsto mantan these services are matters of public heath and safety
and are within loca government authorities.
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Building on these principles, we recommend that each member community have the following:

Comprehensive planning: Regular planning that incorporates natura resource management and cataogs
natural resource hedth and safety benefits.

Riparian and wetland setbacks: Limitson soil-disturbing activities around wetlands and streams. To support
the implementation of this recommendation we have mode ordinances for wetland setbacks and riparian setbacks.

Erosion and sediment control: Regulationsto minimize eroson on congtruction sites with strong ingpection,
enforcement, and maintenance requirements. To support the implementation of this recommendation, we worked
with the loca soil and water conservation digtricts to develop amodel erosion and sediment control ordinance.

Storm water management: Policies and ordinances that require and provide incentives for nongtructura
practices. To support the implementation of this recommendation, we have developed amodel storm water
management ordinance that encourages the use of nongtructura sorm water management activities.

Options and incentives: Programsto encourage dternative Site designs to reduce impervious cover and the
creation of sorm water runoff.

Assistance and acquisition: Providetoolsto interested landowners on natural resource management and
acquigition of critica aress.

In reviewing these recommendations, it isimportant to note that the specific tools used by a community to prevent
or solve naturd resource management problems vary with a community’s level of development. Less developed
communities have awider range of preventive measures, such as wetland and riparian setbacks, available to them
than communities in more developed areas of the Chagrin River watershed. As the amount of impervious cover
increases in a community, solving problems requires more codly retrofit solutions. In areas where land useis
intense, communities can expect to spend hundreds of thousands of dollars to solve flooding and erosion problems
and to restore the services of natura resources.

Much of our work is focused on asssting members to implement the above recommendations. To date, these
recommendations have been implemented as follows:.

Comprehensive planning: The Village of Moreland Hills, Russal Township, and the City of Aurorahave
included natura resource inventories in their comprehensive planning efforts.

Riparian and wetland setbacks: The Cities of Auroraand Kirtland, the Villages of Hunting Valey and
Chagrin Fdls, and Russdll Township have adopted riparian and wetland setback zoning regulations. The Village of
Gates Mills, Bainbridge Township, and Lake County are considering such regulations.

Erosion and sediment control: The City of Kirtland and Lake County have adopted CRWP s model for
improved erosion and sediment control.
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Storm water management: Russdl Township and the Village of South Russdll have adopted dternative Ste
design criteriaincluding limitations on impervious cover and provisons for naturd landscaping in common open
spaces.

Acquisition: The Villages of Chagrin Fdls, Hunting Vdley, Gates Mills, the Cities of Eastlake and Kirtland, and
the Townships of Bainbridge and Russdll have active land acquisition programs for permanent open space.

The remainder of this paper detalls our efforts to promote one of these recommendations, riparian setbacks, and
highlights the linkages between our recommendations and compliance with the Six Minimum Control Measures of
the NPDES Phase || Storm Water Regulation.

Riparian Setbacks

Riparian refers to the streamside area, or the floodplain, of awatercourse. If appropriately sized, riparian areas can
provide flood control, erosion control, and water quality protection services. These services come from the ability
of riparian areas to dow storm water flow, and dowly release this flow to watercourses. The protection of riparian
aress isimportant to maintain these services. There are several ways that communities can maintain riparian aress,
induding:

Direct landowner assistance: Working with interested landowners on the proper maintenance of their
backyard streams is important to maintaining riparian functions on developed parcels. The Chagrin River watershed
is fortunate to be served by excdlent soil and water conservation districts aswell as various state agencies available
to assist interested landowners. This gpproach, however, only reaches interested landowners and does not provide
communities with a mechaniam to ensure riparian functions are maintained.

L and acquisition: Asmentioned above, many Chagrin River watershed communities have chosen to acquire,
either through conservation easements or direct purchases, criticd riparian lands. The Chagrin River watershed
benefits from the highly sophiticated work of the Chagrin River Land Conservancy to assst communities with land
acquistion. While this gpproach provides direct community control over riparian functiors, it is neither redistic nor
desirable for acommunity to keep al land as open space.

Zoning: Communities may aso maintain riparian area functions through land use controls in their zoning codes that
limit development within certain distances of watercourses. CRWP has focused its effortsin this area and developed
amodd riparian sethack ordinance tailored to the specific concerns of member communities. The details of this
modd are presented below.

Model Riparian Setback Ordinance

Riparian protection has higoricaly been a contentious issue in Ohio, raising concerns over impacts on privae
property rights. CRWP addressed these concerns in the components of the model ordinance, including:

Wher eas clauses: The whereas clauses of an ordinance establish the rationd for acommunity’ s adoption of a
zoning control. The whereas clauses of the riparian setback model emphasize the public hedlth and safety rationd
for riparian protection including the flood control and erosion control services of riparian areas. The whereas
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clauses o highlight the technica nature of the specific setback widths and their link to the best professond
judgment of natura resource management professionds.

Minimum setback widths: Working with professond gaff from Ohio EPA, ODNR, and other agencies, as
well asreviewing nationd literature on riparian widths, CRWP developed minimum setback widths based on
drainage area. These widths range from 300 feet on either Sde of awatercourse to 25 feet on either sdeand are
expanded for the 100-year floodplain aswell as riparian wetlands.

Variances: Theriparian setback mode ordinance contains variance language specific to riparian areas. Most
important in the variance language is the guidance to communities to implement riparian setbacks while ensuring, to
the extent possible, that lots remain buildable and that subdivison lot yields are maintained. Thisis done by granting
acommunity’s planning commission the flexibility to adjust al setbacks on aparcd - front yard, side yard, rear
yard, and riparian - to enable alandowner to build while staying as far as possble from awatercourse. A
community’s ability to require these type of negotiations would be limited without the riparian setback as part of its
zoning code.

Riparian Setbacksin Northeast Ohio

With the development and refinement of the model riparian setback ordinance, CRWP has been successful in
working with member communities to implement the modd. As summarized above, five (5) member communities
have riparian protection and two (2) others are considering adoption. CRWP has aso assisted communities outside
the watershed as our model ordinanceisincreasingly seen asthe state sandard. This assistance resulted in the first
countywide gpplication of riparian setbacks in Summit County, Ohio.

NPDES Phase || Member Assistance Program

The mgority of CRWP s member communities are in the Urbanized Area of Cleveland, Ohio and designated under
the Phase I Storm Water Regulations. These communities must develop a Storm Water Management Program by
March 10, 2003. The Phase I rule highlights Six Minimum Control Measures that communities must addressin
their Storm Water Management Programs, including public education and outreach on storm water impacts; public
involvement and participation; illicit discharge detection and dimination; congruction Site ssorm water runoff control;
post congtruction storm water management on new development and redevelopment; and pollution prevention for
community operations.

The minimum control measures of Phase 11, particularly requirements for post construction slorm water control, are
condstent with and dosdly pardld CRWP s recommendations to member communities for minimizing the impacts
of development. Asaresult, Phase |1 represents a unique opportunity for CRWP to provide direct member
technica assstance while promoting our recommendations. 1n response to this member need, CRWP developed its

Phase II Member Assistance Program. Under this program we are providing services to designated members both
in developing and implementing their Storm Water Management Programs. These services are summarized in Table
2.
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Table 2: CRWP Phase Il Member Assistance Program

Developing a Storm Water Management
Program

Implementing a Storm Water M anagement
Program

Ohio EPA updates and resolution of member
concerns. CRWP updates members on the latest
developmentsin Ohio EPA’s implementation of Phase
II and works with the Agency to address member
guestions and concerns.

Workshops and Training: Sinceits formation,
CRWP has been aleader in the watershed by
providing educationd workshops on the latest
developments in slorm water management. CRWP
will continue this focus during the first Phase Il permit
term with workshops addressing different aspects of
implementing structural and nongtructurd storm water
management practices in Ohio.

Coordination of Phase Il service providers: Soil
and water conservation digtricts, heath departments,
and solid waste management authorities currently
provide services, or have the expertise to provide
services, necessary for Phase |l designated
communities to implement successful Storm Water
Management Programs. CRWP works with these
sarvice providers to determine what specific services
these organizations will offer and how they will be
delivered to communities.

Model Ordinances. Severa of the Phasell
Minimum Control Measures require communities to
implement regulatory mechanisms. CRWP will
provide members with modd ordinances compliant
with Ohio EPA’ s requirements under each of these
measures and will assg in talloring these to specific
member concerns. As mentioned above, we aready
have modd s for minimum control measures4 and 5
with mode s for erosion and sediment control and
riparian and wetland setbacks.

Assistance in drafting Storm Water Management
Programs. CRWP assgs communitiesin drafting
their Storm Water Management Programsin severd
ways. We have devel oped a series of worksheetsto
help communities inventory their current programs and
areas Where additiond activities may be necessary for
Phase I1. We have also developed a Storm Water
Management Program outline and alist of
recommended best management practices. Findly, we
developed a draft Storm Water Management Program
based on Ohio EPA’s Generd NPDES Phase I
permit. Thisdraft program provides an eesily tailored
format for members.

Educational Services:. CRWP will work with other
service providersto offer print ready copy for
newdetters, web sites, and other outlets on various
aspects of watershed and storm water management.
Our gaff will dso be avalable to participatein
community meetings on sorm water topics.

CRWP has been uniquely positioned to assst members in complying with Phase 1l. Since its formation, CRWP has
worked to increase understanding about the impact of impervious cover on both storm water quantity and quality.
Our recommendations to member communities emphasize the centrd theme that it is more cost effective to minimize
the creation of storm water through innovative land use practices, than to attempt to solve storm water problems
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oncethey are created. Phase ll, while seen by many communities as a burdensome regulation, is being tailored by
our member communities to address their concerns of flooding, eroson, and water quality problems caused by
increases in storm water flow.
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THORNTON TRANSITIONAL RESERVOIR STORM WATER MANAGEMENT
Didi G. Duma’ and G. Nicholas Textor?
Consoer Townsend Envirodyne Engineers, Inc.
Chicago, Illinois

INTRODUCTION

Consoer Townsend Envirodyne Engineers, Inc (CTE) has completed the desgn of a multidisciplinary
project for the Metropolitan Water Reclamation Didtrict of Gregter Chicago (MWRDGC). The project will
divert more than 80% of the 100-yr pesk discharge of Thorn Creek (i.e. 6200 cfs) into an existing quarry
located south of 1-80/1-294 between Hasted Street and Indiana Avenue, in Thornton, Illinois (Figure 1).
The project will be used in connection with the Tunne and Reservoir Ran (TARP), shown schemdicdly in
Figure 2, one of the most important flood control and water pollution prevention projects in the Chicago
M etropol itan area. Themgor gods of TARP are:

Prevent flooding in Chicago Metropolitan area and the backflows into Lake Michigan

Reduce or eliminate pollution of the various waterways in the area caused by combined sewer overflow

Comply with the Federd and State environmentd laws

Accomplish results in the most cost effective manner
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Figure 1. Thornton Reservoir Project (in fina phase)

! Didi Duma, Ph.D., Senior Project Manager, Consoer Townsend Envirodyne Engineers, Inc

2 Nick Textor, P.E., M.S,, V-P, Head of Environmental Resources Department, Consoer Townsend Envirodyne Engineers, Inc.
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Figure 2. Generd schematics of Tunnd and Reservoir Plan (TARP) for sormwater management
and water qudity improvement in Chicago metropolitan area. Thornton Reservoir is the southern
component of the TARP system
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The TARP system conssts mainly of two principa components:

a  The tunnds, which are associaied primarily with water pollution control since they will convey
the water stored in various reservoirs to the Water Reclamation Plants for cleaning and water
qudity improvement.

b. The reservoirs which are associaed primarily with the flood control in the Chicago
Metropolitan area dnce they will dore dgnificant sormwater volumes during mgor flood
events that will be dowly released after the flood peaks will recede.

The Thornton Trandtiond Reservoir is a firsd stage of the Thornton Composite Reservoir since it will use
only the West Lobe of the Thornton Quarry. After the mining of North Lobe of the Quarry will be closed,
the project will include and the North Lobe as part of the Thornton Composite Reservoir, the most southern
component of the TARP system.

Thornton Trangtiond Reservoir will provide flood control in the Little Cdumet River Watershed and will
detain only sormwater. The project consists of severd important components.
- The diverson dructure that will divert over 80% of the 100-year pesk discharge of Thorn Creek into a
connection tunnd with variable width.
The connection tunne will convey the diverted water to an gpproximately 300 feet deep drop shaft, with
a 24 foot diameter, that has at the lower end a deaeration chamber (L = 200 ft, W = 32 ft and H = 60 ft).
The deaeration chamber that is connected to the 22 foot diameter diversion tunne dong I-80/1-294.
The 22 foot diameter diverson tunne that will convey the diverted water to the West Lobe of the
Thornton Quarry, which will act as a storage reservoir during big flood events.
The 8 foot diameter dewatering tunnel that will convey by gravity, the water stored in the quarry to the
Caumet Water Reclamation Plant (CWRP) via the exising Caumet tunnel.

The desgn of these complex-function dructures was accomplished usng sophigticated 2-D  hydraulic
computation models, and advanced sructurd design methods. Detals of this project and its overdl postive
effect on water quaity are given in this paper.

DIVERSION STRUCTURE AT THORN CREEK

The exiging flow conditions on Thorn Creek are manly influenced by the water levels a its confluence
with the Little Cdumet River. How conditions dong the chand reach in the area of the proposed
diverson dructure are characterized by rdatively flaa dopes and low flow veocities  In the proposed
conditions, more than 80% of the 100-yr pesk discharge of Thorn Creek will be diverted into the diverson
sructure.  Significant flow regime changes on Thorn Creek would occur during a 100-yr flood event, as
compared to the exigting flow conditions, that mainly would conss of:

a Decrease of water surface elevations of about 6.3 to 6.6 feet at the diverson structure, due to
the reduction of the 100-yr peak discharge from 7400 cfs for existing conditions, to 1500 cfs
under project conditions.

b. Increase of the longitudina water surface dope adong Thorn Creek, upstream of the diversion
dructure intake, from an average of 0.027% in exiging conditions, to about 4.13% for the
project conditions, with a peak diverted discharge of 6200 cfs.
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Due to these changes of flow conditions, the flow veocity during the 100-yr flood event, dong the Thorn
Creek reach upstream of the diverson sructure, would increase from approximady 3.0 ft/s under existing
conditions, to gpproximatdy 12 - 14 ft/s under proposed conditions. In these conditions, some channd
eroson could deveop, in time, dong the upstream reach of the creek, the extent of which would depend on
the sediment characterigtics of the channd bed.

The diverson dructure a Thorn Creek was desgned using a sophigicated 2-D  computation mode
(CCHE2D) developed a the Universty of Missssppi [1]. The modd was used to determine the optimum
configuration of the diverson intake and the connection tunnd (Figures 3a and 3b) in order to convey the
diverted sorm water to the 300 feet deep drop shaft. The CCHE2D computation modd is a depth
integrated two-dimensond hydrodynamic mode that can be used for numericd smulation of steedy and
unsteady flows in rivers, basins and estuaries. This advanced computation mode can accept, a “cold sart”
(i.e. zero flow veocity fidd) as wdl as a “hot gart” (i.e with flow veocity fiedd obtained from previous
cdculations) as initid conditions. It aso accepts a “dry bed” condition for sarting computeations, which is
an advanced feature as compared to other smilar computation models.

CCHE ! mesh

a. b.

Figure 3. Initid (a) and find (b) configuration of the intake/diverson structure and the connection
tunndl to the drop shaft.

The diverson intake is designed to convey discharges up to 6700 cfs, which is 500 cfs more than the
required design discharge of 6200 cfs A sediment barier wal (wer) of 83 feet in length with top
eevation above the normd water eevation in the creek, of 585.50 feet relaive to Nationd Geodesic
Verticd Daium (NGVD) or 6.00 feet relaive to Chicago City Datum (CCD)?, in order to prevent potentialy
heavy bedload sediment from Thorn Creek entering into the Structure.

% Elevation “0” CCD was approximated as 579.50 feet NGVD. The exact value is 579.48 NGVD.
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The intake bay area, downstream of the entrance weir is a eevation 574.90 feet (NGVD) or - 4.6 feet
(CCD) with a 2% bottom dope toward the gates. Three 12° x 12 duice gates will contral the flow into the
connection tunnel to the drop shaft. The gates will be operated manudly from the gatehouse, located on the
top of dructure, or remotdy from the Cdumet Water Reclamation Treatment Plant. The gatehouse floor
eevaion is above the exiding condition 100-yr flood eevation. Due to the steep rise of the creek bank at
this location, it was possble to locate the diverson dructure in such way that most of the dructure is
underground; hence the natura esthetics of the area will not be adversdy impacted. The intake structure is
equipped with stop log supports to isolate the gates for routine maintenance and repair.

Since the dructure is located in a Forest Preserve the stormwater could carry floating debris during floods.
In order to prevent such debris from entering the structure, a curved dignment of 12" diameter pipes, at 3
feet center apart, was provided in front of the dructure.  This protection screen follows the exiding
curvature of the bank, so that the naturd configuration of the channd will not be adversdy impacted. In
order to prevent intentional or accidenta access into the diverson dructure, a grate with 6” openings was
provided a the entrance of the intake bay, on the top of the sediment barier wall (wer). This feature
prevents dso pededtrians or animds from faling into the dructure.  An access road with a wider parking
and maneuvering area ensures the access for service vehicles to clean up the ollected debris in front of the
sructure and for periodic maintenance.

THE CONNECTION TUNNEL AND THE DROP SHAFT

As previoudy mentioned, the diverted water from Thorn Creek is conveyed through a connection tunne
with varidble width into a 22 foot diameter drop shaft, gpproximately 300 feet deep, that has a the lower
end a huge deaeration chamber (200 ft x 32 ft x 60 ft), connected to the 22 foot diverson tunnd that ends in
the West Lobe of Thornton Quarry.

The CCHE2D computation model was used to andyze the flow pattern ingde of diverson structure and the
connection tunnel, and to design the optimum configuration of the entire Structure. Based on the CCHE2D
numerical modding, the connection tunne will be 12 feet in haght with a tapered width, of 48 feet at the
control gates to 24 feet a the drop shaft entrance. The longitudind dope of the tunnd is 7% on a length of
about 110 feet downsiream of the gates. The downstream end of the tunnd, a the junction with the drop
shaft, is rounded in order to ensure a proper hydraulic trangdtion. As recommended by the U. S. Army -
Corps of Engineers, the radius of rounding should be 1.5 Ht (where Ht - is the tunnd haght). Therefore, for
Ht = 12 feet, a rounded trangtion with a radius of 20 feet was designed at the downstream edge of the
connection tunndl.

The maximum discharge capecity of the connection tunned is 6700 cfs for a free flow condition The flow in
the connection channd is supercriticd (i.e. Fr > 1.0), with flow velocities ranging from 15 ft/s, just
downstream of the control gates, to 30 - 40 ft/s & the downgream end of the tunnd. The nappe for the
desgn discharge, a the downstream end of the connection tunnel to the drop shaft will hit the drop shaft
wdl a an angle of about 25 to 29 degrees, hence no specid congtruction measures were needed to protect
the wal. The water impact point would be agpproximately eevation 527.00 feet NGVD (i.e. elevation - 52.5
feet CCD) which is 20 feet below the downstream edge of the connection tunnd.
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THE DIVERSION TUNNEL

The degeration chamber a the lower end of the drop shaft (that will prevent the air entertained in the drop
shaft from entering into the tunnd) is connected to a 22 feet diameter diverson tunnd machine bored in
rock, dong interdate 1-80/1-294, gpproximately 300 feet below the surface of ground. In the firs stage of
the project, the diverted Thorn Creek stormwater will be conveyed to the West Lobe of the quarry.  The
diverson tunnd has a double function: diverson of Thorn Creek stormwater into the quarry, and draining
the reservoir to the Cadumet Water Reclamation Treatment Plant (CWRP) through the Cdumet (TARP)
tunnd. To accomplish the dewatering, an 8 foot diameter drain tunnd, connected to the man diverson
tunnel just east of Vincennes Avenue, will convey gravitationdly the water stored from the West Lobe
reservoir to the CWRP. The dewaering tunnd empties to a vave shaft with two 42" hydraulicaly
operated cone vaves to regulate the discharge of water to the CWRP and to prevent back flow of combined
sanitary and stormwater flow from the Cdumet TARP System.

THE RESERVOIR AND WATER QUALITY ENHANCEMENT

The Thornton Trangtiond Reservoir will occupy only the West Lobe of the quarry, as a first stage of the
find project of Thornton Composite Reservoir. The reservoir will provide flood sorage of the 3.1 billion
gdlons of water from Thorn Creek during floods. After the peak flood stages in Thorn Creek and Caumet
River will recede, the reservoir will be gravitationdly dewatered through he Cdumet TARP System to the
Cadumet Water Reclamation Plant (CWRP). After dewatering, sediment and other debris that were settled
in the reservoir will be disposed to off-ste.  Therefore, the Thornton Trangtional Reservoir project has a
double role: flood protection and water qudity improvement for an area of gpproximately 300 square miles,
which includes parts of the City of Chicago and its southern suburbs.

SEDIMENT TRANSPORT AND BANK PROTECTION

The flow regime and the sediment transport on Thorn Creek during floods exceeding 1500 cfs would be
ggnificantly impacted by the operation of the diverson dructure. A sediment trangport andyss for the
Thorn Creek reaches adjacent to the proposed diverson structure was performed using the results of the
CCHE2D hydraulic computation modd (Figure 4), and the reaults of the gran dze andyds of the sediment
samples collected from the channdl.

The total sediment load (Qs) on Thorn Creek for the proposed conditions was estimated using the reation
proposed by Grade — Albertson [2], which appears to give the most reasonable results:

g = (1.36 V' ") /{[n(10)]° (Dso)** H}

where Vv —istheflow veocity
Dso  —isthe median sediment Sze
H - isthe water depth
n - isthe roughness coefficient
n - isthe sattlement velocity for the sediment
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The numericd dmulations peformed usng the CCHE2D computation modd were compared with
andyticd cdculaions. The results showed good agreement.  Fgure 4 presents the flow veodty
digribution in the Thorn Creek reach influenced by the diversion structure operation

Based upon the results of the andyss, the sediment transport on Thorn Creek could be dgnificantly
influenced during the operation of the diverson dructure. However, the sediment transport andysis was
done conddering that the desgn discharge lasts until equilibrium conditions for sediment trangport occur.
Since the time duration for the entire 100-yr flood on Thorn Creek is generdly only two days, the
equilibrium sediment transport conditions will be reeched only for a very short time interval. Therefore, the
sediment trangport on Thorn Creek could be less affected than predicted by the sediment transport andyss.
However, a program to monitor channe sability and sediment trangport upstream and downstream of the
diversion structure will be implemented after completion of project.

CCHE : mesh =1

wvizualize wour rezults...color zhading and wectors

Figure4. How vdocity digribution in Thorn Creek (CCHE2D numerical Smulation)

In addition, eroson control measures for bank protection upstream and downstream of the proposed
diverson structure were provided.
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CONCLUSIONS

The project is now under congtruction (Figure 5), and will be completed at the keginning of 2003. As part
of TARP system, Thornton Trangtiond Reservoir will contribute to mitigation of the flooding potentia, and
will improve the water qudity of the naturd waterwaysin the Chicago Metropolitan area.

Figure5. Diverdon structure at Thorn Creek during congtruction
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Abstract

There are Sgnificant problems with urban sormwater management practices using current detention,
infiltration and bioretention methods. The main problem with current detention methods is thet they do not
meet current environmental protection goa's because they fail to adequately address sormwater volume and
qudity. The main problem with current infiltration and bioretention methodsiis that they do not meet flood
control goas because they fail to adequately address ssormwater peak flow rates whenrainfall events
occur in which the peak flow rate does not correlate with the specific design storm. What is needed
isagte-based urban sormwater management strategy that will meet both our environmenta and flood
control goas. This paper introduces a newly developed sormwater management strategy that provides a
practical, comprehendve and integrated approach to preserving predevelopment scormwater flow rates,
quality, volumes, frequency, and duration This new strategy is based on Site-based systems that treat non-
point pollution and split runoff into relaive portions based on existing hydrologica conditions.

Introduction

In the past, different stormwater management systems have been designed to reduce downstream flooding,
reduce non-point source pollution, recharge groundwaeter, and prevent stream degradation. The plit-flow
drategy is one system designed to do dl these things by preserving the predevelopment site hydrology. The
result is amanagement srategy that separates out and retains or infiltrates precisdy the runoff volume
crested by development while the natura runoff that existed before development is cleaned and discharged
downstream. Asflash flows are maintained a predevelopment levels and fird flush is captured on site, the
reduction in downstream degradation should be quite substantid. A complete explanation of the
development, design and application of the split-flowstormwater management strategy can be found in
Flit-Flow Method: Introduction of a New Sormwater Srategy, in Sormwater, July/Aug., Echals, S.
(2002) or online at http:/mww.forester.net/sw_0207 _split.html.

This paper will summarize:

What are distributed salit-flowsystems?

What are the benefits to be gained through their gpplication?

When can digtributed split-flowsystems be best utilized?

What are the hydrologica cdculations needed to design these systems?
How can these systems be used to meet current ssormwater regulations?
What are the best methods for integrating these systemsinto Ste design?
How can these systems help guide evolving stormwater policy?

NoukrwbdpE

What aredigtributed split-flow systems?

The basic premise of plit-flowstormwater systemsisthat rainfal can be divided into three portions specific
to any given design storm based on exigting conditions for evapotranspiration, infiltration and natura runoff
volumes and that these portions can be filtered, distributed and redirected respectively into bioretention,
recharge and downstream discharge. The traditiona objective of sormwater management systems has been
to control the peak flow rate for specific desgn sorms. However, the primary objective of split-flow
systemsis presarving the predevel opment hydrologica conditions by retaining and or infiltrating the total
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volume difference created by development and thereby controlling peek flow ratesfor dl design storms.
Thefirg two objectives are to lengthen the time of concentration and control the firgt flush by emulating the
reduction in runoff adsorbed in the predevel opment initid abstraction. This reduction in runoff is most

easly emulated using exigting bioretention techniques sized to capture the firgt flush. The basic methods of
designing bioretention systems as awater qudity practice usng plants and soils to remove stormwater
pollutants are outlined in the Prince George' s County Government published the Design Manual for Use of
Bioretention in Stormwater Management prepared by Engineering Technologies Associates, Inc., and
Biohabitats, Inc., and subsequent publication explaining Low Impact Devel opment methods including the
Low-Impact Development Manual (2000) devel oped by Prince Georges County, Maryland Department of
Environmental Resources under the direction of Larry Coffman. In Split-How systems, runoff isfirst
directed to a bioretention facility where the designated first flush volume of contaminated stormwater is
retained by mulch, soil and plant materid. Such bioretention facilities can be designed as separate off-line
fecilities to assure that the firgt flush pollutantsis not re-suspended and released downstream.  Excess runoff
greeter than the designated firgt flush is filtered through the bioretention facility and directed into

proportiond splitters where it is divided into diversion and bypass volumes based on specific

predevel opment infiltration and runoff rates. The double weir splits the runoff so that the portion of post
development hydrograph created by buildings and impervious surfaces is diverted into distributed

infiltration facilities and the pre-exigting runoff flows are routed downstream. This method most closdy
recreates the pre-development hydrograph for the desgn sorm as shown in figure 1.

VOLUME FROM DEVELOPMENT

RATE

TIME

Figure 1 — Runoff volume caused by development above pre-devel opment pesk flows.

To infiltrate the totd difference in volume for dl design sorms using adouble weir and distributed
infiltration facilities, one weir would be designed to emulate the predevel opment runoff while the second
weir would be designed to emulate increase in runoff caused by Ste development. This concept is easily
conceptudized asaleve curb with two Vee-notch weirs sized for the bypass and diversion flow rates as
shown in figure 2.
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Figure 2 - Level roadside curb with two Vee-notch cuts of different Size corresponding to conceptua
hydrographs for small and large flows.

Aswater backs up againg the curb, it is split into two volumes proportiond to the weir openings as it passes
through the curb. The proportional flow splitter gpparatus can aso be comprised of a drop-inlet or other
water conveyance device with two Vee-notch welrs designed in specific proportions to the predevel opment
rates of sormwater infiltration and runoff. The diverson volumeis directed into digtributed infiltration
facilities and the bypass volumeis cleaned and directed to an existing drainage outlet.

What ar e the benefitsto be gained through the application of distributed split-flow systems?
Stormwater management, asit is often practiced, satisfies the Sngle purpose of storing runoff and rleasing
it at flow ratesthat do not exceed the pre-development pesk flow rates. Thisisgeneradly intended asalocd
flood control practice. The processis most often accomplished by detention structures designed to hold the
increase in runoff, and outfal structures designed to release water at specified discharge rates. This
practice, however, fails to addressissues such as: (1) downstream flooding from combined detained flows;
(2) groundwater and stream base flow depletion; (3) decreased wildlife habitat; and (4) non-point source
pollution. This current concept of stormwater management by delayed discharge is flawed because the
combined effect of different detention facilities often causes downstiream flooding while Smultaneoudy
depleting groundwater and stream base flow. Stormwater management Strategies that include some form of
infiltration can satisfy the gods of mitigeating effects of impervious surfaces and maintaining pre-

development runoff characterigtics. Asaresult, on-Steinfiltration currently offers the grestest opportunity
for solving our urban runoff and non-point source pollution problems.

Themost logicd and practica system of responsible sormwater management isto sustain the natura flow
rate and volume of stormwater runoff by duplicating pre-development runoff hydrographsin post-
development conditions. In theory, pre-development runoff conditions can be duplicated after development
using exigting infiltration based Best Management Practices (BMPs) such as porous pavement, dry wells,
infiltration trenches, basins, etc. However, on-site infiltration is not widely accepted in current practice asa
viable sormwater management concept because of short-sighted past infiltration practices. Therefore,
urban runoff problems continue to be addressed by designing ssormwater detention systems. Adaptations of
these traditional Sormwater management strategies have had limited success in protecting aquetic
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environments, because they are smple modifications of techniques intended to control pesk flow rates and
are not intended to address issues of ecological protection. An dternative sormwater management strategy
is needed that will gpproach stormwater as an environmenta resource and be compatible with land

devel opment practices.

There are multiple sormwater management benefits to be gained through the application of such an
dternative gormwater management strategy including:

reducing on-Ste and downstream flooding

reducing flooding caused by combining detained runoff
reducing Ste and regiona stormwater systems cost
reducing duration of pesk storm flows

reducing soil erosion, downstream scouring and silting
reducing non-point source and thermal pollution
replenishing groundwater

restoring downstream base flow and wildlife habitats

. enhancing esthetics and recreationa opportunities

O improving safety by dimination of detention basins

BoOooo~NoOa~wWwNE

When can digtributed split-flowsystems be best utilized?

Prdiminary sudies gill under way show that alit-flowsystems can be designed to fit on steswith an
impervious surface coverage of up to 80%. These systems can often be designed to fit within the space used
for exigting detention basins. This would, however, not meet the goa of digtributing recharge throughout a
dte. The more distributed a system is, the more it costs because of increased piping to convey bypass flow
to adischarge point and less efficient use of infiltration facilities compared to clustering them in one

location. This highlights a need for design standards to help assure that split-flow sysemswill be used to
preserve aste s natura hydrology and not smply used to create more land for building on each Site. Sites
usng solit-flowsystemns need to incorporate open space immediately down dope from impervious aress.
These sites should aso be designed with open space distributed throughout the development. 1dedlly,
developments can be designed such that most paved surfaces are built with porous materia and the split-
flow systems are only needed to control runoff from bulldings. The Salit-flowstrategy’ s decentrdized
design aso creetes additiona design flexibility, as suitable locations for large Ssormwater facilities become
alow priority. An additiond advantage of the split-flowstrategy is that once caculations are complete,
slit-flowsystems are smple to design because each impervious area can be designed separately. Thereis
no need to run routing models commonly used to Size detention systems as long as the split-flow facilities
do not overflow into each other. Providing an overflow drainage system to existing discharge outlets
prevents the potentia for the facilities to overflow into each other. This ability to design each stormwater
facility separately dlows smple revisons if development plans are changed or phased. Even yearslater as
residents add more impervious areas such as additions, out buildings, or surfaces, Jlit-flowfacilities can be
added to maintain the predevelopment hydrology. Simple regulations need to be written that specify the
size of glit-flowfacilities based on square footage of new impervious areas created by landowners. This
would even dlow easy retrofits to restore a Site's naturd hydrology years after a development is completed.

What arethe hydrological calculations needed to design these systems?

The bypassweir is Szed for pre-development pesk flow rate and the diverson weir is Szed for the
difference in pre and post development peek flow rate. Using a chart such as the Vee-notch weir
nomograph shown in figure 3, each weir can be sized based on identical head and different flow rates.
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Figure 3 - Vee-notch weir nomograph showing flow rate, hydraulic head, and corresponding Vee-notch weir
angles.

For example, if the pre-devel opment peak runoff rate is 5.6¢fs and the post-development peek runoff rateis
8.5¢fs, the bypass weir would be sized for 5.6cfs and the diverson weir would be sized for 2.9cfs. Using
the V ee-notch weir nomograph, the bypass weir angle could be 120 degrees and the diverson weir angle
could be 90 degrees as long as the weirs are constructed at the same eevation.

Thetotal volume difference between pre- and post- development design storms can be calculated with the
equation:
(post Qp x ToC x 80.1) — (pre Qp x ToC x 80.1)

while the tota volume for the bypass can be ca culated with the equation:
pre Qp x ToC x 80.1.

However, the key to success with a ormwater management system based on this strategy isto ingtall
proportiond flow splitters for each impervious surface and digtribute the flow from the diverson weir into
individud infiltration facilities. This requires that the flow splitters be designed to divide the runoff from

each of these surfacesinto portions that emulate the predevel opment runoff flows and the differencein
predevelopment and post development flow for each individua surface which will not be the same asthe
ratios for the entire drainage area. Thisis done by szing each individua pair of Vee-notch weir anglesfor
the proportiond flow splitters based on the predevel opment runoff and the increase in runoff caused by each
individud impervious surface. The volume of runoff that needs to be infiltrated for each individud
impervious surface can be ca culated with the equation:

Volume = individual impervious surface area x ((post Qp x ToC x 80.1) — (pre Qp x ToC x 80.1)) /
total on-site impervious surface area)

This volume should be based on the largest design storm chosen according to the acceptable level of flood
risk for the gte desgn. This alows the sormwater management system for each impervious areato be
designed independently based on unique sSite conditions.

How can these systems be used to meet current stormwater regulations?

Traditiond sormwater management regulations require peek flow rates be maintained at predevel opment
levels. New regulations also regulate tota maximum daily loads for nor+point source water pollution. A
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few regulations address some leve of runoff volume reduction but do not require runoff volumes be
maintained at predevelopment levels. Split-flowsystems, however, are based on the premise that we can
recreate predevel opment runoff rates, volume and qudity in urban development and that preserving the
existing hydrology is a better way to manage sormwater. Thisis a change from traditional scormwater
management practices designed to accommodate development by disposing of runoff as quickly asfeasible.
Many stormwater regulations currently place runoff in the category of flood hezard planning based on the
view that sormwater is ausdess and unwanted byproduct of development that should be collected and
removed as quickly as possible. Thisis accomplished through systems of inlets, pipes, and basins that
decrease infiltration, stream baseflow, groundwater recharge, and degrade water quality. However,
stormwater can aso be viewed as a renewable natural resource that sustains our streams, replenishes our
lakes, and recharges our ground water supplies. This renewable public resourceis owned by dl of us a
result of anatural process, used as an economic resource, and has an enormous impact on the quality of
other ecosystems. Asa public resource, it's pogitive and negative economic externdities need to be
acknowledged. If gtes are properly designed, this resource can be managed to prevent flooding aswell as
safeguard our lakes, streams and groundwater. If Site are not properly designed, this resource will flood
downstream properties and destroy aquatic ecosystems. Hence, abasic god of this dternative sormwater
management srategy is to meet our environmenta gods and work within our land devel opment needs by:
(1) not increasing down stream flow rates, (2) reducing nor+point source water pollution, (3) recharging a
predevelopment rates, and (4) not polluting our ground water. In theory, if runoff volumes were maintained
throughout the Site at predevel opment levels, pesk flow rates would also remain at predevelopment levels.
It could, however, be difficult at thistime to convince local sormwater regulators that controlling runoff
volume will control peak runoff rates. Further studies using in ground testing will be needed to show how
these sysems will perform under actua development conditions.

What arethe best methods for integrating these systemsinto site design?

The crucid dement for success with the split-flow sormwater management strategy isto ingdl smal flow
glittersfor individua paved surface and didiribute the runoff into multiple smal- distributed infiltration
facilities. Thisisbest done by szing each proportiona flow splitter on the increase in runoff caused by
each impervious surface. For example, abuilding erected on land with a runoff coefficient of 70 would
require the weir angles designed for 7 cfsand 4 cfs. Thiswould result in one weir having a 90° Vee-notch
angle while the other weir would have a60° Vee-notch angle. These flow splitters can then be distributed
throughout the site in existing open space or landscape idands as shown in figure 4.

Raised Drop Inlet From Bioretention Area

To Downstream

Figure 4 — Example split-flowfacility: depressed landscape idand in parking lot with bioretention area, raised
drop-inlet flow-plitter, underground infiltration chamber for diverson flow and bypass to downstream
outlet.
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Thisratio could be used in dl the flow splitters used for impervious surfaces on Site to control the peak flow
rates for the entire development. Similar ratios can be derived for other runoff coefficients or other runoff
methods. An advantage of the olit-flowstrategy isthat the volume to beinfiltrated is precisdy the same as
the excess runoff created by the development and not any larger asin other infiltration and bioretention
methods. Thisis especidly important on Steswith clay soils where very little water recharges naturdly.
The proportiond flow splitter would assure that the same volume and no more would need to be infiltrated
into the ground after development in order to control the pesk flow rates. A second advantage of this
drategy isthat the volume to be infiltrated is adjusted by the flow splitters for each storm and not based on a
specific design storm. However, without adequate distribution on sSite the system will not work because
there mugt be sufficient soil areafor the diverson volume to able to infiltrate in a reasonable time.

Therefore, many smdl split-flow facilities need to be placed throughout a site as shown in figure 5.

Figure 5 — Example plan with location of Split-Flow facilities. Impervious surfaces are outlined in blue. The
underground infiltration chambers are shown as smdl blue rectangles while above ground bioretention
facilities are shown in green. Thin blue lines show which impervious areas and buildings are directed to
which golit-flow fadilities

This concept will succeed in controlling peek flow rates where other infiltration and bioretention Strategies
have not because the amount of sormwater to be infiltrated in each facility is carefully controlled and it is
never concentrated in large quantities. The sormwater management system will till control the pesk flow
rates by distributing and infiltrating the difference in volume over the entire Ste,

How can these systems help guide evolving stormwater policy?

Many communities have implemented stormwater utilitiesto pay for building storm sewers and runoff
treatment facilities. Some communities base their fees on impervious surface areas for each property.
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Many of these communities aso alow reasonable reduction in fees based on reduction in volume, which
will hopefully encourage more environmentaly responsible sormweater management practices. |f a builder
ingdls a system to control the runoff rate and volume and can demondtrate there is no change in the
exigting hydrology, the fee could be waived. This can provide an incentive for developersto ingall
environmentaly responsble sormwater management systemsif the costs are reasonable. A preiminary
study shows that split-flowsystems would likely cost the same or less to build than detention systems.
Slit-flowsystems would provide non-point source pollution and flood control benefits to the community,
aswdl as lower the owner’s annual operation cost by diminating the annua stormwater utility fees. Asa
result, the split-flowstrategy can provide a reasonable financia aternative to existing detention practices,
which could become afinancid incentive for developers to ingtal more environmentaly responsible
stormwater management syslems. Maintenance costs should be the same as existing bioretention systems,
however, further research is needed.

The golit-flowstrategy intends to preserve the predevel opment site hydrology by duplicating year-round
naturd infiltration volumes. Water baance studies indicate that spring flooding results when the ground is
saturated from winter precipitation stored in the soil and the soil’ s water absorption capacity is greatly
reduced causing increased runoff. The Solit-flowstrategy would emulate these conditions and therefore
likely infiltrate less precipitation during the spring flooding season. Detention systems, on the other hand,
are not designed for, or affected by, soil infiltration capacity, which changes during the year. In effect,
split-flowsystems could reintroduce locd stream flooding that may have been prevented with detention. As
aresult, aquestion arises regarding the conflict between the wisdom of restoring natura processes, which
could include loca spring flooding, versus ingaling detention systems that could artificialy control loca
spring flooding but destroy aquatic ecosystems. Conversdly, development has aso been shown to cause
increased year-round flooding and multiple detention systems can combine and elevate these floods
depending on how the basins outflows combine downstream. As stated, the Salit-flowstrategy isbased on
the premise that preserving the natura hydrology is a better way to manage sormwater. However, the land
development industry has hitorically operated under the strategy that we should modify naturd systemsto
accommodate development rather than modify development practices to accommodate natural systems.
Changing these basic beliefs and operation procedures will likely require numerous long-term
demondiration studies.

Conclusion

The god of this paper is not to clam excdlence of one sormwater management method over another but
rather to contribute an additiona management option that hopefully can start to change our sormwater
management expectations. The intent isto demondtrate that a viable sormwater management strategy can
be derived from the premise that preserving the naturd hydrology is a better way to manage sormwater and
that modifying land development practices to accommodate natura systems can be more effective than
modifying natural systems to accommodate |land devel opment practices.

The golit-flowstrategy, however, is dtill atheory that needs in-ground testing to discover what problems will
result in the design and congtruction processes. For example, including construction erosion and sediment
control measures on sites with split-flowsystems will create addition design chalenges. Current design and
congtruction practices incorporate temporary sediment basins in the location of future detention facilities.
These temporary sediment basins are then converted to detention basins when construction is completed.
However, lit-flowsystems do not need detention basins. Therefore, other erosion and sediment control
solutions will be needed during congtruction. Possible solutions include: use dternative prevention and
control methods that do not require sediment basins, build temporary sediment basins that can be converted
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into bioretention facilities when congtruction is completed, or build temporary sediment basins esawhere on
stethat can be removed after congtruction is completed. Regardless of what methods are used for eroson
and sediment control, the solit-flow systems should not be activated until the Steis completdy stabilized.
Additiona research will be needed as other site design and congtruction implications arise.

Preiminary research shows that split-flow systems can be comparable in construction cost to detention
systems depending on the complexity of the sormwater designs. Findings show that solit-flow infiltration
practices can often be used to lower the cost of on-gite sormwater management and provide a higher level
of environmenta protection. Findings aso indicate that non-point source water pollution reduction
objectives currently achieved by other infiltration and bioretention strategies could be more cost effective
condruction using the lit-flowstrategy. Notable implications that need to be addressed with further
development of the split-flowstrategy include: sormwater policy, Site design and construction practices,
runoff modeling and environmenta concerns.

Coffman, L. (2000). Low-impact development manua. Prince Georges County, Maryland Department of
Environmental Resources.

Echols, S.P. 2002. Sdlit-flow method: Introduction of anew sormwater srateqy. Stormwater -The Journal
for Surface Water Quality Professionals, 3(5): 16-32.
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Abstract

In 1992, the Nationa Pollutant Discharge Elimination System permitting program of the Clean Water Act
sought to address non-point source pollution from stormwater discharges. Lexington, Kentucky, was a
Phase | city that was required to file for a permit under this program. The permit required the Lexingtor+
Fayette Urban County Government (LFUCG) to assess the environmental damage to its water resources and
develop urban sormwaeter pollution prevention programs using best management practices (BMPs) to the
maximum extent practicable (MEP).

The assessments showed that agquatic life had been grestly affected by the dteration of stream corridors.
From thefilling of floodplains and the dteration of stream morphology to the dearing of streambanks of
unwanted vegetation, human activities had grestly diminished optima habitat conditions. It was determined
that one of the most effective BMPs to reverse the affects of these activities was to restore riparian forest
cover to the stream channels. However, two centuries of agricultural uses of the land has left an aesthetic,
“The Bluegrass Aesthetic,” in which citizens expect creeks to be seen and heard. Ralling hills are covered
with carefully mowed nornative bluegrass and fescue; streambanks are mowed down to the water’ s edge;
and trees dot the landscape in various places — but do line fencerows and driveways.

Because of the “Bluegrass Aesthetic,” citizens regard urban streams as mostly open, scormwater ditches and
that it is the government’ s responsibility to keep them clean. Most property owners have applied the
“Bluegrass Aesthetic” to every lawn — mowing or weed-eating down to the water’s edge. Furthermore, the
little remaining Fayette County riparian forests contain a dense understory of invasive bush honeysuckle.
Because of community concerns regarding the concedling of illicit activity, many forested stands with bush
honeysuckle have been removed.

Thefind congtraint was that the LFUCG Division of Engineering did not have a sormwater budget that
would dlow for large public works projects to address mgjor riparian planting programs. However, even if
the DOE had the budget for such projects, it would have to overcome negative public perceptions regarding
early successond growth.

123



The solution was to create the Reforest the Bluegrass program in the spring of 1999. Thisis a Public Works
program that empowers citizens to protect their own water resources. By using citizens to plant the forests,
thereis a sense of ownership of the project and that support is criticd in the early stages of forest growth —
when the project looks “weedy” and contrary to the “ Bluegrass Aesthetic.” Furthermore, it educates and
trains citizens why to plant trees to protect their properties dong streams or “ditches’ (there are 560 miles of
blueline streams in Fayette County).

The success of the Reforest the Bluegrass program has been phenomena! Since April 1999, 3,975
volunteers have been trained as urban watershed managersin eight different events. They have planted over
108,000 trees in 140 floodplain acres. The LFUCG has spent approximately $85,000 of loca taxpayer
dollars and other $50,000 has been raised viadonations or grants. |f the project had been contracted out (as
some first suggested), the project would have cost over $650,000!

I ntroduction

The creation for the Reforest the Bluegrass program is founded in the need for the LFUCG to comply with
various components of the Clean Water Act. The LFUCG has been monitoring the conditions of the waters
of Fayette County since it wasfirst required to gpply for a sormwater discharge permit in 1992. This

permit serves the purposes of qudifying and quantifying urban sources of non-point source pollution
conveyed by sormwater runoff. Other non-point sources in Fayette County are comprised of agricultura
sources from tobacco farming, cattle grazing, and the equine industry.

Reforest the Bluegrass addresses three important goals facing large urban communities:

An NPDES municipa sormwater discharge permit to control urban, non-point source pollution;
Restoration of streams listed on the 303(d) lists of each state; and
Changing the landscaping habits of citizens to protect water resources and va ue riparian forests.

Goal: Urban Non-point Source Pollution Control — Municipal Stormwater Permit

A stormwater discharge permit is required as part of the Water Quality Act of 1987. Medium szed cities
with populations greater than 100,000 and less than 250,000 which had municipal separate storm sewer
systems (M S4s) were required to apply for permits as a phased gpproach to the management of water
qudity within the United States. Earlier legidation and programs (1972 Clean Water Act and the Nationd
Pollutant Discharge Elimination System (NPDES)) focused on removing point sources of water pollution.
The 1987 stormwater permitting requirements were designed to manage nor point source water pollution
from various industria and municipd activities.

The NPDES Stormwater Discharge Permit for the LFUCG required an assessment of the environmental
damage to Fayette County water resources and develop urban ssormwater pollution prevention programs
using best management practices (BMPs) to the maximum extent practicable (MEP). During the assessment
of the urban watershed, the following problems were identified:
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1. Hoodplains have been filled and developed utilizing past engineering designs that forced more flow
through narrower channels thus atering and reducing the benthic macroinvertebrate habitet;

2. Treecanopy over the streams has been ether diminated, congisted of invasive bush honeysuckle; or was
comprised of ornamenta shrubs and treesin single rows,

3. There have been problems associated with dense communities of algae dominating the streams.
Because of the high phosphorus content of the soil, the concentrations of phosphorus in the scormwater
runoff quickly trigger dga growth (background phosphorus concentrations are 0.2~0.3 mg/L). Where
thereisfull sunlight, in most places, dga mats form quickly and in abundance. However, anywhere
there is tree canopy, the stream isvoid of dgae;

4. Lexingtonisgtuated onahill. Sx 11-digit HUCs (watersheds) drain from the centra part of the city
out to the county line. Because dl urban streams are simall headwater streams, the impacts of thermal
pollution, heavy metas, and dissolved oxygen-robbing agd mats have resulted in frequent fish killsand
poor agquatic insect communities; and

5. The destabilized streambanks and shallow soil depths (to bedrock) have resulted in streams eroding and
widening their bank widths.

In creating a watershed management program, the LFUCG would have to:

Apply Best Management Practices (BMPs) to the Maximum Extent Practicable (MEP);
Seek intraand inter-governmenta cooperation;

Involve public education and involvement; and

Seek ways to reduce the use of lawn care chemicals and their impacts.

As a sormwater management program, Reforest the Bluegrass, addresses each of these requirements.
Riparian reforestation isa BMP for water quality enhancement and requires agrest deal of agency
cooperation for large scde planning and implementation.  Furthermore, by training citizens to perform the
work, they are educated as to the necessity of riparian forests and vegetated stream buffers. Asaresult,
these citizens are beginning to change their lawn care habits to protect the quality of water of Fayette
County.

Goal: Restoration of Impaired Streams of the 303(d) List

During the fird three years, site selection was based upon the 303(d) listing of each of the mgor stream
systems within Fayette County. The “303(d) list” is acompilation of stream segments determined by each
date for which a Tota Maximum Daily Load pollution alocation modd is hecessary for pollution control.
Streams are listed based upon whether or not they meet designated uses — are the waters fishable and
swimmable. The criteria, which determine the fishability or swimability of a given waterbody, are based
upon water qudity and biologica assessments.

For Fayette County, stream use assessments are based mostly upon data collected as part of the
requirements for the sormwater discharge permit. The data collection has been performed for the LFUCG
by Commonwed th Technology, Incorporated (CTI1, now Tetra Tech, Inc.). The primary indicators of
stormwater pollution problems that have been found are:
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Presence of fecal coliform in streams and storm sewer outfals;
Fair to poor aguatic communities, and
High nutrient and organic enrichment.

Dry and wet weather water chemistry samplesindicate high leves of fecd coliformsin most sreams.
Biologicd community monitoring indicates that streams in the urban service area generdly do not fully
support aquatic life. Habitat evaluations indicate inadequate instream and riparian habitat to support aguetic
life a some sites; at other Sites, habitat is adequate but aguatic life is till poor.

As previoudy mentioned, nutrient enrichment is a problem because of the high phosphorus concentrations
that occur naturdly in the centra Kentucky region. Only 7% of the streams of the United States are
limestone-based systems. And of those, centra Kentucky is an oddity because the upper limestone layer has
ahigh phosphorus content. Groundwater in the area has a phosphorus concentration of 0.2~0.3 mg/L, two
to three times higher than the 0.1 mg/L concentration that triggers dga blooms e sewhere in the country.

303(d) List of Watersfor TMDL Development
For the initia selection of reforestation sites, the 1998 303(d) listed streams were examined for Fayette
County:

Firs Priority (Does not support one or more designated uses, KDEP 1998):

Impaired Use Pollutants of Concern
Unnamed Tributary to Baughman's Fork Aquatic Life Organic Enrichment/Low DO
Nutrients
CaneRun Aqudic Life Organic Enrichment/Low DO
Swimmable Pathogens
Town Branch Aqudic Life Organic Enrichment/Low DO
Swimmable Nutrients
Pathogens
Woalf Run Swvimmeble Pathogens
Second Priority (Partially supports designated use)
Impaired Use Pollutants of Concern
West Hickman Aqudic Life Habitat Alteration
Sitation
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Goal: Alteration of Human Habitat Habits

Over 200 hundred years ago, the central Kentucky plateau region was a savannah covered in mostly buffao
clover and cane bresks. However, along the stream corridors were dense hardwood forests —oak- hickory
forests. With the settlement of the area, the cane breaks and dense riparian forests were cleared for livestock
grazing and cropland. Furthermore, it was discovered that the rich soils from the weethering of limestone
layers prevalent in this region resulted in exceptiond land upon which to graze and raise thoroughbred

racing horses. With these types of agricultural uses for the land, trees were relegated to fencerows and
driveways. Also, forests were left in hard-to-reach or unfarmable areas. After over a hundred years of this
changein land cover, the “Bluegrass Aesthetic” was born — ralling hills, mowed fields of non-native
Bluegrass, and a few trees dotting the landscape.

Almost al modern property owners have applied the “Bluegrass Aesthetic” to their lawns — mowing or
weed-egting down to the water’ s edge with afew trees here and there. Citizens have viewed urban streams
as open ditches and that it is the government’ s respongibility to keep them clean. Furthermore, the limited
exiging Fayette County riparian forests contain a dense understory of invasive, non-native bush
honeysuckle. These areas have been used for conceding illicit activity and the Parks and Recrestion
Department and neighborhood associations have previoudy thinned out these areas to make them safer and
more aesthetically pleasing. Therefore, any education in regards to the use of riparian buffers must address
the impacts of the modern, chemically-addicted lawn.

It should aso be noted that as part of any NPDES stormwater discharge permit, the permittee is required by
the Clean Water Act to create educationa programming to dter the lawn care practices of the urban areato
reduce the use of fertilizers and pesticides. Therefore, riparian buffer education and implementation by
ctizensis a pogdtive way to affect meaningful change without alot of effort put into informing citizens what
they are doing wrong.

Reforest the Bluegrass — TheEarly Years
RTB 1999

With the congderation of dl the aforementioned gods, discussions began with the LFUCG Division of

Parks and Recregtion as to a suitable area to begin work. The reason the Parks department was approached
was that it was the only division of the LFUCG that owned and maintained long stretches of stream

corridors. It was determined that the first year’ s event would be performed along a“ribbon park” which had
been donated to the LFUCG as part of acommercid development. The University of Kentucky was
converting agriculturd land, Cold Stream Research Farm, into a commercia “research park” aong three
miles of Cane Run Creek in northeastern Lexington. Because the floodplains were undevel opable, the
University gave the floodplain areas to the LFUCG as greenspace with the condition that it isfor passve
recregtion: trails, meadow aress, riparian forests, etc.

A locd landscape architecture firm, John Carman and Associates, was hired by Parks and Recreation to
create the design. Even though the design showed arriparian buffer strip along the three miles of stream
corridors, no one had ever planted that many trees before and Parks did not have a budget to purchase the
trees. Up until that time, dl trees which were planted on Park property were sgplings or greeter in size.
Therefore it was consdered impracticable to plant forests of large caliper trees— but it was nice to look at
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on paper. It was decided that the Cold Steam Park would be a good proving ground for the project. After
al, thisland had not been open to the public previoudy so if our project failed, no one would redly notice.

Even though early planning was chaotic and there was till an on-going discussion as to whether or not to
involve the public (the Urban Forester wanted to hire migrant workers to plant the seedlings— the
Environmental Engineer wanted the “ public outreach” component for his sormwater management

program), the project became an overnight successl During two weeksin April 1999, over 1,200 volunteers
asssted in the ingtdlation of 45 acres of floodplain forests. 25,000 tree seedlings were planted aong three
miles of Fird Priority sreamsin Lexington's effort to systematic restore riparian forests dong dl 560 miles

of streams within its borders.

RTB 2000 & RTB 2001

During the following two years, another 45,000 trees were planted by training over 2,000 citizens to plant
riparian forests. The Site for these projects were in Masterson Station Park which has two tributaries to the
Town Branch, another Firgt Priority watershed in Fayette County. The park isthe largest in Fayette County,
770 acres of rolling hills and denuded streambanks.

Reforest The Bluegrass 2002 —“1 think we got it right thistime...”

RTB 2002, April 6, was by far the best event yet — crystal blue skies (high of 49°F); well-trained group
leaders; over 900 volunteers (planters and staff) showed up to plant 15,975 trees; and there was plenty of t-
shirts, food, and supplies. The event aso took place down inside two, large regiond detention basins that
were ingdled as apart of acommercid development. The detention basins and the land surrounding them
were deeded over to the LFUCG as park area. Therefore, the connection between the creation of an urban
forest and the control of stormwater pollution was clear for the firgt time.

Project Design

Reforest the Bluegrass uses the wealth of knowledge and experience gained by the use of riparian,
sreamsde, buffer sysems. This“system” is nothing more than examining and mimicking the beneficid
controls applied by nature to protect and preserve stream corridors. The buffer system approach uses the
beneficid qudities of native vegetation to achieve desired goals of resource managemen.

In Fgure 1, the buffer system congsts of using three different kinds of vegetation to achieve the desired
results. For bank stability and aquatic habitat enhancement, tree or shrub species that can tolerate amoist
environment are selected. These are planted adong the stream and in the floodplain. For nutrient control,
optima wildlife habitat, and dope stability, tree and shrub species are sdlected that prefer average to dry sl
conditions. Findly, to control nutrients even more, a zone of wildflowers or native grasses (or both) are
planted along the outer perimeter of the forested zone.

With thisinformation, species are sdlected that will enhance the biota of the locdized planting. Also,

species selected are strongly influenced by their availability through the Nationd Tree Trugt. Asthe largest
sponsor of the Reforest the Bluegrass ($19,800.00 worth of donated trees for RTB 2002 done), if “they’ve
got it, we're gettin’ it!” Of course, some trees, like conifers, are not native to the area and therefore are
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disregarded. However, the Nationa Tree Trust has been the largest supplier of trees. Additiona tree
species that are not on the list of the Tree Trust are ordered through the Kentucky Department of Forestry.

Water Quality Benefits of Greenways and Creekside Buffers
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Figure 1. Riparian Buffer Management System, RiMS (Source: Schultz, NREM Dept. lowa State University)

Table 1 contains acurrent list of tree gpecies used (adthough some were not available for this past year's
event). The Recommended Planting Zones refers to the previous discussion on buffer systems and the
appropriate zones for different species. “W” means “wet” and these trees are suitable to plant in areas
where the ground may be inundated for extended periods during the year. “1” isfor treesthat are suitable to
be planted in “Zone 1,” the floodplain zone. These trees will experience somewhat frequent flooding and
the soils are generdly moist to wet. “2” isfor treesthat are suitable for “Zone 2.” Zone 2 trees do not
tolerate root systems that are inundated with water. They prefer average to dry soil moisture conditions.

“3” refersto trees suitable for “Zone 3.” Zone 3 are areas that can become dry; tops of hills, south facing
dopes, next to parking areas or commercial zones, etc.

Project Implementation
Project Coordination

Reforest the Bluegrass is a cooperative effort of the LFUCG Divisions of Engineering (Stormwater), Parks
and Recrestion, and Planning (Urban Forestry). The project dso uses engineering, forestry, and ecologica
experts from academiaand natural resources agenciesto design and layout the project. Tree seedlings of
various species, native to the inner Bluegrass physiographic region, are donated by the Nationa Tree Trust.
Seedlings are mixed together in bags that are sorted by planting design areas. Dots are Spray painted on the
restoration Site at a recommended spacing and bags of trees are color-coordinated with the dots on the
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ground (green dots for floodplain species, pink dots for upland species, etc). During the planning stages of

the event, many community organizations and businesses assst with project organization and

implementation. These organizations include Bluegrass PRIDE, Fayette County Conservation Digtrict and
Extenson Office, First Link of the Bluegrass, Inc., Kentucky- American Water Company, Kentucky

Divison of Forestry, Kentucky Utilities, Kentucky Waterways Alliance, League of Women Voters,

Lexmark Internationa, and the University of Kentucky Department of Forestry. { Each year, Kentucky-
American Water Company has donated $5,000 to the project. Sponsors who contribute $5,000 or more per
year are called, “Friends of the Forest.”}

Table 1. Current tree species selected for the Reforest the Bluegrass project.

Recommended RTB 2002

Common Name Scientific Name Panting No. of trees
Z0ones ordered

Allegheny Serviceberry Amelanchier laevis 1~-2 900
Bad Cypress Taxodium distichum wW 1,000
Blackgum Nyssa sylvatica wW-~1 1,000
Black Locust Robinia pseudoacacia 2~3 500
Black Wanut Juglans nigra 1
Bur Oak Quercus macrocarpa 2~3 1,000
Buttonbush Cephalanthus occidentalis wW-~1
Eastern Redbud Cercis canadensis 2~3 1,500
Green Ash Fraxinus pennsylvanica wW-~1 1,500
Hackberry Celtis occidentalis 2~3 1,000
Kentucky Coffee Tree Gymnocladus dioica 2~3
Northern Red Oak Quercus velutina 2 1,000
Paw Paw Asminatriloba 2~3 1,300
Pecan Caryaillinoensis 1~2
Persmmon Diospyros virginiana 2~3
Red Maple Acer rubrum 1-2 1,000
Sassafras Sassafras albidum 2~3 800
Shagbark Hickory Carya ovata 1
Shellbark Hickory Carya lacinosa 1
Shingle Oak Quercusimbricaria 2~3 1,000
Shumard Oak Quercus shumardii 2~3 1,000
Silky Dogwood Cornus amomum 2 2,000
Spicebush Lindera denzoin 1~-2 2,000
Superior Cottonwood Populus deltiodes 1 1,000
Sugar Maple Acer saccharum 1~-2 800
Sweet Gum Liquidambar styraciflua wW-~1 1,000
Sycamore Plantanus occidentalis W-~1 1,500
Tulip Poplar Liriodendron tulipifera 1-2 1,500
White Ash Fraxinus americanus 2~3 1,000
White Oak Quercus alba 1~-2 1,000
Wild Flum Prunus americana 2 1,000
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Volunteer Coordination

On the day of the planting event, volunteers are escorted into the field by Group Leaders who teach each
citizen about the value of riparian forests in urban water pollution removal, the reduction of greenhouse-
gases and the urban heat-idand effect, and the enhancement of wildlife diversity. The volunteers are taught
to use dibble bars to plant seedlings and then protect them from competitive vegetation using the tree mats.
Once the group isfinished planting the trees, about 20 per person, the volunteers are trested to a free t-shirt,
pizzalunch, musica entertainment, the bulding of bird houses, and educationa displays by various
community organizations. Once the planting has occurred at each Ste, the areas are deemed as “no mow”
zones, surveyed for specie surviva rates, and monitored and controlled for anima browsing and impacts by
invasive species.

Volunteer Education

Reforest the Bluegrass cannot be considered successful, no matter how many trees are put into the ground,
unless there is a successful educational component. Reforest the Bluegrass isthe perfect situgtionin which
to foster an understanding of environmenta issues that will lead to long-term postive environmenta

behavior. Through Reforest the Bluegrass there is an opportunity to expand the action and awareness
components inherent in a reforestation project to a deeper understanding of watershed management on both
apersona and community level. At the event, volunteers are treated not only to entertainment and food, but
they have many opportunities to learn more about why they are participating in the event and what a
difference thair time and efforts are going to make for Lexington’s future.

Themes

Communities have different environmenta perspectives that should be taken into account when identifying
educationa themes for an event. For Reforest the Bluegrass, it wasimportant for participants to obtain a
historical sense of central Kentucky’ s landscape and to develop a basic understanding of urban stormwater
management. As previoudy mentioned, citizens need to be shown that the “ Bluegrass Aesthetic” is not
naturd to the area and in fact, creates the environmenta damage that citizens and dected officids are
congantly complaining about — eroded stream channels, odorous, decaying algae clogging the creeks,
disease carrying animas and insects, and loss of “qudity of life”

The Educational Process

Understanding of the educationd themes must be cultivated throughout the event process-before, during and
after the planting. Citizens must be shown that it is through their own persond responsibility that they can
achieve a desrable environment.

Pre-Event

Starting the educational process before the day of the event not only increases the amount learned by
participants but it dso helpsin recruiting. 1f people understand why these trees need to be planted it gives
them additiond moativation to help.
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It isimportant to utilize local TV and radio Sations aswdll asloca papers. Traditionaly, one month prior

to the event, a press conference isheld. The Mayor, Vice-Mayor, mgor sponsors, lead organizing agencies,
and other groups of importance are invited to participate. The one year that a press conference was not held,
the week before Reforest the Bluegrass, an insert isput in the local paper. Thisinsert contains the event
location and time, arain date, regigtration information, and suggestions on what to wear and bring. 1t dso
contains basic information on watersheds, Sormwater management, and riparian aress, dl applied to loca
waterways. It would be advisable to both hold the press conference and print theinsert. Various TV and
radio interviews are given in the weeks leading up to the event, in which information smilar to theat in the
insert is shared.

At the Event

On the day of the planting event, volunteers are escorted into the field by Group Leaders who teach each
participant basic information on the vaue of riparian forests in urban weater pollution removal; the reduction
of greenhouse gases; the urban heat-idand effect; and the enhancement of wildlife diversty. The volunteers
are taught to use dibble bars to plant seedlings and then protect them from competitive vegetation using the
treemats. The newly reforested arealis not a pretty ste. Infact, it lookslike afield full of weeds and litter.
Therefore, it isimportant to help volunteers gppreciate the need for the forest successiona process in order
to create a population that iswilling to tolerate, even defend, this young forest.

Once the group isfinished planting trees, they are directed to a common area where there isfood,
entertainment, and educational booths. Various organizations from throughout the central Kentucky are
asked to participate by bringing displays that will allow people to learn more about protecting and restoring
our environment, particularly waterways. Groups that regularly participate in the RTB outreach area
include: Bluegrass PRIDE, the Fayette County Conservation Digtrict, Wild Ones, Tree Guide, and
environmenta groups from the University of Kentucky. Each year thelit expands. Thereistraditiondly
an erosion demongtration, a display board on riparian forests, an exhibit that labels and discusses the
properties of the Reforest the Bluegrass tree species, and information on wildlife habitat. For RTB 2001
and 2002, there was a booth that offered children the opportunity to build birdhouses. During RTB 2002,
one of the booths passed out grocery sacks so volunteers could pick up the litter that was prevaent on the
ste. Over 200 bags worth of litter was collected. This cleanup offered young children another activity in
which they could participate.

In the outreach areg, it isimportant to inform the adults, but it is aso important to have booths targeting age
groups that are too young to plant seedlings. Many families participatein RTB, so it isimperative to
involve the entire family. If it isa successful family outing, it is likely that families will become annud
participants.

A highlight of the 2002 event was the ceremonid planting of a Princeton elm, celebrating the planting of
100,000 RTB trees. The Mayor, Vice-Mayor, major sponsors, and other important local figures were

invited to participate in this planting, which was covered by the locd media Thetreeislabded with a
plague that explains its purpose and lists the “Friends of the Forest.”

Post-Event

Now that an engaged population of volunteers has been empowered, it isimportant to encourage them to
remember the lessons of the day and to present them with opportunities in which they can continue to be
good stewards of their local environment. As people leave Reforest the Bluegrass, they are given atulip
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poplar, the state tree, to take home and plant. The participants are given a dichotomous tree key that aidsin
the identification of al species planted that day to encourage them to revisit the site. The volunteers so
leave with a pamphlet that contains basic watershed and nonpoint source pollution information and details
ways that they can continue their involvement in improving local waterways through adopting a stream,
testing water qudity, planting more trees, or labeling sorm drains. Making areforestation program an
annua event is dso awonderful follow up. Many of the Reforest the Bluegrass volunteers are repeat

participants.
Conclusion
Injust four years and eight events (four large, four smdl):

3,975 citizens trained!

108,000 trees planted!

140 floodplain forests restored!
$85,000 local taxpayer money appropriated!
Over $50,000 in donations raised!

The LFUCG Reforest the Bluegrass has captured the essence of the Clean Water Act. It has not only begun
to restore the environment but it has done so through cultural change. 1t is aPublic Works restoration

project implemented by citizens. It is a successful long-term project because community |eaders now
understand thet it isnot just a“tree planting,” but a project which will increase the sandard of living and
community goodwill. The project leaders and the citizens who become “empowered watershed managers’
redlize they are a part of amonumenta change in community vaues— to take persona responsibility for the
environmenta hedlth of their community for today and for the future.
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Abstract

Approximately 1,000 municipa separate storm sewer systems (M 34s) are permitted under Phase | of EPA’s
storm water program. These Phase | M$4 permits require M $4s to reduce the discharge of pollutants to the
maximum extent practicable and prohibit illicit discharges to the M34. Permit writers have discretion to

write permits specific to each M4, or group of M34s, resulting in awide variety of permit requirements.
When these permit requirements are not specific, determining compliance with the permit can become
difficut.

The storm water Phase Il program requires Phase I1 M$4sto include “measurable goas’ in their program
for each BMP. Phase | sorm water MS4 permits are beginning to include these measurable gods alowing
the permitting authority to assess whether each permitttee isin compliance. Specific examples of M4
permits with ‘enforceable’ permit language are presented and discussed.

I ntroduction

On November 16, 1990, the U.S. Environmental Protection Agency (EPA) published regulations (the ‘ Phase
| rule') requiring National Pollutant Discharge Elimination System (NPDES) permits for certain indudtrid,
condruction and municipa sources of storm water runoff and fundamentaly changing the way storm water
runoff is regulated at the sate and federd levels. Approximately 1,000 M$4s (‘municipa separate sorm
sawer sysems'), conssting primarily of city and county government agencies responsible for sorm water,
have been permitted under the Phase | regulations. The Phase | M$4 regulations generdly require M34sto
reduce discharges of pollutants to the maximum extent practicable and to prohibit illicit dischargesto the
M3A. Specific dementsin aPhase | Municipd Storm Water Management Program include public

education, public agency or municipa maintenance activities, new development, construction,
industrid/commercid facilities, illicit discharges and improper disposal, monitoring and reporting.

Most Phase | M4 permits have been individual NPDES permiits, often issued to multiple co- permittees.
Individua permits are written specifically to address the activities, pollutant sources, and discharges of the
covered co-permittees.

Phase |1 of the storm water program, established in 1999, extends NPDES storm water permit coverage to

indude municipdities within urbanized areas. Phase |1 permits, to be issued beginning in March 2003, will
in most cases be genera permits issued to a broad range of permittees.
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Storm Water Phase | Regulations

The Phase | sorm water rule defines “municipa separate sorm sewer” at 40 CFR 122.26(b)(8) to include
any conveyance or system of conveyances that is owned or operated by a state or local government entity
and is designed for collecting and conveying storm water which is not part of a Publicly Owned Treatment
Works (i.e., not acombined sewer). The Phase | M4 regulations apply to M $4s serving popul ations of
100,000 or more. Some M $4s with populations under 100,000 can be designated for Phase | permit
coverage. In addition to larger cities and counties, many state Departments of Transportation were aso
permitted under Phase |.

Phase | M$4 permits are required to establish controls to the maximum extent practicable (MEP) and
effectively prohibit non-storm water discharges to the MS4. MEP has not been defined by EPA, but is
intended to be flexible to dlow the development of Site-specific permit conditions based on the best
professona judgment of the permit writer.

The Phase | regulations required a two- part application process for Large and Medium M34s (40 CFR
122.26(d)). The regulations only specified application requirements, not permit requirements. Therefore,
permitting authorities have various interpretations as to what should be required in an M$4 permit.

The Part 1 gpplication required information regarding existing programs and the means available to the M4
to control pollutantsin its storm water discharges. In addition, Part 1 required field screening of mgor
outfals to detect illicit connections. Part 2 of the permit application required alimited amount of
representative quantitative data and a description of proposed storm water management plans. The purpose
of the two- part gpplication process was to develop information that would build successful M$4 storm water
programs and alow the permit writer to make informed decisons with regard to developing permit
conditions.

State and EPA permit writers used the information contained in these Part 1 and Part 2 permit gpplications
to write the individual NPDES permits. NPDES permits are issued for 5-year permit terms, with most of the
first round M4 permits containing fairly genera requirements. In many cases, these permits Smply require
the permittees to implement the storm water management plan contained in the Part 2 application.
Subsequent M$A4 permits, particularly many implemented in Cdifornia, are more specific and include more
detailed requirements.

Permit examples. Unenfor ceable language

NPDES permitting authorities must be able to determine compliance with individud permits. In traditiona
wastewater NPDES permits, thisis ardaively smple process of verifying wastewater sampling results with
permit discharge limits. M$4 permits are BMP-based, therefore determining compliance with the M$4
permit is more difficult. The examples presented below illustrate M $4 permit language thet is vague and
therefore difficult for an NPES permitting authority to determine compliance. Without specific, measurable
elements, amogt any activity an M $4 takes could be deemed to be in compliance with the permit.

The permittee and permitting authority names have been removed, and the specific problems associated
with determining compliance with this permit language are discussed.
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Example 1

Permit Language:
The permittee shdl demongtrate compliance with this Order through the timely implementation of
control measures and other actions to reduce pollutantsin discharges to the maximum extent
practicable in accordance with their SWMP...”

This permit does not define what “timely implementation” is, dlowing the permittee to determine whet is
timely. Timdy implementation could be up to 5 yearsin the view of the permittee, or within 6 monthsin the
view of the permitting authority. In addition, “other actions’” are mentioned in the permit, but never
described. If the permit is going to require “other actions,” then these actions should be specificaly
described in the permit.

Example 2

Permit Language:
“Structurd controls for water quality improvements are consdered for inclusion in Site drainage
plans, slorm drain projects, and flood control projects where applicable.”

A permit should not require the permittee to “consider” an action; it should require the permittee to take an
action. Also, “where gpplicable’ leads to additiond interpretation problems. If there are only certain
circumstances where this permit provision should be gpplied, then those circumstances should be spdlled out
in the permit.

Example 3
Minimum best management practices (BMPs) include: standard plans and specifications,
maintenance of orm drain systems, street sweeping, litter control, spill response, and hazardous
materid disposa.

This permit language lists a series of BMPs, but doesn't specify where, how much, or how often the BMPs
must be employed. For example, how often should the MS4 conduct street sveeping and how many miles

need to be swept in order to be in compliance with the permit? The permit language above does not specify
this.

Example 4
The permittee shal control pollutantsin storm water discharges to the maximum extent practicable,
and to demondtrate compliance with this requirement, the permittee shal implement in its entirety
the proposed storm water management program (SWMP) described in ...

This permit requirement repeets the regulation language to control discharges to the “ maximum extent
practicable’ without specifying exactly how that will be achieved. Implementation of a storm water
management program (again, unspecified in the permit) is assumed to meet this sandard. Unlessthe SWMP
describes the activities and set specific performance expectations for those activities, compliance will be
difficult to determine.

Permit Examples. Enfor ceable permit language

The mogt difficult agpect of writing M4 sorm water permitsis drafting permit language whereby
compliance can be easly determined.
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The following sections provide examples of permit language that provides more measurable permit
language where compliance can be more easily determined.

Construction Inspections Example:
From the Orange County Municipal Storm Water NPDES Permit: (Board Order No. R8-2002-0010, NPDES
Permit No. CAS618030)
Each permittee shal conduct construction ste ingpections for compliance with its ordinances
(grading, Water Quaity Management Plans, etc.) and loca permits (construction, grading, etc.).
Ingpections shdl include areview of erosion control and BMP implementation plans and an
evaluation of the effectiveness and maintenance of the BMPs identified. Ingpection frequency will,
a aminimum, include the following:

a. During the wet season (i.e., October 1 through April 30 of each year), dl high priority Stesare
to be ingpected, in their entirety, once amonth. All medium priority Sites are to be ingpected
at least twice during the wet season. All low priority Stes are to be inspected at least once
during the wet season. When BMPs or BMP maintenance is deemed inadequate or out of
compliance, an ingpection frequency of once every week will be maintained until BMPs and
BMP maintenance are brought into compliance. During the 2001- 2002 wet season, prior to
the development of the inventory database, dl congtruction sites must be visited &t least
twice. If asteisdeemed out of compliance, an ingpection frequency adequate to bring the
gteinto compliance must be maintained;

b. During the dry season (i.e., May 1 through September 30 of each year), al congtruction Sites
shdl be inspected at a frequency sufficient to ensure that sediment and other pollutants are
properly controlled and that unauthorized, non-storm water discharges are prevented; and,

c. Information including, at aminimum, ingpection dates, ingpectors present and the results of the
ingpection, must be maintained in the database identified in Section VI11.1 or must be linked
to that database. A copy of this database must be provided to the Regiond Board with each
annud report.

This permit language describes what needs to be conducted (inspections), when (October 1 through April
30) and how often (once amonth). This ensures that both the permitting authority and the permittee
understand what needs to happen to ensure compliance.

Construction Training Example:

From the Municipaity of Anchorage and the Alaska Department of Transportation and Public Fecilities

NPDES permit: (NPDES permit No. AKS 05255-8)
“Permittee shdl develop atraining program for congtruction Site operators and devel opers...within
24 months of the effective date of this permit. Permittee shal ensure that such training is provided
a aminimum of once per year...”

This permit language pecifies the action (atraining program), adeadline for achieving the action (within 24
months), and a frequency for continuing performance (once ayear).

[llicit Discharge Example:

From the City of Long Beach Municipal Storm Water NPDES Permit” (Board Order No. 99-060, NPDES
Permit No. CAS004003)
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“The Permittee shall ingpect those portions of the sorm drain system consisting of sorm drain pipes
36 inches in diameter or greeter, for illicit connections within 5 years after the permit is adopted.”

This permit provision specifies the minimum pipe Size expected to be ingpected and specifies that the
permittee has up to five years to complete this task. Interim deadlines could aso have been set here by, for
example, requiring that at least 50% of these pipe are ingpected within 3 years.

Public Education Example:
From the City of Stockton and County of San Joaquin Municipal Storm Water NPDES Permit: (Board
Order No. R5-2002-0181, NPDES Permit No. CAS083470)
At least three times during the life of the permit, Permittees shall send informetion on problems
caused by storm water runoff and potentia solutions to each household within the service area.

Both atimeframe (life of the permit, or 5 years) and a target number (each household within the service are)
are specified dong with a quartity (three times) in this public education example.

Industrial storm water inspection example:

From the Orange County Municipa Storm Water NPDES Permit: (Board Order No. R8-2002-0010, NPDES

Permit No. CAS618030)
“After July 1, 2003, al high priority Stesare to beingpected at least once ayear; dl medium priority
stes are to be ingpected at least once every two years; and al low priority Stes are to be ingpected at
least once per permit cycle”

This permit language sets specific ingpection frequencies for high, medium and low priority indudtria
facilities. In order to be effective, the permit must aso specify, or provide a clear expectation, of the types
of facilities that should fdl into each priority category.

Municipal Maintenance Example:
From the City of Long Beach Municipa Storm Water NPDES Permit: (Board Order No. 99-060, NPDES
Permit No. CAS004003)
Catch basin maintenance, under Permittee' s jurisdiction, shall include:
a. All catch basins will be cleaned out and inspected one time between May 1 and September
30 of each year; and,
b. All catch basinsthat are at least 40% full of trash and debris between October 1 and April
30, shall be cleaned-out.

This permit provison sets the amount expected (all catch basins), the time frame (May 1 to September 30),
and the frequency (each year). It dso establishes a performance expectation for when a catch basin should
be cleaned.

New Devel opment — Maintenance example:
From the Los Angeles Region Municipal Storm Water NPDES Permit: (Board Order No. 01-182, NPDES
Permit No. CAS004001)
“Maintenance Agreement and Transfer
Each Permittee shall require that al developments subject to SUSMP and Site specific plan
requirements provide verification of maintenance provisons for Structural and Trestment Control
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BMPs, including but not limited to legal agreements, covenants, CEQA mitigation requirements, and
or conditiona use permits. Verification & a minimum shdl include:
a) The deveoper's signed statement accepting respongbility for maintenance until the
respongbility islegdly transferred; and ether
b) A sgned statement from the public entity assuming responsibility for Structurd or
Trestment Control BMP maintenance and that it meets dl loca agency design sandards,
or
) Written conditionsin the sales or lease agreement, which requires the recipient to assume
respongbility for maintenance and conduct a maintenance ingpection a least once ayear;
or
d) Written text in project conditions, covenants and redtrictions (CCRs) for residentid
properties assgning maintenance responghilities to the Home Owners Association for
maintenance of the Structurd and Treatment Control BMPs; or
€) Any other legaly enforceable agreement that assigns respongbility for the maintenance of
post- congtruction Structural or Treatment Control BMPs.”

In this example, SUSMP stands for Standard Urban Storm Water Mitigation Plan and isardatively new
requirement in CaliforniaM$S4 permits to address post-congtruction storm water impacts. CEQA isthe
Cdifornia Environmenta Quality Act that requires environmenta review of certain projects.

These permits provide more specifics, including set frequencies, deadlines, and detailed expectations for the
permittees. This alows both the permittees and the permitting authority to determine compliance.

Effective M 34 Permit Writing

NPDES M$4 permits and M4 sormwater management programs must contain quantifiable, measurable
elements s0 that compliance can be determined. Storm water permits vary sgnificantly in their level of
detail. For example, some third-term permits issued in Cdifornia contain very specific, measurable
elements which are clear for permittees to implement and relatively straightforward for the Sate to
determine compliance. For nonspecific permits thet Smply require the M$4 to “implement a sorm water
management plan,” compliance becomes more difficult. Moreimportantly, the permit does not specify, or
measure, the leve of effort expected, so M34s do not have a clear target to achieve.

The storm water Phase |1 regulations require smal MS34s to develop “ measurable gods’ for each BMPin
their programs. These measurable gods are intended to provide quantifiable targets for the MS4s to achieve
in theimplementation of BMPs. Although a smilar requirement does not specificaly exist for Phasel,
permits and programs developed under Phase | should also contain these measurable gods. This provides a
level of certainty to the M4 that they are successfully implementing the permit and alows the sate to more
eadly evaduae compliance.

Some M permits in Cdiforniainclude specific, measurable requirements that make determining
compliance eesier. Also, the City and County of Sacramento have devel oped sormwater plansthat are
clear, well-written, and begin to address the issue of mesasurable goals which are called * minimum
performance standards and ‘ performance and effectiveness measures , respectively, in each plan (City of
Sacramento, 2000 and County of Sacramento, 2000).
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In order to be measurable, each permit requirement should specify:
What needs to happen
Who needsto do it
How much they need to do
When they need to get it done
Whereit isto be done

For each permit requirement, “what” is usualy the BMP or activity required, “who” in most casesis
implied as dl the permittees (athough in some cases the permitting authority may need to specify exactly

who the require applies to), “how much” is the performance standard the permittee is expected to meet (how
many inspections), “when” is a specific time (or aset frequency) when the BMP or activity should be
complete, and “where” isthe specific location or area (if necessary). Without these specifics, it isamost
impossible for the permitting authority to determine compliance with avague M4 permit.

Writing more specific, measurable permits will take more time and resources than writing less specific ones,
For Phase | M4 permits, which are in some cases entering their 3" round of M S4 permits, these more
specific permits are becoming a necessity. States are finding that both the regulated community and the
public are demanding more accountability, which the specific, measurable permits provide.

Conclusions

With over 1,000 large cities, counties, and other governmenta organizations under ssorm water Phase | M$4
permits, a sgnificant amount of money is being spent implementing these programs. Unless the permits are
written with specific, measurable requirements, determining compliance with permitsis often difficult, if

not impossible.

Permit writers can develop these specific, measurable permit requirements by building upon existing sorm
water permit programs and ensuring that permit e ements address:

What needs to happen

Who needsto do it

How much they need to do
When they need to get it done
Whereit isto be done

As Phase || MS4s begin the process of identifying measurable gods for each of the BMPsin their program,
permits issued to the larger, more mature Phase | M4 programs should include these same measurable
elements.
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Abstract

The release of Delaware’ s* Conservation Design for Stormwater Management” document in 1997 provided
guidance to land use planners and civil site design consultants in the gpplication of conservation design principlesto
mest regulatory sformwater management requirements. Proof of concept in this document relied on traditiond
techniques based on NRCS methodol ogy, such as“ Technical Release No. 557, to verify the results. However,
this was a cumbersome gpproach, since these methods do not easily moddl Best Management Practices (BMPs)
such as bidfiltration swales, bioretention practices and riparian buffers. It became apparent that new tools would
have to be developed to mode these practices so that prospective developers were given full credit for their
implementation. As aresult, the Dlaware Department of Natural Resources and Environmenta Control (DNREC)
with ass stance from outside contractors, have developed two design tools for use with this so-caled “ Green
Technology” approach to sormwater management. The Delaware Urban Run-off Management Modd (DURMM)
accounts for both disconnection of impervious areaaswell asthe “run-on” process to derive both the volume and
rate of run-off from agiven site. A decison tool isaso being developed based on USDA'’ s Riparian Ecosystemn
Management Modd (REMM) for designing riparian buffersin an urban environment for both quantity and qudity
control of sormwaeter runoff. This decison tool is gill under development. Therefore, this paper will focus on the
development of DURMM and how it will be used to fulfill the Delaware regulatory requirements for stormwater
management. Itisaso fet that both these tools have application outsde the State of Delaware, with the cavest that
the locd regulatory authority conducts proper testing and verification.

Background

The State of Delaware has had a Sediment & Stormwater Law in effect snce 1990. While the law and subsequent
regulations were ingrumenta in mitigating many of the negative impacts associated with urbanization, it soon became
clear that traditiona approaches were leading to an over dependence on structurd practices. If thistrend were to
continue, the operation and maintenance requirements for these structura practices would become a tremendous
burden for the entities responsible for them. 1n 1996, the Delaware Department of Natural Resources and
Environmenta Control partnered with the Brandywine Conservancy to develop a manua for anew gpproach to
sormwater management. The goa would be to mimic the naturd hydrology of a site as much as possible without
relying on structura practices. This new approach to ssormwater management was referred to as* Conservation
Desgn”.

The “Conservation Design for Stormwater Management” document was released in September, 1997. It provided
background information on the hydrologic impacts associated with urbanization and explains how making better use
of the exigting physica features of a Ste can minimize the increases in sormwaeter runoff that often accompanies land
development. This can be accomplished by dtering the building program, minimizing impervious surfaces and
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disconnecting those impervious surfaces wherever possible. Where additiona management is required to meet
regulatory requirements, the emphasisis on nonstructural measures, or “Green Technology BMPS’, such as
vegetated swales, biofiltration practices, terraforming, riparian buffers, etc.

Proof of concept for the Conservation Design approach was provided through six case studies of actua

devel opment projects throughout the State. The traditiona development plans were conceptudly redesigned
utilizing the Conservation Design principles, while maintaining the origind density and unit counts. Stormwater
management computations were also completed to ensure full compliance with the existing regulations. These
computations were based on traditiond NRCS methodology. Although the results confirmed the benefits, it proved
to be arather tedious process. It was clear that an improved methodology would be necessary to take full
advantage of this gpproach. With the assstance of severa outside contractors, the DNREC has developed two
design tools, the Delaware Urban Runoff Management Modd (DURMM) and the Urban Riparian Buffer Design
Decison Tool, that will hopefully fill this need.

Delawar e Urban Runoff Management Model (DURM M)

Traditiond structurd BMPs such as sormwater ponds and wetlands can be effective in controlling peak flows from
adte. However, current regulatory requirements in the State of Delaware do not address the frequent storms that
erode stream banks, and do little or nothing to promote recharge. Furthermore, structural BMPs can contribute to
downstream flooding when discharges from separate onSite structural BMPs overlap. Structura BMPs can be
effective in pollutant remova; but Since they generdly omit recharge, consume space, and require extensive
maintenance, they are less gppropriate for the task. There is an emerging body of research indicating that these
BMPs contribute to €levated stream temperatures, and discharge agae laden effluent, which can subgtantiadly
degrade the benthic community in the recaiving stream [Delaware Department of Natural Resources and
Environmental Control and B. Lucas, 2002].

Asaresault, many progressive agencies are promoting a less structura gpproach, designed to intercept runoff from
rooftops, parking lots and roads as close as possible to its source, and direct it into rechargeffiltration facilities
incorporated into the overal site design and runoff conveyance system. Nongtructural BMPs thus include impervious
area disconnection, conveyance of runoff through swales and biofiltration swales, filter strips, terraces, bioretention
fadilities, and infiltration facilities. However, while these BMPs may seem less ggnificant than structura BMPs, the
procedures for their proper design require the same hydrologic and hydraulic methods used in designing structurd
BMPs. Otherwise, redigtic estimates of effectiveness are difficult to quantify. These so-cdled “ Green Technology
BMPs’, form the basis of DURMM at the Site engineering leve.

The BMPs addressed in DURMM and pertinent aspects of their design and performance are briefly summarized
below:

Sour ce Area Disconnection- Disconnecting flow from impervious surfaces so it discharges onto adjacent
pervious areas provides additiond infiltration and potentid for some pollutant removal.

Filter Strips- This BMP provides for runoff to be spread uniformly over a filtering surface of vegetation,
which can provide substantid trestment if not overloaded by sediment and runoff.
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BioFiltration SwalesGrassed Swaless Research shows that overland conveyance through properly
designed swales can be very effective in removing Tota Suspended Solids (TSS) and adsorbed metals,
dthough less effective in teems of nutrients. While swales are not thought to be capable of quantity
management, designs incorporating check dams can provide substantia attenuation of pesk flows.

Terraces- Teraces ae essentidly swaes extending across dopes to intercept runoff and incresse the
potentia for infiltration. Terraces are Smilar to swales in terms of runoff responses and pollutant remova with
the exception that flow exfiltrates laterdly.

Bioretention Structures- These landscaped pocket depressions incorporated into the urban landscape can
provide substantiad filtering and nutrient transformations before runoff is discharged into the conveyance
system. Ongoing research suggests that this BMP can be designed to have substantia nitrogen remova
capabilities, unlike most other BMPs. [Delaware Department of Natura Resources and Environmenta
Control and B. Lucas, 2002].

Infiltration Practicess Most non-structurad BMPs incorporate infiltration as part of the trestment process. Specific
infiltration facilities include trenches, basins and dry wells. Infiltration trenches located in swales provide additiond
wetted surface area and storage volume, and often they can be designed to penetrate shallow impermeable soil
profiles to recharge deeper soil horizons.

Unfortunately, while there is great interest in using nongtructurd BMPs, there are few rigorous procedures available
for the engineering and regulatory community to utilize in designing them. Many regulatory programs use a
graightforward runoff volume gpproach, in which the increase in smdl storm runoff volume due to land devel opment
isto be trested and/or retained on Ste. However, this gpproach typically assumes a congtant runoff volumein
proportion to rainfall amount, and does not route runoff through nongtructura BMPs. Insteed, smplified
volume/outflow equations are specified, without knowing precisaly how they work during ssorm events. When this
gpproach leads to overdesign, it may be beneficid if the origina reduction targets are inadequate, otherwise it
causes unnecessary expense. Where it leads to underdesign, the hydrologica impacts are not adequately mitigated.

DNREC has partnered with a private consultant, Mr. William Lucas of Integrated Land Management, Inc., to
creste DURMM to provide amore rigorous hydrologica design tool for nonstructura BMPs. A spreadsheet
program is provided that incorporates modified TR-20 storm hydrology to project the hydrological response from
contributing source aress. It segregates directly connected runoff from that which flows overland. It provides
routines that account for the reductions in peak flow due to overland conveyance. In thisway, it is possible to more
precisaly determine the actual volume and peak rate reductions over the duration of a 24 hour storm event, and
through the following days. Thisis particularly important for calculaing tota infiltration, and designing proper stream
bank eroson controls. Furthermore, snce the design community is dreedy familiar with TR-20 input varigbles, the
same input data parameters required for design of flood controls can be used for design of qudity treatment,
streambank protection, and conveyance runoff events.

The process of BMP design involves a spreadshect file for each source subarea and its BMP. Discrete
combinations of hydrologica soil group and land cover are averaged to generate composite Curve Numbers (CN)
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for the pervious and impervious portions of each source area. Impervious areas are caculated separately, and
routed according to the extent of their linkage with adjacent pervious surfaces. The resulting runoff hydrograph from
the source area worksheet isimported into the BMP hydraulic design worksheet. Pollutant loading is caculated by
applying typica event mean concentrations (EMCs) to the runoff volume alocated to each type of pervious and
impervious surfaces.

Site design parameters of infiltration rates, surface and subsurface stage/storage, and outflow controls are entered
into the BM P worksheet. The worksheet routes the source area hydrograph through the BM P based upon the input
parameters. The resulting output displays pesk flows, flow duration and infiltration volume for each storm event.

By segregating subarea loads according to the type and extent of land cover, the discrete source area approach
used in the hydrologic caculations refines accuracy in estimating total pollutant loads. Pollutant remova by the BMP
is based upon physica parameters such as dope, pretreatment volume, hydraulic residence time, surface/volume
ratio, filter mediatype, and underlying infiltration characterigtics. Given these factors, pollutant load reduction is
cdculated by dgorithms rdating input concentrations and decay transformations to estimated mass remova for each
pollutant of concern.

The reported pollutant remova effectiveness of BMPs can be highly varigble. However, by incorporating hydrologic
and hydraulic parameters in runoff routing, and addressing the various removal processes as discrete algorithms
within a BMP, more accurate estimates of removal rates are possible. Some variability in projected removd ratesis
acceptable in any event, since hydrological changes are recognized as perhaps the primary impact of runoff.
Furthermore, polluted runoff from the most frequent storms that cauises the greatest stress can often be diminated by
the infiltration components of nongtructura BMPs.

Conclusions

The Delaware Urban Runoff Management Modd (DURMM) was devel oped to facilitate the adoption of so-called
“Green Technology BMPS’ in the land development process. Thistool is based on rigourous, physically-based
methodologies. Yet a the sametime, it has advantagesin ease of use over the traditiond models now being used
for sormwater management analysis. It is hoped that the additional development of the riparian buffer decision tool
based on the REMM will provide designers with two powerful, quantitative tools that will further encourage the use
of Conservation Design techniques.

The DNREC is currently embarking on an extensive outreach and education effort with the desgn community to
introduce this tool and familiarize them with its mechanics. It is anticipated that this effort will dlow desgnersto
become proficient with its use within ayear’ stime,

References

Deaware Department of Natural Resources and Environmenta Control and The Brandywine Conservancy, 1997.
“Consarvation Design for Stormwater Management”. Dover. DE.

145



Delaware Department of Natura Resources and Environmenta Control and B. Lucas, 2002. “Deaware Urban
Runoff Management Modd: A Technica Manud for Designing Green Technology BMPs to Minimize Stormwater
Impacts From Land Development”. Dover, DE

Delaware Department of Natural Resources and Environmenta Control and B. Lucas, 2002. “Deaware Urban

Runoff Management Modd: A Users Manud for Designing Green Technology BMPs to Minimize Stormwater
Impacts From Land Development”. Dover, DE

146



USING TECHNICAL DATA AND MARKETING RESEARCH
TO CHANGE BEHAVIOR
Stephen Groner
S. Groner Associates, Inc.
Long Beach, CA

Abstract

The City of Los Angelesis faced with the task of educating over three million residents regarding the
various pollutants effecting water quaity. With limited resources, the City is chalenged with effectively
reaching and influencing the grestest number of residents who have the greatest impact on improving water

qudity.

To develop this program, S. Groner Associates, Inc. (SGA) was hired by the City to develop and implement
adrategic socia marketing plan based on technica data.and marketing research. The god of the plan wasto
target audiences who have the greatest impact on water quaity. With those key groups in mind, outreach
efforts were developed based on the specific audiences' atitudes, styles, and behaviors. Thiswould focus
resources most cost effectively on efforts with the grestest chance to influence behavior change and thus
prevent pollution.

In developing the plan, we used technicad data andysis and existing market research information to
determine the following:

activities posing the greatest threat to water qudity

activities/behaviors most influenced by public education

audiences engaged in those activities

psychographics of the audience (i.e,, attitudes, characteristics and styles of the audiences)
methods to reach our audiences to increase the influence of the outreach

These key points served as the foundation for devel oping outreach efforts aswell asthe emphasis, style, and
tone of our communication pieces.

This presentation reviews the role of market research and data analysis in developing a socid marketing
plan, in addition to designing marketing materids and implementing the outreach efforts. We will dso
illustrate how incorporating new marketing data helped gage the outreach’ s successes and areas for further
refinement.

Building a Foundation for the Marketing Plan

Effective outreach requires developing a solid information base about behaviors you want to change. The
information ascertained assigs in determining how and who to target in order to maximize the impact on
improved water quality.

Thisinformation is highly effective when developing asocid marketing plan for sormwater pollution.
Building the marketing plan’s foundation, however, is il very difficult because of the complexity of
sormwater. By its very definition, sormwater pollution or non-point pollution is not one single source, but
acomplex collection of problemsto target. In turn, developing a marketing plan for sormweter pollution is
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not just about developing one plan to address oneissue. 1t requires a multi- pronged campaign that attacks
the various causes of stcormwater pollution. The plan must be composed of severa focused marketing
drategy’ s each addressing the most problematic pollutantsbehaviors.

Because of theissue s complexity, understanding the limits of your resources and drategicaly focusing

your outreach to maximize impact is essentia. In determining our outreach, we used both technica data and
exiging market research information to strategicaly lay out our direction for public education. This process
included the following steps:

=  Determine the pollutants/activities posing the grestest threat to water quality

= Determine what corresponding activities'behavior are best influenced through public education

» |dentify the audiences engaged in those activities/behaviors

»  Undergtand the psychographics of the audiences (i.e., attitudes, characteristics and styles of the
audiences)

=  Undergtand the motivators that will best influence our audiences

Any effective marketing plan or outreach effort must be designed with an intimate understanding of the
audience that you are targeting. Many times, there is amisconception that because the issue is important
people will autometicdly listen to it. But the message is competing for attention with thousands of other
messages that bombard residents everyday; everything from ads sdlling cars and beer, to other socia
marketing ads like recycling campaigns, anti-smoking campaigns, or drug prevention campaigns. In the end,
if the outreach pieceis generic and does not in someway connect with a specific audience and compe them
to ligen, they won't.

This paper lays out the methodology used to develop a solid socid marketing plan and introduces the City
of Los Angdles public education program as an example of thistype of drategic planning’s success.

Prioritizing Pollutants

The fird step in targeting outreach is determining the pollutants that pose the greatest threet to water qudity.
This effort requires an andysis of water quality data and reconciling this information across watersheds if
the jurisdiction covers more than one watershed.

In conducting this technical research for the City of Los Angdles, we worked with GeoSyntec Consultants,
Inc. to evauate and analyze water qudity data from the City and County of Los Angeles. The City of Los
Angdes lies within three primary watersheds and a multitude of subwatersheds. The three primary
watersheds al have broad smilarities of amostly urban environment. However, a the subwatershed levd,
there were vadt differencesin the environmen.

After results were evauated, five pollutants were sdected for the campaign:

- Bacteria/lPathogens
- Pedticides

- PAH's

- Nutrients

- Trash and Debris
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Prioritizing Activitiesto Target
Prioritizing activities requires baancing technica information about pollutants with an understanding of
which pollutants are most effectively targeted through public education.

Basad on this, we looked at activities that produce pollutants and prioritized which activities could most
effectively be targeted. The following criteria served as aguiddine for prioritization:

- How pervasive the activity is across the target area

- How active or passive isthe polluting activity

- How effective behaviord BMPs are vs. sructurd BMPs

- How complex or ample the solutions are to implement and

- Where possble eva uate the proportion of pollution the activity contributesto the tota pollutant load

Idedlly, this process begins with analyzing pollutant source data. However, given the nature of
stormwater/nonpoint source pollution, this information may not available for mogt jurisdictions, so thereis
aneed for best judgment.

In addition, the area and process of evauation, be it individual watershed, across ajurisdiction, or acrossa
regiond area, must be determined. Thisissue isimportant for obvious environmental science reasons as
well as srategic marketing reasons. For example, a pollutant or activity in one watershed may be prioritized
differently if evauated in different areas because of the watershed' s maximum sustainable load. But from a
marketing perspective, this determination will be criticd in determining what outreach methods are most
effective and available in the area to reach the target audience. For example in some aress billboard
advertisements or newspaper advertisement may target the area and activity well, while in other areas an
activity may be best targeted through point of purchase advertising.

Applying the above criteria helped prioritize the activities as the following:

- Bacteria/Pathogens

0 Leaksfrom sewer systems—|low
0 Improper BMPs at Restaurants — medium
o Ownerspicking up after their dogs— high
0 Improper BMPs by horse owners—low region wide - high in certain subwatersheds
0 Proper maintenance by septic system owners—low region wide - medium in certain
subwater sheds
- Pesticides

0 Residential users- high
o0 Commercial users- low
0 Government users—medium
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- PAH’s
0 Vehicleleaks—low
0 Improper BMPsat auto repair shops/gas stations —medium
o Improper disposal of vehicle fluids by residents — high

- Nutrients
o Fertilizer application by residents— high
o Proper maintenance by septic system owners—low region wide - high in certain
subwater sheds

- Trash/Debris
o Activelittering by residents - high
o Litter from uncovered trash containers—Ilow
o Litter from uncovered commercial vehicles - low

| dentifying Audiences

In sdlecting a target audience, the program’s developmenta focus shifts from the technicd field to the
marketing arena. Marketing research is key to identifying which audiences, or in marketing terms “ segments
of the population,” are engaged in the problematic behavior. The next step is discovering common
characteristics among the audience and developing a focused message that istailored to their interest and
motivations.

The best way of collecting thisinformation is to conduct surveys of resdents. The survey would incorporate
questions to ascertain what types of residents are engaged in the improper behavior. Cross referencing the
results with psychographic information (i.e., atitudes, behaviors, lifestyles, which * segments of the
populations’), hel ps target how to best address the issue and change behavior.

This approach, however, can be expensive. Depending on the campaign’s Size, less expensive and smplified
research can yidd amilar information. One effective method is matching up behavior with a consumer
market. For example, when targeting people who improperly dispose of their ail, you can target people who
buy oil and identify them as consumers at auto parts stores. While this will not narrow your audience down
to only those who areillegdly dumping their ail, it serves as asolid sarting point for further refinement.
Later, asmple intercept survey conducted at auto parts stores can help better assess the audience and hone
Srategies to target the audience.

Another cost-effective way to understand your audience is through the use of the US Census Bureau’ s Web
gte. The Census Bureau' s Site gives demographic and socio-economic informeation broken down by city, zip
code, and census tract. The site allows you to import the data to spreadshests or even use aWeb based GIS
software program to map the data. Thisinformation is extremely vauable in targeting an activity theat may
focus in on a specific area. One example would be targeting homeowners in a specific area. From the
webdte, you could identify homeownership rates and then correlate that to other demographic and socio-
economic information such asincome levels, languages most commonly spoken, ethnic background,
employment rates, etc.

Under standing Psychographics

Once the target audience is identified, the next step is understanding the “ psychographics’ of the audience
(their attitudes, interests, and styles). This information provides ingght into the audience s thoughts and is
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an essentid step in designing effective outreach. Without outreach effortsmessages that connect directly to
agroup’ s senghilities, interests, or concerns, changing a habit is amost impossible.

Obtaining an audience' s psychographic information is more difficult than merely identifying the audience.
To gather information regarding attitudes, marketing surveys are critical. The surveys gather relevant
information by corrdating resdents’ interests and priorities with their activities and behaviors. The resulting
information hel ps isolate key issues and motivators relevant to the audience,

Depending on survey results regarding a target audience' s priorities and motivators, an issue could be
positioned in various ways. For example, the issue of pesticide use could be presented with three different
focuses depending on the audiences psychographics:

1) asan environmentd issue (chemicasimpact on the watershed),
2) asa“dollarsand cents’ issue (addressing the source is chegper than treating the problem), or
3) asafamily/child safety issue (safety concerns of children playing on alawn with chemicals).

Undergtanding the psychographics of the target audience, smplifies choosing the most meaningful and
effective message.

If creating and/or performing a survey is not possible, relevant information based on asmilar issues or
audiences can be frequently found in marketing surveys completed by other organizations. In researching
segmentation information for the City of Los Angeles, SGA based its information on three previoudy
completed marketing research surveys that could be andyzed for information revant to the City’s
demographics characterigtics: two were conducted by the County of Los Angeles (one on stormwater issues
and one focused on do-it-yoursdfers) and one conducted by the State (on residentia used ail recycling).

The resulting information gave SGA afull picture of various target audiences and hel ped differentiate our
messages based on each particular audience. Based on the results from our marketing research and technical
data, we identified and prioritized our three main target audiences.

1) Neat Neighbors -
Description - Younger familieswith children who want to do theright thing but needed a little
coaxing
M otivator s to change— Concern about children, concer ned about the neighborhood, inter ested
in doing what’s good for the environment
Activities/Behaviors— Picking up after pets, pesticide and fertilizer use

2) Fix-it Foul-ups -
Description - Middle class homeowner swho ar e do-it-your selfers
M otivator s to change— Put family first, want to follow rules, not interested in the environment
Activities/Behaviors— Pesticide and fertilizer use

3) Rubbish Rebels -

Description - Younger maleswho arejust getting out on their own
M otivator s to change— Concern with their image and peer’s per ception of them; following
rulesisnot “cool”
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Activities/Behaviors— Littering and used oil disposal

Strategic Outreach

The last dement is determining the best outreach efforts to effectively reach the target audiences. The god
isto identify outreach efforts that srategicdly ddivers the message and increases the message sinfluence
on their behavior. SGA looked at three dements in evauating the outreach strategy:

1) How timely isthe message in relation to the activity
2) How well placed is the message to reach the target audience
3) How well ddivered is the message to catch the attention of the audience

These three dements help compare potentia outreach methods in terms of the ability to reach and influence
the audience. The first element addresses the issue that people receive informetion dl the time, but unlessiit
isdelivered a areevant time, the audience may not focus their attention and note the information. A good
example of thisis giving out information on pet care when one gets a pet. The timing is perfect because the
owner is excited about the pet and is open to learning about them. Ddlivering the pet message at thistime
aso increases the likelihood of changing behavior because the owner has not developed bad habits yet.

The second e ement addresses the quaity and focus of outreach aimed at the target audience. For example,
an ad in a newspaper regarding pesticide use may reach alarge number of residents but may not be
srategicaly placed, and therefore, does not effectively reach the target audience. However, an ad placed in
the weekly “Home and Gardening” section of the newspaper would be far more effective because it was
srategicaly placed in an areardlevant to the specific readers of that section.

The third e ement addresses how effectively the outreach method catches the audience' s attention. For
example, asmall logo placed on a banner for an event may not be noticed next to a dozen other logos.
However, awell placed booth at an event with a staff member actively gpproaching the target audience (as
opposed to waiting for them to approach the booth) can be far more effective.

Examples of how these evduaions he ped in gleyel oping
PICK up atfer your dog  iveror vecny acteronng o
t() help (IIIII) pO].l‘IﬁOIl. Picking Up After Your Pet

- Material placement at animal sheltersand
Mayhe you waren] awar, but dig incluson with pet adoption materials

wasiz it a0 the pround ety - Participation a pet adoption events held by
slom draing, paliting men, animal shdters

. - Point of purchase displays at pet stores

e acti ad 1k ol - Material placement at veterinary clinics
thrastang (e hialth ol our ks

i commmunites Wharevar oy In this effort, we partnered with anima shelters. This
I"’“"'"":**; I::q'l"‘_]'r: alowed usto deliver our message to residents who were

planning on adopting new pets. We accomplished this by

st vt ur gl placing our information in anima shelters' adoption

in yaur hands package- an item given to al new pet owners. To reach the
. same audience, we also set up a booth and distributed

up Alte your dog. (0 help Eeenl
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information at pet adoption events. This outreach strategicaly accomplished three gods:

1) ensured our information would be received by the new pet owner,
2) dlowed usto get our information to the owner at a point in time when they are most interested in

learning about the new pet and
3) ddivered the information to the owner before they developed bad habits regarding their pet’s care.

In addition to anima shelters and pet events, pet stores and veterinary clinics were utilized as key venues for
outreach. Materids were strategicaly placed in immediate view of our target audience at atime when they

were thinking about their pet (i.e., shopping for their pet or bringing the pet in for medicd attention).

Pesticide and Fertilizer Use
- Partnership with home improvement stores
0 Deveop point of purchase

diplays y
0 Conduct gtaff training to
enable employees to answer L
questions
Dy
I--_".'b,‘I
- Placed radio adson alocal AR

weekend gar dening show

This effort entalled partnering with the
mgor home improvement chains (Home
Depot, Lowe's, OSH) and obtaining pro
bono placement of materias on the shelves
where pedticide and fertilizer products are
sold. This put the informeation in the
audience sdirect view at the point in time

—

when they were deciding what product - B
(toxic or non-toxic) to purchase. We then W e % )=
trained store staff on the issues concerning [/i H il 1
urban runoff and pollution prevention R
issues. The result gave us credible advocates / e "
for our message right on the “frontlines.” J i
Along with thet effort, we sponsored alocal s ¥
weskend talk show about gardening, This - -
effort was srategic in two ways. — 1

1) it wastargeted directly a residents --:‘: ;

mogt likely to use fertilizers and : |t

pesticides and,

2) the program aired on the weekend, atime when resdents are likely to be engagein their gardening
or lawn care activities.
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Used Oil Recycling
- Partnershipswith car clubs
- Strategicradio advertising
- Partnershipswith auto parts stores

In this effort, we faced the chalenge of reaching an audience that did not want to be reached; younger males
who didn’t care about the environment or
recyding ther ail.

To reach this audience, we focused less on the
message and more on the campaign’ simage as
well as the person ddivering the message. In

_ : reaching the audience, the messages were
.. delivered through peers and at familiar
B Y= — venues. For example, booths were set up at
T f

d = lowrider car shows, but rather than staffing the
N\, Y <N booth oursalves, SGA teamed up with
) lowrider car clubs. The car clubs then brought
|]|][|"{ LET ‘ﬁm THHSH ” their cars and distributed our message. This

RECYCLE YOUR USED OIL and FILTERS gave the campaign credibility with our

3 § ndr . H 1 H

For the nearest location call 1(888) CLEAN LA aud ence, helped build abrand Image for the
campaign and made the campaign “peer to

Another part of this effort was placing ads on radio stations our audience identified with. Based on the
marketing research, we were able to identify the radio stations our audience listened to most. We then
placed ads on their weekend program, which alowed usto ar our ads around the time when do-it-
yoursdfers change ther ail.

The last effort was to place meteriasin auto parts stores. SGA did this by placing floor graphicsin front of
the oil products shdlf, pogtersin storefront windows, and counter cards by the cash regigter. This effort
ensured that our message reached those buying new oil and hit them when they were focused on their
vehicle

ResultgEvaluation

Determining the effectiveness of outreach isa critica eement in any public education campaign. Obtaining
results and feedback allows you to refine your outreach efforts and twesk your strategy to improve your
efforts. However, in tackling outreach on sormwater pollution, certain targets may be extremely difficult to
obtain good information on, while other activities may be straightforward. The key isto sat up severd
feedback points. While none may be perfect, the god is to collect enough data to determine atrend and give
asense of the program’ s effectiveness.

Thiswas exactly the case in the City’ s campaign. In evauating our outreach on used oil, SGA had two solid
methods of obtaining feedback. The methods were 1) surveying auto parts stores regarding how much used
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oil they were callecting and 2) tracking the number of cdlsto the environmentd hotline asking for
information on used ail recycling. In both cases, our numbers went up.

1) Usad ail collection — 9% increase over the previous year
2) Cdl to the hotline— 120% increase over the previous year

In evaluating pesticide/fertilizer and pet outreach, we could only rely on indirect methods.

For outreach targeting pesticides and fertilizers, we eva uated participation at household hazardous waste
collection events and conducted qualitative quizzes during employee training classes. The results from
collection events showed over a 10% increase in volume collected, however the training classes showed
only an adequate retention of information (based on trainer’ s judgment no actua data collected). The
feedback on the training classes, while not postive, proved helpful. SGA concluded from the information
that shorter periods between training classes are needed to address employee attrition and bring new
employees up to speed on the program.

In our outreach to target pets, we focused our evauation on surveying pet owners a adoption events. At this
point, we have no clear feedback yet. Our god isto build up a database of information regarding the habits
of pet owners and then determine if habits change over time. Currently, we are till developing our basdine.

Conclusion

Overdl, there are amultitude of outreach efforts that can be implemented, however, most programs have
very limited resources as well as the tough challenge of trying to change someon€e' s behavior. Many
consumer marketing campaigns have huge budgets completely dedicated to marketing and advertisng a
smple message such as switching brands. Our chalenge is marketing an issue and in Sghting a behaviora
change that may be inconvenient. This chalenge is increased when combined with alack of resources.
Therefore, developing asmart socid marketing plan isimperative to successfully implement outreach.

Additiondly, developing a socid marketing plan heps guide and direct a strategic public education
campaign. Given the complexity of sormwater pollution, it isan invauable todl in andlyzing dl the
potentia optiong/directions for the campaign. To effectively maximize limited resources, srategic planning
using technical datato target the activities combined with the use of marketing research, is criticd. These
two pieces of information (the data and research) help ensure that the outreach is targeted at the highest
priorities and that limited efforts can be as effective as possble. In the end, the more information gathered
about pollution, behaviors, and your audience, the better your chances of success.
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NSF Internationa and USEPA/NRMRL
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Abstract

Assessing, controlling, and tresting combined-sewer overflows (CSO), sanitary sewer overflows (SSO), and
urban sormwater runoff have become priorities for communities. Improved and cost effective trestment
technologies are needed to reduce the adverse impacts that wet weather flows can have on surface water

qudlity.

In October of 1995, the U.S. Environmental Protection Agency (EPA) created a program to facilitate the
deployment of such innovative technologies through performance verification and information
disssmination. The god of the Environmental Technology Verification (ETV) Program isto further
environmental protection by substantidly accelerating the acceptance and use of innovative commercidly
available trestment technologies. The ETV Program isintended to assist and inform the stakeholders
involved in the design, digtribution, permitting and purchase of environmenta technologies.

Since potentid adverse effects on surface water quaity from wet weather flow sources has been targeted as
amgor environmenta concern, the Wet-Weather Flow (WWF) Technologies Filot was created as one of
the 12 pilots formed under this ETV Program. Through a coopertive agreement, US EPA and NSF
International have partnered to conduct this Filot. Objective, quaity-assured performance data will be made
available to al parties in the WWI technology marketplace in the form of a Verification Report and
Statement. These will be published on the Web sites, http:/mww.nsf.org/etv and http://www.epa.gov/etv.

This paper will focus on one of the five areas selected as a high priority within the WWF pilot, sormwater
treatment. The sormwater treatment devices or systems being evauated are designed to intercept and
thereby reduce pollutants before they can adversaly affect surface water quaity. Their functionisto serve as
an effective Best Management Practice (BMP) to assist end usersin complying with meeting NPDES Phase
[l sormwater compliance permits and other regulatory requirements for protecting surface runoff qudity.
Based on their operating principles, there are three basic types of BMP devices that are being verified: in-
line filtration devices, hydrodynamic separators, and in-drain filtration devices

An overview of the generic protocol prepared for use as a template for Site-pecific test plan preparation will
be presented. The names of applied vendors, the names and operating principles of their devices,
performance measures included in their test plans, and test Site locations will be presented. The field-tegting
organization that developed the test plan and performed the testing for each device will dso be identified.

In conclusion, the testing process and available datawill be discussed.
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PROTOCOL OVERVIEW

Asaninitid step in the verification process, the process of developing a protocol was embarked upon with
the guidance of a 9x-member technology pand of expertsin thisfield. The chairman of this pand is Roger
Bannerman from the Wisconsn DNR.  Other members include Michadl Bloom from PBS& J, Stan Ciuba
from WA Dept. of Ecology, Jeff Dennis from Maine DEP, Tom Maguire from MA DEP, ad Rod Frederick
from the EPA, Office of Water. The protocol was prepared under contract with Earth Tech, Inc., and peer
reviewed by Dae Scherger of Scherger and Associates. This protocol serves as a generic template for
preparation of Ste-gpecific test plans.

Both the technology panel and Da€ s review deemed the protocol to be generaly acceptable, with
expectations that modifications and improvements would be made as test plans are drafted.

The latest version of the protocol for stormwater source area treatment devicesis Draft 4.1, March 2002,
and is available on both the NSF Internationa and EPA ETV web stes. This document has evolved from
severd earlier versons of the origina protocol.

The main eements of the protocol are asfollows:

= Minimum 15 qudified sampling events required
= Automatic composite sampling (except HC/micro) - Minimum 5 subsamples
» Pollutant list based on vendors claims - Core list by pollutant category:

- Solids (TSS, TDS, Settleable Solids)

- Nutrients (P, TKN, Nitrate Nitrite, Ammonium)

- Heavy metds (Zn, Pb, Cu, Cd)

- Petroleurmy/ Hydrocarbons (TPH, PAH series)

- Microbiological/Bacteria (Feca Coliform, E.coli)

Technology pand recommendations that were added in this latest verson (Draft 4.1) after atechnology
pand meeting in November of 2001 include:

Adding arequirement of suspended sediment concentration as a messure of solids load

in addition to TSS, including sand/silt split

Provision of additiona guidelines on proper use of automated samplers and sample splitting
Permitting, but not mandating, analyss of captured sediment/pollutants

Improving guidance on sampling and lab Quality Assurance

Additiond technology pane recommendations till under discusson from November’s meeting include:
» Providing guiddinesfor characterizing trash & debris removad, but not establishing

remova efficiency quantification procedures

Adding language about collaborating with other protocol developers, and sharing 3

party credible data generated

Revigting some target detection limits and comparing them to other protocols.
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Stormwater BMP Vendor Applications

The stormwater treatment devices being evaluated under the ETV program are designed to reduce the level
of one or more congtituents of concern in sormwater drainage from a site. These parameters include
sediment or particulates, nutrients, heavy metas, petroleum hydrocarbons, and bacteria. The test plan
created for a specific device being verified at a given location contains the manufacturers remova dams
relaive to any number of these condtituents.

To date, twelve vendors have applied for verification of their devices. These devices can be divided into
three categories based on their operating principles: In-line Filtration Devices, Hydrodynamic Separators,
and In-drain Filtration Devices.

In-line Filtration Systems

Asthe name of this category implies, these types of BMP devices employ some type of filtration mediaas
the mechaniam for removd of sormwater condituentsin an in-line device. There are three vendors who
have sgned up for verification under this category:

1. ZeaTechnology, Inc. (Arka Fltration System)
2. Stormwater Management Inc. (StormGate, StormFilter, StormScreen, and Catch Basin StormFilter)
3. Aquashidd, Inc.(Aqua-Swirl Concentrator and Aqua-Filter)

Arkal Filtration System

The Arkd Filtration System manufactured by Zeta Technology, Inc. is a pressurized sormwater filtration
system that was tested a St. Mary’s Hospital in Green Bay, WI. Testing was completed September 17",
2002 after fifteen events were captured.

This system conggts of two filtration systems. The firdt filtration process consgts of four “towers’ of
commercid disk filters, each disk filter containing a set of grooved rings. The sSize of the grooves
determines the particle size that will be removed from the sormwater down to a 25-micron minimum size.
Disk Szefor testing purposes was set up with 50-micron rings. Automatic backwash occurs when the
pressure differential across thefilter rings exceeds a pre-set level.  The redundant system alows for
smultaneous filtration with three towers, while the fourth tower isin a backwash mode. Thisalowsfor
uninterrupted filtration. The backwash water is temporarily stored in a backwash tank and then discharged
to a sanitary sawer at the end of the runoff period. Thefiltered stcormwater is sent to a second filtration
stage.

This second stage conssts of a series of five seded sand filter tanks that receive the water filtered from the
disk filters through a manifold digtribution system. The sand filter tanks have an automatic backwash cycle
when the pressure differentid across the sand filter exceeds apre-set levd. Like the fird filtration system,
this second system is dso redundant. The tanks are seded to maintain a pressurized flow system. Overflow
from the back wash tank discharges back into the holding tank, and at the end of a runoff event, the
backwash tank is discharged to a sanitary sewer. The filtered sormwater is discharged to the storm sewer
system.
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The sand filter is designed to remove 90% of particles greater than a5-micron Sze. Because of this specific
clam, particle Sze andysis was performed in addition to suspended solids andyss. Sample locations
included the influent and effluent and the by-pass, which occurs during larger runoff events.

Other pollutant congtituents were sdlected in addition to manufecturers clams. These were selected to give
watershed managers information to solve water quality problemsin their area. These include but are not
limited to dl the parametersincluded in the ETV Stormwater Protocol. Additiona parametersinclude COD
and anutrient series.

Thefidd-testing organizations involved at this ste included Earth Tech Inc., U.S. Geologica Survey
(USGS), and the Wisconsin DNR.

Stormwater M anagement, Inc. System

Stormwater Management, Inc. (SMI, Inc.) has a system being tested under the ETV program in Griffin, Ga.
with Integrated Science and Engineering, Inc. asthe Fidd Testing Organization (FTO). Thissystem
conssts of a StormGate, a StormFilter, and a StormScreen.

StormGate

A diverson baffle or hydraulic transstor caled “the StormGate’ by SMI, Inc. isincorporated into this
system. It is designed to divert a certain amount of flow to either the StormFilter or the StormScreen, the
other two components of the SMI, Inc. system. Stormwater on the east Side of Fifth Street at the test Site
will flow through a StormGate to divert 10 cfs to the StormScreen device. The StormGate will divert any
flows exceeding 10 cfs. The StormGate located on the west Sde of Fifth Street will divert 0.79 cfsto the
StormFilter. Flows exceeding 0.79cfs will be diverted back to the gorm drain line.

StormFilter

The StormFilter portion of the system is compaosed of filter cartridges housed in asted vault at a St. Clair
Shores, MI ETV test Ste. This system uses perlite filter mediaiin the filter cartridges. Thefilter sysemsare
ingdled inline with the sorm drain lines. The system works by percolating scormwater through the perlite
filter media Thisfilter mediais designed to trap particulates and adsorb materias such as suspended solids,
petroleum hydrocarbons, and particulate bound removal such as particulate bound phosphorus, nitrogen, and
metals.

The typicd unit configuration congsts of an inlet bay, flow Soreader, cartridge bay, an overflow baffle and
outlet bay. The outlet bay serves as agrit chamber and provides for flow transition into the cartridge bay.
The flow spreader provides for the trgpping of floatables, oils and surface scum. Water enters the cartridge
bay through the flow spreader and sartsto pond. When the water ponds, it infiltrates through the filtration
media and into the center tube, and beginsto raise the float. Once the ponding submerges the cartridges, the
float will pull 1oose from the lower float sedl and generate a siphon effect, which greetly increases the flow
potentia acrossthefilter media. The sphon effect continues until the water is drawn down to the scrubbing
regulator portion of the hood, at which time air bubbles are entrained and the sphonislost. Asthe bubbles
are entrained across the surface of the cartridge, scouring of the solids deposited on the outer screen of the
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filter occurs, which acts as a sdf-cleaning mechanism. Water will continue to drain gravitationdly until the
float reseatsitsdf and resets the system.

The anticipated removal efficiencies of the StormFilter are between 50 to 70% of TSS, 40 to 45% of Totd
Phosphorus, and little to no change in Dissolved Phosphorus. Also anticipated are 30% removad of Totd
Kjeldha Nitrogen, 40% remova of Tota Zinc, and 20 to 40% remova of Dissolved Zinc and Dissolved
Copper. All parameters listed in the Stormwater protocol will be tested for in the influent to the device and
the effluent from the device.

StormScreen

The StormScreen portion of the system is a device that incorporates screening technology with patented,
sdf-cleaning, Sphon-actuated, radial flow cartridges. This system is designed to treat high flow rates
through fine screening of the influent, and is intended to target trash and debris and larger suspended solids.
The system configuration congsts of 20 cartridges which are activated by buoyant forces lifting an internd
float and opening the lower float sed that draws polluted influent viaa siphon, ensuring a constant operating
flow rate aswell as even flow digtribution over the entire cartridge surface. Polluted stormwater is trested
by settling as water enters the vault and by being drawn through the small openings of the StormScreen
cartridges.

This sysem was ingtdled in Griffin, GA in August of 2002 with ISE, Inc. asthe FTO.

Catch Basin Stor mFilter

The Catch Basan StormFilter is manufactured by Stormwater Management, Inc. (SM, Inc.), andisa
passive, flow-through sormwater filtration system. It is engineered to replace the standard catch basin, and
conssts of aconcrete or stedl vault that houses rechargeabl e cartridges filled with a variety of filtretion
media. In the Catch Basn StormFilter, polluted runoff enters the system through a traffic-bearing grate into
the primary settling chamber where heavier solids drop to asump. The runoff water containing the lighter
solids and dissolved pollutants is then directed under a baffle into the cartridge chamber where the
StormFilter cartridges are housed. The StormFilter works by passing this water through the media-filled
cartridges, which are intended to trap particulates and adsorb pollutants such as dissolved metds, nutrients,
and hydrocarbons. This catch basin device can be customized to site-specific conditions by using different
filter mediato remove the desired leves of sediments, soluble phosphorus, nitrates, soluble metas, and ail
and grease.

A Caich Basin StormFilter unit designed using CSF® leaf mediaiis being tested under the ETV program.

To create this media, Stormwater Management composts leaves into mature stable humus. This humusis
then processed into organic granular media created used to remove TSS, oil and grease, and soluble media
CSF (Compost Stormwater Filter), aregistered trademark type of mediafrom SMI, Inc., that is a specific
gradation of media. It isaleve of mediaretained by acertain Sevesze.

The manufacturer sates that there are three primary pollutant remova mechanisms performed by the media:
1. Mechanicd filtration to remove sediments and associated totd phosphorus
2. Chemica processes to remove soluble metds including lead, copper, and zinc
3. Adsorption processes to remove oil and grease
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This Catch Basin StormFilter comprised of four cartridges housed in agted vault was ingtdled in August at
adtein &. Clair Shores, MI. Environmental Consulting and Technology, Inc. (ECT, INC.), the selected
FTO, will evauate this unit.

The performance claims from SMI, Inc. literature indicate that suspended solids remova during testing may
reach 95%, depending on particle Sze didtribution and influent concentration. Heavy metals removal rates
from 65% to 95% may aso be anticipated due to the cation exchange mechanism provided by the humic
substances in the CSF leaf media The high organic content of this CSF media facilitates remova of oil and
grease as wdll as some other organic compounds. The system is optimized for oil and grease remova when
loadings are less than 25mg/l. Under these conditions, remova rates may be expected to reach 85%.

Aqua-Filter Stormwater System

Thefina vendor that has gpplied for ETV verification of afiltration device is Aquashidd, Inc. Ther
filtration device submitted for verification is known as the “ Aqua- Filter Stormwater Filtration System.” Itis
an in-line sormwater filtration system capable of treating large flow rates. Each Aqua-Hlter sysemiis
custom engineered for the Ste and utilizes a unique “trestment train” gpproach which includes a Swirl
Concentrator designed for pre-trestment followed by afiltration chamber designed to remove fine
sediments, water-borne hydrocarbons, and nutrients such as phosphorus and nitrogen. The Swirl
Concentrator portion of the system is a hydrodynamic separator designed to remove TSS (coarseffine
sediment) and free floating oil and debris.

Thefiltration chamber that follows the Swirl Concentrator in the trestment train contains a cellulose filter
media designed for polishing of the sormwater before discharge. There are no moving partsin the system.
The manufacturer clams that previous test results indicate a 90-95% remova rate of dissolved petroleum
and ails. The patented filter media changes from tan to black when it needs to be removed. High Dendty
Polypropyleneis used in lieu of concrete, making the Aqua- Filter System relativey lightweight and
chemicdly resgtant.

Fdd-tegting of this unit under the ETV program has not been initiated to date.

Hydrodynamic Separators

A second classification of stormwater treatment devices is generaly referred to as “hydrodynamic
separators.” Badicdly, ahydrodynamic separator is some type of cylindrica vessd in which aflow stream
isintroduced tangentiadly to induce a swirling flow pattern. This causes seitlesble solids to be accumulated
and stored in a manner and a location that will prevent re-suspension of previoudy captured particulates.

There are five vendors that have applied whose operating principlesfit this hydrodynamic separation
classfication. Theseinclude Baysaver, Inc. with the Baysaver, Practical Best Management (PBM) with the
Crystd Stream Oil/Grit Separator, Vortechnics, Inc. with the Vortechs System, CDS Technologies, Inc.
with the Continuous Deflection Separator (CDS) device, and Hydro Internationa with the Downstream
Defender.
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Baysaver

The Baysaver Separation System is designed for use as an in-line separation system for the removal of
sediments and floatable particles. Separation within the unit occurs as aresult of dengty differences
between sormwater and materials being carried by the sormwater. Materids with a specific gravity greater
than one are removed as aresult of sedimentation, while materids with a Specific gravity lessthan one are
removed by floatation. Molecules such as hydrocarbons adsorb to particles that separate out in both the
primary and storage manholes. How through the BaySaver unit is controlled by the use of atrapezoida
welr that dlows the Baysaver Separation System to dictate the volume of water being treeted in the Storage
manhole.

The Baysaver Separation system is comprised of two precast manholes and a High Density Polyethylene
Baysaver Separator Unit. The primary manholeis set in-line with the storm drainpipe, and the storage
manholeis offset to either Sde. According to the manufacturer, the two manholes, which must be
watertight, provide the retention time and storage capacity necessary to remove the target pollutants from
the influent water. The Baysaver Separator Unit is designed to act as aflow control, diverting the influent
water to the flow path that will result in the mogt efficient pollutant removal.

The primary manhole is designed to remove coarse sediments from the influent water and retain themin an
eght-foot degp sump. A portion of the influent flow is skimmed from the surface of the primary manhole

by the Baysaver Separator Unit and conveyed to the storage manhole. Thiswater enters the off-line storage
manhole a an eevation below the water surface and above the floor of the Structure, dlowing both flotation
and sedimentation to occur. The fine sediments and floatables that are entrained in this water remain

retained in the manhole.

The Baysaver Separator Unit is designed to limit the flow through the storage manhole by alowing excess
water to pass directly from the primary manhole to the outfdl. During high intendty sorms, the Baysaver
Separator Unit Draws water from the center of the primary manhole, gpproximatdly four feet below the
water surface, and dischargesit to the outfal. Simultaneoudy, it continues to skim the surface water and
treat it through the storage manhole. Extremely high flows are conveyed by the separator unit to the bypass,
and bypass the storage manhole completely.

The storage manhole is designed to store ails, fine sediments, and floatables off-line; the internd bypassis
designed to minimize the risk of resugpension and discharge of contaminants. The system is aso designed
to minimize the volume of water that must be removed during routine maintenance, resulting in lower

disposal fee.

Baysaver, Inc. reported that their Baysaver Separation System will provide anet removal efficiency ranging
between 60 to 80% removd of Tota Suspended Solids and will dso remove a significant portion of free oils
that enter the system.

The Baysaver, Inc. Sysem was indaled a a sitein Griffin, GA in August of 2002, and testing is on-going.
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Crystal Stream Oil/Grit Separator

Practical Best Management (PBM) of Georgia, Inc manufactures the Crystd Stream Oil/Grit Separator. It is
alimited space BMP device that utilizes settlement as the primary condtituent remova method; as velocity
dows, sediment and grit carried by the sscormwater collect in the bottom of the device. It contains a separate
oil chamber designed such that motor oils and other fluids that float on water are skimmed and captured in
thisreservoir for recovery. A trash rack on the top of the device isintended to capture Styrofoam cups and
cigarette butts. The unit is purported by PBM, Inc. to capture over 99% of petroleum products and nearly
95% of it and grit, dso entraining many chemicas and heavy metds.

Thisdevice was ingtdled and isin the process of being tested at aSite in Griffin, GA ISE, Inc. isserving as
the FTO.

Vortechs System

Vortechnics, Inc manufactures the Vortechs System. It isadesign that combines swirl-concentrator and
flow —control technologies to ensure effective capture of sediment and oils, and prevent resuspension of
trapped pollutants even at flow rates up to 25 cfs.

The Vortechs System consgts of a Grit Chamber, an Oil Chamber and Baffle Wall, and Flow Control
Chamber. In the grit chamber, a swirling motion created by the tangentid inlet directs settlesble solids
toward the center of the chamber. Sediment is captured in the flow path and settles back into the chamber
after astorm event isover. The Oil Chamber has a center baffle that is designed to trap floatables in the oil
chamber even during cleanout. In the flow control chamber, the weir and orifice flow controls raise the
level and volume in the system as the flow rate increases, and gradudly drains the system as the flow rate
subsides.

The Vortechs System is being tested a a Ste in Milwaukee, WI. EarthTech, Inc. in conjunction with the WI
DNR and USGS is serving asthe FTO.

Downstream Defender

Hydrol nternationa manufactures the Downstream Defender. The Downstream Defender is a dynamic
separator designed to remove floatables, sediment and free oil from sormwater runoff. Raw liquid is
introduced tangentidly into the side of the of the cylinder and spirds down the perimeter dlowing heavier
particles to settle out by gravity and the drag forces on the wall and base of the vessd.

The base of the unit isat a 30 Degree angle. Asthe flow rotates about the vertical axis, solids are directed a
the base of the facility where they are stored in the collection facility. The internal components are designed
to direct the main flow away from the perimeter and back up the middie of the vessd as a narrower spirding
column rotating a a dower velocity than the outer downward flow. A dip plate is suspended from the
underside of a component support frame. The dip plate locates [better word?] the shear zone and establishes
azone between it and the outer wall for floatables, oil, and grease. According to the manufacturer, the flow
that reaches the top of the vessdl should be virtudly free of solids and is discharged through the outlet pipe.

A sump vac procedure is used to remove floatables and solids.

Testing has not begun to date on the Downstream Defender; the test Site has yet to be determined.
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CDS Technology

CDS Technology markets the CDS device that is designed to divert the portion of the ssormwater containing
the mgority pollutants (i.e. firgt flush) into the screen chamber. This water istreated and then returned to
the sormwater system. Flowsin excess of the CDS treatment flow bypass the screen chamber. Captured
solids are permanently retained within the CDS screen and sump. Floating solids are kept in continuous
moation on the water surface while heavier materias go into the sump.  CDS units use a continuoudy

cleaning screen. The screen is designed to remove neutrally buoyant particles that are captured by typica
baffled systems.

A test site for the CDS unit is yet to be determined.

In-drain Filtration Systems

In-drain filtration systems are catch basin inserts designed to remove various pollutants by means of some
type of filtration media There are five different catch-basin insarts that we are verifying in the ETV

program. These are the Ultra Urban Filter with Smart Sponge from AbTech Indudtries, Inc., the Ultra-Drain
Guard Oil and Sediment Plus from UltraTech Internationd, Inc., the Hydro-Kleen™ Filtration System from
Hydrocompliance Management, Inc., Drain Pac from DrainWorks, Inc., and the Flo-Gard Plus
manufactured by Kristar Enterprises, Inc.

UltraUrban Filter

AbTech Indudtries, Inc. manufactures this BMP Device. The Ultra Urban Filter with Smart Spongeisan in-
drain insert designed to remove sediment, hydrocarbons, and debris from stormwater. The Ultra Urban
Filter Series DI2020 is made of high strength corrugated plastic designed to “drop-in” existing sormweter
catch basins. It is used in storm drains that experience il and grease pollution accompanied by sediment
and debris.

Thefilter is designed such that trash and sediment accumulate in the internal basket while oil and grease are
captured in thefiltration media. According to the manufacturer, oil is bonded with the SmartSponge so thet
it will not leach back into the environmen.

It wasinddled in August of 2002 at atest dtein Griffin, GA and is being evaluated by ISE, Inc. asthe FTO.

Ultra-Drain Guard Oil and Sediment Plus

UltraTech Internationa, Inc. manufactures this* Catch Basin Insert” device. It isdesigned to capture ail,
grease, trash, and sediment from stormwaeter runoff before it enters the sorm drain system. Itisingtdled ina
caich basin and is suspended by the grate itsdlf. Stormwater runoff enters the Ultra- Drain Guard Oil and
Sediment Plus and is directed toward the pouch by a skirt made of anom-woven [7] polypropylene, needle-
punched, geotextile materid. The fabric itsdf is designed to filter pollutants as the runoff passes over and
flows through the materid. In addition, each Ultra-Drain Guard Oil and Sediment Plus is equipped with
severd “filter Srips’ made of “X-Tex,” aunique filter materid made of recycled synthetic fibers. The
manufacturer clams that this materid is extremely effective in the cgpture and remova of hydrocarbons and
other pollutants from sormwater. Thesefilter dtrips are intended to maximize oil and hydrocarbon remova.
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The Ultra-Drain Guard Oil and Sediment Plus are designed with “ByPass Ports’ to prevent flooding and
ponding from occurring. One unit is said to be capable of filtering out and containing aminimum of forty
pounds of oil, sediment, debris, and floatables.

The Ultra- Drain Guard Oil and Sediment Pluswas inddled in aste in Griffin, GA. in August of 2002. 1SE,
Inc. issarving asthe FTO, and testing is ongoing.

HydroKleen

Hydro Compliance Management, Inc., of Ann Arbor, Michigan (Hydro Compliance), manufactures and
markets the Hydro-Kleen™ Filtration System. The Hydro-Kleen™ isa stormwater catch basin insert
designed to trap hydrocarbons, meta's, sediments, and other contaminants contained in ssormwater and other
surface runoff. The Hydro-Kleen™ contains a multi-chamber system that combines pre-settling sediment
remova with dual mediafiltration. The system is designed to filter hydrocarbons and other contaminants
while aleviating concerns with water flow. The Hydro-Kleen™ Filtration System is promoted as a

sructurd BMP to assst end users in complying with meeting NPDES Phase |1 sormwater compliance
permit and other regulatory requirements for protecting surface water runoff quality.

The Hydro-KleenO Filtration System is a patented multi-media filtration design combined with pre-settling
sedimentation containment and overflow by-pass protection for ‘hot spot’ gpplications.  Each unit is custom
manufactured for retrofit or specification to fit a specific catch basn or drain invert sze. Units are placed
into drains by removing the grate/cover, insarting the unit onto the grate lip, and replacing the cover. Water
flow enters the unit and is directed into a pre-settling sedimentation chamber that collects heavy sediments
and debris passng through the grate. Water then passes through trangtion inlets at the top of the sediment
chamber into the filtration chamber. The primary media, Sorb-44, is intended to remove hydrocarbons
through adsorption. The secondary media is a blend of activated carbon (AC-10) that is intended to remove
any remaining hydrocarbons, as well as a variety of other organics, metds, and other contaminants from the
runoff. Water then passes through the of the bottom trestment chamber into the catch basin.

Units are desgned to trgp contaminants contained in the ‘firg flusw from storm events while adlowing
oveflow protection to diminae flooding during heavy wet weather events To accomplish this the
filtration chamber is designed to handle 40 — 50 gpm through the media chamber, effectively handling up to
Y in. of rain per hour in a properly desgned drain. Higher flows from high intendgty wet weether events are
diverted to by-pass outlets that are desgned to move whatever flows the drain is designed to handle. This is
intended to prevent flooding or ponding on the surface while capturing contaminant loadings from
impervious surfaces.

The Hydro-Kleen System is being tested under two different protocols. Laboratory testing is being done
under the protocol for in-drain devices developed under the Source Water Protection PFilot in Ann Arbor at
NSF International. Field-testing is being conducted a a site in St. Clair Shores, MI under he Stormwater
Source Area Treatment Device Protocol .

DrainPac
DrainWorks, Inc manufactures DrainPac. It bascaly conssts of three types of parts. ameta support

bracket, flexible polymer support structure, and areplacesble bag filter. DrainPac is designed to trap or
collect sediment, oil and debris from draininlets.
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A test Ste and testing organization has yet to be determined.
Flo-Gard Plus

Ho-Gard Plusis manufactured by Kristar Enterprises, Inc. It isa catch basin filtration system designed to
be effective in the remova of sediment, trash and debris. It feastures a Sainless stedl outer basket, afilter
liner, and an HDPE adapter ring to dlow for usein awide range of design applications. 1t dso offersadud
bypass feature, an initid “filtering” high flow bypass and an “ultimate’ high flow bypass. In both bypass
modes, pollutants remain trgpped in the system.

Thisdevice is not being tested yet, Since the Ste has yet to be determined.

Summary

Thisis asnapshot of the Stormwater Technology Areaof the ETV Program, asit exists in September of
2002. Twelve vendors have applied for verification with thirteen different devices submitted for verification
testing. Testing of the Arka Filtration System has been recently completed in Green Bay, WI.

Tedting isortgoing for the Vortechs System in Milwaukee, W1 under the direction of EarthTech, Inc. asthe
FTO, and in conjunction with the Wisconan DNR and US Geologicd Survey (USGS). Tedingisaso
underway for the Hydro-Kleen Filtration System and the Catch Basin StormFilter from SMI, Inc. in .
Clair Shores, MI with ECT, Inc. asthe FTO. In Griffin, GA, with ISE, Inc. asthe FTO, verification testing
ison-going for the Crystd Stream Qil/Grit Separator from PBM of GA, the StormGate, StormFilter, and
StormScreen from the Stormwater Management Inc. (SM1), and the Baysaver Separation System from
Baysaver, Inc. Ultra-Urban Filter from AbTech Industries, and the Ultra- Drain Guard Oil and Sediment
Pus unit from UltraTech Internationd, Inc. are dso being tested in Griffin with ISE, Inc. asthe FTO. Five
devices that have not begun testing include: the FloGuard Plus from Kristar, Aqua- Filter Stormwater
System from Aquashield, the CDS Device from CDS Technologies, the DrainPac from DrainWorks, and the
Downstream Defender from Hydrol nternational, Inc.

As mentioned, our protocol is congtantly evolving as test plans are developed and findlized. A current copy
of the protocol can be found either on the EPA or NSF ETV web sites, http://www.nsf.org/etv and
http://mww.epa.gov/etv. Also, verification resultsin the form of Verification Reports and Statements for the
testing that has been completed to date can be found on these web Sites.
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USING AN INDICATORS DATABASE TO MEASURE STORMWATER
PROGRAM EFFECTIVENESS IN HAMPTON ROADS

Julia B. Hillegass
Hampton Roads Planning District Commission
Chesapeake, Virginia

Abstract

The Hampton Roads Planning District Commission (HRPDC) has been working with the region’s
sixteen localities to develop a regional stormwater management program since 1996. The program focuses
on activities that support the permit compliance efforts of the six communities with Virgina Pollutant
Discharge Elimination System (VPDES) Stormwater System Permits, technical assitance to the region’s
non-permitted communities and regional education and training to support all of the communities. A set of

regional stormwater management goals that guide the regional program has been developed. Adopted by
the HRPDC, they are:

» Manage stormwater quantity and quality to the maximum extent practicable (MEP)
---Implement Best Management Practices (BMPs) and retrofit flood control projects
to provide water quality benefits.
---Support site planning and plan review activities.
---Manage pesticide, herbicide and fertilizer applications.
* Implement public information activities to increase citizen awareness and support for the
program.
= Meet the following needs of citizens:
---Address flooding and drainage problems.
---Maintain the stormwater infrastructure.
---Protect waterways.
---Provide the appropriate funding for the program.
» Implement cost-effective and flexible program components.
= Satisfy VPDES stormwater permit requirements:
---Enhance erosion and sedimentation control.
---Manage illicit discharges, spill response and remediation.

The Regional Stormwater Management Committee determined that a major technical study should
be undertaken cooperatively to support the stormwater programs of the six permitted localities and should
include the following components:

1. Analyze stormwater discharge sampling data to develop event mean concentrations (EMC)
by city and by land use.

2. Develop stormwater pollutant loads for watersheds in the six cities based on the EMC using a
geographic information system.

3. Develop a consolidated regional monitoring program for the six cities for consideration by

the Department of Environmental Quality (DEQ) in the VPDES stormwater permit
reapplication process. Develop recommendations on indicators of stormwater management
program effectiveness.
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The Regional Loading Study recommended the use of a series of Program Effectiveness Indicators,
rather than continued traditional chemical water quality monitoring. The HRPDC staff developed a
proposed modification to the monitoring component of each locality’s municipal separate storm sewer
system (MS4) Permit, outlining the Regional Stormwater Management Program Goals that are to be met
through the local stormwater programs and how the Indicators would be used to measure progress toward
those goals. Ten indicators were developed to measure the overall success of local programs. The proposed
Permit Modification was submitted by each of the permitted localities and was incorporated by DEQ into
the reissued VPDES Stormwater Permits.

Background

During their first separate storm sewer system (MS4) Virginia Pollutant Discharge Elimination System
(VPDES) permit term, the Cities of Chesapeake, Hampton, Newport News, Norfolk, Portsmouth, and
Virginia Beach were required to monitor the chemical constituents from selected outfalls. Based on the
collected monitoring data, the local governments were required to calculate Event Mean Concentrations
(EMC:s) of pollutants discharged from their monitored stormwater outfalls. A study was commissioned by
the affected local governments to determine the efficacy of this method of monitoring. A map of the study
area with major watersheds is included as Figure 1. The consultant on the project was charged with the
following:

1. Analyze stormwater discharge sampling data to develop event mean concentrations (EMC)
by city and by land use.

2. Develop stormwater pollutant loads for watersheds in the six cities based on the EMC using a
geographic information system.

3. Develop a consolidated regional monitoring program for the six cities for consideration by

DEQ in the VPDES stormwater permit reapplication process. Develop recommendations on
indicators of stormwater management program effectiveness.
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Process and Objectives
The process for developing the regional stormwater program and effectiveness indicators is shown in Figure
2 and is described below:

e The consultant conducted a literature search of regional monitoring programs and alternative
program effectiveness indicators.

e The consultant facilitated discussion of the development of regionally consistent stormwater
monitoring program goals, prioritizing potential indicators to be used in a regional program,
either to complement or replace the required chemical monitoring under the then existing
VPDES permits. The goal setting and prioritization was conducted over a series of
workshops from October 1998 to February 1999.

e The consultant performed an analysis of existing VPDES permit data to determine:

o Whether chemical monitoring can be replaced by other effectiveness indicators, by
comparing local data to the Nationwide Urban Runoff Program (NURP) data.

o If monitoring cannot be replaced, determine whether monitoring sites and land use
types can be consolidated based on representative data across cities and land use as
compared with NURP data.

An important objective of the new program was to effectively communicate the successes of the municipal
stormwater programs to the public and elected officials, with greater emphasis on social and programmatic
indicators. A second objective was to develop a more cost-effective approach to stormwater monitoring in
the Hampton Roads region that will both satisfy the permit requirements and measure the effectiveness of
local stormwater programs.
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Figure 2: The Process

When compared to EMCs from other urban areas studied during the Nationwide Urban Runoff Program
(NURP), calculations indicated that the level of pollutants carried by stormwater in Hampton Roads is
typical of other urban areas and, in many cases, lower.

The Stormwater Management Program Effectiveness Indicator Tracking Program was developed to help the
region’s local governments assess their achievement of common stormwater management goals developed
by the Hampton Roads Regional Stormwater Management Program. These goals are:

e Manage stormwater quantity and quality to the maximum extent practicable (MEP).
o Implement BMPs and retrofit flood control projects to provide water quality benefits
a Support site planning and plan review activities.
o Manage pesticide, herbicide, and fertilizer applications.

e Implement public information activities to increase citizen awareness and support for the program.

e Meet the following needs of citizens:
o Address flooding and drainage problems.
0 Maintain stormwater infrastructure.
o Protect waterways.
a Provide appropriate funding for the program.

e Implement cost-effective and flexible program components.
e Satisfy VPDES stormwater permit requirements.

o Enhance erosion and sedimentation control.
o Manage illicit discharges, spill response, and remediation.
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The Indicators Program

A variety of program effectiveness indicators were selected during the series of workshops. These
indicators encompass all aspects of local stormwater programs in Hampton Roads and were selected based
upon technical, practical and programmatic considerations. To capture data representative of the activities
in stormwater programs, the indicators were divided into strategic indicator groups. An indicator was
defined as a measurable feature that provides managerially and scientifically useful evidence of stormwater
and ecosystem quality or reliable evidence of trends in stormwater quality and program effectiveness. The
Tracking Program stores the indicator data in a Microsoft Access database. The indicators that are recorded
in the database can be grouped into one of four categories as illustrated in Table 1 below:

Table 1: Database Indicators

Indicator Group Indicator

Water Quality Pollutant Loadings
Physical & Hydrological Greenlands Program
Programmatic Investigative Monitoring

BMP Implementation

Flooding and Drainage Control
Flooding and Drainage Projects
Erosion and Sediment Control
Permitting and Compliance
Operations and Maintenance

Socioeconomic Public Information Programs
Environmental Knowledge
Website visits
Publications Distributed
Media
Restoration Activities
Cleanup Activities

While the chemical monitoring program was useful in determining that the stormwater runoff in Hampton
Roads is comparable to other urban areas, it was not useful in communicating the effectiveness of local
stormwater management programs. The high variability of the data, due to natural factors such as rainfall,
makes it very difficult to detect any actual increasing or decreasing trends in pollutant levels carried by
stormwater runoff. In addition, the chemical monitoring program could not account for actions taken by
local stormwater programs to reduce flooding and drainage problems. Due to these shortcomings, the
permitted local governments of Hampton Roads proposed modifying their MS4 VPDES permits to replace
the chemical monitoring requirement with a Stormwater Management Program Effectiveness Indicator
Tracking Program for the second permit term. Initial data collection began in 2000 to provide examples of
the types of data that would be collected in future years, should the Tracking Program be allowed in the
permit renewal process. Data can be queried and illustrated by locality and regionally, in the form of
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summary tables and graphs. The Virginia Department of Environmental Quality accepted the proposed
Tracking Program in lieu of chemical monitoring and modified the MS4 VPDES permits accordingly when
they were reissued in April 2001.

Description of Indicators

Water Quality Nutrient Loadings

CH2MHill estimated Stormwater pollutant loads for each of the local governments in Hampton Roads
permitted through the Virginia Pollutant Discharge Elimination System Program. The estimated pollutant
loads are documented in a series of Technical Memoranda contained in each locality’s annual report.

Greenlands

Greenlands are lands that are permanently protected from development or lands that are restored to a more
natural state during redevelopment. They provide a water quality benefit by reducing the imperviousness of
the watershed. Such lands may include parklands, refuges, wetlands, and lands protected by conservation
easement. The database is structured to maintain the number of acres of greenlands to assess progress
toward reducing the potential watershed imperviousness and nonpoint source pollution loads.

BMP Implementation
Stormwater best management practices (BMPs) help to minimize flooding and water quality impacts
associated with development. Experience has shown that over time, lack of maintenance has caused BMPs
to lose their effectiveness. In addition, older developed areas lack BMPs or the designs of the BMPs that
have been installed do not include water quality protection measures. To measure the success of BMPs in
flood and water quality protection, the database is structured to include information on:

e The number and types of BMPs installed or retrofitted for water quality

e The number of developed acres served by BMPs, grouped by land use

e Inspection and maintenance activities

This information will eventually allow the estimation of pollutant removal by BMPs and the ascertainment
of whether BMPs are functioning properly.

Erosion and Sediment Control

Every local government in the Commonwealth of Virginia is required to administer an Erosion and
Sediment Control Program. The Erosion and Sediment Control Law requires that land disturbing activities
exceeding 10,000 square feet submit an Erosion and Sediment Control Plan and meet minimum standards.
Under the Chesapeake Bay Preservation Act, the threshold is decreased to 2,500 square feet in a Chesapeake
Bay Preservation Area. The minimum standards specify practices that reduce the amount of sediment
leaving a construction site and minimize downstream flooding and streambank erosion. The level of
enforcement and compliance limits the effectiveness of local erosion and sediment control programs. To
monitor the extent of land-disturbing activities, the database is designed to include information on the
number of approved erosion and sediment control plans and disturbed acreage. The number of inspections
and enforcement actions are also included to evaluate enforcement and the level of compliance with the
local erosion and sediment control regulations.

Flooding and Drainage Responses

Calls and complaints received from citizens can be an indicator of the performance of a stormwater
program. Responsiveness of a stormwater program, in the form of inspections and resulting maintenance
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activities, to citizen inquiries can also be an indicator of effective administration of the stormwater program.
The database is structured to collect data on the number of citizen calls and responses.

Flooding and Drainage Projects

An important function of a local stormwater program is to correct flooding and water quality problems.
Projects to address these needs may be included in local Capital Improvement Projects. Corrective actions
may involve retrofitting areas, installing BMPs, or restoration activities. To help determine whether a
stormwater program is actively performing this important function, the database is designed to include the
number and cost of flooding and drainage projects.

Investigative Monitoring

Hazardous material spills, wastewater cross connections, and other illicit discharges can represent a
significant source of pollution. Implementing an effective illicit discharge/connection management program
to control these sources can result in considerable improvements to water quality. The database is
structured to allow the collection of information on investigative and corrective actions, to assess whether an
illicit discharge/connection program is being effectively implemented. These actions include screening
inspections and measures taken to locate and eliminate illicit discharges/connections.

Operations and Maintenance

Operation and maintenance activities are crucial to a stormwater conveyance system’s ability to reduce
flooding and minimize the amount of pollutants that are discharged into the region’s waterways. Operation
and maintenance activities include street sweeping and cleaning and repairing both catch basins and
drainage facilities. By monitoring these activities, the proper functioning of the stormwater system can be
assessed, and the amount of sediment that was prevented from being discharged by the stormwater system
can be estimated.

Permitting and Compliance

Development increases the amount of runoff and pollution in a watershed. In an effort to monitor
development activity, the number of approved site and subdivision plans, and their associated developed or
redeveloped acres are maintained in the database.

Public Information Programs

Informing individuals about stormwater issues and measures they can take to reduce pollution is important
to gaining public support of a stormwater program. It also helps protect water quality. The database
maintains information on public education and outreach activities to help assess whether a stormwater
program is adequately carrying out this function. The parameters that are examined include: number of
publications produced and distributed, public outreach activities, media campaigns, riparian restoration
activities by citizens, stream cleanup activities, and web site hits. Where appropriate, citizens are surveyed
regarding their knowledge levels before and after an informational effort.
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The Database

The Main Menu

The database opens up to the Main Menu with several selection options. The upper portion of the menu lists
each of the effectiveness indicators. When an indicator is selected, a data entry form for that particular
indicator is displayed.

The bottom portion of the menu consists of administrative functions. The “Edit Lookup Tables” button
opens a form that allows the input of additional Activity Types, BMP Types, Green Areas, Municipalities,
Pollutants, Spot Types, Topics and Watersheds. The “Import/Export Data” button opens a form that will
allow each of the indicators to be exported in a text or Excel format, as well as import an indicator that has
already been exported in a text format by using this tool. The Main Menu is illustrated in Figure 3.

@, Microzoft Access - [Main Menu]
” Eile Edit Wew Insert Format Records Teols Window Help _|ﬁ'|1||

-1

A AMPTON R A
= mﬁm

ZHEE ENEEEEEEE

Form view [ mm[ [

Figure 3: Database Main Menu

Indicator Tools Menus

Data entry forms are set up for each indicator to facilitate the data-gathering task. Few of the permitted
localities have all of the tracked information in one department. The Tracking Program allows data entry to
be conducted by several departments, compiled by the respective locality, and then compiled for the region.
Many localities are able to use the data gathered in reporting on other related program efforts such as
Erosion and Sediment Control and the Chesapeake Bay Preservation Act.

Features unique to the Tracking Program include the ability to query for reporting by region, watershed or
locality. Data can also be entered in the datasheet view, which allows for full functionality of all of the
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associated pull-down menus. The Tracking Program also allows for different time intervals of data
collection, such as monthly, quarterly or annually, ensuring flexibility for the different local programs.

Localities can also customize specific reporting areas to more accurately capture local program efforts by
utilizing the Edit Lookup Tables function of the database. Existing lookup values can be added, deleted or
modified based on local program needs.

An Import/Export Data function allows electronic compilation and transfer of data between and among local
departments, as well as to and from the HRPDC staff. The data can be exported and manipulated in Excel
or exported to text to send a final version. Filenames are automatically assigned by concatenating the
municipality with the table name and current date. When importing data, automatic integrity checks will be
activated which prevent duplicate reporting, while allowing the user to upload the remaining records.

Sample Reports
Figure 4 and Figure 5 show examples of reports for Pollutant Concentrations (EMCs) and Pollutant Loading
data.
Virginia Beach
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Figure 4: Pollutant Concentration Data for Virginia Beach
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Total Phosphorus (TP) Load {310,616 Ibfyr)

Distribution Between Major Watersheds in Study Area
For the Year: 1999
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Figure 5: Total Phosphorus Load Distribution by Major Study Area Watersheds
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A variety of reports can be generated from the myriad of data collected. Data can be sorted by locality,
watershed, activity type, watershed within a specific locality, or summarized for the entire Hampton Roads
region. Some examples of those tables and charts follow:

Acres of Greenlands in Hampton Roads
100000 89163.42
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Figure 6: Acres of Greenland Areas in Hampton Roads
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f
® 6000
§ 5000 /’
% 4000
& / ) —e—FY 00-01
« 3000
5 ~ // —=—FY 01-02
o 2000 T ~
2 1000 W
g O I I I I I 1
Z &
N -
R & & < 2 >
o e"?& Q
Locality

Figure 7: Flooding and Drainage Responses by Fiscal Year per Locality
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Table 2: Miles of Drainage Facilities

Serviced Recovered
Miles of Drainage Facilities Serviced Street Sweeping FY 01-02 |
FY 00-01 |FY 01-02 B Miles | Tons
Chesapeake 933 97.41 Chesapeake 6218.85 870
Hampton 405 325 Hampton _75 ZGE
Newport News 13880 242 Newport News 12004 9378
Norfolk 11.14 199.9 Norfolk 50700 7245
Portsmouth 109 504 Portsmouth 17073 653|
Va Beach 9 92 IVa Beach 10350 15646

Table 3: Street Sweeping Miles and Tons

These various indicator groups, while not complete unto themselves, can together give a better indication of
the success of an overall storm water management program. The data is also helpful to local governments
in evaluating annual budgets; compiling long-term budget and program priorities for permit renewal; and
having hard data to share with citizens and elected officials. A challenge of the tracking program has been
keeping the data input consistent between and among localities, as often several staff members will be
responsible for entering various pieces of the data for their locality. The goal of the reports is not to
compare program weaknesses between localities, but rather to more effectively gauge local efforts and
spending in relation to program accomplishments.

Conclusion

Trial data was submitted to DEQ prior to formal permit renewal applications being submitted. During that
time, work sessions were also held with the committee to gauge the usefulness and efficiency of the
Indicator Tracking Program and to look at data management areas that needed enhancements or
refinements. Local government and HRPDC staff responsible for technical and educational efforts
participated in these sessions. Since inception, the tracking program has undergone several updates. This
will be the first full permitted program year for reporting the data gathered by the Tracking Program for the
Phase I communities.

In the recently enacted federal Phase II Stormwater Regulations, the U.S. Environmental Protection Agency
recognizes the shortcomings of chemical monitoring. Rather than conduct a chemical monitoring program,
Phase II communities are required to track the implementation of stormwater management measures. These
management measures include public education and outreach, public involvement, illicit discharge detection
and elimination, construction site runoff, post-construction runoff, and pollution prevention/good
housekeeping activities. The Phase II Regulations recognize that this kind of tracking system provides a
better measure of program effectiveness than chemical monitoring of stormwater outfalls. This is great
justification of what was proposed for Phase I communities.

The Stormwater Management Program Effectiveness Indicator Tracking Program is similar to the tracking

system required by the Phase II Stormwater Regulations. It is expected that the Stormwater Management
Program Effectiveness Indicator Tracking Program will also be used by the local governments of Hampton
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Roads affected by the Phase II Regulations to satisfy their permit requirements. This may require further
enhancement of the program to assist smaller localities with data gathering tasks.

We anticipate further update to the database, as well as a series of training sessions for local users. While
the tracking program allows the HRPDC to generate consist reports for all participating localities,
challenges remain in getting data input that is consistent between and among localities.

In addition, the basic Tracking Program has been submitted as a suggested beginning model for discussions

regarding consolidated tracking and reporting tasks that are typically required by various state agencies to
meet program requirements.
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USING INCENTIVESAND OTHER ACTIONSTO
REDUCE WATERSHED IMPACTS FROM EXISTING DEVELOPMENT.

Dawn Hottenroth, RS, CPESC
City of Portland Bureau of Environmenta Services
www.cleanrivers-pdx.org
Portland, Oregon

Abstract

Locd jurisdictions must find new ways to mitigate impacts from urban development. Urban development
Crestes avariety of negative impacts within watersheds. Impacts reating to the flow rate, volume and water
quality of urban sormwater runoff are varied and sometimes difficult to remediate. While most loca
communities are beginning to implement post-devel opment sormwater management requirements, many
communities struggle to address impacts from existing development. Many loca communities can have 80-
90% of their land areadready built out, which limits the overal effectiveness of new and redevel opment
sormwater management requirements. Loca businesses and citizens can either harm or help keep loca
waterways clean. They can dso mitigate impacts from existing development. A combination of
educationd, technical assistance, and incentive programs can be used to change the behavior of businesses
and citizens. Whether it is saving money, protecting the environment for future generations, gaining
recognition or some other motivator for change, loca jurisdictions need to create amenu of programs and
incentives to gain the participation of citizensin protecting the environment. Portland, Oregon has made
greet drides at limiting impacts to local watersheds through crestive programs such as Downspout
Disconnection, Stewardship Grants, and Clean River Incentive and Discount Programs.  These and other
programs are leading the way to addressng and hopefully minimizing negative impacts from existing urban
development.

Background

Portland, Oregon is located on the northern border of the state, at the confluence of the Columbia and
Willamette Rivers. Portland is home to 510,000 citizens in an area of gpproximately 130 square miles.
There are gpproximately 4,000 miles of street that are drained by 800 miles of combined sewer, 400 miles
of storm sewer, 129 miles of drainage ditch and over 9,000 public drainage sumps. The City of Portland,
Bureau of Environmenta Services (BES) operates and maintains these sorm drainage systems, two sewer
trestment plants, and implements water qudity improvement / watershed hedlth program efforts. The City
of Portland has a Phase 1 NPDES Municipa Stormwater Permit and was recognized in 1996 as the best
stormwater permit program in the nation.

Portland is located &t the bottom of the Willamette River watershed — one of the few south-to-north draining
riversin the United States. The Portland urban services boundary contains four mgjor sub-watershed
drainage systems and a large number of smdler drainageways that discharge directly to the Willamette
River. Almog dl of those drainages are listed by the State as not meeting their designated beneficid uses.
Thereisan EPA designated Superfund site in the Willamette channd at Portland Harbor — between river
miles 9 and 4 south of the Columbia River confluence.

Portland is home to a variety of state- and federa-listed threatened and endangered species. Perhapsthe
most significant are the three gpecies of sdlmonids that have been listed in the Willamette watershed over
the last three years. These fish species are directly impacted by citizen behavior and the runoff from
existing development®.
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Impervious surfaces from existing development account for gpproximately 33% of Portland' s total land area
or just over 43 square miles of paved and other hard surfaces (see Figure No.1 below for land coverage
breakdown). Of the 33% of the urban areathat isimpervious, 22% is paved areas that support car usage.
Pervious housing areas only account for 37% and 7% pervious industrial and commercial areas. Open
space and rurd land use areas make up the remaining 23% of total land coverage®.

Urban Cover Land Uses

Commercial

Pervious .
Large Industrial

) 3% .
Parking Lots ° Pervious

4% 4%
Street
Surfaces
18% Multi Family
Residential
Pervious
8%

Buildi
uilding \ Parks /
Open Space

18%

Footprints
1%

Single Family
Residential Pervious
29% Rural

5%

(Figure No. 1) City of Portland, Environmental Services GIS Zoning Layer. Information built from local
zoning ordinances and the Metropolitan Service District 2040 Urban Growth Boundary Framework Plan.

Problem
Impervious surfaces have a variety of negative impacts on loca watersheds. Besides significantly dtering
the natura water cycle, some of the most recognized specific impacts are:

Decreased vegetative cover and stream shading. Damaged riparian zones provide minima habitat and
sormwater management functions.

Increased stormwater volume and flow rate that contributes to streambank erosion, stream
channdization, and flooding.

Heat absorption by stormwater runoff that flows over impervious surfaces, resulting in increased surface
water temperatures.
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Pollutant and sediment conveyance from impervious surfaces into surface water bodies, impairing water
quality, fish habitat and spawning grounds.

Low summer stream flows from lack of infiltration into groundwater recharge aress.

Multiple studies from across the nation, endorsed by the Naiona Marine Fisheries Service (NMFS) and
U.S. Fish and Wildlife Service (USFS), conclude that watershed degradation begins to occur when
impervious surfaces exceed 10% of the areawithin adrainage basin. The god of any sormwater
management program aimed a addressing impacts from existing development should be to mitigate impacts
to those that could be expected from a 10% impervious area coverage watershed. By ingdtituting actions to
transform a high impervious area drainage basin into a basin with only 10% effective impervious area,
watershed degradation can be kept to aminimum. Effective impervious areaiis aterm used to describe the
portion of agte that discharges directly to areceiving system without any mitigation of impacts from
interception, filtration, infiltration or other Site practices.

So how does alocd jurisdiction effectively reduce impacts to those of a 10% impervious area coverage
basin? A mixture of education, technica assstance and incentive programs can make greet strides to
reaching thisgod.

Portland’s Program

Portland has had an active watershed planning and education program in place snce 1991. Thefirst step of
any program to address existing development impacts should be education. Many locd jurisdictions
aready have in place foundational components to support educationa programs. The City of Portland has
multiple outreach and educationd programs that strive to atain the following goas.

To educate residents and businesses of the City that they are part of a natural watershed. All
programs and outreach in the City are announced under their specific watershed areas — Johnson
Creek, Tryon Creek, Fanno Creek, the Columbia Slough or the Willamette River.

To educate residents and business about the final destination their stormwater runoff and
sanitary drainage flows In the City approximately one third of the urban services area discharges
sormwater to each of the following locations. the combined sewer to the trestment plant; to the
separate sewer, which mostly drainsdirectly to local stream systems; and into underground aguifers
through public sumps and private drywells.

To educate citizens and businesses about how their every day behaviorsimpact the environment

and what changes in behavior they can make to lessen those impacts Usudly programsinclude
tips on changing behavior and/or ongte actions that help citizens protect clean rivers. Examples
include washing cars over lawnsto limit runoff of pollutants, planting treesto intercept rainfal and
limit runoff, and use of native plant specific to limit horticultural chemical use and the potentia for
resulting polluted runoff.

To create active citizenry and advocates for stormwater improvements within the City. These
advocates then take on neighborhood projects, support program implementation or help fight for
program funding. Many times sormwater program advocates come from related environmenta
programs such as the Audubon Society, Serra Club, and watershed councils.
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Portland’ s educationa programsinclude avariety of sandard activities such as brochures, billing inserts,
and speakers bureaus, as well asafew unique programs. Many of Portland’ s programs are devel oped and
implemented in partnership with other local agencies, such as.

Environmental Services Educational Program — The City has two staff people dedicated to presenting
programs for Portland school students K-12.  Thelr curriculum includes educetion to support the gods
above through humorous and entertaining assembly programs and classroom presentations. These
educators aso partner with schools to have students implement hands-on activities such as tree planting,
sormwater management facility congtruction, or monitoring projects on or near school grounds. This
program is funded through stormwater utility fees and reaches approximately 27,000 students every year.

Regional Coalition for Clean Rivers and Streams — This regiona awareness programs strives to present
basic messagesin the tri-county areain Portland. Working with nine other local stormwater agencies, the
program runs multi-media campaigns throughout the region encouraging dl regiond citizens not to pollute.
This program is funded through stormwater utility fees and reaches 1.4 million people a year.

Naturescaping for Clean Rivers -This program was developed and isimplemented by the City of Portland
and the East Multnomah Soil and Water Conservation Didtrict. Targeting lawn and yard water, pesticide

and fertilizer use, this program offers free workshops for local residents about the benefits and ease of using
native plantsin their landscape. What is especialy unique about this program is the advice of alandscape
architect in addressing specific property design questions. This program is funded through stormwater

utility fees and reaches around 400 people a year.

Most loca jurisdictions know that more than education is needed to motivate people to make behavior
changes. What dseis needed to motivate people to change? Primarily two things — giving dtizens enough
information to know what to do and making doing the right thing easy and/or financidly beneficid.

Explaining What to Do — Technical Assistance

Portland has a complex menu of options on what we want people to do to lessen their impacts on loca
watersheds. Most actionsfall into two broad categories — changing behaviors, like driving a car less, and
retrofitting a Ste for ondte sormwater management, through planting atree or disconnecting downspouts.
Usudly the behavior changes that the City promotes to lessen impacts on the local watershed also meet
objectives of other programs. For instance, driving your car less reduces the amount of oil drips, car
exhaust deposits, brake and tire wear particulates that end up on street surfaces, and are ultimately
discharged to locd waterways during storms. Having fewer cars on the road can dso help limit air
pollution and congestion on loca roadways. Most suggested behaviora changes ether limit the amount of
pollution or the tota volume and/or flow rate of sormwater runoff. Water qudity related actions primarily
focus on preventing or limiting pollution coming in contact with sormwater runoff. Volume control actions
focus on infiltrating sormwater ongte or otherwise mimicking the naturd flow regime for the watershed
area. Because behavior changes that reduce volume or pollutants in sormwater have multiple benefits,
there are great opportunities to partner with other agency programs on these multi-objective pollution
prevention messages. BES looks to our educationa programs to suggest behavior changes and make
referrals to other agency programs for specific implementation details.

Onste gormwater management changes are abit more complex. 1t can be very difficult to present solutions
in away that can convince the average person to indtitute change. Many loca programs Smply suggest a
concept or idea but fail to provide enough implementation information to make a Ste retrofit possble. For
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example, the smplest sormwater retrofit programs (including Portland’s) suggest that people “just plant a
tree” Seems ample enough, but what type of tree should they plant and where? Many city codes dictate
the “what” and “where’ of an action. Property owners may be unaware of these regulations or have
troublesome Site- specific condraints that seem to be barriers to implementing retrofits. Mot citizens,
whether a their home or business, need additiona help in mitigating impacts or changing behaviors.

Idedlly, there would be a city staff person available to answer any request at any time and assst owners
through every step of the retrofit process. Y€, redigtically, face-to-face assstance is not usudly possble
due to limited staff and financid resources. So we look to surrogates — whether through detailed ingtruction
materids, in-depth workshops or short ongite visits.

One of the best places to look for detailed guidance on Ste retrofitsis the new and redevel opment
sormwater facility requirements manud. Even though exigting development is not likely to be required to
retrofit, they should still strive to manage sormwater to the same level as new and redeve oping properties.
In redity, specific Ste condraints usudly limit the extent of areaavailable for retrofits, thus limiting the
extent of ondte sormwater management.

Portland’ s Stormwater Management Manua (SWMM) provides agreet deal of guidance on facility
section, fadility Szing, plant selection, and maintenance activities. There are anumber of City programs
encouraging on-site retrofits that make great use of information in the SWMM. One particular eement of
the SWMM that is especidly useful isthe szing form. During the last 2 years, the SWMM has undergone
its second revision with the specific god of making stormwater facility design as easy as possible. One
element of that effort was the creating of a Szing matrix for smple facility desgn. The matrix — SIM form
(Figure No. 2) — from this new development manua can be used as agreat guidance document for Szing
retrofit facilities for existing development. The SWMM isavailable &
www.cleanriverspdx.org/tech_resources/2002_swmm.htm in its entirety.
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Form SIM: Simplified Approach for Stormwater Management
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(Figure No. 2) Simplified Sizing Form from the 2002 Revision of the City of Portland Stormwater Management
Manual.

This gzing form is unique because it incorporates not only sizing for water quaity trestment but also Sizing
for flow control and detention aswell. When seeking to retrofit existing development — guidance pieces
from your new and redevelopment ssormwaeter facility requirements manua can be very useful.

Portland has a number of programs geared toward asssting property ownersto retrofit their stesto do
ongte sormwater management. The mgority of homesin Portland are currently piped into a combined or
separate form sawer. Ongte sormwater management facilities can hep mitigate a Site' s effective
impervious area and better mimic the naturd hydrologic weter cycle. Here sahighlight of some of
Portland’s most successful programs:

Downspout Disconnection (for residential properties) — Driven by the need to remove water from
the combined sawer system to reduce overflows, in 1996 the City of Portland created the Downspout
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Disconnection Program. This program targets propertiesin north, northeast and southeast Portland to
disconnect roof downspouts onto lawns and flowerbeds. Property owners may also use onsite sormwater
management fadilities such as drywells and soakage trenches. This program is very unique in its gpproach.
BES deve oped an interagency agreement with the City’s Plumbing divison to work directly with
homeowners to disconnect downspouts without the homeowner having to get a plumbing permit for the
dteraionsto their building’s drainage sysem. BES gtaff developed sdfety criteriafor dlowable
disconnections and set up a monitoring and inspection program to assure disconnections were completed
safely. To implement, atarget area of Combined Sewer Overflow (CSO) basinsis selected and
Disconnection Program staff go to work. An aggressive marketing and door-to-door canvassing campaign
begins, to get voluntary agreement from property owners to complete the disconnection. Owners then elect
to complete the disconnection themsdlves and receive a $53 per downspout incentive, or to have the City
complete the disconnection for them free of charge. The City disconnections are completed ether by
volunteer groups (such as scouting troops, neighborhood groups, and students) or by emerging or minority
small business contractors. Volunteer groups receive a stipend for each downspout they disconnect.
Contractors are chosen through a City bid process. The City then ingpects the work of the volunteers, City
contractors, homeowner or plumber the homeowner may have hired, to assure disconnections are made
safely. If the god for the target amount of roof arearemoved is not met in abasin, amandatory verson of
the program can be implemented. Other ssormwater management messages are delivered under this
program — such as planting trees for homeowners who have disconnected. The City has disconnected
downspouts a almost 17,000 homes over the last sx and a half years, and has collected data on prior
disconnections a an additiona 20,000 homes. The program is funded primarily by amixture of capitd and
operating funds due to this ability to remove enough sormwater from the CSO system, that collection pipes
may be able to be downsized providing significant pipe congruction cost savings.

(Figure No. 3) Typical Residential ownspout Disconnection
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Sustainable Site Devel opment — This program grew from the early pilot project efforts to comply with
the NPDES Municipad Stormwater Permit. The program offers technica ass stance and design guidance for
retrofit and developing properties. This free assstance might sway a property owner to use aswale instead

of apipeto convey parking lot runoff. City saff usudly makestheinitid contact from areferrd of the
watershed planning staff or through aland use or building plan review. This program has had some good

initid success due to early contact and the ability to provide some design details to developers. The

program primarily involves investment of staff time only and supports gpproximately 20 projects ayear.

Stewardship Program — Thisisajoint program of the City of Portland, Portland State University and
Americorps program. The Stewardship program staff members assst individud property owners with
revegetation and onsite tormwater management projects. Students assist property ownersin developing
Ste designs, identifying and applying for appropriate local, state and federd permits, and identifying
volunteers or other resources to implement the project. Students are assigned to specific watershed
programs within the City and often coordinate and complete projects with local watershed councils.
Stewardship Program staff and grants are funded through stormwater utility fees and work with about 10
projects per year.

Providing M otivation — Recognition and | ncentives

Although we have taught the citizens of Portland about their impacts on locad watershed and given them
some guidance and technica assistance on how to change behavior and retrofit their properties, most people
gtill need more motivation to make achange. Individua motivations can be varied across a broad spectrum
— but two common motivations are recognition and money. The City has developed a number of programs
that rely on recognition and/or other incentivesto drive change in our citizenry. Here are some program
highlights

Ecological Business Program — Interviews of loca NE Portland Businessesin 1995 demonstrated a
desire of business owners not to be characterized as the “environmental bad guys.” Many business owners
drive to do the most environmentadly friendly thing, and the number of bad actors from an environmentd
standpoint is usudly a smal percentage of the businesses out there. So, rather than relying on the few
business horror stories as the only case studies reported by the media, businesses asked the City to develop a
program to highlight “environmentally friendly” businesses. The City took thisrequest to heart. The City
aready had a partnership with six other local and state agencies to produce educational materidsin a
coordinated matter. The partnership, called the Pollution Prevention Outreach (P20) Team, aready
produced successful used oil disposal and paint waste outreach materias that were helpful to businesses. So
the P20 team devel oped the Ecologica Business Program. “Eco-hiz’ was the firg multi-media and multi-
juridictiona business recognition program in the nation. Loca regulatory g&ff with air, water qudity,
wastewater, hazardous waste, solid waste, stormwater, energy and water-use backgrounds devel oped a
certification and recognition program to highlight environmentaly friendly businesses in the Portland

region. The program is business sector-based. Eco-biz sarted with automotive service shops and is now
working on a Landscape Contractor program. Along the way, Dental and Print Shop programs similar to
Eco-biz have been developed in the region. Eco-biz partners work with local business trade groups to
develop environmentadly friendly best management practices, a program certification checklist and
recognition materials for program participants. After a certification vigt, participating shops receive a shop
display package, press coverage, listing on the program web site (www.ecobiz.org), and general promotion
on the radio and at public events. This program is funded by severd agencies through grants, agency staff
time and minima advertising and printing budgets (< $10,000). Over 40 automotive shops are certified
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since the program launched in September of 1999. Those shops on average have implemented 89% of dl
the recommended environmenta actions — including sormwater improvements from redirecting wash

waters away from storm systems and providing secondary containment for liquid storage and working aress.
An evauation report completed in September of 2000 found the average ecobiz shop generated 5 cubic feet
less cardboard and paper, 2.5 cubic feet less of metal scrap and 4 |ess batteries to the solid waste system per
month.

(Eigure No. 4) Ecological Business Automotive Services Program Logo

Stewar dship Grants— One aspect of the Stewardship Program is the Stewardship Grants Program. BES
funds a smal number of low cost grants (<$5,000) for community-based projectsin the City. Grants have
been used to pay for streambank restoration projects, downspout disconnections, sormwater facility

retrofits and naturescaping. Applicants can be elther public or private entities and a number of the grants

have gone to school projects— including one native plant greenhouse. Grants are awarded every May and
must be completed by the following summer. Applications stressing partnership with other community

groups or showing inclusion of other investment or funding sources are prioritized for grant award.  Inthe

grant year of 2001, $46,374 was awarded yielding $242,683 worth of project investment. Projects resulted

in planting over 10,000 trees and restoration of over 8,800 linedl feet of streambank. Projects are

recognized each year in an annud report prepared by BES. Grants are funded by Stormwater utility fees.

Clean River I ncentive and Discount Program (CRI D) — Thisincentive program will provide
finendd incentives to property owners who manage ssormwater on their site. The program is currently
delayed due to the ingdlation of afaling billing sysem. Once the billing system is repaired, the program
should be indtituted. The main god of the CRID isto drive property ownersto retrofit through provison of
adiscount on their monthly sormwater utility charge. The CRID was developed in the summer and fdl of
2000 as amethod of rate reform for the citizens of Portland. City sewer rates are rising at approximeatdy
% ayear to fund the billion-dollar CSO program. The CRID actualy aters the breakdown of the
sormwater utility rate. Previoudy, properties paid one rate based on the amount of impervious surface on
their property. In January 2001, the Portland City Council indtituted a two-part rate —35% of the charge for
providing drainage services to the property and 65% of the charge to provide drainage services to the public
right of way that served the property. Not only did the charge breakdown reinforce that street drainageis an
issue the City must dedl with, it aso alowed a portion of the rate to be discounted for properties providing
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ongite sormwater management. So with 35% of the ssormwater rate up for a potentia discount, some
properties could be incented to make retrofit changes. The CRID has a smplified discount program for
resdential properties based on volume control, and a more complex commercid property program that
requires water quaity and flow control for the full discount. Surface vegetated facilities were ranked higher
than subsurface facilities for the eigible portion of the discount. BES was working on a prorated discount
funding program to help pay for theinitid capitd outlay when the City’s new water and sewer billing
system darted to fail.

Conclusions

The City of Portland has successfully developed a number of educationa, technical assistance, recognition
and incentive based programs to encourage our citizensto help limit their impacts on loca watersheds.
While these efforts may be noteworthy, they are not sufficient to address existing devel opment watershed
impacts al by themsdves. Some tasks for mitigating urban areaimpacts are the City’sdone. So the City
will continue to build regiona stormwater management facilities, improve our operations and maintenance
practices on City streets and sewers and protect and enhance riparian resource areas. But we will be looking
to develop additiona programsto enlist the aid of Portland’ s citizens to limit our impacts on loca
watersheds. While new programs may have staffing and other limited resources available for
implementation, there will be no lack in drive from City staff and our locad environmenta advocates to
reach for that 10% effective impervious area target.
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Abstract

TetraTech isasssting EPA in the evauation of anumber of sorm water Phase | MS4 permit programsin
Cdiforniaand selected other States. These evaluations consist of two components. a programmatic review
of individud city and county programs implementing permit requirements and an on-Ste/in-fiedd

verification of these program dements. Thisin-field verification alows EPA and the State to assess
whether a program is actudly being implemented as described ‘on paper.” The overdl gods of these
evauations are to complete a basdline assessment of each program area, determine compliance with permit
requirements and the sormwater management plan, collect information for permit reissuance, and determine
how municipalities measure program effectiveness. In addition, the ‘lessons learned’ from these evauations
can be directly applied by many of the Phase 11 jurisdictions, which will begin permit coverage in March
2003.

I ntroduction

On November 16, 1990, the U.S. Environmenta Protection Agency (EPA) published regulations (the ‘ Phase
| rul€) requiring Nationa Pollutant Discharge Elimination System (NPDES) permits for certain industrid,
congtruction and municipa sources of sorm water runoff fundamentally changing the way storm weter

runoff isregulated at the State and Federd levels. Approximately 1,000 MS4s (" municipa separate scorm
sawer sysems'), conssting primarily of City and County government agencies respongible for ssorm water,
have been permitted under the Phase | regulations. The Phase | M$4 regulations generdly require M34sto
reduce discharges of pollutants to the maximum extent practicable and to prohibit illicit dischargesto the
M$HA. Specific dementsin aPhase | Municipa Storm Water Management Program include public

education, public agency or municipa maintenance activities, new development, congtruction,
industrid/commercid facilities, illicit discharges and improper disposal, monitoring and reporting.

Phase |1 of the storm water program, established in 1999, extends the coverage to include municipdities
within urbanized areas and al congtruction disturbing at least one acre. Permits for these Phase |1 sources,
which will include over 5,000 additiona M $4s, are scheduled to become effective on March 10, 2003.
Phase || Municipa Storm Water Management Programs are required to address public education, public
involvement, illicit discharges, congruction, new development, and municipa operations.

Although many Phase | M$4 permits are in their second or third permit cycle, EPA has not yet completed a

comprehensive compliance assessment of these M4 permits. A Generd Accounting Office report
published in June 2001 (GAO, 2001) found that neither the overdl cods of implementing the storm water
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program nor the program’ s effectiveness had been determined. This GAO report followed an EPA report on
the Phase | storm water regulations (EPA, 2000) that found many effective Phase | program components,
but admitted that EPA did not have a system in place to comprehensvely measure the success of the Phase |
program on anationa scae.

Storm Water Phasel M $4 Evaluations

EPA Region IX hired Tetra Tech, Inc. in 2001 to begin a series of M4 evauations in the State of Cdifornia
to assess the compliance status of individua storm water Phase | M4 permittees. In order to assess on-the-
ground implementation of the programs, these program evauations are conducted on-Site. The on-gte
evauaion condgts of two components: a programmatic review of individua M4 programs implementing
permit requirements and an in-fidd verification of these program dements. Thisin-fied verification dlows
EPA and the State to assess whether aprogramis actually being implemented as described ‘ on paper.’

The project gods of the on-ste M4 evduations include obtaining an overdl picture of M4 compliance,
documenting effective dements of exigting Phase | programs, identifying methods to improve M$4 program
reporting, and developing a guidance document to assst State and/or EPA ingpectors in conducting future
M$A evduations.

Determining compliance with M$4 permitsisin many cases subjective. Unlike some other environmental
programs such as the pretreatment program, there is no checklig, list of BMPs, or objective criteriathat all
M$A4s need to meet. In addition, EPA has not defined * maximum extent practicable or MEP which isthe
regulatory standard that M S4s must meet. This leavesit up to individua permit writers to define for each
M4 permit. Therefore, the MS4 ingpectors have been using their best professond judgment and
experience to identify program eements thet are *effective’ or ‘deficient.’

The M$4 on-site eva uations conducted to date have typicaly conssted of a 3-4 day on-Stereview. This
on-site review has been conducted on a single M$4, and has dso included multiple co-permittee M$4s
evauated with up to three investigators. For each of the MS4s evauated, anumber of staff from multiple
departments were typicdly involved. Typica departments involved in the M$4 evauations included public
works, trangportation, planning, development, and parks/recreation. As of December 2002, 14 M$A
evauations have been conducted in EPA Region 1X, covering 41 separate permittees.

The M4 ingpectors typicaly do not review or make recommendations on financia resources. Where a
program eement is clearly not being implemented to the maximum extent practicable — for example, when
compliance with loca congtruction eroson and sediment control requirementsis poor due to lack of
ingpections — that will be noted as a deficiency. The M4 ingpectors will suggest improvements to the
program so resources can be used for effectively, but responding to those suggestions or how to resolve the
identified deficienciesis up to each individud M$4.

A wide variety of storm water permits, ssorm water management programs, and compliance with those
permits and programs were found during the evaluations. However, some common trends were observed as
indicated in the following sections. The trends and evauation findings are grouped into the broad

categories of program management/planning, implementation, and evauation.
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Program M anagement/Planning Findings

A clear, wdl-written permit and plan are critica for successful implementation of a storm water

management program. This requires the permitting authority to describe the required actions clearly ina
permit and the permittee to clearly articulate how it will meet these requirements in a sorm water plan. The
Phase | M4 evaluations conducted by Tetra Tech have found that the more advanced storm water programs
generdly have more detailed, well-written permits and plans. Severd findings common to most of the
programs eval uated are described below.

NPDES M $4 permitsand M $4 stormwater management programs need to contain quantifiable,
measur able elements so compliance can be deter mined.

Storm water permits vary sgnificantly intheir leve of detall. Some third-term permitsissued in Cdifornia
contain very specific, measurable e ements which are clear for the permittee to implement and relatively
sraightforward for the State to determine compliance. For nonspecific permits that Smply require the M4
to “implement a orm water management plan,” determining compliance becomes more difficult. More
importartly, the permit does not specify, or measure, the level of effort expected, so MS4s do not have a
clear target to achieve.

The storm water Phase |1 regulations require smal M34s to develop “measurable goads’ for eech BMPin
their program. These measurable gods are intended to provide a quantifiable target for the MS4s to achieve
in the implementation of that BMP. Although a smilar requirement does not specificaly exist for Phasel,
permits and programs developed under Phase | should begin to include these measurable goas. For
example, the permit and program should specify the number of industrial inspections expected per year and
the number of catch basins that should be ingpected and cleaned. This provides aleve of certainty to the

M that they are successfully implementing the permit and dlows the State to more eesily evduate
compliance.

Some M permits in Cdifornia are including specific, measurable requirements that make determining
compliance easier. Also, the City and County of Sacramento have developed ssormwater plansthat are
clear, well-written, and begin to address the issue of measurable goas which are called ‘minimum
performance standards and ‘ performance and effectiveness measures', respectively, in each plan (City of
Sacramento, 2000 and County of Sacramento, 2000).

Programs are not designed to specifically addr ess pollutants of concern.

The primary god of programs under the Clean Water Act isto achieve fishable, swimmable waters by
meseting water qudity standards. Many M4 programs are not designed to address the specific pollutants of
concern dready identified in their watershed. Where pollutants of concern have been identified, MS4
programs should be modified to include BMPs and programs that specifically target areduction in these
pollutants.

Some Phase | programsin Cdifornia are developing plans to address identified pollutants of concern in their
community, including those pollutants identified on the State’ s Section 303(d) ligt. Pollutants of concern can
aso beidentified from local studies or watershed research. Severa programs, including programsin
Alameda County and Sacramento County, have devel oped strategies to more specifically target and reduce
pollutants of concern. For example, Sacramento County is developing a series of Target Pollutant
Reduction strategies to focus some program resources on pollutants that cause or are likely to cause
imparmentsin loca receiving waters. Target pollutants for the Sacramento area include diazinon,
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chlorpyrifos, coliform/pathogens, copper, and lead. Sacramento County still implements basdline activities,
but uses the target pollutant reduction strategies to ensure activities are devel oped to address specific
pollutants.

Combining resour ces and expertise into a committee can save M $4stime and money.

Many M3s that have been permitted together have joined resourcesin a committee structure. This sharing
of resources and experience can help dl participating M S4s by more efficiently developing public education
materias, guidance, sandard forms and other materiasfor al of the MAsto use. Also, for smdler MHAs
with more limited budgets, the committee Structure provides ass stance these M $4s may not have been able
to otherwise obtain, such as use of a centrdized database for entering and managing reporting information.
Examples of sorm water management committees can be found in severa Cdifornia counties, including
Alameda, Sacramento, Ventura, San Diego, and Los Angeles.

| mplementation Findings

Asthe sormwater Phase | program isimplemented and matures, Phase | M$4s are continuing to struggle
with the implementation of severa common aspects of the program. On-the-ground activities such as
ingpections of congtruction stes and indudtrid facilities appear to be a common problem, while other
programs like public education and municipal maintenance are often more advanced. Below are saverd of
the common findings associated with implementation of the sorm water Phase | program.

Compliance with local construction site erosion and sediment controlsisa challengefor all M $4s.
Storm water Phase | regulations require M34sto develop alocal program to control congtruction site runoff.
Many M34s, however, find this program a challenge to implement. The frequency of inspections at
congtruction Stes required to ensure proper ingalation and maintenance of erosion and sediment control
BMPsis often lacking. Some M$4s count al ingpector vigits to congtruction sites, even inspectors who
have nothing to do with erosion and sediment controls. Also, some M$4s have different requirements for
public and private condtruction Stes. All of these factors can contribute to a program that is ineffectivein
preventing erosion and sediment control problems a congtruction Sites.

Tetra Tech has found that successful programs often have dedicated erosion and sediment control inspectors
for local condruction projects. These inspectors are involved in not only ingpections, but dso participatein
the plan review process so they are aware of what erosion and sediment controls and post-construction
BMPs the congtruction sites are required to implement. Also, these ingpectors have adequate enforcement
mechanisms such as stop work authority or the ability to fine contractors to ensure compliance.

Local M4 industrial and construction inspector s are often unawar e of State per mit requirements.
The State of Cdifornia, like dl states, has issued statewide generd permits for controlling storm water

runoff from indudtrid fadilities and congtruction activity. Within Phase | areas, however, indudtrid facilities
and congtruction operators also need to comply with the local M$4 program to address industrid or
congruction runoff. Many loca ingpectors, dthough they are trained in the local requirements, are often
unaware of the requirements contained in the Statewide permit. In some casesthisisintentiond, asthe M4
does not want the responsibility of enforcing the statewide permit requirements. However, M34s can
provide avauable service to their locd congdruction and industrid facilities by explaining the difference
between the two sets of requirements, and what these facilities need to do to comply with the statewide
requirements.
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Some programs avoid this problem by smply adopting the statewide permit requirement for a sormwater
pollution prevention plan (SWPPP) astheir own requirement. This ensuresthat local condtruction operators
only need to develop one plan to comply with both local and state sormwater requirements, and loca
congiruction ingpectors only need to know one set of requirements.

Pretreatment ingpectors, if available, can efficiently conduct industrial sscormwater inspections.

The pretreatment program is awell-established program with existing saff trained in water qudity practices
and enforcement techniques. Some M 4s have expanded the role of pretreatment inspectors to aso conduct
indudtrid stormwater ingpections. Many of these industrid facilities are dready included in the

pretrestment program, therefore the on-Ste ingpector smply needs to also include severad sormwaeter
eementsin their ingpections. For MS4s with an existing pretrestment program, this expansion of

pretreatment ingpector duties to include sormwater inspections effectively implements the program without
creating a separate inspection program. Of course, this approach may not be as effective in areas where the
Sanitary sewer system does not fully coincide with the storm drainage system (e.g., areas on septic systems).

Many M Ssfail to identify and eliminate dry weather discharges.

A separate gorm drain system is designed to carry only storm water runoff. Dry wesether, therefore,
presents M $4s an excellent opportunity to identify and eliminate non-stormwater dischargesto their sorm
drain sysem. The evauations have found that many M $4s, however, fall to identify and diminate dry
wesether discharges. These M3As either fail to look for any discharges during dry weather, or assume that al
dry weether discharges are attributable to landscape irrigation, groundwater infiltration, or some other
uncontaminated source.

Municipal maintenance and spill response programs ar e often mor e advanced than other program
areas.

Due to the need to minimize episodes of flooding, M $4s often have effective maintenance programs of their
gorm drain systems. The municipa maintenance staff are often well trained, equipped, and have detailed
records of their maintenance activities. Also, other related programs such as street sweeping, which are
often initiated for different reasons (e.g., aesthetics), dso have significant ssormwater benefits. In addition,
for obvious public safety reasons, many M34s have effective spill response programs.

Many M $4s have extensive public education programs.

Public education programs are often an ‘easy’ and ‘fun’ program for M3sto implement. Many M34s have
been very innovative in finding new methods to reach target audiences. Thisincludes webstes, classroom
educationd programs, radio and TV commercids, mascots, and public involvement programs such as sorm
drain stenciling programs. Some M $4s have a so taken surveys of their residents to determine the overal
level of awareness and effectiveness of their public education programs.

Evaluation Findings
As EPA found with its 2000 Report to Congress (EPA, 2000), evauating the effectiveness of the sormwater
programisadifficult task. However, successful programs are developing local measures by which progress

or effectiveness can be eva uated, including the use of environmentd indicators. Tetra Tech found that
many programs share common problemsin terms of program evauation, as described in the findings below.
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M $4 programs are not evaluating their data and ar e ther efor e not modifying programsin response to
trendsin thisdata.

EPA envisoned the storm water program to be an iterative process. Storm water permits, and programs,
should evaluate what is working and be able to make modifications in response to changing conditions.

Many programs, however, are not collecting the data, such as monitoring or other performance and
effectiveness data, necessary to determine needed changes.

At aminimum, programs should complete a comprehensive outcome evauation at the end of each permit
term, and should complete an annual process evauation & the end of each year with the submitta of the
annua report. Thiswill ensure that programs are responsive to changing priorities and needs.

M $4 programs should develop different methods to evaluate the effectiveness of their programs.
All Phase | M34s collect monitoring data, but few programs are collecting enough water quality datato
show datisticaly sgnificant changes. Other eva uation techniques, such as environmenta indicators,
should be considered by these programs as away to characterize water qudity conditions and provide a
benchmark for eva uating the success of the stormwater management program. These indicators (Claytor
and Brown, 1996) should include a mixture of programmeatic indicators, physicd and hydrologica
indicators, biologica indictors, socia indicators, programmatic indicators and site indicators. Examples
include toxicity testing as awater quaity indicator and the number of illicit connections identified/corrected
as a programmatic indicator. These indicators are important due to the difficulty and expensein
documenting water qudity improvements soldy from water quality monitoring data. Environmental
indicators can aso be used to ascertain that high qudity waters are being maintained or provide an early
warning of when their beneficid uses are a risk of being degraded.

Annual reports provide useful information, but are not always good indicator s of program
effectiveness.

The on-sSite eva uations have revealed that, dthough annua reports can indicate the success of a program,
poor programs can hide behind well-written annua reports and some aspects of effective programs can be
hidden or missing from annua reports. Because there is not a standardized reporting process for al Phase |
M3As, this allows each M3 to choose the type of information it wantsto present. A knowledgeable report
writer can slectively report certain information, such as the total number of municipa ingpectorsvigting a
condruction site ingtead of the number of ingpectors specificaly evauating sormwater controls.

The absence of a standardized report could become especialy important as the 5,000+ stormwater Phase |1
M S4s begin to submit annua reports. A consistent reporting format will alow states to compare
information collected from M $4s and will dso dlow EPA to compare reporting results across states.

Compliance with a permit may not alwaysindicatethat a program is successful in protecting water
quality.

Thereisadgnificant varigbility in the requirements within the Phase | M34 permits, even within the State

of Cdifornia This variability, dlong with the iterative nature of sormwater permitting, alows M$4sto
operate under different guiddines, and implement different programs. A programs success should be tied
not only to meeting permit requirements, but also to meeting water qudity goas.
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Conclusions

Before the storm water Phase | program, most municipa storm water programs were primarily designed to
address water quantity issues (e.g, minimize flooding). The storm weter Phase | program is beginning to
meature and learn from mistakes in the past, however a 9gnificant amount of work remainsin developing
guidance or programs to document these lessons. Improved reporting, monitoring, and evaluation
techniques are needed, but will likely only be implemented in many programs through changes in NPDES
permit requirements.
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Abstract

All cities have two primary impervious elements; rooftops and pavement. These usualy represent an
extensive network of imperviousness and make up about 45% of the surface area of a city at full build out.
The results of this imperviousness have been documented in a number of papers, but the main
environmental effects include increased destabilization of streams and increased runoff pollutant loadings
and concentrations. To address stormwater concerns and to provide other environmental benefits, the City
of Portland has developed a program to encourage the use of EcoRoofs (vegetated roofs). This paper will
present the overall City program, including a discussion of the incentives and assistance the City providesto
encourage development projects to employ green roofs.  The paper will review some of the installations
that have occurred and discuss some of the practical lessons that have been learned regarding green roofs.

The City has also been monitoring runoff from several EcoRoofs in an attempt to ascertain the water
quantity and quality performance of the roofs in slowing down or eliminating runoff, as well as associated
pollutant loads and concentrations. The monitoring has included the installation of rooftop rain gages and
flow measurement devices. Water quality samples are also collected. One roof has had two different
depths of soil layers (2° and 4”) employed with separate flow monitoring gages for each. The paper
presents hydrological results for selected storm events on a seasonal basis, as well asinitial water quality
results.

I ntroduction

The elements of urban development are similar throughout the United States. Homes, apartments,
commercial and industrial sites and the supporting transportation systems cover the land in varying
densities. Large areas of impervious surface in the form of rooftops and pavement have been placed on the
land, wetlands, and even creeks. However, the ideal conditions for salmon, and other wildlife of the Pacific
Northwest are predominately an evergreen (coniferous) forest and its associated functions with clean cool
rivers and streams. The results of this imperviousness have been documented in a number of papers, but the
main environmental effects include increased destabilization of streams and increased runoff pollutant
loadings and concentrations (May et. al., 1997). Since these impervious urban elements are essentia to
human communities, what can be done to mitigate their negative impacts? In Portland, we are implementing
new design techniques, which include EcoRoofs (living vegetated roof ecosystems), pervious pavements,
landscape 