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Introduction

The hydrologic effects of urban land use have been
studied since the late 1960s (Leopold, 1968). The last
Urban Nonpoint Source Analysis (Technical Appendix D
to the Dane County Water Quality Plan) was prepared
by the Dane County Regional Planning Commission in
1979. There has been a significant amount of research
since that time which has contributed to an increased
understanding and regulation of urban nonpoint source
pollution. Summary Plan updates to the Dane County
Water Quality Plan in 1995 and 2004, have provided
brief overviews of the evolving management of urban
nonpoint source pollution. The purpose of this update
to the Urban Nonpoint Source Analysis is to bring the
Dane County Water Quality Plan up to date with an in
depth assessment and analysis of the current state of ur-
ban nonpoint source pollution issues and management
practices in our region. This report is not intended to
serve as a design manual for best management practices
(BMPs), but it does provide useful references to some of
the many guidance documents that are available for the

design of BMPs.

The Wisconsin Department of Natural Resources 2010
Impaired Waters List includes twenty-seven impaired
waters in our region. Four of these waters (Badfish
Creek, Lake Mendota, Lake Monona, and the Wiscon-
sin River) are polluted with PCBs. This is historical
contamination and not a result of current practices.
Seven of the listed resources are urban beaches (Bernies,
Brittingham, Esther Park, James Madison, Olbrich Park,
and Vilas Park) polluted by E. Coli. Urban stormwater

runoff is a likely contributor to this impairment.
Sediment and suspended solids polluted fifteen of the
impaired water resources. In about half of these cases
phosphorous, E. Coli, metals, or biological oxygen de-
mand (BOD) also polluted the resource. Of the fifteen
resources polluted by sediment and suspended solids, the
Dane County Waterbody Classification Project classi-
fied nine (Dorn Creek, German Valley Branch, Halfway
Prairie Creek, Maunesha River, Mud Creek, Pleasant
Valley Branch, Stony Brook, Vermont Creek, and Wendt
Creek) as rural waters. Agricultural runoff is the most
likely source of impairment in these cases. Two (Nine
Springs Creek and Starkweather Creek) were classified
as urban waters. Urban runoff is the most likely source
of impairment in these cases. Four (Lake Koshkonong,
Pheasant Branch, Token Creek, and the Lower Yahara
River) were classified as developing waters. Agricultural
runoff and urban runoff are both likely sources of the
impairment in these cases. Wingra Creek is impaired by
chronic aquatic toxicity from an unknown pollutant. It
is classified as an urban water body, and urban runoff is
the most likely source of impairment.

This report provides an overview of urban nonpoint
source pollution, including the hydrology and the effects
of urban nonpoint source pollution. It summarizes
relevant existing federal, state, and local regulations,
available models, and current monitoring of urban
nonpoint source pollution in the region. Management
considerations and recommendations are also discussed.
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Summary of Recommendations

This summary of recommendations includes any new recommendations made in this report as well as all of the
urban nonpoint source recommendations from the 1995 and 2004 Summary Plan updates to the Dane County Wa-
ter Quality Plan that have been reaffirmed. Some of the recommendations have been revised or strengthened from
earlier reccommendations, based on the current state of knowledge of urban nonpoint source pollution. The history
refers to any related recommendations as numbered in previously approved summary plans. Most of the previous

recommendations have been implemented to some extent.

1.

10.

CARPC should collaborate with management agencies to develop watershed level plans that assess the resourc-
es in the watershed, identify the range of potential opportunities for protecting and enhancing the resources,
and set goals for improvement. Priority should be given to sensitive (i.e., Badger Mill Creek, Black Earth
Creek, Token Creek and Sugar River) watersheds and/or currently impaired watersheds (History: Revised,
2004-U-5, 1995-U-8).

Management agencies should encourage stormwater management systems that emphasize low impact develop-
ment and green infrastructure (History: Revised, 2004-U-8, 1995-U-6).

Management agencies should continue to cooperate in sponsoring field tests of the feasibility and effectiveness
of innovative stormwater management ideas and technologies (History: 2004-U-11, 1995-U-10).

Management agencies should continue to evaluate and promote potential approaches for improving sediment
and phosphorus removal in the design, operation, and maintenance of stormwater management systems (His-
tory: 2004-U-10, 1995-U-11).

Management agencies should continue to encourage stormwater management systems that minimize the
potential for nutrients or toxic materials being washed or discharged into surface waters, with an emphasis on
source control (History: 2004-U-12, 1995-U-12).

Municipalities should continue to conduct street sweeping with regenerative-air or vacuum-assist sweepers for
the control of litter and floatables, particularly in early spring and late autumn (History: Revised, 2004-U-17,
1995-U-5).

Management agencies should continue to conduct public education and information programs regarding pol-
lution prevention and source control on an annual basis (History: 2004-U-16, 1995-U-3).

Management agencies should collaboratively prepare a chloride management plan for the region which contin-
ues to expand efforts to reduce ground and surface water impacts associated with salt use, including identify-
ing alternative materials and approaches (History: Strengthened, 2004-U-18, 1995-U-13).

Dane County and all municipalities should adopt the climate change adaption recommendations of the
WICCI Stormwater Working Group, particularly they should update their stormwater ordinances to incorpo-
rate more current official rainfall data as it becomes available. CARPC should collaborate with other manage-
ment agencies to prepare a technical paper to examine the issue of climate change as it relates to our region
(New Recommendation).

Dane County and all municipalities should update their stormwater ordinances to include at a minimum,
a performance standard of maintaining pre-development peak runoft rates for the 1-, 2-, 10-, and 100-year
24-hours design storms (History: Strengthened, 2004-U-1).

Dane County Water Quality Plan 2 Appendix D: Urban Nonpoint Source Analysis



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dane County and all municipalities should update their stormwater ordinances to include at a minimum, a
performance standard of maintaining 90% of the pre-development stay-on volume on an average annual basis
for all land uses (History: Strengthened, 2004-U-1 and 2004-U-9).

Dane County and all municipalities should update their stormwater ordinances to include a performance stan-
dard of maintaining pre-development groundwater recharge rates based on the rates in the Wisconsin Geologi-
cal and Natural History Survey’s 2009 report, Groundwater Recharge in Dane County, Wisconsin, Estimated
by a GIS Based Water-Balance Model or future updates, or by a site specific analysis (History: Strengthened,
2004-U-2).

Management agencies should put into practice adaptive management strategies that include monitoring of the
resources, monitoring of the maintenance and performance of the BMPs, and implementation of corrective
actions as needed (New Recommendation).

CARPC should collaborate with the Dane County Lakes and Watershed Commission to undertake a legal and

institutional analysis of workable approaches to BMP monitoring and enforcement (New Recommendation).

CARPC should collaborate with other management agencies to ensure that these research needs identified by
the Commission’s Technical Advisory Committee, for the future evaluation of the volume control issue, are
carried out in a timely manner (New Recommendation).

Management agencies should continue to promote inter-agency review to streamline permitting while ensur-
ing protection of the natural resources (History: 2004-U-13).

Urban management agencies should enact and enforce leaf, yard, and garden debris storage and disposal ordi-
nances in urban areas, including leaf pick-up in the fall, with emphasis on keeping leaves and yard waste off of

streets and paved surfaces (History: 2004-U-14, 1995-U-1, U-4).

Urban management agencies should include provisions in building codes and ordinances to require that, wher-
ever feasible, drainage from roofs, driveways, and parking lots be directed toward grassed or vegetated areas,
rather than paved areas or storm sewers (History: 2004-U-15, 1995-U-2).

Designated municipalities should implement the state NR 216, NR 151, and federal Phase II stormwater
regulations along with the existing Erosion Control and Stormwater Management Ordinance (Chap. 14).
Other municipalities should consider developing consistent programs, ordinances, and requirements (History:

2004-U-3, 1995-U-7).

A coordinated stormwater management plan should be developed for all communities in the municipal NR
216 stormwater permit area (History: 2004-U-6, 1995-U-9).

Management agencies should apply for grant funding to develop stormwater management plans and install
best management practices that control urban stormwater impacts (History: Revised, 2004-U-7).
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Overview of Urban Nonpoint Source Pollution

Hydrology

Stormwater runoff is a natural part of the hydrologic
cycle, which is the distribution and movement of water
between the earth’s atmosphere, land, and water bod-
ies. Rainfall, snowfall, and other frozen precipitation
send water to the earth’s surfaces. Stormwater runoff

is surface flow from precipitation that accumulates in
and flows through natural or man-made conveyance
systems during and immediately after a storm event or
upon snowmelt. Stormwater runoff eventually trav-

els to surface water bodies, such as lakes and streams,
either as diffuse overland flow, a point discharge, or as
groundwater flow. Water that seeps into the ground is
stored as soil moisture and then is either evapotranspired
by plants, or eventually replenishes groundwater aqui-
fers. Groundwater recharge helps maintain baseflow in
streams and wetland moisture levels during dry weather.
Water is returned to the atmosphere through evapora-
tion and transpiration to complete the cycle. An illus-
tration of the hydrologic cycle is shown in Figure 1.

According to the Wisconsin State Climatology Office,
the average annual precipitation in the Madison area
from 1971 to 2000 has been 32.95 inches. Official data
for the period 1981 to 2010 will be available by the end
of 2011. The average monthly precipitation in our area
varies seasonally as shown in Figure 2. Historically, 37%
of the annual rainfall occurs between June and August
and 67% occurs between April and September.

Figure 3 shows the rainfall records for over 50 years at
the Dane County Airport from August 1948 to Decem-
ber 2010. Over 98% of these events have been less than
2 inches of rainfall. These more frequent storms are
responsible for the majority of the annual runoff volume
and pollutant loads. The largest, infrequent events are
responsible for nuisance and catastrophic flooding.

The rainfall depth-frequency-duration data most com-
monly used for modeling runoff rates in Dane County
and the State of Wisconsin is from Technical Paper No.
40: Rainfall Frequency Atlas of the United States (Her-
shfield, 1961). The report includes rainfall durations
from 30 minutes to 24 hours and return periods from
1 to 100 years. It is derived from weather station data
collected through 1958. The National Oceanic and

Atmospheric Administration’s National Weather Service

is in the process of updating the rainfall frequency data
for Midwestern states, including Wisconsin. The result
of this work is scheduled for publication in May 2012.
Another source for rainfall data in Dane County is II-
linois State Water Survey Bulletin 71 (Huff and Angel,
1992). This report presents the results of an analysis of
275 gauge records in nine midwestern states including
Wisconsin. For the Dane County region, the rainfall
depths for the 24-hour duration storm events in Bulletin
71 are less than those in Technical Paper 40 for storms
with a recurrence interval of less than 10-years and more
than those in Technical Paper 40 for storms with a recur-
rence interval of more than the 10-years.

Table 1 compares the rainfall depths in Technical Paper
40 to those of Bulletin 71. Most municipal stormwater
ordinances in Dane County use the rainfall depths from
Technical Paper 40 as their design storms. The City of
Middleton stormwater ordinance is an exception. It
requires the use of the higher rainfall depth data from
these two sources.

Dane County Water Quality Plan
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Figure 1: The Hydrologic Cycle
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Figure 2: Average Monthly Precipitation in Madison
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Figure 3: Dane County Airport Precipitation Records
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Table 1:

Rainfall Depths for Dane County

(24-hour duration)

Rainfall Depth
Technical
Frequency Paper 40 Bulletin 71
1 year 2.5 inches 2.25 inches
2 years 2.9 inches 2.78 inches
5 years 3.6 inches 3.53 inches
10 years 4.2 inches 4.20 inches
25 years 4.8 inches 5.18 inches
50 years 5.3 inches 6.06 inches
100 years 6.0 inches 7.06 inches

The time distribution of rainfall is necessary to develop
The time distribution of rainfall is necessary to develop
design storms that can be used in hydrologic models
that will provide flows and volumes for sizing stormwa-
ter management facilities. In 1964, the United States
Department of Agriculture Soil Conservation Service
(SCS, now the Natural Resources Conservation Service
or NRCS) published several nested, non-uniform, dis-
tributions for use in various parts of the United States.
The Type II distribution was proposed for most of the
United States, including all of Wisconsin. The objective
of this distribution was to incorporate a range of storm
durations into a single 24-hour event to permit obtain-
ing a critical duration analysis in a single model run.
The SCS Type II rainfall distribution is shown in Figure
4. The pattern is nearly symmetrical with the highest
intensity during the twelfth hour.

Over the years, the SCS distributions have become
widely used as standards for design storms throughout
the United States. Experience with this distribution
has shown that peak flows based on SCS Type II are
higher than flows developed by other methods in many
instances (SWRPC, 2000). This is because the distribu-
tion assumes a very intense storm. Overestimating post
development peak flow rates is conservative from an in-
frastructure design standpoint. However it is likely that
this also overestimates pre-development peak flow rates.
This is not conservative because pre-development peak
flow rates are used to determine the allowable release
rates of detention basin outlet structures.

Camp, Dresser, and McKee conducted an analysis of the
time distributions of 24-hour storms recorded at five
sites in southeastern and south central Wisconsin for the
Southeast Regional Planning Commission (SWRPC,
2000). The cumulative rainfall distributions of 93
storms selected for this analysis are shown in Figure 5.
Each storm contained at least 0.8 inches of rain and was
normalized by dividing by the total rainfall. The distri-
butions indicate a random variation of the cumulative
distribution of real rainfall. The rainfall pattern varies
across a wide range with a strong central tendency. Real
distributions of rainfall within a storm vary over a wide
range of possible patterns. Rainfall distributions appear
to have a strong central tendency that is also nearly sym-
metrical. The central or median distribution of all real
storms is a uniform distribution.

The rainfall data required by the Wisconsin Administra-
tive Code to be used for modeling runoff volumes in
Dane County is the 1981 annual rainfall series for Madi-
son, shown in Figure 6. In 1981 there were 109 rain
events, totaling 32.10 inches for the year. The state and
county regulations require that runoff volumes be mod-
eled without winter conditions. Average annual rainfall
means measured precipitation in Madison, Wisconsin,
between March 12 and December 2, 1981. The total
rainfall for this time period is 28.81 inches and the larg-
est storm was 2.59 inches. The durations of the 1981
rainfall events are summarized in Figure 7. A majority of
the rainfall events had a duration of 6 hours or less.
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Figure 4: SCS Type Il Rainfall Distribution
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Figure 5: Distribution of Recorded Rainfalls in Southern WI

Source: Southeastern Wisconsin Regional Planning Commission (2000)
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Figure 6: Average Annual Rainfall Series
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Figure 7: Rainfall Durations
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Hydrologic Soil Groups

Hydrologic groups are defined as groups of soils having
similar runoff potential under similar storm and cover
conditions. Soil properties that influence runoff poten-
tial are those that influence the minimum rate of infil-
tration for a bare soil after prolonged wetting and when
not frozen. These properties are depth to a seasonally
high water table, intake rate and permeability after

prolonged wetting, and depth to a very slowly permeable

layer. The influence of ground cover is treated indepen-
dently. There are four hydrologic soil groups; A, B, C,
and D.

Hydrologic group A soils have low runoff potential.
These soils have a high infiltration rate even when
thoroughly wetted. They chiefly consist of deep, well
drained to excessively drained sands or gravels. They
also have a high rate of water transmission (greater than

0.3 in / hr).

Hydrologic group B soils have a moderate infiltration
rate when thoroughly wetted. They chiefly are mod-
erately deep to deep, moderately well drained to well
drained soils that have moderately fine to moderately
coarse textures. They also have a moderate rate of water
transmission (0.15 to 0.3 in / hr).

Hydrologic group C soils have a slow infiltration rate
when thoroughly wetted. They chiefly have a layer that
impedes downward movement of water or have moder-
ately fine to fine texture. They also have a slow rate of
water transmission (0.05 to 0.15 in / hr).

Hydrologic group D soils have a high runoff poten-

tial. These soils have a very slow infiltration rate when
thoroughly wetted. They chiefly consist of clay soils that
have a

high swelling potential, soils that have a permanent high
water table, soils that have a claypan or clay layer at or
near the surface, and shallow soils over nearly impervi-
ous material. They have a very slow rate of water trans-
mission (0 to 0.05 in / hr).

The majority of the land in Dane County is hydrologic
group B soils, as shown in Table 2 and illustrated in
Figure 8. Soils with a dual classification (i.e. A/D or
B/D) belong to the first hydrologic group when drained
and the latter hydrologic group when undrained.

Table 2 Dane County Soils
Hydrologic Soil Group  Percent of Land Area!

A 1.25
A/D 5.35
B 66.47
B/D 9.43
c 2.31
D 11.66

1 An additional 3.53% of the land area is water bodies, which do not have a hydrologic
soil group.
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Figure 8: Hydrologic Soil Groups in Dane County

Data source: Dane County Land Information Office
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The Effects of Urban Nonpoint Source Pollution

Flow Rate

It is widely understood that land development without
effective Best Management Practices (BMPs) results in
changes to the rainfall-runoff process. Replacing vegeta-
tion with impervious surfaces (i.e., asphalt or concrete
pavement and rooftops) and altering the natural drain-
age system (i.e., replacing natural swales with storm
sewer) results in increased runoff rates, longer runoff
durations, increased runoff volumes, and decreased
infiltration (Shaver et. al., 2007). Figure 9 illustrates
many of these changes. Increased runoff rates are shown
by a higher discharge in the post development runoff
curve. Longer runoff duration is shown by more time
with a discharge in the post development runoff curve.
A larger area under the post development runoff curve
shows increased runoff volume.

Figure 9: Effect of Development on
Runoff Flow Rates and Volumes

/ Post development without BMPs

Post development detention,
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»
>

Source: Cap/';;ilrea RPC, generated with HydroCAD
Development can also cause substantial soil erosion and
off-site siltation during construction activities (Owens ez
al., 2000). Research (Bledsoe and Watson, 2001; Booth
and Jackson, 1997; Lathrop et al., 2005; MacRae, 1996;
Shaver et. al., 2007) has well documented that without
effective mitigation measures, the potential impacts of
development on receiving water bodies can include:

* Flashier stream flows (sudden higher peaks)
* Increased frequency and duration of bankful flows

* Reduced groundwater recharge and stream base
flow

¢ Greater fluctuations in wetland water levels

* Increased frequency, level, and duration of

flooding

* Additional nutrients and contaminants entering
the receiving water bodies

*  Geomorphic changes in receiving streams and
wetlands

Figure 10 illustrates many of these changes.

Figure 10: Stream Hydrographs Pre- and
Post- Development without BMPs
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Source: Fundamentals of Urban Runoff Management (Shaver et. al., 2007)

Natural drainage systems adapt to the dominant flow
conditions. The frequency of bank-full events often
increase with urbanization and the stream attempts to
enlarge its cross section to reach a new equilibrium with
the increased channel forming flows. Higher flow veloci-
ties and volumes increase the erosive force in a channel,
which alters streambed and bank stability. This can
result in channel incision, bank undercutting, increased
bank erosion, and increased sediment transport. The re-
sults are often wider, straighter, sediment laden streams,
greater water level fluctuations, as well as loss of riparian
cover, shoreland, and aquatic habitat. This is illustrated
in Figure 11.

Figure 11: Changes in Stream Channel
Geomorphology without BMPs
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Source: Fundamentals of Urban Runoff Management (Shaver et. al., 2007)
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These changes in hydrology, combined with increased
pollutant loading, can have adverse effects on the aquatic
ecosystem of streams. It is important to realize that

flow is a major determinant of the physical habitat in a
stream, which in turn determines the biotic composition
of stream communities. A growing body of literature
documents that channel geomorphology, habitat struc-
ture, and complexity are determined by prevailing flow
conditions, which in turn determine the biota that can
inhabit the area. This is true for both the fish as well

as the aquatic insects upon which they feed. Studies

of streams affected by uncontrolled urbanization have
shown that fish populations either disappear or become
dominated by rough fish that can tolerate the associated
lower water quality levels.

Increased Peak Runoff

Peak runoff rates are a function of land slope, land cover,
soil type, and type of stormwater conveyance. The time
of concentration is the travel time for runoff from the
hydrologically farthest point. An increase in impervi-
ous area (i.e. roofs, driveways, streets, parking lots) or

a reduction in the time of concentration (i.e. storm
sewer) results in an increase in peak discharge. Without
management practices this leads to flashier stream flows,
increased flooding, and geomorphic changes in receiving
waters.

As Figure 9 illustrates, detention basins can be effective
in controlling the increased peak runoff rates, but they
do not mitigate the longer runoff durations, increased
runoff volumes, or decreased infiltration. Detention
basins are designed for peak flow rate control of rela-
tively large, infrequent storms, generally the 2-year and
10-year, 24-hour storms. As a result, flow rates from
smaller, frequently-occurring storms typically exceed
those that existed onsite before development occurred
and these increases in runoff rates, volumes, and dura-
tions typically result in flows erosive to stream channel

stability (Shaver et. al., 2007).

Increased Runoff Volume

Runoff volumes are a function of land cover and soil
type. An increase in impervious area results in increased
runoff volumes. This leads to more frequent and more
severe flooding in receiving lakes and rivers during wet
periods (Lathrop et al., 2005). Changes in the volume
or duration of stormwater runoff entering a wetland can
also change its ecological integrity. This often results in

changes in the functional capacity, fish and wildlife habi-
tat, replacement of native vegetation with invasive and

disturbance-tolerant plant species, and/or other impacts
to the wetland’s functions and values. (MBWSR 2010).

Figure 9 illustrates the increase in peak flow rate and
runoff volume due to development. With detention, the
magnitude of the peak flow rate does not change, but
the duration of erosive flow increases. This may increase
channel erosion since banks are exposed to a longer du-
ration of erosive flows and the total energy available to
transport bed materials is increased (Brown et al., 2001).

Biotic Impacts

In an effort to develop quantitative relationships be-
tween various flow alterations (magnitude, frequency,
duration, timing and rate of change) and ecological
responses (abundance, diversity, and demographics) Poff
and Zimmerman (2010) reviewed 165 published papers.
Ninety-two percent of the reviewed papers reported de-
creased values for recorded ecological metrics in response
to a variety of flow alterations, whereas 13% reported
increased values (a few reported both effects). The ma-
jority of the papers evaluated the metric flow magnitude.
Their quantitative analysis of this metric found that fish
abundance, diversity, and demographic rates consistently
declined in response to both elevated and reduced flow
magnitude. They also found that macroinvertebrates
showed mixed responses to changes in flow magnitude;
with abundance and diversity both increasing and de-
creasing in response to both elevated flows and reduced
flows. While their analysis did not support the use of
the existing literature to develop a general, transferable,
quantitative relationship between flow alteration and
ecological response it, did support the conclusion that
ecological change is associated with flow alteration and
that the risk of ecological change increases with increas-
ing degrees of flow alteration.

Reduced Infiltration

The slow infiltration of rainfall through the soil layer is
essential for replenishing groundwater. Groundwater
is a critical water resource throughout Dane County.
Not only does groundwater supply our drinking water,
the health of many aquatic systems is also dependent
on its steady discharge. During periods of dry weather,
groundwater sustains flows in streams and helps to
maintain the hydrology of wetlands.

Dane County Water Quality Plan
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Because development creates impervious surfaces that
prevent natural recharge, a net decrease in groundwater
recharge rates has been documented in urban watersheds
(Spinello and Simmons, 1992). Thus, during prolonged
periods of dry weather, streamflow sharply diminishes.
In smaller headwater streams, the decline in stream flow
can cause a perennial stream to become seasonally dry.
An increase in impervious area results in less infiltration
of rainfall and snowmelt. This contributes to lowered
groundwater levels leading to a decline in the flow of
springs and in the dry weather baseflow in streams

(Lathrop ez al., 2005).

Other research has indicated that urban areas can
provide substantial recharge from leaking pipe networks
(Lerner, 2002). Leaking water mains were identified

as the main source, although leaking sanitary sewers
and storm sewers also contribute to urban recharge.

In our region leaking water supplies appear to make a
relatively small contribution to recharge. The Madi-
son Water Ustility estimated water system losses to be

1,029,456,000 gallons in their 2009 annual report to
the Public Service Commission. This equates to the
equivalent of 0.81 inches of recharge over the 46,708.86
acres of urban service area in the city.

In 2006, the Dane County Community Analysis and
Planning Division developed relative infiltration maps
for Dane County. The maps are available on the CAR-
PC web site. They are meant to be used as a screening
tool to identify relatively high infiltration areas, as well
as areas that might be enhanced through engineering
techniques such as engineered soils.

In 2009, the Wisconsin Geological and Natural History
Survey (Hart ez a/, 2009) published a report estimating
the existing groundwater recharge rates in Dane County
based on the soil water balance method. The study
found that the groundwater recharge rates generally
ranged from 5 to 15 inches per year in Dane County,
with the majority of the county being from 9 to 10
inches per year as shown in Figure 12.

Figure 12: Groundwater Recharge in Dane County
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Increased Water Temperature

An increase in impervious surface area can increase
stream temperature. Impervious surfaces, particularly
dark surfaces like asphalt pavement, absorb solar radia-
tion that raises their temperature. When a rain event
occurs, some of this heat is transferred to the water

that falls on these surfaces. This heated water becomes
runoff and eventually flows into streams, raising their
temperature. Impervious surfaces also reduce infiltra-
tion, which decreases baseflow. Baseflow tends to have a
cooling effect on stream temperature because groundwa-
ter is usually maintained at a relatively constant tem-
perature, despite fluctuations in surface temperatures.
As baseflow decreases, this cooling effect decreases as
well. Therefore, as more impervious surfaces are created,
stream temperatures increase due to the combined effect

of increasing warmer runoff and decreasing cooler base-
flow. Direct exposure of sunlight to shallow ponds and
impoundments as well as unshaded streams may further
elevate water temperatures. Elevated water temperatures
can exceed fish and invertebrate tolerance limits, reduc-
ing survival and lowering resistance to disease. Coldwa-
ter fish such as trout may be eliminated, or the habitat
may become marginally supportive of coldwater species.
The watersheds of streams supporting coldwater fish are
thermally sensitive areas and are shown in Figure 13.
Elevated water temperatures also contribute to decreased
oxygen levels in water bodies and dissolution of solutes.

Figure 13: Thermally Sensitive Areas in Dane County
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Data source: Dane County Land Information Office
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Reduced Water Quality
In 1996, the WDNR and USGS conducted a study of

the quality of stormwater at storm-sewer-monitoring
sites in Wisconsin (Bannerman et al., 1996). The study
found that the concentrations of pollutants in storm-
water runoff vary considerably between sites and storm
events. Summary statistics for typical pollutant concen-
trations in urban stormwater runoff in Wisconsin are
summarized in Tables 3 through 6.

The US EPA has established national recommended
water quality criteria for many pollutants (Attachment
A). However, it should be noted that the total concen-
tration of a potential pollutant is not always a reliable
indicator of the pollutant’s water quality impact, or the

impairment of the aquatic life related beneficial uses
of the water resources. This is because many chemical
constituents of water quality concern exist in a variety
of chemical forms, only some of which are toxic or
otherwise available to adversely affect the water re-
sources. In order to reliably assess the potential water
quality impacts of a chemical in runoff, it is necessary to
incorporate information on the aquatic chemistry and
toxicology of the potential pollutants in the runoff and
the receiving waters as well as information on thermo-
dynamics, mixing and transport processes that occur
(Jones-Lee et al, 2009).

Table 3: Conventional Constituents

pH (standard units) 131 8.11 5.63 7.3 7.24
Chemical oxygen demand, COD |97 310 <5 48 69
BOD, 5-day at 20°C 112 210 <1 9.4 18
Coliform, fecal (colonies/100 mL) | 54 370,000 <10 6,500 30,000
Hardness, dissolved 173 220 <6 26 33
Hardness, total 209 900 3 51 87
Alkalinity, total as CaCo 3 82 149 2 34.5 40.7
Sulfate, dissolved 26 23 <1 9 9.1
Chloride, dissolved 94 1,000 <0.01 10 64
Suspended solids 247 1,850 <2 120 237
Total solids 167 2,810 <10 256 386
Nitrite plus nitrate, dissolved 147 73.6 <0.01 0.493 1.1
Nitrogen, ammonia, dissolved 102 1.3 <0.01 0.24 0.3
Nitrogen, ammonia, organic, total | 34 34 <0.2 1 1.8
Phosphorus, total 204 3.8 <0.02 0.29 0.45
Phosphate, ortho, dissolved 137 3.31 <0.002 0.09 0.178
Carbon, organic total 100 66 <0.5 11 16
Source: Quality of Wisconsin Stormwater, 1989-1994
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Nutrients

Excessive nutrients (nitrogen and phosphorus) coming
from eroded soils, leaf litter, field and lawn fertilization,
poorly managed manure, and streets cause explosions
of plant and algae growth in the water. As plants decay,
bacteria feeding on them use up oxygen, taking away
essential oxygen from fish and other aquatic animals.
Oxygen depletion sometimes causes fish kills.

Both algae and blue-green algae (cyanobacteria) occur
naturally in surface waters. Although they are usually
microscopic, when nutrient levels are too high and
conditions are ideal, both can reproduce rapidly and
undergo a phenomenon known as a “bloom.” Common
algae are not toxic to humans or animals. In contrast,
some forms of cyanobacteria can be extremely toxic and
capable of causing serious illness or even death. These
blooms may occur at phosphorus levels above 30 ppm
and are common at levels higher than 50 ppm; levels
that are typical in Dane County lakes. As these algae
decay they create nasty odors and cause oxygen depletion
in the water.

Pathogens

Pathogens are bacteria, protozoa, and viruses that can
cause disease in humans. The presence of bacteria such
as fecal coliform or enterococci is used as an indicator of
pathogens and of potential risk to human health. Patho-
gen concentrations in urban runoff can exceed public
health standards for water contact recreation. Potential
sources of pathogens in stormwater runoff include sani-
tary sewer overflows; animal waste from pets, wildlife,
and waterfowl; failing septic systems; and illegal sanitary
sewer cross connections.

As a precaution Dane County beaches are closed to the
public when elevated levels of algae and/or bacteria are
detected to protect the health of beach users. The Public
Health Department collects data on the number of
beach closing due to water quality problems as shown in
Figure 14. There are approximately 1,500 beach days in
Dane County annually (15 beaches x 100 days between
Memorial Day and Labor Day). High levels of indica-
tor bacteria and / or algae in stormwater have led to a
number of beach closures as shown in.

Figure 14: Dane County Beach Closings
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Chlorides

Elevated chloride can inhibit plant growth, impair
reproduction, and reduce the diversity of organisms in
streams (Mullaney et. al., 2009). Use of salt for deicing
roads and parking lots in the winter is a major source of
chloride. Other sources include wastewater treatment
plant discharge (from water softeners), septic systems,
and farming operations. Road salt (sodium chloride)

is the most common deicing material used in Dane
County. The literature has well documented the signifi-
cant adverse effects of road salt on roadside vegetation,
soil, groundwater, and surface waters (Transportation
Research Board, 1991). It also clearly indicates that the
effects depend on a wide range of factor unique to each
site. A recently published study by the USGS (Corsi

et. al., 2010) demonstrated a substantial effect from
road salt on stream water quality and aquatic life based
on long- and short-term runoff sampling programs in
Wisconsin.

Chloride does not have enforceable federal or state
drinking water quality standard. However, a secondary
standard of 250 ppm and has been established by the US
EPA for chloride and the state of Wisconsin has estab-
lished a Preventative Action Limit (PAL) of 125 ppm.
Currently, the EPA requires that all public water systems
monitor sodium levels and report levels greater than 20
mg/l to local health authorities so that physicians treat-
ing people on sodium-restricted diets can advise patients
accordingly. According to a report on road salt use by
the Public Health Department (PHMDC, 2010), the
monitoring of surface and groundwater continues to
show increasing trends in chloride and sodium levels.
The data collected shows that several City of Madison
drinking wells have sodium levels in excess of 20 mg/I as
shown in Figure 15.

Figure 15: Chloride Levels in Select Madison Wells
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Figure 16: Dane County Lake Chloride Levels
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The national recommended freshwater quality criteria
for non-priority pollutants (US EPA, 2009) define the
chronic exposure level for chloride as 230 mg/l. The
WDNR has established a chronic toxicity criterion of
395 mg/L for chloride. The acute exposure level for
chloride is 860 mg/l. Research by the USGS in Mil-
waukee has found that chloride concentrations in urban
streams can exceed the standards for acute toxicity to
fish and other aquatic life. Stormwater monitoring
during snowmelt has identified surges of high levels of
chloride. Data collected by the Public Health Depart-
ment shown in Figure 16 illustrates that while chloride
concentrations in Madison lakes are generally well below
toxicity standards for surface waters, they have doubled
since the 1970s. Levels that exceed WDNR toxicity
standards for surface water have been observed in storm
water runoff, ponds, creeks, and in Lake Mendota itself
near the Spring Harbor storm sewer outfall. These
surges have the potential of harming aquatic life and/
or causing species shifts, eliminating less tolerant species
from our lakes and streams.

Source: Public Health Madison - Dane County (2009).

Sediment (Suspended Solids)

Both suspended and deposited sediments can have
adverse effects on aquatic life in streams and lakes.
Sediment is the largest load of urban nonpoint pollu-
tion. Turbidity resulting from sediment can reduce light
penetration for submerged aquatic vegetation critical to
lake littoral zones. In addition, the energy from light
reflecting off of suspended sediment can increase water
temperatures. Sediment can physically alter habitat by
destroying the riffle-pool structure in stream systems and
smothering benthic organisms, reducing the number, di-
versity, and productivity of plants and animals living in
aquatic environments. Finally, sediment also transports
many other pollutants to the receiving waters.

Urban sources of sediment include washoff of particles
that are deposited on impervious surfaces, stream bank
and bed erosion, and construction sites. A USGS study
found that sediment loads from construction sites were
10 times larger than typical loads from rural and urban
land uses in Wisconsin (Owens et. al., 2000). The data
indicated that active construction sites produced total
and suspended solids concentrations that were orders
of magnitude higher than pre- and post- construction
periods.

Dane County Water Quality Plan
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Litter
Trash and debris are washed off of the land surface by

stormwater runoff and can accumulate in storm drain-
age systems and receiving waters. Litter detracts from
the aesthetic value of water bodies and can harm aquatic
life either directly by being mistaken for food, or in-
directly by habitat modification. Sources of trash and
debris in urban stormwater runoff include residential
yard waste, commercial parking lots, street refuse, illegal
dumping, and industrial refuse.

Metals

Metals such as cadmium , chromium, copper, lead,
mercury, nickel, and zinc are commonly found in urban
stormwater runoff. The primary sources of these metals
in stormwater runoff are vehicular exhaust residue, fossil
fuel combustion, corrosion of galvanized and chrome-
plated products, atmospheric deposition, roof runoff,
stormwater runoff from industrial sites, and the applica-
tion of deicing agents. Architectural copper associated
with building roofs, flashing, gutters, and downspouts
has been shown to be a source of copper in stormwater

runoff.

Table 4: Metals and Inorganics

Antimony, total recoverable 74 4 <1 <1 1.2
Arsenic, total recoverable 71 5 <1 1 1.1
Cadmium, total recoverable 197 7 <0.2 0.5 0.89
Cadmium, dissolved 89 3.8 <0.2 0.08 0.3
Chromium, total recoverable | 164 90 <3 7 11
Copper, total recoverable 223 210 <3 18 26
Copper, dissolved 120 33 <3 5 6.5
Cyanide, total 59 0.09 <0.01 <0.01 0.005
Lead, total recoverable 230 570 <1 24 48
Lead, dissolved 120 13 <1 <3 0.87
Nickel, total recoverable 81 52 <1 5 8.3
Silver, total recoverable 129 52 <0.5 <0.5 1.9
Zinc, total recoverable 249 1,500 <10 150 200
Zinc, dissolved 135 840 <10 70 89
Source: Quality of Wisconsin Stormwater, 1989-1994
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Pesticides and Other Toxics

Synthetic organic chemicals can be present in urban areas. Pesticides are commonly found in runoff from
stormwater. Pesticides, phenols, polychlorinated biphe-  urban lawns and rights-of-way and atmospheric deposi-
nyls (PCBs), and polynuclear or polycyclic aromatic hy-  tion from agricultural areas. A review of monitoring
drocarbons (PAHs) are the compounds most frequently  data on stormwater runoff quality from industrial facili-
found in stormwater runoff. Such chemicals can exert ties has shown that PAHs are the most common organic
varying degrees of toxicity on aquatic organisms and can  toxicants found in roof runoff, parking area runoff, and
bioaccumulate in fish. Toxic organic pollutants are most  vehicle service area runoff (Pitt et al., 1995).

commonly found in stormwater runoft from industria
ly found in st t ff fi dustrial

Table 5: Pesticides

Alachlor 79 2.9 <0.1 <0.25 0.36
Atrazine 79 6.5 <0.1 0.1 0.26
Chlordane 98 1 <.05 <0.1 0.086
Cyanazine 79 1.9 <0.1 <0.1 0.13
DDD 52 0.1 <0.01 <0.01 0.01
DDE 52 0.1 <0.01 <0.01 0.01
DDT 52 0.1 <0.01 <0.01 0.013
Diazinon 87 2.2 <0.01 <1 0.11
Dicamba 83 0.5 <0.01 <0.22 0.06
Endosulfan 52 0.1 <0.01 <0.01 0.013
Heptachlor 52 0.1 <0.01 <0.01 0.013
Heptachlor epoxide | 52 0.1 <0.01 <0.01 0.013
Lindane 80 0.1 <0.01 <0.01 0.0084
Malathion 86 1.1 <0.01 <0.2 0.023
Methoxychlor 80 0.5 <0.01 <0.04 0.023
Metolachlor 48 0.7 <0.1 <0.1 0.12
Picloram 54 0.2 <0.01 <0.1 0.036
Prometon 42 0.5 <0.1 <0.1 0.045
2,4-D 83 10 <0.01 0.1 0.99
2,4-DP 54 1.2 <0.01 <0.1 0.07
Source: Quality of Wisconsin Stormwater, 1989-1994
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Traffic Related Debris, Oil, and Grease

Urban stormwater runoff contains a wide array of
hydrocarbon compounds, some of which are toxic to
aquatic organisms at low concentrations. The primary
sources of hydrocarbons in urban runoff are automotive.
Source areas with higher concentrations of hydrocarbons
in stormwater runoff include roads, parking lots, gas sta-
tions, vehicle service stations, residential parking areas,
and bulk petroleum storage facilities.

Vegetation

Vegetation such as grass clippings and leaves are com-
monly found in stormwater runoff. The decomposi-
tion of this organic matter in water bodies can deplete
oxygen from the water, thereby causing similar effects
to those caused by nutrient loading. Organic matter
is of primary concern in water bodies where oxygen is
not easily replenished, such as lakes and slow moving
streams.

Table 6: Polycyclic Aromatic Hydrocarbons

Acenaphthene 26 6 <0.05 <34 0.31
Acenaphthylene 22 0.27 <0.05 0.075 0.1
Anthracene 26 19 <0.12 0.23 1.2
Benzo[a]lanthracene 25 23 <0.003 0.9 2.1
Benzo[alpyrene 30 16 <0.002 1.3 2.3
Benzo[blflouranthene |30 23 <0.0045 1.4 2.7
Benzolghilperylene 26 15 <0.0047 1 2
Benzolklflouranthene |29 14 <0.0034 0.88 1.7
Chrysene 30 24 <0.023 1.4 2.8
Fluoranthene 30 88 <0.009 3.2 8.6
Fluorene 25 7 <0.05 <0.6 0.41
Indeno Pyrene 28 17 <0.02 1.4 2.4
Phenanthrene 24 52 <0.17 1.6 4.6
Pyrene 27 66 <0.007 1.8 5.8
Source: Quality of Wisconsin Stormwater, 1989-1994
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Regulation of Urban Nonpoint Source Pollution

Federal Clean Water Act

The 1972 amendments to the Federal Water Pollution
Control Act (known as the Clean Water Act or CWA)
provide the statutory basis for the National Pollutant
Discharge Elimination System (NPDES) permit pro-
gram and the basic structure for regulating the discharge
of pollutants from point sources to waters of the United
States. Section 402 of the CWA specifically required
EPA to develop and implement the NPDES program.

The CWA gives EPA the authority to set effluent limits
on an industry-wide (technology-based) basis and on a
water-quality basis that ensure protection of the receiv-
ing water. The CWA requires anyone who wants to
discharge pollutants to first obtain an NPDES permit,
or else that discharge will be considered illegal.

The CWA allowed EPA to authorize the NPDES Permit
Program implementation to state governments, enabling
states to perform many of the permitting, administra-
tive, and enforcement aspects of the NPDES Program.
In states, like Wisconsin, that have been authorized to
implement CWA programs, EPA still retains oversight
responsibilities.

Polluted stormwater runoff is commonly transported
through Municipal Separate Storm Sewer Systems
(MS4s), which historically was often discharged untreat-
ed into local waterbodies. To prevent harmful pollutants
from being washed or dumped into an MS4, operators
must obtain a NPDES permit and develop a stormwater
management program.

Phase I, issued in 1990, requires medium and large cities
or certain counties with populations of 100,000 or more
to obtain NPDES permit coverage for their stormwater
discharges. Phase II, issued in 1999, requires regulated
small MS4s in urbanized areas, as well as small MS4s
outside the urbanized areas that are designated by the
permitting authority, to obtain NPDES permit coverage
for their stormwater discharges. Generally, individual
permits cover Phase I MS4s and a general permit cov-
ers Phase II MS4s. Each regulated MS4 is required to
develop and implement a stormwater management pro-
gram to reduce the contamination of stormwater runoff

and prohibit illicit discharges.

Wisconsin Administrative Code

Chapters NR 216 and NR 151 of the Wisconsin Ad-
ministrative Code establishes the minimum standards
for stormwater management in the State of Wisconsin.

NR 216

To meet the requirements of EPA’s Storm Water Phase I1
Final Rule, the Wisconsin DNR drafted revisions to ch.
NR 216, Wis. Adm. Code. NR 216 revisions amended
an existing rule that outlines requirements for storm
water discharge permits for municipal separate storm
sewer systems, industrial facilities and construction sites.
This rule became effective in August 2004.

The following urbanized areas in Dane County are cur-
rently required to have a stormwater discharge permit

under NR 216:

* The cities of Fitchburg, Madison, Middleton,

Monona, Stoughton, Sun Prairie, and Verona.

* The villages of Cottage Grove, Deforest,
Maple Bluff, McFarland, Shorewood Hills, and
Waunakee

* The towns of Blooming Grove, Bristol, Burke, Cot-
tage Grove, Dunn, Dunkirk, Madison, Middle-
ton, Pleasant Springs, Westport, and Windsor

* Dane County facilities
* The University of Wisconsin - Madison

NR 216 requires storm water permit coverage of all
MS4s serving a population over 10,000 that are located
outside of an urbanized area. The following communi-
ties are expected to reach this population threshold in
the near future:

 Village of Oregon - 2015
 Village of Mount Horeb - 2030

The rules require permitted MS4s to have a stormwater
management program that includes public education,
public participation, elimination of illicit discharges, the
creation and enforcement of local ordinances to regulate
erosion control and long-term storm water manage-
ment, and pollution prevention at municipally owned
facilities. The education component includes informing
residential landowners on proper methods for yard waste
collection and disposal, litter control, and pet waste col-
lection and disposal.
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Appendix D: Urban Nonpoint Source Analysis



NR 151

NR 151 originally became effective Oct. 1, 2002 as
part of a package of Department Natural Resources

and Department of Agriculture, Trade and Consumer
Protection rules that address nonpoint source pollution,
the major cause of polluted waters in Wisconsin and the
United States. Several revisions to the standards in NR
151 went into effect on January 1, 2011.

The standard for construction sites requires implementa-
tion of an erosion and sediment control plan using Best
Management Practices (BMPs) that, by design, reduce to
the Maximum Extent Practicable (MEP) 80 percent of
the sediment load on an average annual basis.

The post-construction site performance standards set
a minimum level of control of runoff pollution from

construction sites after construction is completed and
final stabilization has occurred.

Total Suspended Solids Control

This standard requires BMPs to capture to the MEP 80
percent of the total suspended solids that would normal-
ly run off the site, based on an average annual rainfall.
For redevelopment and for in-fill development under 5
acres, the reduction goal is 40 percent.

Peak Discharge Rate

This standard requires that BMPs be used to maintain or
reduce the peak runoff discharge rate of the 1-year and
2-year, 24 hour design storms, to the MEP. The pre-de-
velopment land use is assumed to be in good hydrologic
condition. Redevelopment sites and in-fill development
of less than 5 acres are exempt.

Infiltration

This performance standard requires that, to the MED,

a portion of the runoff volume be infiltrated. The
amount required to be infiltrated is based on the per-
centage of connected impervious area on the site as
shown in Table 7. The standard allows a cap on the land
area required for infiltration. There is a concern that the
structure of this standard creates an incentive to connect
impervious area, which is contrary to the fundamen-

tal principle of low impact development, which is to
disconnect impervious area.

Table 7: NR 151 Infiltration Requirements
Effective January 1, 2011

Site Connected Pre-Development Infiltration
Impervious Infiltration Volume Area Cap
Area Requirement
< 40% 90% 1%
40 to 80% 75% 2%
> 80% 60% 2%

To protect groundwater the standard also identifies areas
where infiltration is prohibited. This includes industrial
storage and loading areas, fueling and maintenance
areas; areas near karst features; areas in close proximity
to wells; areas with inadequate separation distance to
groundwater or bedrock; and areas where the soils are
contaminated and areas where the soils are too coarse.
The standard further identifies areas where infiltration
is not required, such as areas where the infiltration rate
is less than 0.6 inches per hour; areas with less than
5,000 square feet of parking lot or roads in commercial
and industrial development; redevelopment areas; in-fill
areas less than 5 acres; and certain roads.

Protective Areas

The standard also identifies where, to the MED, a
permanent vegetative buffer area must be maintained
around lakes, streams, and wetlands to filter pollutants
and protect against erosion. Buffer sizes vary according
to the type and classification of the waterbody: 75 feet
for outstanding and exceptional resource waters and
wetlands of special natural resource interest; 50 feet for
streams, lakes, and most wetlands; and 10-30 feet for
less susceptible wetlands; 10 feet for concentrated flow
channels draining more than 130 acres.

Fueling and Maintenance Areas

The standard also requires, to the MED, that runoff from
fueling and vehicle maintenance areas containing petro-
leum products must be controlled to remove all visible
sheen in the runoff.

Local Ordinances

Dane County Chapter 14
Chapter 14 of the Dane County Code of Ordinances

establishes the minimum standards for stormwater
management in Dane County.
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Sediment control

The ordinance requires that new developments include
practices to retain soil particles greater than 5 microns
on the site (80% reduction) resulting from a one-year
24-hour storm event (2.5 inches over 24-hour duration),
according to approved procedures.

Oil and grease control

The ordinance requires that all non-residential sites with
the potential for oil or grease pollution treat the first 0.5
inches of runoff using the best oil and grease removal
technology available.

Runoff rate control

The ordinance requires runoff calculations to use the
methodology described in the Natural Resources Conser-
vation Service’s Technical Release 55, “Urban Hydrology
for Small Watersheds” (commonly known as TR-55),

or other methodology approved by the Dane County
Conservationist. For agricultural land uses, the maxi-
mum runoff curve number (RCN) that can be used in
the calculations are 51 for HSG A, 68 for hydrologic soil
group B, 78 for HSG C, and 83 for HSG D. The TR-
55-specified curve numbers for other land uses shall be
used. Heavily disturbed sites will be lowered one perme-
ability class for hydrologic calculations. Lightly disturbed
areas require no modification. Where practices have been
implemented to restore soil structure to predeveloped
conditions, no permeability class modification is required.

The ordinance requires that predevelopment peak runoff
rates be maintained for the 2-year, 24-hour storm event
(2.9 inches over 24-hour duration) and the 10-year,
24-hour storm event (4.2 inches over 24-hour duration).
Safely pass the 100-year, 24-hour storm event (6.0 inches
over 24-hour duration).

The ordinance also requires that discharges from new
construction sites have a stable outlet capable of carrying

the designed flow at a non-erosive velocity.

Infiltration

Like the previous NR 151 rules, the Dane County
performance standard previously required that 90 percent
of pre-development infiltration volume for residential
land uses and 60 percent of predevelopment infiltration
volume for non-residential (commercial, industrial, in-
stitutional) land uses based upon average annual rainfall.
Instead of caps on the land area required for infiltration

BMPs, the ordinance allows an alternate groundwater
recharge standard of the estimated county-wide average
annual recharge rate (7.6 inches per year) when the cap
levels (1% for residential sites and 2% for nonresidential
sites) are reached. In March 2011, Dane County ad-
opted Ordinance Amendment 33, which requires both
residential and nonresidential developments to design
practices to infiltrate sufficient runoff volume so that
post-development infiltration volume shall be at least
90% of the pre-development infiltration volume, based
upon average annual rainfall. It also changed the annual
pre-development recharge rate to be based on the Wiscon-
sin Geological and Natural History Survey’s 2009 report,
Groundwater Recharge in Dane County, Estimated by a
GIS-Based Water-Balance Model.

The ordinance requires pre-treatment before infiltrating
parking lot runoff or runoff from new road construction
in commercial, industrial and institutional areas that will
enter an infiltration system. The purpose of the pretreat-
ment is to protect the infiltration system from premature
clogging and to protect groundwater quality.

Infiltration systems are prohibited in areas that might
result in groundwater contamination. This includes Tier
1 industrial facilities, the storage and loading areas of Tier
2 industrial facilities, fueling and vehicle maintenance
areas, and areas within 1,000 feet up gradient or within
100 feet down gradient of karst features. In areas with less
than three feet from the bottom of the infiltration system
to the elevation of seasonal high groundwater or the top
of bedrock, infiltration is limited to roof runoff only. In
areas with more than three feet but less than five feet from
the bottom of the infiltration system to the elevation of
seasonal high groundwater or the top of bedrock, residen-
tial street runoff can also be infiltrated.

Alternate uses of runoff, such as for toilet flushing, laun-
dry or irrigation, are given equal credit toward the infiltra-
tion volume requirements.

Thermal control

The ordinance requires practices to reduce the tempera-
ture of runoff for sites located within the watershed of a
river or stream identified by the Wisconsin Department
of Natural Resources as a Cold Water Community or a
trout stream. Alternatively, modeling must demonstrate
that the post-development temperature increase of runoff
from the site will be zero.
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Dane County Chapter 80

Dane County has had an ordinance regulating the
application and sale of lawn fertilizer since 2005. The
ordinance prohibits the use of phosphorus-containing
lawn fertilizers, unless a soil test shows that phosphorus
is necessary. It exempts newly-established turf and lawns
during their first growing season, fertilizers intended
primarily for garden and indoor plant application, and
fertilizers applied to trees and shrubs and for agricultural
uses.

Municipal Ordinances

Every municipality in Dane County also has its own
local stormwater management ordinance. Many of these

ordinances require performance standards that are more
stringent than those in Dane County Chapter 14. At
least ten municipalities in Dane County require peak
flow rate control for the 100-year, 24-hour design storm.
The Cities of Verona and Middleton and the Villages of
McFarland and Oregon require the use of pre-settlement
(instead of pre-development) curve numbers for calcu-
lating allowable peak flow rates. The City of Middleton
has a specific groundwater recharge requirement. The
Town of Westport requires infiltration of the increase in
runoff volume for the 100-year 24-hour design storm.
The Village of DeForest has recently adopted a 100%
pre-development volume control standard and a specific
groundwater recharge requirement. Attachment B sum-
marizes municipal stormwater ordinances in the region.

Modeling of Urban Nonpoint Source Pollution

HEC-HMS

The U.S. Army Corps of Engineers Hydrologic Engi-
neering Center (HEC) developed the Hydrologic Mod-
eling System (HEC-HMS). The model is designed to
simulate the precipitation-runoff processes of watershed
systems. It is designed to be applicable in a wide range
of geographic areas for solving the widest possible range
of problems. This includes large river basin water supply
and flood hydrology, and small urban or natural water-
shed runoff. Hydrographs produced by the program are
used directly or in conjunction with other software for
studies of water availability, urban drainage, flow fore-
casting, future urbanization impact, reservoir spillway
design, flood damage reduction, floodplain regulation,
and systems operation.

HSPF

The Hydrological Simulation Program-FORTRAN
(HSPF) model was developed by Aqua Terra Consul-
tants for US EPA. The model simulates hydrologic
and water quality processes in natural and man-made
water systems. It can be used in the planning, design,
and operation of water resources systems. The model
uses information on rainfall, temperature, evaporation,
land use patterns, soil characteristics, and agricultural
practices to simulate the processes that occur in a wa-
tershed. The result of the simulation is a time history of
the quantity and quality of water transported over the
land surface and through various soil zones down to the

groundwater aquifers. Runoff flow rate, sediment loads,
nutrients, pesticides, toxic chemicals, and other quality
constituent concentrations can be predicted. The model
uses these results and stream channel information to
simulate instream processes that are sued to produce a
time history of water quantity and quality at any point
in the watershed.

P8

P8 is an urban catchment model developed by William
W. Walker Jr. for US EPA, MPCA, and WDNR. The
name stands for Program for Predicting Polluting Par-
ticle Passage thru Pits, Puddles, & Ponds. The model is
used to predict the generation and transport of stormwa-
ter runoff pollutants in urban watersheds. Continuous
water-balance and mass-balance calculations are per-
formed on a user-defined system consisting of multiple
watersheds, best management practices, particle classes,
and water quality components. Simulations are driven
by continuous hourly rainfall and daily air temperature
time series.

RECARGA
The University of Wisconsin — Madison Civil & Envi-

ronmental Engineering Department Water Resources
Group developed the RECARGA model. The model
was developed to provide a design tool for evaluating
the performance of bioretention facilities, raingarden

Dane County Water Quality Plan

Appendix D: Urban Nonpoint Source Analysis



facilities, and infiltration basins. The model continu-
ously simulates the movement of water throughout the
facility (ponding zone, soil layers and underdrains),
records the soil moisture and volume of water in each
water budget term (infiltration, recharge, overflow, un-
derdrain flow, evapotranspiration, etc.) at each time step
and summarizes the results. The results of this model
can be used to size facilities to meet specific performance
objectives, such as reducing runoff volume or increas-
ing recharge, and for analyzing the potential impacts

of varying the design parameters. The model uses the
Green-Ampt infiltration model for initial infiltration
into the soil surface and the van Genuchten relationship
for drainage between soil layers. Input to the facility is
calculated from user specified land cover data (percent
impervious area, pervious area curve numbers and the
area of the facility and tributary basin) using an initial
abstraction equation (for impervious areas) or the TR-55
methodology for pervious areas. Underdrain flow is
calculated using the orifice equation. The model also
tracks continuous soil moisture and evapotranspiration
between storm events. More details on the methodology
are available in the user’s manual for the model (Atchi-
son and Severson, 2004).

SLAMM

The Source Loading and Management Model
(SLAMM) was developed by Professor Robert Pitt and
John Voorhees. The model was developed to estimate
runoff volumes as well as particulate and pollutant
loadings based on land use and to evaluate the effective-
ness of stormwater management practices. The model
emphasizes small storm hydrology and particulate wash-
off. WinSLAMM is one of the models approved by the
Wisconsin Department of Natural Resources for dem-
onstrating compliance with the stormwater management
requirements in NR 151 and NR 216. More details on
the methodology are available in the user’s manual for
the model (Pitt and Voorhees, 2000).

SWAT

The Soil & Water Assessment Tool (SWAT) is a public
domain model actively supported by the USDA Agricul-
tural Research Service at the Grassland, Soil and Water
Research Laboratory in Temple, Texas, USA. It is a river
basin scale model developed to quantify the impact of
land management practices in large, complex water-
sheds. The model components include weather, surface
runoff, return flow, percolation, evapo-transpiration,

transmission losses, pond and reservoir storage, crop
growth and irrigation, groundwater flow, reach rout-
ing, nutrient and pesticide loading, water transfer. The
model predicts the effect of management decisions on
water, sediment, nutrient and pesticide yields on large,
ungauged river basins.

SWMM

The Storm Water Management Model (SWMM) is an
urban stormwater model developed and maintained by
the U.S. Environmental Protection Agency. SWMM

is applied to stormwater simulations including urban
runoff, flood routing, and flooding analysis. The model
provides continuous simulation, using variable time
steps, of rainfall-runoff processes and associated pol-
lutant wash-off and transport. SWMM also includes
flow routing capabilities for open channels and piped
systems.

TR-20/ TR-55

The U.S. Department of Agriculture, Natural Resources
Conservation Service (NRCS), developed the TR-20 /
TR-55 model. TR-55 uses the runoff curve number
method and unit hydrographs to convert rainfall into
runoff. TR-55 and TR-20 are infiltration loss models
that use the runoff curve number methods synthetic
storm flow hydrograph development to predict peak
flow rates and volumes for a given catchment area. The
advantage of applying TR-55 and TR-20 is the con-
venience of tables and input parameters included for a
wide range of soil and land use conditions. A number of
stormwater runoff modeling programs, such as Hydro-

CAD, use the TR-20 and TR-55 methodology.
The traditional SCS TR-55 methods are valuable for

estimating peak discharge rates for large storms (i.e.,
greater than 2 inches), but can significantly underes-
timate runoff from small storm events (Claytor and
Schueler, 1996). One of the principal short comings of
TR-55 is that the methodology assumes a constant CN
for a large range of rainfall events. While this assump-
tion does not significantly affect the accuracy of the
model for larger storm events (> 2”), smaller rainfall
events produce more runoff than are predicted by the

SCS procedure (Pitt, 1999).
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Monitoring of Urban Nonpoint Source Pollution

USGS

The United States Geological Survey Wisconsin Water
Science Center (USGS WI WSC) office in Middleton,
Wisconsin conducts quantity and quality monitoring
of surface water and ground water systems throughout
the state. The program is partly funded by local units
of government through regional cooperators. CARPC
is a regional USGS cooperator, continuing over three
decades of cooperation between its predecessor the

DCRPC and the USGS.

In the USGS surface water quantity monitoring pro-
gram, continuous streamflow data are collected and
computed using traditional and state-of-the-art acoustic
methods and the data are posted on the USGS website
in real time. These data are used for flood forecast-

ing and emergency flood response, understanding and
modeling hydrologic systems, defining flood plains for
planning developments, designing and operating hy-
droelectric, flood control, water supply, and wastewater
facilities, designing and sizing bridges and culverts, man-
aging lakes and wetlands, abating and preventing pol-
lution, determining trends in floods and low-flows, and
determining the occurrence and distribution of water.

In the USGS surface water quality monitoring program,
water samples are collected to describe occurrence and
distribution, trends, and modeling of certain pollutants
and their relationships between natural factors, land use
and water quality, and the relationship between eco-
logical responses and water quality. The WI WSC has
monitoring capabilities associated with PCB, organics,
virus, and pathogens sampling as well as in the areas of
flow-composite auto sampling, small plot agricultural
sampling, and urban source area sampling.

The USGS nonpoint source evaluation monitoring pro-
gram provides instrumentation, data collection, and data
analyses for urban non-point source research projects.
Data is collected at plot, field, and whole watersheds
scales. The evaluations have included single best man-
agement practices and end-of-the-pipe treatment devices
being used by municipalities to improve urban storm-
water quality and to meet permit requirements. The
program collects actual field data that are used in the
calibration, verification, and continued enhancement of

the SLAMM model.

WDNR

The Water Division of the Wisconsin Department of
Natural Resources (DNR) gathers environmental infor-
mation to assess aquatic environmental health, evaluate
environmental problems and to determine success of
management actions that are intended to protect aquatic
resources. The WDNR Water Division Monitoring
Strategy (WDNR, 2006) directs their monitoring efforts.
The data collected includes baseline physical, chemical,
and biological information. The monitoring determines
water quality and fisheries status and trends based on
ecologically based indicators, and identifies potential
problem areas.

Public Health

The Department of Public Health for Madison and
Dane County (PHMDC) provides sampling, labora-
tory analysis and reporting services for beaches, public
drinking water wells, and surface water resources in our
region.

All public beaches in Dane County are monitored by
the PHMDC during the swimming season (Memo-

rial Day - Labor Day). Public Health conducts water
quality testing at 13 Madison beaches, one UW beach
and two Dane County beaches for bacteria, and algal
toxins such as microcystin and cylindrospermopsin. The
purpose of the beach monitoring program is to protect
the public health and assure that the beach water is safe
for recreational activities and to minimize the likelihood
of water-borne disease outbreaks on Madison beaches.

The PHMDC also maintains a routine surveillance and
sampling schedule of area lakes, streams, primary and
secondary outfalls, and point and non-point source run-
off to ground surface, wetlands, and surface waters. Each
month the Public Health-Madison and Dane County
(PHMDC) Laboratory monitors Lakes Waubesa,
Wingra, Monona, Mendota, and Kegonsa for chemicals
that might be present in the water. Some of the things
lab analyzes in the water include chloride, fluoride,
nitrite, nitrate and sodium. Water samples are also tested
less frequently for other contaminants, including arsenic,
cadmium, calcium, mercury, selenium, lead, and zinc.
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Water Quality Conditions

Technical Appendix B (Water Quality Conditions) of
the Dane County Water Quality Plan (DCRPC 1979),
the Dane County Water Quality Plan Appendix B Update:
Surface Water Quality Conditions (DCRPC 1992), and
Dane County Water Quality: Conditions and Problems
(DCRPC 1999), compiled and analyzed the available
data on the water quality of Dane County streams and
major lakes. The data sources include fishery surveys,
pollution investigations, and research projects conducted
by state agencies and the University of Wisconsin among
others. This appendix is currently being updated.

Management of Urban Nonpoint Source Pollution

Stormwater management involves the selective use of
various best management practices (BMPs) to address
the potential adverse water quality and quantity impacts
of uncontrolled urban stormwater runoff in a cost-
effective and environmentally sound manner. In most
cases, well-designed and well-maintained stormwater
management practices when coupled with well-designed
urban landscapes can preserve or improve upon the pre-
development condition of water resources.

Resource Considerations

Stormwater treatment practices should be tailored not
only to the conditions that exist at a particular site, but
also to the downstream resources that could be impacted
by stormwater discharges from the site. The resources
include rivers and streams, groundwater aquifers, lakes
and ponds, and wetlands.

Rivers and Streams

The rate and volume of stormwater discharges from new
developments are especially critical to these systems,

as they can impact the flood carrying capacity of the
watercourse and increase the potential for channel ero-
sion. In addition, sensitive cold-water fisheries, includ-
ing stocked streams, can also be adversely impacted by
stormwater runoff with elevated temperatures. Streams
and rivers that are classified by the WDNR as Outstand-
ing and Exceptional Resource Waters have excellent
water quality, high recreational and aesthetic value and
high quality fishing. These resources, as well as their
tributary watercourses and wetlands, warrant a high
degree of protection.

Groundwater Aquifers and Springs

Groundwater is the source of drinking water in Dane
County. In addition, groundwater is the source of dry
weather flows (baseflow) in waterways, which is critical
for maintaining suitable habitat. Groundwater recharge
is also critical to maintaining the flow to springs. Asa
result, it is important to maintain both the quantity and

quality of groundwater recharge.

Lakes and Ponds

Lakes and ponds are especially sensitive to sediment and
nutrient loadings. Excess sediments and nutrients are the
cause of algal blooms in these surface waters, leading to
eutrophication and degradation. These conditions often
result in costly dredging and rehabilitation projects. In
fresh water systems, phosphorus is typically the limit-
ing nutrient, that is, much less phosphorus is needed
compared to other nutrients such as nitrogen to create
eutrophic conditions. As a result, treatment practices
should focus on nutrient removal, particularly phospho-
rus, for stormwater discharges to lakes and ponds, and

watercourses that feed lakes and ponds.

Wetands
Hydrology is typically the primary factor driving the

other elements of a wetland ecosystem. Many wetlands
are sensitive to changes in the frequency, duration, or
depth of water that can occur with urban runoff. The
functions and benefits that can be provided by wetlands
include, reducing the rate and volume of stormwa-

ter runoff, reducing flooding, treating and removing
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pollutants, and providing important wildlife habitat.
The Dane County Wetlands Resource Management Guide
(CARPC, 2008) and the Recommended Wetland Man-
agement Classification System (MBWSR, 2010) provide

an in depth discussion of the issues and recommended

standards related to managing these resources.

Site Design Considerations

Effective site planning and design is the most critical
and potentially beneficial element of a successful storm-
water management program since it addresses the root
causes of both stormwater quality and quantity prob-
lems early in the development process. Source controls
and pollution prevention, as well as construction erosion
and sedimentation controls, are also key elements for
preventing or mitigating stormwater quality problems.
These preventive measures can reduce the size and scope
of stormwater treatment and flood control facilities. It
should be noted that many factors are considered in site
design in addition to stormwater management. Inevi-
tably, a successful design involves a balance between
sometimes competing factors including street connectiv-
ity, safety, aesthetics, walkability, and cost effectiveness.

The goal of the low impact design approach, also often
referred to as conservation design, is to mimic predevel-
opment hydrology by minimizing imperviousness and
maximizing the use of distributed management practices
that store, infiltrate, evapotranspirate, and detain runoff.
Design considerations for minimizing imperviousness
include site fingerprinting, and building, street, and
drainage design. The distributed management practices
typically used in a low impact design include green
roofs, rainwater collection for beneficial reuse, biore-
tention, filter strips, swales, and infiltration trenches.
The Low-Impact Development Design Strategies Manual
(Prince George’s County DER, 1999) and Better Site
Design: A Handbook for Changing Development Rules in
Your Community (CWP, 1998) provide useful guidelines
and additional references for planning and designing
developments using these approaches.

The report Reducing Stormwater Costs through Low
Impact Development (LID) Strategies and Practices (US
EPA, 2007) summarizes seventeen case studies of devel-
opments that include Low Impact Development (LID)
practices. In most cases, LID practices were shown

to be both fiscally and environmentally beneficial to

communities. In a few cases, LID project costs were
higher than those for conventional stormwater manage-
ment practices. In the vast majority of cases, significant
savings were realized due to reduced costs for site grad-
ing and preparation, stormwater infrastructure, site pav-
ing, and landscaping. Total capital cost savings ranged
from 15 to 80 percent when LID methods were used,
with a few exceptions in which LID project costs were
higher than conventional stormwater management costs.
There were also benefits that the study did not mon-
etize and did not factor into the project’s bottom line.
These benefits include improved aesthetics, expanded
recreational opportunities, increased property values
due to the desirability of the lots and their proximity to
open space, increased total number of units developed,
increased marketing potential, and faster sales. More re-
search is needed to quantify the environmental benefits
that can be achieved through the use of LID techniques
and the costs that can be avoided. Examples of environ-
mental benefits include reduced runoff volumes and re-
duced pollutant loadings to downstream waters. Finally,
more research is needed to monetize the cost reductions
that can be achieved through improved environmental
performance, reductions in long-term operation and
maintenance costs, and/or reductions in the life cycle
costs of replacing or rehabilitating infrastructure.

Site Design

Site fingerprinting is the practice of minimizing the
amount of site area that is disturbed during develop-
ment. This has the benefits of maintaining pre-develop-
ment curve numbers and times of concentration, pre-
serving native soil infiltration rates, in the undisturbed
areas. It can also reduce the costs of site clearing and
grubbing and reduce the potential for site erosion during
construction.

Building Design

Rooftops contribute a significant portion of impervious-
ness. Building design affects rooftop imperviousness.
For example, more roof area is generally required for
ranch-type homes that spread out square footage over
one level compared to two-story homes. With this in
mind, vertical construction is favored over horizontal
layouts to reduce the square footage of rooftops.
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Driveway Design

Driveways are another element of the site design that
can be planned to reduce the amount of total impervi-
ousness and reduce runoff. Some techniques that can
be used include; using shared driveways, limiting drive-
way widths, reducing driveway lengths (by minimizing
building setbacks), and directing flows from driveways
to stabilized vegetated areas.

Street Design

Street layout can have a very significant influence on the
total imperviousness and hydrology of a site. Figure 17
illustrates that the total length of pavement or impervi-
ousness for various road layout options can vary from
20,800 linear ft. for a typical gridiron layout to 15,300
linear ft. for a loops and lollipops layout. Selection of an
alternative road layout can result in a total site reduction
in imperviousness of up to 26 percent (Prince George’s
County DER 1999).

Figure 17: Street Design Alternatives
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Source: Low-Impact Development Design Strategies
Walkability is also an important planning consideration

in street design. There may be tradeoffs between street
layouts that reduce impervious surfaces and those that
promote walkability. The best street designs seek to
provide both walkability and reduce the amount of
imperviousness compared to conventional development.
One approach to this dilemma is to provide additional
connectivity with bike and pedestrian paths, rather than
with streets.

Constructing roads across steep sloped areas unnecessar-
ily increases soil disturbance on a site. Good road layouts
avoid placing roads on steep slopes, by designing roads
to follow grades and run along ridgelines.

Street widths typically range from 48 feet to 26 feet.
SLAMM modeling shows that every 1-foot decrease in
street width decreases the annual runoff volume from
the streets by about 1%.

Drainage Design

Site drainage design decisions have a significant effect
on the rates and volumes of runoff from a site. Main-
taining the pre-development flow path length and time
of concentration will help in controlling peak flow
rates. Site and infrastructure components that affect
the time of concentration include travel distance (flow
path), slope of the ground surface, surface roughness,
and channel shape, pattern, and material components.
Techniques to control the time of concentration can be
incorporated into the drainage design by managing flow
and conveyance systems within the development site.
These techniques include maximizing overland sheet
flow, increasing and lengthening flow paths, lengthening
and flattening site and lot slopes, maximizing the use of
open swale systems, and increasing and augmenting site
and lot vegetation.

Green Infrastructure

Green Infrastructure is a term used to describe the
stormwater management approach and practices that
can be used to infiltrate, evapotranspirate, capture and
reuse stormwater to maintain or restore the natural
hydrology. The preservation and restoration of natural
landscape features, including woodlands, floodplains
and wetlands, are critical components of green infra-
structure. The protection of these ecologically sensitive
areas contribute to the improvement of water quality
while providing wildlife habitat and opportunities for
outdoor recreation. On a site scale, green infrastructure
best management practices include rain gardens, porous
pavements, green roofs, infiltration planters, trees and
tree boxes, and rainwater harvesting for non-potable uses
such as toilet flushing and landscape irrigation.

Best Management Practices

Best Management Practices (BMPs) include a variety

of activities, procedures, and engineered devices imple-
mented to prevent, control, treat, or reduce water pollu-
tion from stormwater runoff and meet the water quality
performance standards in federal, state, and local regula-
tions. The DNR, in collaboration with the Wisconsin
Standards Oversight Council, have developed technical
standards for a number of BMPs. The technical stan-
dards specify the minimum requirements for planning,
designing, installing and maintaining the practices

so that they adequately and effectively protect water
resources. They are based on current research, field
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experience, and the best available technology determined
to meet the performance standards of state stormwater
regulations.

The first attempt to mitigate the impacts of runoff due
to development was peak flow rate control with deten-
tion basins. A few communities in the region have
used detention basins since the 1970s and the RPC has
required them since the 1980s. They were not required
throughout the region until the passage of NR 151 and
the amended Dane County Chapter 14 in 2002. The
volume control standard in NR 151 has been in effect
since October 2004.

The variety of best management practices being used to
mitigate the effects of urban nonpoint source pollution
has grown significantly since the first Dane County Water
Quality Plan. Detention basins and infiltration basins
are by far the most common. However, distributed
practices including rain gardens, green roofs, porous
pavement, and cisterns are growing in use.

A number of extensive design manuals and guidance
documents for BMPs have been developed across the
country. Good examples that should be used as refer-
ences for designers and constructors of BMPs include;
The Dane County Erosion Control and Stormwater
Management Manual (Dane County, 2007), the Wiscon-
sin Storm Water Manual (WDNR, 2000), The Min-
nesota Stormwater Manual (MPCA, 2008), the 2004
Connecticut Stormwater Quality Manual (CDED, 2004),
the Low-Impact Development Design Strategies Manual
(Prince George’s County DER, 1999), and the Vermont
Stormwater Management Manual (VANR, 2002).

Most of these practices are not new ideas. Cisterns were
common prior to the widespread availability of public
water supply systems. Porous pavement was recom-
mended as a best management practice in the first Dane
County Water Quality Plan in 1979. Green roofs have
been widely used in places like Germany for several
decades. Attachment C contains fact sheets on many
of the best management practices for urban nonpoint
source pollution. The fact sheets contain a description
of the practice, information on the typical water qual-
ity benefits and costs of the practices, design references
and considerations, as well as a listing of local examples
where available.

Treatment Trains

A treatment train is a group of stormwater management
practices that operate in series, each providing its own
unique pollution control capability. A treatment train
may not result in additional sediment removal, but
rather a modified sediment removal rate based on the
particle size distribution received by each practice. An
infiltration practice will reduce pollutant loads by 100%
if the runoff does not reach surface water, but the loads
to the bmp will be reduced by and practice located up-
stream. The advantage of treatment trains comes from
each management practice’s ability to remove certain
pollutants more effectively than others, thus providing
better removal of a variety of pollutants.

Other Considerations
Climate Change

The Wisconsin Initiative on Climate Change Impacts
(WICCI) was formed to assess and anticipate climate
change impacts on specific Wisconsin natural resources,
ecosystems and regions. As part of this effort, the Center
for Climatic Research and the Center for Sustainability
and the Global Environment, Nelson Institute, Uni-
versity of Wisconsin-Madison have developed a series

of maps depicting recent and projected climate change
in Wisconsin (WICCI, 2010). These maps show that
the observed increase in total annual average precipita-
tion from 1950 to 2006 has been between 3.5 to 7.0
inches for our region. They also show that the estimated
increase in total annual average precipitation from 1980
to 2055 will be 1.5 inches in our region. Although the
historical data indicate that increases in total average an-
nual precipitation have already occurred, the models do
not predict much of an additional increase in total annu-
al average precipitation in the near future. More signifi-
cant than the projected changes in total average annual
precipitation is the projected shift in precipitation from
summer months to more winter and spring precipitation
(WICCI, 2011). This could have significant impacts on
erosion, resulting in higher sediment and phosphorous
loads from agricultural areas due to the limited amount

of agricultural vegetation at this time of year.

The climate models also indicate that the number of
large rainfalls will increase in the future. Typically, heavy
precipitation events of at least two inches occur roughly
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12 times per decade (once every 10 months) in southern
Wisconsin. Southern Wisconsin is projected to receive 2
to 2.5 more of these large events per decade, or roughly
a 20% increase in their frequency. This will have the
most significant impact on older urban areas that were
developed with limited or no stormwater management

practices.

The stormwater working group of WICCI concluded
that the physical principles and climate models indi-
cate that the magnitude of large rainfalls will increase.
The historical data indicate that increases have already
occurred. But the current models and historical data do
not yet provide a statistical basis for hydrologic design.
The working group recommends that adapting hydro-
logic design to climate change should include (Potter,
2010):

*  Use the latest rainfall statistics (e.g. not TP-40; see
the Hydrology section of this report)

e Use climate scenarios to evaluate vulnerabilities of
existing infrastructure

*  Make greater use of continuous hydrologic
simulation and coupled models (e.g., surface and
groundwater)

*  Re-evaluate design criteria (e.g. for detention
basins)

* Design based on risk-based design, incorporating
uncertainty

The CARPC Annual Unified Planning Work Program
and Overall Program Design includes a future initiative
for evaluating the inter-relationship between regional
plans and climate change. This climate change analysis
is proposed as a technical appendix of the Dane County
Water Quality Plan that would be completed during
2011-2012.

Stream Channel Protection

Bankfull discharge for most streams has a recurrence
interval of between 1 and 2 years (Leopold, et al., 1964;
Leopold, 1994). This is based on the recurrence interval
of an annual flood corresponding to once a year flood-
ing by all floods. But it should be noted that a stream
with a bankfull annual flood recurrence interval of 1.01
overflows its banks about five times per year.

A number of design criteria have been developed for
the purpose of stream channel protection. The most

common method relies on control of post-development
peak flows associated with the 2-year, 24-hour storm
event to pre-development levels. This standard offers little
to no control of runoff from the smaller, more frequent
storms that produce most of the runoff reaching streams.
It is runoff from these small storms that largely deter-
mines how a stream will function and transform in re-
sponse to more erosive velocities, larger flow volumes, and
flashier stream flows. More recent research indicates that
this method does not adequately protect stream channels
from erosion and may actually contribute to erosion since
banks are exposed to a longer duration of erosive bankfull
and sub-bankfull events (Brown et. al., 2001). Several
alternative approaches to a channel protection standard
have been developed to address this concern.

The Distributed Runoff Control (DRC) method was
developed by MacRae (1996) and is proposed for adop-
tion in Ontario, Canada. It involves detailed field assess-
ments and hydraulic/hydrologic modeling to determine
hydraulic stress and erosion potential of stream banks.
This level of detailed, site-specific analysis is generally not
warranted for stream channel protection criterion, since
other protective standards are available.

The “Two-Year Over-Control” method requires control-
ling the 2-yr, 24-hour post-development peak flow rate

to 50 percent of the pre-development rate or to the 1-yr,
24-hr pre-development rate. This standard was developed
as a modification of the original two-year control ap-
proach to provide additional protection by reducing the
duration of bankfull flows. The state of Connecticut uses
this standard.

Extended detention is another approach to channel
protection. In this method the runoff is captured and
gradually released over a long period of time to control
erosive velocities in downstream channels. In Vermont
for example, they require 12-hour extended detention of
the post-development 1-year, 24-hour rainfall event in
coldwater fish habitats and 24-hr. detention in warmwater

fish habitats.

Inclusion of the 1-yr 24-hr storm in the range of design
storms used for peak flow rate control is another method
for increasing channel protection. The WDNR has also
acknowledged that research is showing that the current
standard is not protective of the bank-full condition and
has recently adopted a change to NR 151 that added peak
flow rate control for the 1-yr 24-hr design storm.
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Cold Weather Performance

A U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) publication noted that essentially
everywhere north of 40°N latitude can be classified as
“cold regions” based upon air temperature, snow depth,
ice cover and frozen ground. Thus cold weather per-
formance is an important consideration for our region
(43°N latitude). This may change to some degree with

climate change.

The Minnesota Stormwater Manual (IMPCA, 2008) con-
tains a chapter of guidance on how to adapt BMP design
for cold climates. The WDNR Conservation Practice
Standards for BMPs also contain considerations for cold
weather performance. These guidance documents indi-
cate that with the appropriate considerations and adap-
tations, many stormwater BMPs are suitable for effective
use in cold climate areas. A study by the University of
New Hampshire Stormwater Center (Roseen 2009)
supports this conclusion. The study found that filtra-
tion and infiltration systems exhibited similar peak flow
reduction performance between summer and winter.
The study also found that except for nitrate, seasonal
contaminant removal performance varied little for filtra-
tion and infiltrations systems and retention ponds. In
contrast, swales and hydrodynamic separators did have a
noticeable seasonal performance decline in the winter.

Downstream Peak Flow Analysis

In some watersheds the timing of peak runoff may
increase downstream flooding if on-site peak runoff
attenuation criteria are applied uniformly throughout
the watershed. In this case a regional stormwater man-
agement approach may be more effective at reducing
downstream flooding than stormwater management
practices on many individual sites.

Peak runoff control criteria are typically applied at the
immediate downstream boundary of a project area.
However, since stormwater management facilities may
change the timing of the post-development hydrograph,
multiple stormwater treatment practices or detention fa-
cilities in a watershed may result in unexpected increases
in peak flows (coincident peaks) at critical downstream
locations such as road culverts and areas prone to flood-
ing. This effect is most pronounced for detention
structures in the middle to lower third of a watershed.

A downstream analysis should be conducted to identify
potential detrimental effects of proposed stormwater

treatment practices and detention facilities on down-
stream areas. The Connecticur Stormwater Quality

Manual (CDEP, 2004) recommends that a downstream
analysis include the following elements:

* Routing calculations downstream to a confluence
point where the site drainage area represents 10
percent of the total drainage area (i.e., the “10
percent rule”)

e Calculation of peak flows, velocities, and hydraulic
effects at critical downstream locations (stream
confluences, culverts, other channel constrictions,
and flood-prone areas) to the confluence point
where the 10 percent rule applies

* An appropriate hydrograph routing method, such
as TR-20, to route the pre- and post-development
runoff hydrographs from the project site to the
downstream critical locations.

The ultimate objective of this analysis is to ensure that
proposed projects do not increase post-development
peak flows and velocities at critical downstream locations
in the watershed. Increases in flow rates and velocities at
these locations should be limited to less than 5 percent
of the pre-developed condition and should not exceed
freeboard clearances or allowable velocities.

Seasonal High Groundwater

About 39% of the soils in Dane County have the
potential for seasonal (typically from April to June)

high groundwater within five feet of the surface. These
areas may have a zone of soil saturation that can cause
problems with groundwater induced flooding. Histori-
cally, buildings with basements, foundations drains,
and sump pumps have been built in many of these areas
without consideration for the affects that this may have
on stormwater management. Where buildings with
basements and sump pumps exist, it is appropriate that
the stormwater management plans account for this
additional water volume in the design of the stormwater
management facilities.

Unintended Consequences of Infiltration

Improperly located infiltration systems have the poten-
tial to mound the groundwater in some areas to the ex-
tent that it could result in water leaking into basements
and/or the sanitary sewerage system. In either case, this
excessive volume of clear water could reduce the capacity
of the wastewater conveyance and treatment systems,
resulting in increased costs or lower levels of service.
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In 2005, the Milwaukee Metropolitan Sewerage District
awarded funding for four BMP construction criteria
projects. The primary objective of these projects was to
determine whether increased infiltration of stormwater
by BMPs such as porous pavement, rain gardens, down-
spout disconnection, green roof discharges, and wet
detention basins may increase soil saturation levels and
increase infiltration and inflow into sanitary sewers and
laterals.

The rain garden study found that at 10 feet away, the
rain gardens had no significant effect on soil moisture
(MMSD, 2007). Water that falls on a rain garden
percolates straight down and there is little horizontal
movement in the unsaturated zone. The project con-
cluded that a rain garden built at a horizontal distance of
2 feet or greater from a sewer lateral would probably not
lead to a significant increase in infiltration into the sewer
lateral. Downspout extension experiments performed
with 5-foot extenders resulted in no discharge into the

Conclusions and Recommendations

foundation drains. Discharge from a rain barrel through
a weeping hose placed 2.5 feet from the foundation
showed no discharge into the foundation drains. The
discharge was completely absorbed by the soil.

These studies indicate that the goals of infiltrating
stormwater runoff and reducing clear water infiltration
and inflow into sanitary sewer systems can be compat-
ible when proper consideration is given to the design
and location of these practices.

The 1979 Dane County Water Quality Plan and
subsequent Summary Plan updates in 1995 and 2004
included several recommendations for urban nonpoint
source control. The recommendations from the 1995
and 2004 plans are summarized in Table 8. Many of
these previous recommendations have been imple-
mented to some degree either voluntarily or to fulfill
the requirements of state and local regulations that have
subsequently been passed. Others need to be revisited,
reaffirmed, and strengthened.Previous Plans and Plan

Updates
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Previous Plans and Plan Updates
Table 8: 1995 and 2004 Summary Plan Recommendations

1995 Summary Plan

2004 Summary Plan

2011 Status

U-1: Urban nonpoint source manage-
ment agencies should enact and enforce
leaf and yard and garden debris storage
and disposal ordinances in urban areas,
particularly those urban areas draining
to lakes or impoundments, with empha-
sis on keeping leaves and yard waste off
streets and paved surfaces.

This recommendation was com-
bined with 1995 recommendation

U-4 and reaffirmed in 2004 as
recommendation U-14.

This recommendation has been
implemented to some extent and
is reaffirmed as recommendation
#17.

U-2: Urban nonpoint source manage-
ment agencies should include provisions
in building codes and ordinances pro-
viding that, wherever feasible, drainage
from roofs, driveways, and parking

lots should be directed toward grassed
or vegetated areas, rather than being
directly connected to paved areas or
storm sewers.

This recommendation was reaf-
firmed in 2004 as recommenda-
tion U-15.

This recommendation has been
implemented to some extent and
is reaffirmed as recommendation
#18.

U-3: Urban nonpoint source manage-
ment agencies should conduct aggres-
sive public education and information
programs regarding source control, on
an annual basis

This recommendation was reaf-
firmed in 2004 as recommenda-

tion U-16.

This recommendation has been
implemented to some extent and is
reaffirmed as recommendation #8.

U-4: Urban nonpoint source manage-
ment agencies should improve leaf
pick-up in the fall for areas which are
tributary to lakes or impoundments.
Special attention should be given to
keeping leaves out of streets and storm
sewers.

This recommendation was com-
bined with 1995 recommendation
U-1 and reaffirmed in 2004 as
recommendation U-14.

This recommendation has been
implemented to some extent and
is reaffirmed as recommendation
#17.

U-5: Urban nonpoint source manage-
ment agencies in Dane County, particu-
larly those tributary to lakes and im-
poundments should improve the water
quality protection and effectiveness of
street sweeping of streets in commercial
and industrial areas, and regularly (bi-
weekly to monthly) sweeping of resi-
dential streets thoughout the sweeping
season, with extra efforts at thoroughly
cleaning all streets in early spring and
late autumn. Vacuum sweepers should
be used where feasible because of greater
removal effectiveness.

This recommendation was reaf-
firmed in 2004 as recommenda-

tion U-17

This recommendation has been
implemented to some extent and is
reaffirmed as recommendation #6,
with revision since the effective-
ness has been shown to be limited
to debris and large particles.
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1995 Summary Plan

2004 Summary Plan

2011 Status

U-6: Urban nonpoint source man-
agement agencies should revise their
drainage design practices to emphasize
the use of open drainage systems incor-
porating detention and infiltration areas
and natural greenways in developing
areas.

This recommendation was reaf-
firmed in 2004 as recommenda-
tion U-8.

This recommendation has been
implemented to some extent. It
is reaffirmed with the revision of
emphasizing green infrastructure
as recommendation #2.

U-7: Urban nonpoint source manage-
ment agencies should adopt and vigor-
ously enforce comprehensive erosion
and stormwater runoff control ordi-
nances to limit erosion and increases in
runoff from new development, consis-
tent with the basic provisions of Dane
County Ordinance 14

This recommendation was reaf-
firmed in 2004 as recommenda-
tion U-3, with the revision of
adding new state and federal
regulations.

This recommendation has been
implemented to some extent and
is reaffirmed as recommendation
#19.

U-8: Specific watershed plans for storm-
water management, incorporating flow
and water quality management prac-
tices, should be prepared for all existing
and developing urban drainage basins.
Where possible, such plans should be
prepared in the context of comprehen-
sive watershed water quality plans

This recommendation was reaf-
firmed in 2004 as recommenda-

tion U-5

This recommendation has been
implemented to some extent. It
is reaffirmed with the revision of
prioritizing studies in sensitive
and/or impaired watersheds as
recommendation #1.

U-9: A coordinated stormwater man-
agement plan and stormwater permit-
ting process should be developed for
all communities in the Central Urban
Service Area tributary to the Yahara
Lakes.

This recommendation was re-
worded and reaffirmed in 2004 as
recommendation U-6.

This recommendation has been
implemented in effect by the NR
216 permitting requirements and
is reaffirmed as recommendation
#20.

U-10: Urban nonpoint source man-
agement agencies in the central urban
service area should cooperate in spon-
soring field tests of the feasibility and
effectiveness of porous asphalt pavement
and infiltration trenches for possible use
in parking lots and residential streets.

This recommendation was re-
worded and reaffirmed in 2004 as
recommendation U-11.

This recommendation has been
implemented in effect by the NR
216 permitting requirements and
is reaffirmed as recommendation
#3.

U-11: Potential approaches to enhanc-
ing or improving sediment and phos-
phorus removal from urban runoff in
the design, operation, and maintenance
of urban drainage systems tributary to
lakes and impoundments should receive
priority attention and evaluation.

This recommendation was re-
worded and reaffirmed in 2004 as
recommendation U-10.

This recommendation has been
implemented to some extent and is
reaffirmed as recommendation #4.
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1995 Summary Plan

2004 Summary Plan

2011 Status

U-12: Urban drainage systems and
associated land use practices should be
designed to minimize the potential for
toxic or hazardous materials being dis-
charged or washed off the land surface
waters, with emphasis on source control
rather than treatment or infiltration.

This recommendation was re-
worded and reaffirmed in 2004 as
recommendation U-12.

This recommendation has been
implemented to some extent and is
reaffirmed as recommendation #5.

U-13: The use of deicing compounds
which could adversely affect surface or
groundwater quality should be reduced
to the minimum levels possible con-
sistent with safety considerations, and
alternative materials and approaches
should be explored. Storage sites for
road salt and lowed snow should avoid
surface or groundwater pollution from
runoff or infiltration.

This recommendation was re-
worded and reaffirmed in 2004 as
recommendation U-18.

This recommendation has been
implemented to some extent. It is
reaffirmed and strengthened with
the revision of recommending the
preparation of a regional chloride
management plan as recommenda-
tion #8.

U-1: All urbanizing units of
government should develop
comprehensive stormwater man-
agement plans that account for
water quality and quantity, that
encourage infiltration of storm-
water, and that are integrated into
the long-term land use and open
space plans of the area. Stormwater
management plans should attempt
to mitigate the adverse impacts of
development on water resources to
the maximum extent practicable.

This recommendation has been
implemented to some extent. It
is reaffirmed and strengthened
with the revision of recommend-
ing the standards of maintaining
pre-development peak rate control
for the 1-, 2-, 10-, and 100-year
24-hours design storms and at
least 90% pre-development stay-
on volume as recommendations
#10 and #11.

U-2: Management agencies
should promote land use patterns
and practices which preserve the
integrity of the natural hydrologic
system, including the balance
between groundwater and surface
water. Require future develop-
ment to implement infiltration
measures, wherever practicable, as
a means of controlling stormwater
impacts and ensuring groundwater
recharge.

This recommendation has been
implemented to some extent. It is
reaffirmed and strengthened with
the revision of recommending the
standard of maintaining pre-de-
velopment groundwater recharge
rates as recommendation #12.
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1995 Summary Plan

2004 Summary Plan

2011 Status

U-4: Dane County should apply
to be certified by the DNR as a
Local Qualified Program for the
issuance of stormwater permits

under NR 216.

This recommendation is not reaf-
firmed due to the difficulty and
expense of meeting the DNR’s
Authorized Local Program
requirements.

U-7: Eligible units of government
should apply for funding through
the DNR Targeted Runoff Man-
agement or Urban Nonpoint Pol-
lution grant programs to develop
stormwater management plans and
install practices that control urban
stormwater impacts.

This recommendation has been
implemented to some extent. It is
reaffirmed and reworded as recom-
mendation #21.

U-9: Urban management agen-
cies should work cooperatively
with state and local agencies to
incorporate stormwater infiltra-
tion practices into local erosion
control/stormwater management
ordinances. Infiltration practices
should be designed to protect the

groundwater.

This recommendation has been
implemented to some extent. It is
reaffirmed and strengthened with
the revision of recommending the
standard of maintaining at least
90% pre-development stay-on
volume as recommendation #11.

U-13: Promote inter-agency
review among the appropriate state
and local designated management
agencies to work with developers
to streamline permitting while
ensuring protection of the natural
resources.

This recommendation has been
implemented to some extent and
is reaffirmed as recommendation
#16.
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Recommended Standards

Chapter NR 151 of the Wisconsin Administrative

Code and Chapter 14 of the Dane County Code of
Ordinances establish the minimum standards for storm-
water management in the State of Wisconsin and Dane
County, respectively. There are many examples where
communities have adopted more protective standards for
stormwater management in their local ordinances than
the state or county standards. The following standards
are recommended for new urban service area amend-
ments, based on the current knowledge of the impacts
of stormwater runoff and the available stormwater best
management practices described in this report. It is also
recommended that Dane County and local municipali-
ties update their stormwater ordinances to include these
performance standards.

1. Water Quality

The current sediment control standard in Wisconsin is
to remove 80 percent of the average annual post devel-
opment total suspended solids load (TSS). The standard
is based on the expectation that there is an associated
reduction in pollutants such as phosphorus and heavy
metals, which are bound to the soil particles. The 80%
standard was based on what was determined to be the
maximum extent practicable reduction achievable using
wet detention basins. This is based on the particle size
distribution of typical soils and their associated settling
velocity, which is calculated using Stokes Law. In Dane
County this is the equivalent to sediment control prac-
tices that are designed to retain all soil particles greater
than 5 microns, for the 1-year 24-hour storm event,
based on a Plano silt loam soil.

The DNR has developed or is in the process of develop-
ing the Total Maximum Daily Loads (TMDL) that are
allowable to meet water quality standards where water
resources are currently impaired by sediment or some
other pollutant (i.e. on the 303d list). In some cases this
may require controlling TSS more than the 80% remov-
al standard. Meeting this higher standard would likely
require the use of bio-retention practices or the addition
of polymer to wet detention basins.

2. Channel Protection

The purpose of channel protection criteria is to prevent
habitat degradation and erosion in urban streams caused
by an increased frequency of bankful and sub-bankful
stormwater flows. Channel protection criteria seek to
minimize downstream channel enlargement and incision
that is a common consequence of urbanization. This
stream channel erosion and expansion, combined with
direct impacts to the stream system, act to decrease the
habitat quality of the stream. As a result, streams experi-
ence the following impacts to habitat:

* Decline in stream substrate quality (through sedi-
ment deposition and embedding of the substrate)

* Loss of pool/riffle structure in the stream channel
* Degradation of stream habitat structure

Historically, Wisconsin and Dane County have used
2-year control (i.e., reduction of the peak flow from the
2-year storm to predeveloped levels) to prevent channel
erosion. Research suggests that this measure does not
adequately protect stream channels effectively (McCuen
and Moglen, 1988, MacRae, 1996). Although the peak
flow is lower, it is also extended over a longer period of
time, thus increasing the duration of erosive flows. In
addition, the bankfull flow event actually becomes more
frequent after development occurs. Consequently, cap-
turing the two-year event may not address the channel-
forming event.

The current peak flow rate control standard offers little
to no control of runoff from the smaller, more fre-
quent storms that produce most of the runoff reaching
streams. It is runoff from these small storms that largely
determines how a stream will function and transform in
response to more erosive velocities and flashier stream
flows. Therefore, it is recommended that the 1-yr 24-hr
storm also be included in the range of design storms
used for peak flow rate control. The WDNR has also
acknowledged that research is showing that the current
standard is not protective of the bank-full condition and
has adopted a change to NR 151 that will add peak flow
rate control for the 1-yr 24-hr design storm effective
January 1, 2011.
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3. Overbank (10-yr) Flood Protection

Flow events that exceed the capacity of the stream
channel spill out into the adjacent floodplain. These
are termed “overbank” floods, and can damage prop-
erty and downstream drainage structures. While some
overbank flooding is inevitable and even desirable, the
historical goal of drainage design in Dane County has
been to maintain pre-development peak discharge rates
for the ten-year frequency storms, thus keeping the level
of overbank flooding the same after development. This
prevents costly damage or maintenance for culverts,
drainage structures, and swales.

Overbank floods are ranked in terms of their statistical
return frequency. For example, a flood that has a 10%
chance of occurring in any given year is termed a “ten-
year flood.” A ten-year flood occurs when a storm event
produces 4.2 inches of rain in a 24-hour period. Under
traditional engineering practice, most channels and
storm drains in Dane County are designed with enough
capacity to safely pass the peak discharge from the ten-
year design storm.

The current standard of post-development peak dis-
charge rate not exceeding the pre-development peak
discharge rate for the 10-year frequency storm event
provides protection from increases in the extent of
overbank flooding. However without pre-development
volume control the duration of overbank flooding will
still increase.

4. Extreme (100-yr) Flood Protection

The level areas bordering streams and rivers are known
as floodplains. Operationally, the floodplain is usually
defined as the land area within the limits of the 100-year
storm water elevation. The 100-year storm has a 1%
chance of occurring in any given year. In Dane County,
a 100-year flood occurs after 6 inches of rainfall in a 24-
hour period. These floods can be very destructive, and
can pose a threat to property and human life. The goal
of extreme flood criteria is to maintain the boundaries of
the pre-development 100-year floodplain, reduce risk to
life and property from infrequent but very large floods
and protect the physical integrity of stormwater BMPs
and downstream infrastructure.

The current Dane County standard of safely passing the
100-year storm provides some protection in extreme
floods. However, as with overbank floods, development

increases the peak discharge rate associated with the
100-year design storm. As a consequence, the elevation
of a stream’s 100-year floodplain becomes higher and the
boundaries of its floodplain expand. In some instances,
property and structures that had not previously been
subject to flooding are now at risk. Additionally, such
a shift in a floodplain’s hydrology can degrade wetland
and forest habitats. As a result, several communities
(see Attachment B) have adopted the standard of the
post-development peak discharge rate not exceeding the
pre-development peak discharge rate for the 100-year
storm event. It is recommended that the 100-year, 24-
hr storm be included in the range of design storms used
for peak flow rate control.

5. Volume Control

The importance of volume reduction in addition to
peak flow rate control has become apparent as more
urban areas have been developed. Volume control is
needed to mitigate the impacts of longer runoff dura-
tions and increased runoff volumes. The term volume
control should be distinguished from infiltration. There
are many techniques and BMPs, other than infiltra-
tion, which can used to provide volume control. Any
technique that soaks water into the ground, makes water
available for evaporation and/or transpiration, stores
water for re-use, or in any way diverts stormwater away
from the drainage system can be considered a volume
reduction practice. Infiltration is certainly one of these
practices, but it is only one of many. In circumstances
where soils are too tight or where infiltration could re-
sult in ground water induced flooding, other alternatives
should be used to reduce volume.

The volume control standard in NR 151 has been in
effect since October 2004. It requires residential devel-
opments to maintain 90% of annual pre-development
stay-on volumes with a 1% cap on the site area required
for infiltration BMPs and commercial developments

to maintain 60% of annual pre-development stay-on
volumes with a 2% cap on the site area required for
infiltration BMPs. This standard is often referred to as
an infiltration standard, however, it is more accurately
called a volume control or stay-on standard, because best
management practices that utilize evapotranspiration

or infiltration can be used to meet the standard. The
site area caps can have the effect of reducing the stay-
on requirements in the standard and increasing runoff
volumes above the target levels in the standard.
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In October 2009, the Capital Area Regional Planning
Commission requested that its Environmental Resources
Technical Advisory Committee (TAC) convene to
provide technical recommendations on a more protec-
tive stormwater runoff volume control standard than the
one currently required under NR 151 and Dane County
Chapter 14. The TAC noted that the existing 60%
standard for nonresidential development was so low

that it did not require any volume control practices in
many cases. The TAC recognized the potential benefits
of a runoff volume control standard to 100% of pre-
development volumes, however it had several concerns
related to the achievability and the cost versus benefit of
adopting a standard of no increase in pre-development
runoff volumes. The TAC proposed that the Commis-
sion adopt a runoff volume control standard for all new
Urban Service Area Amendments in which both residen-
tial and nonresidential developments control sufficient
runoff volume so that post-development stay-on volume
shall be at least 90% of the pre-development stay-on
volume. The TAC also identified additional research
efforts, data collection, and model improvements that
should be conducted to provide the information needed
to further evaluate this issue and set a 5-year time frame
for reevaluation of the proposed standard. Implementa-
tion of these efforts will require collaboration among
and funding by the many agencies involved in water
resource management in our region.

6. Groundwater Recharge

Maintaining base flow discharge to streams and the
water supply to springs and wetlands are important
resource objectives. Annual groundwater recharge rates
must be maintained, by promoting infiltration through
the use of structural and non-structural methods. Since
there are several best management practices that can

be used to meet a volume control standard that do not
provide groundwater recharge, it is desirable to meet this
resource objective with a separate groundwater recharge
standard. This approach is currently used in the City of
Middleton and has been used in many urban service area
amendments.

It is recommended that pre-development groundwater
recharge rates be maintained based on the rates in the
Wisconsin Geological and Natural History Survey’s
2009 report, Groundwater Recharge in Dane County, Wis-
consin, Estimated by a GIS-Based Water-Balance Model or

future updates, or by a site specific analysis. Experience

has shown that this criterion is generally met when

the volume control standard is achieved by infiltration
practices. Improvements in modeling will result in a bet-
ter understanding of the degree of groundwater recharge
that results from infiltration practices.

Other Considerations
7. Chlorides

Dunn’s Marsh is part of the monitoring program of the
department of Public Health Madison — Dane County.
The marsh continues to show seasonal variations in
chloride levels attributable to road salt use. It has oc-
casionally exceeded the DNR chronic toxicity level of

395 mg/L chloride often enough to cause adverse effects
on the biota (PHMDC, 2010)

Mean chloride concentrations in Badger Mill Creek have
ranged from 132 to 236 mg/l (Montgomery Associates,
2008). This is near the EPA chronic exposure level for
freshwater aquatic life. Chloride concentrations in Bad-
ger Mill Creek are likely due to both road salt in urban
stormwater runoff and water softener salt in treated
wastewater effluent.

Recent studies by the USGS (Mullaney et. al., 2009 and
Corsi et. al., 2010) found that levels of chloride are ele-
vated in many urban streams and groundwater across the
northern U.S. Chloride levels above the recommended
federal criteria set to protect aquatic life were found in
more than 40 percent of urban streams tested according
to the study. This is the unintended consequence that
salt use for deicing is having on our waters. It is neces-
sary to continue to implement innovative alternatives
that reduce salt use without compromising traffic safety.
A DNR water resources management specialist was
quoted as saying, “The potential for chloride to dam-
age our water systems is more inevitable than climate
change” (Lins 2010). Research is needed to identify cost
effective and sustainable methods of keeping our roads
safe for driving without damaging our lakes, streams and
groundwater.

It is recommended that CARPC, in collaboration with
other management agencies, prepare a chloride manage-
ment plan for the region to examine this issue in more

depth.

Dane County Water Quality Plan
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8. Climate Change

The Wisconsin Initiative on Climate Change Impacts
(WICCI) released their first report, Wisconsin’s Chang-
ing Climate: Impacts and Adaptation, in February 2011.
In response to the projected changes in precipitation,
their Stormwater Working Group recommends that
stormwater design and performance standards:

* Include control of the 100-year storm event

* Require regular updating with the most recent
rainfall statistics

NOAA is in the process of updating the precipitation
frequency data for Wisconsin. The data is scheduled to
be ready for web publication in May 2012. It is recom-
mended that municipalities adopt the recommendations

of the WICCI Stormwater Working Group.

9. Watershed Management Plans

It is reccommended that watershed level management
plans be developed for all watersheds in the region. The
plans should assess the resources in the watershed, iden-
tify the range of potential opportunities for protecting
and enhancing the resources, and set goals for improve-
ment. Development of the plans should be led by CAR-
PC in collaboration with other stakeholders, particularly
local municipalities and watershed associations.

It is reccommended that these watershed manage-

ment plans include regional rainfall-runoff modeling

to identify the impact of development under current
conditions. The full flow regime should be taken into
consideration when assessing the impacts of stormwater
on water resources. Increased stormwater volume is only
one aspect of an urban-altered storm hydrograph. Other
hydrologic changes include changes in the sequence and
frequency of high flows, the rate of rise and fall of the
hydrograph, and the season of the year in which high
flows can occur. These can all affect both the physical
and biological conditions of streams, lakes, and wet-
lands (National Research Council, 2008). Coincident
peak analyses should also be conducted to identify any
detrimental effects of coincident peak flows on down-
stream areas due to multiple detention facilities in series.
This analysis should include routing calculations as well
as calculation of peak flows, velocities, and hydraulic
effects at critical downstream locations including stream
confluences, culverts, other channel constrictions,

and flood-prone areas. The Hydroecological Integrity

Assessment Process (USGS, 2008) and research from
the emerging interdisciplinary field of ecohydrology are
additional tools that could be used in developing these
plans. The regional surface water models resulting from
these plans should be continuously maintained and
updated by CARPC. They will provide a better tool for
understanding and mitigating the potential cumulative
impacts of development.

Pilot studies should begin with the following watersheds

with sensitive resources; Badger Mill Creek, Black Earth
Creek, and Token Creek.

10. Phosphorus

The U.S. Environmental Protection Agency has required
development of a Total Maximum Daily Load for phos-
phorus throughout the Rock River Basin in Wisconsin,
and a more detailed study of pollutant loading to the
Yahara chain of lakes has been initiated by a memo-
randum of understanding between Dane County, the
City of Madison, the Wisconsin Department of Natural
Resources, the Wisconsin Department of Agriculture,
and Trade and Consumer Protection. These studies will
determine phosphorus load targets for different land
uses throughout the Rock River Basin. In June 2010 the
state Natural Resources Board approved new phospho-
rus rules to address both point and non-point sources of
phosphorus pollution.

In 2010 the Madison Metropolitan Sewerage District
and Dane County initiated a workgroup to discuss local
pollutant trading issues. The workgroup is evaluating lo-
cal opportunities and mechanisms for phosphorus trad-
ing between point sources, urban nonpoint sources, and
agricultural nonpoint sources. Their goal is to reduce
phosphorus discharges to surface waters in a way that

is likely to comply with the revised administrative code
requirements, anticipated Rock River TMDL require-
ments, and future requirements of MMSD’s WPDES
permit limit for effluent phosphorus discharge.

11. Adaptive Management

Continued periodic monitoring of water resources is
necessary to evaluate the success of best management
practices in meeting the water management goals of pro-
tecting and restoring these resources. It is recommended
that adaptive management strategies be implemented.
This includes monitoring of the resources, as well as,
monitoring of the maintenance and performance of the
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BMPs with the implementation of corrective actions as
needed. There are several potential mechanisms for in-
stituting an adaptive management system. On example
is an annual certification requirement, like that used by
the City of Madison for the maintenance of stormwater
BMPs. Another mechanism is a deed restriction or real
estate document; such as the type used by Dane County
for stormwater BMP maintenance. A Memorandum
of Understanding (MOU) is another commonly used
mechanism for enforceable agreements that is suitable
for stormwater management.

It is recommended that CARPC, in collaboration with
the Dane County Lakes and Watershed Commission,
undertake a legal and institutional analysis of workable
approaches to BMP monitoring. This analysis should
address approaches to meet and enforce the stormwater
standards adopted by Dane County and local munici-
palities as well as the stormwater performance standards
established by the CARPC in the conditions of approval

for additions to sewer service areas.

Implementation

Water management issues are regional issues. To ad-
equately address them will require a regional approach
to stormwater water management with the coopera-
tion and involvement of all of the municipalities and
other management agencies. It is reccommended that
CARPC conduct regular discussions with the relevant
management agencies regarding the implementation of
the Dane County Water Quality Plan. During these
discussions, specific implementation actions should be
developed and agreed upon by all of the management
agencies involved.

Chapter 5 of the 2004 Summary Plan of the Dane
County Water Quality Plan included a Framework for
Action that identified short-range priority actions for
local designated management agencies and county agen-
cies or departments. When the next Water Quality Plan
Summary is prepared in 2013, it is reccommended that
the Framework for Action be updated to include specific
objectives and metrics for assessing the implementation
of these urban nonpoint source recommendations.

Research Needs

During their meetings the TAC recommended the fol-
lowing additional research efforts, data collection, and
modeling to provide the information needed to further
evaluate the volume control standard:

Use of the SWAT (Soil and Water Assessment
Tool) model or other continuous hydraulic/hydro-
logic/water quality model to evaluate the impacts
of runoff volume on the Yahara Lakes watershed.

Improvements to the SLAMM model to better
account for the split between recharge and evapo-
transpiration that occurs in infiltration / biofiltra-
tion practices

Improvements to RECARGA, SLAMM, or other
models to better predict performance during
carly season and late season infiltration, including
frozen ground conditions.

Information on the performance and life expec-
tancy of infiltration practices currently in place
and an assessment of contributing factors if
failures occur

Case studies demonstrating that volume control to
100% of predevelopment volumes can be met by
constructed best management practices

Biological monitoring, such as pre-development
and post-development Indexes of Biotic Integrity
(IBI)

An economic analysis of the costs and water qual-
ity benefits of runoff volume control

It is recommended that CARPC work with other agen-
cies to ensure that these research needs are carried out in
a timely manner.
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Glossary

AQUIFER - A geological formation that contains and transports groundwater.

BANKFULL FLOW - The condition where streamflow just fills a stream channel up to the top of the bank and at a point where the water
begins to overflow onto a floodplain.

BASE FLOW - The stream discharge from ground water.

BEST MANAGEMENT PRACTICE (BMP) - An activity, procedure, or engineered device implemented to prevent, control, treat, or
reduce water pollution from stormwater runoff.

BIORETENTION - A water quality practice that utilizes landscaping and soils to treat urban stormwater runoff by collecting and storing it
in shallow depressions, filtering it through an engineered soil media, then infiltrating and evapotranspirating it.

CANOPY DENSITY - The amount of leaf coverage of trees determined by the ratio of leaf area to ground area.
CHANNELIZED FLOW - Runoff within a defined channel, meaning a defined bed and banks.
CLEAN WATER ACT - The federal Clean Water Act, 33 U.S.C.A. §1251 et. seq.

CONNECTED IMPERVIOUS AREA - An impervious surface connected by storm sewer, an impervious flow path (such as a street,
driveway, or parking lot), or a minimally pervious flow path (such as less than 20 feet of lawn).

CURVE NUMBER (CN) - A numerical representation of a given area’s hydrologic soil group, plant cover, impervious cover, interception
and surface storage derived in accordance with Natural Resources Conservation Service methods. This number is used to convert rainfall
volume into runoff volume.

DESIGN STORM - A rainfall event of specific depth, intensity, and frequency used to calculate runoff volume and discharge.

DETENTION - The temporary storage of storm runoff in a BMP with the goals of controlling peak discharge rates and providing gravity
settling of pollutants.

DURATION - The length of time over which precipitation or runoff occurs.

ECOHYDROLOGY - The study of the functional interrelations between hydrology and biota at the watershed scale. It is also referred to
as hydroecology.

EROSION - The detachment and movement of soil or rock fragments by water, wind, ice or gravity.
EVAPORATION - The process of liquid water converting to water vapor determined by wind, temperature and humidity.
EVAPOTRANSPIRATION - The loss of water from the soil by evaporation and by transpiration.

FREQUENCY (Design Storm Frequency) - The recurrence interval of storm events having the same duration and volume. The frequency
of a specified design storm can be expressed either in terms of exceedance probability or return period.

Exceedance probability: The probability that an event having a specified volume and duration will be exceeded in one time period,
usually assumed to be one year. If a storm has a one percent chance of occurring in any given year, then it has an exceedance prob-
ability of 0.01.

Return period: The average length of time between events having the same volume and duration. If a storm has a one percent chance
of occurring in any given year, then it has a return period of 100 years.

INFILTRATION - The downward movement of water through the soil; the downward flow of runoff from the bottom of an infiltration
BMP into the soil.

EXTENDED DETENTION - A stormwater design feature that provides for the gradual release of a volume of water over a 12 to 24 hour
interval in order to increase settling of urban pollutants and protect downstream channels from frequent storm events.
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EXTREME FLOOD - The infrequent but large storm events in which overbank flows approach the floodplain boundaries of the 100-year
flood.

FLOODPLAIN - Areas adjacent to a stream or river that are subject to flooding or inundation during a storm event that occurs, on average,
once every 100 years (or has a likelihood of occurrence of 1/100 in any given year).

HYDROGRAPH - A graph showing variation in stage (depth) or discharge of a stream of water over a period of time.

HYDROLOGIC CYCLE - A continuous process where water is cycled from surface waters to the atmosphere to the land and back to

surface waters.

HYDROLOGIC SOIL GROUP (HSG) - A Natural Resource Conservation Service classification system in which soils are categorized into
four runoff potential groups. The groups range from A soils, with high permeability and little runoff production, to D soils, which have low
permeability rates and produce much more runoff.

IMPERVIOUS SURFACE — A surfaces, including, but not limited to, paved and compacted roads, parking areas, roofs, driveways, and
walkways, that prevent the entry of water into the soil, causing water to run off the surface in greater quantities and at an increased rate of
flow, rather than infiltrate.

INFILTRATION RATE - The rate at which water percolates from the surface into the subsoil measured in inches per hour.

INTENSITY - The depth of rainfall divided by duration.

LEVEL SPREADER - A device for distributing stormwater discharge uniformly over the ground surface as sheet flow to prevent concen-
trated, erosive flows.

MAXIMUM EXTENT PRACTICABLE (MEP) — State and County regulations define MEP as a level of implementing best management
practices in order to achieve a performance standard which takes into account the best available technology, cost effectiveness and other

competing issues such as human safety and welfare, endangered and threatened resources, historic properties and geographic features.

NPDES - Acronym for the National Pollutant Discharge Elimination System, for the issuance of permits under section 402 of the federal
Clean Water Act and includes the Wisconsin administered NPDES program authorized by the federal Environmental Protection Agency.

OUTFALL - The point where water flows from a conduit, stream, or drain.

ONE YEAR STORM - A stormwater event which occurs on average once every year or statistically has a 100% chance on average of occur-
ring in a given year.

ONE HUNDRED YEAR STORM - An extreme flood event which occurs on average once every 100 years or statistically has a 1% chance

on average of occurring in a given year.

OPEN CHANNELS - Also known as swales, or grass channels. These systems are used for the conveyance, infiltration and filtration of
stormwater runoff.

OUTLET - The point at which water discharges from such things as a stream, river, lake, basin, pipe, channel or drainage area.
PEAK DISCHARGE RATE - The maximum instantaneous rate of flow during a storm, usually in reference to a specific design storm event.

PERFORMANCE STANDARD - An established amount or limit on the amount of runoff and/or pollutants that can be discharged from

a site.
PERMEABLE (PERVIOUS) - Material that allows the infiltration or passage of water into the material below it.
PERMEABILITY - The rate of water movement through the soil column under saturated conditions

POLYNUCLEAR AROMATIC HYDROCARBONS (PAHs) - Hydrocarbon compounds with multiple benzene rings. PAHs are typical

components of asphalts, fuels, oils, and greases. They are also called Polycyclic Aromatic Hydrocarbons.
POST-DEVELOPMENT - The conditions that are expected to exist after the construction of a building and its associated infrastructure.

PRECIPITATION - Water falling to the earth as rain, snow, hail, mist, or sleet.
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PRE-DEVELOPMENT - The conditions that exist when the plans for a development are approved, typically agriculture or woodland.

PRE-SETTLEMENT - The conditions that existed prior to European settlement and the development of agriculture, typically woodland,

meadow, or prairie.

RAIN BARREL — A container designed to collect and store rooftop runoff for later use.

RAIN GARDEN - A type of bioretention practice.

RECHARGE RATE - Annual amount of rainfall that contributes to groundwater.

RECEIVING WATER - A stream, river, lake, other watercourse into which wastewater or stormwater is discharged.
REDEVELOPMENT - Any construction, alteration, or improvement in an existing developed area.
RETENTION - Permanent storage of stormwater.

SHALLOW CONCENTRATED FLOW — Runoff that occurs in rills and gullies, after sheet flow and before the flow reaches a defined

channel and becomes channelized flow.

SHEET FLOW — Runoff that occurs only over plane surfaces at the head of the watershed. Due to surface irregularities, sheet flow will
eventually transition to shallow concentrated flow. The NRCS/SCS has determined that sheet flow for unpaved areas will never occur for
more than 300 feet, with a most likely length of 100 feet. Paved areas may have longer lengths of sheet flow until flow becomes channelized
in gutters or low areas of parking lots.

STAY-ON - The amount of precipitation on a drainage area that infiltrates into the ground or evapotranspirates and does not escape as
runoff. It is the difference between total precipitation and total runoff.

STORMWATER RUNOFF - precipitation, snowmelt, and the material dissolved or suspended in precipitation and snowmelt that runs off
impervious surfaces and does not infiltrate into the ground or evapotranspirate.

SEDIMENT - Solid material, both mineral and organic, that is in suspension, is being transported, or has been moved from its site of
origin by air, water, gravity, or ice and has come to rest on the earth’s surface either above or below sea level.

STORMWATER MANAGEMENT FACILITY - A device that controls stormwater runoff and changes the characteristics of that runoff
including, but not limited to, the quantity and quality, the period of release or the velocity of flow.

STREAM BUFFERS - Zones of variable width that are located along both sides of a stream and are designed to provided a protective

natural area along a stream corridor.

TEN YEAR STORM - The peak discharge rate associated with a 24 hour storm event which exceeds bankfull capacity and occurs on aver-

age once every ten years (or has a likelihood of occurrence of 10% in a given year).

TIME OF CONCENTRATION - The time required for water to flow from the hydrologic most distant point (in time of flow) of the
drainage area to the point of analysis (outlet).

TOTAL MAXIMUM DAILY LOAD or TMDL — The calculations and plan for meeting water quality standards approved by the U.S.
Environmental Protection Agency (EPA) and prepared pursuant to 33 U.S.C. 1313(d) and federal regulations adopted under that law.

TOTAL RUNOFF VOLUME - The amount of water which exits a watershed as runoff during a given design storm.
TOTAL SUSPENDED SOLIDS - The total amount of soils particulate matter that is suspended in the water column.
TRANSPIRATION - The process by which water vapor is lost to the atmosphere from living plants.

TWO YEAR STORM - The peak discharge rate associated with a 24 hour storm event which exceeds bankfull capacity and occurs on aver-
age once every two years (or has a likelihood of occurrence of 1/2 in a given year).

WATERSHED - The total area of land contributing runoff to a specific point of interest within a receiving water.

303(D) LIST - The EPA-approved State of Wisconsin list of impaired waters prepared pursuant to 33 U.S.C. 1313(d).
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http://epa.gov/waterscience/criteria/library/ambientwqc/ddt80.pdf�
http://epa.gov/waterscience/criteria/library/ambientwqc/ddt80.pdf�
http://epa.gov/waterscience/criteria/library/ambientwqc/endosulfan80.pdf�
http://epa.gov/waterscience/criteria/library/ambientwqc/endrin80.pdf�
http://epa.gov/waterscience/criteria/library/ambientwqc/heptachlor80.pdf�
http://epa.gov/waterscience/criteria/library/ambientwqc/hexachlorocyclohexa80.pdf�
http://epa.gov/waterscience/criteria/library/ambientwqc/hexachlorocyclohexa80.pdf�
http://epa.gov/waterscience/criteria/library/85guidelines.pdf�
http://yosemite.epa.gov/water/owrccatalog.nsf/0/0b272603b228926785256d83004fd9ee?OpenDocument�
http://yosemite.epa.gov/water/owrccatalog.nsf/0/0b272603b228926785256d83004fd9ee?OpenDocument�
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http://epa.gov/waterscience/criteria/library/ambientwqc/copper1984.pdf�
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http://epa.gov/waterscience/criteria/ammonia/index.html�
http://epa.gov/waterscience/criteria/library/ambientwqc/ammoniasalt1989.pdf�
http://www.epa.gov/fedrgstr/EPA-WATER/2000/November/Day-03/w27924.htm�
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Attachment B
Municipal Stormwater Ordinance Summary

Chapter 14 of the Dane County Ordinances establishes the minimum standards for storm water management
within the county. These requirements are described in the Local Ordinances section of this report and summarized
below. Municipalities that have adopted more protective stormwater management standards than those required by
Dane County are summarized in the following table. All municipalities will be required to update their ordinances
to include peak rate control for the 1-yr 24-hr design storm, adopted in NR 151 in January 2011 and the 90% min.
pre-development volume control standard adopted by Dane County in March 2011.

Peak Runoff Rate Control
Ordinance | Max. -yr, 24-hr Design Storms Volume Groundwater
Chapter / Ag. Control Recharge
Municipality Section CN' 1 2 5 [ 10| 25 | 100 Standard Standard
Dane County? 14 68 X X 90%
City of Fitchburg 27 68 X X X 60% / 90%
City of Madison 37 68 X X X 90%
City of Middleton® 26 58 X X 60% / 90% 7.6”/yr.
City of Sun Prairie* 15 68 X X 60% / 90%
City of Verona 15-2 58 X X X 60% / 90%
Village of Cottage Grove 163 68 X X X 60% / 90%
Village of DeForest 24 68 X X X X X X 100% predevelopment
Village of Marshall 15-2 68 X X X 60% / 90%
Village of Mazomanie 215 68 X X X 60% / 90%
Village of McFarland 8-18 58 X X X X 60% / 90%
Village of Mount Horeb® 20 68 X X X 60% / 90%
Village of Oregon 22 58 X X X 60% / 90%
Town of Westport | 10-2, 10-4 | 68 | | X | X | X | X | X | 100-yr 24-hr

' Maximum pre-development runoff curve number allowed for agricultural land use with Hydrologic Soil Group B soils.

?Dane County adopted a 90% pre-development volume control standard for all land uses in March 2011.

#100-yr event peak runoff rate control for is only required for the Badger Mill Creek Watershed. The City of Madison adopted peak rate
control for the 1-yr, 24-hr storm and a 90% pre-development volume control standard for all land uses in March 2011.

410, and 25-yr post development peak runoff rate control is to the 5-yr pre development rate.

Dane County Water Quality Plan Attachment B-1 Appendix D: Urban Nonpoint Source Analysis
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Bioretention System

Bioretention systems collect and filter stormwater
through layers of mulch, soil and plant root systems.
Pollutants such as bacteria, nitrogen, phosphorus, heavy
metals, oil and grease are retained, degraded and ab-
sorbed. Treated stormwater is then infiltrated into the
ground as groundwater, evapotranspirated by the plants,
or collected by an under-drain system and discharged to
storm sewer.

Benefits

Bioretention areas are suitable stormwater treatment
practices for all land uses, as long as the contributing
drainage area is appropriate for the size of the facility.
Common bioretention opportunities include landscap-
ing islands, cul-de-sacs, parking lot margins, commercial
setbacks, open space, rooftop drainage and street terraces
(i.e., between the curb and sidewalk). Bioretention is ex-
tremely versatile because of its ability to be incorporated
into landscaped areas. The versatility of the practice also
allows for bioretention areas to be frequently used as
stormwater retrofits.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for bioretention practices:

Pollutant % Removal Rate
Suspended Solids 74
Total Phosphorous 30
Total Nitrogen 55
Metals 95-97

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Photo: Sequoya Commons - Madison
Costs

Typical costs for bioretention are $13,000 to $30,000
per acre-foot according to the Stormwater Runoff Reduc-
tion Program Final Report (MMSD, 2007)

Considerations

The WDNR Technical Standard Number 1004 and the
Dane County Erosion Control and Stormwater Manage-
ment Manual provide useful guidelines and additional
references for planning, designing, constructing, and
maintaining this type of stormwater management
practice.

Examples

Bioretention systems are becoming common in our re-
gion, particularly for parking lot runoff. The stormwa-
ter management section of the CAPRC web site contains
a map with locations and photos of good examples of
BMPs in our region.

Dane County Water Quality Plan
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Constructed Wetlands

Constructed wetlands are created for stormwater man-
agement and are not natural wetlands. Constructed
wetlands systems are designed to mimic the compli-
cated, interdependent contaminant removal mechanisms
of natural wetlands. In general, they remove pollutants
through physical, chemical, and biological processes
including absorption, adsorption, filtration, microbial
transformation (biodegradation), precipitation, sedimen-
tation, uptake by vegetation, and volatilization. Storm-
water wetlands are similar in design to stormwater ponds
and mainly differ by their variety of water depths and
associated vegetative complex.

Benefits

Constructed wetlands are widely applicable stormwater
treatment practices that provide both water quality treat-
ment and water quantity control. They are best suited
for drainage areas of at least 10 acres. When designed
and maintained properly, constructed wetlands can

be an important aesthetic feature of a site. Typically,
constructed wetlands are more effective at removing
suspended solids and pollutants that adsorb to solids,
than at removing dissolved pollutants.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for constructed wetlands:

Pollutant % Removal Rate
Suspended Solids 86
Total Phosphorous 76
Total Nitrogen 55
Metals 63 - 68
Bacteria 88

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Photo Credit: F.X. Browne Inc. Lansdale, PA

Costs

Typical costs for constructed wetlands are $60,000 per

acre-foot according to the Stormwater Runoff Reduction
Program Final Report (MMSD, 2007)

Considerations

The Wisconsin Stormwater Manual and the Dane County
Erosion Control and Stormwater Management Manual
provide useful guidelines and additional references for
planning, designing, constructing, and maintaining this
type of stormwater management practice

A maintenance plan that includes harvesting of the plant
material is important to the phosphorus removal poten-
tial of constructed wetlands.

Examples

There are no known examples of constructed wetlands
for stormwater management in our region.

Dane County Water Quality Plan
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Dry Detention Basin

A dry basin temporarily retains stormwater and gradu-
ally releases it.

Benefits

Dry basins reduce stormwater peak flow rates and trap
some sediment particles. By trapping sediment, associat-
ed pollutants are also removed. Dry basins are designed
to drain completely within 48 hours of the storm event.
They are often utilized in thermally sensitive watersheds,
as they do not increase the temperature of the runoff.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-
ant removal percentages for dry ponds:

Pollutant % Removal Rate
Suspended Solids 71
Total Phosphorous 25
Total Nitrogen 31
Metals 42 - 59
Bacteria 92

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Costs

There is no published information available on the typi-
cal costs for dry detention basins in our region.

Considerations

The Dane County Erosion Control and Stormwater
Management Manual provides useful guidelines and ad-
ditional references for planning, designing, constructing,
and maintaining this type of stormwater management
practice.

Photo: Wellness and Athletic Center — Stoughton

Dry detention basins provide only limited pollutant
removal and accumulated sediment is often resuspended
by subsequent storm events. As a result, these structures
are not well suited for providing sediment control, but
can be suitable practices for peak flow rate control. The
use of gabions outlets or underdrains can improve the
filtration performance of these systems. They can be
useful for providing detention in areas where thermal
control is required, provided they are part of a treatment
train and preceded by other BMPs for sediment control.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.

Dane County Water Quality Plan
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Filter / Vegetated Buffer Strips

Filter strips are typically bands of close-growing vegeta-
tion, usually grass, planted between pollutant source
areas and a downstream receiving waterbody. They also
can be used as outlet or pretreatment devices for other
stormwater control practices.

Benefits

Vegetated buffers are strips of vegetation, either natural
or planted, around sensitive areas such as waterbodies,
wetlands, woodlands, or highly erodible soils. In addi-
tion to protecting sensitive areas, vegetated strips help to
reduce stormwater runoff impacts by trapping sediment
and sediment-bound pollutants, providing some infiltra-
tion, and slowing and dispersing stormwater flows over a
wide area.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for filtering practices:

Pollutant % Removal Rate
Suspended Solids 92
Total Phosphorous 66
Total Nitrogen 47
Metals 67 - 91
Bacteria 70

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Costs

Typical costs for filter strips are $13,000 to $30,000
per acre according to the Stormwater Runoff Reduction
Program Final Report (MMSD, 2007).

Photo: Wingra Creek — Madison

Considerations

e Wisconsin Stormwater Manual and the Dane Coun

The W St ter Manual and the Dane C
rosion Control and Stormwater Management Manua

E; Control and St ter Management Manual

provide useful guidelines and additional references for

planning, designing, constructing, and maintaining this

type of stormwater management practice.

This practice is not effective in situations with concen-
trated flow.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.

Dane County Water Quality Plan
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Green Roofs

Green roofs are rooftops that are covered with vegeta-
tion. Green roofs have a waterproof layer on top of
which lies a drainage system and a layer of engineered
soil that can be planted with a variety of vegetation.
Rain that falls on a green roof will be absorbed by the
soil, taken up by the vegetation and transpired back into
the atmosphere, reducing rooftop runoff. There are two
types of green roofs: extensive, which are constructed
with a minimal soil layer (less than 6”) and support pri-
marily dense, low growing, drought-resistant vegetation;
and intensive, which have a thick layer of soil (greater
than 6”) and can support all types of vegetation, includ-
ing shrubs and trees. Some green roofs are open to the
public and may look similar to an urban park.

Benefits

Volume attenuation and flow reduction are the primary
stormwater benefits associated with green roofs. The
volume of rain water a green roof can retain will vary
with thickness and porosity of the soil medium and size
of the vegetated area. Generally, green roofs can retain
70% - 90% of rainfall in the summer and 25% - 40%
of winter precipitation. Additionally, green roofs can
reduce peak flows by 50% - 90% during a single storm
event. The soil medium and vegetation of a green roof
can act as a filter for water running off non-vegetated
portions of a roof or rooftop runoff from above and can
prevent runoff from particulates and nutrients accumu-
lated from atmospheric depositions. Green roofs add
extra insulation to a building, reducing overall energy
costs, and protect the underlying roofing materials from
destructive ultra violet rays, extending the lifespan of the
roof.

Costs

Typical costs for green roofs are $8 to $15 per square
foot according to the Stormwater Runoff Reduction
Program Final Report (MMSD, 2007).

Photo: First Unitarian Church — Shorewood Hills

Considerations

The plant communities must be carefully selected from
those that are tolerant of the extreme weather conditions
found on roofs. Roofs must be structurally capable of
supporting the load of saturated soils. Extensive green
roofs can be constructed on roofs with up to a 40%
slope, however, roofs with a greater than 15% slope may
require extra structural supports to hold soil medium
and vegetation in place.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.

Dane County Water Quality Plan
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Infiltration Basins

Infiltration basins provide runoff volume control by
detaining runoff and slowly releasing the water into

the ground. By diverting a significant portion of the
runoff into the soil, infiltration basins can recharge
groundwater, preserve base flows in streams, protect
downstream biota, and help reduce erosion and flooding
downstream.

Benefits

The performance of infiltration basins depends on how
much water is diverted to groundwater. Their ability

to capture nutrients depends on the soil and the basin’s
detention volume. Pretreatment should be included

to prevent premature clogging of the basins and to
minimize the potential for groundwater contamination.
Recommended pretreatment options include presettling
basins, sand filters, sediment sumps, biofiltration swales,
and vegetative filter strips.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for infiltration practices:

Pollutant % Removal Rate
Suspended Solids 96
Total Phosphorous 96
Total Nitrogen 65
Metals 83 -89

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Costs

There is no published information available on the typi-
cal costs for infiltration basins in our region.

Photo: Arboretum Dr. - Waunakee

Considerations
The WDNR Technical Standard Number 1003, the Wis-

consin Stormwater Manual, and the Dane County Erosion
Control and Stormwater Management Manual provide
useful guidelines and additional references for planning,
designing, constructing, and maintaining this type of
stormwater management practice.

Infiltration practices are highly dependent on the
infiltration capacity of the underlying soils. Low soil
infiltration capacity requires structures with larger
infiltration surface area and storage capacity to account
for slower infiltration rates. Higher soil infiltration rates
allow for smaller infiltration structures. Accurate field
measurements of infiltration rates or laboratory analysis
of soil particle sizes are critical for the successful design
and implementation of stormwater treatment practices
that rely on infiltration of stormwater to underlying
soils.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.

Dane County Water Quality Plan
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Infiltration Trenches

An infiltration trench, also called a French drain, or a
Dutch drain, is an excavated trench that has been back-
filled with stone to form a subsurface basin. Stormwater
runoff is diverted into the trench and is stored until it
can be infiltrated into the soil, usually over a period of
several days.

Benefits

Infiltration trenches are very adaptable practices, and the
availability of many practical configurations makes them
ideal for small urban drainage areas. They are most
effective and have a longer life cycle when some form of
pretreatment is included in their design. Pretreatment
may include techniques like vegetated filter strips or
grassed swales.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for infiltration practices:

Pollutant % Removal Rate
Suspended Solids 96
Total Phosphorous 96
Total Nitrogen 65
Metals 83 -89

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Costs

Typical costs for French drains are $15 to $17 per square
foot according to the Stormwater Runoff Reduction
Program Final Report (MMSD, 2007).

Photo: PDQ Century Ave. — Middleton

Considerations

The Wisconsin Stormwater Manual and the Dane County
Erosion Control and Stormwater Management Manual
provide useful guidelines and additional references for
planning, designing, constructing, and maintaining this
type of stormwater management practice.

Infiltration practices are highly dependent on the
infiltration capacity of the underlying soils. Low soil
infiltration capacity requires structures with larger
infiltration surface area and storage capacity to account
for slower infiltration rates. Higher soil infiltration rates
allow for smaller infiltration structures. Accurate field
measurements of infiltration rates or laboratory analysis
of soil particle sizes are critical for the successful design
and implementation of stormwater treatment practices
that rely on infiltration of stormwater to underlying
soils. Care must be taken to avoid clogging of infiltra-
tion trenches, especially during site construction activi-
ties. Collection boxes or an equivalent for silt or other
debris are recommended for roof runoff and parking
lots.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.

Dane County Water Quality Plan
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Improving Soil Porosity

Increasing soil porosity induces subsurface flow and
increases the rate at which stormwater is removed from
the surface of the land. This decreases the amount of
water that runs across the land surface, especially in areas
that have highly impermeable soils.

Benefits

[t has been shown in many studies that earthworm chan-
nel building (macroporosity building) increases infiltra-
tion rates. On agricultural lands with no-till practices
there can be up to a 17 percent increase in field holding
capacity; in areas where there is earthworm activity the
cumulative rainfall intake into the soil was increased

by one half. Water infiltration rates in soils with earth-
worms are 4 to 10 times faster than in soils without
worms (Edwards & Bohlen, 1996).

Compost amendments increase the organic matter and
provide more tilth in the soil, which in turn, restores
some of the soil’s lost porosity. Once porosity is restored,
the soil is better able to store and infiltrate runoff. In
addition to reducing bulk density, (Kolsti et al., 1995)
reported that soils amended with compost reduced the
volume of surface runoff by 29 to 50 percent. The
chisel-plowed and deep-tilled treatment reduced the
volume of runoff by 36 to 53 percent. When compost
was added, the reduction in runoff volume increased
substantially to 74 to 91 percent (Balousek 2003).

Lawn aeration is another method of improving soil
porosity. Aerating creates macropores, allowing more
oxygen and water to move into the soil and provides
a haven for root growth. The accelerated root growth
improves nutrient and water uptake. This in turn
stimulates grass growth and results in increased lawn
infiltration.

Photo credit: Organic Solutions

Costs

Typical costs for compost amendments are $1 to $2 per

square foot according to the Stormwater Runoff Reduc-
tion Program Final Report (MMSD, 2007).

Considerations
The WDNR Technical Standard Number S100 provides

useful guidelines and additional references for planning,
designing, constructing, and maintaining this type of
stormwater management practice

The UW-Extension publication, Lawn Aeration and
Topdressing, provide useful guidance for this type of
stormwater management practice.

Examples

Compaction mitigation with deep tilling to improve soil
porosity is very common plat construction practice in
our region.

Dane County Water Quality Plan
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Level Spreader

A level spreader typically is an outlet designed to con-
vert concentrated runoff to sheet flow and disperse it
uniformly across a slope or wetland to prevent erosion
and concentrated flow. One type of level spreader is a
shallow trench filled with crushed stone. .

Benefits

The benefit of a level spreader is to convert concentrated
runoff to sheet flow and disperse it uniformly in a thin
layer (usually less than 1 inch in depth) over a wide
surface. This prevents concentrated flow that can cause
erosion. Level spreaders are used in conjunction with
other BMPs.

Costs

There is no published information available on the
typical costs for level spreaders in our region.
Considerations

Considerations

The lower edge of the level spreader must be exactly
level if the spreader is to work properly.

The North Carolina Extension publication, Leve/
Spreaders: Overview, Design, and Maintenance, provides
useful guidance for this type of stormwater management
practice.

Examples

Level spreaders are used routinely in our region, particu-
larly for discharges to wetlands. The stormwater man-
agement section of the CAPRC web site contains a map
with locations and photos of good examples of BMPs in
our region.

Photo credit: Lake County Illinois
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Native Plants

Native prairie plant species have deep roots systems that
can extend as deep as 15 feet below the surface. These
plants often have greater biomass below the surface than
above. In comparison the root depth of turf grasses is
only several inches.

Benefits

Native plants have extensive root systems that improve
the ability of the soil to infiltrate water and withstand
wet or erosive conditions. Many native prairie plants
also have the ability to penetrate clay soils with their
root systems. One-third of the roots die each year
creating long channels to transport water, oxygen and
microbes. They cycle minerals from deep in the soil

to the top horizons. The roots allow water infiltration
from the surface to deep depths and they mine that same
water during dry periods. The root films provide habitat
for microbes that are excellent at purifying recharge
groundwater.

Costs

Native plant seed is available from many local suppliers.
Typical seed costs are $1,350 per acre. The costs for ma-
ture plants typically range from $1 to $3 each depending
on the type and quantity.

Considerations

The Dane County Erosion Control and Stormwater Man-
agement Manual provide useful guidelines and additional
references for selecting, installing, and maintaining this
type of stormwater management practice.

Establishing native plants from seed can take several
years and requires initial maintenance. Companies like
Agrecol have developed a “prairie sod” product, which
significantly reduces the establishment period and initial
maintenance requirements.

Photo credit: Prairie Nursery

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.

Dane County Water Quality Plan
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Oil and Grease Filter

Oil and grease filters are proprietary devices that are
designed to remove oil, grease, sediments, trash, and
other debris from stormwater by passing them through
a filtering device. Oil and grease filters are most often
used at gas stations, industrial sites, parking lots, loading
areas, and other locations where hydrocarbons are likely
to be present in large quantities.

Benefits

The primary benefit of this type of BMP is as a pre-
treatment device for the removal of trash, debris, large
diameter sediment particles, oil and grease.

Costs

Costs will vary by project size. Project specific quotes
can be obtained by contacting product vendors.

Considerations

In high flow situations, the volume of water may exceed
the capacity of the filter chamber and stormwater may
bypass the device without treatment. As a result, these
practices are best used in conjunction with other man-
agement practices.

The Dane County Erosion Control and Stormwater
Management Manual provides useful guidelines and
additional references for the design, installation, and
maintenance of this type of stormwater management
practice.

Examples

Oil and grease filter inserts for storm sewer inlets are
very common in our region for parking lots. There are
many local examples.

Photo Credit: Marathon Materials, Inc.
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Porous Pavement

Porous pavements include a number of different struc-
turally strong, pervious, surfacing materials that allow
the infiltration of stormwater below the pavement
surface. They include porous concrete, porous asphalt,
porous glass paving material, modular paving blocks,
and structural grids filled with porous materials. It is
recommended that porous pavements have a subbase of
sand or aggregate so that runoff water is not stored in
the surface matrix. This makes damage from freezing
unlikely to occur.

Benefits

Pervious pavement reduces stormwater runoff flow
rate and volume, recharges groundwater and maintains
stream base flows. The subgrade also filters pollutants.
Pervious pavement is less prone to cracking or buckling
from freezing and thawing. Studies indicate it requires
less frequent repair and patching than conventional
paving. In some cases, pervious pavement may reduce
or eliminate the need for an underground storm drain
system or a curb and gutter system. Pervious pavement
is an effective method of managing stormwater runoff
without limiting use of the space.

Costs

Typical costs for porous pavement is $2 to $4 per square
foot according to the Stormwater Runoff Reduction
Program Final Report (MMSD, 2007).

Considerations

The Dane County Erosion Control and Stormwater
Management Manual provides useful guidelines and
additional references for the design, installation, and
maintenance of this type of stormwater management
practice.

Photo Credit: Milwaukee Metro. Sewerage Dist.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.
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Proprietary Stormwater Filtration Device

A proprietary stormwater filtration device is a chamber
or set of chambers (which may include internal baffles or
other equipment and associated piping) that is provided
as a defined product by a commercial vendor, and is
warranted by that vendor to provide specific storm water
pollutant removal performance under specified condi-
tions. These devices can consist of prefabricated equip-
ment supplied by a manufacturer, structures constructed
on-site, or a combination thereof.

Benefits

These type of devices have the advantage of being un-
derground, easy to install, and easy to maintain.

Research has shown that these devices are 80 to 90%
effective at controlling soil particle sizes of 7 microns or
greater, which is equivalent to fine silt.

Field testing of a unit installed in Madison (Horwatich
and Bannerman, 2009) showed the following pollutant
removal percentages for the StormFilter:

Pollutant % Removal Rate
Suspended Solids 25
Total Phosphorous 36
Metals 8

It also notes that the range of pollutant removal perfor-
mance can vary considerably between different sites.

Costs

The StormFilter in the 0.92-acre parking lot at Madison
Gas & Electric cost $120,000 including installation.

Photo Credit: Madison Gas & Electric

Considerations

The Dane County Erosion Control and Stormwater
Management Manual provides useful guidelines and
additional references for selecting, installing, and main-
taining this type of stormwater management practice. A
WDNR Technical Standard is being prepared for this
type of BMP.

Examples

The StormFilter device installed in the parking lot at
Madison Gas & Electric is one example in our region.
The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.
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Proprietary Stormwater Sedimentation Device

A proprietary stormwater sedimentation device is a
chamber or set of chambers (which may include internal
baffles or other equipment and associated piping) that

is provided as a defined product by a commercial ven-
dor, and is warranted by that vendor to provide specific
storm water pollutant removal performance under speci-
fied conditions. These devices can consist of prefabri-
cated equipment supplied by a manufacturer, structures
constructed on-site, or a combination thereof.

Benefits

These type of devices have the advantage of being un-
derground, easy to install, and easy to maintain.

Research has shown that these devices are only effec-
tive at controlling soil particle sizes of 250 microns or
greater, which is equivalent to medium sand.

Field testing of a unit installed in Madison (Earth Tech
2007) showed the following pollutant removal percent-
ages for the Downstream Defender:

Pollutant % Removal Rate
Suspended Solids 24
Phosphorous 19
Metals -13

It also notes that the range of pollutant removal perfor-
mance can vary considerably between different sites.

Costs

There is no published information available on the
typical costs for proprietary stormwater sedimentation
devices in our region.

Photo Credit: Hydro International

Considerations

The WDNR Technical Standard Number 1006 and the
Dane County Erosion Control and Stormwater Manage-
ment Manual provide useful guidelines and additional
references for selecting, installing, and maintaining this
type of stormwater management practice.

Examples

The Downstream Defender device installed in the
parking lot at the Madison Water Utility is one example
in our region. The stormwater management section of
the CAPRC web site contains a map with locations and
photos of good examples of BMPs in our region.
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Rain Gardens

Rain gardens are landscaped, shallow depression areas
that collect and treat stormwater runoff using bioreten-
tion. Bioretention systems collect and filter stormwater
through layers of mulch, soil and plant root systems.
Pollutants such as bacteria, nitrogen, phosphorus,
heavy metals, oil and grease are retained, degraded and
absorbed. Treated stormwater is then infiltrated into
the ground as groundwater or evapotranspirated by the
plants. Rain gardens look similar to traditional land-
scaped areas, but they differ in design and function.
Rain gardens can be planted with a variety of perennials,
grasses, shrubs and small trees. Native plants are typi-
cally preferred. Rain gardens are a valuable addition to
both residential and commercial sites.

Benefits

Rain gardens reduce stormwater runoff volume, flow
rate and temperature. They have a host of additional
benefits; they trap and break down pollutants, recharge
ground water, restore natural habitat, attract wildlife,
add aesthetic beauty, and improve the soil.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for bioretention practices:

Pollutant % Removal Rate
Suspended Solids 74
Total Phosphorous 30
Total Nitrogen 55
Metals 95-97

It also notes that the range of pollutant removal per-
formance can be quite high.

Photo Credit: Roger Bannerman

Costs

Cost will vary depending on the garden’s size, the types
of vegetation used, and whether or not the work is
done by a professional or landowner. Typical costs for
rain gardens are $5 to $10 per square foot according to
the Stormwater Runoff Reduction Program Final Report
(MMSD, 2007).

Considerations

The WDNR Technical Standard Number 1004 and the
Dane County Erosion Control and Stormwater Manage-
ment Manual and the USGS rain garden study (Selbig et.
al., 2010) provide useful guidelines and additional refer-
ences for planning, designing, constructing, and main-
taining this type of stormwater management practice.

Examples

In the last decade, rain gardens have become a very
popular method of managing stormwater runoff. There
are over 300 documented rain gardens throughout our
region. The stormwater management section of the
CAPRC web site contains a map with locations and
photos of good examples of BMPs in our region.
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Rainwater Harvesting

Rainwater harvesting is the collection of rainwater be-
fore it becomes runoff. It includes practices such as rain
barrels and cisterns. The collected rainwater is then used
for watering gardens or other non-potable water uses.

Benefits

Rain barrels operate by retaining a predetermined
volume of rooftop runoff (i.e., they provide permanent
storage for a design volume); an overflow pipe provides
some detention beyond the retention capacity of the
rain barrel. Rain barrels also can be used to store runoff
for later reuse in lawn and garden watering. Stormwater
runoff cisterns are roof water management devices that
provide retention storage volume in underground stor-
age tanks. On-lot storage with later reuse of stormwater
also provides an opportunity for water conservation and
the possibility of reducing water utility costs.

Costs

Rain barrels and cisterns are low-cost, effective, and
easily maintainable retention devices applicable to resi-
dential, commercial, and industrial sites. A single rain
barrel and diverter system costs around $100.

Considerations

A single 55-gallon rain barrel can contain approximately
the first 0.05 inches of runoff from a typical 1,900
square foot roof area. About 35% of the rain events in
Dane County are less than or equal to this amount of
rainfall. Several rain barrels can be connected to increase
storage capacity.

Examples

In the last decade, rain barrels have become a very popu-
lar method of managing stormwater. There are over 500
documented rain barrels throughout our region. The
stormwater management section of the CAPRC web

site contains a map with locations and photos of good
examples of BMPs in our region.

Photo Credit: Steve Wagner
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Roof Drain Management

Roof drains or downspouts direct runoff down from
the roof and away from the building. Connected roof
drains are those that are piped directly to the storm
sewer as well as those that discharge to an impervious
surface, such as a driveway or sidewalk, which is con-
nected to the storm sewer system. Unconnected roof
drains are those that drain to pervious surfaces such

as lawns and gardens or a storage device such as a rain
barrel or cistern. Downspouts can be disconnected on
residential, commercial and industrial properties. The
system you choose can be as simple or complex as your
goals and site requirements allow.

Benefits

Roof downspouts that are connected to the storm sewer
system result in much higher peak flow rates and runoff
volumes than roof downspouts that are unconnected.
The simple act of redirecting the downspout to a pervi-
ous, vegetated area such as lawn or landscaped area al-
lows a significant percentage of the water to be absorbed
into the ground before entering a storm drain.

Costs

Disconnection is simple, inexpensive, effective, and eas-
ily integrated into the landscape design. Materials such
as elbows and extensions are readily available at hard-
ware, building supply, and home improvement stores at
a nominal cost.

Considerations

Generally, rainwater must flow over at least 20 feet of
pervious surface such as a lawn to absorb water. In
many cases, a splash block at the end of the extension
conveys water away from foundations and prevents
erosion. Make sure the discharge from the pipe does
not flow toward the building or neighboring property.
The discharge point should be at least six feet away from
basements and two feet away from crawl spaces and
porches.

Photo: WDNR Service Center - Fitchburg

Examples

Roof drain disconnection is very common in our region.
There are many local examples. The stormwater man-
agement section of the CAPRC web site contains a map
with locations and photos of good examples of BMPs in
our region.

Dane County Water Quality Plan

Attachment C - 17

Appendix D: Urban Nonpoint Source Analysis



Stormwater Planter

A stormwater planter is a small, contained vegetated
area that collects and treats stormwater using bioreten-
tion. Bioretention systems collect and filter stormwater
through layers of mulch, soil and plant root systems,
where pollutants such as bacteria, nitrogen, phosphorus,
heavy metals, oil and grease are retained, degraded and
absorbed. Treated stormwater is then infiltrated into the
ground as groundwater (Infiltration Planter) or, if infil-
tration is not appropriate, discharged into a traditional
stormwater drainage system (Flow-Through Planter).
Stormwater planters typically contain native, hydrophilic
flowers, grasses, shrubs and trees.

Benefits

Stormwater planters do not require a large amount of
space and can add aesthetic appeal and wildlife habitat
to city streets, parking lots, and commercial and residen-
tial properties.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for bioretention practices:

Pollutant % Removal Rate
Suspended Solids 74
Total Phosphorous 30
Total Nitrogen 55
Metals 95-97

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Photo Credit: City of Portland, OR

Costs

Costs vary depending on size and materials. For new de-
velopment and redevelopment, infiltration planters are
often less expensive than more conventional stormwater
management facilities.

Considerations

Flow through planters are recommended where soils
don’t drain well. Infiltration planters are recommended
where soils have good infiltration rates.

Examples

There are no known examples of constructed wetlands
for stormwater management in our region.
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Street Sweeping

Impervious areas accumulate sediment, lawn and leaf
trimmings, trash, and other debris, along with heavy
metals and other pollutants. As stormwater flows over
these surfaces, these substances are carried along with it,
polluting waterways and increasing the sediment load
of the water body. Sweeping streets and parking lots
prevents sediment, heavy metals, and other pollutants
from reaching receiving waters by removing them from
impervious areas before they reach storm drains.

Benefits

The report, Evaluation of Street Sweeping as a Stormwa-
ter-Quality-Management Tool in Three Residential Basins
in Madison, Wisconsin. (Selbig and Bannerman 2007)
concluded that while street sweeping is effective for the
control of litter and floatables, there is little probability
that street sweeping, regardless of street-sweeper type,
had any measurable affect on the quality of runoff. The
regenerative-air and vacuum-assist sweepers had similar
pickup efficiencies of 25 and 30 percent, respectively.
The mechanical broom sweeper operating at high
frequency was considerably less efficient, removing an
average of 5 percent of street-dirt yield.

The study showed that sand-size particles (greater than
63 micrometers) recorded the greatest overall reduction.
Reductions of street-dirt yield decreased with decreas-
ing particle size for all sweepers. The high-frequency
mechanical broom and regenerative air sweepers were
unable to adequately pick up particles less than 250 and
125 micrometers, respectively. Only the vacuum-assist
sweeper was capable of reducing street-dirt yield across
the entire range of particle sizes measured. Even at the
smallest particle-size fraction, less than 63 micrometers,
the vacuum-assist sweeper was able to reduce a percent-
age of the street-dirt yield by incorporating a powerful
vacuum that extends into the curb, overlapping part of
the gutter-broom. The vacuum appears to capture most
of what the gutter broom cannot.

Photo: Elgin Sweeper

However, such large changes in basin street-dirt yield
were not consistent with the pickup efficiencies observed
at the street level for each machine. The relatively large
change in basin street-dirt yield may be explained by the
mechanical action of the gutter broom increasing the
amount of fines available for washoff. Increasing the
amount of fines on a street can change the washoff char-
acteristics of a street, because rain can be more effective
at removing smaller particles from a street than street
sweeping. If the amount of solids washed off the street
is increased by the action of the street sweepers, the
reduction in basin street dirt yield could be a function
of both the street sweepers’ pickup efficiency and the
increased effect of rainfall. Street sweeping as a storm-
water-quality-management tool appears to be limited by
the extreme variability in stormwater quality loads.
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Swales

Vegetated swales are shallow, vegetated channels which
treat and convey stormwater runoff. Unlike typical
stormwater conveyance structures, such as pipes, con-
crete channels or drainage channels, vegetated swales
slow runoff velocity, filter out stormwater pollutants,
reduce runoff temperatures and, under certain condi-
tions, infiltrate runoff into the ground.

Benefits

Dry swales provide both quantity (volume) and qual-
ity control by facilitating stormwater infiltration. Wet
swales use residence time and natural growth to reduce
peak discharge and provide water quality treatment
before discharge to a downstream location. Wet swales
typically have water tolerant vegetation permanently
growing in the retained body of water. SLAMM model-
ing shows that using swales instead of curb and gutter
can reduce the annual runoff volume by 26 to 44% in a
typical development.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for open channels:

Pollutant % Removal Rate
Suspended Solids 87

Total Phosphorous 46

Total Nitrogen 76

Metals 77-179

Bacteria -25

It also notes that the range of pollutant removal perfor-
mance can be quite high. Conveyance channels that
do not employ specially designed soil mediums will not
remove pollutants as efficiently as vegetated swales and
are not appropriate for use in areas where phosphorus is
a pollutant of concern.

Photo: E. Cheryl Parkway - Fitchburg

Costs

Typical costs for swales are $700 per acre according to
the Stormwater Runoff Reduction Program Final Report
(MMSD, 2007).

Considerations

Vegetated swales require a dense vegetative cover to
reduce erosion. Swales can include a drainage layer and
underdrain, if necessary, to temporarily store and convey
runoff to a stormwater pipe or additional stormwater

facility.

The WDNR Technical Standard Number 1005, and the
Dane County Erosion Control and Stormwater Manage-
ment Manual provide useful guidelines and additional
references for planning, designing, constructing, and
maintaining this type of stormwater management
practice.

Examples

The stormwater management section of the CAPRC
web site contains a map with locations and photos of
good examples of BMPs in our region.
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Trees

Tree planting improves water quality and watershed
health primarily by decreasing the quantity of storm wa-
ter runoff and pollutant loads that reach surface waters.

Benefits

Trees reduce storm water runoff through rainfall inter-
ception by the tree canopy, by releasing water into the
atmosphere through evapotranspiration, and by promot-
ing infiltration of water through the soil and storage of
water in the soil and forest litter.

The presence of trees helps to slow down or attenuate
storm water runoff, which promotes infiltration of water
through the soil. In addition, tree roots and organic
matter from leaf litter create soil conditions that increase
the capacity to infiltrate rainfall, which further reduces
the volume of water that runs off the land surface. Tree
roots increase infiltration by creating interconnected
pathways in the soil called macropores.

Leaf litter and other organic matter produced by trees
also work to reduce the amount of runoff by holding
water and promoting infiltration rather than allowing
rainfall to run off the surface as overland flow

Costs

Costs vary with the type and size of the tree, but the
general range is $20 to $100 each, not including
planting.

Considerations

The ability of a tree to intercept rainfall is influenced

by its branching structure, canopy density, leaf texture,
and bark texture. Choose trees suitable for the soil type,
amount and intensity of sunlight and space require-
ments. Urban Watershed Forestry Manual (Center for
Watershed Protection 2005) provides useful guidelines
and additional references for this type of stormwater
management practice.

Photo: WDNR Service Center — Fitchburg

Rainfall interception for individual trees ranges from
10% to 68% of a rainfall event and is dependent on the
tree species and rainfall characteristics. Rainfall inter-
ception is higher for evergreens because they have the
ability to intercept rainfall all year round. Intercepted
rainwater is either evaporated directly into the atmo-
sphere, absorbed by the canopy surfaces or transmit-
ted to the ground via stems, branches, and other tree
surfaces.

The uptake of soil water by tree roots increases soil water
storage potential, effectively lengthening the amount of
time before rainfall becomes runoff. In general, a ma-
ture tree can transpire 100 gallons per day. Many factors
influence transpiration rates, including leaf shape, size,
number of pores (stomata), and waxiness of the leaf
surface (Center for Watershed Protection 2005),. Gen-
erally, evergreens have lower transpiration rates because
they are more efficient than deciduous trees at retaining
moisture, due to the structure of their leaves.
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Underground Infiltration Galleries

Underground Infiltration Galleries are pre-manufactured
treatment trains that typically consist of a water quality
unit that provides pretreatment through the process of
sedimentation, and an infiltration unit that performs
like a leach field. They are typically constructed from
concrete or high-density polyethylene (HDPE) modules.

Benefits

In general, they are best suited to locations where space
is at a premium, and are often used in urban areas,
where they generally are located beneath parking lots
and other transportation infrastructure.

These systems have demonstrated excellent water qual-
ity treatment performance and a significant capacity to
reduce peak flows during testing at the University of
New Hampshire Stormwater Center.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for infiltration practices:

Pollutant % Removal Rate
Suspended Solids 96
Total Phosphorous 96
Total Nitrogen 65
Metals 83 -89

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Photo Credit: Advanced Drainage Systems, Inc.

Costs

The typical cost to install an underground infiltration
gallery system large enough to treat runoff from one acre
of impervious surface is about $50,000. While these
systems tend to be more expensive than conventional
stormwater treatments, the cost is ameliorated by the
increase in available space for development.

Considerations

As with any infiltration system, care must be taken when
locating these systems near pollution hotspots, or where
seasonal high groundwater levels may lead to ground-
water contamination. In such cases, the systems should
be lined to prevent infiltration into groundwater, and
outfitted with subdrains that discharge to the surface.

Examples

There are no known examples of underground infiltra-
tion galleries for stormwater management in our region.
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Wet Detention Basin

Detention basins are excavated areas designed to impede
flow by storing runoff and releasing the stored volume at
a reduced rate. A wet detention basin has a permanent
pool of water and storage capacity above the pool’s sur-
face to provide temporary storage for peak runoff reduc-
tion. Water quality treatment is accomplished through
physical and biological processes in the permanent pool.

Benefits

They are used to reduce peak flow rates and provide
protection to areas that are susceptible to flooding.

The National Pollutant Removal Performance Database
(CWP, 2007) reports the following third quartile pollut-

ant removal percentages for wet ponds:

Pollutant % Removal Rate
Suspended Solids 88
Total Phosphorous 76
Total Nitrogen 41
Metals 72-174
Bacteria 94

It also notes that the range of pollutant removal perfor-
mance can be quite high.

Costs

Typical costs for wet detention basins are about $4 per
square foot according to the University of New Hamp-
shire Stormwater Center.

Photo: Longford Terrace - Fitchburg

Considerations
The WDNR Technical Standard Number 1001, the Wis-

consin Stormwater Manual and the Dane County Erosion
Control and Stormwater Management Manual provide
useful guidelines and additional references for planning,
designing, constructing, and maintaining this type of
stormwater management practice

Examples

Wet detention basins are very common in our region.
There are many local examples. The stormwater man-
agement section of the CAPRC web site contains a map
with locations and photos of good examples of BMPs in
our region.
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