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1.0 PURPOSE AND BACKGROUND

Hopedale Pond Green Infrastrucuture Design (Site C1)
April 2016

The purpose of the study described in this report is to continue development of the management strategy
and begin the process of reopening Hopedale Pond to direct-contact recreation. Specifically, this study
focuses on advancing best management practice (BMP) designs from conceptual level' to budget level
(i.e., approximately 50% completion)® for the BMP proposed in Hopedale Park near the intersection of
Freedom Street and Dutcher Street. Conceptual designs proposed a subsurface infiltration system;
however, infiltration was determined to be infeasible due to high groundwater found during the soil
evaluation of the site. Grassed bioretention with a liner is proposed in place of subsurface infiltration.
Bioretention will provide excellent pollution treatment capacity, but will not infiltrate water. This project is
being completed through a Southern New England Program grant provided by the Narragansett Bay
Estuary Program and the New England Interstate Water Pollution Control Commission.

Hopedale Beach has been out of active use for several years and does not currently support swimming due
high levels of pathogens. The primary source of bacteria to Hopedale Pond was identified as part of the
Diagnostic and Feasibility Study for Hopedale Pond (ESS, 2009) as the Dutcher Street Outfall, which was
found to contribute up to 200,000 cfu/100 ml and phosphorus in the range of 0.2 — 0.3 mg/L, in part from
wet weather. These levels of pollutants were confirmed in a 2014 sampling study. The Dutcher Street Outfall
is the largest outfall to Hopedale Pond and drains approximately 95 acres of developed land.

The Town of Hopedale (Town) Parks Commission is spearheading an effort to improve water quality and
reestablish direct-contact recreation (e.g., swimming) using green infrastructure retrofits, pet waste
management, and waterfowl management. Town’s project strategy in this study is to conceptually design
work and install stormwater infiltration in Hopedale Town Park, bioretention in the Town-owned area across
from the park on the other side of Dutcher Street, and replant vegetation on the Town Beach for the purpose
of waterfowl deterrence. The Town is also pursuing water quality management actions. Follow-on steps
may include completion and implementation of stormwater design work at three or more locations,
implementation waterfowl management, illicit discharge identification and elimination, public education and
outreach, and coordination with the Town of Milford, which is partially within the Dutcher Street Outfall
catchment area.

2.0 DESCRIPTION OF HOPEDALE POND AND CURRENT CONDITIONS

Hopedale Pond (MA51065) in Hopedale, Massachusetts is a warm-water impounded area of the Mill River.
The Mill River is a tributary to the Blackstone River. The Hopedale Pond and the Mill River originally
provided power to the former Draper Corporation at Draper Mill. South of the Hopedale Pond, Mill River
flows under the old Draper Mill building and then down to Route 16 in Hopedale.

Hopedale Pond is a priority habitat for the Nature Heritage and Endangered Species Program. Fish
populations reportedly include yellow perch, bluegills, pumpkinseeds, golden shiners, chain pickerel, yellow
bullheads, largemouth bass, black crappie, brown bullheads and American eel. White catfish are also
known to be present.” The American Brook Lamprey, which is a threatened species in Massachusetts,
inhabits the Mill River including Hopedale Pond. Mitigation of stormwater discharged to Hopedale Pond is
noted as important to sustain the lamprey and other fish populations in the pond (Town of Hopedale, 2004).

! Conceptual designs for several locations near Hopedale Park were previously completed and provided in the report entitled,
Hopedale Pond Storm Drain Mapping, Conceptual Stormwater Designs and Sampling (ESS 2015).

2 Design work for this study was conducted using LIDAR data and relative elevation data collected during drainage system mapping.

In some cases elevation data was interpolated based on indirect field observations of proximal structures. Elevation data will need to
be confirmed by land survey in a subsequent phase of design.

? http://lwww.mafishfinder.com/hopedale-pond-25007-location.html

© 2016 ESS Group,
Inc.
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Hopedale Pond is a feature of the Parklands. The : T
Parklands is an approximately 273-acre park in the
northwest area Hopedale. It stretches from the corner of
Dutcher and Freedom Streets north of the Draper plant,
encompasses the area around Hopedale Pond. The
Parklands include a bathing beach, bathhouse, picnic
tables, and a boat ramp. The Parklands was designed by
landscape architect Warren Henry Manning and built
between 1899 and 1914 (Massachusetts Heritage
Landscape Inventory Program, 2007). As noted in the
Town’s Plan of Conservation and Development, “the
Parklands and Hopedale Pond are key resources that
provide opportunities for hiking, fishing, swimming,
boating, nature study, and passive recreational activities”
(Town of Hopedale, 2004, p.64).

Hopedale Pond Green Infrastrucuture Design (Site C1)
April 2016

There is extensive weed growth in the pond. Hopedale
Pond is on the Integrated List of Waters in Category 4c -
Impairment Not Caused by a Pollutant, which is the result
of infestation by a nonnative aquatic macrophyte, primarily
variable-leaf milfoil. In 2001, Massachusetts Department
of Environmental Protection Water Quality Assessment
Report assessed the pond as eutrophic.

Figure 1—Dutcher Street Outfall at
Hopedale Pond

The Hopedale Pond has been the subject of a number of
studies in recent years. This section of our report focuses
on the diagnostic and feasibility study that ESS conducted in 2009. This study reviewed both dry-weather
and wet-weather sources. In general the study found the most significant wet- and dry-weather contributions
of E. coli, nitrogen, and phosphorus at Site 4, which is the Dutcher Street Outfall. The table below represents
mean and peak levels for E. coli at Site 4.

Table 2.1
Peak and Mean Concentrations of E. Coli at the
Dutcher Street Outfall during Dry and Wet Weather

Parameter Dry-Weather Wet-Weather
Mean Peak Mean Peak
E. coli 429 cfu/100mL2 >20,000 cfu/100mL 379 cfu/100mL 3,000 cfu/100mL
Notes:

a. “cfu” means colony forming units.

E. coli was found at over 20,000 colonies per 100mL during dry weather and over 3,000 colonies per 100mL
during wet weather. As a result, the Town is currently pursuing both dry- and wet-weather mitigation
programs.

© 2016 ESS Group,
Inc.
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Figure 2—Drainage Catchment for Site C1 in the Hopedale Pond Watershed. The C1

drainage catchment (shaded in red) is on the southeast side of the Dutcher Street Outfall
drainage area.

© 2016 ESS Group,
Inc.
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3.0 CURRENT WATERSHED CONDITIONS AND EXISTING STORMWATER INFRASTRUCTURE

Section 3.0 provides a discussion of watershed data including land use, cultural resources and habitat
and soils. This section also discusses stormwater infrastructure data that is available from the Town. The
purpose of this discussion is to provide information to support the conceptual design of structural BMPs.

3.1 Land Use

Land-use data was obtained from MassGIS. The information is derived from 2005 orthophotographs and
covers the entire state at increments ranging from 0.25 to 1 acre. As shown in Table 3.1 below, residential
areas make up over 75% of the total watershed area of interest, followed by undeveloped/rural areas which
account for just under 20% and a small amount of commercial properties contributing around 4%. For
modeling purposes the land use classifications have been grouped from the original designations in the
2005 land use data into slightly broader categories used for the runoff and pollution generation calculations.
The land use data was broken down by individual subbasin to refine the model and resulting pollutant loads
for specific areas, as seen in Tables 3.1 and 3.2.

Table 3.1
Land Use Breakdown in the Hopedale
Watershed Area of Interest
(Entire Subject Area — 94.6 acres)

e . Percentage of
Land Use Classification Watershed by Area
Commercial 4.1%
Residential 77.7%
Undeveloped/Rural 18.2%
Total 100.0%
Table 3.2

Land Use Breakdown in Basin C1 (7.3 acres) of
The Hopedale Watershed Area of Interest

Land Use Classification Wa:::::::alf: c;\frea
Commercial 0.1%
Residential 51.1%

Undeveloped/Rural 48.8%
Total 100.0%

© 2016 ESS Group,
Inc.
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Figure 3—Land Use in the Dutcher Street Subject Outfall Watershed to Hopedale Pond.

© 2016 ESS Group,
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3.2 Habitat and Cultural Resources

Hopedale Pond Green Infrastrucuture Design (Site C1)
April 2016

To determine the existence of cultural resources within the watershed the following sources were consulted:

e The National Register of Historic Places database.
e Massachusetts Historic Commission Inventory (MACRIS database).

3.3 Sails
3.3.1 MassGIS Data

To make an initial determination of soil types within the watershed area, a SSURGO-certified data layer
published by MassGIS originally from the U.S. Department of Agriculture, Natural Resources Conservation
Service (NRCS), was consulted. Hydrologic soil groups of A and B type soil are considered to be supportive
of infiltration systems at the conceptual design level. The following table breaks down the distribution of
hydrologic soil types.

Table 3.3
Hydrologic Soil Groups in the Hopedale Section of the
Hopedale Pond Watershed

Hydrologic Percentage General Distribution in Watershed
Group
A 4.2% Located close to pond near outfall location
B 20.4% Park and strip of residential land running NW to SE through basin
C 75.4% Majority of the Northern portion of the watershed
D NA None found in subject watershed

According to NRCS data, the main soil types found within the watershed of interest are the Paxton-Urban
Land Complex (71.5%), the Chatfield-Hollis-Rock Outcrop Complex (16.0%), Udorthents smoothed (4.3%),
and the Hinckley-Urban Land Complex (4.2%). Hydrologic Soils Groups (HSG) A and B are ideal
candidates for infiltration BMP practices, which are especially effective at pollutant removal. Although only
24.6% of the subject watershed contains HSG A and B soils, the proximity of those soils to the outfall and
to publicly owned parcels enables the consideration of infiltration BMPs. Table 3.3 above describes the
general soil types and Figure 5 shows their distribution within the watershed.

© 2016 ESS Group,
Inc.
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Figure 5—Hydrologic Soils Types
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3.3.2 Field Investigation of Soils

Figure 6—Location of the soil test pit (approximately to the left of the
backhoe).

\ - i
Figure 7—Excavation of the soil test pit.

© 2016 ESS Group,
Inc.
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To confirm the NRCS soils data in accordance with MassDEP stormwater design standards, ESS
staff conducted a field evaluation using a soil test pit. The soil test pit evaluation was conducted on
the morning of Tuesday, November 17, 2015. Based on NRCS soil mapping, soils within the park,
including the soil test pit location and the proposed subsurface infiltration BMP location, are smoothed
Udorthents. Smoothed Udorthents are typically very deep soils that are characterized by human
disturbance — specifically excavation and filling, which can range from 2 to 20 feet below the ground
surface. However, due to the large amount of variability within this group, field surveys are needed to
adequately classify the soils (NRCS 1998).

ESS performed one soil test pit located in the
southeastern potion of the park in an open grassy
area to the east of the tennis courts and to the
south of the baseball field and basketball court
(see Figure 6, above). The soil test pit was located
approximately 280 feet northeast of the park
entrance at the corner of Dutcher Street and
Freedom Street. The solil test pit was excavated to
the required depth of 9 feet below ground surface.
The depth of the soil test pit was confirmed using
a measuring tape.

ESS characterized the soil with regard to texture,
color, presence and extent of redoximorphic
features, depth of saturation, and depth to free
water. The characterization was conducted from
within the soil test pit using a ladder. Soil texture
was characterized using the standard soil texture
triangle. Soil color was determined using the
Munsell Soil Color Chart, 1994 revised edition.

Soils within the excavated soil test pit were
primarily dark brown and grayish brown silty loam
within 16 inches of the surface, and were light
gray fine sandy silty loams and clayey silty loams
from 24 inches (2 feet) feet to 108 inches (9 feet)
below the surface. Redoximorphic features began
at 16 inches below the surface and continued to the bottom of the soil test pit. Soil saturation was
noted at 66 inches (5.5 feet) below the surface, and free water was present at 108 inches (9 feet). A
test pit boring log with details regarding the characteristics of the soil profile is provided in Appendix
A.

Figure 8—Characterization of the soil
test pit.

3.4 Field Investigation of Wetlands

Initial investigation of wetlands using MassGIS found no wetland resources within the proposed site
watershed boundary. This was confirmed by an ESS wetland scientist on a site walk on Tuesday, November
17, 2015. No proposed project conveyances are anticipated to adversely affect wetlands or receiving waters
of the Commonwealth.

4.0 ANALYSIS OF HYDROLOGY AND HYDRAULICS

We conducted a hydrologic assessment of the drainage area to point of analysis C1 (see Figure 2, above),
where a BMP is proposed to be sited. We used TR-55 graphical method and analyzed the water quality
event, Type lll 24-hour 2-year, 10-year, and 100-year storms. Rainfall data was collected from the most
recent NOAA Atlas 14 Point Precipitation Frequency Estimates. The proposed BMP is sized to capture the

© 2016 ESS Group,
Inc.
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required water quality volume, which per Massachusetts Stormwater Handbook, is equal to 1 inch of runoff
over the impervious surface. A summary of peak discharge volumes is shown in the table below.

Table 4.1
Hydrologic Analysis of Basin C1

Peak Discharge Volumes (cfs)
Drainage | Impervious | WQV? Water
Area(ac) | Area(ac) (cf) Quiality 2-year 10-year 100-year
Event?
7.3 1.78 6461 1.18 1.48 1.59 1.72
Notes:

a.  “WQV” means water quality volume.
b.  The water quality event is the 24-hour wet-weather that is anticipated to generate the water quality volume from an
impervious surface. Based on TR-55 the water quality event is equal to 1.2 inches of rain.

5.0 PROPOSED RETROFITS

This section discusses proposed drainage system retrofits to the Freedom Street drainage system as well
as installation of a bioretention system in Hopedale Town Park. A detailed cross section and plan view of
the proposed system and bioretention field is provided in Appendix B.

Calculations for the bioretention pretreatment field and pipes sizing are provided in Appendix C.

5.1 Drainage Routing

Conceptual design work conducted as part of Hopedale Pond Storm Drain Mapping, Conceptual
Stormwater Designs and Sampling (ESS 2015) determined that flow from the pipe network on Freedom
Street could probably be rerouted to discharge to a proposed BMP at point of analysis C1. Drainage
rerouting design has been advanced as part of our budget-level design and is in this section.

A proposed manhole will be installed to the east of existing catch basin FR3.The proposed manhole is
expected to have a rim elevation of approximately 305.0 feet.* An existing 24-inch, which drains Freedom
Street to Dutcher Street, will be used to pass flows greater than the peak of the water quality event. An 8-
inch reinforced concrete pipe is proposed for installation with its invert at elevation 300.0 and its top just
below the invert of the existing 24-inch pipe. The 8-inch pipe has been sized to pass the peak flow of the
water quality event (i.e., 1.18 cfs) to the bioretention system. This rerouting is intended to allow the
bioretention system to function as an offine BMP. The proposed 8-inch pipe from Freedom Street will
outlet at the end of an existing retaining wall between the north side of Freedom Street and the adjacent
boundary of Hopedale Park. The proposed pipe will outlet to the bioretention energy dissipation and
pretreatment system at an approximate elevation of 299.6. (See Section 5.0 for discussion of the
pretreatment and bioretention system.)

An existing yard drain (i.e., catch basin), PAR2, which is at the southeast entrance to the park, will collect
flow discharged from the bioretention system. Normal flows from the bioretention system will discharge to
PAR2 through an 8-inch subdrain. The bioretention system design also includes an emergency overflow
spillway, which will be armored with a geogrid to allow for grassed cover while preventing overflow scour.

5.2 Pretreatment and Bioretention Features

A grassed filter strip will be used to pretreat flow from the level spreader before entering the bioretention
basin. The filter strip will be 25 feet in length and built at a 2 percent slope. Riprap, acting as an energy

* Elevation data was interpolated based on indirect field observations of proximal structures. Elevation data will need to be confirmed
by land survey in a subsequent phase of design.

© 2016 ESS Group,
Inc.
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dissipator followed by a stone diaphragm level spreader, will distribute runoff from Freedom Street as sheet
flow to the grassed filter strip.

Hopedale Pond Green Infrastrucuture Design (Site C1)
April 2016

Bioretention areas provide water quality treatment through filtration, microbe activity, and nutrient uptake
by plants. The bioretention system has been sized to treat a water quality volume (i.e., the first 1-inch of
runoff) and designed to drain within 48 hours. Overall, the proposed bioretention basin will have a footprint
of approximately 4 percent of the contributing drainage area.

The bioretention basin will provide a ponding depth of 6 inches. To allow continued use of the BMP area
as an athletic field, the bioretention basin will be grassed with a native New England seed mix and will be
bordered with 5:1 side slopes. The bioretention subgrade will include 30 inches of planting soil. Soil media
to a depth of 30 inches provides nitrogen removal. A geomembrane liner will be placed at the bottom of the
subgrade under the entire bioretention basin. Designs include an underdrain system with underdrain pipes
spaced at 10 feet on center. Eleven parallel (6-inch diameter PVC) perforated underdrains will be installed
at the bottom of the bioretention basin. The bioretention underdrain system is designed to meet the flow-
through capacity of the filter media, assuming 50 percent of the perforations is lost due to clogging over
time. The underdrain system is sized to ensure the runoff within the bioretention system drains within 48
hours. Treated water will discharge through a 12-inch diameter pipe to existing catch basin PAR2. An
emergency spillway will be installed at the bioretention basin outlet to pass flows in the event of an overflow
of the basin.

5.3 Landscaping

Developing an effective landscaping plan is essential to the success of the stormwater management
system. The proposed seed mix for the bioretention basin, grassed filter strip, and emergency outlet are
presented in Table 5.1 and were selected based on a specified zone of hydric tolerance and capabilities of
surviving both wet and dry conditions. The seed mix can be applied by hydro-seeding, by mechanical
seeding, or by hand on clean weed-free bare soil bed. Generally, this mix is slow to germinate during the
first year of planting and will establish good cover by the second growing season. Additionally, Creeping
Red Fescue and Virginia Wild Rye offer sediment control. This seed mix is intended to provide pollutant
uptake with minimal need for fertilization and maintenance. It will accommodate heavy foot traffic and
general athletic use of Hopedale Park.

Table 5.1
New England Native Custom Cold Season Grass Mix
Scientific Name Common Name Indicator
Schizachyrium scoparium Little Bluestem FACU
Elymus virginicus Virginia Wild Rye FACW-
Andropogon gerardii Big Bluestem FAC
Sorghastrum nutans Indian Grass UPL
Festuca rubra Creeping Red Fescue FACU
Panicum virgatum Switch Grass FAC

Hopedale recognizes that bioretention typically relies on deeper-rooted vegetation (i.e., as opposed to
grass). Vegetation with deeper root systems generally provides more effective nutrient uptake; however, a
mix of grass was chosen to accommodate existing athletic uses of the BMP site.

5.4 Operation and Maintenance

The Operations and Maintenance (O&M) Plan for the Hopedale Green Infrastructure Design has been
prepared in compliance with Standard 9 of the Massachusetts Stormwater Handbook dated February 2008.

© 2016 ESS Group,
Inc.
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Bioretention areas require routine maintenance to maximize water quality treatment and effective
stormwater management. Proper maintenance of the BMP will help maintain an aesthetic quality compatible
with surrounding land uses.

Hopedale Pond Green Infrastrucuture Design (Site C1)
April 2016

Upon installation, the basin should be inspected as necessary for sediment backup, eroded areas, standing
water and removal of trash and dead vegetation. Soil must be covered with 2 inches of fine-shredded
hardwood mulch. Snow maintenance on site is limited to plowing along access paths. The owner shall be
responsible for routine maintenance and accurate records of all inspections as described in the provided
schedule in Table 5.2.

Table 5.2
Operations and Maintenance Schedule

Activity Inspection Frequency
Mulch Annually
Fertilize Annually
Prune Annually

Remove dead
vegetation and
replace media

As necessary

Mow Two to twelve times per year

Inspect and remove

trash Monthly

5.5 Opinion of Cost

The anticipated cost was tabulated from the 2014-2015 “Weighted Bid Prices” module in the Construction
Project Estimator developed by Massachusetts Department of Transportation — Highway Division. The
preliminary estimate of quantities for the elements in the BMP design, including a 25 percent contingency,
is shown in Appendix C. Unit costs for preferred BMPs in dollars per cubic foot (cu ft) area listed in Table
5.3 below. This table also shows percent pathogens reduction considering unit costs in conjunction with
pollutant removal rate.

Table 5.3
Opinions of Cost

Percent Total Anticipated Cost of BMPs
. Treatment Reduction .
Point of Site for BMP Reduction
Analysis | oot | o) Drainage (trillion Low Cost High Cost
colonies/year)
Area
C1 8-29-0 90.3% 8 $165,000 $207,000

The design of grassed bioretention with a liner in place of subsurface infiltration will slightly increase the
cost of the project. Additionally, MassDEP requires soil media at a depth of 30 inches to achieve
adequate pollutant removal, specifically nitrogen. Typically, the depth of soil media in bioretention design
is between one to two feet. Excavation greater than two feet becomes more expensive.

© 2016 ESS Group,
Inc.
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5.6 Anticipated Water Quality Benefits and Cost-Benefit Analysis

Hopedale Pond Green Infrastrucuture Design (Site C1)
April 2016

Based on desktop analysis, three key discharge points have been identified in the area of interest in the
Hopedale watershed. A pollutant loading analysis using the Simple Method from the Rhode Island
Stormwater Design and Installation Standards Manual (December 2015) (RISDISM) was completed for
each of the three points of analysis.

The tables below summarize the estimated annual Nitrogen loads of the bioretention system proposed for
Point of Analysis C1. The Excel spreadsheet used to calculate pollutant loads can be found in Appendix A.

Table 5.4
Percent Pathogen Reduction in Stormwater Drainage Areas

Percent Pathogen Reduction in BEreE
Point of Treg’:trgent Area Draining to Treatment Site Reduction
Analysis Plat L for BMP
( at— Ot) Bioretention WVTS Sand F||ter Drainage Area
C1 8-29-0 90.3% 90.3%

6.0 NEXT STEPS

The Town has previously conducted optical brightener investigations of the storm drain in order to identify
potential illicit discharges. No illicit discharges have been identified; however likely mammalian sources of
pathogens (bats and dogs) were identified. The Town also found elevated concentrations of pathogens
from a connection apparently originating from north of the Hopedale-Milford boundary. Hopedale plans to
address this with Milford officials and request their participation in the Hopedale Pond stormwater
abatement initiative.

Hopedale has contacted Milford and informally discussed partnering on the project. Hopedale submitted a
letter of interest (LOI) to the Environmental Protection Agency Region 1 (EPA-R1) for a grant that would
involve partnership with Milford on stormwater improvements. Unfortunately, the LOI was not selected for
the full application process. Nevertheless, the Town anticipates continuing to pursue funding opportunities
as they arise. For example, Hopedale submitted a grant application to the Massachusetts Department of
Environmental Protection Nonpoint Source Management Program on June 2, 2015, but did not receive
funding. Hopedale is in the process of planning a request for bond funds through a local warrant.

We recommend the following next steps and schedule for implementation of bioretention at point of analysis
C1. Implementation of BMPs throughout the Dutcher Street Outfall Catchment is described in Hopedale
Pond Storm Drain Mapping, Conceptual Stormwater Designs and Sampling (ESS 2015).
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Table 6.1
Schedule of BMP Implementation with
Measures of Success and Probable Costs

Program : Probable Cost Range
Year Structural BMPs Evaluation Measure (total, rounded to 1,000s)
i i e BMP designed
Year 1 * Design and Permit BMPs $20,000 — $30,000
for points C1 e BMP permitted
Year 2 * Implement BMPs for Point e Number of BMPs installed
C1 $165,000 — $207,000
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