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M E M O R A N D U M

TO: Kendall Barbery, Save the Sound

FROM: Erik Mas, P.E.

DATE: June 4, 2015

RE: Technical Memorandum #2
Green Infrastructure Assessment
West River Watershed Management Plan

1. Introduction

Urban stormwater runoff is a significant source of pollutants and a leading cause of water quality
impairments in the West River. Stormwater runoff from developed areas and other nonpoint sources of
pollution in the watershed are major contributors of bacteria, sediment, and nutrients. Stormwater
runoff collected by the combined sanitary and storm sewer system in the City of New Haven also
contributes to Combined Sewer Overflow (CSO) discharges to the West River during periods of heavy
rainfall, when the combined sewer system becomes overwhelmed. CSO discharges therefore contribute
additional pollutant loads to the West River during wet weather.

Green infrastructure refers to systems and practices that reduce runoff through the use vegetation, soils,
and natural processes to manage water and create healthier urban and suburban environments (EPA,
2014). When applied to sites or neighborhoods, green infrastructure includes stormwater management
practices such as rain gardens, permeable pavement, green and blue roofs, green streets, infiltration
planters, trees and tree boxes, and rainwater harvesting. These practices capture, manage, and/or reuse
rainfall close to where it falls, thereby reducing stormwater runoff and keeping it out of receiving waters.

In addition to reducing polluted runoff and improving water quality, green infrastructure has been
shown to provide other social and economic benefits relative to reduced energy consumption, improved
air quality, carbon reduction and sequestration, improved property values, recreational opportunities,
overall economic vitality, and adaptation to climate change.  For these reasons, many communities are
exploring the use of and are adopting green infrastructure within their municipal infrastructure
programs.

As described in Technical Memorandum #1: State of the Watershed (Fuss & O’Neill, March 2015), green
infrastructure is being implemented by the City of New Haven, the Greater New Haven Water Pollution
Control Authority, private development, and other groups working in the West River watershed. An
important objective of the West River Watershed Management Plan is to reduce runoff volumes and
pollutant loads through the use of green infrastructure by building on the previous and ongoing green
infrastructure initiatives in the watershed and region.
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2. Assessment Approach

An assessment was performed to identify opportunities and develop concepts for site-specific green
infrastructure retrofits in the West River watershed.  The assessment consisted of three primary tasks:

1. Screening evaluation to quickly identify areas of the watershed with the greatest feasibility for
and potential benefits from green infrastructure retrofits,

2. Field inventories of the most promising green infrastructure retrofit opportunities in the
watershed identified from the screening step,

3. Green infrastructure concept designs for selected retrofit sites.

The remainder of this technical memorandum documents the methods and findings of the green
infrastructure assessment.

3. Assessment Methods and Findings

Screening Evaluation
A GIS-based screening evaluation was conducted to quickly identify specific parcel-based locations
within the watershed where green infrastructure retrofits can be implemented that would provide water
quality (i.e., pollutant reduction) and quantity (i.e., runoff reduction) benefits in the watershed. The types
of green infrastructure retrofits with potential applicability in the West River watershed include:

· Permeable pavement
· Bioretention/bioswales
· Infiltration/filtration
· Green/blue roofs
· Tree planting
· Water harvesting/reuse

Target subwatersheds were initially identified as those subwatersheds with impaired water bodies since
green infrastructure retrofits in these areas would have the greatest water quality benefits. The following
subwatersheds were identified as target areas for further consideration:

· Lower West River
· Wintergreen Brook
· Beaver Brook
· Belden Brook
· Wilmot Brook

These subwatersheds also encompass those areas of the West River watershed with combined sewers,
thereby providing additional benefits related to CSO discharges by reducing the amount of runoff
entering the combined sewer system (Figure 1).
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The target subwatersheds were further screened to provide a list of sites potentially suitable for green
infrastructure implementation. While green infrastructure retrofit opportunities exist within street rights-
of-way, as evidenced by the ongoing “green streets” or “complete streets” retrofits by the City of New
Haven and the Greater New Haven Water Pollution Control Authority, the screening process for our
analysis focused on parcel-based green infrastructure opportunities on publicly-owned land and
privately-owned institutional properties.

The following screening criteria and data sources were used to initially identify the most feasible sites for
green infrastructure retrofits in the target subwatersheds:

· Land Ownership – Publicly-owned (e.g., municipal) parcels are most favorable because they
avoid the cost of land acquisition and provide direct control over green infrastructure
construction, maintenance, and monitoring by the municipality. Other publicly-owned parcels
such as schools, universities, state facilities, and federal facilities are also potential green
infrastructure candidates. Certain types of private parcels (e.g., private universities, churches)

Figure 1. Target subwatersheds for green infrastructure retrofits. The map on the left shows impervious cover and water quality impairments.
The map on the right shows sewer service areas and Combined Sewer Overflow discharge locations.
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may be suitable and were also included in the analysis. Approximately 358 such public and
private parcels were identified within the West River watershed.

· Subsurface Conditions – Subsurface conditions are key considerations for green infrastructure
retrofits that rely on infiltration of stormwater runoff and where runoff reduction is desired. Soil
infiltration capacity, depth to groundwater, depth to restrictive layers (bedrock, dense till), soil
bulk density, and inundation of soils due to flooding are important soil-based characteristics that
can affect the feasibility of infiltration-based green infrastructure retrofits.1 For the purposes of
this desktop screening evaluation, the following factors related to subsurface conditions were
used to identify candidate sites for green infrastructure retrofits. These factors were selected
based on their importance to infiltration capacity and related subsurface characteristics. In
addition, the data are widely available in GIS format, including the entire West River watershed.

o Hydrologic Soil Group – Hydrologic soil groups (HSGs) mapped by the Natural
Resources Conservation Services (NRCS) provide an initial estimate of infiltration rate
and storage capacity of soils on a site. Sites where mapped HSGs have high infiltration
rates (A and B soils) are most suitable for infiltration stormwater practices. Soil maps
are initial estimates of infiltration potential; field investigations are necessary to verify
soil conditions for final feasibility determinations and design purposes.

o NRCS Soil Based Stormwater Suitability Ratings – The NRCS developed state-wide
soil-based suitability ratings in 2005 for several types of stormwater management
practices including infiltration systems and retention/detention systems (i.e., rain
gardens or bioretention basins that do not rely on infiltration). The suitability ratings are
based on state soil survey data, integrate a variety of soil survey characteristics (HSG,
depth to groundwater and restrictive layers, bulk density, permeability, flooding, etc.),
and are intended for planning purposes, such as this screening evaluation.

Screening Results
Considering the above screening criteria, the most feasible sites for green infrastructure retrofits in the
target subwatersheds were initially identified through GIS analysis of publicly-owned land and NRCS
soil units having desirable soil characteristics. Specifically, candidate sites for green infrastructure
retrofits were identified as publicly-owned land or higher-priority private institutional land (e.g., churches
and private schools) having soils that also meet the following criteria:

· HSG A or B soils, and
· High or moderate suitability for infiltration, retention, or detention stormwater BMPs based on

the NRCS soil-based recommendations for stormwater management practices.

Open space areas that are essentially wooded conservation land with no existing buildings, roads, or
parking areas (e.g., municipal open space near the intersection of Benham and Main Street in Hamden
and the West River open space area near Route 63 in New Haven), were excluded from the list.

1 Other site-specific factors such as land area, impervious area, drainage area, subsurface utilities, subsurface
contamination, and storm drainage system capacity are also important considerations for green infrastructure
retrofits.
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The sites were further prioritized into three categories – (1) higher priority given to municipally-owned
sites, (2) medium priority assigned to state and federal facilities, and (3) lower priority for privately-
owned institutional sites.

An initial list of potential green infrastructure retrofit sites was reviewed by the West River Watershed
Plan Steering Committee. The list was refined with input from the steering committee members based
on local knowledge of site-specific conditions and other factors. Several high-priority sites were added
(North End Field, Notre Dame High School, Quigley Field, Woodbridge Animal Shelter, and New
Haven Adult Education Center), while four sites were removed or given a lower priority (Amistad
Academy, Hallock Street Playground, Mitchell Branch Library/Beecher Park, and West Rock Nature
Center) based on the Steering Committee input. The final list included a total of 68 sites, with 39 high
and medium priority sites identified for subsequent field inventories.

The table in Attachment A lists the resulting potential retrofit sites, including some basic characteristics of
each site. The maps in Attachment B show the locations of the selected sites within the upper and lower
portions of the West River watershed.

Field Inventories
Site visits of the 39 high and medium priority sites were conducted by Fuss & O’Neill, accompanied by
Connecticut Fund for the Environment/Save the Sound (CFE/STS) staff and a member of the Steering
Committee, on April 6 and 8, 2015. The sites and adjacent street areas were walked and visually
inspected for potential green infrastructure retrofit opportunities (i.e., impervious surfaces connected to
the on-site drainage system, available green space to accommodate new green infrastructure practices,
existing drainage features that could be enhanced or improved) and physical site characteristics such as
site configuration, drainage patterns, current use, slope, landscaping, subsurface utilities, design
complexity, and maintenance access considerations. Notes were recorded and photographs taken at each
site.

Sites Selected for Concept Designs
Based on the findings of the field inventories, green infrastructure retrofit opportunities were identified
at the majority of the sites visited. The following 11 sites were selected for development of concept
designs, as these sites are believed to (1) have the greatest feasibility for green infrastructure retrofits, (2)
represent a cross-section of common retrofit types, and (3) are distributed geographically throughout the
targeted areas of the West River watershed (Figure 2):

1. New Haven Adult Education Center Site
2. Defender’s Park
3. Ann Street Playground
4. Monitor Square
5. Edgewood School
6. Notre Dame High School

7. Pine Rock Recreation Field
8. Quigley Field
9. Forest School
10. Laurel View Country Club
11. James Hillhouse School
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Figure 2. Sites selected for retrofit concept designs. The Fire Station and Troup School sites are included in the above figure
since retrofits are proposed at these sites, with funding being sought through the CTDEEP 319 Nonpoint Source Grant
Program.
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4. Site-Specific Project Concepts

The site-specific green infrastructure retrofit concepts presented in this section are intended to serve as
potential on-the-ground projects for future implementation. They also provide examples of the types of
projects that could be implemented at similar sites throughout the watershed. It is important to note that
the concepts presented in this section are examples of potential opportunities, yet do not reflect site-
specific project designs. Individual project proponents (e.g., municipalities, private property owners,
developers) are responsible for evaluating the ultimate feasibility of, as well as design and permitting for,
these and similar site-specific concepts.

Preliminary, planning-level costs were estimated for the site-specific concepts presented in this section.
These estimates are based upon unit costs derived from published sources, engineering experience, and
the proposed concept designs. Capital (construction, design, permitting, and contingency) and operation
and maintenance costs are included in the estimates, and total annualized costs are presented based on
the anticipated design life of each green infrastructure practice. A range of likely costs is presented for
each concept, reflecting the inherent uncertainty in these planning-level cost estimates. A more detailed
breakdown of estimated costs is included in Attachment C.

The table in Attachment D contains information on site characteristics and potential green infrastructure
opportunities for the other sites visited during the field inventories.

New Haven Adult Education Center Complex
This large commercial property is located between Ella T. Grasso Boulevard and the tidal portion of the
West River in New Haven. The site is owned by the City of New Haven. Several tenants occupy the
existing commercial buildings on the site, including the New Haven Adult Education Center, Domus
Academy, Helene Grant School, the Connecticut Works Career Center, and a few other small
businesses. The site is typical of the other large commercial and industrial properties on the east side of
the lower West River south of Route 1, with a large amount of impervious surfaces, older drainage
systems, discharge of stormwater directly to the West River, and limited or no vegetative buffer along
the river.

Runoff from the entirely impervious site discharges directly to the West River as overland flow and
through storm outfalls. The locations of the drainage outfalls could were not visible during the site visit.
There is limited vegetation along the shoreline of the river, consisting mainly of mowed grass and
invasive plant species such as Phragmites. Most of the buildings on the site have external downspouts
that discharge directly to the pavement adjacent to the building. A large portion of the parking lot
between the buildings that house Domus Academy and the Helene Grant School drains directly to the
West River as overland flow. Significant sediment accumulation from winter sanding was observed on
the pavement in this area. In general, the few catch basins at the complex were observed to be full of
sediment.

The site is located partially within the floodplain of the West River (FEMA mapped 100-year flood
zone) and is believed to consist of significant amounts of historical fill material, which may limit the use
of infiltration practices at the site. Despite these limitations, there are significant retrofit, restoration, and
redevelopment opportunities at this site. Proposed green infrastructure concepts for this site include the
construction of a sediment/bioretention basin and other small-scale surface green infrastructure features
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to manage runoff from portions of the parking lots, and restoration of the vegetative buffer along the
West River (Figures 4 and 5). The site is an ideal candidate for more comprehensive use of green
infrastructure techniques in the event of future redevelopment.

· Sediment/Bioretention Basin. The construction of a bioretention basin with a sediment
forebay is proposed within a portion of the paved area near the low point between Domus
Academy and Helene Grant School where surface runoff currently discharges directly to the
West River. The proposed basin would capture sediment and trash, remove other pollutants,
and could potentially infiltrate and reduce runoff. Estimated Cost: $30,000 to $65,000.

Figure 3. Existing conditions at the site of the New Haven Adult Education Center.
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Figure 4. Green infrastructure concepts for New Haven Adult Education Center site.

Figure 5. Proposed sediment/bioretention basin  retrofit.
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· Riparian Buffer Restoration. Restoration of a vegetated buffer along the West River behind
Domus Academy and Helene Grant School is proposed to filter runoff, stabilize the river banks,
and improve wildlife habitat. Restoration would include the removal of invasive species, and the
establishment of low-growing, native vegetation to stabilize the banks and filter runoff while
maintaining the river view. Changes to current mowing practices and maintenance of the buffer
area would also be required to maintain a healthy stand of dense vegetation. Bioswales could
also be incorporated into the perimeter landscaping and outer portion of the vegetated buffer to
further collect and manage runoff from the parking lot behind Domus Academy. Estimated Cost:
$7,000 to $15,000 (excluding bioswales).

· Redevelopment. The site is a good candidate for larger-scale green infrastructure
implementation as part of future site redevelopment. The site could be re-designed with more
green space and less impervious surface, including green parking lot design elements including
shade trees, bioretention parking islands, subsurface infiltrators, and permeable pavement,
depending on the feasibility of infiltration practices and subsurface conditions (i.e., groundwater
elevations, soils infiltration rate, contaminated soils, etc.). New or retrofitted buildings could
also incorporate green stormwater design elements such as green or blue roofs, stormwater
reuse, and disconnected downspouts directed to bioretention areas or perimeter bioswales.

Defender’s Park
Defender’s Park is a small, triangular-shaped municipal park located near the intersection of Columbus,
Congress, and Davenport Avenues in New Haven. The park itself has limited green infrastructure
retrofit potential due to the limited land area and many mature shade trees that surround the park.
However, the nearby plaza adjacent to Evergreen Cemetery and the green spaces along the streets in this
area present potential retrofit opportunities. The plaza area was created when the intersection of
Columbus, Congress, and Davenport Avenues was reconfigured by the City of New Haven. The plaza
consists of large concrete paving blocks and approximately 10 to 15 medium-sized shade trees planted
between several of the pavers (Figure 6). Numerous underground utilities associated with the former
intersection are located beneath the plaza.

The small public space between the plaza and Defender’s Park presents another opportunity for a green
infrastructure retrofit. The area is situated between Congress and Davenport Avenues, adjacent to
Centi’s Landscaping, and appears to be publicly owned. It consists of a small area of mowed lawn that
slopes to a yard drain at the western tip of the site (Figure 6).
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Figure 6. Paved plaza and public lawn area west of Defender’s Park.

Figure 7. Green infrastructure concepts for area near Defender’s Park.
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· Plaza Retrofits. Two types of green infrastructure retrofits were identified for the plaza area.
The first is the use of curbside bioswales within the grass strip between the sidewalk and street
along Davenport Avenue and Columbus Avenue (Figure 7). Bioswales are a type of linear
bioretention retrofit used alongside or within a public street, designed to collect and
infiltrate/treat runoff from the adjacent street. Bioswales consist of a stone storage layer, a soil
layer designed to filter runoff, plantings, and curb cuts to allow runoff to enter and exit the
system. Bioswales are sized to capture and treat/infiltrate the water quality volume (generally
defined as the first one-inch of runoff) from the contributing drainage area.

The City of New Haven is using a modified version of a bioswale design developed by New
York City, which has a 5-foot by 15-foot footprint. Figure 8 shows a City of New Haven
bioswale that was installed along Yale Avenue near the Edgewood School in the fall of 2015. A
concept for a potential curbside bioswale along Davenport Avenue, adjacent to the plaza, is
shown in Figure 9. Further opportunities exist to incorporate bioswales at other locations along
Davenport Avenue and Columbus Avenue. Estimated Cost: $55,000 to $117,000 (3 curbside
bioswales).

Figure 8. City of New Haven bioswale installed along Yale Avenue near the Edgewood School.
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The plaza area itself could also be retrofitted to decrease the amount of impervious surfaces.
Some of the concrete pavers could be removed and replaced with soil, vegetation, or additional
landscaping to reduce runoff generation and enhance the overall appearance of the public space.
The use of pervious joint concrete pavers, which allow runoff to infiltrate through the paver
joints, may be an appropriate option for portions of the plaza (Figure 10). Estimated Cost: $54,000
to $116,000 (tree planting and pervious pavers).

Figure 9. Bioswale concept along Davenport Avenue.

Figure 10. Schematic of typical pervious joint concrete pavers. Source: San Mateo County
Sustainable Green Streets and Parking Lots Design Guidebook (2009).
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· Public Green Space Retrofit. The lawn area and yard drain in the small public green space
between Congress Avenue and Davenport Avenue could be converted to a bioretention area to
collect and infiltrate runoff from the adjacent parking lot (Centi’s Landscaping) and the adjacent
streets. A bioretention basin could be constructed in the lawn area around the yard drain, with
the yard drain serving as an overflow for larger rain events (Figure 7). Estimated Cost: $10,000 to
$21,000.

Ann Street Playground
Ann Street Playground is a small, recently renovated playground in a residential neighborhood in New
Haven (Figure 11). The potential for green infrastructure retrofits at the playground is relatively low due
to the very limited space within the playground. A curbside bioswale could be constructed along Ann
Street, which has on-street parking opposite the playground. The bioswale would be located east of the
playground entrance gate between existing shade trees and approximately midway between two existing
catch basins (Figure 12). Estimated Cost: $18,000 to $39,000.

· Curbside Bioretention. A good opportunity exists for a curbside bioretention system in front
of the playground.

Monitor Square
Monitor Square is a small, triangular-shaped municipal park bounded by Chapel Street, Winthrop
Avenue, and Derby Street. The park is fenced and consists primarily of maintained lawn and a center
fountain, surrounded by sidewalks on all three sides (Figure 13). Trees have recently been planted around
and within the park. The existing grass strips between the sidewalks and adjacent streets vary in width
from 6 to 8 feet along Chapel Street and Winthrop Avenue to approximately 3 feet along Derby Street.
The site generally slopes from northeast to southwest.

Figure 11. Existing conditions at Ann Street Playground.
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· Curbside Bioswales. The existing grass strips surrounding the park and the surrounding
streets offer potential opportunities for curbside bioswales, which would capture and infiltrate
runoff from the adjacent roads and intersections. Figure 14 and Figure 15 show potential
bioswale locations along Chapel Street and Winthrop Avenue.  Further potential for curbside
bioswales exists in the grass strips along Winthrop Avenue, opposite the park along Winthrop

Figure 12. Bioswale concept for Ann Street Playground.

Figure 13. Existing conditions at Monitor Square.
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Avenue in front of the former Seventh Day Adventist Church, and in front of the apartment
building at the intersection of Derby Street and Winthrop Avenue. At the northeast corner of
the park, parking and traffic is restricted from a portion of Chapel Street by painted white
stripes. This area could be converted into a bioswale or larger bioretention area, capturing
runoff from the Chapel Street and Derby Avenue intersection and reducing impervious
surfaces. Estimated Cost: $91,000 to $195,000.

Figure 14. Bioswale concept for Monitor Square.

Figure 15. Bioswale concept for Monitor Square along Chapel Street.
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Edgewood School
Edgewood School, a K-8 magnet school in the New Haven Public School System, is located at the
intersection of Yale Avenue and Edgewood Avenue. Edgewood School has been actively involved in the
“Schoolyard Habitat Program,” which provides opportunities for students to use their schoolyard as a
living, outdoor classroom and to engage in meaningful conservation activities in their homes, at their
schools, and in the larger community. The school and the City of New Haven also partnered with
CFE/Save the Sound to construct a bioswale adjacent to the school along Yale Avenue.

The perimeter areas of the Edgewood School playground are susceptible to erosion given the lack of
vegetation and soil compaction resulting from heavy use by students. Areas of erosion are common
along much of the southern edge of the site near Edgewood Avenue (Figure 16). The larger playground
on the east side of the school consists primarily of asphalt pavement. Runoff from the playground is
collected by catch basins and storm drains at the edge of the playground, which then discharge to the
combined sewer system.

· Erosion Control Landscaping and Playground Redesign. The Edgewood School
playground presents opportunities for green infrastructure and related improvements to address
the ongoing erosion issues, reduce site imperviousness and runoff volume, improve the
appearance of the playground, and provide students with outdoor learning experiences. Figure
17 shows conceptual improvements for the Edgewood School playground. The asphalt
playground on the east side of the school could be redesigned to reduce the amount of asphalt
pavement through greater use of landscaping and/or permeable pavement. Bioswales or rain
gardens could be installed near the existing catch basins to capture and infiltrate runoff from the
playground. The areas of erosion around the perimeter of the site could be addressed by tilling
the soil, where possible, to a depth of 6 inches, adding 2 to 3 inches of topsoil, and planting
shade-tolerant vegetative ground cover, such as Pachysandra and Lily of the Valley. Lily of the
Valley is especially suited to thrive in poor soil conditions.  Shrub beds may also help to stabilize
the ground in sunny areas. Eroded slopes could be stabilized with a fast-growing grass seed mix
of annual Ryegrass and Perennial Ryegrass. Edgewood School has begun to implement some of
these recommendations as an initial step in addressing the current problems. Estimated Cost:
$40,000 to $87,000.

Figure 16. Existing conditions at Edgewood School.
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Notre Dame High School
Notre Dame High School is a private Catholic boys’ school located in West Haven on Ricardo Street,
near the University of New Haven. Its parking lot appears to be well-maintained. It contains several
vegetated parking islands, landscaped areas near the school building itself, and a grass strip along the
edge of the parking lot near Terrace Avenue. Many of these locations are graded toward the curb and
existing catch basins. Downspouts from the roof of the building are connected to storm drains.

Figure 17. Conceptual improvements for the Edgewood School playground.

Figure 18. Existing conditions at Notre Dame High School.
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· Bioretention Areas. The parking islands in the parking lots at Notre Dame High School are
good candidates for bioretention retrofits. Figure 19 is a schematic of a typical parking lot
bioretention system. The parking lot on the south side of the building provides several potential
areas for bioretention at its southeast and northeast corners, and near the parking island at the
north side of the parking lot which runs parallel to the school’s sidewalk. A bioretention area
could also be constructed near the Zegmont Street entrance to the school’s football field
parking lot. An infiltration trench could be constructed in the north parking lot, near the
southern edge of the school’s track (Figure 20).

· Downspout Disconnection. Downspouts from the roof are connected to the storm drainage
system. Disconnecting the downspouts and redirecting them to existing lawn areas or new rain
gardens would reduce the runoff to the drainage system and enhance infiltration. Rain gardens
could be installed in the existing lawn areas or grass strips near the building.

Estimated Cost: $107,000 to $228,000.

Figure 19. Bioretention schematic.
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Pine Rock Recreation Field
Pine Rock Recreation Field is located in Hamden along the east bank of Wilmot Brook. Softball and
baseball fields abut the stream. The fields are well-maintained, although the lawn is mowed to the edge
of the stream, leaving little natural vegetation along a large portion of the stream, which has contributed
to significant erosion of the stream banks along this reach of the river due to a lack of trees and other
dense vegetation to stabilize the bank. The stream bank opposite the park along Brook Street has steeper
slopes but more significant vegetation despite its relatively narrow width (Figure 21). A small gravel
parking lot is located south of the playing fields, separated from the field by a concrete and stone wall. A
portion of the gravel lot adjacent to the river was recently restored with grass and separated from the lot
by a wooden fence; however, the grass provides only limited benefit as a stream buffer. An abandoned
concrete foundation is situated near the stream’s edge between the two ball fields.

Figure 20. Green infrastructure retrofit concept for Notre Dame High School.
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· Stream Buffer Restoration. Pine Rock Recreation Field is a good candidate for restoration of
the eroded stream banks and enhancement of the stream buffer along Wilmot Brook. A 10- to
20-foot wide buffer could be created of dense indigenous vegetation to help stabilize the banks
and filter runoff (Figure 22). The difference in vegetation and vegetation height between the
buffer and the field may also have the added safety benefit of serving as a visual “warning track”
for ball players when they are approaching the river. The stone wall and concrete foundation
could be removed from the stream corridor to further restore this reach of the river. Trees
could be planted to improve and stabilize the buffer near the gravel parking lot. Estimated Cost:
$13,000 to $28,000.

Figure 21. Existing conditions at Pine Rock Recreation Field.

Figure 22. Stream buffer restoration concept for Pine Rock Recreation Field.
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Quigley Field
Quigley Field, also known as Quigley Stadium, is located on Front Avenue in West Haven. It hosts the
West Haven Twilight league, an amateur baseball league, whose season runs from May to July, and
Notre Dame High School’s athletic teams. The stadium’s parking lot is in need of repair, and contains
many areas of potholes and broken pavement, including around the lot’s only catch basin. There is no
curb or divider between the road and the lot, and the road is crowned such that road drainage flows into
the parking lot. The site has no defined entrance or exit, nor are there defined parking spaces in some
parts of the lot. Cars were observed double-parked perpendicular to and along Front Avenue. A second
aisle of double-parked cars was observed along the center line of the lot, and a single aisle of cars parked
along and perpendicular to the stadium’s edge (Figure 23).

· Quigley Field Parking Lot. Given the poor condition of the parking lot, green infrastructure
improvements should be considered as part of an overall re-design of the parking lot or when
the lot is re-paved in the future (Figure 24). Bioretention parking islands and curb cuts along
Front Avenue could separate the parking lot from Front Avenue, better define the site entrance
and exit, and capture runoff from Front Avenue. Bioretention areas could also be constructed
along the edge of the lot near the stadium if the parking lot is regraded. Diagonal parking stalls
(21-foot parking stalls with 16-foot aisles) could maintain parking area and traffic flow under the
proposed parking configuration, and allow bioretention areas within the parking islands. Porous

Figure 23. Existing conditions at Quigley Field.
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asphalt could also be considered for use in the parking stalls. Estimated Cost: $187,000 to
$401,000.

Forest School
Forest School on Burwell Road is a public elementary school in West Haven. Small parking areas are
located on the north, east, and south sides of the school. The southern parking lots are in need of
resurfacing. A drainage swale exists along the southern parking lot, which receives runoff from the lot
(Figure 25).  A portion of the entrance driveway is sloped toward the catch basins nearest the building,
but the parking spaces themselves drain to the swale. A small playground is located near the parking lot
at the southwest corner of the site. Rock outcrops are present at the southeast corner of the site, which
is an indication of shallow bedrock and possibly limited infiltration potential in some areas of the site.

· Bioretention and Infiltration Areas. Retrofit opportunities at this site include the use of
bioretention, infiltration, and bioswales adjacent to or along existing drainage infrastructure
(Figure 26). The existing drainage swale could be converted into a bioswale or water quality
through the addition of check dams and additional vegetation. Lawn areas near yard drains
could be converted into bioretention areas or small rain gardens, using the yard drains for
overflow during larger storms. The lawn area adjacent to the northern parking lot is a potential
location for an infiltration trench or bioswale to infiltrate runoff from the parking lot. Estimated
Cost: $203,000 to $305,000.

Figure 24. Green infrastructure redevelopment concept for Quigley Field parking lot.
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Figure 25. Existing conditions at Forest School.

Figure 26. Green infrastructure concept for Forest School.
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Laurel View Country Club
Laurel View Country Club in Hamden is a public golf course located near the headwaters of Wilmot
Brook. Green infrastructure opportunities are focused on the site’s two large parking lots, which
constitute the majority of the impervious area at the golf course. The larger of the two parking lots is
located to the north of the clubhouse. Drainage is divided, with the northwest corner of the lot draining
toward Laurel View Drive, and the majority of the lot draining via sheet flow down the steep paved
slope toward an access road. There are two catch basins that collect stormwater from the lot. The catch
basins discharge to a drainage ditch in a wooded area between the lot and the golf course. A smaller
parking lot is located to the west of the clubhouse. Many of the catch basins observed in the lots were
found to be clogged with leaves and debris. The entrance road to the country club, Laurel View Drive,
has numerous curb cuts that lead to stone leak-offs (Figure 27).

· Bioretention, Bioswales, and Gravel Wetland. Two large (15-foot by 60-foot) bioretention
areas could be constructed in the larger parking lot near the access road to capture runoff from
most of the lot (Figure 28). A larger stormwater management system could be constructed at the
bottom of the access road by converting the existing drainage ditch to a constructed gravel
wetland or similar practice. In the smaller parking lot, erosion near the eastern edge could be
repaired, and a water quality swale installed (Figure 29). Estimated Cost: $46,000 to $99,000.

Figure 27. Existing conditions at Laurel View Golf Course.
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Figure 28. Green infrastructure concept for Laurel View Country Club (large) parking lot.

Figure 29. Green infrastructure concept for Laurel View Country Club (small) parking lot.
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James Hillhouse High School
James Hillhouse High School is located along Crescent Street and Sherman Parkway in the Beaver
Ponds area of New Haven. It has a large, sprawling campus with many paved areas, including several
large parking lots near its athletic facilities. Runoff from the school either enters the combined sewer
system or discharges to Beaver Ponds or adjacent wetlands. The site reportedly has a high groundwater
table and was originally developed in or adjacent to wetland areas. Ample lawn areas exist on the school
grounds, including relatively wide grass strips between the sidewalks and adjacent streets (Figure 30).

· Green Roofs. Portions of the school’s tiered roof are potential candidates for installation of a
green roof (Figure 31). A green roof is a roof of a building that is partially or completely covered
with vegetation and a growing medium, planted over a waterproofing membrane (Figure 32).
Several modular designs exist for green roofs, consisting of removable trays containing a
growing medium and vegetation. Green roofs provide many benefits including runoff reduction,
moderation of the heat island effect, energy efficiency, improved air quality, and aesthetic
improvements. Green roofs are generally less cost-effective than other stormwater management
practices but provide a wider range of benefits. Green roof installations on a portion of a
building’s roof, which are visible from other parts of a building or accessible by the building
occupants, are generally most appropriate for schools and other large public buildings. Estimated
Cost: $15 to $25 per square foot. Costs will vary depending on the amount of roof area retrofitted.

Figure 30. Existing conditions at James Hillhouse High School.
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Figure 32. Typical green roof design.

Figure 31. Green infrastructure concept for James Hillhouse High School.
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· Curbside Bioswales. The grass strips between the road and sidewalk along Crescent Street at
the southern end of the school and along Sherman Parkway at the northeast corner of the
school are potential candidates for curbside bioswales (Figure 31). Estimated Cost: $78,000 to
$117,000.

· Parking Lot Retrofits. The parking lot at the northwest corner of the school and the adjacent
concrete plaza could be converted to permeable pavement using porous asphalt in the parking
stalls and concrete block pavers in the plaza area. The center parking island in the lot could also
be converted into a bioretention parking island (Figure 31). The large parking lot north of
Munson Street is a good candidate for green infrastructure improvements when the lots are re-
paved. Estimated Cost: $98,000 to $209,000.
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Attachment A

Green Infrastructure Retrofit Screening Results
Potential Retrofit Sites
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List of Potential Sites for Green Infrastructure Retrofits
West River Watershed

Site Name
(Bold indicates site visited by STS/CFE)

Municipality Address Type of Parcel Priority Ranking Sewer Type Hydrologic Soil
Group

Infiltration Suitability Detention Suitability Retention Suitability Number of
Parcels

Area
(Acres)

Amistad Academy New Haven 130 Edgewood Avenue Charter 1 Combined A Somewhat Suitable Least Suitable Least Suitable 5 4.92

Ann Street Playground New Haven 39 Ann Street Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 2 0.05

Augusta Lewis Troup School New Haven 259 Edgewood Ave Magnet 1 Separated A Somewhat Suitable Least Suitable Least Suitable 3 3.68

Barnard School New Haven 170 Derby Avenue Magnet 1 Combined A Somewhat Suitable Least Suitable Least Suitable 3 4.74

Beecher School New Haven 250 Blake Street Magnet 1 Separated A Somewhat Suitable Least Suitable Least Suitable 1 4.05

Chapel-Day Sitting Plaza New Haven 1323 Chapel Street Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.21

Church Street Elementary School Hamden 93 Church Street Municipal 1 Separated A, B Somewhat Suitable Least Suitable Somewhat Suitable 1 3.28

Clarence E. Thompson School West Haven 165 Richard Street Municipal 1 Separated A Somewhat Suitable Least Suitable Least Suitable 1 1.35

Defender's Park New Haven Congress Avenue Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.66

Edgewood Park New Haven 540 Edgewood Ave Recreational 1 Combined A,D Somewhat Suitable Least Suitable Least Suitable 13 111.52

Edgewood School New Haven 737 Edgewood Ave Magnet 1 Separated A Somewhat Suitable Least Suitable Least Suitable 2 1.82

Fire Station New Haven 125 Goffe Street Municipal 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.15

Forest School West Haven 95 Burwell Road Municipal 1 Separated B Least Suitable Somewhat Suitable Least Suitable 1 11.80

Garden Street Playground New Haven 14 Garden Street Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.79

Hallock Street Playground
(no longer there)

New Haven 49 Arch Street Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.10

Hamden Plains Recreation Field Hamden 54 Grandview Ave Recreational 1 Separated B Least Suitable Somewhat Suitable Somewhat Suitable 2 7.66

Helen Street School Hamden 285 Helen Street Municipal 1 Separated A Somewhat Suitable Least Suitable Least Suitable 2 2.13

Hill Regional High School
(next to Strong School)

New Haven 140 Legion Avenue Magnet 1 Partially
Separated

A Somewhat Suitable Least Suitable Least Suitable 2 5.34

Hilltop Playground New Haven Park Drive Recreational 1 Separated B Somewhat Suitable Somewhat Suitable Least Suitable 1 6.43

James Hillhouse School New Haven 460 Sherman Parkway Magnet 1 Partially
Separated

A Somewhat Suitable Least Suitable Least Suitable 1 9.29

John C. Daniels School New Haven 587 Congress Avenue Magnet 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 6.63

Keefe Community Center, Town of Hamden Hamden 970 Dixwell Avenue Municipal 1 Separated A Somewhat Suitable Least Suitable Least Suitable 1 1.59

Laurel View Country Club Hamden 310 West Shepard Avenue Recreational 1 Separated B, D (minimal) Somewhat Suitable Somewhat Suitable Least Suitable 6 169.69

Martin Luther King Peace Garden
(NH Land Trust)

New Haven 52 Adeline Street Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.24

Mauro-Sheridan Interdistrict Magnet School New Haven 191 Fountain Street Magnet 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 3.41

West Rock Author's Academy New Haven 311 Valley Street Magnet 1 Separated B Least Suitable Somewhat Suitable Somewhat Suitable 2 5.44

Mitchell Branch Library/ Beecher Park New Haven 37 Harrison Street Municipal 1 Separated A Somewhat Suitable Least Suitable Least Suitable 2 2.03

Monitor Square New Haven Winthrop Avenue Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.31

Pine Rock Recreation Field Hamden 125 Brook Street Recreational 1 Separated A, B Most Suitable Somewhat Suitable Least Suitable 1 11.01

Recreation Field 1 New Haven Willis Street Recreational 1 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.47

Strong School New Haven 130 Orchard Street Magnet 1 Partially
Separated

A Somewhat Suitable Least Suitable Least Suitable 1 2.61

Washington Avenue Park New Haven 740 Washington Avenue Recreational 1 Combined A Somewhat Suitable Least Suitable Least Suitable 3 2.21

West River Field Woodbridge 25 S Bradley Road Recreational 1 Separated B Most Suitable Least Suitable Least Suitable 1 6.75

West River Memorial Park West Haven/ New
Haven

200 Derby Avenue Recreational 1 Combined/
Unsewered

A Somewhat Suitable Least Suitable Least Suitable 2 35.30

West Rock Nature Center Hamden 1090 Wintergreen Avenue Recreational 1 Unsewered B, C Somewhat Suitable Most Suitable Most Suitable 1 32.72

U.S. Post Office New Haven 95 Fountain Street Federal 2 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.43

VA Hospital West Haven 950 Campbell Avenue Federal 2 Separated B Somewhat Suitable Somewhat Suitable Least Suitable 3 32.21

Agape Christian Center New Haven 100 Goffe Street Church 3 Combined A Somewhat Suitable Least Suitable Least Suitable 2 0.49

BEKI: Congregation, Beth El-Keser Israel New Haven 967 Whalley Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 1.21
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List of Potential Sites for Green Infrastructure Retrofits
West River Watershed

Site Name
(Bold indicates site visited by STS/CFE)

Municipality Address Type of Parcel Priority Ranking Sewer Type Hydrologic Soil
Group

Infiltration Suitability Detention Suitability Retention Suitability Number of
Parcels

Area
(Acres)

Belulah Heights First Pentecostal Church New Haven 782 Orchard Street Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.57

Bethel Ame Church New Haven 255 Goffe Street Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.76

Chapel Haven New Haven 1040 Whalley Avenue Private 3 Partially
Separated

A Somewhat Suitable Least Suitable Least Suitable 1 1.37

Christian Faith Church New Haven 141 Sylvan Avenue Church 3 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.30

Church of the Ascension Hamden 1050 Dunbar Hill Road Church 3 Unsewered B,C Somewhat Suitable Somewhat Suitable Least Suitable 2 27.62

Church of the Blessed Sacrament Hamden 322 Circular Avenue Church 3 Separated A, B Somewhat Suitable Least Suitable Somewhat Suitable 1 6.54

Community Outreach Center New Haven 654 Orchard Street Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.77

Holy Transfiguration Church New Haven 285 Alden Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.92

Holy Trinity Church New Haven 135 Winthrop Avenue Church 3 Partially
Separated

A Somewhat Suitable Least Suitable Least Suitable 2 0.23

Hopkins School New Haven 986 Forest Road Private 3 Separated B, C Least Suitable Most Suitable Most Suitable 6 70.57

Mt. Calvary Holy Church New Haven 392 Legion Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.09

Mt. Carmel Associates New Haven 980 Whalley Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 2 0.30

New Haven Eruv New Haven 86 Hubinger Street Church 3 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.18

New Haven Korean Methodist Church New Haven 24 Harrison Street Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.30

Omega Seventh-Day Adventist Church New Haven 278 Winthrop Avenue Church 3 Combined A Somewhat Suitable Least Suitable Least Suitable 1 0.47

Prince Hall Masonic Temple New Haven 106 Goffe Street Church 3 Partially
Separated

A Somewhat Suitable Least Suitable Least Suitable 1 0.30

Simchat Yisrael West Haven 870 First Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 1.08

St. Aedan Catholic Church New Haven 112 Fountain Street Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 2.30

St. Ann's Church Hamden 930 Dixwell Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.42

St. Brendan Parish New Haven 435 Whalley Avenue Church 3 Combined A, B Somewhat Suitable Somewhat Suitable Least Suitable 1 2.34

St. Paul Catholic Church West Haven 41 Alling Street Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 1.85

University of New Haven West Haven Ruden Street Private 3 Separated B, C, NR Least Suitable Somewhat Suitable Least Suitable 19 32.43

Westville Bible Chapel New Haven 201 Alston Avenue Church 3 Separated A Somewhat Suitable Least Suitable Least Suitable 1 0.86

Yale Fields New Haven 40 Central Avenue Recreational 3 Separated A, B, NR Most Suitable Somewhat Suitable Least Suitable 3 22.03

North End Field West Haven 1101 Campbell Avenue Recreational Committee
Suggested

Separated B Not Rated Not Rated Not Rated 2 3.15

Notre Dame High School West Haven 24 Ricardo Street Private School Committee
Suggested

Separated B Not Rated Not Rated Least Suitable 1 7.23

Quigley Field West Haven 19 Atwood Place Recreational Committee
Suggested

Separated A, some C Least Suitable Most Suitable Most Suitable 2 7.49

Woodbridge Animal Shelter Woodbridge 135 Bradley Road Institutional Committee
Suggested

Separated B Not Rated Not Rated Not Rated 1 1.06

New Haven Adult Education Center New Haven Commercial Committee
Suggested
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Attachment B

Maps of Potential Green Infrastructure Retrofit Sites
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Attachment C

Green Infrastructure Cost Estimates



West River Watershed Management Plan

Unit Cost Unit Quantity Cost
(2015$) Allowance Cost Total Cost -30% 50% Lifespan

(yrs)

Annual Cost
over

Lifespan

O&M
(% Cost)

O&M
($/yr)

Total Capitalized
Cost/yr over

lifespan
New Haven Adult Education Complex

1 Riparian Buffer Restoration $11,418 ac 0.64 $7,308 30% $2,190 $10,000 $7,000 $15,000 15 $900 4% $40 $940
2 Bioretention/Sediment Basin $33.41  sf 980 $32,742 30% $9,820 $43,000 $30,000 $65,000 15 $3,870 4% $150 $4,020

Total $53,000 $37,000 $80,000

Defender's Park
1 Bioretention Area $33.41  sf 300 $10,023 30% $3,010 $14,000 $10,000 $21,000 15 $1,260 4% $50 $1,310
2 New Haven Curbside Bioswale $20,000.00  ea 3 $60,000 30% $18,000 $78,000 $55,000 $117,000 15 $7,020 4% $280 $7,300
5 Tree Planting $500 ea 3 $1,500 30% $450 $2,000 $1,000 $3,000 20 $150 4% $10 $160
6 Pervious Pavers $10.28 sf 5,600 $57,568 30% $17,270 $75,000 $53,000 $113,000 20 $5,520 4% $220 $5,740

Total $169,000 $119,000 $254,000

Ann Street Playground
1 New Haven Curbside Bioswale $20,000.00  ea 1 $20,000 30% $6,000 $26,000 $18,000 $39,000 15 $2,340 4% $90 $2,430

Total $26,000 $18,000 $39,000

Monitor Square
1 New Haven Curbside Bioswale $20,000.00  ea 5 $100,000 30% $30,000 $130,000 $91,000 $195,000 15 $11,690 4% $470 $12,160

Total $130,000 $91,000 $195,000

Edgewood School
1 Bioretention Areas $33.41  sf 100 $3,341 30% $1,000 $5,000 $4,000 $8,000 15 $450 4% $20 $470
2 Rain Gardens $7.48  sf 250 $1,871 30% $560 $3,000 $2,000 $5,000 15 $270 4% $10 $280
3 Porous Asphalt $2.88  sf 3,200 $9,211 30% $2,760 $12,000 $8,000 $18,000 15 $1,080 4% $40 $1,120
4 Landscaping/ Erosion Control $28,000.00 1 $28,000 30% $8,400 $37,000 $26,000 $56,000 15 $3,330 4% $130 $3,460

Total $57,000 $40,000 $87,000

Notre Dame High School
1 Rain Gardens $7.48  sf 500 $3,742 30% $1,120 $5,000 $4,000 $8,000 15 $450 4% $20 $470
2 Bioretention Areas $33.41  sf 800 $26,728 30% $8,020 $35,000 $25,000 $53,000 15 $3,150 4% $130 $3,280
3 Infiltration Trenches $18.74  lf 270 $5,059 30% $1,520 $7,000 $5,000 $11,000 15 $630 4% $30 $660
4 New Haven Curbside Bioswale $20,000.00  ea 4 $80,000 30% $24,000 $104,000 $73,000 $156,000 15 $9,350 4% $370 $9,720

Total $151,000 $107,000 $228,000

Order of Magnitude Cost Range

Location and Element

Construction Planning and Design Cost Range Life Cycle
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West River Watershed Management Plan

Unit Cost Unit Quantity Cost
(2015$) Allowance Cost Total Cost -30% 50% Lifespan

(yrs)

Annual Cost
over

Lifespan

O&M
(% Cost)

O&M
($/yr)

Total Capitalized
Cost/yr over

lifespan

Order of Magnitude Cost Range

Location and Element

Construction Planning and Design Cost Range Life Cycle

Pine Rock Recreation Field
1 Tree Planting $500.00 ea 10 $5,000 30% $1,500 $7,000 $5,000 $11,000 20 $520 4% $20 $540
2 Riparian Buffer Restoration $11,418 ac 0.25 $2,820 30% $850 $4,000 $3,000 $6,000 15 $360 4% $10 $370
3 Wall and Foundation Removal $5,000 ea 1 $5,000 30% $1,500 $7,000 $5,000 $11,000 100 $290 0% $0 $290

Total $18,000 $13,000 $28,000

Quigley Field
1 Porous Asphalt $2.88  sf 30,450 $87,647 30% $26,290 $114,000 $80,000 $171,000 20 $8,390 2% $170 $8,560
2 Bioretention Areas $33.41  sf 3,500 $116,935 30% $35,080 $153,000 $107,000 $230,000 15 $13,760 2% $280 $14,040

Total $267,000 $187,000 $401,000

Forest School
1 Rain Garden $33.41 sf 256 $8,553 30% $2,570 $12,000 $8,000 $18,000 15 $1,080 4% $40 $1,120
2 Water Quality Swale $10.28 sf 1,200 $12,336 30% $3,700 $17,000 $12,000 $26,000 15 $1,530 4% $60 $1,590
3 Infiltration Trench $18.74 lf 230 $4,309 30% $1,290 $6,000 $4,000 $9,000 20 $440 4% $20 $460
4 Bioretention Areas $33.41  sf 3,856 $128,829 30% $38,650 $168,000 $118,000 $252,000 15 $15,110 4% $600 $15,710

Total $203,000 $142,000 $305,000

Laurel View Country Club

1 Large Bioretention Retrofit $12.30
 cf of runoff

treated 71.25 $876 30% $260 $2,000 $1,000 $3,000 15 $180 4% $10 $190

2 Water Quality Swale $10.28 sf 1,900 $19,532 30% $5,860 $26,000 $18,000 $39,000 20 $1,910 4% $80 $1,990

3 Subsurface Gravel Wetland $22.44
cf of runoff

treated 1,283 $28,781
30% $8,630 $38,000 $27,000 $57,000 20 $2,800 4% $110 $2,910

Total $66,000 $46,000 $99,000

James Hillhouse High School
1 Porous Asphalt $2.88  sf 32,045 $92,238 30% $27,670 $120,000 $84,000 $180,000 20 $8,830 4% $350 $9,180
2 New Haven Curbside Bioswale $20,000.00  ea 3 $60,000 30% $18,000 $78,000 $55,000 $117,000 15 $7,020 4% $280 $7,300

3 Bioretention Areas $12.30
 cf of runoff

treated 298 $3,660 30% $1,100 $5,000 $4,000 $8,000 15 $450 4% $20 $470

4 Rain Garden $33.41 sf 300 $10,023 30% $3,010 $14,000 $10,000 $21,000 15 $1,260 4% $50 $1,310
5 Green Roof Area 1 $23.64 sf 4,200 $99,305 30% $29,790 $130,000 $91,000 $195,000 20 $9,570 4% $380 $9,950
6 Green Roof Area 2 $23.64 sf 11,700 $276,635 30% $82,990 $360,000 $252,000 $540,000 20 $26,490 4% $1,060 $27,550
7 Green Roof Area 3 $23.64 sf 11,800 $278,999 30% $83,700 $363,000 $254,000 $545,000 20 $26,710 4% $1,070 $27,780

Total $1,070,000 $750,000 $1,606,000

Notes:
Rate of Inflation used = 2%
Interest (discount) rate used = 6%
*Projects are proposed for these locations already.  Costs estimated in this table are for adding ecological and water quality elements to the assumed original purpose of the proposed projects.
Costs should be used for planning purposes only based on screening-level evaluations of site characteristics. Construction costs could vary significantly.
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West River Watershed Management Plan

Unit Costs Table
Element 2015

Adjusted
Cost

Unit Cost $YEAR Source

Green Infrastructure Elements
New Haven Curbside

Bioswale

 $ 20,000.00 ea Actual construction cost provided by CFE for the Edgewood School bioswale

construction (2014) - $15,000 for contractor plus $5,000 of in-kind services provided by

Large Bioretention Retrofit $      12.30 cf of runoff

treated

 $      10.50 2006 Center for Watershed Protection Urban Subwatershed Retrofit Manual 3 (2007), cost

adjusted, Page E-3

Small Bioretention Retrofit

(<0.5 acre)

 $      33.41 sf  $      32.50 2012 District of Columbia Water and Sewer Authority, George S. Hawkins, General

Manager, Green Infrastructure Summit 2012, February 29, 2012.

Rain Garden  $        7.48 sf  $       7.28 2012 Woodard & Curran - Route 1 Falmouth Commercial District Stormwater Management,

2012

Water Quality Swale  $      10.28 sf  $      10.00 2012 District of Columbia Water and Sewer Authority, George S. Hawkins, General

Manager, Green Infrastructure Summit 2012, February 29, 2012.

Porous Asphalt  $        2.88 sf  $       2.80 2012 UNH Stormwater Center 2012 Biennial Report. Page 12

Permeable Pavers  $      10.28 sf  $      10.00 2012 Center for Watershed Protection Urban Subwatershed Retrofit Manual 3 (2007), cost

adjusted, Page E-5

Reinforced Gravel Parking $        5.07 sf  $       5.07 2013 http://www.boddingtonsonline.com/products/grass-ground-reinforcement/grass-

reinforcement-protection/bodpave-85-permeable-gravel-pavers.php; Added $2/sf for

installation

Subsurface Infiltration

Chambers

 $      37.16 cf of runoff

treated

 $      36.15 2012 Woodard & Curran - Route 1 Falmouth Commercial District Stormwater Management,

2012

Green Roof  $      23.64 sf  $      23.00 2012 District of Columbia Water and Sewer Authority, George S. Hawkins, General

Manager, Green Infrastructure Summit 2012, February 29, 2012.

Blue Roof  $        5.14 sf  $       5.00 2012 NYC Department of Environmental Protection (2012), Rooftop Detention: A Low-Cost

Alternative for Complying with New York City’s Stormwater Detention Requirements

and Reducing Urban Runoff.

Subsurface Gravel Wetland $      22.44 cf of runoff

treated

 $      21.83 2012 Woodard & Curran - Route 1 Falmouth Commercial District Stormwater Management,

2012

Pond Retrofit  $ 12,998.10 impervious

acre of runoff

treated

 $11,100.00 2006 Center for Watershed Protection Urban Subwatershed Retrofit Manual 3 (2007), cost

adjusted, page E-2

French Drain/Infiltration

Trench

 $      18.74 lf  $      16.00 2006 Center for Watershed Protection Urban Subwatershed Retrofit Manual 3 (2007), cost

adjusted, page E-11

Tree Box  $  6,168.00 ea  $  6,000.00 2012 UNH Stormwater Center 2012 Biennial Report

Constructed Wetland  $        4.47 sf  $       3.81 2006 Center for Watershed Protection Urban Subwatershed Retrofit Manual 3 (2007), cost

adjusted, page E-11

Restoration Elements
Riparian Buffer Restoration $ 11,418.07 ac  $    10,543 2010 Oregon Department of Environmental Quality, 2010, Cost Estimate to Restore

Riparian Forest Buffers and Improve Stream Habitat in the Willamette Basin, Oregon.

Stream Channel Restoration $ 13,356.64 ac  $    12,333 2010 Oregon Department of Environmental Quality, 2010, Cost Estimate to Restore

Riparian Forest Buffers and Improve Stream Habitat in the Willamette Basin, Oregon.

Remove Invasive Species $  3,465.60 acre  $      3,200 2010 Professional Engineering Experience

Tree Planting  $     500.00 ea Street tree cost

Construction Elements
6" to 12" Rip Rap  $      46.26 CY  $      45.00 2012 Professional Engineering Experience

Outlet Structure  $      4,500 ea  $      4,500 2013 Professional Engineering Experience

Manhole  $      2,500 ea  $      2,500 2013 Professional Engineering Experience

Dam Removal  $ 18,627.60 ea  $    17,200 2010 Selle, Andy (2010). Dam Removal – A Primer, Presentation; $17,200 is median for

dams 1-3 feet high.

Educational Signage  $      1,200 ea  $      1,200 2013 Professional Engineering Experience

Inflation Rates Table
Inflation from Inflation to Percent
2006 2015 17.10%

2010 2015 8.30%

2011 2015 5.00%

2012 2015 2.8%

2013 2015 1.4%

http://www.usinflationcalculator.com/
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Attachment D

Other Green Infrastructure Retrofit Opportunities in the
West River Watershed
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
VA Hospital West Haven Significant road sand in parking lot and lot highly utilized;

completely full at time of visit. Catch basins full of sand.
Erosion on slopes adjacent to parking lots.

Very limited green infrastructure retrofit potential.
Potential for green infrastructure implementation as
part of parking lot re-paving or re-design.  Improved
maintenance of parking lots recommended –
sweeping, catch basin cleaning, and erosion repair.

North End Field West Haven Trash near stream. Outfall to stream from nearby parking
lot. Phragmites observed along stream bank. Stream
banks stabilized by concrete.

Trash cleanup. Invasive species management. Green
infrastructure retrofit of parking lot during future re-
paving of re-development of site.

West River Memorial
Park

West Haven/New
Haven

Maintained field and open space. Buffer between field
and stream. Outfall observed on opposite stream bank.
Numerous geese observed in the park.

Geese/waterfowl management. Limited green
infrastructure retrofit potential.



F:\P2013\0637\A10\Green Infrastructure Assessment\Site Evaluations Table.docx

Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
Edgewood Park New Haven CSO 006 nearby. Outfalls to stream near tennis courts

under bridge and near bank closest to park. Invasives
along riverbanks. Clogged catch basin in parking lot
near basketball courts. Small riparian buffers. Some bank
erosion. Drainage ditch near Coogan Pavilion. Sheet flow
drainage to field near skate park in back of Coogan
Pavilion.

Improve riparian buffer, remove invasives, clean
catch basins.

U.S. Post Office &
Nearby Fire Station

New Haven Roof leaders from both buildings connected to the
combined sewer system. Back of both buildings have
paved areas and small picnic table areas. Few catch
basins.

Disconnect roof downspouts. Potential for infiltration
using existing landscaped areas near picnic tables
for rain gardens/bioretention.

Mauro-Sheridan School New Haven Significant road sand accumulation in parking lot. Parking lot maintenance – sweeping, catch basin
cleaning. Site grading and drainage is not
conducive to green infrastructure retrofits.
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
West Rock Author's
Academy

New Haven Parking lot in need of repair. Large puddle near back
corner of lot. Limited space available for green
infrastructure retrofits.

Parking lot maintenance or re-paving. Potential for
green infrastructure retrofits during re-paving or
parking lot upgrades.

Hilltop Playground and
cul-de-sac

New Haven Sheet flow off impervious area to fields. Trash in
playground. Site near stream. Adjacent cul-de-sac has
retrofit potential.

Potential for creation of bioretention/rain garden
island and curbside bioswales within the paved cul-
de-sac.

West River Field Woodbridge Site located within an industrial park. Existing gravel
parking lot.

Limited green infrastructure retrofit potential.
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
Woodbridge Animal
Shelter

Woodbridge Small site without significant impervious area. Other
industry/businesses are located in the area - tile & gravel
companies near stream in industrial park. Piles of building
materials and debris near the river.

Work with existing businesses in industrial park to
implement best management practices to reduce
potential for stormwater quality impacts associated
with outdoor material storage and handling.

Dunbar Hill School Hamden Roof leaders connected to storm drainage system. Grass
parking islands. Catch basins at corners of aisles.

Potential for retrofit of parking islands to incorporate
bioretention/bioswales.  Potential for rain garden
retrofit near playground.

Hamden Plains
Recreation Field

Hamden No impervious area.  Limited potential for green infrastructure retrofits.

Helen Street School Hamden Small parking lot. Catch basin at corner of parking lot
near entrance. Small sidewalks.

Limited potential for green infrastructure retrofits.
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
Church Street School Hamden Catch basins along curbs and parking islands. Internal

downspouts connected to storm drainage system. Yard
drains in lawn area near building. Drains near garbage
bins, with possible oil/water separators.

Potential for bioretention/rain garden retrofits within
parking islands and near existing yard drains in lawn
area.

O'Keefe Community
Center

Hamden Downspouts connected to storm drainage system. Small
parking lot, with limited green infrastructure retrofit
potential.

Disconnect and redirect downspouts to new rain
gardens in lawn area.

Washington
Avenue/McClain Park

New Haven The basketball and tennis courts are newly resurfaced. A
picnic area/lawn is located around the basketball courts.
The playground area has highly compacted soils with a
rubberized surface. The site is heavily used for basketball
and tennis. Site slopes to the south. No catch basins or
storm drains were observed on-site. Most of site drains to
a large lawn area south of the basketball and tennis
courts. In large storms, runoff may overflow the low point
at the bottom of the site to the adjacent industrial
property.

Overall, limited opportunities for green infrastructure
retrofits exist since most of the impervious cover on
the site is already disconnected from the drainage
system. Any green infrastructure retrofit projects
would have more aesthetic and educational benefit
than water quality or runoff reduction benefits.

Bioretention or bioswale to capture runoff from the
tennis courts - would need to avoid the area
adjacent to the basketball courts since the area is
likely heavily used by players and spectators.

Utility poles and limited sidewalk area present along
Washington Avenue - limited potential for curbside
bioretention.
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
MLK Peace Garden New Haven A small community garden in a residential area

maintained and/or owned by New Haven Land Trust. The
site has no drainage structures or impervious cover. The
sidewalks in the neighborhood are relatively wide (6 to 8
feet) and parking exists on one side of the street only
(opposite the garden). The streets (Adeline Street)
around the garden have few street trees.

Low green infrastructure retrofit potential on the site.
Some potential for curbside bioretention or tree box
filter.

John C Daniels School New Haven Newer school with limited space for surface green
infrastructure retrofits.

Potential for pervious pavement in parking stalls in
parking lot, in on-street parking stalls along Ward
Street, and in drop-off area along Baldwin Street.

Potential for green roof on lower roof area of school.
Solar panels are present on portions of the roof.

Potential for rain garden/bioretention in lawn area at
existing yard drains at southeast and northwest
corners of the track/football field.

Potential to convert portion of planted median
between bus drop-off area and Baldwin Street to a
bioswale through several curb cuts and
regrading/plantings.

Potential to incorporate bioretention to existing
concrete bumpouts at intersections of Congress with
Baldwin and Ward Streets, and pervious pavers in the
cross-walks.

Hill Regional Career
High School

New Haven Significant impervious surfaces associated with building
and parking lot. Student and teacher parking lots in
relatively poor condition. The streets around the school
have been identified by the City of New Haven as high
priority for GI retrofits within the public ROW. Retrofit
projects at the school site could complement future
green streets projects by the City.

Add small bioretention/rain garden with curb cuts to
existing grass area at southwest corner of student
parking lot. Convert existing asphalt strip between
southwest corner of lot and the driveway into a
vegetated swale or rain garden.

Potential for green roof on lower portion of building
roof in rear of school.

Possible curbside bioretention with curb cuts along
Legion Avenue and Ward Street.

Re-design of student and teacher parking lots when
re-paved to incorporate bioretention and
permeable pavement in parking stalls.
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
Strong School New Haven Parking lot in very poor condition. Part of the lot is paved

and the other portion is grass/dirt. Asphalt lot parking
configuration is inefficient. Parking lot needs to be
redesigned. Long term plans for Strong School are
unclear.

Re-development: Parking lot should be reconfigured
for more efficient parking and circulation, dirt
parking areas eliminated, and green practices
incorporated into new design (bioretention,
permeable pavement, etc.).

Consider permeable pavement for student drop-off
areas along Vine Street, and curbside bioretention
along southern end of Vine Street (wide sidewalks
and few street trees).

Convert grass area along perimeter of playground
inside fence on Sylvan Avenue to a swale or
bioretention.

Add rain gardens in lawn areas near existing yard
drains along Orchard Street, and consider street
edge bioretention along northern end of Orchard
Street (wide sidewalks) although street may be too
busy and narrow.

Barnard School New Haven The school has a small green roof. The parking lot has two
grass swales with curb cuts in the parking islands,
although the swales do not appear to be effective for
water quality treatment or infiltration. The design appears
to be a hybrid between conventional drainage and LID.
Pat, the maintenance person we spoke with, indicated
that the parking lot and drainage system has not been
maintained well. Accumulated sediment results in
flooding of the dumpster/recycling bin area since runoff
cannot enter the drainage swales in the parking islands.

Consider modifying the existing drainage swales to
store and infiltrate runoff prior to overflowing to the
drains at the bottom of the swales. Add sediment
forebays and additional storage. Replace existing
stone pavers in center parking island with permeable
pavers and/or consider porous asphalt for selected
parking stalls.

Chapel Day Plaza New Haven A large cistern beneath Garden Street Playground
abutting Chapel-Day Plaza receives runoff from Amistad
School on Edgewood Avenue.

No significant green infrastructure retrofit
opportunities. Bus stop on Chapel Street and on-
street parking in front of plaza limit street-side
opportunities.

Potential for curbside bioretention along west side of
Day Street at northern end of Day Street (wide
sidewalk and concrete plaza area in-between
existing street trees).
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Other Green Infrastructure Retrofit Opportunities in the West River Watershed

Site Municipality Notes Improvements and Retrofit Potential Photo
Troupe School New Haven Limited pervious areas downgradient of impervious areas

on the school site.
Potential for bioswale or bioretention in grass area in
front of school. Curb cuts on the eastern half of the
grass semi-circle could be used to capture runoff
from the eastern half of the circular driveway. Utility
manholes in the western half of the lawn area
indicate the presence of underground utilities.

The parking lot is a candidate for permeable
pavement when the lot is repaved. The parking lot
has internal catch basins in the middle of the lot so it
is not a good candidate for curb cuts and perimeter
bioretention.

Northeast side of playground along Beers Street or
northern portion of Platt Street are potential
candidates for curbside bioretention (moderately
wide existing grass strip).

Fire Station New Haven Fire station parking lot is located behind the station. A
City-owned lot used by the fire station and the Masonic
Temple across the street is located adjacent to the
station building. The City-owned lot is in very poor
condition. A catch basin is located near the southwest
corner of the lot.

Potential to repave the lot and incorporate
bioretention in between the lot and the street to
capture runoff from the lot. Potential rain garden in
the existing lawn area near the parking lot catch
basin. Potential for small rain garden in the existing
green space in front of the station to capture runoff
from a portion of the concrete apron and sidewalk in
front of the building.

Consider underground infiltrators when lots are
redone.

Consider roof drain, cistern, and water reuse system
similar to what other fire stations have implemented
for fire truck washing.

Beecher School New Haven Newer school with large parking lot. Consider green roof for lower portion of roof with
good visibility from other areas of the building.

Potential for narrow bioswales/green gutters within
the parking lot and permeable pavement within
some parking stalls. GI retrofit options are limited in
the parking lot due to internal center catch basins.

Potential bioswale in existing grass strip adjacent to
basketball court and playground.

Potential for curbside bioretention along Blake Street.


