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1. EXECUTIVE SUMMARY

Pennoni Associates, Inc. (Pennoni) has completed our stormwater drainage study and Green Infrastructure 
plan for the four (4) boroughs.  The purpose of our study was to perform a regional stormwater drainage 
study and provide a green infrastructure plan for the Haddonfield, Audubon, Barrington and Haddon Heights 
service area. This includes a review of urban flooding in the 10.757 square-mile study area, mapping of 
drainage areas, and recommending appropriate green infrastructure to mitigate flooding, particularly as it 
affects major roadways and NJ Transit Bus Routes.

The goals of this study are as follows:

1. Develop a comprehensive overview of the drainage impacts in each borough.
a. We spoke with personnel from the boroughs and reviewed previously submitted reports, including 

the most recent Draft County Hazard Mitigation Plan to gain understanding of the flooding issues 
facing each borough.

b. We inventoried the drainage systems in each borough and developed a GIS data base with user-
friendly search tools to access collected data including pipe, inlet and outfall locations, field notes, 
photographs, and more. In all, we inventoried 1,853 inlets, 556 manholes, 139 outfalls, and almost 40 
miles of pipe.

c. The GIS Dashboard allows users to identify inventoried system information within the view screen, 
which can be used to generate reports, and used in the future to generate work orders.

d. Each borough can now become licensed to operate and maintain the ESRI-based data platforms.

2. Provide a list of potential improvement projects to mitigate flooding and prepare for more intense 
storm events.
a. We developed recommendations for potential projects in each area of concern and provided a 

budget estimate for the primary recommendation.

3. Develop performance standards for potential Green Infrastructure improvements.
a. We have provided performance standards that can be used to develop local ordinances for 

improvements during development, redevelopment, and local improvement projects.

4. Identify Green Infrastructure candidate projects.
a. We developed conceptual projects that the boroughs can utilize to take advantage of opportunities 

to develop/improve green areas and replace pervious areas with porous solutions.

5. Prepare cost estimates for the recommended solutions.
a. We reviewed improvement options for each area of concern, then selected a primary 

recommendation, and developed a budget estimate for the primary recommendation.

6. Present the Steering Committee findings and recommendations to each governing body.
a. This report and the GIS are now available for viewing and access at this location:

i. GIS mapping application for the Haddonfield Stormwater Drainage Study -
https://gis.pennoni.com/portal/apps/webappviewer/index.html?id=f33ca5a314754748acd3de24
384609e6

ii. Link to Overall Report- 21001-STORMWATER
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2. INTRODUCTION

2.1. LOCATIONS

Barrington, NJ is one of the boroughs within the area of interest and sits at an average elevation of 65 ft. 
The Borough drains toward Beaver Brook, I-295, and the NJ Turnpike. 

Barrington Borough zoning consists primarily of residential zones with commercial districts centered 
around Clements Bridge and White Horse Pike and manufacturing districts in the southwestern and 
southeastern portions of the borough. Barrington Borough houses two parks with wooded areas around 
Beaver Brook, I-295, and NJ Turnpike.

Barrington Borough has approximately 25.57 miles of roadways, of which 17.95 miles are maintained by 
the Borough. The remaining mileage consists of various Camden County roads, I-295 and the New Jersey 
Turnpike. Exit 29 from I-295 connects with US Route 30 and US Route 41. The NJ Bus Route #455 and NJ 
Bus Route #403 run through the Borough with 18 stops along US Route 41 and 2 stops along US Route 30. 

2.2.INFORMATION REFERENCED 

We reviewed previously prepared reports provided by the Borough (Barrington) including:
Barrington Drainage Analysis notes 11/30/21.
NJDEP 2020 Stormwater Annual Report and Certification.
Draft Camden County Hazard Mitigation Plan (undated).

3. PHASE 1 - MAPPING

Access to the GIS is available through the following links and includes a dashboard to easily isolate each 
borough. The dashboard allows each borough to easily inventory mapped stormwater drainage system assets, 
both borough-wide and on targeted areas within the GIS field view.

The GIS dashboard for GIS mapping analysis is located at: 
https://gis.pennoni.com/portal/apps/dashboards/1acafc61cee14d939d680971cbc767cd 
The online GIS mapping application for the Haddonfield Stormwater Drainage Study is located at 
https://gis.pennoni.com/portal/apps/webappviewer/index.html?id=f33ca5a314754748acd3de2438460
9e6 

Borough Miles of Drainage Pipe Number of Structures Number of Outfalls Number of Detention 
Facilities

Barrington 8.2 Manholes – 125
Inlets - 425

29 N/A

Borough Open Space Area
(Acres)

Potential Increase to 
Non-Impervious 

Coverage

Number of Drainage 
Areas

Barrington 3.7 --- 13
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4. PHASE 2 – FLOOD MITIGATION ANALYSES

One of the first lines of defense against flooding is enforcing the Borough’s flood damage prevention 
ordinance to minimize flood-related losses. (Appendix C)

We contacted Barrington Borough’s professionals including the Borough Engineer, Office of Emergency 
Management (OEM), and department of Public Works (DPW) staff to collect existing data and reports 
pertaining to the existing drainage systems and concerns. 

Barrington Borough was included in a Hazard Mitigation Action Plan update put together by Camden County 
in accordance with the Disaster Mitigation Act of 2000. This report provided data concerning the Borough’s 
risk and vulnerability, the different capabilities used in the Borough and an action plan to be implemented to 
achieve a more resilient community. Data from historical natural hazard events including storms/flooding 
were provided and locations of recurring flooding areas were provided. The current solution for the continual 
flooding consists of annual monitoring for more frequent or severe flooding in the known problem areas and 
to develop engineering solutions accordingly. The listed areas of recurring flooding are as listed below and 
have been included in mapping.

East Williams at Clements Bridge Rd.
3rd Ave.
Austin Ave. and US 295
Tavistock Blvd.
Avon Rd. and Princeton Rd.

Erie Ave.
Barrington Ave.
Page Ave.
Chesterfield Rd. 
Nassau Dr.

East Williams Avenue and Clements Bridge Road

This location has a 67.11 acre drainage area (BAR-00) and is 
subject to ponding in the intersection of E. Williams Avenue 
and Clients Bridge Road.  The intersection receives runoff 
from the cartway from the overpass and Moore Avenue 
intersection. The intersection drains toward the NJ Turnpike 
and Wilmont Avenue. There is a Type A inlet that discharges 
toward the NJ Turnpike at the dead end of E. Williams Avenue. 
We could not confirm the outfall location because the system 
drains into the existing NJ Turnpike drainage system and 
information regarding that system was not received.

The NJ Transit Bus Route in the vicinity is Route #455, 
includes two bus stops (#14904, #14917), and has been 
affected by high-intensity storm events. It is unknown if 
NJ Turnpike is affected. 

Alternative mitigation options that were considered include:

1. Install inlets and drainage pipe at intersection of Clements Bridge Road to mitigate ponding and connect 
to existing drainage system on Williams Avenue near the NJ Turnpike discharge.
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2. Advise DVRPC that this problem area is within NJ Turnpike jurisdiction and may be alleviated by improving 
drainage facilities within their jurisdiction.

3. Install green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and reduce 
impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-00.

3rd Avenue

This location has a 105.31 Acre drainage area (BAR – 05) including 
the cartway from Clements Bridge Road to I-295. We could not 
confirm the outfall location because the system drains into the 
existing I-295 drainage system and information regarding that 
system was not received. The low elevation at the ditch of I-295 
appears to be the cause of flooding that occurs during normal or 
high-intensity storm events (based on oral history from Borough 
personnel) and backs the existing drainage system up to Trenton 
Avenue. The outfall to the I-295 drainage ditch appears to be a choke 
point of a 42” to a 24” to an 18” pipe that may not be in the 
Borough’s jurisdiction.

The NJ Transit Bus Route in the vicinity is Route #455, includes a 
bus stop (#14195), and has been affected by high-intensity storm 
events. I-295 does not appear to be affected. 

Alternative mitigation options that were considered include:

1. Advise DVRPC that this problem area is within NJDOT jurisdiction and may be alleviated by improving 
drainage facilities within I-295 jurisdiction.

2. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 
reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-05 as 
identified on the GIS.

Austin Avenue and US 295

This location has a 105.31 Acre drainage area (BAR 
– 05) along the I-295 with low elevations that are 
subject to flooding during normal or high-intensity 
storm events. Drainage ditch is within the I-295 
ROW and Borough drainage structures discharge 
to the area. Major low spot is located behind the 
properties 421- 427 Austin Avenue. 

There are no NJ Transit Bus Routes in the 
vicinity and major roadways (I-295) do not 
appear to be affected. 

Alternative mitigation options that were considered include:
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1. Installing drainage structures and pipe in area of flooding. – The main area and issue of flooding is due to 
drainage issues outside of the Borough’s jurisdiction and is due to the elevation of I-295. Install piping 
from 5th Avenue to Little Timber Creek (in Haddon Heights).

2. Advise DVRPC that this problem area is within NJDOT jurisdiction and may be alleviated by improving 
drainage facilities within I-295 jurisdiction.

3. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 
reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-05 and 
BAR-05.1.

4. Property acquisition along drainage ditch to mitigate flood damage. 
5. Coordinate with NJDOT (I-295) and/or the New Jersey Turnpike Authority (Turnpike) to make 

improvements to their drainage systems that account for incoming municipal flows.

Tavistock Boulevard

This location has a 183 Acre drainage area (BAR-01) along the 
cartway with low elevations that are subject to flooding during 
normal or high-intensity storm events. I-295 contributes to flooding 
due to grading and low point at intersection of Tavistock and Nassau 
Drive. Existing ditch that system discharges to is within I-295 ROW.

There are no NJ Transit Bus Routes in the vicinity and major 
roadways (I-295 and Route 30) do not appear to be affected.

Alternative mitigation options that were considered include:

1. Property acquisition near ditch to mitigate flooding and generate green space.
2. Advise DVRPC to assist in coordinating with NJDOT (I-295) and/or the New Jersey Turnpike Authority 

(Turnpike) to make improvements to their drainage systems to account for incoming municipal flows.

Avon Road and Princeton Road

This location is subject to flooding during normal or 
high-intensity storm events. There is a choke point in 
the existing drainage of 24” to 18” at the intersection 
of Avon and Princeton. There is existing 18” clay pipe 
in the problem area that may require replacement due 
to deterioration.

There are no NJ Transit Bus Routes in the vicinity and 
major roadways (Highland Ave) do not appear to be 
affected.

Alternative mitigation options that were considered include:

1. Upsize undersized pipes and eliminate choke points in Avon Road. Replace pipes composed of outdated 
materials.

2. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 
reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-01.
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Erie Avenue

This location has a 58.40 Acre drainage area (BAR – 04) 
along the Atlantic Avenue railroad with low elevations 
that are subject to flooding during normal or high-
intensity storm events. The railroad appears to trap the 
water in the natural low spot at the end of Erie Avenue. 
There appears to be a dead end in the existing drainage 
system. The existing data does not show where flow 
might discharge to at the end of Erie Avenue.

There are no NJ Transit Bus Routes in the vicinity and major roadways do not appear to be affected.

Alternative mitigation options that were considered include:

1. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 
reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-04.

Barrington Avenue

This location has a 105.31 Acre drainage area (BAR – 05) along the cartway 
with a low spot at Albany Avenue and Barrington Avenue that is subject 
to flooding during high-intensity storm events. The Haddon Heights 90” 
drainage pipe also drains towards the inlets in this low spot and to the 
ditch along I-295. The existing drainage in Barrington Avenue is 18” to 24” 
diameter pipe. 

There are no NJ Transit Bus Routes in the vicinity and I-295 does not 
appear to be affected. 

Alternative mitigation options that were considered include:

1. Remove and replace existing pipe that is composed of clay and other outdated materials to prevent 
decomposition of the pipe and upsize existing drainage pipe sizes.

Page Avenue

This location has a 58.95 Acre drainage area (BAR – 03) along 
exit 29A on the northbound side of I-295 with low elevations 
that are subject to flooding during normal or high-intensity 
storm events.

There are no NJ Transit Bus Routes in the vicinity and the 
major roadways (I-295 and Route 30) do not appear to be 
affected.

Alternative mitigation options that were considered include:

1. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 
reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-03.
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Chesterfield Road

This location has a 183.08 Acre drainage area (BAR-01) is subject to flooding 
during high-intensity storm events. The area is localized low spot with flat 
grading and inlets are present at the lowest area to capture stormwater 
runoff. The existing Type E inlet receives runoff from the apartment 
complex along Princeton Road. The existing piping system is connected to 
the Tavistock Boulevard and will be affected by the flooding of the system 
downstream. Apartment complex has redirected some roof runoff away 
from Type E inlet. There also appears to be a sewer pipe running through 
the Type E inlet located at 939 Chesterfield Road that is leaking into the 
storm pipe. 

There are no NJ Transit Bus Routes in the vicinity and major roadways do not appear to be affected. 

Alternative mitigation options that were considered include:

1. Investigate presence of sewer pipe in Type E inlet and correct any intersection and leakage. 
2. Upsize any undersized pipes to update drainage facilities to reflect climate changes.
3. Implement green infrastructure and underground storage solutions in the lowest area to mitigate flooding 

and encourage infiltration.
4. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 

reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-01.

Nassau Drive

This location has a 183.08 acre drainage area (BAR-01) and is subject 
to flooding during high-intensity storm events. The area is localized 
low spot with flat grading and inlets are present at the lowest area to 
capture stormwater runoff. The existing piping system is connected 
to the Tavistock Boulevard and will be affected by the flooding of the 
system downstream.

There are no NJ Transit Bus Routes in the vicinity and major 
roadways do not appear to be affected. 

Alternative mitigation options that were considered include:

1. Upsize any undersized pipes to update drainage facilities to reflect climate changes.
2. Installing green infrastructure to areas upstream of flooding area to mitigate stormwater runoff and 

reduce impact on downstream areas that are at capacity. Focus efforts within drainage area BAR-01.
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5. PHASE 3 - GREEN INFRASTRUCTURE ANALYSIS

We would encourage the Borough to adopt a Green Infrastructure ordinance that could contain performance 
standards as enumerated here.

Municipalities have the ability to incorporate green infrastructure on a neighborhood scale to reduce runoff, 
relieve overburdened storm drains, and enhance the beauty of the town. One neighborhood wide technique is to 
incorporate green infrastructure measures such as pervious pavement, street trees, or bioretention basins into 
the street layout through traffic calming features like curb bump outs, green stormwater practices in rights-of-
way and permeable sidewalks.  A municipal facility can utilize cisterns to reduce its potable water use runoff 
impacts during small storm events.

Barrington Borough consists of approximately 75% residential zones and has many privately owned properties. A 
long-term option will be to acquire properties to generate more green space and infrastructure throughout the 
Borough first focusing on problem areas and moving upstream.  

Most of Barrington’s problem areas are located in well developed areas with little or no open space available to 
help mitigate flooding and reduce stormwater runoff impacts. We have developed several approaches that can 
be used individually or together to help maximize runoff storage as follows:

Install drainage stone pits in grass strips wherever possible. If drainage inlets are located nearby, 
connect to them by installing perforated underdrain pipe from within the drainage stone to the 
inlet.
Install drainage stone layers under pavement wherever possible. This can be completed by 
constructing underdrain trenches or as an additional layer of the pavement profile when fully 
reconstructing streets. If drainage inlets are located nearby, connect to them by installing 
perforated underdrain pipe from within the drainage stone to the inlet.
Install street trees that consume higher amounts of water, including:

o Red Maple
o Common Alder (Alnus) 
o American Sycamore
o Sweetgum
o River Birch 
o Pin Oak 
o Swamp White Oak 
o Bald Cypress (native to mid-west US)    

Remove sidewalks where possible and replace them with underdrains or stone pits and grass. 
Streets with sidewalks on both sides may provide options to eliminate one.
Reduce pavement widths where possible and replace them with underdrains or stone pits and 
grass.
Replace parking lot spaces with porous concrete and improved drainage.
Acquire properties near problem areas for conversion to open space or stormwater detention.

We have provided construction details that can be used for future projects. (Appendix B)
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6. RECOMMENDATIONS AND COST ESTIMATES

6.1. Cost Estimates

We have developed cost estimates for the first recommendation for each problem area. Detailed estimates are in 
Appendix A. We offer the following breakdown:

Problem Area Estimated Cost Type of Improvement
(Green/ Drainage/Both)

East Williams at Clements Bridge 
Road

$349,250 Drainage

3rd Ave
Austin Ave and US 295 $1,606,000 Drainage
Tavistock Blvd
Avon Rd. and Princeton Rd.
Erie Ave
Barrington Ave
Page Ave
Chesterfield Rd 
Nassau Dr

6.2. Green Infrastructure Solutions
We recommend incorporating Green Infrastructure measures such as pervious pavement, street trees, and 
bioretention basins into street improvement projects through traffic calming features like curb bump outs, green 
stormwater practices in rights-of-way and permeable sidewalks.  A municipal facility can utilize cisterns to reduce 
its potable water use runoff impacts during small storm events.

Recommended Action:
Replacing sidewalks with stone drainage pits, underdrain pipe, and grass restoration:

Estimated Cost:
$300 per linear foot.
 

Recommended Action:
Install grass bump-outs at intersections to increase pervious area:

Estimated Cost:
$20,000 per bump-out

Recommended Action:
Replacing asphalt pavement with pervious pavement and stone subbase/

Estimated Cost:
$100 per square yard with a 10,000 square yard minimum.

Recommended Action:
Reduce 40-foot wide streets to 32-feet wide and install pervious pavement or grass to increase pervious 
area.
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Estimated Cost:
$100 per square yard with a 10,000 square yard minimum.
 

Recommended Action:
Install street trees that consume high amounts of water.

Estimated Cost:
$1,000 per tree

Recommended Action:
Install bio-retention systems where possible.

Estimated Cost:
$300 per cubic yard ($5,000 per 10’ x 10’ x 5’ pit)

6.3. Funding Solutions

The programs listed here represent an initial scan of funding sources for green infrastructure and drainage 
improvements throughout the Borough. These will require further vetting as additional information is collected 
on each funder’s mission and priorities and as additional detail is compiled regarding the projects.

Capital Budget
o Actively budgeting for green infrastructure improvements throughout the Borough and to 

supplement other roadway improvement projects.
NJDOT Local Aid Infrastructure Fund

o Funding to address emergencies and regional needs throughout the state. Approved at the 
discretion of the commissioner.

o Funding Estimate: TBD, subject to appropriation
o Funding Cycle: Rolling deadline
o Website: https://njdotlocalaidrc.com/state-funded-programs/local-aid-infrastructure 

NJ i-bank CWSRF
o Funding to improve water quality.
o Funding Estimate: Low interest loans, principal forgiveness
o Funding Cycle: Rolling
o Website: https://nj.gov/dep/wiip/water-bank.html 

NJDEP Lakes Stormwater Improvement
o Funding for planning and/or implementation to improve stormwater management and 

control nonpoint source pollution and nutrients in lakes to improve water quality and improve 
recreational access. 

o Funding Estimate: (total available statewide): Water quality planning - $2M, stormwater 
management - $3M; management & restoration - $3M

o Funding Cycle: May
o Website: https://www.nj.gov/dep/wlm/grants/lakestormwater.html 

NJ Water Quality Restoration
o Grants to reduce water quality impairment through implementation of nonpoint source (NPS) 

pollution control projects. Regions funded on rotating basis.
o Funding Estimate: $TBD
o Funding Cycle: February
o Website: https://www.state.nj.us/dep/wms/bears/2020-2022grants.htm#/ 
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Sustainable Jersey PSEG Foundation
o Funding for infrastructure implementation, stormwater management, floodplain restoration, 

other sustainability projects.
o Funding Estimate: $10,000 
o Funding Cycle: October
o Website: https://www.sustainablejersey.com/grants/ 

USDA Water & Waste Disposal Loan & Grant Program NJ
o Funding for improvements to WTF/WWTF and stormwater, population <10,000.
o Funding Estimate: Low interest loans based on project need and median household income
o Funding Cycle: Rolling
o Website: https://www.rd.usda.gov/programs-services/water-environmental-

programs/water-waste-disposal-loan-grant-program/nj 
FEMA Flood Mitigation Assistance (FMA)

o Program to reduce or eliminate the risk of repetitive flood damage to buildings and structures 
insured under the National Flood Insurance Program.

o Funding Estimate (based on 2020 grant): Maximum $600,000 for Project Scoping; 
$30,000,000 per community flood mitigation project; $25,000 for local flood hazard 
mitigation planning; cost share 25%

o Funding Cycle: Fall deadline (applying as subapplicant via DE Department of Emergency 
Management)

o Website: https://www.fema.gov/grants/mitigation/floods 
FEMA Building Resilient Infrastructure & Communities (BRIC)

o Provides funding for cost-effective means to reduce damage and risk prior to disaster striking. 
Emphasizing partnership, resiliency, green infrastructure.

o Funding Estimate: Varies (up to $600,000 per state); cost share 25%, 10% for small and 
impoverished communities

o Funding Cycle: Fall deadline (applying as subapplicant via DE Department of Emergency 
Management)

o Website: https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-
communities 

FEMA Hazard Mitigation Grant Program (HMGP)
o Program to reduce community vulnerability to disasters. Requires disaster declaration.
o Funding Estimate (based on 2020 grant): Maximum $600,000 for Project Scoping; 

$30,000,000 per community flood mitigation project; $25,000 for local flood hazard 
mitigation planning; cost share 25%

o Funding Cycle: Varies
o Website: https://www.fema.gov/grants/mitigation/floods 

NJDOT TA Set-Aside
o Funding to support surface transportation projects encouraging non-automotive 

transportation.
o Funding Estimate: Minimum award $350,000, max award $1.5M, no match required. Total 

available statewide $25.2M (funding double through federal infrastructure bill).
o Funding Cycle: November 3
o Website: https://www.njdotlocalaidrc.com/federally-funded-programs/transportation-

alternatives 
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7. RECOMMENDATIONS FOR FURTHER SERVICES

Based on similar experience, Pennoni is able to advise on policy matters, including adherence to the requirements 
and regulations of NJDEP, FEMA, NJOEM, County and local OEM’s, US Army Corps of Engineers, and DVRPC.

Pennoni’s Funding Solutions services are available to help mitigate funding challenges through identification of 
additional grant dollars or other sources.

8. LIMITATIONS

This work has been done in accordance with our authorized scope of work and in accordance with generally 
accepted professional practice in the fields of geotechnical and foundation engineering.  This warranty is in lieu of 
all other warranties either express or implied.  Our conclusions and recommendations are based on the data 
revealed by the data revealed by this exploration.  We are not responsible for any conclusions or opinions drawn 
from the data included herein, other than those specifically stated, nor are the recommendations presented in 
this report intended for direct use as construction specifications.  This report is intended for use with regard to 
the specific project described herein; any changes in loads, structures, or locations should be brought to our 
attention so that we may determine how they may affect our conclusions.  An attempt has been made to provide 
for normal contingencies, but the possibility remains that unexpected conditions may be encountered during 
construction.  If this should occur, or if additional or contradictory data are revealed in the future, we should be 
notified so that modifications to this report can be made, if necessary.  If we do not review relevant construction 
documents and witness the relevant construction operations, then we cannot be responsible for any problems 
that may result from misinterpretation or misunderstanding of this report or failure to comply with our 
recommendations.
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o Disconnection

System Sizing
o General Considerations

Direct Discharge
System & SMP Structure

o System & SMP Numbering
Inlets

o Inlet Capacity
o Inlet Selection
o Inlet Replacement

Piping
o General Considerations
o Underdrains
o GSI Sewers

Monitoring
o Observation Wells
o Groundwater Monitoring Wells

Construction Drawings
o Stormwater Tree Trench Cross Section
o Stormwater Tree
o Stormwater Planter
o Stormwater Bump out (mid-block)
o Permeable Pavement
o Rain Garden
o Standard Inlet with Underdrain Connection
o Slow-Release Orifice
o Drop-in Stormwater Tree
o Utility Manhole in Permeable Paving
o Frame and Casting Support in Permeable Paving
o Tree Planting
o Tree Pit in Stormwater Trench
o Stone Pit
o Underdrain Trench- Pervious Pavement





































































8" MIN.

PROPOSED 8" DIAMETER HDPE
UNDERDRAIN (TYP.)

PROPOSED HDPE DISTRIBUTION PIPE (TYP.)

2A STONE
ABOVE TRENCH

NON WOVEN GEOTEXTILE ON TOP & SIDES

6" TUCK (TYP.)

UNCOMPACTED, STABLE SUBGRADE
WITH TOP 3" SCARIFIED

6" SAND LAYER

8" MIN.

PROPOSED HDPE DISTRIBUTION PIPE (TYP.)

CLEAN WASHED
AASHTO NO. 57 STONE

UNCOMPACTED,
STABLE SUBGRADE

GEOMEMBRANE LINER ON TOP,
SIDES, & BOTTOM

6"

VARIES
(2' MIN.)

PROPOSED 8"  DIAMETER HDPE
UNDERDRAIN (TYP.)

8" CONCRETE CURB

8" CONCRETE CURB

6"

TYPICAL TRENCH CROSS SECTION

TYPICAL LINED TRENCH CROSS SECTION

VARIES
(2' MIN.)

8" MIN.

PROPOSED HDPE DISTRIBUTION PIPE (TYP.)

CLEAN WASHED
AASHTO NO. 57 STONE

GEOMEMBRANE LINER ON SIDES
AND PARTIAL BOTTOM

PROPOSED 8"  DIAMETER HDPE
UNDERDRAIN (TYP.)

8" CONCRETE CURB

6"

VARIES
(2' MIN.)CLEAN WASHED

AASHTO NO. 57 STONE 2A STONE
ABOVE TRENCH

NON WOVEN GEOTEXTILE

TYPICAL PARTIALLY LINED TRENCH CROSS SECTION

2A STONE
ABOVE TRENCH

18" (TYP.)

NOTES TO DESIGNER:
1. THE CROSS SECTIONS ABOVE ARE INTENDED AS AN EXAMPLE AND

CAN BE MODIFIED AND USED FOR SECTIONS ON PLANS.
2. AVOID PLACING GEOMEMBRANE LINER UNDER CURB IF POSSIBLE.

WHEN GEOMEMBRANE LINER IS PLACED UNDER CURB, INCLUDE THE
FOLLOWING CALLOUT: "DO NOT PUNCTURE GEOMEMBRANE LINER
WITH CURB FORM PINS"

6" SAND LAYER

6" SAND LAYER

UNCOMPACTED,
STABLE SUBGRADE

6" TUCK (TYP.) 6" MIN.

PARTIAL LINER
DISTANCE VARIES

N.T.S.
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STORMWATER TREE TRENCH CROSS SECTION

1    06/09/2017 MJD        ADDED PARTIALLY LINED TRENCH SECTION
2    06/01/2018  MJD/DJM        CONVERTED TO FUNCTIONAL DETAIL, ADDED GEOTEXTILE AND SAND TO PROTECT GEOMEMBRANE LINER

CARTWAY 

CARTWAY 

CARTWAY 



PLAN

SECTION A-A

BB

SPECIFY
LENGTH

SPECIFY LENGTH
SEE NOTE 2
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SECTION B-B

SPECIFY
LENGTH

 SPECIFY DEPTH

SPECIFY DEPTH

FRONT ELEVATION

NOTES TO DESIGNER:

1. THIS DESIGN DETAIL SHOULD BE
ADAPTED TO THE SPECIFIC
ENGINEERED DESIGN OF A
RESPECTIVE INSTALLATION.

2. THE MINIMUM TREE PIT DIMENSION
FOR TREE PITS IS 4-FEET BY 4-FEET
(3-FEET BY 5-FEET CAN BE USED IN
AREAS WHERE SIDEWALK WIDTH
OR ADA ACCESS IS A CONSTRAINT).
LARGER TREE PIT AREAS ARE
PREFERRED FOR THE HEALTH OF
THE TREE AND IN CONSIDERATION
OF ACHIEVING THE APPROPRIATE
LOADING RATIO, AND SHOULD BE
USED IF SPACE IS AVAILABLE. TREE
PIT MAY ALSO BE RECTANGULAR IN
SHAPE.

3. DESIGN SHOULD INCLUDE
LOCATION AND SPECIES SELECTION
OF TREE. NOTE, HOWEVER, THAT
LOCATIONS AND SPECIES OF ALL
TREES ARE REVIEWED AND
APPROVED BY PP&R. PP&R CAN
ALSO SELECT TREE SPECIES, IF
REQUESTED.

4. ALTHOUGH SURFACE IS SHOWN AS
CONCRETE SIDEWALK,
STORMWATER TREES CAN BE
CONSTRUCTED ADJACENT TO
VARIOUS SURFACES INCLUDING
GRASS STRIPS, PAVERS, AND OTHER
MATERIALS..

5. DESIGNER MUST ENSURE THE
PLANTING MEDIA SURFACE IS SET
AT AN ELEVATION TO PREVENT
EXPOSURE OF THE SIDEWALK'S
AGGREGATE SUBBASE. IF DEPTH OF
THE PLANTING MEDIA SURFACE
WILL CAUSE THIS MATERIAL TO BE
EXPOSED, DESIGNER SHOULD
DESIGN A SYSTEM TO PREVENT
THIS MATERIAL FROM SLOUGHING
INTO THE TREE PIT.

6. THE PONDING DEPTH OF WATER IN
THE STORMWATER TREE IS
CORRELATED TO A VARIETY OF SITE
SPECIFIC FACTORS SUCH AS
SURROUNDING GRADES, OFFSETS
BETWEEN STORMWATER TREE
ENTRANCE ELEVATIONS AND TOP
OF PLANTING MEDIA, OFFSETS
BETWEEN STORMWATER TREE
ENTRANCE AND OVERFLOW
ELEVATIONS, DESIRED FREEBOARD,
AND THE DESIGN DEPTH OF THE
STORMWATER TREE. THE DESIGNER
SHOULD EVALUATE SITE SPECIFIC
CONDITIONS SUCH AS THOSE
MENTIONED IN ORDER TO ACHIEVE
A TYPICAL PONDING DEPTH OF 6"
AND TO MAXIMIZE PONDING DEPTH
TO THE EXTENT POSSIBLE.

FENCINGFENCING

WHEEL GUARD
SEE COMPONENT

DETAIL

FENCING

CURB CUT OR
DEPRESSED

CURB

FENCING
SEE COMPONENT DETAILS

CURB CUT OR
DEPRESSED CURB

CONCRETE APRON
SEE COMPONENT DETAIL

WHEEL GUARD
SEE COMPONENT

DETAIL

WHEEL GUARD
SEE COMPONENT DETAIL

EDGE RESTRAINT
(TYP.)

EDGE RESTRAINT
(TYP.)

N.T.S.
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STORMWATER TREE

      1    09/01/2016        



SECTION B-B

SPECIFY DEPTH
OF WALL

SECTION C-C

1'-6" (MIN) (SEE NOTE 2)

SPECIFY DEPTH

SPECIFY WIDTH
(TYP ALL FOUR SIDES)

STONE

STONE

ENERGY
DISSIPATER

SEE
COMPONENT

DETAILS

SAND LAYER

GEOTEXTILE

SAND LAYER

GEOTEXTILE

1"-2" DROP
TO ENERGY
DISSIPATER

(TYP.)

STORMWATER
SOIL

TRENCH DRAIN
SEE COMPONENT

DETAILS

6" GEOTEXTILE
TUCK (TYP.)

3" MULCH

NOTES TO DESIGNER:

1. THIS DESIGN DETAIL SHOULD BE ADAPTED TO THE SPECIFIC ENGINEERED
DESIGN OF A RESPECTIVE INSTALLATION.

2. THE MINIMUM DISTANCE FROM FACE OF CURB IS 18" ALONG STREETS THAT
ALLOW ON-STREET PARKING AND/OR LOADING. THERE IS NO MINIMUM
DISTANCE WHERE PARKING AND/OR LOADING ARE PROHIBITED.

3. STORMWATER PLANTER WALLS MAY BE PRECAST OR CAST-IN-PLACE
CONCRETE. FOR ANY STRUCTURAL COMPONENTS, INCLUDING BUT NOT
LIMITED TO PLANTER WALLS, STRUCTURAL DESIGN MUST BE PREPARED BY
THE DESIGNER. AT A MINIMUM, DESIGNER SHOULD CONSIDER PLANTER
WALL DEPTH, FOOTER/FOUNDATION FOR WALLS, CONCRETE MIX, CONCRETE
STRENGTH, REINFORCING STEEL DESIGN (AS REQUIRED), JOINT PLACEMENT
AND DESIGN, AND DESIGN LOAD CONDITION.

4. DESIGNER SHOULD BE AWARE THAT PROPERLY ALIGNING THE INVERT OF
TRENCH DRAIN WITH OPENING THROUGH PLANTER WALL CAN BE
CHALLENGING WHEN PRECAST CONSTRUCTION IS USED.

5. NOTCHES IN THE PLANTER WALL SHOULD BE SIZED AND SPACED AS
REQUIRED TO PREVENT PONDING ON THE SIDEWALK ADJACENT TO THE
PLANTER. IT IS RECOMMENDED THAT NOTCHES BE CAST-IN-PLACE RATHER
THAN SAW-CUT.

6. ALL EXPOSED CONCRETE EDGES SHALL BE BEVELED.

7. DESIGNER SHOULD EVALUATE WHETHER TOP OF CURB REVEAL SHOULD
FOLLOW SLOPE OF SURROUNDING GRADES OR BE LEVEL BASED ON DESIRED
APPEARANCE AND SITE CONDITIONS.

8. THE LOWEST PLANTING MEDIA SURFACE IN STORMWATER PLANTERS
SHOULD BE LEVEL ALONG THE ALIGNMENT OF THE STREET. A MILD SLOPE NO
GREATER THAN 1 PERCENT IS ACCEPTABLE BUT A LEVEL SURFACE IS
RECOMMENDED. IF SURROUNDING SLOPES ARE STEEP, IMPERMEABLE
BARRIERS SUCH AS SURFACE CHECK DAMS CAN HELP MAINTAIN A LEVEL
SURFACE. NOTE THIS DOES NOT APPLY TO THE CROSS-GRADING, IF USED,
FROM THE PERIMETER OF THE PLANTER DOWN TO THE LOWEST PLANTING
MEDIA SURFACE.

9. DESIGNER SHOULD CONSIDER THE HEIGHT OF VEGETATION BOTH AT
INSTALLATION AND ANTICIPATED MATURITY. BOTH HEIGHTS SHOULD BE
CONSIDERED IN THE CONTEXT OF THE STORMWATER PLANTER'S PLAN
DIMENSIONS, DEPTH, AND SURROUNDING AREA PROTECTION AND
VEGETATION SELECTED ACCORDINGLY. IT HAS BEEN FOUND THAT IF A
PLANTER IS DEEP AND/OR HAS HIGH AREA PROTECTION, VERY LOW
VEGETATION AT INSTALLATION TENDS TO GIVE A STORMWATER PLANTER AN
EXCESSIVELY DEEP APPEARANCE. NOTE THAT WITH THE EXCEPTION OF
TREES, MAXIMUM VEGETATION HEIGHT AT MATURITY SHOULD BE NO
GREATER THAN 36-INCHES ABOVE THE SURROUNDING SIDEWALK ELEVATION.
ALSO, PLANT SELECTION AND PLACEMENT SHOULD BE DONE TO PREVENT
ENCROACHMENT OF PLANTS OUTSIDE OF THE LIMITS OF THE STORMWATER
PLANTER AND IN CONSIDERATION OF MAINTAINING ADEQUATE SIGHT LINES
BASED ON THE PLACEMENT OF THE STORMWATER PLANTER.

10. THE PONDING DEPTH OF WATER IN THE STORMWATER PLANTER IS
CORRELATED TO A VARIETY OF SITE SPECIFIC FACTORS SUCH AS
SURROUNDING GRADES, OFFSETS BETWEEN STORMWATER ENTRANCE
ELEVATIONS AND TOP OF PLANTING MEDIA, OFFSETS BETWEEN
STORMWATER ENTRANCE AND OVERFLOW ELEVATIONS, DESIRED
FREEBOARD, THE VEGETATION SELECTED FOR THE STORMWATER PLANTER,
AND THE DESIGN DEPTH OF THE STORMWATER PLANTER. THE DESIGNER
SHOULD EVALUATE SITE SPECIFIC CONDITIONS SUCH AS THOSE MENTIONED
IN ORDER TO ACHIEVE A TYPICAL PONDING DEPTH OF 6" AND TO MAXIMIZE
PONDING DEPTH TO THE EXTENT POSSIBLE.

11. MINIMUM SOIL DEPTH SHALL BE APPROPRIATE FOR THE VEGETATION
PLANTED AND NO LESS THAN 2 FEET, OR 3 FEET WHERE TREES ARE PRESENT.

12. FENCING IS TYPICALLY INCLUDED AROUND STORMWATER PLANTERS.
DESIGNERS SHOULD REFER TO COMPONENT DETAILS.

12. DOMED RISERS MAY BE USED AS NEEDED TO ALLOW SUBSURFACE STONE
STORAGE TO FILL BEFORE SYSTEM OVERFLOWS.

13. UNDERDRAINS, WHILE NOT SHOWN, ARE TYPICALLY INSTALLED EXCEPT
UNDER CERTAIN CIRCUMSTANCES
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PROFILE
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SAND LAYER

GEOTEXTILE

STONE

STORMWATER SOIL

NOTCH (TYP.)
SEE NOTE 5

ENERGY DISSIPATER
SEE COMPONENT

DETAILS

ENERGY DISSIPATER
SEE COMPONENT

DETAILS

SEE NOTE 3

CURB REVEAL
(TYP. ALL

FOUR SIDES)

FLOW
DIRECTION
(TYP.)

TRENCH DRAIN
SEE COMPONENT DETAIL

6" GEOTEXTILE
TUCK (TYP.)

3" MULCH

N.T.S.
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STORMWATER PLANTER

      2    06/01/2018    ANJ          ADDED MULCH LAYER
      1    09/01/2016        



PROFILE

SPECIFY DEPTH
OF EACH

COMPONENT
SEE NOTE 13

SPECIFY CURB
REVEAL

SPECIFY CURB
REVEAL

6" (MIN)

ENERGY DISSIPATER (TYP. OF 2)
REFER TO COMPONENT DETAILS

SAND LAYER

GEOTEXTILE

ENSURE 1"-2" DROP TO ENERGY DISSIPATER

STONE

6" GEOTEXTILE
TUCK (TYP.)

3" MULCH

PLAN

A

A

SPECIFY LENGTH
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W
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TH

STANDARD CURB
SEE NOTE 6

DEPRESSED CURB
(TYP.)
SEE NOTE 8

ENERGY DISSIPATER (TYP. OF 2)
SEE COMPONENT DETAILS

DEPRESSED CURB
(TYP. OF 2)

SPECIFY RADIUS
(TYP. ALL CURB RADII)
SEE NOTE 9

SPECIFY ANGLE
(TYP. BOTH SIDES)
SEE NOTE 9

SEE NOTE 5

FLOW DIRECTION
(TYP.)

TRAFFIC DELINEATORS
SEE NOTE 7

SPECIFY CURB
REVEAL

SECTION A-A

STORMWATER
SOIL

SAND LAYER

GEOTEXTILE

6" GEOTEXTILE
TUCK (TYP.)

SPECIFY SLOPE
(TYP.)

3" MULCH

SPECIFY DEPTH

NOTES TO DESIGNER:

1. THIS DESIGN DETAIL SHOULD BE ADAPTED TO THE SPECIFIC ENGINEERED
DESIGN OF A RESPECTIVE INSTALLATION.

2. THE LOWEST PLANTING MEDIA SURFACE IN STORMWATER BUMPOUTS SHOULD
BE LEVEL ALONG THE ALIGNMENT OF THE STREET. A MILD SLOPE NO GREATER
THAN 1 PERCENT IS ACCEPTABLE BUT A LEVEL SURFACE IS RECOMMENDED. IF
SURROUNDING SLOPES ARE STEEP, IMPERMEABLE BARRIERS SUCH AS SURFACE
CHECK DAMS CAN HELP MAINTAIN A LEVEL SURFACE. NOTE THIS DOES NOT
APPLY TO THE CROSS-GRADING, IF USED, FROM THE PERIMETER OF THE
BUMPOUT DOWN TO THE LOWEST PLANTING MEDIA SURFACE.

3. DESIGNER SHOULD CONSIDER THE HEIGHT OF VEGETATION BOTH AT
INSTALLATION AND ANTICIPATED MATURITY. BOTH HEIGHTS SHOULD BE
CONSIDERED IN THE CONTEXT OF THE STORMWATER BUMPOUT'S PLAN
DIMENSIONS, DEPTH, AND SURROUNDING AREA PROTECTION AND VEGETATION
SELECTED ACCORDINGLY. NOTE THAT WITH THE EXCEPTION OF TREES,
MAXIMUM VEGETATION HEIGHT AT MATURITY SHOULD BE NO GREATER THAN
36-INCHES ABOVE THE SURROUNDING SIDEWALK ELEVATION. ALSO, PLANT
SELECTION AND PLACEMENT SHOULD BE DONE TO PREVENT ENCROACHMENT OF
PLANTS OUTSIDE OF THE LIMITS OF THE STORMWATER BUMPOUT AND IN
CONSIDERATION OF MAINTAINING ADEQUATE SIGHT LINES BASED ON THE
PLACEMENT OF THE STORMWATER BUMPOUT.

4. THE PONDING DEPTH OF WATER IN THE STORMWATER BUMPOUTS IS
CORRELATED TO A VARIETY OF SITE SPECIFIC FACTORS SUCH AS SURROUNDING
GRADES, OFFSETS BETWEEN STORMWATER ENTRANCE ELEVATIONS AND TOP OF
PLANTING MEDIA, OFFSETS BETWEEN STORMWATER ENTRANCE AND OVERFLOW
ELEVATIONS, DESIRED FREEBOARD, THE VEGETATION SELECTED FOR THE
STORMWATER BUMPOUT, AND THE DESIGN DEPTH OF THE STORMWATER
BUMPOUT. THE DESIGNER SHOULD EVALUATE SITE SPECIFIC CONDITIONS SUCH
AS THOSE MENTIONED IN ORDER TO ACHIEVE A MINIMUM PONDING DEPTH OF
6" AND TO MAXIMIZE PONDING DEPTH TO THE EXTENT POSSIBLE.

5. ALTHOUGH NOT SHOWN, EXTENDING THE VEGETATED AREA INTO THE LIMITS
OF THE SIDEWALK IS PERMITTED. HOWEVER, ANY REQUIREMENTS/GUIDELINES
FOR OTHER SMPS LOCATED IN THE SIDEWALK, SUCH AS STORMWATER
PLANTERS, WOULD APPLY.

6. CURBS AROUND STORMWATER BUMPOUTS ON CITY STREETS WILL FOLLOW THE
SAME REQUIREMENTS AS NORMAL CURBS AND SHALL BE WITHIN A HEIGHT
RANGE OF 4" TO 8". DESIGNER WILL SELECT A HEIGHT WITHIN THAT RANGE
BASED ON APPLICABLE SITE CONDITIONS AND THE CURB HEIGHT SHALL BE
CONSISTENT ALONG THE LENGTH OF THE BUMPOUT.

7. DELINEATORS SHOULD BE PLACED ALONG BUMPOUT CURB. PLACEMENT SHOWN
HERE IS EXAMPLE ONLY AND PLACEMENT AND SPACING SHOULD BE
DETERMINED ON A PER PROJECT BASIS

8. OPENING SIZE AND PLACEMENT TO BE DETERMINED BY DESIGNER. OPENINGS
ALONG OUTSIDE EDGE OF BUMPOUT, IF USED, MUST INCLUDE A WHEEL GUARD.

9. DESIGNER SHOULD DETERMINE THE APPROPRIATE GEOMETRY FOR BUMPOUTS
BASED ON GOOD ENGINEERING PRACTICE, JUDGMENT OF THE SITE, AND
INFORMATION IN PWD'S BUMPOUT DESIGN GUIDANCE  DOCUMENT.

10.MINIMUM SOIL DEPTH SHALL BE APPROPRIATE FOR THE VEGETATION PLANTED
AND NO LESS THAN 2 FEET, OR 3 FEET WHERE TREES ARE PLANTED.

12.DOMED RISERS MAY BE USED AS NEEDED TO ALLOW SUBSURFACE STONE
STORAGE TO FILL BEFORE SYSTEM OVERFLOWS.

13.UNDERDRAINS, WHILE NOT SHOWN, ARE TYPICALLY INSTALLED EXCEPT UNDER
CERTAIN CIRCUMSTANCES 

N.T.S.
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STORMWATER BUMPOUT (MID-BLOCK)

      1     06/01/2018    ANJ     ADDED MULCH LAYER, ADDED REFERENCE TO BUMPOUT GUIDANCE DOCUMENT
      1     09/01/2016        



NOTES TO DESIGNER:

1. THIS DESIGN DETAIL SHOULD BE ADAPTED TO THE SPECIFIC ENGINEERED DESIGN AND ITS RESPECTIVE INSTALLATION.

2.

STONE

LEVEL BOTTOM; SCARIFIED
SUBGRADE BENEATH STONE TRENCH

CLEAN-WASHED AASHTO #57
STONE STORAGE DEPTH VARIES

(18" MIN.)

POROUS ASPHALT BINDER COURSE
(6" TYP.)

POROUS ASPHALT WEARING COURSE
(2" TYP.)

CLEAN-WASHED AASHTO #8
CHOKER COURSE (3")

GEOMEMBRANE LINER
CURTAIN (TYP.)

OBSERVATION WELL
IN CARTWAY
SEE COMPONENT DETAIL

GEOTEXTILE FABRIC
BELOW STONE STORAGE

MATCH STREET CROSS SLOPE

SPECIFY DEPTH

EXISTING/PROPOSED
UTILITY MAIN

EXISTING/PROPOSED
UTILITY SERVICE
CONNECTION

GEOMEMBRANE LINER
PENETRATIONS REQUIRE
WATERTIGHT BOOT SEAL
SEE COMPONENT DETAIL

6' GEOTEXTILE TUCK
(TYP.)

N.T.S.

F-9

PERMEABLE PAVEMENT

       2    06/01/2018  ANJ/DJM         REMOVED PAVER AND CONC. EXAMPLES AND SAND LAYER, ADDED GEOTEXTILE, GEOMEMBRANE, AND OBS. WELL
       1    09/01/2016        

PERMEABLE PAVEMENT SHALL INCLUDE CHECK DAMS AS NEEDED TO ACCOMMODATE STREET SLOPE (SEE COMPONENT DETAIL).

PERMEABLE PAVEMENT SHALL NOT BE USED IN AREAS WHERE LONGITUDINAL SLOPE IS GREATER THAN 5%.

SPECIFY GEOMEMBRANE LINER CURTAIN DEPTH TO PREVENT INFILTRATION INTO BASEMENTS OF ADJACENT BUILDINGS.

ALL EDGES BETWEEN NEW AND EXISTING ASPHALT PAVEMENT SHALL BE SEALED WITH HOT ASPHALT CEMENT. ALSO, JOINTS BETWEEN UTILITY FRAMES FOR MANHOLES AND INLETS OR OTHER UTILITY
OWNED STRUCTURES AND PERMEABLE ASPHALT WEARING COURSE SHALL BE SEALED WITH HOT ASPHALT CEMENT FOR A DISTANCE OF 6-INCHES FROM THE EDGE OF THE FRAME.

3.

4.

5.



NOTES TO DESIGNER:

1. THIS DESIGN DETAIL SHOULD BE ADAPTED TO THE SPECIFIC ENGINEERED
DESIGN OF A RESPECTIVE INSTALLATION.

2. THE LOWEST PLANTING MEDIA SURFACE IN THE RAIN GARDEN SHOULD BE
LEVEL. A MILD SLOPE NO GREATER THAN 1 PERCENT IS ACCEPTABLE BUT A
LEVEL SURFACE IS RECOMMENDED. IF SURROUNDING SLOPES ARE STEEP,
IMPERMEABLE BARRIERS SUCH AS SURFACE CHECK DAMS CAN HELP MAINTAIN A
LEVEL SURFACE. NOTE THIS DOES NOT APPLY TO THE CROSS-GRADING, IF USED,
FROM THE PERIMETER OF THE RAIN GARDEN DOWN TO THE LOWEST PLANTING
MEDIA SURFACE.

3. DESIGNER SHOULD CONSIDER THE HEIGHT OF VEGETATION BOTH AT
INSTALLATION AND ANTICIPATED MATURITY. BOTH HEIGHTS SHOULD BE
CONSIDERED IN THE CONTEXT OF THE RAIN GARDEN'S PLAN DIMENSIONS,
DEPTH, AND SURROUNDING AREA PROTECTION AND VEGETATION SELECTED
ACCORDINGLY. NOTE THAT WITH THE EXCEPTION OF TREES, MAXIMUM
VEGETATION HEIGHT AT MATURITY SHOULD BE NO GREATER THAN 36-INCHES
ABOVE THE SURROUNDING SIDEWALK ELEVATION IF IN THE RIGHT-OF-WAY.
ALSO, PLANT SELECTION AND PLACEMENT SHOULD BE DONE TO PREVENT
ENCROACHMENT OF PLANTS OUTSIDE OF THE LIMITS OF THE RAIN GARDEN AND
IN CONSIDERATION OF MAINTAINING ADEQUATE SIGHT LINES BASED ON THE
PLACEMENT OF THE RAIN GARDEN IF IN THE RIGHT-OF-WAY.

4. THE PONDING DEPTH OF WATER IN THE RAIN GARDEN IS CORRELATED TO A
VARIETY OF SITE SPECIFIC FACTORS SUCH AS SURROUNDING GRADES, OFFSETS
BETWEEN STORMWATER ENTRANCE ELEVATIONS AND TOP OF PLANTING MEDIA,
OFFSETS BETWEEN STORMWATER ENTRANCE AND OVERFLOW ELEVATIONS,
DESIRED FREEBOARD, THE VEGETATION SELECTED FOR THE RAIN GARDEN, AND
THE DESIGN DEPTH OF THE RAIN GARDEN. THE DESIGNER SHOULD EVALUATE
SITE SPECIFIC CONDITIONS IN ORDER TO ACHIEVE A MINIMUM PONDING DEPTH
OF 6" AND TO MAXIMIZE PONDING DEPTH TO THE EXTENT POSSIBLE.

5. STEEPER SIDE SLOPES MAY BE ALLOWED ON A PROJECT-SPECIFIC BASIS.

6. CONSIDER CURB REVEAL, FENCING, EDGING, OR OTHER PROTECTIVE BARRIER
WHEN RAIN GARDEN IS DIRECTLY ADJACENT TO PEDESTRIAN PATHS OR
RIGHT-OF-WAY SIDEWALK AREAS.

7. MINIMUM SOIL DEPTH SHALL BE APPROPRIATE FOR THE VEGETATION PLANTED
AND NO LESS THAN 2 FEET, OR 3 FEET WHERE TREES ARE PLANTED.

8. STONE CHIMNEYS AND/OR INFILTRATION COLUMNS SHALL BE CONSIDERED AS
NEEDED TO ENHANCE INFILTRATION.

9. UNDERDRAINS, WHILE NOT SHOWN, ARE TYPICALLY INSTALLED EXCEPT UNDER
CERTAIN CIRCUMSTANCES 

10. PROPOSED GRADING SHALL INCORPORATE EXISTING CONTOURS TO THE EXTENT
FEASIBLE, AND THE DESIGN SHALL MITIGATE STEEP CHANGES IN ELEVATION.

11. DESIGNER SHOULD CONSIDER BARRIER/WEIR SYSTEM TO FORM FOREBAY AREA.
THIS MAY ALSO BE ACHIEVED WITH GRADING.

12. DOMED RISERS MAY BE USED AS NEEDED TO ALLOW SUBSURFACE STONE
STORAGE TO FILL BEFORE SYSTEM OVERFLOWS IN CASE STORMWATER SOIL
DOES NOT INFILTRATE HIGH INTENSITY STORMS FAST ENOUGH.

PROFILE

PLAN

VARIES
ADJACENT

SURFACE VARIES

FLAT BOTTOM
SEE NOTE 2

TO SEWER
XXXXX

TO SEWER

PREFERRED SLOPE
SEE NOTE 5

STORMWATER SOIL

5
1

HEADWALL OR
END SECTION,

AS NEEDED

INLET PIPE
SEE NOTE 11

ENERGY DISSIPATER
SEE COMPONENT DETAILS

OUTLET PIPE

ENERGY DISSIPATER
SEE COMPONENT DETAILS

DEPTH, SIZE AND
LOCATION OF RAIN
GARDEN PER DESIGN

ELEVATION CONTOURS

FOREBAY

SMALL OVERFLOW STRUCTURE
FOR PARKS
SEE COMPONENT DETAIL

INLET PIPE

SEE NOTE 11

HEADWALL OR END
SECTION, AS NEEDED

OUTLET PIPE

SEE NOTE 7

3" MULCH

PONDING SURFACE
SEE NOTE 4

SMALL OVERFLOW STRUCTURE FOR PARKS
SEE COMPONENT DETAIL

VS. DATE INITIALS REASON DRAWING NUMBER:1101 MARKET ST.
4TH FLOOR
PHILADELPHIA, PA
19107

SCALE: N.T.S.
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RAIN GARDEN

      2     06/01/2018    ANJ          ADDED MULCH LAYER
      1     09/01/2016        



UNDERDRAIN
PIPE

UNDERDRAIN
PIPE

STANDARD PWD TRAP AND
CONNECTION TO SEWER

OUTLET PIPE
INVERT

UNDERDRAIN
INVERT

7-1/2" MIN.

SECTION B-B SECTION A-A

FROM SMP

B

B

A A

NOTES:
1.

2.

PRECAST

UNDERDRAIN EXTENSION

UNDERDRAIN
EXTENSION

PLAN

SLOW RELEASE
ORIFICE
SEE COMPONENT
DETAIL

SLOW RELEASE
ORIFICE
SEE COMPONENT
DETAIL

SLOW RELEASE ORIFICE
SEE COMPONENT DETAIL

WATERTIGHT
BOOT COLLAR
SEE SPECIFICATIONS

WATERTIGHT
BOOT COLLAR
SEE SPECIFICATIONS

STANDARD INLET WITH UNDERDRAIN CONNECTION

C-7

N.T.S.

       2   06/01/2018     ANJ UPDATED PVC PLUG, ADDED BOOT COLLAR
       1   09/01/2016  ANJ/DJM 

TOTAL EXTENSION OF UNDERDRAIN AND
CAP ASSEMBLY INTO INLET TO BE 2"
FROM INLET WALL TO END OF CAP.
ALL JOINTS, ADJUSTMENTS, AND PIPE
CONNECTIONS MUST BE WATERTIGHT.

INLET BOX

TRAP



THREADED PVC END PLUG WITH NUT

INLET WALL

THREADED 8" PVC END PLUG
 WITH NUT

INLET WALL

DRILLED ORIFICE OPENING

HDPE TO PVC FITTING

WATERTIGHT BOOT COLLAR
SEE SPECIFICATIONS

12" CORED OPENING

SLOW RELEASE ORIFICE

C-8

N.T.S.

       2   06/01/2018  ANJ/DJM UPDATED PVC PLUG, ADDED BOOT COLLAR

NOTE TO DESIGNER:
1. ORIFICE LARGER THAN 1" CANNOT BE

DRILLED IN STANDARD PVC PLUG
NUT. ALTERNATE CAP DESIGN
NEEDED IN THIS INSTANCE.

       1   09/01/2016  ANJ/DJM 



PLAN

SECTION A-A

BB

A

A

SECTION B-BFRONT ELEVATION

FENCING
SEE DETAILFENCING

SEE DETAIL

WHEEL GUARD
SEE DETAIL

FENCING
SEE DETAIL

CURB CUT

FENCING
SEE DETAIL

CURB CUT

CONCRETE APRON
SEE DETAIL

WHEEL GUARD
SEE DETAIL

WHEEL GUARD
SEE DETAIL

ADJACENT PAVEMENT
ELEVATIONS

CURB CUT ELEVATION
SOIL

ELEVATION
TREE PIT
LENGTH

TREE PIT
WIDTH

CURB
CUT

LENGTH

SOIL
DEPTH

TREE
NO.

ELEV 1
(FT)

ELEV 2
(FT)

ELEV 3
(FT)

ELEV 4
(FT)

ELEV 5 (FT) ELEV 6 (FT) ELEV 7 (FT) L1 (FT) W1 (FT) L2 (FT) D1 (FT)

ELEV 4

ELEV 3ELEV 2

ELEV 1

ELEV 7ELEV 5

SIDEWALK

ELEV 6

SEE NOTE 1

NOTE:
1. GRADE SOIL TO ENSURE SIDEWALK

SUBGRADE IS NOT EXPOSED (ALL SIDES).

EDGE RESTRAINT
(TYP.)

EDGE RESTRAINT
(TYP.)

VS. DATE INITIALS REASON DRAWING NUMBER:1101 MARKET ST.
4TH FLOOR
PHILADELPHIA, PA
19107

SCALE: N.T.S.

C-27

DROP-IN STORMWATER TREE

NOTE TO DESIGNER:
1. IN ORDER TO ADD THIS DETAIL TO PLANS, ADD

PERTINENT DESIGN INFORMATION TO TABLE AND
UPDATE REFERENCES TO SPECIFIC DETAILS.

      1    09/01/2016



2'-0"

SCARIFIED SUBGRADE

UTILITY MANHOLE

GEOTEXTILE FABRIC UNDER STONE
OVERLAPPED WITH GEOMEMBRANE
LINER

5'-0"

 GEOMEMBRANE LINER
COVERING SIDES OF MANHOLE
AND EXTENDING MIN. 5'-0" OUT
IN ALL DIRECTIONS ALONG
BOTTOM OF PERMEABLE SYSTEM

JOINT AROUND MANHOLE
SEALED WITH HOT
ASPHALT CEMENT FOR A
DISTANCE OF 6-INCHES
FROM EDGE OF FRAME PERMEABLE PAVEMENT

SECTION

CLEAN-WASHED AASHTO
#8 CHOKER COURSE

CLEAN-WASHED AASHTO
#57 STORAGE ZONE

6" GEOTEXTILE TUCK
(TYP.)

UTILITY MANHOLE IN PERMEABLE PAVING

C-30

N.T.S.

      2    06/01/2018     ANJ             REMOVED SAND LAYER, ADDED JOINT SEAL NOTE
      1    09/01/2016



6"

POROUS ASPHALT
WEARING COURSE

ASPHALT BASE COURSE

CLEAN-WASHED AASHTO
#8 CHOKER COURSE

CLEAN-WASHED AASHTO
#57 STONE STORAGE

CONCRETE COLLAR
2500 PSI

6"

NOTES:
1. TO BE USED ON WATER VALVES,

OBSERVATION WELLS, CLEANOUTS, GAS
VALVES LOCATED IN POROUS PAVING

6"

RISER PIPE

PROFILE

JOINT AROUND
MANHOLE SEALED
WITH HOT ASPHALT
CEMENT FOR A
DISTANCE OF
6-INCHES FROM
EDGE OF FRAME

FRAME & CASTING SUPPORT IN PERMEABLE PAVING

C-31

N.T.S.

      2    06/01/2018     DJM      ADDED JOINT SEAL NOTE
      1    09/01/2016



3/4" EXT. DIAMETER REINFORCED RUBBER
GARDEN HOSE. STAYS TO BE SET 2/3 UP TREE
OR ABOVE FIRST BRANCHES

KEEP MULCH 3" AWAY FROM TRUNK

3" DOUBLE SHREDDED HARDWOOD MULCH

REMOVE BURLAP AND WIRE BASKET. SCARIFY
EDGES OF ROOTBALL BEFORE BACKFILLING.

PLANTING SOIL, SEE NOTE 9

STAKES TO EXTEND 1'-6" MIN. BELOW SURFACE
INTO UNDISTURBED SOIL

PLACE ROOTBALL ON FIRMLY PACKED SOIL
PEDESTAL TO PREVENT SETTLING AND PROVIDE
TREE STABILITY

NOTES:
1. DO NOT HEAVILY PRUNE THE TREE AT PLANTING.

PRUNE ONLY TO REMOVE CO-DOMINANT LEADERS,
DEAD, AND BROKEN BRANCHES. PRUNE WITH A
CLEAN CUT PER ANSI A300 & ISA (2008)
STANDARDS. DO NOT CUT TREE'S CENTRAL
LEADER.

2. SET PLANTS PLUMB AND FACE TO GIVE THE BEST
APPEARANCE OR RELATIONSHIP TO ADJACENT
AREAS.

3. CONTRACTOR SHALL REMOVE EXCESS SOIL FROM
TOP OF ROOT BALL TO EXPOSE ROOT FLARE PRIOR
TO PLANTING TO ENSURE THAT THE BASE OF THE
TRUNK FLARE IS FLUSH WITH ADJACENT GRADE
AND PLUMB IN ALL DIRECTIONS.

4. DO NOT USE TREE WRAP. REMOVE TREE WRAP OR
CARDBOARD TUBING FROM ALL TREE TRUNKS. DO
NOT LEAVE MATERIALS IN THE TREE PIT.

5. STAKE TREES OVER 2" CAL, SET STAKES VERTICAL
AND AT SAME HEIGHT. STAKES TO BE PLACED
STREET SIDE AND OPPOSITE OF STREET SIDE.

6. WHERE PLANTING SOIL MEETS UNDISTURBED
SOIL, SCARIFY SIDES AND BOTTOM OF TREE PIT
UP TO THE BOTTOM OF ROOT BALL.

7. PLANTING SOIL SHALL BE A MINIMUM DEPTH OF
3'-0" UNLESS OTHERWISE SPECIFIED.

8. THE TRUNK OF THE TREE SHALL NOT BE USED AS
A LEVER IN POSITIONING OR MOVING THE TREE.
CONTRACTOR SHALL LEAVE
NURSERY/CONTRACTOR SEAL IN PLACE.

9. PRIOR TO MULCHING, LIGHTLY TAMP SOIL
AROUND ROOT BALL IN 6" LIFTS TO BRACE TREE.
DO NOT OVER COMPACT. WHEN PLANTING HOLE
HAS BEEN BACKFILLED, POUR WATER AROUND
ROOT BALL TO SETTLE THE SOIL.

10. TREE PROTECTION, WHERE REQUIRED, SHALL BE
AS SHOWN ON TREE PROTECTION DETAILS.

11. BARK PROTECTORS MAY BE REQUESTED BY PWD
ON A PROJECT BY PROJECT BASIS.

UNDISTURBED SOIL

SET ROOT FLARE ABOVE FINISHED GRADE,
SEE NOTE 3

3'
-0

" 
M

IN
.

SE
E 

N
O

TE
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SCARIFY SUBGRADE, SEE NOTE 6

TREE PLANTING

C-38

N.T.S.

      2    06/01/2018      TJL ADDED BARK PROTECTORS NOTE
      1    09/01/2016



3/4" EXT.
DIAMETER

REINFORCED
RUBBER GARDEN
HOSE. STAYS TO

BE SET 2/3 UP
TREE OR ABOVE

FIRST BRANCHES

KEEP MULCH 3" AWAY FROM TRUNK

3" DOUBLE SHREDDED HARDWOOD MULCH
DRESSING AROUND ALL SIDES TO THE EDGE OF
THE SIDEWALK OPENING

REMOVE BURLAP AND WIRE BASKET. SCARIFY
EDGES OF ROOTBALL BEFORE BACKFILLING.

PLANTING SOIL, SEE NOTE 9

STAKES TO EXTEND 1'-6" MIN. BELOW SURFACE
INTO UNDISTURBED SOIL

PLACE ROOTBALL ON FIRMLY PACKED SOIL
PEDESTAL TO PREVENT SETTLING AND PROVIDE
TREE STABILITY

NOTES:
1. DO NOT HEAVILY PRUNE THE TREE AT PLANTING. PRUNE

ONLY CO-DOMINANT LEADERS, BROKEN, DEAD OR
DAMAGED BRANCHES. PRUNE WITH A CLEAN CUT PER
ANSI A300 & ISA (2008) STANDARDS. DO NOT CUT TREE'S
CENTRAL LEADER.

2. SET PLANTS PLUMB AND FACE TO GIVE THE BEST
APPEARANCE OR RELATIONSHIP TO ADJACENT AREAS.

3. CONTRACTOR SHALL REMOVE EXCESS SOIL FROM TOP OF
ROOT BALL TO EXPOSE ROOT FLARE PRIOR TO PLANTING
TO ENSURE THAT THE BASE OF THE TRUNK FLARE IS
FLUSH WITH ADJACENT GRADE AND PLUMB IN ALL
DIRECTIONS.

4. DO NOT USE TREE WRAP. REMOVE TREE WRAP OR
CARDBOARD TUBING FROM ALL TREE TRUNKS. DO NOT
LEAVE MATERIALS IN THE TREE PIT.

5. STAKE TREES OVER 2" CAL, SET STAKES VERTICAL AND AT
SAME HEIGHT. STAKES TO BE PLACED STREET SIDE AND
OPPOSITE OF STREET SIDE.

6. WHERE PLANTING SOIL MEETS UNDISTURBED SOIL,
SCARIFY SIDES AND BOTTOM OF TREE PIT UP TO THE
BOTTOM OF ROOTBALL.

7. PLANTING SOIL SHALL BE A MINIMUM DEPTH OF 3'-0"
UNLESS OTHERWISE SPECIFIED.

8. THE TRUNK OF THE TREE SHALL NOT BE USED AS A LEVER
IN POSITIONING OR MOVING THE TREE. CONTRACTOR
SHALL LEAVE NURSERY/CONTRACTOR SEAL IN PLACE.

9. PRIOR TO MULCHING, LIGHTLY TAMP SOIL AROUND ROOT
BALL IN 6" LIFTS TO BRACE TREE. DO NOT OVER
COMPACT. WHEN PLANTING HOLE HAS BEEN BACKFILLED,
POUR WATER AROUND ROOT BALL TO SETTLE THE SOIL.

10. TREE PROTECTION, WHERE REQUIRED, SHALL BE AS
SHOWN ON TREE PROTECTION DETAILS.

11. EXTENTS OF STONE STORAGE AND SAND LAYER CAN VARY.

UNDISTURBED SOIL

SET ROOT FLARE ABOVE FINISHED GRADE,
SEE NOTE 3

SCARIFY
SUBGRADE, SEE
NOTE 6

3'
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6"

CLEAN WASHED AASHTO NO.57 STONE, SEE NOTE 11

6" SAND LAYER

DISTRIBUTION PIPE

NON WOVEN GEOTEXTILE, TOPS AND SIDES

6" GEOTEXTILE TUCK (TYP.)

TREE PIT IN STORMWATER TRENCH

C-39

N.T.S.

      1    09/01/2016





HDDBH 21001 July 2022 Stormwater Drainage Study and GI Plan
Borough of Barrington                                    Haddonfield, NJ

APPENDIX C – Ordinances
Flood Damage Prevention Ordinance
Required (NJDEP) Green Infrastructure Elements for Development 
and Redevelopment

























Required (NJDEP) Green Infrastructure Elements for Development and Redevelopment

O.   Green Infrastructure Standards

1. This subsection specified the types of green infrastructure BMPs that may be used to satisfy the 
groundwater recharge, stormwater runoff quality, and stormwater runoff quantity standards.

2. To satisfy the groundwater recharge and stormwater runoff quality standards at Section IV.P 
and Q, the design engineer shall utilize green infrastructure BMPs identified in Table 1 at Section 
IV.F. and/or an alternative stormwater management measure approved in accordance with 
Section IV.G. The following green infrastructure BMPs are subject to the following maximum 
contributory drainage area limitations:

Best Management Practice Maximum Contributory Drainage Area
Dry Well 1 acre

Manufactured Treatment Device 2.5 acres
Pervious Pavement Systems Area of additional inflow cannot exceed 

three times the area occupied by the BMP
Small-scale Bioretention Systems 2.5 acres

Small-scale Infiltration Basin 2.5 acres
Small-scale Sand Filter 2.5 acres

3. To satisfy the stormwater runoff quantity standards at Section IV.R, the design engineer shall 
utilize BMPs from Table 1 or from Table 2 and/or an alternative stormwater management 
measure approved in accordance with Section IV.G.

4. If a variance in accordance with N.J.A.C. 7:8-4.6 or a waiver from strict compliance in accordance 
with Section IV.D is granted from the requirements of this subsection, then BMPs from Table 1, 
2, or 3, and/or an alternative stormwater management measure approved in accordance with 
Section IV.G may be used to meet the groundwater recharge, stormwater runoff quality, and 
stormwater runoff quantity standards at Section IV.P, Q and R.

5. For separate or combined storm sewer improvement projects, such as sewer separation, 
undertaken by a government agency or public utility (for example, a sewerage company), the 
requirements of this subsection shall only apply to areas owned in fee simple by the 
government agency or utility, and areas within a right-of-way or easement held or controlled by 
the government agency or utility; the entity shall not be required to obtain additional property 
or property rights to fully satisfy the requirements of this subsection. Regardless of the amount 
of area of a separate or combined storm sewer improvement project subject to the green 
infrastructure requirements of this subsection, each project shall fully comply with the 
applicable groundwater recharge, stormwater runoff quality control, and stormwater runoff 
quantity standards at Section IV.P, Q and R, unless the project is granted a waiver from strict 
compliance in accordance with Section IV.D.



Required (NJDEP) Green Infrastructure Elements for Development and Redevelopment

P.   Groundwater Recharge Standards

1. This subsection contains the minimum design and performance standards for groundwater 
recharge as follows:

2. The design engineer shall, using the assumptions and factors for stormwater runoff and 
groundwater recharge calculations at Section V, either:

i. Demonstrate through hydrologic and hydraulic analysis that the site and its stormwater 
management measures maintain 100 percent o the average annual pre-construction 
groundwater recharge volume for the site; or

ii. Demonstrate through hydrologic and hydraulic analysis that the increase of stormwater 
runoff volume from pre-construction to post-construction for the 2-year storm is 
infiltrated.

3. This groundwater recharge requirement does not apply to projects within the “urban 
redevelopment area,” or to projects subject to 4 below.

4. The following types of stormwater shall not be recharged:
i. Stormwater from areas of high pollutant loading. High pollutant loading areas are areas 

in industrial and commercial developments where solvents and/or petroleum products 
are loaded/unloaded, stored, or applied, areas where pesticides are loaded/unloaded or 
stored; areas where hazardous materials are expected to be present in greater than 
“reportable quantities” as defined by the United States Environmental Protection 
Agency (EPA) at 40 CFR 302.4; areas where recharge would be inconsistent with 
Department approved remedial action work plan or landfill closure plan and areas with 
high risks for spills of toxic materials, such as gas stations and vehicle maintenance 
facilities; and

ii. Industrial stormwater exposed to “source material.” “Source material” means any 
material(s) or machinery, located at an industrial facility, that is directly or indirectly 
related to process, manufacturing or other industrial activities, which could be a source 
of pollutants in any industrial stormwater discharge to groundwater. Source materials 
include, but are not limited to, raw materials; intermediate products; final products; 
waste materials; by-products; industrial machinery and fuels, and lubricants, solvents, 
and detergents that are related to process, manufacturing, or other industrial activities 
that are exposed to stormwater.


