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Rutgers Cooperative Extension
Rutgers Cooperative Extension (RCE) helps the
diverse population of New Jersey adapt to a
rapidly changing society and improves their lives
through an educational process that uses
science-based knowledge.



Water Resources Program   
Our Mission is to 
identify and address 
community water 
resources issues 
using sustainable and 
practical science-
based solutions. 

The Water Resources 
Program serves all of 
New Jersey, working 
closely with the 
County Extension 
Offices.



Environmental County Agents

• Michele Bakacs, Middlesex and Union
• Pat Rector, Morris and Somerset
• Amy Rowe, Essex and Passaic
• Mike Haberland, Camden and Burlington
• Sal Mangiafico, Salem and Cumberland
• Steve Yergeau, Ocean and Atlantic

The Environmental County Agents teach people new skills 
and information so they can make better informed 
decisions and improvements to their businesses and 
personal lives.



WHAT IS A WATERSHED?
 An area of land that water flows across, through, or under

on its way to a stream, river, lake, ocean or other body of 
water.

 A watershed is like 
one big bathtub...

Courtesy of Texas Watershed Stewards, Texas A&M AgriLife Extension

Do you know 
what a 

watershed is?



HYDROLOGIC CYCLE

Courtesy of www.fgmorph.com



What is stormwater?

Stormwater is the water from rain or melting snows that can 
become “runoff,” flowing over the ground surface and 
returning to lakes and streams.



WHERE DOES PRECIPITATION GO?

1.  It can be absorbed by plants and used for 
photosynthesis and other biological processes

Courtesy of Texas Watershed Stewards, 
Texas A&M AgriLife Extension



WHERE DOES PRECIPITATION GO?
2. It can infiltrate through the soil surface and 

percolate downward to groundwater aquifers

Courtesy of Texas Watershed Stewards, Texas A&M AgriLife Extension



WHERE DOES PRECIPITATION GO?
3. It can evaporate

Courtesy of Texas Watershed Stewards, Texas A&M AgriLife Extension



WHERE DOES PRECIPITATION GO?

4. It can run off

Courtesy of Texas Watershed Stewards, 
Texas A&M AgriLife Extension



More 
development

More impervious 
surfaces

More stormwater 
runoff

10%
20% 30% 55%

The Impact of Development on 
Stormwater Runoff



The Urban Hydrologic Cycle



WATER POLLUTION SOURCES

POINT SOURCE POLLUTION
NONPOINT SOURCE 

POLLUTION

Environmental Health Perspective, National Institute of Health



POINT SOURCE POLLUTION

• Comes from a specific 
source, like a pipe

• Factories, industry, 
municipal treatment 
plants

• Can be monitored and 
controlled by a permit 
system (NPDES)



NONPOINT SOURCE POLLUTION (NPS)

• Associated with 
stormwater runoff

• Runoff collects 
pollutants on its way to 
a sewer system or 
water body

• It cannot be 
traced to a direct 
discharge point such as 
a wastewater treatment 
facility



EXAMPLES OF NPS
• Oil and grease from cars
• Fertilizers
• Animal waste
• Grass clippings
• Septic systems

• Sewage leaks
• Household cleaning products
• Litter
• Agriculture
• Sediment



SOURCE: Philadelphia Water Department

Urban Sewer Systems - Separate



SOURCE: Philadelphia Water Department

Urban Sewer Systems - Combined



History of Stormwater Management



1st Attempt at Stormwater Management
Capture all runoff, pipe it, and send it directly to the river . . .prior to mid 1970’s 



2nd Iteration of Stormwater Management
Capture runoff, detain it, release it slowly to the river…mid 1970’s to 2004
− Detain peak flow during large storm events for 18 hours (residential) or 36 

hours (commercial)
− Reduce downstream flooding during major storms
− Use concrete low flow channels to minimize erosion, reduce standing 

water, quickly discharge low flows
− Does not manage runoff from smaller storms allowing stormwater to pass 

through the system  
− Directly discharges stormwater runoff to nearby stream, waterway, or 

municipal storm sewer system (at a controlled/managed rate)



3rd Generation of Stormwater 
Management

• Reduce peak flows 
and flooding 
…and….

• Maintain infiltration 
and groundwater 
recharge

• Reduce pollution 
discharged to local 
waterways

abc Action News, August 27, 2012



How NJ’s regulations change the way
we manage stormwater

Play



It is all about 
controlling runoff 
from impervious 

surfaces



Reference:  Tom Schueler and Lisa Fraley-McNeal, Symposium on Urbanization and Stream Ecology, May 23 and 24, 2008



The Hydrologic Cycle



Addressing impervious cover

Can we eliminate it?

Can we reuse it?

Can we change it?

Can we disconnect it?



Eliminate it!



Change It!
Pervious Pavements

• Underlying stone reservoir
• Porous asphalt and pervious concrete are 

manufactured without "fine" materials to 
allow infiltration

• Grass pavers are concrete interlocking 
blocks with open areas to allow grass to 
grow

• Ideal application for porous pavement is to 
treat a low traffic or overflow parking area

This image cannot currently be displayed.



Pervious Pavements
FUNCTIONS

• Manage stormwater runoff
• Minimize site disturbance
• Promote groundwater 

recharge
• Low life cycle costs, 

alternative to costly 
traditional stormwater
management methods

• Mitigation of urban heat 
island effect

• Contaminant removal as 
water moves through 
layers of system

COMPONENTS



Pervious Pavement



Pervious Pavements



Disconnect It!



Runoff Direction

1 acre directly 
connected 

impervious cover

2 acres 
pervious cover

Total drainage area = 3 acres

For 1.25 inch storm, 3,811 cubic feet of runoff = 28,500 gallons

Stormwater
Inlet



1 acre directly 
connected 

impervious cover

2 acres 
pervious cover

Total drainage area = 3 acres

For 1.25 inch storm, 581 cubic feet of runoff = 4,360 gallons

Runoff
Direction

Stormwater
Inlet



Volume of Runoff

Design 
Storm

Connected
(gallons)

Disconnected
(gallons)

Percent 
Difference

1.25 inches
(water quality 

storm) 28,500 4,360 85%



Simple Disconnection



Rooftop runoff is now “disconnected” from flowing 
directly into the storm sewer system

Disconnection with Rain Gardens



Lots of Rain Gardens



Disconnect with a Tree 
Filter Box

Rooftop runoff is now “disconnected” from flowing 
directly into the storm sewer system

Disconnection with Tree Filter Box



Disconnect your 
downspout by installing a 

rain barrel 

Reuse it!

Impervious area is now “disconnected” from flowing 
directly into the storm sewer system



So Many Barrels to Choose From…



Or Larger Rainwater Harvesting Systems…



Green Infrastructure
…an approach to stormwater 
management that is cost-effective, 
sustainable, and environmentally 
friendly. 
Green Infrastructure projects:

• capture, 
• filter, 
• absorb, and 
• reuse 

stormwater to maintain or mimic natural 
systems and treat runoff as a resource. 



Green Infrastructure includes:
• Green Roofs

• Rainwater Harvesting

• Tree Filter/Planter Boxes

• Rain Gardens/Bioretention 
Systems

• Permeable Pavements

• Vegetated Swales or 
Bioswales

• Natural Retention Basins

• Green Streets

Parker Urban Greenscapes. 2009. 



SIMPLE DISCONNECTION

• Simply divert stormwater runoff to 
pervious area so it infiltrates

• Usually rooftop runoff is diverted to 
a lawn area

ADVANTAGES
• Easy and inexpensive

DISADVANTAGES
• Only manage small amounts of rainfall





PERVIOUS PAVEMENTS

• Underlying stone reservoir
• Porous asphalt and pervious 

concrete are manufactured 
without "fine" materials to allow 
infiltration

• Grass pavers are concrete 
interlocking blocks with open 
areas to allow grass to grow

• Ideal application for porous 
pavement is to treat a low traffic 
or overflow parking area



ADVANTAGES

• Manage stormwater runoff
• Minimize site disturbance
• Promote groundwater 

recharge
• Low life cycle costs, 

alternative to costly 
traditional stormwater
management methods

• Mitigation of urban heat 
island effect

• Contaminant removal as 
water moves through 
layers of system

COMPONENTS



DISADVANTAGES

• More expensive than regular asphalt and concrete
• Permeable paving systems are expensive
• Pervious concrete has not stood up over time
• Cannot apply grit/sand in winter, only salt
• Special mixes are not always available
• Installers are hard to find
• Yet to be embraced by many traditional engineers



Porous Asphalt



Grass Pavers



BIORETENTION SYSTEMS/RAIN GARDENS



ADVANTAGES
• Combines settling of detention basin with physical 

filtering and absorption processes
• Provides very high pollutant removal efficiencies
• More aesthetically pleasing than conventional 

detention basins
• Can be incorporated into the landscapes of 

individual homes
• Provided wildlife habitat
• Sequesters carbon
• Produces oxygen



NJDEP. 2004. NJ Stormwater BMP Manual.



DISADVANTAGES
• Requires maintenance (weeding, pruning, 

mulching)
• Collects trash
• Can release nutrients from bioretention soil mix
• May not be aesthetically appealing to everyone





DOWNSPOUT PLANTER BOXES



ADVANTAGES

• Requires very little space
• Can enhance aesthetics of building
• Relatively inexpensive
• Can be designed to match architectural structure
• Can be constructed out of recycled materials



DISADVANTAGES
• Provide very little storage
• Easily vandalized
• Maintenance of the box and plants is required
• Heavy rainfall could damage plants



RAINWATER HARVESTING SYSTEMS



ADVANTAGES

• Free water
• Fairly easy to install
• Fairly inexpensive
• Easily winterized
• Tanks come in all shapes and sizes 



DISADVANTAGES

• Rain barrel is only 50 gallons, not much for 
stormwater management

• Only functions in warm months, must be winterized
• Must have use for water
• Must drain between storm events



BIOSWALE



ADVANTAGES

• Transports stormwater
• Filters stormwater
• Infiltrates stormwater
• Aesthetically pleasing
• Creates wildlife habitat



DISADVANTAGES

• Maintenance including 
sediment and trash 
removal

• High flow can cause 
erosion

• Hazard for vehicles



STORMWATER PLANTERS



ADVANTAGES

• Combines settling with physical filtering and 
absorption processes

• Provides very high pollutant removal efficiencies
• More aesthetically pleasing and can be 

incorporated into the landscapes of most 
streetscapes

• Provided wildlife habitat
• Sequesters carbon
• Produces oxygen



DISADVANTAGES

• Requires maintenance (weeding, pruning, 
mulching)

• Collects trash
• Can release nutrients from bioretention soil mix
• May not be aesthetically appealing to everyone
• Can be expensive due to curbing and sidewalk 

removal
• Utilities can be a problem to work around
• Possible tripping hazard



TREE FILTER BOXES IN A STREETSCAPE



ADVANTAGES

• Easy to incorporate 
into streetscapes

• Provides shading and 
helps with heat island 
effect

• Enhance aesthetics
• Provided wildlife 

habitat
• Sequesters carbon
• Produces oxygen



DISADVANTAGES

• Can be expensive
• Tree filter box has little storage capacity unless 

incorporated into an enhanced tree pit system
• Maintenance – trees need pruning
• Wildlife habitat – too many birds; can stimulate 

local car wash business



GREEN ROOFS
FUNCTIONS

• Improves stormwater 
management

• Improves air quality
• Temperature regulation 

(moderation of Urban 
Heat Island Effect)

• Carbon dioxide/oxygen 
exchange

• Increased urban wildlife 
habitat

• Great for new 
construction

COMPONENTS



Modular System Specifications

Parker Urban Greenscapes. 
2009. 



DISADVANTAGES

• Very expensive
• Minimal stormwater management (up to ½ inch of 

rain)
• Very heavy and hard to retrofit on existing roof
• Facility managers tend to not be very supportive –

“roof will leak”
• Did I mention – very expensive



Water Resources Program

Impervious Cover 
Assessment (ICA)



Water Resources Program

Impervious Cover Assessment

• Analysis completed by watershed and by 
municipality

• Use 2007 Land Use data to determine 
impervious cover

• Calculate runoff volumes for water quality, 2, 10 
and 100 year design storm and annual rainfall

• Contain three concept designs





Agriculture
0.9%

Forest
2.3%

Urban
90.6%

Water
1.2%

Wetlands
5.0%



Commercial
17.0%

High Density Residential
2.2%

Industrial
0.3%

Low Density Residential
19.8%

Medium Density Residential
37.7%

Mixed Urban
4.2%

Recreational Land
10.1%

Rural Residential
6.4%

Transportation/Infrastructure
2.2%





Watershed Total Area 
(ac)

Impervious 
Cover (ac) %

Branchport Creek 1,258 436 35.3%

Whale Pond Brook 596 156 26.2%

Total 1,854 592 32.3%



Subwatershed
NJ Water 
Quality 
Storm
(MGal)

Annual 
Rainfall 
of 44"
(MGal)

2-Year 
Design 
Storm 
(3.3”)

(MGal)

10-Year 
Design 

Storm (5.0”)
(MGal)

100-Year 
Design 

Storm (8.2”)
(MGal)

Branchport
Creek 15 521 40 62 105

Whale Pond 
Brook 5 186 14 22 38

Total 20 707 55 84 143



Water Resources Program

WE LOOK HERE FIRST:

Schools
Churches
Libraries
Municipal Building
Public Works 
Firehouses
Post Offices
Elks or Moose Lodge
Parks/ Recreational Fields

• 20 to 40 sites are entered 
into a PowerPoint

• Site visits are conducted









Water Resources Program

Impervious Cover 
Reduction Action Plan 
(RAP)



SITES WITHIN THE 
BRNACHPORT CREEK 
SUBWATERSHED:

1. Frank Antonides Elementary 
School

2. Lutheran Church Reformation

3. Old First United Methodist 
Church

4. Saint Jerome's Catholic 
Church and School

5. Shore Regional High School

6. Sovereign Bank

7. West Long Branch 
Community Center

8. West Long Branch Public 
School











Water Resources Program

Final Thoughts

• Plans promote action
• Plans are a conduit for funding
• Impervious cover reduction action plan provide sites for 

developers to offset impacts
• Wide range in cost of projects (Eagle Scout projects to 

economic stimulus money projects)
• Foundation for stormwater utilities, watershed restoration 

plans, stormwater mitigation plan, and/or integrated 
water quality plans



QUESTIONS?

Christopher C. Obropta, Ph.D., P.E.
obropta@envsci.rutgers.edu

mailto:obropta@envsci.rutgers.edu
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