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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.
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- \Water Resources Program

The Water Resources

Program is one of many
specialty programs under
Rutgers Cooperative
Extension.

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

ATER RESOURCES PROGRA

Integrating research, education, and extension

Delivering solutions based on sound science

Working with various members of the community,
including municipalities, NGOs, and individual
residents

Solving water resources issues in New Jersey
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This program is funded by

* NJ Department of Eg\gr\onmental Protection

* NJ Agricultural Experlment Station

RUTGERS

New Jersey Agricultural
Experiment Station

* Rutgers, The State University of New Jersey

RUTGERS

THE STATE UNIVERSITY
OF NEW JERSEY
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» Environmental County Agentsw

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.

« Michele Bakacs, Middlesex and Union
 Pat Rector, Morris and Somerset
 Amy Rowe, Essex and Passaic

« Mike Haberland, Camden and Burlington A ...
 Sal Mangiafico, Salem and Cumberland
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What IS stormwater?

Pl AL

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

lakes and streames.
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Today’s Goal

To engage teachers in helping us address
stormwater management issues In
New Jersey
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Objectives

Link stormwater management education to the NJ
Core Curriculum

Provide teachers knowledge about the science of
stormwater management and rain gardens

Provide teachers with activities that can do with
thelr students

Provide teachers with tools to work with students
to design and build rain garden for their school

Increase teachers awareness of the resources
Rutgers Cooperative Extension has to offer

(1]
RUTGERS %—F

J




9:00 - 9:30
9:30 - 10:15
10:15 - 10:30
10:30 - 12:00

12:00 - 1:00
1:00 - 2:15

2:15 - 2:30
2:30 - 3:00

Agenda

Introductions
NJ Core Curriculum Context Standards
Break

Introduction to watershed curriculum,
soll curriculum, and green infrastructure

Lunch

Rain garden installation and maintenance
overview

Break
Resource discussion
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NJ Core Curriculum Content
Standards

How our services can tie into today’s
standards?

Rutgers Cooperative Extension Water Resources Program

Rosana Da Silva
Phone: 848-932-6714
Email: rdasilva@envsci.rutgers.edu
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Stormwater Management In Your
Schoolyard
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Stormwater Management In Your
Schoolyard & NJ Rain Garden

Education Curriculum

* These programs provide:
— educational lectures,
— hands-on activities,
—and community-level outreach for students.
» Covers topics of water quality issues and

stormwater management practices such as
rain gardens and rain barrels.

* The program can be tailored for grades K-8
or 9-12 depending on the needs and different
schedules available.
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NJ CCCS =5.1 Science Practices

e All students will
understand that science Is
both a body of knowledge
and an evidence-based,
model-building enterprise
that continually extends,
refines, and revises
knowledge. The four
Science Practices strands
encompass the knowledge
and reasoning skills that
students must acquire to
be proficient in science.
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5.1 Science Practices

Rain Garden Curriculum Standard
e |Introduction to Watersheds e Strand A. Understand
« Connecting Watersheds to Scientific Explanations:
and Use Students understand core

. Stormwater Runoff and concepts and principles of

Nonpoint Source Pollution in SC'OT”%e and t‘fse rtneallsutrememt
Watersheds and observation tools to assis

In categorizing, representing,
and interpreting the natural
and designed world.

 Rain Garden Soill
Consideration/ldentification

 Rain Garden Native Plant
Consideration

« Rain Garden Design @
Exercise, Presentations,

Installation and Maintenance RUTGERS 3(“ )




5.1 Science Practices

« Strand B. Generate
Scientific Evidence
Through Active
Investigations: Students
master the conceptual,
mathematical, physical, and
computational tools that
need to be applied when
constructing and evaluating |
claims.
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5.1 Science Practices

e Strand C. Reflect on Rain Garden Curriculum
Scientific Knowledge:  Student Journal
Scientific knowledge — Self-reflecting through

builds on itself over time. topic related questions

« Gnome Journal
* Exercises — self & group

« Rain Garden Design
Exercise

« Rain Garden Community
Presentation
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5.1 Science Practices

D. Participate
Productively In
Science: The growth of
scientific knowledge
Involves critique and
communication, which
are social practices that
are governed by a core

set of values and norms.

Rain Garden
Educational Program
promotes collaboration
and investigation.
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NJ CCCS - 5.2 Physical Science

 All students will understand that physical
science principles, including fundamental
Ideas about matter, energy, and motion, are
powerful conceptual tools for making sense of
phenomena in physical, living, and Earth
systems science.
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5.2 Physical Science

« Strand B. Changes in Matter: Substances can
undergo physical or chemical changes to form new
substances. Each change involves energy:.
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NJ CCCS - 5.3 Life Science

 All students will understand that life science
principles are powerful conceptual tools for
making sense of the complexity, diversity, and
Interconnectedness of life on Earth. Order In
natural systems arises in accordance with rules
that govern the physical world, and the order
of natural systems can be modeled and
predicted through the use of mathematics.
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5.3 Life Science

« Strand A. Organization and Development: Living
organisms are composed of cellular units (structures)
that carry out functions required for life. Cellular
units are composed of molecules, which also carry
out biological functions.
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5.3 Life Science

« Strand B. Matter and
Energy
Transformations: Food
IS required for energy and
building cellular
materials. Organisms in
an ecosystem have
different ways of
obtaining food, and some
organisms obtain their
food directly from other
organisms.
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5.3 Life Science

« Strand C.
Interdependence: All
animals and most plants
depend on both other
organisms and their
environment to meet their
basic needs.

 Rain Garden
Curriculum provides
students with hands-on
activities to work with
plants.
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5.3 Life Science

« Strand D. Heredity
and Reproduction:
Organisms reproduce,
develop, and have
predictable life cycles.
Organisms contain
genetic information that
Influences their traits,
and they pass this on to
their offspring during
reproduction.
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5.3 Life Science

« Strand E. Evolution and
Diversity: Sometimes,
differences between
organisms of the same kind
provide advantages for
surviving and reproducing
In different environments.
These selective differences
may lead to dramatic
changes in characteristics of
organisms in a population
over extremely long periods
of time.
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NJ CCCS - 5.4 Earth Systems
Science

 All students will understand that Earth
operates as a set of complex, dynamic, and
Interconnected systems, and Is a part of the all-
encom co%, stem of the unlverse
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5.4 Earth Systems Science

Strand F: Climate and Weather: Earth’s weather and
climate systems are the result of complex interactions
between land, ocean, ice, and atmosphere
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5.4 Earth Systems Science

« Strand G. Biogeochemical
Cycles: The biogeochemical
cycles in the Earth systems
Include the flow of
microscopic and
macroscopic resources from
one reservoir in the
hydrosphere, geosphere,
atmosphere, or biosphere to
another, are driven by
Earth's internal and external
sources of energy, and are
Impacted by human activity.
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Additional NJ CCCS

Mathematics — Measurement & Data
— CCSS.Math.Content.4.MD.A.2
Language Arts — Comprehension & Collaboration
— CCSS.ELA-Literacy.SL.4.1-4.3
— CCSS.ELA-Literacy.SL.8.1-8.3
Social Studies
— 6.3 Active Citizenship in the 215t Century
215 Century Life & Careers
— 9.1 215 Century Life & Career Skills
— 9.3 Career Awareness, Exploration, and Preparation
— 9.4 Career and Technical Education
Comprehensive Heath and Physical Education
— 2.1.A— Personal Growth and Development
— 2.6.A. — Fitness
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QUESTIONS?

Rutgers Cooperative Extension Water Resources Program

Rosana Da Silva
Phone: 848-932-6714
Email: rdasilva@envsci.rutgers.edu

New Jersey Agricultural
Experiment Station
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Presenter
Presentation Notes
Hi Everyone, I’m Emily Fano, NYC Outreach Manager for National Wildlife Federation’s Eco-Schools USA program. I’m thrilled to be here with you all today.  I’m here to talk with you today about Eco-Schools USA, a program of the NWF. NWF has 3 drivers – work to address climate change, protect wildlife and connect kids and nature. Eco-Schools is a program that you can use both to recognize and honor the great work you are already doing to green your schools, and to take your sustainability efforts further.  Post lunch…. Lots of pics. Brochure has all crucial information! Eco-Schools USA is a Green School program that works 


_ What Is the Eco-Schools Program

FEE (Foundation for Environmental Education) @
= 53 Participating Countries
= 41,000+ K-12 Schools Registered as Eco-Schools

= 900,000 Teachers Engaged

12 Million Students Engaged

58 Schools in NJ reaching 25K st i

Student - Team Driven

3-tiers of Recognition

Authentic learning


















Eco-Schools Pathways

to Sustainability!

9 Energy ' 6 Water
Biodiversity
School @ .
< Transportation
@ Grounds ’ %‘ :
Climate ~ .
Change

Healthy *T&j‘
Schools Sustainable

Foods

\NN3

2!
S

Consumption &
Waste

Healthy Living

(formerly Green Hour)



Presenter
Presentation Notes
Eco-Schools addresses 10 pathways of sustainability where schools assess and take action on issues such as Sustainability has a lot of different aspects. Eco-Schools is an award-based program and completing the Pathways is the way to achieve the awards but you don’t have to complete all of them, and can select the ones that you find most relevant or exciting, or the ones that might help you achieve the most cost-savings if that’s what you’re after. The next set of pictures are examples of what some schools around the country are doing to implement the Pathways.  There are a lot of ways to go about implementing the Pathways and these are just some examples.


Eco-Schools
Framework

Eco-Action Team
School
Assessment/ Audit

Action Plan

Monitor/Evaluatio
n

Link to Curriculum

Whole Community
Involvement

Eco-Code/Mission
Statement

Seven Steps




t Achievement
al Savings
yle impacts on living systems


Presenter
Presentation Notes
Place provides an integrating context where authentic learning experiences can make place in multidisciplinary fields. Place is statistically significant in terms of standardized testing. 14% of test scores can be attributed to place alone. 
Provides hands-on experiences 


| Contact Me

Jennifer Dowd
Eco-Schools USA - NJ
Coordinator
New Jersey
Audubon (c)908-292-
8030

908-766-5787 ext:42

1. EcoSchools Newsletter: Featured Schools, Opportunities/
Resources, Nature Articles,

2. Web-based, NJ-specific tools in each pathways

3. Professional Development Opportunities

4. Upcoming: School visits, phone conference calls, webinars
5. Programmatic support

]


Presenter
Presentation Notes
Eco-Schools is a student-driven program that inspires students to be more engaged, fosters creativity

http://www.njaudubon.org/
http://www.njaudubon.org/
http://www.njaudubon.org/
http://www.njaudubon.org
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_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.
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WHAT IS A WATERSHED?

e 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.

e A watershed is like
one big bathtub...

Do you know
what a
watershed is?
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Courtesy of Texas Watershed Stewards, Texas A&M Agrilife Extension
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../Powerpoint Presentations/Videos/What is a watershed.wmv
../Powerpoint Presentations/Videos/What is a watershed.wmv
../Powerpoint Presentations/Videos/What is a watershed.wmv
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Courtesy of www.fgmorph.com
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WHERE DOES PRECIPITATION GO?

1. Itcan run off

——

=

Courtesy of Texas Watershed Stewards, Texas
A&M Agrilife Extension
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WHERE DOES PRECIPITATION GO?

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

Courtesy of Texas Watershed Stewards, Texas

A&M Agrilife Extension
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WHERE DOES PRECIPITATION GO?

3. ltcan infiltrate through the soil surface and percolate
downward to groundwater aquifers

Plant UF-h: ke

|

Graundwater
Accessed through Well

0
Courtesy of Texas Watershed Stewards, Texas A&M Agrilife Extension &I’ I'GERS %—;‘: .




WHERE DOES PRECIPITATION GO?

4. |t can evaporate

Courtesy of Texas Watershed Stewards, Texas A&M Agrilife Extension
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The Impact of Development on
Stormwater Runoff

More development —— More impervious ——>  More stormwater runoff
surfaces

)
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LAND USE/LAND COVER CHANGES

LAND USE LAND COVER

HOW LAND IS USED BY BIOLOGICAL AND

HUMANS: PHYSICAL FEATURES
- AGRICULTURE OF THE LAND:

INDUSTRY - FORESTS

URBAN - GRASSLANDS

RESIDENTIAL » AGRICULTURAL FIELDS

RECREATION . RIVERS, LAKES

BUILDINGS, PARKING LOTS

(]
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LAND USE/LAND COVER CHANGES

DEVELOPED AREA UNDEVELOPED AREA

40% evapotranspiration

30% evapotranspiration

H\

55% runoff < I
|

10% shallow infiltration

25% shallow infiltration

5% deep infiltration 25% deep infiltration

(]

Courtesy of Texas Watershed Stewards, Texas A&M Agrilife Extension l{l ITGERS {)""



The Urban Hydrologic Cycle

Condensation d:j;_‘-)

ﬁ

Evaporation

\?

infiltration

Low
groundwater

'FI':'“I' e o | e UL L

Bedrock
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DURING DRY WEATHER

Normal sewage flow is contained within
the system and flows to the Wastewater
Treatment Plant.

Sewage Inflow

Flow to Wastewater
Treatment Plant

' Combined Sewer Systems (CSOs) \

DURING STORMY WEATHER

The combination of stormwater and sewage
can exceed normal capacity and overflows
into area waterways.

Flow to Wastewater
Treatment Plant

4
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WATER POLLUTION SOURCES

POINT SOURCE NONPOINT SOURCE
POLLUTION POLLUTION

)
Environmental Health Perspective. National Institute of Health l{ll'['(;hRS {)""




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)

(]
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Nonpoint Source Pollution (NPS)

el LS

e 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

(1]
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EXAMPLES OF NPS

 Oil and grease from cars « Sewage leaks
* Fertilizers - Household cleaning products
* Animal waste o Litter

« Grass clippings

_ » Agriculture
* Septic systems

e Sediment

)
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IMPACT OF NPS

Fish and wildlife e
Recreational water activities =
Commercial fishing
Tourism

Drinking water quality
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Impacts from Changing the

Landscape

Hydrologic Effects:

>

V.V V V V

Disruption of natural water balance
Increased flood peaks

Increased stormwater runoff

More frequent flooding

Increased bankfull flows

Lower dry weather flows

RUTGERS
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History of Stormwater
Management

)
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15t Attempt at Stormwater Management

Capture all runoff, pipe it, and send it directly to the river . . .prior to mid 1970°s

ST S
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2"d |teration 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)

(1]
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3'd Generation of Stormwater
Management

Reduce stormwater
runoff volume

Reduce peak flows and
flooding ...and....

Maintain infiltration and
groundwater recharge

Reduce pollution
discharged to local
waterways
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How NJ’s regulations change the way
we manage stormwater

ASLA

Video by the American Society of Landscape Architects

)
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Videos/ASLA Video_LeveragingTheLandscapeToManageWater v2012.wmv

" WE CLEAR THE SWAW

ENGINEERS

How can we minimize the iImpact
of stormwater runoff in our
'Communlty’?

4
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It Is all about
controlling
runoff from
Impervious

surfaces

4
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The Hydrologic Cycle

Transpiration

l Evaporation

Evaporation Evaporation

!

Precipitation

Evaporation

Direct Runoff

Soil Moisture
Infiltration

Surface Storage

Groundwater &——
Surface Waters

Source: J.J. Skupien.
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‘We must deal with impacts from impervious cover )

¥ Are there impervious surfaces that you
¥ can eliminate?

L | If we can't eliminate it, can we reduce it?

== If we can't eliminate or reduce It, can we
o disconnect it?

& Are there impervious surfaces that you
%% can harvest rainwater for reuse?

~ Are there conveyance systems that can
" be converted to bioswales?

(1]
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Eliminate it!

e e
A o R
L= ! .
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Reduce 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

(1]
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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

Design Guidelines for
Porous Asphalt with
Subsurface Infiltration

RIVERJACKS °
OPEN INTO
RECHARGE BED

- '/////////7//(“/\
< SR 7. POROUS ASPHALT PAVEMENT {7t -
PR A IS :;f--"ﬁb?«f"? % R I 050X 1{ E5e]
D LTI P BEOES O LA 5905 35 d
IR SO0 RS C T UNIFORMLY GRADED oo
r ) DN N/ T - O LA ]
UNCOMPACTED NS5 @ AF0- 80 -0 ~L6 08 STONE AGGREGATE S A~
SUBGRADE IS R ’32“; & WITH A
CRITICAL FOR PROPER '\ '3 ;%/v porss e H%VOD SPACE S P
INFILTRATION S A\(ron STORMWATER STORAGE & 4.
RE AND RECHARGE 2@ &
BR 2R 2 S50 B0 oBERR o575 a5 2 MR

FILTER FABRIC

LINES THE

SUBSURFACE BED

o

&
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Pervious Pavement

(1]
RUTGERS {o"‘ )



Pervious Pavements

Ausources Program




Disconnect It!
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RUTGERS (



N

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

Total drainage area = 3 acres
1 acre directly
connected
Impervious cover

2 acres
pervious cover

Runoff
Direction

Stormwater
Inlet

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

Total drainage area = 3 acres
1 acre directly 2 acres

connected pervious cover
Impervious cover

Runoff
Direction

e . -
. RUIGEES | @ s




Volume of Runoff

Design Connected | Disconnected | Percent
Storm (gallons) (gallons) Difference
1.25 inches
(water quality | 5 509 4,360 85%
storm)
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Disconnection with Rain Water
Harvesting

Disconnect your
downspout by installing a
rain barrel “‘

REDUCE THE AMOUNT
OF RUNOFF ENTERING
STORM SEWERS

Impervious area is now “disconnected” from

flowing directly into the storm sewer system

)
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So Many Barrels to Choose From




" Or Larger Rainwater Harvesting Systems...




Disconnection with Rain Gardens

PLACE A RAIN GARDEN BETWEEN
TWO IMPERVIOUS SURFACES

REDUCE THE AMOUNT
OF RUNOFF ENTERING
STORM SEWERS

CITTTTETEE .S

Rooftop runoff is now “disconnected” from flowing

directly into the storm sewer system

)
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Lots of Rain Gardens




Soils in Watershed Management

* Solls play an important role in drainage of our
land

 All soils start as bedrock. Wind and rain break
rocks into small soil particles over time. This
1s called the “parent material.” Organic
material (breakdown of plants and animals)
combine with parent material to form soll.

RUTGERS %’" !




Soil Properties

 Sandy solls (have large particles)
 Clay solls (have the smallest particles)
* Silt soils (have medium particles)

* Loamy solls (have particles of clay, silt and
sand)

Clay mm) Silt mm) Loam mm) Sand
Slow Draining — Fast Draining

RUTGERS (°o—— )




CHECK YOUR SOIL

L)
‘[ * [Infiltration/Percolation Test

—
4-6

o 1. Dig a hole in the proposed rain garden site (12”
- . deep, 4-6” wide)

2. Fill with water to saturate soil and then let stand
until all the water has drained into the soll

3. Once water has drained, refill the empty hole
. again with water so that the water level is about
1”” from the top of the hole

4. Check depth of water with a ruler every hour for

at least 4 hours
- 5. Calculate how many inches of water drained per
L3 hour

RUTGERS ﬁ* ,, J




Green Infrastructure iIs ...

...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.

353 A‘ ‘ ‘ ‘:‘ ‘ i
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Green Infrastructure includes:

« Green Roofs
« Rainwater Harvesting

* Planter Boxes

 Rain Gardens

 Permeable Pavements

Rain Gardns

* Vegetated Swales i@

. S AT O F e Rl
Green Roofs Permeable Pavements Rainwater Harvesting

4
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Rainwater Harvesting

FUNCTIONS

* Collecting, filtering and storing water from roof tops,
paved and unpaved areas for multiple uses.

 Harvested water can be used for nonpotable or potable
purposes after testing and treatment.

» Surplus water after usage can be used for recharging
ground water.

* Systems can range In size from a simple PVC tank or
cistern to a contractor designed and built tank/sump
with water treatment facilities.

RUTGERS 9&—“ }







Rainwater Harvesting

Samuel Mickle School Rainwater Harvesting System

]
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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

COMPONENTS

Vegetation

Growing Medium

Drainage, Aeration, Water Storage
and Root Barrier

Insulation

Membrane Protection
and Root Barrier

Rooﬁng Membrane

Structural Support

(]
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Green Roof Design

Modular System Specifications:
SIDE VIEW

LiveRoof Standard Madule

Maisture Partals™
LiveRoaof Engineered Sail

LiveRoof Green Roof Plants (Minimum 95% Sail Coverage at Installation)
Minimum 40-mil Polypropylene or EFDM Slip Sheet, Edges Overlapped & Seamed
EPDM, TPO ar PVC Waterproofing Membrane
Banding Adhesive
Insulation

Insulatian Adhesive

Parker Urban Greenscapes.

°‘°ho’°o°‘°lnn‘ '“‘“ it 113 gt.,

-'Ia -ui.-.ﬁ-
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‘ TO P VI EW / Drainage Holes
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Ergonomic
/_ Handles
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Pervious Pavements

Underlying stone reservoir that temporarily
stores surface runoff before infiltrating into the
subsoill

Porous asphalt and pervious concrete are
manufactured without "fine" materials, and
Incorporate void spaces to allow infiltration

Grass pavers are concrete interlocking blocks
or synthetic fibrous grid systems with open
areas designed to allow grass to grow within
the void areas

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

(]
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Pervious Pavements

FUNCTIONS COMPONENTS

Design Guidelines for

Manage stormwater runoff
Minimize site disturbance  sisice niaion
Possibility of groundwater

reCharge RIVERJACKS y
Low life cycle costs,  ecwarcesep
alternative to costly WD, A
tradItIOna| S'[Ol’mwatel’ o ok % ;%A % 0.(?USASPHALTPAVEMENT’I{,,QJ:S%
management methods Sgie gl codie. SR e FagEs
& S QG O o SRR
UNCOMPACTED \&2% g@fb ‘5’5‘"’_*:‘0;%;& s il :,off,.,f
A ooy, UrPen el SN .
SBRE, *‘* AND RECHARGE 2% &
Contaminant removal as v P B G R 07 R A
\I/vater m19ves through s VESRFACE B0
ayers of system =EET

o
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Pervious Pavement
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Bioretention Systems & Rain
Gardens

Traditional Approach

« Design Dry Detention Basin:

« Treat Water Quality Storm
(1.25” rain over 24 hours)

 Detain for 18 hours
(residential) or 36 hours
(commercial)

Minimum outflow orifice =
three inches

 Use Concrete Low Flow
Channels to Minimize Erosion

New Approach

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

(]
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Bioretention Systems & Rain Gardens

-
ki \

Energy :
Dissipator «

Filter Depth = 12

| dverﬂow Structure

E May Also Be Used
', as Outlet Structure

for Stormwater Quantity

= Control.

| “Underdrain System
-, Cleanout

Maximum Water Quality Storm

Inches

Fabric ~ Planting Soil Bed
Gravel — Sand Layer

Underdrain &,

Y
Perforated Pipes

NJDEP. 2004. NJ Stormwater BMP Manual. [{U' IGERS
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Bioretention Systems & Rain Gardens

BUFFER

The buffer surrounds a rain garden,
slows down the flow of water into the
rain garden, filters out sediment, and
provides absorption of pollutants in
stormwater runoff.

DEPRESSION : PONDING AREA

The depression is the area of the rain The ponding area is the lowest

garddgn that slo‘Fes down mtz t::ﬁ deepest visible area of the rain garden.
DONGING atca. YLSEIVES 2. aN0IaIG The ponding area should be level so

area and stores runoff awaiting :
treatment and infiltration. that the maximum amount of water

- can be filtered and infiltrated. It is

PLANTING SOIL LAYER very important that this area drains BERM \
This layer is usually native soil. It within 24 hours to avoid problems The berm is a constructed

is best to conduct a soil test of the with stagnant water that can become mound, or bank of earth, that

area checking the nutrient levels mosquito breeding habitat. acts as a barrier to control,

and pH to ensure adequate plant slowdown, and contain the

growth. stormwater in the rain garden.

. B SAND BED The berm can be vegetated and/
OR(_-AN 1C MA‘[‘]‘ER If drainage is a problem, a sand bed may or mulched.

be necessary to improve drainage. Adding
a layer of coarse sand (also known as bank
run sand or concrete sand) will increase

Below the ponding area is the organic
matter, such as compost and a 3" layer

INLET S of tiple:stwedde(t Raniwood mulch. air space and promote infiltration. Itis
The inlet is the locati The mulch acts as a filter and provides : rtant th d used in th 3 d - ~

e inlet is the location a home to microorganisms that break important that sand used in the raingarden ~ OQVVERFLOW
wnere_ stormwater enters down pollutants. is not play box sand or mason sand ‘_15 these The overflow (outlet) area serves
the rain garden. Stones fine sands are not coarse enough to improve ;5 3 way for stormwater to exit
are often used to slow ) soil infiltration and may impede drainage. the rain garden during larger rain

events. An overflow notch can

be used as a way to direct the
stormwater exiting the rain garden
to a particular area surrounding the
rain garden.

down the water flow and
prevent erosion.

e RUTGERS &—: )



Curb Extensions/Green Streets

Curb extension with o planted swale that
coptures stormwater from the gutter:
Portiand OR (Credit: Abby Hall}
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\N s%e‘Extensmn Water ﬂesou rces Program

Christopher C. Obropta, Ph.D., P.E.
Phone: 732-932-9800 x6209
Email:


mailto:Obropta@envsci.rutgers.edu

Rain Garden Installation and
Maintenance

January 28, 2014
Duke Farms, Hillsborough, NJ

Christopher C. Obropta, Ph.D., P.E.
Email: Obropta@envsci.rutgers.edu
www.water.rutgers.edu

Pat Rector
Email: rector@NJAES.rutgers.edu

Rosana Da Silva
Email: rdasilva@evnsci.rutgers.edu

‘fﬁ—__

RUTGERS

ersey Agricultural
Experiment Station

\__Wwaterrutaers.edy
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Rain Gardens

A rain garden Is a landscaped, shallow depression that iIs
designed to intercept, treat, and infiltrate stormwater at the
source before it becomes runoff. The plants used In the
rain garden are native to the region and help retain
pollutants that could otherwise harm nearby waterways.

BB “ 1
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Rain Gardens

Capture: A rain
garden catches runoff
and holds standing
water for no more than

24 hours.

Soal: Deep-rooted
plants loosen the

soil, creating a
sponge zone. Wa-
ter soaks in and
groundwater aqui-
fers are recharged.

LESS water down Filter: In the soil, mi-
the storm sewer! crobes break down pollut-

Cleaner lakes & ants and nutrients washed
streams! in by the rain.

Courtesy of City of Maplewood, MN
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What Can Rain Gardens Do?

 Capture and remove 80% of
Total Suspended Solids (TSS)

* Protect water quality to the
greatest extent practicable
(keep nutrients such as
nitrogen and phosphorus out
of waterways)

« Maintain groundwater
recharge

(1]
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What Does Research Tell Us?

ICIENCIES

TSS Removal Eff

—t?

{%

l{l ITGERS

SOURCE: The University of New Hampshire Stormwater Center, December 2011




What Does Research Tell Us?

DIN Removal Efficiencies

DIN % Removal Effic

Dissolved Inorganic Nitrogen

SOURCE: The University of New Hampshire Stormwater Center, December 2011

(1]
RUTGERS {o"" )




What Does Research Tell Us?

ICIENCIES
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SOURCE: The University of New Hampshire Stormwater Center, December 2011




Why Rain

Rain gardens are one of
the most effective tools
to manage stormwater

They are inexpensive,
easy and fun to build

They can fit into any
landscape

And they work!

Gardens?

[{LI'I‘GERS
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Site Selection

Next to a building with a basement, rain
garden should be located min. 10’ from
building; no basement: 2’ from building

Do not place rain garden within 25’ of a
septic system

Do not situate rain garden in soggy
places where water already ponds

Avoid seasonably-high water tables
within 2’ of rain garden depth

Consider flat areas first — easier digging

Avoid placing rain garden within
dripline of trees

Provide adequate space for rain garden

o— — f— — — —a

DRIPLINE ZONE
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LOCATE YOUR

UTILITY LINES!

Call BEFORE You Dig!

NJ One Call
1-800-272-1000

The different colors of the
mavrkout flags represent
specific utilities.

@ :.:CcTrRiC

CAS, OIL, STEAM

COMMUNICATIONS,
CATV

@ WATER
@ ScwerR

NJ Omne Call: 1-800-272-1000

Free markout of underground gas,
water, sewer, cable, telephone, and
electric utility lines

Call at least 3 full working days, but
not more than 10 days, prior to
nlanned installation date

Do not place rain garden within 5’
horizontally and 1’ vertically from
any utilities

(1]
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Understanding Your Property

* How does rainwater flow through your yard?

* Where does the runoff travel to once it leaves your
yard?

PLACE A RAIN GARDEN BETWEEN
TWO IMPERVIOUS SURFACES

REDUCE THE AMOUNT
OF RUNOFF ENTERING
STORM SEWERS

ROAD

(1]
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Surface Area = (L1 x W) + (L2 x W)

R L AT S, .;:,;;4:-._.“:' ;

_--_—--’.
!
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N
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'

= (15 x 20) + (10’ x 20)
= (300) + (200")
= 500 ft*
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Drainage Area: ’ 2
The Road, Driveway, or Parking Lot Scenario

A curb cut and a stone buffer

provides the inlet for runoff to enter

the rain garden from the adjacent

roadway. Make observations after a rainstorm
’ to determine the direction of the

runoff and the drainage area of the
rain garden.

Lions Lake Park
Voorhees, NJ

(]
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Check Your Soll

L)
-[ * [Infiltration/Percolation Test

Dig a hole 1n the proposed rain garden site (12”
deep, 4-6” wide)

Fill with water to saturate soil and then let stand
until all the water has drained into the soil

Once water has drained, refill the empty hole
again with water so that the water level is about
1”” from the top of the hole

Check depth of water with a ruler every hour for
at least 4 hours

Calculate how many inches of water drained per
hour

RUTGERS %"‘ —
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Soil Testing Laboratory

MGERS Rutgers, The State University
) P.O. Box 902

New Jersey Agricultural Militown, NJ 08850-09802
Experiment Station Phone: (732) 932-9295

Soil Test Report

» Solil Test
— The infiltration test will give e e

Address: 14 College Farm Road Serial No: -
New Brunswick, NJ 08901 Sample ID: Dorser.

an initial evaluation of the ek e Cmara

. ) . 1 d e o Referred To: Rutgers Cooperative Ext. I
S lte S S O 1 C On ltl On S Soil Tests and Interpretation
—_— T h e S O i I te St W i I I g i Ve a n 4o pH: 590 Medium acidic; pH is slightly low for the growth of most crops cxcept for acid-loving plants.
Lime Requirement Index:  7.85
Adams-Evans LRI is a measure of the soil's buffering capacity (resistance to change in pH).

accurate reading of the soil Wit s SN
Phosphorus: 607  (Above Optimum) 3 hg—__

fertility, texture, mechanical e e

I
Calcium: 698  (Below Optimum) Ca [ i3 :

Ve
by Meblich 3 cxtraction P-'-'" +'-"'l;— B g
Micronutrients (parts per million)
Zine: Copper: Manganese: Boron: Iron:
4.6 (Adequate) 1.6 (Ad 7.5 (Adi ) 5.9 (Ad 211 (High)
Specjal Tests and Results
No special tosts requested.

+eLime Recommendation

The soil test indicates a moderately acidic soil; the pH is below the best range for the growth of most Perennial. This soil
should be treated with 15 pounds/1000 sq. ft. of limestonc. Spread uniformly on the surface, then mix thoroughly to a 6 inch
depth by shovel or by tilling.

Soil Test Report for Lub No, 2008-7162

k RUTGERS {"T e




Determining the Depth
of the Rain Garden

T

.Inlet

TYPICAL DEPTH
3.8

MOISTURE LEVELS - P
moderate moderate

Loe. /- -
s e



Determining the Depth
of the Rain Garden

6” DEEP RAIN GARDEN - NO SOIL AMENDMENTS

BASE
(Shallow Depression)

3” DEEP RAIN GARDEN - SOIL AMENDMENTS

BASE

37 (Shallow Depression)
9" 3 MULCH
NATIVE SOIL

» Depth of rain garden is dependent upon the soil texture found
at the site of the rain garden

* Depth is usually 3-8 inches

(]
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Determining the Size
of the Rain Garden

« The size of the rain garden is dependent upon the amount of
runoff entering the rain garden

Rain Garden Sizing Table

Based on New Jersey’s Water Quality Design Storm (1.25” of rain over 2 hours)

Size of 3” Deep Size of 6” Deep Size of 8” Deep
Drainage Area Rain Garden Rain Garden Rain Garden
CLAY SOIL* SILTY SOIL SANDY SOIL

500 ft? 200 ft? 100 ft2 75 ft?

750 ft? 350 ft? 150 ft? 112 ft?
1,000 ft? 400 ft? 200 ft? 149 ft?
1,500 ft? 600 ft? 300 ft? 224 ft?
2,000 ft? 800 ft? 400 ft? 299 ft?

*SOIL TEXTURE
AMENDMENTS
NEEDED

l{l ITGERS (0 2 /
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Soil Texture Amendments

* Soil texture amendments improve the rain garden’s infiltration
rate.

compost

)
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Soil Quality Amendments

* Soll quality amendments improve the rain
garden’s growing conditions for plants

* Improve soil’s nutrient capacity

4 N

REMEMBER:

Your rain garden should
NOT be permanently filled
with water — it should drain

within 24 hours.
(S /

)
RUTGERS &":‘ )




Determining the $.
Inlet and Overfl

* Stormwater runoff enters P
the rain garden from an it
Inlet

 Stormwater exits through
the overflow

oW

DOWNSPOUT

= INLET

OUTLET
(plastic catch basin)

= .
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Preventing Erosion

 Slope no greater than 3:1

 Slow down velocity of water flowing through rain
garden

— Add rocks to inlet area

)
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Determining Mulch Quantity

8l © Allow for a 3” depth mulch
(, (triple-shredded hardwood

| with no dye) to be spread
throughout the entire rain
garden

: '« Every 100 square feet of rain
# garden needs 1 cubic yards
(3” depth)

e A
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Parts of a Rain Garden

PLANTING SOIL LAYER
This layer is usually native seil. It

is best to conduct a seil test of the
area checking the nutrient levels
and pH te ensure adequate plant
growth.

INLET e

The inlet is the lecation
where stormwater enters
the rain garden. Stones
are often used to slow
down the water flow and
prevent erosion.

» BUFFER

The buffer, or cuter edge, of the rain
garden slows down the flow of water,
filters out sediment, and provides
absormption of the pellutants in stomwater
runoff. Plants located in this area of the
rain garden telerate and thrive in dry seil.

SLOPE

The slepe of the rain garden pitches
downward and connects the buffer of
the rain garden to the base. It creates
a helding area to store runoff awaiting
treatment and infiltration. Plants
situated in this area should tolerate
both wet and dry seils equally.

ORGANIC MATTER

Below the base is the organic matter,
such as compest and a 30 layer of
triple shredded hardwoed mulch. The
mulch acts as a filter and provides a
home to microerganisms that break
down pollutants.

BASE

The bettom area is the flat, deepest visible
area of the rain garden and is planted

with plant species that prefer wet scil. The
base should be level so that the maximum
amount of water can be filtered and
infiltrated. It is very impertant that this area
drains within 24 hours to aveid problems
with stagnant water that can become a
mosquite breeding habitat.

SAND BED

If drainage is a problem, a sand bed may

be necessary to improve drainage. Adding

a layer of coarse sand {also known as bank
run sand or concrete sand) will increase

air space and premete infittration. It is
important that sand used in the rain garden
is not play box sand or masen sand as these
fine sands are net cearse enough to improve
soil infiltration and may impede drainage.

rain garden.

BERM ——————,
The berm is a constructed

mound, or bank of earth, that
acts as a barrier to control,
slowdown, and contain the
stormwater in the rain garden.
The berm can be vegetated and/
or mulched.

OVERFLOW e———
The overflow {outlet) area serves

as a way for stormwater to exit

the rain garden during larger rain
events. An overflow notch can

be used as away to direct the
stermwater exiting the rain garden
to a particular area surrounding the

RUTGERS
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Rain Garden Design

Butterfly Habitat Rain Garden: Planting Plan

SHAPING YOUR RAIN GARDEN
 Use a garden hose or rope to outline 0
the desired shape of your rain 1

garden on the ground
« Many rain gardens are in the shape

of a circle or kidney bean, but your
rain garden can take on whatever

shape you prefer

r
>

262)
» )
i
[ > )
0 ey
\ s
o b m— ) :

September October
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Selecting Plants for
Your Rain Garden

The success of your rain garden depends on

selecting the right plants for the right

place

Plant your rain garden with plants adapted for

your specific site

Native plants can thrive without a lot of care,

extra water, fertilizer, or pesticides

Native plants are tolerant to dry and
conditions

wet

06
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 Select species based upon
the following qualities:

Plant Selection

Plant size

Moisture tolerances
Sun preferences
Plant aggressiveness
Salt tolerance
Habitat creation

(]
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Planting Design Tips

Plants that prefer wet conditions should be planted
In the deepest part (the base) of the rain garden

Create depth in the rain garden by placing large
and tall plants in the back, smaller plants in the
front

Plant masses of the same species together in odd
numbers

Incorporate plants that have visual interest in the
fall and winter

Native plants provide habitat to animals and
require less watering

RUTGERS 9&—“ }




HE FUN PART!
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It IS most effective to start the
actual construction of the rain
garden in the spring when the
abundant rains will allow for
best plant establishment and
easier digging
Summer/autumn start will also
work, but the plants may need
more watering until they
become established

VA ] ) >
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INSTALLATION STEPS

. Remove existing
grass

. Excavate to desired
elevation and grade

. Add soll
amendments

)
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INSTALLATION STEPS

4, Prepare berm (if
necessary)

5. Prepare overflow

6. Level the base
(lowest area)

(1]
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INSTALLATION STEPS

7. Plant native species

8. Apply mulch
9. Water plants

10. Appreciate a job well

done

(1]
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Rakes and shovels

Rototiller

Wheelbarrow

String level or survey equipment
Measuring tape

Triple-shredded hardwood mulch
Plants

Soil amendments, if necessary: fertilizer,
pH adjustments (lime), coarse sand

Optional: decorative stone, sighage,
seating, pipe extensions, pavers for path

Work crew (friends, neighbors, and
family)

(1]
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Step One

 Delineate rain garden area
. AT UL L 1] T

* Remove existing grass with a shovel or machinery

f ! fic % L} el
et oLl
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Step Two

« Excavate to design depth based on necessary
storage and soil amendment requirements

(]
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Step Three

* Add soil amendments, If necessary

« Combine amendments with existing soil using
shovels or rototiller

 Loosen and prepare soil for grading and planting

(]
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Step Four

* Prepare the berm, If necessary

desenihill
stake

Before \
Digging

damniill
After stake

Digaing

berm

s
o

base of raingarden

—_
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* Prepare the

PLANTING SOIL LAYER
This layer is usually native seil. It

is best to conduct a seil test of the
area checking the nutrient levels
and pH te ensure adequate plant
growth.

INLET &———

The inlet is the location
where stormwater enters
the rain garden. Stones
are often used to slow
down the water flow and
prevent erosion.

Step Five

overflow

» BUFFER
The buffer, or cuter edge, of the rain
garden slows down the flow of water,
filters out sediment, and provides
abscrption of the pollutants in stormwater
runoff. Plants located in this area of the
rain garden telerate and thrive in dry seil.

SLOPE

The slope of the rain garden pitches
downward and connects the buffer of
the rain garden to the base. It creates
a holding area to store runoff awaiting
treatment and infiltration. Plants
situated in this area should tolerate
both wet and dry scils equally.

ORGANIC MATTER

Below the base is the organic matter,
such as compost and a 30 layer of
triple shredded hardwooed mulch. The
mulch acts as a filter and provides a
home to micreorganisms that break
down pollutants.

BASE

The bottom area is the flat, deepest visible
area of the rain garden and is planted

with plant species that prefer wet seil. The
base shculd be level so that the maximum
amount of water can be filtered and
infiltrated. It is very important that this area
drains within 24 hours to aveid problems
with stagnant water that can become a
mosquito breeding habitat.

SAND BED

If drainage is a problem, a sand bed may

be necessary te improve drainage. Adding

a layer of coarse sand {also known as bank
run sand or concrete sand) will increase

air space and promote infitration. It is
impeortant that sand used in the rain garden
is not play box sand or masen sand as these
fine sands are net coarse enough to improve
soil infiltration and may impede drainage.

OVERFLOW e———
The overflow {outlet) area serves

as a way for stormwater to exit

the rain garden during larger rain
events. An cverflow netch can

be used as away to direct the
stermwater exiting the rain garden
te a particular area surrounding the
rain garden.

BERMe——

The berm is a constructed
mound, or bank of earth, that
acts as a barrier to control,
slowdown, and contain the
stormwater in the rain garden.
The berm can be vegetated and/
or mulched.

(Y
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Step Six

 Level the rain garden base

(]
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Step Seven

 Plant native species




Step Eight

 Allow for a 3” depth mulch (triple-shredded

hardwood with no dye) to be spread throughout the
entire rain garden

* For every 100 square feet of rain garden, you will
need about 1 cubic yard of mulch (3 depth)

)
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Step Nine

 \Water Plants

(]
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Step Ten

» Appreciate a job well done

i e

e s e L o
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INSPECTION AND I\/IAINTENANC

MAINTAINING YOUR RAIN GARDEN




Maintenance Measures

-----------------------------------------------------------------------------------------------------------------------------
........
......
oooo

WEEKLY TASKS: ANNUAL TASKS:
1.  Watering Mulching

2. Weeding Pruning

3. Inspecting Re-planting

Removing sediment
Soil Testing
Harvesting Plants
Cleaning of Gutters

Replacing materials (stone,
landscape fabric)

© NSO WD
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Weekly Maintentance: Watering

« Water plants regularly — particularly during the first
1-2 growing seasons
* Be careful that the plants don’t get too wet or too dry

o
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Weekly Maintenance:
Weedin

 During the first few years, you
will need to weed often during the
growing season

* You will need to weed less and
less as the plants grow and surpass
the weeds

« Watch out for aggressive invasive
species

)
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Invasive Plants
INn New Jersey

Japénese
. ~Stilt Grass

gman \
’I rsweet @

Japanese
Honeysuckle

http://www.invasivespeciesinfo.gov/unitedstates/nj.shtml

4
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Weekly Maintenance:
Inspecting

« What am | inspecting for?
* Invasive plants
 Plant health
» Excessive sediment
* Movement of sediment

within the rain garden

)
RUTGERS {’T o



Weekly Maintenance:
Inspecting

* Observe the rain garden during rain events and note any
successes

G
oil + gfease

visible in

Success: Stormwater runoff picks up oil and greasizs
from the parking lot, flows through a curb cut, ancs
into a rain garden. The rain garden traps the
nonpoint source pollutants before they reach the
nearby lake.

ST S
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Weekly Maintenance:
Inspecting

* Observe the rain garden during rain events and note any
problems

Problem: Gullying after rain event Solution: Add a berm, more plants, river rocks,
and/or more mulch

)
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Weekly Maintenance:
Inspecting

* Observe the rain garden during rain events and note any
problems

Problem: Rain garden is not infiltrating
within 24 hours possible, and fill with pockets of coarse sand

(]
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