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Planning, Design, and Construction
of Green Infrastructure

www.water.rutgers.edu

—



http://www.water.rutgers.edu/

IQJTGERS Water Resources Program

What 1s Green Infrastructure?

...an approach to stormwater
management that is cost-
effective, sustainable, and
environmentally friendly

Green Infrastructure projects:
e capture
* filter
 absorb
° reuse

stormwater to help restore the
natural water cycle.
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How does Green Infrastructure work?

Green Infrastructure
practices use soil and
vegetation to recycle
stormwater runoff
through infiltration and
evapotranspiration.
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Why Green infrastructure?

 Remediates flooding
* Improve water guality

* Reduces combined sewer
overflows

 Cost-effective

« Small-scale systems that
capture runoff near its source

« Mimic and help restore the
natural hydrologic cycle

« Enhances aesthetics
 Cleans the air
» Reduces heat island effect
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GREEN INFRASTRUCTURE
TECHNOLOGIES
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Green Infrastructure Systems:

 Vegetative Systems
» Bioretention Systems/Rain Gardens
 Stormwater Planters

 Harvesting Systems
 Cistern/Rain Barrel
« Downspout Planter Boxes

e Storage Systems
 Street Trees/Stormwater Tree Pits
« Pervious Pavement
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Difference between the types of systems:

Vegetative Systems: focus on reducing water quality impacts. These systems
are typically located close to the sources of runoff and can manage the smaller
storms of several inches. The main treatment mechanisms are infiltration,
filtration, and evapotranspiration.

Harvesting Systems: focus on the conservation, capture, storage, and reuse of
rainwater. These systems are located close to residential and commercial
buildings.

Storage Systems: provide storage of stormwater, quantity control, and infiltrate
stormwater runoff. These systems are typically located close to runoff sources
within residential, commercial, and industrial landscapes. The main treatment
mechanism is reducing peak flows of stormwater by storing it before it enters
the sewer system.
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Bioretention Systems/Rain Gardens

Landscaped, shallow depression that captures, filters,
and infiltrates stormwater runoff.

Vegetative System
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Bioretention Systems / Rain Gardens

How it works:

These systems capture, filter, and infiltrate stormwater runoff using soils
and plant material. They are designed to capture the first few inches of
rainfall from rooftops, parking areas, and streets.

Benefits:
Removes nonpoint source pollutants from stormwater runoff while
recharging groundwater

Restore/“mimic” predevelopment site hydrology
« Infiltration
«  Evapotranspiration
Improve water quality
«  Sedimentation, filtration, & plant uptake
«  Microbial Activity
Add aesthetic value -
- Plant selection 6 (e
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Bioretention Systems / Rain Gardens

BERM ELEVATION (SEE SITE PLAN)

ILL, BACKFILL
% BASE ELEVATION WITH 2" TOPSOIL

3" MULCH LAYER

{ P )
(SEE SITE PLAN) PONDING DEPTH
- . RS . # ! -

2" BIORETENTION MEDIA LAYE

DRAINTECHn 6" ATRIUM
POLYOLEFIN GRATE, OR EQUAL

4" INLET PIPE (TYP.) 8" THICK SOIL ELEND

BERM ——_ (70% SAND/30% COMPOST)
RIM ELEVATION BLEND WITH TILLER PRIOR TO
D . Al . 6" SEWER & SPREADING HARDWOOD MULCH &
5'-3.0 FINISHED GRADE
I —r o DRAIN RISER PLANTING
{ s 3" THICK MULCH LAYER
3‘7
GEQTEXTILE FABRIC
RAIN CARDEN BASE :
PRSI Tu e b e e i AN Tl ; 476" LAYER OF RIVER VARIES [
B O I e AN ¢ STOME (3"-5" DIA.)
; PN TRE  ee NOTE: |‘ N :
1. INLET PIPE MAY BE PLACED WITHIN R ANEZ AN AANET
THE BERM OR ON TOP OF IT. REFER 6 M”\L = RN L -———TILIED SUBSOIL
TO ELEVATIONS ON SITE BLAN. L j g SR b
2. INLET PIPE MAY NOT BE IN SHOWN N ——
LOCATION, WATER MAY BE FLOWING IN L ’
VIA STONE—LINED CHANNEL. T @ 0.5% SLOPE MIN. CRUSHED AGGREGATE BASE

(" CLEAN STONE) OUTLET, DRAINTECHw, OR EQUAL
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Design Parameters for Retrotting with
Bioretention System/Rain Garden:

* Close to the source of runoff

« Flat bottom

« Stable inflow and overflow

« Captures, treats, and infiltrates two-year design
storm (3.3 inches of rain over 24-hours)

« Good infiltration rate at least 0.5 inches per hour
or install underdrain systems

 If infiltration rate unknown, design with
underdrain and test at time of construction

 Amend soll with coarse sand and/or compost if
necessary

 Include rain garden as part of drainage area oom____
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D es I g N C I | t er | a 6” DEEP RAIN GARDEN - NO SOIL AMENDMENTS

» The size of the rain ‘ l
garden is a function of - -
volume of runoff to be
treated and recharged.

PONDING AREA
(Shallow Depression)

3" DEEP RAIN CARDEN - SOIL AMENDMENTS

PONDING AREA
(Shallow Depression)

 Typically, a rain garden
IS sized to handle the
two-year design storm
(3.3 inches of rain over
24 hours)

« Rain garden range from
75 to 2,500 square feet
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Design Problem

How big does a rain garden need to be to treat the
stormwater runoff from my driveway?
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Design Problem

25

- —

Driveway Area
50" x 15" = 750 square feet
25" x 10" = 250 square feet
Total Area = 1,000 square feet

One-Quarter of the Roof
T 25' x 12.5" = 312.5 square feet

-




RUTGERS Water Resources Program

Design Problem: Approximate the size

« Drainage Area = 1,000 square feet
e 1.5inches of rain = 0.125 feet of rain

« 1,000 sqg. ft. x 0.125 ft. = 125 cubic feet of water for the
design storm

« Let's design a rain garden that is 6 inches deep

Answer:
10 ft wide x 25 ft long = 250 square feet

Now let’s get a better estimate
The new drainage is 1,250 square feet (1,000 sq.ft.
of driveway + 250 sq.ft. of rain garden)
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Design Problem

« Drainage Area = 1,250 square feet
e 1.5inches of rain = 0.125 feet of rain

« 1,250 sq. ft. x 0.125 ft. = 156 cubic feet of water for the
design storm

« Let's design a rain garden that is 6 inches deep

Answer:
10 ft wide x 31.2 ft long = 312 square feet

6
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Pond 2P: Bioretention (Rain Garden)
Hydrograph

Use a hydrologic model to determine the actual size

RUTGERS
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How much water does this treat?

* 95% of rainfall events are less than 3.3”

* New Jersey has approx. 44" of rain per
year

* The rain garden will treat and recharge:
0.95 x 44" = 41.8"/year = 3.5 ft/year
* The drainage area is 1,312 square feet

 Total volume treated and recharged by
the rain garden is 1,312 sq. ft. x 3.5 ft. =
4,592 cubic feet, which is 34,350 gallons
per year

* Build 30 of these and we have treated
and recharged over 1,000,000 gallons
of water per year!
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Pollutant Removal Mechanisms

« Absorption to soil particles
—Removes dissolved metals and soluble phosphorus
Plant uptake
—Removes small amounts of nutrients
Microbial processes
—Removes organics and pathogens
Exposure to sunlight and dryness
—Removes pathogens
Infiltration of runoff
—Provides flood control, groundwater recharge, and
nutrient removal
Sedimentation and filtration
—Removes total suspended solids, floating debris,
trash, soil-bound phosphorus, some soil-bound
pathogens
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Rain garden at Catto School in Camden, NJ
Vegetative System
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Rain garden installation at Ferry Avenue Library in Camden, NJ

Vegetative System



IQJTGERS Water Resources Program

Rain garden at Waterfront South Park in Camden, NJ
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Stormwater Planters

Vegetated structures that are built into the sidewalk to
Intercept stormwater runoff from the roadway or
sidewalk.

Vegetative System
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Stormwater Planters

How it works:

* It is a structural bioretention system that is installed in a
sidewalk

« Contains a layer of stone that is topped with bioretention
media and plants or trees

« Captures stormwater runoff from the roadway and sidewalk

« Once the system fills up, runoff flows back into the street or
Into an overflow drain which connects to the sewer system

Benefits:
 Allows water to infiltrate into the ground
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Stormwater PI_*anters Typically, 4 feet wide
e by 20 feet long

6" CURB CUT
TO FLANTER BASE
ple}

STRUCTURAL WALL IS LEVEL
WITH EXISTING CURS

1

STRLJCTLJI?AL WALL RISES TO 6"
ABOVE SIDEWALK AT 3:1 SLOPE

STRUCTURAL WALL VARIES
PRESENT ON EITHER SIDE
OF CURB CUT

EXPANSION JOINT

CURB TO BE CUT
FCR INLET/OUTLET

EXPANSION JOINT

.
JE ™ 6" COMPACTED AGCRECATE BASE

URB—S o
8
Vegetative System
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Stormwater Planter at the Brimm School in Camden, NJ
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Typical Planter

« 4 foot wide by 20 feet long x 6 inches deep = 40 cubic feet of
storage

* For infiltration rate of 0.5 inches/hour, can manage 240
sguare feet of pavement for two-year design storm

* For infiltration rate of 1.0 inches/hour, can manage 320
sguare feet of pavement for two-year design storm

* For infiltration rate of 0.5 inches/hour, can manage 450
square feet of pavement for water quality design storm

* For infiltration rate of 1.0 inches/hour, can manage 500
square feet of pavement for water quality design storm

« Planters can be designed in series to overflow to each other

« Planters can be designed to feed underground stone storage
detention
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These systems capture rainwater, mainly from rooftops,
In cisterns or rain barrels. The water can then be used
for water garden, washing vehicles, or for other non-
potable uses.

6
8—
Vegetative System (
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Cistern/ Rain Barrel

How it works:
« Capture, diversion, and storage of rainwater

Benefits:
« Eliminates need for complex and costly -

distribution systems A CAUTlON.

* Provides additional water source
e Landscape irrigation
 Reduces flow to stormwater drains

Non-potable
water
Do not drink

« Reduces non-point source pollution

« Delays expansion of existing water treatment
plants

« Reduces consumers’ utility bills 60

o
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Sizing
e The rule of thumb is 600 gallons of water per inch of rain
per thousand square feet of catchment area.

« Not all the rain that falls can actually be collected.

Efficiency is usually presumed to be 75% depending on
system design and capacity.

| =
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Sizing Formula

Here is the basic formula for calculating the
potential amount that can be collected:

(Catchment area) x (inches of rain) x (600 gallons) x (.75)

1000 square feet
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Design Example

The sample roof shown below has a catchment area that is
40 feet wide and 30 feet long. Hence, it has a 1,200 square
feet roof (40 feet wide x 30 feet long). Assume that it rains

2 iInches. We can now plug this information into our general
formula (see equation above).

=
NN
—

e
B
S .

Catchment Area = 1,200 square feet Lj
Amount of Rain = 2 inches

Gallons of water collected per inch of rain per 1000 sq.ft. = 600 gallons
Percent Efficiency = 75% or .75

(1,200 sq.ft.) x (2 inches of rain) x (600 gal) x (.75)
------------------------------------------------------------------------ = 1080 gal
1000 square feet
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Flrst Flush Dlverter or Roof Washer

The rule of thumb is one ‘]l E

to two gallons of roof |
washer capacity for

£ every 100 square feet of L =
L emy catchment area. -

« A one foot length of 6 inch diameter PVC pipe holds 1.5
gallons.

« A one foot length of 4 inch diameter PVC pipe holds 0.66
gallons.
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Diverting Rainwater to Cistern

Summer: | ‘
plunger
diverts water J/ cap to

into system FEIMore

plunger

L% -

Wmter plunger
is removed so
water does not
enter system
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Cistern at the Neighborhood Center in Camden, NJ Qa
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Water Resources Program
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Downspout Planters

Wooden or concrete boxes with plants installed at the
base of the downspout that provide an opportunity to
beneficially reuse rooftop runofft. 5
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Downspout Planter: Harvesting System

How it works:

« Constructed boxes placed against buildings

« Contains stone/gravel topped with sandy compost
mixture and plants

* Designed with underdrain and overflows

 Disconnects downspouts

Benefits:
» Aesthetics
* Provide some rainfall storage

4
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Design Parameters for Downspout Planters:

« Planter box must be adequately reinforced to
hold soll, stone, and plants

* Limited capacity for stormwater retention —
mostly infiltration

« Soll infiltration rate is 5.0 inches per hour

« Underdrains are installed to drain the water
after the storm event

4
&y
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EXISTING

Downspout Planter: Harvesting System

DIVERTER — "SAVE THE
et | | RAIN" METAL DIVERTER
2°X2"%6" WOOD BLOCK | [ OR EQUIVALENT.
EDGE SUPPORT (2)

PEA GRAVEL

EROSION PROTECTION

(PLACE NEAR DOWNSPOUT INLET AND \
AT ENDS OF BOX ADJACENT TO OVERFLOW) \

2"X2"X2" WOOD
BLOCK EDGE —
SUPPORT (2) |

2"x2"%2.5"
SUPPORT
BLOCKS (5)

0.4 MIL. PLASTIC LINER
67 MIN. OVERLAP ON
ALL EDGES. CONTRACTOR
SHALL TEST FOR WATER
TIGHT CONDITION PRIOR
TO BACK FILLING.

EDGING

PVC PIPING

/ 37 DIA

3" DIAMETER OVERFLOW
TO PLANTERS IN SERIES

17 ON BOTH SIDES OR STORM
SEWER SYSTEM

2" DIAMETER PERFORATED
PIPE TO PLANTERS

IN SERIES OR STORM
SEWER SYSTEM

PLYWOOD BASE
(INSIDE OF PLANKS)

UNDER DRAIN
s 0 PVC \
( DIA. PERFORATED PVC PIFE) EXISTING STORM

PAVER STONES OR APPROVED

ALTERNATIVE 2

SEWER CONNECTION

()
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Downspout Planter Boxes at Acelero Learning Center in
Camden, NJ

Harvesting System
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Stormwater Tree Pits/Street Trees

Pre-manufactured concrete boxes or enhanced tree
pits that contain a special soil mix and are planted with
a tree or shrub. They filter stormwater runoff and

provide limited storage capacity. 66
C
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Stormwater Tree Pits/Street Trees

How it works:

* Pervious concrete is installed to act as an additional storage
system to increase the stormwater capacity treated by the
system.

« Systems with low infiltration rates due to soil composition
are often designed with an underdrain system to discharge
the water.

* This system is often designed with conventional asphalt in
areas of high traffic to prevent any damage to the system.

Benefits:

* Improved aesthetics

* Healthier trees

- Reduced heat island effect 4 —
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N

PERMEABLE S
SEPA On FAERIC

48"M4E" TREE GRATE (TYP) BY
NEEMAH FOUNDRY OR APPROVED EQUIVALENT \

T PERWEADLE SoIL
SEPARATION FAERIC

5" PERVIOUS CONCRETE -
(SEE DETAIL 1 OW OT=3)

7" CONCRETE sU AVER

MADOT #57 CLEAN, WASHED STONE — ©

LELE SOIL
SECARATION FABRIC

3.00"— . B COURSE STORAGE LAYER
T ONJDOT #2 WASHED STONE

Storage System




RUTGERS Water Resources Program

Pervious Pavements

These surfaces include pervious concrete, porous asphailt,
Interlocking concrete pavers, and grid pavers. These materials
allow water to quickly pass through the material into an
underlying layered system of stone that holds the water, allowing

It to infiltrate into the underlying uncompacted soil. N

&-——-
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Pervious Pavement
How it works:
« 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

 |deal application for porous pavement is to treat a low traffic or
overflow parking area
Benefits:

« Manage stormwater runoff, minimize site disturbance, promote
groundwater recharge

« Low life cycle costs, alternative to costly traditional stormwater
management methods

« Contaminant removal as water moves through layers of system

 Allows runoff to flow through the surface to an underlying storage
layer




--------------------------------------------

: DRAINAGE AREA

B —— i The drainage area of the !
:POROUS ASPHALT ey { porous asphalt system is :
:It is common to design - : the conventional asphalt
iporous asphalt in the : cartway and the porous ;
:parking stalls of a parking: : : asphalt in the parking
:lot. This saves money i “ i spaces. Runoff from the :
tand reduces wear. _ < T, » .+ iconventional  asphalt:

-------------------------------------------

: flows into the porous
: asphalt parking spaces.

...........................................
-

* SUBGRADE

Porous pavements are
unique because of their
subgrade structure. This
: structure includes a
layer of choker course,
filter course, and soil.

UNDERDRAIN
Systems with low
infiltration rates due to
soil composition are
often designed with an
underdrain system to
discharge the water.

ASPHALT

This system is often
designed with conventional iy w
asphalt in areas of high G
traffic to prevent any :
t damage to the system.
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Pervious Pavement o st oo

A5TH DE2E0

I
LY

R AR ORI OO
I M LS TS I LR L %I e VE W SN 0
A A e |

1" CHOKER COURSE

‘o Pa e vyl
'."‘{- ¥ B i
i AL ) 21" FLTER COURSE

ol
e oL e I
R @Wmm

- Y

SOIL SEPARATION FasSIC

UHCERDRAIN IF SPECIFIED CM SITE PLAN
4" PERFORATEDN HDPE FIFE
ISR MIN. SLOPE

L

cossennnsen: POROUS ASPHALT

Bbsdtdcnannsbssbbtdencnnssisssanaannnns

wosssn FILTER COURSE

]

SR EEErIRREY .

o] | B
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Storage System
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at Yorkship School in
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RUTGERS
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School

Iggins

Porous Pavement (Concrete) at W

Camden, NJ
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Questions?

SMART

RAIN GA RDEN




