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Presenter Notes
Presentation Notes
Let’s start with a refresher.  What is Green Infrastructure?


Green infrastructure is ...

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

Green infrastructure projects:
e capture,
* filter,
« absorb, and
° reuse

stormwater to restore the natural
water cycle.



Christopher Obropta
Presentation Notes
The goal is to capture rainwater where it lands before it become stormwater runoff.  We want to capture it in small distributed systems.  And wherever possible infiltrate the water into the ground or reuse the water.  At a minimum, filter the water and hold the water, letting it out slowly after the storm.


Bioretention Systems

Green Infrastructure Practlces
! li---

 Rain Gardens

& ‘al}hl II

* Bioswales
o Stormwater Planters
e Curb Extensions

* Tree Filter Boxes

Permeable Pavements

Rainwater Harvesting

« Rain Barrels
 Cisterns

Dry Wells
Rooftop Systems

* Green Roofs L o B ;
¢ Blue ROOfS -lll'.;l ' ' i .”' '1 j :N 2 ‘ Parker Urban Greenscapes. 2009:



Presenter Notes
Presentation Notes
Most green infrastructure practices are designed to improve water quality, namely, to capture the first 1” of stormwater runoff, known as the first flush.  During a storm event, a majority of the pollution washes off the land in the first 20 minutes.  So, if you can capture and treat this first flush, we can go a long way to improving water quality and maybe eliminate some localize flooding from smaller storms.


Rain Gardens are the most economical option

PLACE A RAIN GARDEN BETWEEN
TWO IMPERVIOUS SURFACES

REDUCE THE AMOUNT
OF RUNOFF ENTERING
STORM SEWERS



Presenter Notes
Presentation Notes
Rain gardens are the most economical option and can add beautiful landscaping to any home.  It is a shallow landscaped depression that fills with 3 to 12 inches of rainwater that quickly infiltrates into the soil.  They are easy to build and can be incorporated into almost any existing landscape.


Lots of Rain Gardens



Presenter Notes
Presentation Notes
Examples of rain gardens. Like I said they can go almost anywhere for private homes, schools, libraries, house of worship, businesses, etc.




Presenter Notes
Presentation Notes
Great example of carving a rain garden into the existing landscape and using the excavated soil to provide some topo relief on the site.





Presenter Notes
Presentation Notes
A very beautiful well-manicured rain garden that takes runoff from the parking lot.





Presenter Notes
Presentation Notes
Rain garden can also be a focal point in front of a municipal building.  The landscape architects call this “Placemaking”.


Permeable Pavement is very effect but more costly
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Presenter Notes
Presentation Notes
You can capture a lot of water in porous pavement and store it in the stone under the pavement until it has a chance to soak into the underlying soil.
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Presenter Notes
Presentation Notes
The stone reservoir under the parking lot can be as thick as you need it to be.  Every 2-1/2 gallons of stone can hold a gallon of rainwater.


Porous Asphalt



Presenter Notes
Presentation Notes
Here is porous asphalt parking lot where the space are porous and the cartway is regular asphalt.




Presenter Notes
Presentation Notes
These are grass paver and are very effective at capturing, treating, and infiltrating stormwater runoff.
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Presenter Notes
Presentation Notes
Let’s talk about Madison. There are four subwatersheds in the Borough


Loantaka Brook

0
(Upper Passaic RY) 279.2 47.6 17.05%
Black Brook (Upper 355.9 106.7 29.98%
Passaic Rv)
Upper Passaic River 1,401.60 536.1 38.25%
Black Brook o
(Whippany Rv) 668.6 255.6 38.23%
Total 2,705.3 946 34.97%



Presenter Notes
Presentation Notes
Lots of impervious cover in each of these subwatersheds, and a high total for the municipality, about 35%.  Impervious cover over 25% typically means your waterways are severely impaired.




Presenter Notes
Presentation Notes
Here are runoff volumes from just the impervious surfaces.  Over four million gallons of stormwater from the 1.25-inch storm and almost 42 million gallons for the 100-year storm.


SUSTAINABLE MADISON POTENTIAL GREEN INFRASTRUCTURE SITES

T

]

Action Plan Sites:

Site 1: Madison Recreation Complex

Site 44: Madison Department of Public Works
Site 50 Madison Public Library

Other Selected Target Sites:
Site 4: Lucy D Field
Site 5: Utility Building
Siie 8: Apartment Complex (72 Park Avenuc)
Site ¥ Apartment Complex (80 Park Avenue)
Site 15: Rexford 5. Tucker Apartments
Site 19: Danforth Park
i Site 21: Baumgarmer Drive Park
Site 41: Madison Community Pool Corporation
Site 42: Delbarton Ficld
| Site 46: Fen Court Park
| Site 51: Public Housing {Belmont Avenuc)

i Al o B Site 57: Madison Public Safety Complex
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Presenter Notes
Presentation Notes
In the Impervious Cover Action Plan, we looked at over 60 sites and included 18 of these site in the plan.


Madison Recreation Complex

Subwatershed:

Site Area:
Address:

Block and Lot:

Black Brook
2,157,847 sq. ft.

184 Ridgedale Avenue
Madison, NJ 07940

Block 601, Lot 1.01

RUTGERS &

Two rain gardens can be installed in the turfgrass area near the entrance of the parking lot to capture, treat, and
infiltrate stormwater runoff from the road.

Impervious Cover

Existing Loads from
Impervious Cover (Ibs/yr)

Runoff Volume from Impervious Cover (Mgal)

% sq. ft. TP TN TSS For the 1.25" Water Quality Storm For an Annual Rainfall of 50"
15 329,965 15.9 166.6 1,515.0 0.257 10.28
. TSS . .
Recommended Green | Drainage | Recharge Maximum Volume Peak Discharge . .
. Removal . . . . Estimated | Estimated

Infrastructure Area Potential . Reduction Potential | Reduction Potential ]

) Potential Size (sq. ft.) Cost

Practices (sq. ft) (Mgal/yr) (gal/storm) (cu. ft./second)
(Ibs/yr)
Bioretention systems 11,980 0.355 53 24,990 0.90 2,995 $29,950



Presenter Notes
Presentation Notes
Here is an example of one site – the general information


GREEN INFRASTRUCTURE RECOMMENDATIONS

M
LJd

rA
Ld

MADISON RECREATION
COMPLEX

bioretention system
captured drainage area
property line

2020 Aerial: NJOIT, OGIS

0 ol 100


Presenter Notes
Presentation Notes
Here is an aerial photo of the site with the rain gardens shown


BEFORE:

" i
-iﬂ-'?"'ﬂh:-:

e T
e



Presenter Notes
Presentation Notes
Here is an artistic rendering of the rain garden.


RUTGERS o

| ()
New Jersey Agricultural
Experiment Station

Madison Department of Public Works

Subwatershed: Passaic River
Site Area: 1,464,936 sq. ft.
Address: 10 John Avenue

Madison, NJ, 07940

Block and Lot: Block 2208, Lot 19

Two rain gardens can be installed in the turfgrass area alongside the northwest and south side of the building to capture,
treat, and infiltrate stormwater runoff from the road. A cistern can be installed alongside the north side of the small building
on the intersection of John Avenue and Station Road to harvest rainwater for watering plants throughout the town.

. Existing Loads from .
Impervious Cover Impervious Cover (Ibs/yr) Runoff Volume from Impervious Cover (Mgal)
% sq. ft. TP TN TSS For the 1.25" Water Quality For an Annual Rainfall of 50"
Storm
12 171,591 8.3 86.7 787.8 0.134 5.35
. TSS . . .
Recommended Green | Drainage | Recharge Maximum Volume Peak Discharge Estimated .
. Removal . . . . . Estimated
Infrastructure Area Potential . Reduction Potential | Reduction Potential | Size (sq.
. Potential Cost
Practices (sq. ft) | (Mgal/yr) (gal/storm) (cu. ft./second) ft.)
(Ibs/yr)

Bioretention systems 4,770 0.141 21 9,950 0.36 1,195 $11,950
Rainwater harvesting 740 0.022 4 575 0.06 575 $1,150






Presenter Notes
Presentation Notes
Let’s talk about the Green Infrastructure Strategic Plan that we developed for Madison Borough


WHAT IS GREEN
INFRASTRUCTURE?
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Presenter Notes
Presentation Notes
This is a comprehensive plan and include general information like “What is green infrastructure?” and “What is stormwater?”


BIORETENTION SYSTEMS
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Presenter Notes
Presentation Notes
It also include a description of the green infrastructure practices such a bioretention systems or rain gardens.


RAINWATER HARVESTING SYSTEMS
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Presenter Notes
Presentation Notes
Here is the pages on rainwater harvesting systems.


LAND USE IN MADISON BOROUGH

Madison Borough is dominated by urban land uses. A total of
85.2% of the municipality’s land use is classified as urban. Of
the urban land in Madison Borough, medium density residential
is the dominant land use. Urban land uses tend to have a high
percentage of impervious surfaces.

MADISON BOROUGH LAND USE

Wetlands 2 0% ., Agnculiure 0.1%
b —— Baren Land 0.4%

—— Forest 11.9%

Water 0.3% ——

Urban 85 5%

MADISON BOROUGH URBAN LAND USE

Transporabon’
Rursl Residential 1.7% " infrastruciure 2 4%
A

Recieabionasl Land 7 6% Commarcipl 17 4%

High Dermity
“Residential 4. 9%

o Urhan 11.39%. —— Indirstrial 0.1%

"= Low Derrsity
Residential 12 5%

Medaem Densay
Rasaderitand 48 %

MADISON BOROUGH LAND USE

TABLE 1. IMPERVIOUS COVER ANALYSIS BY SUBWATERSHED FOR
MADISON BOROUGH

Total Land Use .
A A Water Area Impervious Cover
(ac) (ac) (ac) (ac) (%)
Black Brook
(Great Swamp) 3559 355.0 0.9 106.7 30.1%
Black Brook
130.7 126.0 4.7 265.3 36.5%
(Hanover)
Loantaka Brook 2719.2 27712 2.0 47.6 17.2%
Upper Passaic
Ri 1.401.6 1.40n.2 0.4 2361 38.3%
Total 2,767.4 2,759.34 8.0 955.69 34.6%

TABLE 2. STORMWATER RUNOFF VOLUMES FROM IMPERVIOUS
SURFACES BY SUBWATERSHED IN MADISON BOROUGH

Total Runoff | Total Runoff | Total Runoff | Total Runoff | Total Runoff
Volume for Volume Volume for | Volume for Volume

Subwatershed | e 1.25" for the NJ the 2-year | the 10-year | for the 100
Quality Rainfall of | Storm (3.58) | Storm (5.407) | Storm(8.85")

Storm (Mgal) | 50" (Mgal) | (Mgal) (Mgal) Mgah
‘;‘f‘:im 36 144.9 10.4 15.6 258
MI ml 9.0 360.1 258 38.9 63.7

Loantaka 16 64.7 46 70 1.4
”Fp':i':“'i“: 18.2 721.8 52.1 786 128.8

Total 324 1.297.5 829 140.1 229.7



Presenter Notes
Presentation Notes
It include the information from the impervious cover assessment such as the land use analysis, impervious cover table, and runoff volume table that we discussed about earlier


Hydrological Soil Group

% Sand


Presenter Notes
Presentation Notes
The Strategic Plan examine site suitability for green infrastructure in the Borough.  Hydrologic Soil Group “A” and “B” are the best for infiltration.  Infiltration also works in “C” soils, but you cannot infiltrate in “D” soils.


Green infrastructure suitability is defined using the following parameters:

Depth to Water Table or Bedrock
0" 0"-24" 24"-36" >36"
Possible with | Possible with
Investigation Investigation
Possible with

Not suitable Less Suitable . o Suitable
Investigation

Not suitable Less Suitable EGESIPIE ‘“’f‘"th Suitable
investigation

Possible, Suitable,
underdrained | underdrained
Possible, Suitable,
underdrained | underdrained

Unknown| Not suitable Less Suitable

Not suitable Less Suitable

o
=
0o
=

o

0

n

2
o

2
0
e

=
=

T

Not suitable Less Suitable



Presenter Notes
Presentation Notes
If you are infiltrating, you need some room to infiltrate (depth to groundwater and bedrock is important).  Greater than 36” is best.


MADISON BOROUGH
GREEN INFRASTRUCTURE SUITABILITY |

-

Legend

" Green Infrastructure
Soil Suitability
Suitable

- Possible with Soil
Investigation

Less Suitable
| Not Suitable



Presenter Notes
Presentation Notes
This map combines the Hydrologic soil group and the depth to restrictive layer or groundwater.


PERVIOUS AND IMPERVIOUS COVER IN ACRES BY SUBWATERSHED

= Pervious Cover  m|mpervious Cover

1,500
1,000

200

0 -

Black Brook (Great Black Brook Loantaka Erook Passaic River Upper
Swamp) (Hanover)



Presenter Notes
Presentation Notes
The short-term goal (less than 5 years) from the Impervious Cover Action Plan is 20 acres of impervious cover to be treated.  The long-term goal (5 to 20 years) is 80 acres of impervious cover.


MADISON BOROUGH IMPERVIOUS COVER

Florham Park
Borough

Moms i
Township/%
g

Chatham
Township


Presenter Notes
Presentation Notes
This figure is based upon NJDEP’s 2015 impervious cover layer.  It shows buildings, roads, and other impervious cover such as parking lots and sidewalks.


MADISON BOROUGH TAX-EXEMPT PARCELS AND
ROADSIDE EASEMENTS

Flovham Fark
F Borough
ynshd

hestham

Township
Chatha
Beoqouy


Presenter Notes
Presentation Notes
When looking for site that can be retrofitted with green infrastructure to achieve our impervious cover reduction goals, we usually look at tax-exempt parcels first.
Class 15A: Public School Property, Class 15B: Other School Property, Class 15C: Public Property, Class 15D: Church and Charitable Property, Class 15F: Other Exempt but not Class 15E Cemeteries and graveyards.


Legend

B Roadside Easements
[ Tax-Exempt Green Space

Treatable Impervious
] Cover

Florham Park
Borough

MADISON BOROUGH
GREEN SPACE

From the 134 parcels throughout Madison
Borough with tax-exempt property classes,
green spaces were isolated as potential
sites for bioretention systems or stormwater
planters that were close enough to nearby
impervious surfaces (within 100 feet).
Municipally owned green spaces alongside
roadways are also included as potential
project sites. A total of 309 acres of viable
green space were isolated: 248 acres within
tax-exempt parcels and 62 acres within
roadside easements.

Chatham
Township

& Chatham
F Borough


Presenter Notes
Presentation Notes
From the 134 parcels throughout Madison Borough with tax-exempt property classes, green spaces that were close enough to nearby impervious sufaces (100 feet) were isolated as potential sites for bioretention systems or stormwater planters. Municipally owned green spaces alongside roadways are also included as potential project sites. A total of 309 acres of viable green space were isolated: 248 acres within tax-exempt parcels and 62 acres within roadside easements.


TABLE 4: MADISON BOROUGH EXISTING CONDITIONS

Impervious Cover Ll Ié:éijesrzrl?gﬁp;pewiﬁus Runoff Violume from Impervious Cover (Mgal)
o From the 1.25" Water Quality For an Annual
34 6 2,759 2.007.6 21,032.1 | 191,200.8 32447 1,297 .89
TABLE 5: MADISON BOROUGH MANAGEMENT GOALS
Potential TSS - Peak Discharge
Management %?ﬁgﬁ{gﬁ Removal Rhggﬁ'&"igw gﬂéﬂ}'& Reduction Potential for Estimated Estimated
Area (Magallyr) Potential (Mgal/storm) 2-year storm (3.58") Size (acres) Cost
(acres) gally (Ibs/yr) 9 (cu. ft./second)
Short-Term Management Goal
20 | 25795 3,800 1817 | 68.29 | 5 $2,178,009
Long-Term Management Goal
80 | 103.180 15,200 7269 | 273.14 | 20 £8,712,035



Presenter Notes
Presentation Notes
Table 4 summarizes the existing conditions and Table 5 summarizes the goals for the Action Plan (short-term) and Strategic Plan (long-term).


Legend
Residential Parcals
[ 1 Commercial Parcels
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MADISON BOROUGH
ADDITIONAL SITES

Residential and commercial areas present additional
opportunities to integrate rain gardens io help mitigate
flooding, reduce pollution, and promote groundwater
recharge. In commercial areas such as office complexes,
shopping centers, and industrial parks, rain gardens can
be strategically placed to complement existing landscaping
and infrastructure. They can be incorporated into entrance
landscaping, parking lot islands, and along the perimeters
of buildings. Larger commercial developments present
opportunities to include rain gardens in public spaces such
as plazas, courtyards, and pedestnan walkways. Some
areas may already contain stormwater management
practices (detention basins, underground infiltration, etc.).
These areas should be deprioritized in site selection.

In residential neighborhoods, rain gardens can be scaled

“to fit individual properties or implemented as a part of

community-wide initiatives. They can be integrated into
existing landscaping and replace traditional lawns or flower
beds, orin underutilized spaces such as side yards between
properties, or in multi-family residential developments as
community gardens.

Quantitative analysis of Implementing rain gardens
in residential and commercial areas represents the
implementation of 200-square foot bioretention systems for
each residential parcel and treatment of 15% of impervious
cover on commercial parcels.


Presenter Notes
Presentation Notes
We can also look at residential and commercial properties for opportunities.  


ADDITIONAL GREEN INFRASTRUCTURE SITES

TABLE 6: MADISON BOROUGH ADDITIONAL SITES

Management Recharge ReTrE;al saeximum yolume Reduction Potantel for | Estimated | Estimated
oea) | ogayn | Fotental | "galom) | 2yearsior 0.8 | Size(acres) f - Cost
100% Implementation of 200-sq ft Rain Gardens per Residential Parcel
78.86 101.711 14,983 | 7,165,200 269 25 19.72 | $8,588,000

10% Implementation of 200-sq ft Rain Gardens per Residential Parcel
7.88 10.162 1,497 | 715,850 2690 1.97 | $858,000
100% Implementation of Rain Gardens Targeting 15% of Impervious Cover on Every Commercial Parcel
16.74 21.591 3,181 | 1,521,010 57 .16 419 | $1,823,048
10% Implementation of Rain Gardens Targeting 15% of Impervious Cover on Every Commmercial Parcel
1.67 2159 317 | 152,100 2.12 0.42 | $182,305



Presenter Notes
Presentation Notes
For this case, we look at using rain gardens on residential and commercial properties to achieve our goals.  The table shows 100% participation in the program and 10% participation in the program.  


IMPERVIOUS COVER TREATMENT GOALS AND POTENTIAL
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Presenter Notes
Presentation Notes
This bar chart illustrates the short-term and long-term goals and how much can be achieved by the rain garden programs on residential and commercial properties.


SITE ASSESSMENT AND IMPLEMENTATION FACTORS

BUILT ELEMENTS NATURAL ELEMENTS IMPLEMENTATION

Circulation and Transportation Water Flow Users and Maintenance
Observe movement through, in, and Delineate impervious cover management Gather information on who will be using
around the site based on drainag and maintaning the space

Structures and Utilities Existing Vegetation Funding and Available Space
Examine existing infrastructure within the Take note of existing trees or invasive Consider the scale and limitations of the
area of the site species that may conflict site and budget

Integration Soil Suitability Project Oversight
Incorporate new infrastructure into the Test existing soils for infiltration and Ensure installation of green infrastructure
existing surroundings assess need for underdrains is overseen by qualified individuals


Presenter Notes
Presentation Notes
These are some factors to consider in assessing sites for green infrastructure and implementation of green infrastructure.
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Questions?

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