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Effect of Development on
 
Water Cycle 

EPA (2004) 
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Effect of Urbanization on
  
Water Cycle 

EPA 841-F-03-003 
http://www.epa.gov/sites/production/files/2015-10/documents/nps_urban-facts_final.pdf 
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Edison Environmental Center (EEC) 

former Raritan Arsenal
 

Full-scale 
• porous 
pavement 

• rain  gardens 

Roof  runoff 
collection 
and  use 

UWRF 
• swales 
• rain  gardens 
• rainwater 
sampling 

• pipelines 
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Permeable Pavement and Rain Garden
 
Research and Demonstration Site
 

• Side by side testing of three permeable parking surfaces 
• Evaluation of effect of hydraulic loading on bioinfiltration hydrologic 

performance 
• Continuous and event-based sampling for water quantity and quality 

parameters 
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Vertical cross sections of permeable surfaces
 
vary slightly from material to material
 

Not to scale 

Porous Porous Permeable Interlocking 

Asphalt (PA) Concrete (PC) Concrete Pavers (PICP)
 

*Courtesy of Morris Ritchie and Associates, 2009 
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 Permeable Interlocking
 
Concrete Pavers (PICP)
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 Porous Concrete (PC)
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Underlying Soil Infiltration Testing
 

Pre-construction infiltration test Post-construction soil moisture measurements 
Water content reflectometer 
(WCR) installation 

Stander et al. (2013) 
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Calibration of water content 
(time domain) reflectometers in 
large aggregate for storage 

   Stander et al. (2013) 
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Calibration led to 
interpretation of 
data  
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Runoff From Building 205 
(Under Sidewalk) 

Groundwater 

Curb Cuts

Underground Walls 

Under!ying soil 

 

Rain Garden Demonstration Site 
This  site demonstrates and allows EPA to docu ment the capabilities ofrai n gardens toallow stormwater to seep or nitrate, Into unferlying soil where it wi II 
event ually rechargegroundwater and nearby streams. nfil trationof stormwater In rain gardens serves to reduce stormwaterru  off v ol umesImprove water  
quality through remov al of stormwater contami nants, and enhance the physical and biolog icalintergrity of of streams. 

Research

Storn water run off from Building 205 and t he adjacent t parking 
lot is directed th rough a pipe and curb cuts into the rai n
garden The raln garden has six cells of different size s sepa-
rated b:i,• walls, allowing researchers to study how size affects
the ability of rain gardens to infiltrate stormwaterrunoff cre-
ated by a wide range of storm sum.. Instruments buried in the 
media and underlying soil measure how quick ly r unotf infil-
tratesthrough the rain garden p rofile in to t he underlying soil. I. 

Results 

1 TherainI garden will help EPA study

• How rain gardens mimic natural drainage processes and 
red ce stormwater runoff volume to the conventionalI 
storm sewer system. 

• The effects of surface area o n drainage pro per tiesof rain
gardens. 
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Nat ive Pla nts for Mid-AtlanticRain Gardens

Trees Grasses/Rushes

Red Maple Switchgrass

Redosier Indian Grass

Dogwood Big Bluestem

Com mon Rush

Shrubs

Highbush Herbs 
Blueberry Seaside GGold enrod
Beach Plum Blue Flag
Winterberry Sunflower
Black Chokeberry Golden Zizia
Groundsel Tree



 

 Drainage Area: 
Surface Area 

22:1
 

11:1
 

5.5:1
 

7.1 m 

7.1 m 

7.1 m 

Curb 
Cut 3.7 m 

14.9 m 
7.5 m 

N 

 

 

 

 

= WCR location 
(2 depths) 

= Thermistor location 
(3 depths) 

Asphalt 

2.9 m 2.9 m 

14.9 m 

42.7 m 

Sidewalk 

  Note: Not to Scale Roof Runoff (from adjacent building) [0.28  ha] 
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Media: 
0.86 m

0.25 m 

0.38 m 

= WCR 

Underlying 
Soil 

Gravel: 
0.10 m 

0.48 m 

0.10 m 

2.9 mInlet: 
“Front” 
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Minimum 
root depth 
blueberry / 

winter berry 
0.41 m 

Minimum 
root depth 
bayberry 
0.51 m 

Note: Not to scale 
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2.9 m
 “Back”
 



 

  

 

 
 

  
 

WCR monitoring locations media saturation
 

91 events analyzed with 
complete data from all 
WCR locations. 

Period: 2010-2012 
growing seasons 
(April to October) 

When saturation not 
frequent, the change in 
soil moisture  was 
attributed to direct 
rainfall. 
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Bayberry growth closer to
  
inlet and in  smaller  rain 
 

gardens better  than large 
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Winterberry height closer to 
inlet and in smaller rain 
gardens better than large 

Also effect 

of shading
 

E – East 
W – West 
F – Full Sun 
S – Shade 

21 



 
  

 

 
 

Rainwater Harvesting at EEC
 

• Laboratory cooling 
tower is largest 
consumer of water at 
EEC 

• Peak demand 
exceeds 4,000 
gallons per day 

• Rainwater from three 
1,500 gallon tanks 
now supplements 
demand 
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EEC Annual Water
 
Consumption
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O’Connor and Amin (2015) 



 

 

EEC Quarterly Water
 
Consumption
 

O’Connor and Amin (2015) 24 



  EEC Annual Water Consumption
 
– FY2007 Baseline
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