
Nature-based Green Infrastructure Solutions for 
Managing Extreme Weather Events

presented at the 
34th Annual NEIWPCC Nonpoint Source Conference

in Old Saybrook, CT on April 11, 2024

Christopher C. Obropta, Ph.D., P..E.
Extension Specialist in Water Resources

obropta@envsci.rutgers.edu

mailto:obropta@envsci.rutgers.edu


Project Goal is to Reduce Flooding in 
Hillsborough and Manville

(supported by NFWF Coastal Resiliency Fund)

• Design stormwater management systems that will 
manage the 100-year storm from existing 
development

• Prioritize nature-based solutions
• Design retrofits to manage the increase in rainfall 

due to climate change for sites that already have 
stormwater management



Condition (100-yr Design 
Storm) 24-hour rainfall total (in)

2000 Rainfall Total 8.21

2020 Rainfall Total 8.95

2100 Rainfall Total 12.15



Types of Nature-Based Solutions
(FEMA, 2021)

• WATERSHED OR LANDSCAPE SCALE:  Interconnected 
systems of natural areas and open space. These are large-scale 
practices that require long-term planning and coordination.

• NEIGHBORHOOD OR SITE SCALE:  Distributed stormwater 
management practices that manage rainwater where it falls. These 
practices can often be built into a site, corridor, or neighborhood 
without requiring additional space.

• COASTAL AREAS:  Nature-based solutions that stabilize the 
shoreline, reducing erosion and buffering the coast from storm 
impacts. While many watershed and neighborhood-scale solutions 
work in coastal areas, these systems are designed to support coastal 
resilience.









How can we reduce 100-YR storm flooding?
• Capture stormwater and detain it to reduce the peak 

flow of the flooding
- Typical detention basin approach
- Effective if no back-up downstream
- Can combine with distributed systems to hold more 

volume

(rivanna-stormwater.org)



How can we reduce 100-YR storm flooding?
• Hold a retain stormwater as long as possible

- More effective when floodwater backed-up downstream
- Digital control system to hold volume and release water 

once flood recedes
‣ Would not work well as passive system due to smaller 

storm event management not draining quick enough
- Difficult to combine with distributed storage systems

(rivanna-stormwater.org)
Add remote controllable valve to hold volume



Where do we target our efforts?
• Target developments with:

- little to no existing stormwater management
- available land to capture and hold large volumes of 

stormwater
- willing participants for buyouts to create land for 

stormwater management.
• Identify key flooding hotspots and identify areas 

contributing upstream of those areas
• Use right-of-way areas to capture stormwater
• In-line stream storage (complicated design and 

difficult to obtain NJDEP permits)



How can we hold the volume?
• Smaller distributed systems

- Individual Household Rain 
Gardens

- Pervious Pavement
- Right-of-way Stormwater 

Planters







Concrete 
Curb

Roadway

30” Dia.6” Stone

Bioretention Mix



How can we hold the volume?

• Large Detention/ Bioretention 
Basins

- Can provide largest volume 
storage to land area

• Underground Storage Systems
- Can create systems under lots 

by combining storage with. 
Allows mixed use of stormwater 
management area and 
recreational uses (i.e. parks)



What are design options for retrofitting sites?
• Right of way only and public land
• Create distributed projects on private lands

• Residential
- Small buyouts of residential area to create available land 

for stormwater capture
- Large buyouts to maximize stormwater capture

• Commercial
- Underground storage in parking lots
- Remove sections of unutilized areas to create larger 

storage systems



Manville

Hillsborough

Royce Brook Watershed
10,567.6 acres = 16.5 sq. mi.
24.3% impervious cover 



What Land is Being 
Managed in the 
Royce Brook 
Watershed?

Managed and Unmanaged Urban Land Use in the 
Royce Brook Watershed

Urban Land Development 
Before 1983 (unmanaged)

Urban Land Development After 2004 
and Before 2015 (Managed for current 
storms, not future storms)

Urban Land Development After 
1983 and Before 2004
(No water quality management)

• Urban land in the Royce 
Brook Watershed

• Majority of development 
was created before 1983



11 Potential Development Sites for Retrofitting
• 673.4 acres = 1.05 sq. mi.
• Six residential developments
• Three commercial sites (one with some stormwater 

management)
• One municipal site
• One public school
• Possible solutions

-Constructed wetlands
-Bioretention
-Permeable pavement
-Roadside rain gardens
-Homeowner rain gardens
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5 Focus Sites for Retrofitting
• Hillsborough Municipal Building
• Flanders Drive
• Partridge Farm Rd
• Meadowbrook Dr
• Hillsborough Plaza (Tractor Supply)



3 Key Cases
1. Design limited to municipal lands

2. Design to retrofit (At least 80% reduction of 
predevelopment peak)

3. Design unrestrained to reach 100% capture and 
hold





Site 4 – Flanders Drive Development
Total Area = 2,511,980 sq. ft. = 57.7 acres

Impervious Surface = 507,540.3 sq. ft. = 11.7 acres



Municipal Land Only



Storage Volume (cf) % Contribution 
Basin 187,528 88%

Rain Gardens - Road 25,464 12%
Total Storage Volume 212,992 cf

Peak Discharge 144 cfs
Peak Reduction 25% % of inflow (191.3cfs)

Detention Time 75% 14.4 hrs
Basin Area 1.07 ac 

Municipal Land Only
• Reduces peak by 25% meeting stormwater regulations
• Space for one basin and distributed systems in ROW

Target Peak Flow = 154 cfs
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Satisfy Current Regulations



Storage Volume (cf) % Contribution 
Basin 370,550 78%

Permeable Pavement 58,570 12%
Rain Gardens  – Roof 20,276 4%
Rain Gardens - Road 25,464 5%
Total Storage Volume 474,860 cf

Peak Discharge 52.72 cfs
Peak Reduction 72% % of Inflow (191.3cfs)

Detention Time 75% 17.0 hrs
Basin Area 1.95 ac 

Current Regulations
• Reduce peak to 80% of pre-development peak (100-yr storm)

Target Peak Flow = 85.5 cfs



Capture entire volume for 100-yr storm



• All of the volume held in basin
• Valve will need to be released later and drained in 

reasonable time

Capture entire volume for 100-yr storm



Storage Volume (cf) % Contribution 
Basin 866,,000 89%

Porous Pavement 58,570 6%
Rain Gardens – Roof 20,276 2%
Rain Gardens - Road 25,464 3%
Total Storage Volume 970,310 cf

Peak Discharge 0 cfs

Peak Reduction 100% % of Inflow 
(191.3cfs)

Basin Storage Peak 853,911 cf
Detention Time 75% NA hrs
Detention Time 100% NA hrs

Basin Area 4.36 ac 



Case comparison

Municipal Only

All StorageCurrent Regulation

Parameter Municipal Current 
Reg All Storage

Basin Size (acre) 1.07 1.95 4.36

Peak Red. 25% 72% 100%

Storage (CF) 212,992 474,860 970,310

Det. Time 
75% (hr) 14.4 17.0 n/a



Cost Estimate Comparison
Parameter Municipal Current Reg All Storage

Const. cost of systems 
w/ distributed $534,002 $1,932,535 $2,229,011

Cost of property 
buyouts

$0 
(0 properties)

$538,500.00
(1 property)

$1,634,700
(3 properties)

Total w/ distributed 
systems $534,002 $2,471,035 $3,863,711

Parameter Municipal 
(same basin)

Current Reg 
(larger basin)

All Storage
(larger basin)

Const. cost w/ larger 
basin only (est) $190,202 $424,050 $866,487

Cost of property 
buyouts (basin only)

$0
(0 properties)

$1,117,900
(2 properties)

$2,140,400
(4 properties)

Total larger basin only
$190,202 $1,541,950 $3,006,887



How much do distributed systems help?

w/ distributed Basin only

• Types of Systems
- Roadway stormwater planters (160 SF x 18 planters)
- All non-road pavement pervious w/ storage underneath (6”)
- Rain garden at each house (750 SF x 37 gardens) 

- Significantly reduces size of basin & water quality benefits
- requires more design and logistics issues and may cost more



Site 10 – Hillsborough Plaza
Total Area = 1,036,600 sq. ft. = 23.8 acres

Impervious Surface = 626,500 sq. ft. = 14.4 
acres









Hillsborough Plaza
256 Route 206

Hillsborough, New Jersey





11.6 acres 52,635 ft3 of 
runoff for 1.25 

inch storm

Water Quality Storm Analysis (1.25 inches)



1.23 acres of 
rain gardens 

provides 
45,611 ft3 of 

storage



Pervious Concrete

17,560 ft2 of 
pervious concrete 

provides
7,024 ft3 of storage



11.6 acres

294,756 ft3 of 
runoff for 7.0 

inches rain

100-Year Storm Analysis 8.25 inches



2.4 acres of 
underground 

storage system 
provides 351,208 

ft3 of storage

64,800 ft of two-foot diameter pipe



Green and Gray Infrastructure Practices



Finalize Preliminary Designs

• Finalize design
• Determine if this will reduce flooding in 

Hillsborough and Manville (need more modeling)



Questions?



Christopher C. Obropta, Ph.D., P.E.
Phone: 908-229-0210

Email: obropta@envsci.rutgers.edu

mailto:obropta@envsci.rutgers.edu
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