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Stephen J. Souza, Ph.D.
Princeton Hydro, LLC

Suite 1, 1108 Old York Rd.
P.O. Box 720

Ringoes, New Jersey 08551

Improper Stormwater Planning and 
Design Leads To…

� Increased volume and velocity
� Altered baseflow and stream hydrology
� Increased non-point source (NPS) pollutant 

mobilization, transport and loading 

� Degraded water quality 
� Impaired wetland, riparian & aquatic habitats
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Hydrologic and Hydraulic Impacts

Erosion

Flooding
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Pollutant Loading Impacts

Environmental 
Impact

Eutrophication

My Five Principles of Successful 
Stormwater Quality Management

1. Treat stormwater as a resource 

2. Attack the cause not the symptoms

3. Turn your watershed inside out

4. Thinking small = big results

5. Use nature as your model

1. Stormwater Is A Resource

� Typically we try to “get rid” of stormwater
� Management is an after-thought of site design
� “Managed” using “end-of-pipe” solutions
� Better approach…embrace SW as resource

� Reuse
� Recharge
� Preserve existing hydrology and hydrologic 

properties of water and wetland resources
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Don’t Make Stormwater 
Management An After-Thought

� Good design doesn’t occur by chance
� Work with the environment during early 

stages of site development
� Establish objectives in selecting BMPs
� Avoid “standard” approach or going with 

the “flavor of the month”
� Think form and function

2. Correcting The Cause -
Source Control Strategies

� Environmental planning
� Environmental conservation
� Soil erosion control 
� Integrated pest management

� Recycling programs
� “Good housekeeping”

practices
� Site plan and land use review
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3. Turn Your Watershed Inside Out

� Start to collect/ treat SW where runoff originates
� Understand site limits and constraints (steep 

slopes, clayey soils)
� Capitalize on natural site conditions 
� Don’t confuse peak flow control with stormwater 

quality management.  Runoff  volume, duration 
and velocity, and pollutant load must all be 
managed…not just peak flows
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4. Thinking Small = Big Results

� Avoid “end of the pipe” solutions. Limits types 
of BMPs that can be used and results in 
greater consumption of land

� “Divide and conquer”. Work with small 
catchments and small “chunks” of volume

� Create “treatment train”….link BMPs so they 
work in series.  

5. Let Nature Be Your Model

� Biodetention, Bioretention, Bioinfiltration, 
Environmental Landscaping…
“Natural BMPs”

� Emphasize BMPs that infiltrate, filter, 
promote bio-uptake and bioattenuate
pollutants

Bioretention BMPs
Chapter 9.1 - NJ Stormwater Manual

� Remove wide range of pollutants (including 
bacteria) 

� Reduce peak runoff rates
� Increase stormwater infiltration 
� Decrease total runoff volumes
� Most effective when runoff received as close 

to source as possible (not at “end of pipe”) 
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Bioretention BMPs
Chapter 9.1 - NJ Stormwater Manual

� Soil bed planted with appropriate non-
invasive (native) vegetation
� Vegetation assimilates pollutants, uptakes runoff 

and maintains soil porosity critical to soil 
infiltration

� Treatment achieved by soil media and plants 
� Can be under-drained or fully infiltrating 
� Basins w/ flat bottom
� Runoff storage depths above the soil bed 

surface typically shallow (12”-18”)

Bioretention Design 
Chapter 9.1 - NJ Stormwater Manual

� Basic design parameters 
� Storage volume above planting bed (1.25”/2-hr storm)
� Depth, composition, and permeability of soil bed
� Hydraulic capacity of under-drain or permeability of 

subsoil

� Enough storage volume above soil bed to fully 
contain the design storm runoff volume

� Proper separation distance between bottom of soil 
bed and SHWT (1’ to 2’)

� Must drain within 72 hours
� Try to keep contributing watershed < 5 acres

Turn Down The Volume!!!

� Bioretention BMPs help 
reduce runoff volumes

� Starts with proper 
planning, site preparation

� Bioretention results in  
uptake and infiltration

� Lessens the rate & 
amount of runoff while 
increasing quality of 
discharged stormwater
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How About
Cost, Permits and Maintenance?

� Routine maintenance
� Inspect quarterly
� Mow annually (fall), re-establish impacted cover
� Monthly remove sediment/trash from forebay

� Permits – typically only permits needed are for the outfall 
structure (new construction)
� FWW (NJAC 7:7A)
� FHA (NJAC 7:13)

� Cost variable, function of size, design, location, new/retrofit
� $50,000 - 100,000 for recent retrofit basins
� Brown and Schueler (1997): C = 7.30 V0.99

C = Construction, Design and Permitting Cost ($)
V = Volume of water treated by the facility (cubic feet)
~ $6.80 per cubic foot of water storage

Curb-Side Biodetention

Provides filtration 
and some infiltration 

prior to discharge
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Curb-Side Bio-Retention

Swales and Perimeter “Basins”

Michael Clar, P.E.

Ecosite, Inc., 2003

Foundation Planters

Michael Clar, P.E.

Ecosite, Inc., 2003
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Urban Retro-Fit

Joseph Battiata, P.E.

Virginia DOT, 2003

Pennswood Integrated System

A SW BMP that functions like a riparian 
corridor / floodplain and manages 
runoff by means of….

� Sedimentation forebay 
� Grassed/vegetated waterway
� Vegetated riparian buffers
� Stormwater infiltration areas
� Created wetland/wet-pond

Overall Layout System
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Aesthetics and Functionality

Anti-Scour and 
Sediment Retention Area

During Storm Event

“Fore Bay” Area

During Storm Event
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Upper Riparian Corridor

Stormwater Backing Up 
At Road Crossing

Stormwater Backing Up 
At Road Crossing
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Riparian Corridor Leading to Lower 
Wet Pond / Wetland Area

Lower Wet Pond / Wetland Area

Benefits of the Pennswood Design

� Treats runoff as a resource

� Not “end of pipe solution”

� Linked system of multiple bioretention 
and infiltration areas

� Provides wildlife habitat

� Aesthetically pleasing

� Easy to maintain
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In Summary…

� Improperly managed stormwater leads to 
numerous environmental/ecological impacts

� Standard, conventionally engineered SW 
techniques don’t provide correct solution

� Think of stormwater as a resource…tame it, 
recharge it, reuse it!

� A well designed bioretention system will 
achieve these goals

Don’t Let Stormwater Bite You!

Thanks…

Princeton Hydro, LLC
1108 Old York Rd, Suite 1

P.O. Box 720
Ringoes, NJ 08551

908-237-5660

Ssouza@princetonhydro.com

Stephen J. Souza, Ph.D.


