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Applications of Ecological 

Engineering: 

Stormwater 

ñTrilogyò

1. Introduction to Stormwater & BMPs

2. Stormwater BMP Eco-system Services

3. Field Tour

www.bae.ncsu.edu/stormwater

Stormwater: Why Worry? And What

Can We do About It?

Bill Hunt, Ph.D, PE

Assistant Professor & Extension Specialist

Biological & Agricultural Engineering

North Carolina State University

www.bae.ncsu.edu/stormwater

Lecture Objectives

I. Water & Regulations

II. Pollutants & Problems

III. Stormwater Best Management Practices

IV. Mosquitoes and BMPs (if time)

www.bae.ncsu.edu/stormwater

I. Water & Regulations

www.bae.ncsu.edu/stormwater

In Louisiana, Supply will Typically NOT be a 
Problem www.bae.ncsu.edu/stormwater

NC is the 10th Most Populous State and one of 

the 10 Fastest Growing States. People are 

coming and staying
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With People Comes Imperviousness: 

Pavement & Roof Tops

Homes

Schools

Businesses

www.bae.ncsu.edu/stormwater

Hydrologic Cycle

www.bae.ncsu.edu/stormwater

Water Cycle

www.bae.ncsu.edu/stormwater

Development Impacts on the 

Water Cycle
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Runs 

off

50%

Soaks

55%
15%

www.bae.ncsu.edu/stormwater

Stormwater Flows to Water Bodies

www.bae.ncsu.edu/stormwater

Other Terms: What is a Watershed?

(Osmond, 2000)
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17 Major River Basins

www.bae.ncsu.edu/stormwater

2000 Census Urbanized Areas: Phase II

Automatic designation by USEPA of municipal 
separate storm sewer systems (MS4s)

www.bae.ncsu.edu/stormwater

Stormwater Regulations in N.C.

ÂEarly 90ôs ïWater Supply Watersheds

ÂEarly-Mid 90ôs ïNPDES Phase I

ÂMid 90ôs ïCoastal Area Management Act 

(CAMA)

ÂLate 90ôs ïNeuse Nutrient Sensitive 

Watershed Strategy (Neuse Rules)

ÂEarly 00ôs ïNPDES Phase II

ÂEarly 00ôs ïTar-Pam Rules

www.bae.ncsu.edu/stormwater

www.bae.ncsu.edu/stormwater

All Regulations Require

ÂLimit or Reduction in Runoff Peak Flows 

(Flooding)

Â Improvement of Water Quality

ÂDifferent Regs target different pollutants 

such as Sediment (TSS), Nitrogen, 

Phosphorus, Bacteria

ÂType of Pollutant(s) treated varies across 

state

www.bae.ncsu.edu/stormwater

Developers Have 2 Options:

1. Limit the amount of Imperviousness to 

below a state-mandated threshold 

Â 12% in Coastal Counties

Â 25% in Rest of State

2. Employ Stormwater Management 

Practices if imperviousness threshold is 

exceeded

More on Option #2 Lateré
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Intended Uses of 

Water Resources

ÂSwimming

ÂBoating

ÂFishing

ÂDrinking water for 

humans

ÂDrinking water for 

animals

ÂAquatic life habitat

www.bae.ncsu.edu/stormwater

What is a Water Quality 

Impairment?

The inability of a water resource 

to meet its intended uses.  

Example: an estuary is impaired when 

high levels of bacteria ban the 

harvesting of oysters.

www.bae.ncsu.edu/stormwater

What is a Water Quality 

Impairment?

The inability of a water resource 

to meet its intended uses.  

Example: A mountain trout stream is impaired when 

the temperature of the water is too high.

www.bae.ncsu.edu/stormwater

Final Regulating Terms & List

Â303(d) List ïall water bodies in NC (and 

throughout the country) that do not meet 

their intended use according to NC DENR

ÂAll 303(d) List Waters must have a TMDL

(Total Maximum Daily Load) 

ÂA TMDL is the Maximum amount of 

pollution that can enter a 

stream/pond/estuary on a given day

www.bae.ncsu.edu/stormwater

97 of 100 Counties in NC have 

at least 1 303(d) Water Body

Map of 303(d) Water Bodies

http://h2o.enr.state.nc.us/tmdl

www.bae.ncsu.edu/stormwater

Take Home Point

Â If you buy a house, rent an apartment, or 

shop at a grocery store in North Carolina, 

you are probably affected by at least 1 

state administered Stormwater Rule
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II. Stormwater 

Pollutants/Concerns

www.bae.ncsu.edu/stormwater

Flooding is Still an Issue

www.bae.ncsu.edu/stormwater

Photo courtesy of John Jenkins 

(www.danieldesign.com

Severe Flooding @ Both Ends of NC in the last 7 years

www.bae.ncsu.edu/stormwater

Pollutants of Concern

Â Nutrients- nitrogen and phosphorus can lead to 
eutrophication and fish kills

Â Sediment- clogs drainageways, clouds rivers 
and degrades aquatic habitat

Â Bacteria- public health risk, can lead to closure 
of fishing areas and loss of revenue

Â Others ïdescribed later

www.bae.ncsu.edu/stormwater

Pollutants of Concern

www.bae.ncsu.edu/stormwater

Sediment
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Nutrients

ñWe Bring Engineering to 
Lifeò

ñWe Bring Engineering to 
Lifeò

Whoôs fertilizing this parking lot & 

surrounding roof tops?

www.bae.ncsu.edu/stormwater

Fertilizing Rooftops?

ÅAtmospheric Deposition Accounts 

for 70-90% of TN in Urban 

Stormwater Runoff (Wu et al., 1998)

www.bae.ncsu.edu/stormwater

~30 lbs of N 

per year
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Stormwater pollutants include any materials that 

can build up on impervious surfaces: oil, grease, 

trash, auto fluids, dirt, etc.

www.bae.ncsu.edu/stormwater

Nutrients and Bacteria

(NC DENR, 2004)

www.bae.ncsu.edu/stormwater

Shellfish Closures 

due to Bacteria

Â56,000 acres of 
shellfish waters are 
permanently closed 
to harvesting. 

ÂClosure area nearly 
doubles when 
temporary closures 
are posted after if 
rains

www.bae.ncsu.edu/stormwater

Bacteria: Good for 

tourism?

www.bae.ncsu.edu/stormwater

In NC Mountains, Trout an Issue

Sun Heats Pavementé     

Rains come & Trout Leave

ÅTrout and salmon species are among the most 

sensitive fish to temperature change

Å4 ï21° C (40 ï70° F) is the preferred range

Å32° C (90° F) short term exposure is lethal

ÅEconomically important

Å$21.3 billion on freshwater

recreational fishing

Å7.5 million anglers fish for trout
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Trash

Photo: NEMO

Images: Courtesy of NEMO

www.bae.ncsu.edu/stormwater

Major Pollutants Causing 

Stream Use Impairment
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www.bae.ncsu.edu/stormwater

Major Pollutants Causing 

Estuary Use Impairment
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www.bae.ncsu.edu/stormwater

Take Home Point

ÂSeveral critical pollutants across NC. 

Different regions have different pollutants 

of concern. Each pollutant impacts health 

and/or economy of NC.
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III. Stormwater Best Management 

Practices (BMPs)

www.bae.ncsu.edu/stormwater

Types of Structural BMPs

ÂSwales

ÂWet Ponds

ÂStormwater Wetlands

ÂBioretention Areas/ Rain Gardens

ÂPermeable Pavement

ÂRiparian Buffers

ÂCisterns/ Water Management 

ÂGreen Roofs

www.bae.ncsu.edu/stormwater
Wet Ponds

www.bae.ncsu.edu/stormwater

Wet Ponds

Inlets

Forebay

Micropool

Outlet

Aquatic Shelf

www.bae.ncsu.edu/stormwater

Insert Picture of NCSU Pond Today
Sullivan Drive Wet Pond ïNCSU Campus

www.bae.ncsu.edu/stormwater

Forebay

Main Body of Pond
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What is the Purpose of the Forebay?

Same Pondé 1.5 Years Later

www.bae.ncsu.edu/stormwater

Incorporating an Aquatic Shelf

Growth (1997)é

éto 2003

www.bae.ncsu.edu/stormwater

Retrofitting Shelves
ñWe Bring Engineering to 
Lifeò

Why Aquatic Shelves?

www.bae.ncsu.edu/stormwater

Ponds Used as Neighborhood 

Amenities

www.bae.ncsu.edu/stormwater

Stormwater Wetlands
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Stormwater Wetlands
www.bae.ncsu.edu/stormwater

Asheville, NC

www.bae.ncsu.edu/stormwater

Taylorsville, NC

www.bae.ncsu.edu/stormwater

Smithfield, NC

www.bae.ncsu.edu/stormwater

Lake Norman, NC

www.bae.ncsu.edu/stormwater

Durham, NC
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Edenton CC

ñWe Bring Engineering to 
Lifeò

What if the Wetland Goes Dry?

www.bae.ncsu.edu/stormwater www.bae.ncsu.edu/stormwater

Bioretention/Rain Gardens

www.bae.ncsu.edu/stormwater Stormwater BMP Maintenance & Inspection

Bioretention Schematic

EARTH FILL -

Primarily Sand

Underdrain System

Vegetation  on Surface
Runoff
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Bioretention/Rain Gardens

www.bae.ncsu.edu/stormwater

Swansboro, NC ð
Town Hall

www.bae.ncsu.edu/stormwater

Aesthetic Improvement

A driving force behind rain 

garden construction is the 

chance to improve the 

aesthetics of an area

www.bae.ncsu.edu/stormwater

Caldwell Co. Library

Stormwater BMP Maintenance & Inspection www.bae.ncsu.edu/stormwater

Huntersville, NC - Residential
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Charlotte -

Uptown

www.bae.ncsu.edu/stormwater

Greensboro: 

Battleground 

Ave

www.bae.ncsu.edu/stormwater

Rain Gardens/ 

Bioretention can 

be grassed, too.

www.bae.ncsu.edu/stormwater

Louisburg: Joyner Park

www.bae.ncsu.edu/stormwater

Permeable Pavements

www.bae.ncsu.edu/stormwater

Question: 

What is Permeable Pavement?

ÂAKA: Pervious pavement, porous 

pavement

ÂSeveral Types:
Permeable Interlocking 

Concrete Pavers (PICP)

Concrete Grid Pavers 

(CGP)
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Question 1: Types of Permeable 

Pavements

Pervious Concrete Pervious Asphalt

www.bae.ncsu.edu/stormwater

Question 1: Types of Permeable 

Pavements

Plastic Reinforcing Grids 

(PG)

Gravel FilledSoil Filled for 

Grass Growth

www.bae.ncsu.edu/stormwater www.bae.ncsu.edu/stormwater

Question: Where Can Permeable 

Pavements be used?

www.bae.ncsu.edu/stormwater

Where Permeable Pavements are Used

www.bae.ncsu.edu/stormwater

Typical Applications- Pedestrian
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Typical Applications- Residential

www.bae.ncsu.edu/stormwater

Typical Applications

www.bae.ncsu.edu/stormwater

Typical Applications

www.bae.ncsu.edu/stormwater

Typical Applications

www.bae.ncsu.edu/stormwater

Asheville

www.bae.ncsu.edu/stormwater

Coastal Riparian Buffer
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Riparian Buffers

www.bae.ncsu.edu/stormwater

Level Spreaders

www.bae.ncsu.edu/stormwater

Level Spreaders

www.bae.ncsu.edu/stormwater

www.bae.ncsu.edu/stormwater
Water Management and Conservation

www.bae.ncsu.edu/stormwater

Water Harvesting Layout
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Water Management and Conservation

Pump Station

3,000 Gallon

Cistern 

Nest

www.bae.ncsu.edu/stormwater

Supply Line

Pump
Electrical Connection

www.bae.ncsu.edu/stormwater

Water Management and 

Conservation

Nest

Water level 

indicatorSpigot

www.bae.ncsu.edu/stormwater

Water Harvesting @ 
the NC Arboretum

www.bae.ncsu.edu/stormwater

Examples of 

Cisterns

www.bae.ncsu.edu/stormwater


