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What is Stormwater?

Water we have to deal with 
when it rains

Problems:

• Flooding
• Pollution
• Stream erosion
• Ecosystem degradation

Where does stormwater runoff go? Flooding

• Increased runoff
• Flashy streams
• Channelization
• Floodplain filling
• Floodplain 

development

Pollution

• Sediment
• Nutrients
• Bacteria & 

pathogens
• Metals, oils, 

hydrocarbons
• Thermal

Sediment

• Construction sites
• Bare land
• Unstable slopes
• Ditch erosion
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Nutrients

• Fertilizer
• Organic waste
• Atmospheric 

deposition

Bacteria and Pathogens

Stream Erosion

• Increased runoff
• Faster velocities
• Higher shear stress
• Loss of vegetation

Ecosystem Degradation

• Lost habitats
• Unnatural vegetation
• Channelization
• Armoring
• Trash

Low Impact Development

Design, construct, & maintain development 
sites to protect natural hydrology and promote 
a healthy watershed.

Low Impact Development vs. Conventional

• Minimize land clearing

• Amended soils

• Minimize use of 
impervious surfaces

• Infiltration & 
evapotranspiration

• Natural hydrology

• Remove natural  
vegetation

• Soil compaction

• Impervious surfaces

• Costly infrastructure

• Altered hydrology
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www.bae.ncsu.edu/stor
mwater

Conventional Low Impact

Functional Landscape DesignGood DrainageConventional

Small-scale Controls

street width

treescape

runoff

LID: Incorporating 
Multiple Techniques

CisternCistern

Permeable Permeable 
PavementPavement

Rain Gardens (to Rain Gardens (to 
be planted)be planted)

Green RoofGreen Roof

Structural Best Management Practices (BMPs)

1. Swales

2. Wet Ponds

3. Stormwater Wetlands

4. Bioretention Areas/ Rain 
Gardens

5. Permeable Pavement

6. Riparian Buffers

7. Cisterns/ Water 
Management 

8. Green Roofs

Grass Swale with Reinforcement Mat

Grass Swale with Reinforcement Mat Grass Swale with Reinforcement Mat
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www.bae.ncsu.edu/sto
rmwater

Wet Ponds

InletsInlets

ForebayForebay

MicropoolMicropool

OutletOutlet

Aquatic 
Shelf
Aquatic 
Shelf

www.bae.ncsu.edu/stor
mwater

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

www.bae.ncsu.edu/stor
mwater

Forebay

Main Body of Pond

www.bae.ncsu.edu/stor
mwater

What is the Purpose of the Forebay?

Same Pond… 1.5 Years Later

Why Aquatic Shelves?
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Wet Detention Basin with Littoral Shelf

Design for access???

Constructed Stormwater Wetland
With Forebay

Stormwater Wetland
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www.bae.ncsu.edu/stor
mwater

Stormwater Wetland

www.bae.ncsu.edu/stor
mwater

Stormwater Wetland

www.bae.ncsu.edu/stor
mwater

Mosquito Pond or Not?Mosquito Pond or Not?

www.bae.ncsu.edu/stor
mwater

20 “Standard” 
Wet Ponds

18 Stormwater Wetlands

14 “Innovative” 
Wet Ponds

www.bae.ncsu.edu/stor
mwater

• Mosquitoes TYPICALLY not a problem
• Only 34% of site visits had ponds/ 

wetlands with mosquito populations
• 12 Ponds of 52 had relatively high 

populations of mosquitoes
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Mosquito Control

• Mosquitoes need still, clear water
• Mosquito larvae need 4-6 days to hatch
• Mosquitoes like protection and a food source

Install a fountain – Wet Ponds & 
Wetlands

Attract or Place Predators 
(dragonflies/ mosquito fish) –
Wetlands & Wet Ponds

Designing for Mosquito Maintenance

Several (may be small) 
Deep Pools

Plant non-cattail, 
non-willow 
vegetation & 
provide habitat

Vegetated Bioretention Basin
Bioretention Schematic

Underdrain System

Vegetation on SurfaceVegetation on Surface
Runoff

EARTH FILL EARTH FILL --
Primarily SandPrimarily Sand

www.bae.ncsu.edu/stor
mwater

6 hours later
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Parking Lot Application in Brevard, NCParking Lot Application in Brevard, NC

www.bae.ncsu.edu/stor
mwater

www.bae.ncsu.edu/stor
mwater
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www.bae.ncsu.edu/stor
mwater

www.bae.ncsu.edu/stor
mwater

www.bae.ncsu.edu/stor
mwater

www.bae.ncsu.edu/stor
mwater

Permeable PavementsPermeable Pavements

www.bae.ncsu.edu/stor
mwater

What is Permeable Pavement?

• AKA: Pervious pavement, porous pavement
• Several Types:

Permeable Interlocking 
Concrete Pavers (PICP)

Concrete Grid Pavers 
(CGP)
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www.bae.ncsu.edu/stormwater

Permeable Pavements

Pervious Concrete Pervious Asphalt

www.bae.ncsu.edu/stormwater

Permeable Pavements

Plastic Reinforcing Grids (PG)

Gravel FilledSoil Filled for 
Grass Growth

www.bae.ncsu.edu/stor
mwater

Typical Applications- Residential

Permeable Pavement Maintenance:
Sweeper/Vacuum Truck

www.bae.ncsu.edu/stor
mwater

Water Management and ConservationWater Management and Conservation
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Examples of 
Cisterns

www.bae.ncsu.edu/stor
mwater
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Water Management and 
Conservation

Water Management and 
Conservation

Erosion and Sediment Control for Construction
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Goals:
• Minimize erosion from rainfall and runoff
• Direct off-site water away from the project site
• Direct on-site water to sediment control devices
• Slow and store water to maximize settling of 

sediment before water leaves the project site
• Protect critical areas (streams, wetlands, etc.)

Silt Fence   

• Reduces water flow and retains sediment on-site
• Never install in areas of concentrated flow
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• Trenched in with no gaps underneath
• Bury fabric minimum of 8 inches

Silt Fence   

Maintenance:  Remove sediment once 
accumulated to one-half the original fence height

Silt Fence   Silt Fence Problems   

• Sediment not removed
• Used in concentrated flow areas
• Not monitored for repairs

Never install in areas of concentrated flow
NOT a Silt Fence
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Temporary Rock Silt Check

• Small dam with center 
weir

• Constructed with Class 
B Rip-Rap

• Reduces velocity
• Minimizes erosion of 

drainage ditch

Alternative Ditch Checks and Lining
to Reduce Erosion

Hay Bales
- NOT Recommended for concentrated flow
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Rock Inlet Sediment Trap

• Small protective structure around an inlet that 
receives light to moderate flow

• Slows flow creating a pool for settling  sediment

C-Enclosure

Emergency
Spillway

Skimmer

Basin with Skimmer Outlet
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Baffles in Basins

Maintenance
– Baffles must be regularly cleaned of 

sediment

Maximum Sediment Control

• Forebay
• Baffles
• Skimmer + Emergency Spillway

Basin Management
Stable Inlet
Stable Banks
Stable Outlet

Ground Covers and Vegetation

• Erosion control
• Vegetation is the 

long term goal
• Ground cover 

provides protection 
until grass 
emergence
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Seedbed Preparation

Grass emergence is the objective
• Smooth uneven areas
• Scarify or loosen soil
• Add sufficient furrows or ridges so seeding material 

is not easily displaced

Applications

• Lime
• Fertilizer
• Seed 
• Ground cover

Types of Ground Cover

Standard
• Straw Mulch
• Erosion Control Blankets
• Permanent Soil 

Reinforcement Mats
Other
• Hydraulically Applied Mulch
• Compost
• Polyacrylamide

Straw Mulch

• 2 tons/ac
• Slopes 2:1 or flatter
• Spread uniformly over area
• Sufficient amount to completely cover area

Straw Mulch on Steep Slopes:
High Failure Rate

Erosion Control Blankets

• Degradable products
• Used on 2:1 slopes or greater, and where 

grass establishment is poor
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Erosion Control Blankets

• Excelsior
• Straw
• Jute
• Coir

Ditch lined with excelsior matting Permanent Soil
Reinforcement Mats

• permanent products (plastic)
• used in channels, slopes, stream banks when 

vegetation alone will not prevent erosion

Hydraulically Applied Mulch

• Tackifier for straw mulch
• Ground cover
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Compost – blown in seed and mulch Questions?


