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• What GSI is
• Why GSI in Raleigh
• Advancing GSI in Raleigh
• GSI in Raleigh roadway projects

Presentation Topics
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GI Green Infrastructure
GSI Green Stormwater Infrastructure
LID Low Impact Development
SCMs Stormwater Control Measures

Related Terms
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What is GSI?
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Increased Development →
More Runoff Volume, Less Infiltration
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Increased Development →
More Runoff Volume,
Higher Peak Rate, Peaks Faster
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Effects of high percent impervious
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GSI defined

Practices that reduce stormwater runoff volume by 
promoting infiltration and evapotranspiration, taking 
advantage of existing natural features, and installing 
new features that mimic nature

R = runoff
ET = evapotranspiration
I = infiltration

Typical fate of rainfall 
for urban development

Typical fate of rainfall 
for natural landscape
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GSI looks like…

Bioretention cells, bioswales, 
permeable pavement, green 
roofs street trees, cisterns
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GSI looks like…

Bioretention cells, bioswales, 
permeable pavement, green roofs 
street trees, cisterns
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Why Raleigh is advancing GSI
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Older cities:
• Developed earlier (pre-1900)
• Built storm systems earlier
• Dumped in human waste 

and garbage – combined 
sewers

Not Raleigh: combined sewers
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Raleigh: separate sewers

Younger cities:
• By 1900, society 

recognized health 
problems of CSOs

• Raleigh built sanitary 
sewers separate from 
stormwater  systems
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Drivers for advancing GSI in Raleigh

NPDES Phase I stormwater permit? þ (1994)
Nutrient-sensitive waters rules? þ (1998/2003) 
Stormwater utility and fee? þ (2003)
Water supply watershed protection? þ

Rapid growth and urbanization? þ

Want clean water/healthy streams? þ

Shellfish waters? ý
Swimming beaches? ý

Combined sewer overflows? ý

Consent decree or court order? ý
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§ Reduce stress and 
pollution to streams and lakes

§ “Manage water where it falls”
§ “Raleigh welcomes GSI”
§ Put GSI “on the menu”
§ Make GSI “business as usual”

Vision for 
advancing GSI
in Raleigh
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How Raleigh is advancing GSI
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Revisions to 25 sections of the UDO

GSI in Raleigh’s Unified 
Development Ordinance

• Amenity areas and urban plazas
• Parking area and drive thru design
• Protective yards
• Streets
• Stormwater and 

Open Space
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GSI for streets

• Revisions to Raleigh Street 
Design Manual: July 2018

• New category, 8 GSI standard 
detail drawings: August 2018
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GSI cost evaluation tool

• Online tool for public and private design 
professionals and developers

• Help understand and evaluate GSI opportunities
• Overcome misconceptions about GSI costs
• Easy to use and maintain, credible results
• Project Advisory Committee of ~15 private 

designers and City staff
• Beta testing the tool this fall and launch this winter
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GSI fact sheets

• Pictorial representations of GSI applied to sites
• 5 site-development scenarios (residential, commercial)



Slide 21

Incentives that encourage GSI

• Launched Green Raleigh Review October 2018
- Offers review fees reimbursement for use of GSI
- Post-development runoff volume < pre-development
- GSI must be in the stormwater plan

• Rainwater Rewards is an incentive program 
(reimburses 75% or 90% of cost)
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GSI for Raleigh

• Focus so far has been:
- Building capacity
- Engaging stakeholders

• Have begun 
implementation:
- City will lead by example
- Development community is 

interested, cautious
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GSI on Raleigh roadway projects



Example Code Revision: 
Protective Yards

24

UDO Section 7.2.4.A & 7.2.4.B   GSI practices shall be allowed 
in Transitional Protective Yard Types A2, B1, and B2 and in Street 
Protective Yard Types C1, C2, and C3.  In order to accommodate 

GSI practices the number of shrubs may be reduced in the 
Protective Yards by ten (10) percent. 



Streets Manual Updates

https://www.raleighnc.gov/content/extra/Books/PlanDev/StreetDesignManual/

https://www.raleighnc.gov/content/extra/Books/PlanDev/StreetDesignManual/








Bioretention Areas
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Bioretention

Rights-of-Way
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Medians

Bioretention
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Medians

Bioretention



Medians

Bioretention



Proprietary Bioretention 
Devices

Ø Use proprietary media
Ø May include pre-filters, 

screens or other 
features

Ø A variety of options 
available

Ø Cost starts ~ $6k



Suspended Pavement



Suspended Pavement: 
post construction

Source: NCSU BAE



Suspended Pavement: 
post constructionConstruction

Source: NCSU BAE



Suspended Pavement: 
post construction

Source: NCSU BAE



Suspended Pavement: 
post construction

Source: NCSU BAE



Suspended Pavement: 
post construction

Source: NCSU BAE



Suspended Pavement: 
post construction

Source: NCSU BAE



Suspended Pavement



Permeable Pavement



ØAllows for rainfall 
infiltration

Ø Ideal for low traffic 
surfaces (driveways, 
parking lots, walk 
ways)

ØProvides peak flow 
mitigation, volume 
storage, and water 
quality improvement
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Permeable Pavement



Photo Credit: Green Paving Solutions
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Photo Credit: US EPA

Permeable Pavement
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Permeable Pavement

Rights-of-Way



Permeable Pavement
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Driveways and Alleys
48

Permeable Pavement



Side Walks 
and Patios
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Permeable Pavement



Side Walks and Patios
50

Permeable Pavement



Slide 51

Sandy Forks Road is a 
2.5-mile roadway from 
Six Forks Rd. to Falls 
of Neuse Rd. 

Sandy Forks Road 
Improvements

Sandy Forks Road Project
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Sandy Forks Road After



Slide 53

The Sandy Forks Road Widening Project earned 
Greenroads Silver Certification and received the 
highest score internationally to date. 
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Stormwater Management

Sustainability on Sandy Forks Road
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Vegetated Medians and 
Stormwater Management

Sustainability on Sandy Forks Road
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Native Plants

Sustainability on Sandy Forks Road



Slide 57

Building bioretention areas in 
small areas like this bump out 
on Milburnie Road. 

Milburnie Traffic Calming Project
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Infiltration Testing

Milburnie Traffic Calming Project

Final Product
(Landscaping Pending)
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Permeable pavers used on the 
sidewalks along Hillsborough 
Street

Hillsborough Street 
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Silva Cell a modular suspended 
pavement system were installed 
on Hillsborough Street

Hillsborough Street 
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Constructed stormwater 
wetlands maximize the removal 
of pollutants from stormwater 
runoff through vegetation 
uptake, retention and settling.

Pullen Road Extension 



Slide 62

This area on Fox Road will have 
two biorientation areas designed 
in-house for stormwater runoff 
mitigation along the project 
corridor. Construction is 
underway. 

Fox Road Improvement Project
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• Applied broadly, GSI can reduce both runoff volume 
and pollutant loads

• GSI can be incorporated into municipal improvement 
projects, including  roadways and parking lots

• Project planners and designers should consider…
• During construction, GSI…

GSI Lessons Learned, Looking Ahead



Slide 64


