
Low Impact Development: 
Design Considerations 

 
Alabama Low Impact Development Summit 

April 9, 2014 
 

Jason Zink, PhD, PE 
jmzink@gmail.com 



Fundamentals 
Replicate natural water balance and treatment processes 

 
 
 

 



Goal: Water Balance 



Goal: Treatment 
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LID Principles 
Overall: 

Decentralized/Integrated/Multi-functional/Multi-beneficial 
 

Engineering: 
Retain/Detain/Filter/Infiltrate/Treat/Prevent/Use 

 

 
 
 
 

 
 
 

 
 
 
 

 
 

Text credit: Larry Coffman, Prince George’s County, MD 

 
 

 



Toolbox 
Site planning 
Conservation 

Minimize clearing 
Minimize grading 
Save sandy soils 

Save drainage patterns 
Strategic grading 

 

 

Practices (SCM/BMP) 
Reduce impervious surface 

Disconnect impervious surface 
Vegetated swale 

Rain garden/bioretention 
Porous surface 

Rainwater harvesting/cistern 
Infiltration 

Vegetated buffers 
Green roof  

Stormwater treatment wetland 

 
 
 

 



Davenport Park, Asheville 

•  Narrow roads 
•  Porous pavers 
•  Vegetated swale 
•  Bioretention 
•  Preserve vegetation 
•  Cluster development 
•  Rain barrels/rain gardens/drought tolerant landscaping 

 
 
Credit: David Tuch, Equinox Environmental 



Davenport Park, Asheville 

Credit: David Tuch, Equinox Environmental 



Conventional vs. Low Impact 
 
•  Lower site prep costs 
•  Less paving 
•  Less conventional stormwater infrastructure 
•  Fewer ponds = more buildable lots 
•  Improve aesthetics, increase marketability and value 
•  If  one BMP fails, less impact on water quality 





•  Small BMPs instead of  collection/
conveyance/treatment system 

•  Reduce stormwater pipe length 89% 
•  Eliminate 9000 feet curb/gutter 
•  Eliminate 5 infiltration basins 
•  Save $1 million grading 
•  Gain 4 lots 

Conventional vs. Low Impact 



Conventional vs. Low Impact 

Somerset subdivision, MD: 
•  ½ conventional, ½ LID 
•  Similar housing density, road length 
 
Cost savings: 
Eliminate 4 stormwater ponds: $650,000 
Eliminate pipe and ditches: $150,000 
Construct roads without curb/gutter: $350,000 
Add $370,000 rain gardens/swales 
Net savings $780,000 



Conventional vs. Low Impact 

•  15-80% savings (generally 20-30%) in capital stormwater costs 
 (EPA, 2007: Study of  17 LID-based residential and commercial developments) 

•  $3500-4800 savings per lot 
 (Maryland, Illinois, Arkansas) 

•  Lots sell at $3000-5000 premium  
 (North Carolina, Arkansas) 

 



1. Pretreatment 
2. Primary Treatment 
3. Overflow 

1 2 

3 

Typical Components 

Pretreatment: 

•  Suspended sediment 
removal 

•  Preventive maintenance 
•  Lowers velocity 
 



If  concentrated flow:  
Use forebay and/or vegetated swale 

Pretreatment 



If  distributed flow:  
Use vegetated filter strip and/or gravel verge   
(8 inches gravel, 4 feet sod) 

Pretreatment 



• Existing Overflow Outlet Structure 

• Weir and Grassed Swale 

• Tie underdrains into overflow or outlet structure 

Overflow 



•  Watershed area 
•  Composition 
•  Curve Numbers 

Essential Information: Watershed 

USDA Urban Hydrology for Small Watersheds 
(June 1986) 



Tools: 
•  Web Soil Survey 
•  County Soil Survey Maps 

http://websoilsurvey.nrcs.usda.gov/app/
HomePage.htm 

  

•  Individual Soil Types 

•  Depth to Water Table 

•  Hydrologic Soil Group (A, B, C, D) 

•  Infiltration Rate 

Essential Information: Soils 



Essential Information: Design Storm 

Design storm = First Flush = roughly equivalent to 
treating 80% of  rainfall on an annual basis 

First flush precipitation depths 
generally 1.0”-1.5” 

**Check your location** 



A filtration and infiltration best management practice and 
landscape feature.  

Focuses on HYDROLOGY and POLLUTANT REMOVAL 
•  Good choice for retrofits 
•  Can be aesthetically pleasing 
•  Great water quality treatment 
•  Water ponding typically <9 hours 

Bioretention Areas 



Bioretention Areas 



East Smiths Station Elementary School 
 







•  90-degree PVC upturned elbow, at least 12” 
below bowl surface 
• Forces elevated outlet 
• Promotes exfiltration and ET 
•  Significant volume reductions 

Internal Water Storage 



Stormwater Wetland 



Stormwater Wetland 



Permeable Pavement 



•  Low-traffic areas 
•  Only intended to treat water that falls on it 
•  Maintenance 
•  Three types: 

 - Interlocking pavers 
 - Porous asphalt 
 - Porous concrete 

Permeable Pavement 
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Permeable Pavement 



•  Low-traffic areas 
•  Only intended to treat water that falls on it 
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Permeable Pavement 



Rainwater Harvesting 



Rainwater Harvesting 



Rainwater Harvesting 



Treatment Train 



Mars Hill, NC 

Photo credit: Tim Ormond, Hydrocycle Engineering 



•  Design for maintenance (access) 
•  Written I&M agreement 
•  Education 

Typical actions: 
•  Trash removal 
•  Mulch/plant replacement 
•  Check inlet/outlet 

Inspection & Maintenance 



In-depth analysis of  43 bioretention cells in NC: 
•  53% need maintenance 
•  44% had sediment deposition on top of  mulch 
•  65% undersized (mulch too deep or construction errors) 
 
Essential: 
•  Pretreatment 
•  Protect surface of  media during construction 
•  Construction oversight 

Inspection & Maintenance 



Utilities? 
 

Constraints 



Elevations? 
 

Constraints 



Topography? 
 

Constraints 

Photo credit: Tim Ormond, Hydrocycle Engineering 

Constraints = Opportunities for Creativity 
 


