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Example Types

 Small Commercial
 Single Family Residential
 Single Family Residential with Limitationsto Runoff Reduction
 Large Commercial Redevelopment



Small Commercial Development



8a. Small Commercial

 Small Mixed UseBuilding
Urban



8a. Small Commercial

 1 Acre Site
 88% Impervious
Goal: Site compositeof Rv = 0.20

Challenge:
• Space – Small Lot, Large

Impervious



8a. Small Commercial



8a. Small Commercial Calculate Weighted Rv

 Impervious = 0.88 ac
 Turf C Soil = 0.12 ac

= 	 0.88	 × 0.95 + 0.12 	 × 0.200.88 + 0.12= 0.86 ≫ 0.20



8a. Small Commercial
Design Steps 1 and 2 – Layout and Intrinsic



8a. Small Commercial
Step 3 – Structural

 1. Green Roof
 2. Bioretention
 3. Pervious Pavers



8a. Small Commercial Drainage Areas

1. Green Roof (0.13 Ac)2. Bioretention (0.05 Ac)3. Pervious Pavers (0.1 Ac)4. Turf (C Soil) (0.07 Ac)5. Impervious (0.65 Ac)
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8a. Small Commercial - Rv Calculations1. Green Roof (0.13 Ac)= 0.95 × 1 − 0.80														 = .192. Bioretention (0.05 Ac)= .3. Parking Pavers (0.1 Ac)= 0.95 × 1 − 0.75= .4. Turf (C Soil) (0.07 Ac)= .5. Impervious (0.65 Ac)= 0.95 × 1 − 0.80= .
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8a. Small Commercial - Rv Calculations
Weighted =
1. . × . 	 +. . × . 	 +. . × . 	 +. . × . 	 +. . × . 	

1 ac

Weighted = . ≤ .
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8a. Small Commercial Summary

1. Green Roof, Level 12. Bioretention, Level 23. Pervious Pavers, Level 2= 0.86 ≫ 0.20= 0.19 < 0.20



8a. Small Commercial Volume Calculations

1. Green Roof, Level 1= × ×= 1.0 × 0.95 × 0.13 	= 448	2. Bioretention, Level 2= 1.25 × × ×= 1.25 × 1.0 × 0.95 × 0.65 	= 2,802	3. Pervious Pavers, Level 2= 1.1 × × ×= 1.1 × 1.0 × 0.95 × 0.1 	= 379	



8a. Small Commercial Volume Calculations

2. Bioretention, Level 2= 1.25 × × ×= 1.25 × 1.0 × 0.95 × 0.65 	= 2,802	Bioretention Surface Area= 0.03 ac or 1,334 ft2= 3% of Site Area
Benefit:
• Incorporated BMPs with

Landscaping

Challenge:
• Space – Small Lot, Large

Impervious



Single Family Residential



8b New Single Family Residential

 Large Lots
New Development
 57 Acres
Traditional layout
Alternate layout

Challenge:
• Maximizing Land Use
• Maintain Number of Lots



8b New Single Family Residential

 57 Acres
New Development
 IA = 8.5 ac
Turf B =22.4 ac
Turf C = 26.1 ac
Got forest?

Steep
Slopes

Prone to
Flooding



8b New Single Family Residential

 IA = 8.5 ac
 Turf B = 22.4 ac
 Turf C = 26.1 ac
 Weighted Rv:

= 	 8.5 × 0.95 + 22.4 × 0.18 + 26.1 × 0.208.5 + 22.4 + 26.1			 = 0.30



8b New Single Family Residential – Alternate
Layout

 IA = 8.5 ac
 Turf B = 11.7 ac
 Turf C = 13.6 ac
 Forest B = 10.7 ac
 Forest C = 12.5 ac

Common
Area

= 	 8.5ac× 0.95 + 11.7ac× 0.18 + 13.6ac× 0.20 + 10.7ac× 0.03 + 12.5ac× 0.048.5 + 11.7 + 13.6 + 10.7 + 12.5	 = . Rv =0.30



8b New Single Family Residential

Clustered Homes

Bioretention Facility for
Impervious Runoff

Shared Driveway

Pervious trail
through shared open
space

Reduced roadway
widths



8b New Single Family Residential
 IAstreet = 1.4 acBioretention
 IAlot = 2.3 acBioretention
 IAlot = 4.8 ac
 Turf B = 11.7 ac
 Turf C = 13.6 ac
 Forest B     = 10.7 ac
 Forest C     = 12.5 ac= 0.19

Benefits:
• Aesthetic Lot Layouts
• Community Features
• BMPs Incorporated with

Landscaping
• Low Maintenance Investment

Challenge:
• Maximizing Land Use
• Maintain Number of Lots



8b New Single Family Residential
Alternate Ending – Pervious Pavers

 Iastreet = 1.4 acPervious Pavers
 IAlot = 3.2 acPervious Pavers
 IAlot = 3.9 ac
 Turf B = 11.7 ac
 Turf C = 13.6 ac
 Forest B        = 10.7 ac
 Forest C        = 12.5 ac= 0.18

Common
Area



Single Family Residential with
Limitations to Runoff Reduction



8c. Single Family Residential Limited
 9.9 Acres
All lots built
 IA = 3.2 ac
B Soils

Challenge:
• Developable Space
• Sinkhole Limitations



8c. Single Family Residential with Limitations

 IA = 3.2 ac
Turf B = 5.3 ac
 Forest B = 1.4 ac



8c Single Family Residential Limitations

 IA = 3.2 ac
 Turf B = 5.3 ac
 Forest B = 1.4 ac

= 	 3.2 × 0.95 + 5.3 × 0.18 + 1.4 × 0.033.2 + 5.3 + 1.4	 = 0.41



8c Single Family Residential Limitations
Drainage Area 1. Green Infrastructure2. Total Suspended Solids3. Off Site
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8c Single Family Residential Limitations
Structural 1. Green InfrastructureBioretention Cell (Level 1) inCommon Area

2. 80% TSSGrass Channel Dry Pond1

2



8c Single Family Residential Limitations
Structural 1. Green InfrastructureBioretentionLevel 1 -RR Credit 60%2. 80% TSSGrass Channel – 50% TSSDry Pond – 60% TSS1

2

= 	 2.6 × 0.51	(1 − 0.60) + 5 × 0.49(1 − 0.80) + 1.4 × 0.18 + 0.9 × 0.032.6 + 5 + 1.4 + 0.9	 = 0.13

80% = 50 + 60 − 50 × 60100



8c Single Family Residential Limitations
Summary 1. Green InfrastructureBioretention, Level 1Surface Area= 0.085 ac or 3,702 ft22. 80% TSSGrass ChannelDry Pond = 0.41= 0.13

1

2

Benefit:
• Landscaping Aesthetics
• Multi-objective use of detention

space for water quality

Challenge:
• Developable Space
• Sinkhole Limitations



Large Commercial Redevelopment



8d – Large Commercial Development

Existing large commercialshopping center
Built in the late 1970’s
24.4 acres
Nearly 100 percent impervious
No on-site BMPs
Primarily HSG D soils (urban)
Commercial redevelopmentwith the addition of some newretail businesses



8d – Large Commercial Development

Challenges:
• High imperviousness, with no available

space for stormwater controls
• Initial Investment for stormwater upgrades
• Tight urban soils



8d – Large Commercial Development

Total Site Acreage
• 24.4 acres

Turf D
• 0.9 acres
• Rv = 0.23

Impervious
• 23.5 acres
• Rv = 0.95

Existing Condition
• Weighted Rv = 0.92
• 0.92 >> 0.20



8d – Large Commercial Development

Can we take advantage of existingnatural landscape to meet thedesign Rv goal of 0.20?
• Increase pervious areas
• Shorten drainage flow paths toencourage sheet flow
• Redevelopment must still meet zoningrequirements
• No large natural landscape areasavailable to take advantage of



8d – Large Commercial Development



8d – Large Commercial Development



8d – Large Commercial Development

Structural GIP selection.
• Multiple bioretention cells, both smalland large
• Multiple permeable pavement areaswith both pavers and porous asphalt
• Small infiltration trenches wherepossible

Size and layout GIPs to achievedesign Rv = 0.20
• Iterative process



8d – Large Commercial Development

Final Design Summary
• Decreased impervious surfaces by adding perviouspavements and bioretention areas.
• Decreased flow paths to promote sheet flow.
• Added infiltration trench.
• Routed all impervious areas to Level 2 GIPs.



8d – Large Commercial Development

• Typical Section
Bioretention

Sheet flow

Porous
pavement
(sidewalks,

drop off
lanes)



Before GIPs

After GIPs

Strong Curb Appeal Thru Multi-Functional Landscape



Before GIPs

After GIPs

Increasing Curb Appeal (GI Concepts)



8d – Large Commercial Development
Final Design

• Total Site Acreage
 24.4 acres

• Bioretention Cells (L2)
 RR Credit = 80%
 Acreage = 14.9

• Pervious Pavements (L2)
 RR Credit = 75%
 Acreage = 8.4 (23.3)

• Infiltration Trenchs (L2)
 RR Credit =90%
 Acreage = 0.56

• Turf D Soils
 Acreage = 0.45

• Impervious Area
 Acreage = 0.12

Proposed Plan
• Weighted Rv = 0.20
• 0.20 = 0.20



Comparison with Traditional Methods (ED Pond)

Total Site Acreage
• 24.4 acres

Pond Surface Area
• 1.7 acres (approx.)

Loss of parking andprobably an out-lot
Missed opportunityfor multi-functionallandscape
Landscape $ won’talso be stormwatermaintenance $



8d – Large Commercial Development
Challenges:
• High imperviousness, with little space for

stormwater controls
• Initial Investment for stormwater upgrades
• Tight urban soils

Benefits:
• Long-term maintenance investment is

relatively low
• Use of less land space for stormwater as

compared to large single-structure (extended
detention)

• Reduce needs for runoff detention, if
required

• Multi-functional landscaping aesthetics can
meet WQ requirements and improve curb
appeal/aesthetic

• Additional rental/tenant space in new out-lot
buildings



Questions?


