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 Keely Davidson‐Bennett, Project Manager
 Chagrin River Watershed Partners, Inc. 
 Monday, April 18, 2016
 Willoughby Hills Community Center
 This Training Funded By
 NOAA Coastal Storms Program through The Ohio State University
 NOAA & ODNR‐DOW through Old Woman Creek National Estuarine Research Reserve
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 Formed in 1996 by watershed communities.
 Operations supported by Member dues and grants. 
 Work directly with 34 cities, villages, counties, townships, and park districts to minimize flooding and erosion as communities grow. 
 Focus on improving development practices and site design to reduce long term infrastructure costs.
 CRWPMember Communities
 Auburn Township Mantua Township
 Aurora Mayfield Heights
 Bainbridge Township Mayfield Village
 Bentleyville Mentor
 Chardon Moreland Hills
 Chardon Township Munson Township
 Chagrin Falls Newbury Township
 Chagrin Falls Township Orange Village
 Cleveland Metroparks Pepper Pike
 Eastlake Russell Township
 Gates Mills Solon
 Geauga Park District South Russell
 Hunting Valley Waite Hill
 Kirtland Wickliffe
 Kirtland Hills Willoughby
 Lake County Willoughby Hills
 Lake Metroparks Woodmere
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 CRWP Sponsoring Members
 CRWP Sponsoring Members

Page 4
                        

4/18/2016
 4
 Keely Davidson‐Bennett
 • NOAA Funds administered by the University of New Hampshire
 • Research addressing local coastal management problems
 • Researchers and intended users work together
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 Objectives Appropriately credit LID SCMs for volume reduction and peak discharge attenuation
 ‐Statewide runoff reduction option for WQv
 ‐Local community code credit for flood control
 Evaluate bioretention & permeable pavement performance on HSG C & D soils
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 Bioretention Design Features
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 + 4 Hours
 +14 Hours
 Ursuline CollegeBioretention
 Constructed Apr‐May 2014
 Monitored May‐Dec 2014
 Surface area: 1960 ft2                                
 (6.2% of imp. drainage area)
 Hydrologic loading ratio: 21.2
 Storm Events (#)
 Total Rainfall 
 Depth (in)
 Rainfall Depth
 Range (in)
 50 29.21 0.1‐3.51
 77% Impervious
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 Holden Arboretum
 Holden South
 Holden North
 Drainage Area: 0.48 acSurface Area: 610 ft2
 Drainage Area: 0.67 acSurface Area: 850 ft2
 Courtesy: Nature 2012
 North
 South
 Holden Site Characteristics
 Constructed: Sept 2013 
 Monitored:            Oct. 2013 – Dec. 2014
 Storm Events (#)
 Total Rainfall Depth (in)
 RainfallDepth Range (in)
 90 46.24 0.1‐2.79
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 Internal Water Storage (IWS) Zone
 Ursuline: 24 in
 Holden N: 18 in   
 Holden S: 15 in
 Design Characteristics
 Site NameCell Name
 Catchment % Imp.
 Avg. Bowl Depth (in)
 Media Depth (ft)
 Gravel Layer (in)
 Total Depth (ft)
 Ursuline College
 ‐ 77.3 11 2 12 5
 Holden Arboretum
 South 58.3 15 3 12 6
 North 58.2 16 3 12 6
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 Hydrologic Monitoring
 Quantify the water balance:
 Rainfall
 Evapotranspiration
 Exfiltration
 Drainage
 Abstraction
 Overflow
 Post‐Construction Drawdown Rates
 SitePre‐Construction Kfs
 (in/hr)AverageMeasured 
 Drawdown Rate (in/hr)
 Holden North 0.02, 0.02 0.065
 Holden South 0.02, 0.08 0.083
 Ursuline 0.02, 0.02, 0.03 0.172
 Single ring infiltrometer tests: Provide estimates of vertical soil hydraulic conductivity
 Drawdown Rates:Includes lateral movement of water into the soil + ET
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 Hydrologic Fate: Ursuline College
 . . . . . . . . . . . . . . . .
 50% Exfiltration
 28% Drainage
 12% Overflow
 10% ET
 Hydrologic Fate: Holden Arboretum
 . . . . . . . . . . . . . . . .
 25% Exfiltration
 57% Drainage
 7% Overflow
 9% ET
 South North
 33%
 11% ET
 7% Overflow
 51% Drainage

Page 12
                        

4/18/2016
 12
 Completely Captured Events
 Site Name Cell NameEvents 
 Completely Captured (#)
 Events Completely Captured 
 (%)
 Depth of Completely Captured Events (in)
 Ursuline College ‐ 33/50 66 0.1‐0.56
 Holden Arboretum
 South 41/90 46 0.1‐0.51North 28/90 31 0.1‐0.51
 Peak Flow Mitigation
 Site Name
 Cell
 Loca
 tion
 Median Peak Flow 
 Rate (cfs)
 75th Percentile Peak 
 Flow Rate (cfs)
 90th Percentile Peak 
 Flow Rate (cfs)
 Maxim
 um Peak Flow 
 Rate (cfs)
 Median Peak Flow 
 Reduction (%)
 Range of Peak Flow 
 Reduction (%)
 Ursuline 
 College‐
 Inlet 0.37 0.89 1.60 3.71100 50‐100
 Outlet 0.00 0.01 0.28 1.76
 Holden 
 Arboretum
 S
 Inlet 0.14 0.31 0.82 1.16
 98.9 29‐100Outlet
 0.00 0.02 0.06 0.82
 NInlet 0.22 0.48 1.30 1.83
 96.6 0‐100Outlet 0.01 0.03 0.10 1.29
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 Permeable Pavement Typical Section
 Courtesy: Matthew Jones
 Small Large
 Willoughby Hills Site
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 Willoughby Hills
 Small Application:PP SA: 480 ft2
 Catchment Area: 0.08 acRun‐on Ratio: 7.2:1
 Large Application:PP SA: 4420 ft2
 Catchment Area: 0.22 acRun‐on Ratio = 2.1:1
 Perkins Township
 Site Characteristics:PP SA: 2590 ft2
 Catchment Area: 0.53 acRun‐on Ratio: 0.8:1
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 Orange Village
 PP Surface Area (ft2)
 Catchment Area (ft2)
 Run‐onRatio
 9490 0 0:1
 Design Cross‐Sections
 6”
 Site WH Small WH Large Perkins Orange
 Total Aggregate Depth (in)
 20 20 15‐18 23‐29
 Pavement Type PICP PICP PC PICP
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 Quantify the water balance for each stormwater control
 Monitoring Scheme
 Comparison of Drawdown Rates
 Site NamePre‐Construction Kfs
 (in/hr)
 Avg Post‐Construction Drawdown Rate 
 (in/hr)
 Perkins Township 0.01‐0.05 0.013
 Willoughby Hills Small 0.01‐0.05 0.01
 Willoughby Hills Large 0‐0.06 0.01‐0.03
 Pre‐ and post‐construction 
 rates comparable
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 6 in
 Perkins TownshipWater Balance
 • 5% Evaporation + Abstraction‒ Wetting of rock, pavement, 
 and evaporation
 • 48% Exfiltration‒ Infiltration to native soil from 
 IWS zone
 • 47% Drainage‒ Flow through underdrain
 • 0% Overflow‒ Bypass on surface of 
 pavement
 6 in
 Willoughby Hills Water Balance
 Hydrologic Loading Ratios:Small Bay: 8.2:1Large Bay: 3.1:1
 Fate of Water Small BayLarge Bay
 Evaporation & Abstraction
 12% 11%
 Exfiltration 4% 21%
 Drainage 76% 44%
 Surface Runoff 8% 24%
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 6 in
 Orange VillageWater Balance
 • 98.8% Abstraction, Exfiltration, & Evaporation
 • 1.2% Drainage‒ Flow through underdrain
 • 0% Overflow‒ Bypass on surface of 
 pavement
 *Curtain drain present beneath SCM
 Events Completely Captured
 Site N
 ame
 Cell Name
 Eve
 nts 
 Completely 
 Captu
 red (#)
 % of Eve
 nts 
 Completely 
 Captu
 red
 Sto
 rm Size of 
 Completely 
 Captu
 red 
 Eve
 nts (in)
 Perkins 
 Township ‐17/87
 19.5 0.1‐0.5
 Willoughby 
 Hills
 Small 3/77 4 0.11‐0.13
 Large 30/77 39 0.1‐0.42
 Orange 
 Village ‐ 60/77 78 0.1‐1.02
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 Site Name
 Bay
 Loca
 tion
 Median Peak 
 Flow Rate 
 (cfs)
 75th 
 Percentile 
 Peak Flow 
 Rate (cfs)
 90th 
 Percentile 
 Peak Flow 
 Rate (cfs)
 Maxim
 um 
 Peak Flow 
 Rate (cfs)
 Range of 
 Peak Flow 
 Reduction 
 (%)
 Perkins 
 Township‐
 Inlet 0.40 0.80 1.21 1.95
 45‐100Outlet 0.01 0.03 0.18 0.47
 Willoughby 
 Hills
 S
 Inlet 0.04 0.10 0.19 0.48
 16‐100Outlet
 0.01 0.04 0.11 0.20
 L
 Inlet 0.09 0.28 0.50 1.29
 0‐100Outlet
 < 0.01 0.14 0.35 0.82
 Orange 
 Village‐
 Inlet 0.14 0.24 0.35 1.1892‐100
 Outlet 0 0 < 0.01 0.1
 Conclusions• Bioretention & permeable pavement on somewhat poorly and poorly draining soils:
 ‐reduce runoff volume
 ‐mitigate peak flows
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