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Overview of Presentation
 Infiltration-based post-construction BMPs
Planning level site suitability evaluation 
Estimating infiltration rates for preliminary site 

planning and conceptual design



Relationship between Infiltration Rate 
and Hydraulic Conductivity

Source: Hillel (1982)



Post-Construction Stormwater
Infiltration BMP Options

Permeable Pavement

Underground Infiltration System

Bioretention

Infiltration
Basin

Infiltration 
Trench

Source:  Philadelphia Water Department



Source:  Ohio EPA. 2018. NPDES Construction Storm Water Permit.

Table 4b Infiltration-based
Post-Construction Practices

Infiltration Practice
Bioretention Area/Cell
Infiltration Basin
Infiltration Trench
Permeable Pavement – Infiltration
Underground Storage – Infiltration



Source:  Ohio EPA. 2018. NPDES Construction Storm Water Permit.

Table 4b Infiltration-based
Post-Construction Practices

Infiltration Practice
Maximum Drain
Time (td) of WQv

Bioretention Area/Cell 24 hours
Infiltration Basin 24 hours
Infiltration Trench
Permeable Pavement – Infiltration
Underground Storage – Infiltration



Source:  Ohio EPA. 2018. NPDES Construction Storm Water Permit.

Table 4b Infiltration-based
Post-Construction Practices

Infiltration Practice
Maximum Drain
Time (td) of WQv

Bioretention Area/Cell 24 hours
Infiltration Basin 24 hours
Infiltration Trench 48 hours
Permeable Pavement – Infiltration 48 hours
Underground Storage – Infiltration 48 hours



Infiltration Practice
Maximum Drain
Time (td) of WQv Minimum Kfs

Bioretention Area/Cell 24 hours
Infiltration Basin 24 hours
Infiltration Trench 48 hours
Permeable Pavement – Infiltration 48 hours
Underground Storage – Infiltration 48 hours

Source:  Ohio EPA. Rainwater and Land Development.

Post-Construction Infiltration BMPs –
Minimum Infiltration Rates (Kfs)



Infiltration Practice
Maximum Drain
Time (td) of WQv Minimum Kfs

Bioretention Area/Cell 24 hours No minimum
Infiltration Basin 24 hours
Infiltration Trench 48 hours
Permeable Pavement – Infiltration 48 hours
Underground Storage – Infiltration 48 hours

Source:  Ohio EPA. Rainwater and Land Development.

Post-Construction Infiltration BMPs –
Minimum Infiltration Rates (Kfs)



Infiltration Practice
Maximum Drain
Time (td) of WQv Minimum Kfs

Bioretention Area/Cell 24 hours No minimum
Infiltration Basin 24 hours 0.5 in/hr
Infiltration Trench 48 hours 0.5 in/hr
Permeable Pavement – Infiltration 48 hours
Underground Storage – Infiltration 48 hours

Source:  Ohio EPA. Rainwater and Land Development.

Post-Construction Infiltration BMPs –
Minimum Infiltration Rates (Kfs)



Infiltration Practice
Maximum Drain
Time (td) of WQv Minimum Kfs

Bioretention Area/Cell 24 hours No minimum
Infiltration Basin 24 hours 0.5 in/hr
Infiltration Trench 48 hours 0.5 in/hr
Permeable Pavement – Infiltration 48 hours > dWQv/td
Underground Storage – Infiltration 48 hours > dWQv/td

Source:  Ohio EPA. Rainwater and Land Development.

Post-Construction Infiltration BMPs –
Minimum Infiltration Rates (Kfs)



WQv Depth for Permeable Pavement 
and Underground Infiltration Systems

Aggregate
Reservoir

Subgrade

Ф = 0.40 (effective porosity)

Kfs = ?? in/hr

Underdrain

d

Pavement

dWQv = WQv/Ainfiltration

Internal Water Storage (IWS) Zone



Hydrologic Loading Ratio and Minimum Kfs
Permeable
Pavement

Standard
Pavement

Aimpervious < 2*Apermeable

HLR = Aimpervious/Ainfiltration = 3.0

dWQv = WQv/Ainfiltration = 2.6 in



Hydrologic Loading Ratio and Minimum Kfs
Permeable
Pavement

Standard
Pavement

Aimpervious < 2*Apermeable

HLR = Aimpervious/Ainfiltration = 3.0

dWQv = WQv/Ainfiltration = 2.6 in

Adjusted for aggregate porosity of 0.40
dWQv = 2.6 in/0.4 = 6.4 in

Aggregate
Reservoir

Subgrade Kfs = ?? in/hr

Ф = 0.40 (effective 
porosity)

Underdrain

d

Compacted Base



Hydrologic Loading Rate and Minimum Kfs
Permeable
Pavement

Standard
Pavement

Aimpervious < 2*Apermeable

HLR = Aimpervious/Ainfiltration = 3.0

dWQv = WQv/Ainfiltration = 2.6 in

Minimum infiltration rate 

Kfs(min) = dWQv/td = 2.6 in/48 hr = 0.054 in/hr



Hydrologic Loading Ratio and Minimum Kfs
(subsurface infiltration reservoir, td = 48 hr)

Ainfiltration Aimpervious HLR WQv dWQv Kfs(min)
(acre) (acre) (ft3) (in) (in/hr)

1.0 1.0 1 3104 0.9 0.02
1.0 2.0 2 6207 1.7 0.04
1.0 3.0 3 9311 2.6 0.05
1.0 5.0 5 15518 4.3 0.09
1.0 10.0 10 31037 8.6 0.18
1.0 20.0 20 62073 17.1 0.36

HSG-C

HSG-A

HSG-B



WQv Calculator



WQv Compliance 
Spreadsheet

Available for download at Ohio 
EPA’s Storm Water Program 
website:  
Search “Ohio EPA Storm 

Water” 
Click “Construction Activities” 

tab
Click “Technical Assistance & 

Permit Compliance Materials”





Appropriate Use for Estimates
Methods are available to provide rough 
estimates of infiltration (exfiltration) rates 
expected from BMPs such as bioretention or 
pervious pavement systems.  
These methods are appropriate for 
preliminary site planning, i.e., to determine 
if an LID approach makes sense for a 
particular site or to develop a ballpark area 
allocated for infiltration BMPs.



Appropriate Use for Estimates
If moving forward with a design that 
incorporates infiltration BMPs (i.e., if credit 
is being taken toward meeting WQv, runoff 
volume reduction or peak discharge 
requirements) field measured infiltration 
tests are necessary to determine a more 
accurate infiltration rate for sizing and 
design of BMPs. 



Estimating Infiltration Rates for BMPs for 
Site Planning

 Estimate the depth of excavation for the proposed 
infiltration BMP

 Identify the soil texture at the proposed depth of 
excavation

 Estimate infiltration rate by soil texture



Estimate Depth of Excavation for the 
Proposed Infiltration BMP

Infiltration Practice Typical Excavation Depth Range
Bioretention Area/Cell 60” – 84” (72”)
Infiltration Basin 48” – 72” (60”)
Infiltration Trench 48” – 60” (48”)
Permeable Pavement – Infiltration 18” – 30” (30”)
Permeable Pavement – Infiltration w/Qpeak 36” – 96” (60”)
Underground Storage – Infiltration 48” – 96” (96”)



Identify the soil texture at the proposed 
depth of excavation

In order of preference:
1. Particle or grain size distribution test on soil samples 

collected at the proposed location and depth (need at 
least percent sand, silt, and clay).



USDA Soil Texture



Identify the soil texture at the proposed 
depth of excavation

In order of preference:
1. Particle or grain size distribution test on soil samples 

collected at the proposed location and depth (need at 
least percent sand, silt, and clay).

2. Field-conducted soil classification by a certified 
professional (soil pedologist or geotech).



Texture change 
at 3.5’ depth

Lean clay (CL)

Silty sand with 
gravel (SM)



Translating USCS Classification to USDA 
Soil Texture



USDA Soil Texture



Identify the soil texture at the proposed 
depth of excavation

In order of preference:
1. Particle or grain size distribution test on soil samples 

collected at the proposed location and depth (need at 
least percent sand, silt, and clay).

2. Field-conducted soil classification by a certified 
professional (soil pedologist or geotech).

3. Soil survey texture for appropriate depth based on soil 
type (soil map unit) at location of proposed practice.



https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

NRCS Web Soil Survey



NRCS Web Soil Survey – Soil Map

CzA - Crane OcB - Ockley

FoB - Fox



NRCS Web Soil Survey – HSG Map

CzA - Crane OcB - Ockley

FoB - Fox

HSG - B

HSG - B HSG – B/DHSG - C



NRCS Web Soil Survey – Typical Profile

CzA - Crane OcB - Ockley

FoB - Fox



Turning Soil Texture into Kfs



Soil Water Characteristics Calculator

http://hydrolab.arsusda.gov/soilwater/Index.htm



Estimated Infiltration Rates for BMPs for 
Site Planning

Using USDA-ARS Soil Water Characteristic Calculator
 Select soil texture based on tested particle size distribution or 

soil survey texture for subgrade layer
 Reduce organic matter content to 0.05%
 Increase soil density (“compaction”) to “dense” (1.10)





Subgrade USDA Soil Texture Clay Content
%

Ksat
(in/hr)

Sand < 8 2.8

Loamy Sand < 15 2.0

Sandy Loam < 20 0.80

Loam < 20 0.25

Silt Loam < 20 0.10

Loam 20 – 27 0.06

Silt Loam 20 - 27 0.03

Silt < 12 0.05

Sandy Clay Loam 20 – 35 0.07

Clay Loam 27 – 40 0.02

Silty Clay Loam 27 – 40 0.02

Silty Clay 40 – 50 0.01

Sandy Clay 35 – 55 <0.005

Clay > 40 <0.005

Subgrade Kfs
Estimates



Subgrade USDA Soil Texture Clay Content
%

Ksat
(in/hr)

Sand < 8 2.8

Loamy Sand < 15 2.0

Sandy Loam < 20 0.80

Loam < 20 0.25

Silt Loam < 20 0.10

Loam 20 – 27 0.06

Silt Loam 20 - 27 0.03

Silt < 12 0.05

Sandy Clay Loam 20 – 35 0.07

Clay Loam 27 – 40 0.02

Silty Clay Loam 27 – 40 0.02

Silty Clay 40 – 50 0.01

Sandy Clay 35 – 55 <0.005

Clay > 40 <0.005

Subgrade Kfs
Estimates

with 
Generalized 
Hydrologic 
Soil Group

HSG-A

HSG-B

HSG-C

HSG-D

HSG-C or D



Summary
 Infiltration BMPs

 Bioretention – applicable on most sites
 Infiltration basins and trenches – need Kfs > 0.5 in/hr
 Permeable pavement and underground infiltration systems –

good potential for HSG-A, B, C soils

Kfs(min) = dWQv/td

Ainfiltration Aimpervious HLR WQv dWQv Kfs(min)
(acre) (acre) (ft3) (in) (in/hr)

1.0 1.0 1 3104 0.9 0.02
1.0 2.0 2 6207 1.7 0.04
1.0 3.0 3 9311 2.6 0.05
1.0 5.0 5 15518 4.3 0.09
1.0 10.0 10 31037 8.6 0.18
1.0 20.0 20 62073 17.1 0.36



Summary
 Planning level infiltration rate estimates help explore post-

construction BMP options
 Requires identification of soil texture at location and depth of 

proposed infiltration practice
 Infiltration rate estimates are not sufficient for post-

construction BMP design – representative field 
measurements of infiltration rate necessary for design



Questions:
Jay Dorsey

Dorsey.2@osu.edu

https://epa.ohio.gov/Portals/35/storm/technical_assistance/ProPractices.pdf

https://epa.ohio.gov/Portals/35/storm/technical_assistance/ProPractices.pdf
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