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Overview of Presentation
Quick infiltration overview
Subsurface infiltration test considerations/options
Measuring field infiltration rates for project design



Infiltration
 Infiltration is movement of water through a soil surface

 Infiltration rate or capacity – rate of movement of water 
through a soil surface (length/time, e.g., in/hr)

For stormwater BMPs, 
“exfiltration” is 

infiltration from a BMP 
into the underlying 

and surrounding soil



Infiltration Rate vs Hydraulic Conductivity

Hydraulic conductivity (K(h)), saturated hydraulic 
conductivity (Ks), and field saturated hydraulic 
conductivity (Kfs) are measurable properties of the 
soil that have physical meaning



Relationship between Infiltration Rate 
and Hydraulic Conductivity

Source: Hillel (1982)



Importance of Getting the Number Right 
(and Consequences of Getting It Wrong)

Consequences of overestimating Kfs
 System underdesign
 Loss of hydrologic function (volume reduction, 

peak flow reduction, groundwater recharge, 
baseflow maintenance)

 Flooding
 Degraded water quality



Importance of Getting the Number Right 
(and Consequences of Getting It Wrong)

Consequences of overestimating Kfs
Consequences of underestimation

 $$$$



Appropriate Use for Estimates
 Methods are available to provide rough estimates of infiltration 

(exfiltration) rates expected from infiltration BMPs.  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.

 If moving forward with a design that incorporates infiltration 
BMPs field measured infiltration tests are necessary to determine 
accurate infiltration rate for sizing and design of BMPs.
 Credit toward meeting WQv, runoff volume reduction or peak discharge 

requirements



Measuring Infiltration Rates

“When using infiltrometers to predict infiltration 
rates for a given system, one must be careful that 
the conditions of that system (water quality, 
temperature, soil conditions, surface conditions, 
lengths of inundation, infiltration flow system in 
the soil, etc.) are duplicated as much as possible 
with the infiltrometer so that the measurement is 
realistic.” H. Bouwer (1986)



Measuring Infiltration Rates

Measuring the process of interest
 Rainfall and runoff at the soil surface
 Seepage in a leach bed
 Exfiltration from a dry well
 Exfiltration from an infiltrative BMP (pervious pavement, 

bioretention, underground detention/retention system)



Measuring Infiltration Rates
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Infiltration BMPs

S. Sonnenberg



Source:  NC Extension (2009)

Exfiltration from an Infiltration BMP



Infiltration Test for BMP Design?



Infiltration Test Methods Considered

Double-ring Infiltrometer Test
 Single-ring Infiltrometer Test – Constant Head
 Single-ring Infiltrometer Test - Falling-head
Modified Phillip-Dunne Permeameter
 Pilot Infiltration Test (PIT Test)
 Bore Hole Infiltration Test 



Infiltration with Shallow, Ponded 
One-dimensional Flow

Infiltration BMP Pit Test Single-ring
Infiltrometer



Infiltration Test Methods Considered

Double-ring Infiltrometer
 Single-ring Infiltrometer – Constant Head
 Single-ring Infiltrometer - Falling-head ???
Modified Phillip-Dunne Permeameter
 Pilot Infiltration Test (PIT)
 Bore Hole Infiltration Test 

Typically overestimates Kfs by 1000% or more



Minimum Sampling Density



Choose Appropriate Test Locations



Excavate to Proposed BMP Depth



Describe Soil Profile from Surface to 
(at least) 3 Feet Below Proposed Depth



Single Ring Infiltrometer

Source: Reynolds et al (2002)



Single Ring Infiltrometer Equipment

Source: Reynolds et al (2002)

1. Rings (measuring 
cylinders)

2. Depth gages or rules
3. Graduated water 

supply reservoir 
(Mariotte bottle)

4. Stop watch
5. Field sheet/clipboard
6. Screen or cloth for 

initial wetting
7. Shovel, garden hoe, 

soil auger



Install Infiltration Rings



Wet Surface and Bring to Ponding Depth



Record Volume Infiltrated While 
Maintaining Constant Depth



Post-Processing - Determine Final 
Field Measured Intake Rate (qs)

qs



Source: Reynolds et al (2002)

Ponded Ring Infiltrometer Test
Accounting for Flow Divergence



Post-Processing – Make Correction 
for Flow Divergence

Source: Reynolds et al (2002)



Pit Test Equipment
1. Water level loggers
2. Measuring rod or 

ruler with readings in 
mm or 0.01 ft

3. Large water tank or 
nearby water supply

4. Hoses and fittings
5. Stop watch
6. Field sheet/clipboard
7. Bucket or splash pad 

for initial wetting
8. Backhoe
9. Shovel & augerSource:  Alice Lancaster, Herrera Environmental Consultants



Pit Test Pre-soak
Fill test pit for initial pre-soak 
of underlying soils:  (1) fill 
bottom of pit to 12” depth; 
(2) let soak for 3 hours or until 
water fully saturates

Place water level loggers

Excavate pit to desired dimensions



Complete Falling Head Tests
Refill pit to 12” ponded depth Record surface elevation every 30 minutes 

until pit fully drains, or minimum 6 hours if 
pit does not fully drain



Post-Processing - Determine Final 
Field Measured Intake Rate

1.6 in/hr



Infiltration Testing Costs

1. Rings (measuring cylinders) - $100 - $500/12” ring
2. Driving cap and fence post driver - $200
3. Depth gages or rules
4. Graduated water supply reservoir 

• 5-gal bucket with spigot, tape - $30 - $40
• Mariotte Bottle - $250 ea (small); $750 ea (large)

5. Stop watch - $20
6. Field sheet/clipboard
7. Screen or cloth for initial wetting
8. Backhoe - $400 - $2000/day

Equipment needed to conduct 6 tests/day      $5000-6000 
(6 rings, 6 Mariotte bottles, etc. or 7 water level loggers, etc.)
Hire – 3-6 tests/day $2500 - $6000/day
(two techs, backhoe rental, etc.)

Single Ring Infiltrometer 

1. Water level loggers $500/logger
2. Measuring rod or rulers
3. Large water supply tank, hoses and fittings 

- $400
4. Stop watch - $20
5. Field sheet/clipboard
6. Bucket or splash pad for initial wetting
7. Backhoe - $400 - $2000/day



Summary
 Field measurements necessary to determine infiltration 

rates for infiltration BMP design
 Two methods are acceptable:

 Single-ring infiltrometer
 Pit test

 The pit test requires less equipment and is simpler to 
perform – this method is recommended



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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