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Activity Overview
Students measure water fl ow into and 
through soils.

Objectives
Students will:
• Compare water movement through

soil at different test sites and over
time

• Collect data
• Interpret results to inform decision-

making about school ground plantings
• Increase understanding of water-soil

dynamics
• Understand human impact on the

landscape

Subjects Covered
Science and Math

Grades
4 through 12

Activity Time
 45 minutes; 2 hours wait time

Season
Spring or Fall

Materials
Option 1, Cut-Can Infi ltrometer: metal 
cylinders (approximately 15 cm in diam-
eter and 13-20 cm in length), hammer, 
scrap wood board, stopwatch or watch 
which reads in seconds, and measuring 
cup with capacity for half a liter or 1 pint.
Option 2, Water Absorption Test: shovel, 
ruler, stopwatch, 2-3 gallons of water

Please see appendices for:
Common Core State Standards
Next Generation Science Standards

Infi ltration Tests: Exploring the Flow of Water Through Soils

Background
How water fl ows into and through a soil has great implicaƟ ons for the diver-
sity of plants that can be supported by that soil. Diff erent species of plants 
will be favored by a slow- versus a fast-draining soil. Accordingly, the choice of 
plant species for a naƟ ve planƟ ng or for ecological restoraƟ on is determined 
in a large part by the dynamics of soil and water. Water fl ow through soil also 
plays a signifi cant role in how large to build a rain garden.

There are a number of factors which can infl uence how wet or dry a parƟ cular 
soil is and how water infi ltrates the soil. The physical structure and texture of 
the topsoil is a key characterisƟ c aff ecƟ ng water fl ow. A sandy soil has larger 
pore spaces than a clay soil. Pore spaces are the air spaces between parƟ cles. 
This allows water to percolate or infi ltrate the soil more quickly. Clay soil is 
made up of smaller parƟ cles and pore spaces slowing water’s ability to infi l-
trate. 

Subsoil characterisƟ cs can also play a major role in water movement. A heavy 
(clay) subsoil layer can act as a seal underneath the topsoil. If there is enough 
rain, the topsoil will become saturated and there will be no place for the wa-
ter to go regardless of the characterisƟ cs of the topsoil. 

Soil compacƟ on can lead to destrucƟ on of soil structure (the arrangement of 
soil parƟ cles and pore spaces), and thus reduce water fl ow. The pore spaces 
and natural cracks are squeezed out in a compacted soil, creaƟ ng a cement-
like consistency. Heavy construcƟ on vehicles, poor farming pracƟ ces, and even 
walking on wet soil destroys soil structure and impedes water fl ow.

The amount of water being held by a soil at the Ɵ me of tesƟ ng can also 
greatly aff ect how water soaks into the ground. A saturated soil will usually 
have a diff erent fl ow rate than the same soil in an unsaturated state. This is 
due to the presence of soil-water matrix forces in unsaturated condiƟ ons. 
These matrix forces are complex and result from a combinaƟ on of adhesion 
forces (the aƩ racƟ on between soil surfaces and water) and cohesion forces 
(the aƩ racƟ on of molecules of water to each other). In saturated condiƟ ons 
gravitaƟ onal forces alone are responsible for water movement in soils.

The fi rst infi ltraƟ on test described below is used to quanƟ fy the ability of 
water to move into and through a soil. Due to the great number of factors 
aff ecƟ ng the fl ow of water through soils, using this test on a relaƟ ve basis is 
best. This means that a number of tests could either be run at the same Ɵ me 
at diff erent sites or at the same site at diff erent Ɵ mes. The results from that 
parƟ cular set of tests are then only directly compared to each other. This 
technique is suitable to long-term soil infi ltraƟ on tesƟ ng. Usually as naƟ ve 
plants mature and their roots spread, infi ltraƟ on changes. This procedure can 
be used to track change over Ɵ me.  

The second infi ltraƟ on test is oŌ en used when planning a rain garden. The 
rate at which the water soaks into the ground indicates if the soil is sandy, 
silty, or clayey. Learning the soil type is a criƟ cal factor in determining how 
big to build a rain garden (see EP acƟ vity “Sizing a Rain Garden”). Learning 
soil type will also inform plant selecƟ on. Matching plants to soil type helps in 
choosing plants that will survive your proposed planƟ ng.
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Infi ltration Tests: Exploring the Flow of Water Through Soils (cont.)

Activity Description
Option 1: Cut-Can Infi ltrometer (best for follow-up 
infi ltration tests)
Carefully choose and prepare a test site. A level loca-
Ɵ on will yield the best results by allowing the water to 
infi ltrate evenly into the soil. A site with gravel will most 
likely be diffi  cult or impossible because of diffi  culƟ es in 
sinking the cylinder into the soil. A heavy lawn sod will 
create similar diffi  culƟ es because of the dense mat of 
roots. Work around living plants, and expose bare soil by 
removing any leaf liƩ er. Disturb the soil surface as liƩ le as 
possible.

Sink the cylinder into the soil approximately fi ve to seven 
cenƟ meters (two to three inches) to create a Ɵ ght seal 
between the boƩ om of the cylinder and the soil. You will 
most likely need to use a hammer to do so. It is best to 
place a wood board on top of the cylinder when ham-
mering to keep from denƟ ng its top. Hammer in circles 
around the top to keep the cylinder perpendicular with 
the soil surface. During the test, if water leaks out the 
boƩ om and sides of the cylinder, your results will be 
skewed. You will need to repeat the test with the cylinder 
either farther in the soil or sunk more carefully so the soil 
is less disturbed along the cuƫ  ng edge of the cylinder.

Have your watch ready and add the water to the cylin-
der. Time how long it takes for all of the water to move 
into the soil with complete eliminaƟ on of all puddles.

Additional considerations
Some soils have very slow infi ltraƟ on rates, which can lead to unnecessarily long run Ɵ mes. If you suspect you might 
have this problem, you can use an alternaƟ ve procedure which is a bit more complicated but also more effi  cient. 
Graduate your cylinder by making one-cenƟ meter (or one-half-inch) marks up its inside. To calibrate your gradaƟ ons, 
measure how deep a given amount of water will fi ll an uncut can and extrapolate to your scale.

As a related math acƟ vity, this measurement can be achieved by calculaƟ ng the volume corresponding to your grada-
Ɵ ons. Measure the diameter of your cylinder and calculate its cross-secƟ onal area. (Remember the area of a circle = 
π r2.) MulƟ ply this number by the length of your gradaƟ on to determine the corresponding volume. Your calculaƟ ons 
will be greatly simplifi ed if you use metric units (one cubic cenƟ meter = one milliliter).

Option 2: Water Absorption Test (best for rain garden planning)
Perform the following infi ltraƟ on test at each locaƟ on selected for a potenƟ al rain garden.

1. Dig a hole six inches deep by six inches in diameter.

2. Fill hole with water and let stand for one hour.

3. Refi ll hole with water. Measure depth of water with a ruler.

4. Let stand one hour. Then measure the depth again.

Middle school students run infi ltrometer test at Edgewood College 
campus, Madison, WI. Photo: Cheryl Bauer-Armstrong.
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Infi ltration Tests: Exploring the Flow of Water Through Soils (cont.)
5. Use the following chart to determine soil types based on the rate at which water soaks into the soil

Soil type Sand Silt Clay 

Rate 2 1/2 inches/hour 
or 4 hours total 

1/2 inch/hour 
or 12 hours total 

 1/3 inch/hour 
or 18 hours total

6. Record soil characterizaƟ on data on data sheets.

7. Use data collected in EP acƟ viƟ es “Designing a Rain Garden” and “Sizing a Rain Garden.”

Extensions
• Test the diff erence in water fl ow through saturated versus unsaturated soils. Does the rate of infi ltraƟ on vary with 

diff erent soils?

• InvesƟ gate infi ltraƟ on through subsoil. Carefully dig off  the topsoil and place the infi ltrometer into the subsoil layer.

• Compare infi ltraƟ on rates between compacted soil and uncompacted soil. Observe and idenƟ fy visual characteris-
Ɵ cs of compacted soil on the school grounds.

• Research what you can do to improve soil infi ltraƟ on.

Additional Resources
• If interested, purchase a double ring infi ltrometer for infi ltraƟ on tesƟ ng. They are available from Turf -Tec Interna-

Ɵ onal at 1-800-258-7477 or hƩ p://www.turf-tec.com/index.html

• Globe in the city: Infi ltraƟ on: www.centerx.gseis.ucla.edu/globe/protocols/infi lt.htm

• Soil Science Society of America’s comprehensive website has a wealth of resources, lessons and links.  hƩ ps://www.
soils.org/lessons/resources/

Assessments
• Using the results of the infi ltraƟ on tests, describe how diff erent soil types and/or soil compacƟ on infl uences water 

fl ow through soil.

• Based on the results of the infi ltraƟ on tests, where would you locate a rain garden for best infi ltraƟ on?

• Describe the factors that infl uence soil permeability.

excerpted by permission from the Rain Garden Curriculum Sampler https://earthpartnership.wisc.edu/curriculum/
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Infi ltration Tests: Data Sheet 

Cut-Can Infi ltrometer Data Sheet 1
Vegetation Type
Prairie, woodland, savanna, garden, other ______________________________________________________

Soil Characteristics
Texture: sand, loam, clay, other  ______________________________________________________________

Tilth: compacted, intermediate, fl uff y, other  ___________________________________________________

Moisture: rate 1-5 where 1 is bone dry, 5 is saturated and 3 is moderate/moist  ________________________  

Infi ltration Rate   __________________ minutes/500 ml
(Note: If a diff erent volume was measured, give the rate as minutes per 500 mls)

Cut-Can Infi ltrometer Data Sheet 2
Vegetation Type
Prairie, woodland, savanna, garden, other ______________________________________________________

Soil Characteristics
Texture: sand, loam, clay, other  ______________________________________________________________

Tilth: compacted, intermediate, fl uff y, other  ___________________________________________________

Moisture: rate 1-5 where 1 is bone dry, 5 is saturated and 3 is moderate/moist  ________________________  

Infi ltration Rate   __________________ minutes/500 ml
(Note: If a diff erent volume was measured, give the rate as minutes per 500 mls)

Cut-Can Infi ltrometer Data Sheet 3
Vegetation Type
Prairie, woodland, savanna, garden, other ______________________________________________________

Soil Characteristics
Texture: sand, loam, clay, other  ______________________________________________________________

Tilth: compacted, intermediate, fl uff y, other  ___________________________________________________

Moisture: rate 1-5 where 1 is bone dry, 5 is saturated and 3 is moderate/moist  ________________________  

Infi ltration Rate   __________________ minutes/500 ml
(Note: If a diff erent volume was measured, give the rate as minutes per 500 mls)
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Infi ltration Tests: Data Sheet 

Soil type Sand Silt Clay

Rate 2 1/2 inches/hour
or 4 hours total

1/2 inch/hour
or 12 hours total

1/3 inch/hour
or 18 hours total

Water Absorption Test Data Sheet 1
Vegetation Type
Lawn, garden, fi eld other ___________________________________________________________________

Soil Characteristics
Tilth: compacted, intermediate, fl uff y, other  ___________________________________________________

Moisture: rate 1-5 where 1 is bone dry, 5 is saturated and 3 is moderate/moist  ________________________  

Infi ltration Rate   ___________ inches/hour

Soil Type ____________________________________________________________________________

Water Absorption Test Data Sheet 2
Vegetation Type
Lawn, garden, fi eld other ___________________________________________________________________

Soil Characteristics
Tilth: compacted, intermediate, fl uff y, other  ___________________________________________________

Moisture: rate 1-5 where 1 is bone dry, 5 is saturated and 3 is moderate/moist  ________________________  

Infi ltration Rate   ___________ inches/hour

Soil Type ____________________________________________________________________________

Water Absorption Test Data Sheet 3
Vegetation Type
Lawn, garden, fi eld other ___________________________________________________________________

Soil Characteristics
Tilth: compacted, intermediate, fl uff y, other  ___________________________________________________

Moisture: rate 1-5 where 1 is bone dry, 5 is saturated and 3 is moderate/moist  ________________________  

Infi ltration Rate   ___________ inches/hour

Soil Type ____________________________________________________________________________
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