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Abstract

• This project investigates what soil types resist erosion the most. I chose 
this project because I am interested in geology, and I have noticed the 
effects of erosion this summer. This year’s heavy monsoon rains created 
new channels on the hill in my backyard; and higher than normal rainfall in 
western Illinois has affected the soil levels on our family’s corn and soybean 
farm.

• For my experiment, I have chosen to use the runoff plot method of erosion 
studies because it will allow me to test different types of soil in one 
location by setting up plots in separate containers. This will allow me to 
see how different soil types, which may not exist in the same area, are 
affected by surface flow erosion.

• I discovered that soil with a high clay composition will erode less than sand 
when exposed to a high-water flow, however it erodes more than sand at a 
low water flow.



Hypothesis

By running water in a 
controlled manner over a 
tilted pan of soil, it is 
predicted that soil with a high 
clay content will lose the least 
amount of volume through 
erosion opposed to soil with a 
high rock or sand content.



Review of Literature
My project this year will be investigating what soil types resist erosion the most. I chose this project because 
I am interested in geology, and I have noticed the effects of erosion this summer. This year’s heavy monsoon 
rains created new channels on the hill in my backyard; and higher than normal rainfall in western Illinois has 
affected the soil levels on our family’s corn and soybean farm.

Soil erosion is the removal of soil by wind or water (Donahue and Miller, 437). My project will specifically 
look at water erosion, so wind erosion will not be discussed. Water erosion of soil starts when rain hits bare 
soil which causes some of the soil particles to be carried away, creating channels (440). There are three 
types of water erosion: raindrop splash erosion, surface flow erosion and channelized flow 
erosion. Raindrop splash erosion happens when rain falls on soil and creates mud, which can splash as far as 
two feet high and five feet away. Surface flow erosion is caused when water flows and soil particles get 
moved along with it. Channelized flow erosion is a continuation of surface flow erosion, except deep gullies 
form when water pools in low places (443). Surface flow erosion is the most common and will be the type of 
erosion replicated in my experiment. The amount of water erosion that occurs depends on five factors. The 
first factor is the amount and intensity of rainfall. Second, is how easily the type of soil erodes away. The 
third factor is the angle and length of the slope of the land. Fourth is the amount of vegetation growing on 
the soil. Lastly, are any additional measures taken to stop erosion such as terracing and contouring (445-
450). Land that has no plants is more vulnerable to soil erosion because plant roots absorb water and hold 
soil in place. Plants on the surface also break up the energy of falling rainwater (Mulvihill). Also, soils in 
drier climates erode 10 to 50 times more than soils in more humid climates (Donahue and Miller, 440).
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Soil erosion affects everybody. Soil erosion can damage buildings by undermining foundations and 

washing away property. Soil erosion is also an important issue in agriculture, as crops need good soil to 
grow. It is estimated that half of all soil lost in the farming region of the midwestern United States has 
occurred in the last 50 years due to human activity (Mulvihill). Severe soil erosion can lead to decreased 
food production and biodiversity. Additionally, soil eroded by water may also have chemicals in it, such as 
pesticides and fertilizers used in farming. It is estimated that approximately 60% of soil that is washed 
away ends up in rivers, streams and lakes (Mulvihill). Once in these bodies of water, the new soil can not 
only pollute the water but also clog their natural flow and increase the potential of flooding (Mulvihill).

In my research, I discovered that the amount of erosion in the real world is difficult to study because erosion 
does not happen consistently over an entire landscape. This is because plant cover, soil type and 
topography can vary over even a relatively small area. However, I learned that there are three main ways 
to study the effects of water erosion. They are the runoff plot method, volumetric measurement, and a 
mesh bag method. Each method has its own particular strengths and weaknesses that work best in some 
situations over others.

The runoff plot is the most commonly used method for measuring the amount of soil lost due to erosion 
(Hsieh, Grant, Bugna). A runoff plot can either be a container of soil or a defined area of soil on the ground 
with a gutter attached that is connected to a container downstream (Hudson). Water is run over the soil 
and the amount that erodes is collected in the container. The water can be either natural rainfall or 
simulated rainfall (Hudson). This method is best for controlled experiments because it studies a small area 
and often does not resemble real-world conditions. (Hsieh, Grant, Bugna and Boardman, Evans).
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Another way to estimate the amount of erosion is to measure the volume (or size) of the 
channels caused by surface flow of water. This is done by either actual measurements of 
the channels in a specific place using tools such as tape measures, or by using aerial 
photographs. This method is best done over a longer period of time to monitor the effect of 
specific erosion events in a specific place, which gives a better perspective on how erosion is 
actually happening and what can be done to protect an area over the long term.

A third method to study erosion amounts is the “mesh bag method.” This method involves 
placing nylon mesh directly over the soil and only water will flow through the mesh. After 
one or more rainfalls, the mesh is removed and the amount and type of soil that remained 
attached to the mesh is analyzed. This method allows scientists to see what type of soil 
moves during erosion events and where it moves to, as well as what types of soil stays put 
(Hsieh, Grant, Bugna).

For my experiment, I have chosen to use the runoff plot method because it will allow me to 
test different types of soil in one location (my backyard) by setting up plots in separate 
containers. This will allow me to see how different soil types, which may not exist in the 
same area, are affected by surface flow erosion. To further simplify my process, I will use 
simulated rainfall provided by a garden sprayer.



Materials and Procedures
Materials:

• Angled PVC pipe frame for pan

• Aluminum Sheet Pan (45.4 cm x 32.9cm x5.1 cm)

• 18 foil cake pans (32.4 cm x 22.8 cm x 4.7 cm)

• 3 different types of soil

• Clay, All Purpose Landscaping Ssand, Sifted 
Gravel

• Garden sprayer with different spray settings

• 18.9-liter graduated bucket

• 7.6-liter graduated bucket

• 500 ml graduated cylinder

• 50 ml graduated cylinder

• Section of rain gutter

• Stopwatch

• Water source (spigot with hose)

• Ladder

• Notebook and pencil

Procedures:

• 1. Use enough soil to fill up a cake pan , and level it.

• 2. Place the pan with soil in the sheet pan set into the PVC frame at a 22-
degree angle.

• 3. Place a section of rain gutter from the pan to empty into an 18.9-liter 
graduated bucket on the edge of the pan that is angled downward.

• 4. Put a garden sprayer attached to a hose and water spigot on the roof 
and angle it so that it is directly over the pan.

• 5. Turn on water and start the stopwatch.

• 6. After 3 minutes and 30 seconds on high and 12 minutes on low, stop 
the water.

• 7. Record the actual amount of time it takes the bucket to fill.

• Pour water from collection bucket into another bucket and 
record amount of water.

• 8. Record amount of soil collected. Use graduated cylinders as needed.

• 10. Repeat the experiment with the remaining soil types.

• 11. Enter all recorded data into an Excel spreadsheet.

• 12. Use Excel to calculate erosion ratios (solids/time/water and 
solids/water).



Angled PVC Pipe 
Frame for Pan

Pans of Clay

Pan of Sand



Variables

Independent variable:soil type 
(clay, sand, rocky)

Dependent variable: amount of 
erosion (soil displacement)

Controlled variables: amount of 
water, amount of soil, volume of 
container, and angle of tilt of pan



Experiment in Progress



Observations
• We did a trial run to see how long we would need to run the individual erosion 

studies. After 3 minutes of water falling over a pan of sand, we had collected 6.5 
liters of sand and water combined. We stopped when we saw the bottom of the 
pan. This is how we set the low water flow run time.

• To set the time for the low setting, we repeated the same process. It took 12 
minutes to expose the pan.

• The wind during the day of December 5th, 2021 affected some of the runs as the 
breeze pushed the water falling away from the pan. The experiment runs 
that occurred during the windiest periods were clear outliers in the data – there was 
less water and soil collected.

• The soil type that eroded the least was the gravel – nothing was washed away by the 
water.

• The soil that appeared to wash away the most was the sand.

• The clay had hardened into brick-like solids and as the water washed over it, tiny 
rocks were revealed.



Data Tables

Time 
(minutes) Time (seconds)

Water
(liters)

Solids
(Liters)

Sand High 1 1:18 78.00 2.2 0.6

Sand High 2 2:05 125.00 4.1 0.725

Sand High 3 1:52 112.00 3.8 0.775

Sand High 4 3:27 207.00 7.4 1.057

Gravel High 1 3:30 210.00 5.9 0

Gravel High 2 3:30 210.00 6.4 0

Gravel High 3 3:30 210.00 5.8 0

Clay High 1 3:30 210.00 6.375 0.193

Clay High 2 3:30 210.00 7.2 0.181

Clay High 3 3:30 210.00 6.405 0.18

Data Table 1: High Water Flow

Time 
(minutes)

Time 
(seconds)

Water
(liters)

Solids
(Liters)

Sand Low 1 12:00 720.00 2.8 0.043

Sand Low 2 12:00 720.00 4.25 0.022

Sand Low 3 12:00 720.00 6.375 0.22

Gravel Low 1 12:00 720.00 5.1 0

Gravel Low 2 12:00 720.00 5.4 0

Gravel Low 3 12:00 720.00 4.8 0

Clay Low 1 12:00 720.00 4.2 0.124

Clay Low 2 14:00 840.00 2.9 0.06565

Clay Low 3 14:00 840.00 3.5 0.084

Data Table 2: Low Water Flow



Graphs



Data Analysis

• According to the data, sand erodes the most at the high-water setting. The 
largest volume of sand collected was 1.057 liters, while the largest amount 
of clay collected at this setting was 0.193 liters, and 0 liters of gravel.

• However, sand eroded less than clay at the low water setting. The average 
amount of sand collected at low setting was 0.095 liters, while the average 
amount of clay collected was 0.137 liters.

• Clay had a consistent rate of erosion at both the high and low water 
settings, as shown on the graphs.

• The data also shows that clay erodes less with a lower amount of water 
flow than it does at a higher water flow. This particular result was 
unexpected.

• Gravel did not erode all, the particles may have been too big to be carried 
away by the force of the water.



Conclusion

• My hypothesis, that soil with a high clay composition will erode the 
least was only true when exposed to a high-water flow.

• This may be because sand particles wash away all at once regardless 
of the length and volume of water flow, while clay erodes consistently 
over time allowing more clay particles to wash away over the longer 
time period.
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