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Purpose of the exercises 

The aim of the exercise is to provide students with the skills they need to explore and interpret at a 

high level, to analyse complex problems in remediation and soil protection with advanced tools. 

The exercises also provide a hands on tasks to improve the students’ skills on field surveying, 

contaminant and other soil transport issues, GIS interpretation of the results, applying 

ecotoxicology.  

 

The following exercises are included: 

1. Sampling of a polluted site 

2. Defining underground contaminant transport by measuring and calculating of ground water 

flow speed and directions based on field survey data 

3. Analyse the soil samples and displaying the spatial distribution of the results 

4. Ecotoxicological analysis of mine spoils and acid mine drainage  

5. Soil Loss Modeling with RUSLE 
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1. Sampling of a polluted site 
 

Purpose of the exercise: 

The purpose of this exercise is to provide you with hands-on experience in the field collecting soil 

samples and profiles by augering and describing site geomorphology and soil profiles Upon 

completion of this exercise you should be able to apply different augering methods. 

  

Required knowledge: 

Fieldwork is an integral part of any soil laboratory exercise since soils must first be collected 

before they can be analysed. It is extremely important to ensure that samples are collected as 

carefully and precisely as possible to reduce errors and eliminate opportunities for sample 

contamination. It is also important to add a geographic and geomorphic context to your 

sampling procedures, as they are intimately linked to soil forming factors. Therefore, sample 

collection is but one component of the fieldwork procedures. 

Soil samples can be collected from a variety of environments using various methods to expose 

the soil. One common, and often preferred method, is sampling of road cuts since the work of 

exposing a clean face for sampling has mostly been done for you. Digging a large pit, either by 

hand or with backhoe, is also common but is either very labour intensive or expensive. The 

third common method of soil sample collection is by collection through coring. Coring allows 

you to collect samples for the entire soil profile (or as deep as you can core) without having to 

expose a face for sampling (Bowen M.W.. 2015)A sampling plan determines where and when to 

collect soil samples that are representative of the field. Sampling depth and timing of sampling are also 

critical components of a well-designed sampling plan. To minimize laboratory costs, soil samples are 

generally collected from several locations within a field. The standard sampling method is to collect 

soils systematically at fixed intervals. If more information is desired about the variability within a field, 

then separate soil samples should be collected from areas that have had different history, or that vary 

substantially in slope, texture, depth, or soil colour (Jones et al, 2014). 

 

Sampling  

In this exercise you will use Eijkelkamp augering devices (Figure 1) at the pasture site just behind 

the Institute of Water and Environmental management . In order to make sampling exercise, 
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please watch the following video https://en.eijkelkamp.com/products/augering-soil-sampling-

equipment/videos-Ergonomical-auger-set.html  

Note, that each different type of auger is also different in its use but the following matters apply to 

all: 

a) The auger should always be rotated in a clockwise direction. 

b) Augering is done in a vertical position. 

 

Figure 1. Eijkelkamp auger set for heterogenous. soils to 5 m 

 

General steps of augering: 
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To drill in an ergonomically sound way the steps set out below should be followed: 

1. Place the ergonomic auger on the surface of the soil. 

2. Drill to a depth of 50 cm (fill the auger no more than 10 cm NB: if you wish, you can you 

can extend the ergonomic auger by half at the halfway stage (drilling depth of 25 cm). 

3. Slide the ergonomic auger to its full length after reaching a depth of 50 cm. 

4. Continue to drill to a depth of 100 cm. NB: if you wish, you can you can extend the 

ergonomic auger by half at the halfway stage (drilling depth of 75 cm) 

5. Completely retract the auger and add an extension rod (100 cm). 

6. You can now continue drilling by repeating steps 1 to 5. 

 

I. Collect samples with Edelman auger. Collect soils samples from the examined site in at 

least 10 sampling points. Collect samples from the following depths: 20, 40, 60, 80, 100 

cm. In order to set the 10 sampling points follow the instruction written in the 

PRACTICAL EXERCISES FOR THE COURSE OF WATERMANAGEMENT I: 

AGROHYDROLOGY (MTMKO7002A) in exercise 2. 

1. Hold the auger by the handles and place it on the soil. Applying light pressure turn the 

auger to the right into the soil. After about 2¼ complete rotations (of 360°) the auger will 

have penetrated the soil by 10 cm (rotations can be counted with the aid of the halt knob). 

The auger will be filled with lightly stirred-up soil right up to the bracket. Depending on 

the type of soil, fewer or more turns may be required to reach the desired result.  

2. Turn the full auger off and pull it up with gentle twists.  

3. Place the auger on an angle on the surface of the ground for emptying out cohesive soil. 

4. Lightly press and turn the auger by 180° on the ground. The material is loosened and can 

be emptied out of the auger using your hands or by giving it a light tap on the ground. 

Material that is not very cohesive comes out virtually unaided.  

5. The samples can now be put to plastic bags and can be transported to the laboratory. 

6. Avoid: 

a. Overfilling the auger. This causes excess material being spread against the wall of 

the augered hole, causing it to become narrower and making subsequent drilling 

more difficult. It also makes emptying out the soil very difficult. Where the drilling 

extends to below groundwater level, an overfilled auger can encounter strong 
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suction which makes pulling out the auger more difficult and can also lead to the 

loss of the sample. 

b. Loss of sample material. Pull the full auger up with gentle turns and therefore not 

upright. 

 

II. Use Gouge auger to examine soil profile 

1. Push the gouge auger into the ground without turning.  

2. Cut a sample of no more than 50 cm in length. If the gouge auger encounters strong 

resistance, this can be resolved by turning the auger off during the process. Then continue 

to push it down. Turn the full gouge auger off and pull it up with gentle twists. 

3. Use the curved spatula to cut the cylindrical column of soil off up to the rim of the gouge.  

4. The soil left behind provides a virtually undisturbed layer profile. If desired a mark can be 

applied every 10 cm with the use of the spatula and using the measurement markings on 

the outside of the gouge auger as a guide.  

5. Use tough protective gloves when emptying out the gouge auger. Use the spatula (curved 

side up) to push the sample out.  

6. When using extension rods during deeper gouge drilling sessions, keep attaching them to 

the top end of the auger, directly under the upper piece. The rods may have a slight bend 

caused through use and this will therefore influence the bore hole. When dividing off or 

reconnecting the rods it is important to keep to the original sequence 

 

Use the provided GNSS GPS or the GPS of your smartphone to collect the coordinate of the 

sampling points. Coordinates will be used in the exercise, when the spatial distribution of the soil 

parameters are displayed and analysed. Type the X, Y coordinates into an excel file. Later you 

will use this excel file for database development. Database will be based on laboratory experiment 

results. 
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2. Defining underground contaminant transport by measuring and calculating of ground 
water flow speed and directions based on field survey data 

 
Purpose of the exercise: 

The purpose of this exercise is to provide you with hands-on experience in the field surveying and 

analyses of underground water table level. This exercise give a comprehensive step by step 

assessing method for the identification of flow direction and flow rate calculations of 

underground water, from field surveying, laboratory measurement of hydraulic conductivity 

and to GIS analyses. The aim of ground water flow direction analyses is the point that the 

main driver of pollutant transport in saturated zones is the advection, in the direction of the 

underground water flow.  

  

Required knowledge: 

The driving forces that control groundwater flow are a bit more complicated than those more 

familiar to us for rivers and streams. In order to define groundwater flow directions and rates 

through aquifer systems, individual measurements of hydraulic head are combined to generate 

contour maps of water level – or potential energy. These maps define the potentiometric 

surface, which is much like a topographic contour map, but defines the distribution of potential 

energy in the groundwater system. Each contour, or equipotential, represents a line of equal 

hydraulic head. To first approximation, groundwater flows down-gradient (from high to low 

hydraulic head). As is the case with surface water, or a ball rolling down a hill, the water flows 

in the direction of the steepest gradient, meaning that it flows perpendicular to equipotentials. 

There are exceptions to this – for example, if the hydraulic conductivity of the aquifer is much 

higher in one direction than another, or dominated by fractures with particular orientations, 

then these can guide or redirect groundwater flow askew to the maximum gradient. 

 

During the exercise you will accomplish the following tasks in order to calculate the speed of 

underground water flow based on the Darcy’s law equation: 

1. Field survey, reaching the underground water level and measure the depths. Parallel this 

levelling the sampling points will be done in order to define the level values of the 

underground water level. 
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2. Calculating and displaying underground water flow direction in order to measure and 

calculate the hydraulic gradient in GIS environment 

3. Measuring of hydraulic conductivity of the saturated zone  based on the samples taken in 

task 1. 

4. Based on the measured hydraulic conductivity and hydraulic gradient the speed 

underground water flow will be calculated based on the Darcy’s law equation: 

v= K*dh/dl  

where, 

v: the speed of underground water flow (m/s) 

K: hydraulic conductivity of saturated soil (m/s) 

dh/dl: hydraulic gradient, which is the ratio of pressure expressed in water column cm (h1-

h2) and the distance between the 2 points of the underground.  

5. After typing the v values to coordinates, the map of the the speed of underground water 

flow will be created. 

 

Drill past a depth of 1 m of the previously augered 10 sampling points to reach underground water 

(Underground water should be between 3-5 m at the site). In order to achieve it use spiral auger 

and one or more extension rods need to be connected in between: 

1. To do this, it is best to place the auger on the ground. 

2. Slide the coupling sleeve from the lower piece and secure it to the upper piece. 

3. Unhook the upper piece from the lower piece. 

4. Take an extension rod and a coupling sleeve. Secure the coupling sleeve to the nipple at 

the lower end of the extension rod (the end with the hole). 

5. Fasten the upper piece as well as the lower piece to the extension rod. 

6. When you reach the underground water, use the sounding apparatus (Figure 2) to 

determine the groundwater level in the auger hole. Allow it to drop down with some speed. 

As soon as it has reached the groundwater surface level a with acoustic- and light signal 

will be observed. The depth of the groundwater surface is important when it comes to 

selecting the right type of auger. Note that the water level in the bore hole takes a while to 

reach the same level as the actual groundwater level (depending on the type of soil).  
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Figure 2. Eijkelkamp sounding apparatus 50 m 

 

7. Collect all the depth data (D) of underground water (depth from the surface) and write it to 

the provided form in Annex 1. 

8. Take a sample from the saturated soil, approximately from the water table level. 

(Hydraulic conductivity of the samples will be measured later on.) 

 

Levelling your sampling points. 

Levelling should be made as you have already learnt in “PRACTICAL EXERCISES FOR THE 

COURSE OF WATERMANAGEMENT I: AGROHYDROLOGY (MTMKO7002A)”. As reminder: 

1. Use dumpy level, and staff at the site for levelling 

2. Setup the surveying instrument in a location where the entire filed can be viewed. (Use the 

tripod, and the bubbles to make the equipment to horizontal. 

3. Taking readings and write it to the form to record sampling notes (Annex 1): first find the 

benchmark at the site, then take a back sight to it in order to calculate Height of Instrument 

(HI); HI = BS + Elevation, then take foresight (FS) readings. 

4. Calculate the level of underground water: HI-FS-D, then write it to the form. 

5. Write your elevation data to the relevant GPS coordinates in your excel you created in 

exercise 1. 

 

Calculating and displaying underground water flow direction 
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In this part you will use Surfer programme you have already learnt in “PRACTICAL EXERCISES 

FOR THE COURSE OF WATERMANAGEMENT I: AGROHYDROLOGY (MTMKO7002A)”. As 

reminder: 

Creating digital elevation model in Surfer software environment. 

1. Open the Surfer programme and first the grid file will be created. Click tab ‘Grid’ in the 

menu and select ‘Data’ option. ‘Open Data’ window appears. Here select the excel file 

with underground elevation data that has been created. Grid data window will appear. Here 

you can select Column A as X, column B as Y, and Column c as elevation. Put a tick into 

grid report in order to calculate the average underground water level and the standard 

deviation.. Gridding method should be krigging. In grid line geometry adjust the spatial 

resolution of the grid to 5 m. Save your grid by clicking OK. A Grid report will appear, in 

which very detailed descriptive statistics data of the site are available. 

2. Creating contour map. Use the grid you have created. Select Map -> New -> Contour map. 

Select your grid file and press OK. You can create 3 dimensional surface map as well by 

using the grid you have created. Select Map -> New -> 3D surface. 

The maps appear. There are an object manager and property manager on the left hand side 

of the software window. In the property manager you can adjust the layer which is selected 

in the object manager window. In the property manager, you can adjust the iso-lines fill 

colours. You can add colour scale to your map or scale bar.  

3. In order to provide flow direction on the contour or the 3D map, select the contour or the 

3D layer in the object manager and click on the right mouse button. There choose function 

“Add” and select “1-Grid Vector Layer. Select your grid file and press OK. The flow 

direction appeared on the map. Use the object manager and property manager to adjust the 

map. You can use ‘track ball’ function from the icon list to move your map to give aspect 

to it. Your map should looks similar to Figure 3. 
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Figure 3. 3 dimensional surface map of the site 

 

4. Create an underground water profile for each sampling point (10 respectively). By creating 

profile you will be able to measure the dh (water column height) and the dl (distance 

between the two endpoints of the profile) value, to calculate hydraulic gradient. To create 

profile choose function “Add” and select “Profile”.. Select the two endpoints for the 

profile. Draw the transect line onto the potentiometric surface in parallel with one of the 

slope direction. One of the endpoint is the sampling point, the other one is the highest point 

of the underground water table, which have an effect on the underground water in the 

sampling point. Your profile image should looks similar to Figure 4. 

Profile 4

0 1 2 3 4 5 6 7 8 9

Distance

125

 

Figure 4. A profile of underground water 

 

Type dh and dl values into the excel file to the related coordinates, and calculate hydraulic 

gradient (dh/dl). 
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Next step is the measurement of hydraulic conductivity of the samples  

Hydraulic conductivity (cm s-1) will be mounted by using a permeameter following the 

falling-head test as it is shown in Figure 5.  

 

Figure 5 Hydraulic conductivity measurement (Vargas, 2016) 

 

Then, the coefficient of permeability will be calculated by using the following equation in 

steady-state conditions (Holtz & Kovacs, 2010) 

 

where:  

A = soil sample area in the permeameter 
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L = soil sample length in the permeameter 

a = area of standpipe 

Δt = time for standpipe to decrease from h1 to h2 

h = difference in height 

Type K values into the excel file to the related coordinates 

 

Now, every parameter is known for calculating ground water flow speed v=K*(dh/dl). After 

calculating the v values , create a contour map in Surfer with the method above (see page 11) 

 

With this exercise you not only be able to map the flow direction but also the velocity of the 

underground water. 
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3. Analyse the soil samples and displaying the spatial distribution of the results 

 

Purpose of the exercise:  

 The aim of the exercise is to provide an example for measurement and mapping of general soil 

parameters which are important from remediation point of view. On the otherhand student will be 

acquainted with the method of X-ray fluorescence spectrometry for heavy metal concentration 

identification. It is a very useful method, especially at the preliminary phase of the site assessmeth 

process. 

 

Required knowledge: 

The characterization of heavy metal polluted abandoned mining sites is a complicated  

assignment due to the variable spatial distribution of the pollutants, therefore complex 

integrated method is required in order to assess precisely the amount and  the distribution of 

the contaminants. FPXRF methodology provides a viable, cost- and time-effective approach 

with both qualitative and quantitative information about site contamination, furthermore 

posses rapid non-destructive on-site capabilities for analysing solid matrixes, although it has to 

be mentioned that this technique is sensitive to grain size and water content of samples. 

 

 

To reduce time class should be separated to 5 groups. Each group will choose one layer of 

sampling depth out of 5. Thus every group will have 10 samples to analyse. Parameters to analyse 

are the following: 

 density 

 porosity 

 void ratio 

 Particle Size Distribution  

 Trace element concentration 

 

Density (ρ) Density (g cm-3) of the tailing samples was calculated after weighing the mass of the 

sample in a precision laboratory scale and placed in a known volume. 

ρ=mv 
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where: m = mass of the sample 

v = volume of flask 

 

Porosity (ɳ) Porosity (%) was calculated experimentally by saturation and using  

 

n=Vp/Vt= (Vp/Vp+Vs) ×100% 

where:  

Vp = pore volume 

Vt = total volume of the undisturbed soil sample 

Vs = solid volume 

For saturation place your soil sample into a sapling ring and put the samples to the drying oven at 

105 oC for 24 hours. After drying measure the weight of the dry soil, then. put it totally to water 

filled basin to saturate avoiding to cover the surface of the soil in the sampling ring. After 

saturation measure the saturated soil weight. Then you can calculate Vp by the difference of 

saturated and dry soil weight, since 1 g water is ~ 1 cubic cm.  

 

Void ratio (e) 

The void ratio (dimensionless) was calculated mathematically. 

𝑒=n/(1−n) 

where:  

n = porosity 

 

Particle Size Distribution (PSD) 

Particle Size Distribution will be accomplished by using the sieving method with sieves numbers 

10 mm, 4.75 mm, 3.15 mm, 2 mm, 0.075 mm and 0.005 mm. 

 

Trace element measurement by field portable X-ray fluorescence method. Use Explorer 9000XRF. 

Since XRF technology requires special sample treatment for accurate measurement, dry it in 

drying oven, then grind it and eliminated particles larger than 2 mm with an appropriate sieve. 

1. Press the power button for about 3s and release, the green power indicator turns off. 
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2. Enter the user mode after boot. Put the sample in the test window, click “play” button on 

the measurement interface, If start the test with no sample, the instrument will remind you. 

Place the sample. 

3. Note: 

a) Portable X-ray fluorescence analyzer is applied for surface detection and analysis, 

the surface coverings of the test objects may affect the detection accuracy; 

b) Portable X-ray fluorescence analyzer detection range covers about Φ5mm , any 

unevenness or incompleteness may affect the detection accuracy 

4. After the measurement, data interface appears, including test result, statistics. 

5. Download the data. 

 

Type all the measure data to the excel including GPS coordinates of the samples. 

Creating spatial distribution of the measured parameter model in Surfer software environment 

(see in exercise 2). 

 
 



  
  
 
 
 

 

18 
 

4. . Ecotoxicological analysis of mine spoils and acid mine drainage 

 

Purpose of the exercise 

The aim is to give a short overview on emergent plant based important ecotoxicological tests, with 

which the effect of different pollutants or polluted matrices can be assessed. Other objective of the 

exercise is to learn how to evaluate the effect of polluted matrices by the accumulation properties 

of the increased heavy metal tolerant and accumulation tend species. 

 

Required knowledge 

Some plants may be able to reduce the heavy metal contents in polluted matrixes by using 

rhizofiltration technology. One of the phytoremediation technologies is the rhizofiltration, with 

which the pollution can be eliminated by the metal uptake ability of roots, rhizomas and heavy 

metal adsorption on the root surface in water. The extraction of heavy metals is the main point of 

this excercise, since application of complexing agents can increase the bioavailability of heavy 

metals. 

During the experiments, you will learn how to test the effect of acid mine drainage (AMD) on the 

environment. The methods are also suitable for other Eco toxicological testing purposes, for 

example testing the effect of compost as a soil additive used in phytoremediation of heavy metal 

contaminated mine tailing or flotation sludge. AMD is the outflow of acidic water from metal 

mines or coal mines. Now in this exercise, we will modell the AMD with extracting of mine 

tailings by water, with 1:2,5 mine tailing: water ratio. (The extraction should be set on the 

previous lesson before setting the ecotoxicological tests.) The contaminated matrix origins from 

the reservoir of a flotation sludge of an abandoned Pb-Zn mine, which is heavily contaminated 

with heavy metals (Szárazvölgyi zagytározó). 

 

The ecotoxicological effects will be tested by  

 Lemna minor growth inhibition and reproduction tests and  

 seed germination test with an often applied Lactuca sativa indicator plan  

In both tests root lengths (mm) of the seedlings and duckweeds will be measured.  

The accumulation and translocation properties of heavy metals will also be tested in 

bioaccumulation tests applying common reed (Phragmites australis) and sedge (Carex flacca). 
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Structuring of the exercises: 

0. week: preparation of the extracting agent (The modelled AMD should be extracted for 48 

hours to establish chemical balance and after that the experiment can be carried out with 

the clear and balanced extracted suspension. 25 l extract is needed) 

1. week: Setting up the tests (all the three) 

2. week: Measuring the seed germination and duckweed test 

3. week: Analysing the results of the seed germination and duckweed test 

6. week: Disassembling the bioaccumulation test, dividing roots and shoots and drying it 

7. week, Measurement of heavy metal content and  analysing results. 

 

I. Seed germination test 

In this test the effect of modelled AMD on Lactuca sativa seeding ability will be tested.  

The chosen test plant is lettuce (Lactuca sativa), which has a seed germination time of 5 days in 

dark place (Greene et al. 1989). 

Now, adapting to the structure of the semester, to weekly lessons, the extraction and the 

germination test will last for 7 days. The applied method for testing is in accordance with the 

experimental method of Ratsch and Johndro (1986) and Németh (1998). 

Place well germinating lettuce seeds into Petri vessels, onto filter-paper, watered with the dilution 

row of the extract, and to de-ionized water for control treatment.  

20-20 seeds will be germinated in a filter-paper with 10 ml extract in 100%, 90%, 75%, 50%, 

20%, 0% concentration in three repetition at room temperature (22±0,5oC). Place the control 

group (0%) into de-ionized water. Nutrients for plants will be provided by the extract itself. 

After 7 days, measure germination ability by the rate of the germinated seeds and measure the 

lengths of the roots (Figure 6). During the assessment exclude the outliers (maximum 3 out of 20 

seedlings). Express the average lengths of seedings in the percentage of the controls (table 1.). 
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Table 1. Toxicological qualification of the germs 

The average root length in the percentage of 

the control 

Qualification (the effect of the matrix) 

0 – 5% 

6 – 50% 

51 – 90% 

91 – 120% 

>120% 

extremely inhibiting 

inhibiting  

slightly inhibiting 

neutral 

stimulating 

Németh, 1998. 

 

Figure 6. Lettuce seedlings (control on the right, 100% on the left) 

 

 II. Lemna minor reproduction and growth inhibition test   

Duckweed, used in this test is from natural non polluted habitat. The growth inhibition test will be 

carried out based on OECD GUIDELINE (please download the guideline from the internet) and 

will last for 7 days. 

Place 15 duckweeds in monoculture without into Erlenmeyer vessels, filled with 100 ml extract in 

100%, 90%, 75%, 50%, 20%, 0% concentration in three repetition at room temperature 

(22±0,5oC). Place the control group (0%) into de-ionized water. 

At the end of the experiment 

 measure the roots separately (mm),  
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 Visible toxic effects, like necrosis, chlorosis and root length were compared between 

treated and control populations.  

 

 

Duckweed after testing (control at the button, 100% on the top) 

 

In both tests among average root lengths use Tukey b variance analyses in SPSS software to assess 

the significant differences between various treatments, furthermore descriptive statistics (mean, 

modus, median, deviation will also be calculated. 

 

 

III. Bioaccumulation test 

Place common reed (Phragmites australis), sedge (Carex flacca) into 5 l extract in 100%, 90%, 

75%, 50%, 20%, 0% concentration in three repetition under natural illumination and temperature 

for 6 weeks. place the control group into water. Nutrients for plants is provided by the extract. 

On the 6th week disassemble the bioaccumulation test, dividing roots and shoots and put to drying 

oven at 70 oC for at least 24-48 hours. Then grind the dry plant materials and measure the heavy 

metal concentration of them. Measure the heavy metal concentration of the mine tailings as well. 

Heavy metal concentration should be determined by XRF technology (see page 16). (N.B.: ICP-

OES method is the more reliable and precise). 

 Calculate bioconcentration factors (BCF) as follows 
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BCF=metal(plant)/metal(matrix)  

 

Metal(plant) is the total metal concentration in the plant tissues, and metal(matrix) is the 

concentration of the mine tailings (RENOUX et al. 2001).  

Calculate Translocation factors (TLF) to show the amount of root accumulation. 

 

TLF=metal(root)/metal(shoot)  

 

Metal(root) is the total metal concentration of the roots, and metal(shoot) is the total concentration 

of the shoots. Factors are calculated in order to compare the accumulation properties of the 

common reed and sedge exposed to AMD.  

 
 



  
  
 
 
 

 

23 
 

5. Soil Loss Modeling with RUSLE  
 

Purpose of the exercise:  

This exercise introduces RUSLE (Revised Universal Soil Loss Equation), a model that is widely 

used to estimate average annual nonchannelized soil loss. This exercise is intended solely as an 

introduction on how to utilize the RUSLE module within the TerrSet Geospatial Monitoring and 

Modeling Software. We recommend that you read the basic handbook (Renard et al., 1997) on 

RUSLE before utilizing this module. The exercise is included in the TerrSet tutorial as well and 

was contributed by Dr. Laurence Lewis, Clark University, Graduate School of Geography.  

 

Required knowledge:  

The Revised Universal Soil Loss Equation (RUSLE) permits the estimation of long-term soil loss 

in a wide range of environmental settings. RUSLE is the primary means for estimating soil loss on 

farm fields and rangelands in the United States. It also has been successfully applied to other areas 

of the world when it has been calibrated for local areas. In addition, it has been used to estimate 

soil loss within the framework of a river basin. 

Much literature has been written on RUSLE and its predecessor USLE (Wischmeier, 1976). No 

attempt is made here to explain all of the assumptions, applications, and limitations of RUSLE 

itself.  

The RUSLE equation is defined (Wischmeier and Smith, 1965): 

A = R* K *LS* C* P 

where 

A= average annual soil loss (t./acre or t/hectare) 

R = Rainfall - runoff erosivity factor is the number of rainfall erosion index units 

K = Soil erodability factor is the soil loss rate per erosion index unit for a specified soil as 

measured on a unit plot, which is defined as a 72.6-ft length of uniform 9% slope 

continuously in clean tilled fallow 

L = Slope length factor , is the ratio of soil loss from the field slope length to that from a 

72.6-ft length under identical conditions 

S = Slope (steepness) factor , is the ratio of soil loss from the field slope gradient to that 

from a 9% slope under otherwise identical conditions 
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C = Cover management factor (land cover) , is the ratio of soil loss from an area with 

specified cover and management to that from an identical area in tilled continuous fallow 

and 

P = Support practice factor (conservation) is the ratio of soil loss with a support practice 

like contouring, stripcropping, or terracing to that with straight-row farming up and down 

the slope 

The RUSLE module not only allows the user to estimate average annual soil loss for existing 

conditions, it permits one to simulate how landuse change (C factor), climate change (R factor), 

and/or changes in conservation/management practices (P factor), will affect soil loss. With the 

RUSLE module, it is possible to estimate soil loss for individual farm fields, river basins, or other 

appropriate areal units. In addition, the RUSLE module output allows the user to determine the 

spatial pattern of soil loss. This permits the user to identify the critical areas within fields or 

catchments that are contributing major amounts of soil loss. 

 

This exercise will demonstrate the basic aspects of RUSLE and how the manipulation of the 

variables in RUSLE affect the magnitude of soil loss. Since the example is based on data gathered 

in the United States, the example will use field data in SI units (e.g., acres) though metric units 

may also be used with this module. We will estimate the average annual soil loss for seven farm 

fields and the individual patches within each field. We will also identify critical zones of major 

soil loss by analysing the spatial patterns of those individual patches. 

The data used in this example is derived from a dairy farm in Rutland, Massachusetts (about 10 

miles (16 km) north of Worcester in Central Massachusetts). 

a) Display the raster file RUSLEDEM with the Quantitative palette. 

This file is a representation of the topographic aspects of the area and will be used to determine 

slope steepness and aspect. 

b) Using Composer, add the raster layer FIELDS to the DEM with the Qualitative palette. 

From Composer, highlight FIELDS and then select both the transparency and blend icons. 

We can now visualize the topographic setting of the seven fields. 

c) Now display the other 4 input raster files required as data inputs: KFACTOR, RFACTOR, 

CFACTOR, and PFACTOR. Use the Quantitative palette. 
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Note that the R values (rainfall erosivity) in the RFACTOR image are identical for all fields. This 

will normally be the case for most studies concerned with a small area. Likewise the K values (soil 

erodability) are identical for all of the farm fields with the same soil type. The C values represent 

corn (maize) (0.27) and hay (0.005). 

Now we are ready to enter parameters into the RUSLE module. 

d) Open the RUSLE module. Check the Use field image box since we are estimating soil loss 

for more than one field. (If you were running RUSLE on only one field or a catchment, you would 

not check this box) Then input the appropriate six files identified in steps a, b, and c. 

e) For the control specifications, input the following values for the first run of RUSLE: Slope 

Threshold = 3, Maximum slope length = 200 (feet), select round to shorter, set the aspect 

threshold to 3, the smallest patch size to 43,560 (ft2), the default background to 0, and check the 

box to average soil factor within patches. 

For the output file specifications, type RUN1 for both the patch and fields prefixes. Then press the 

Save parameters button and enter a name for this data set (e.g., RUSLE RUN 1). Press OK. 

When RUSLE has finished running, it will display two result text boxes. Since we selected to use 

a field image, one text box shows the total soil loss by field while the second text box shows the 

total soil loss by the individual patches within each field. The maximum slope length parameter 

determines the number of patches. Patches will be split if they exceed this slope length as shown 

by those patches with asterisks beside their ID numbers. The split will only occur within those 

areas where the K, R, C, and P values are the same. 

f) Display the resulting images for both the patches and fields. There should be a total of 

four. You may also want to display the C, K, P, and R factor images as well. 

Related questions: 

You will now look more closely at the results to determine the potential for soil loss in these farm 

fields. 

1 What is the maximum and minimum soil loss (tons/ acre/year) that occurs on the seven 

fields? What two fields have the lowest soil loss? 

2 Look at the C, K P, and R values for the seven fields. Which of these four factors contains 

the most explanatory value for the low average soil loss for these two fields? 

3 Which field has the highest average soil loss per acre? Which factor (L, S, C, K, P, R) is 

the likely major contributing factor for this field's average soil loss? 
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4 Now look at the patch soil loss figure. Which patch had the highest soil loss? In what field 

is this patch located? By looking at the patches, you can detect the major portions of each 

field that contribute to the majority of the soil loss. These are the areas that need to be focused 

on in curtailing soil loss. 

Note that the fields with the lowest soil loss were those with a crop cover of hay (C value — 

0.005). This shows the important impact of crop cover in affecting soil loss. 

 

The next step illustrates how ground cover affects soil loss. 

g) Use the modules Edit and ASSIGN to assign new C values to our field image. In Edit, 

create an attribute values file, CVALUES_REVISED, with the IDs 1-7 in the left-hand column 

and new C values, as listed below, in the right- hand column. Then run ASSIGN using the newly 

created attribute file and FIELDS as the feature definition image. Call the output image 

CFACTOR_REVISED. 

New C Values 

Field 1 (silage corn) 0.30 

Field 2 (potatoes) 0.31 

Field 3 (silage corn no till) 0.11 

Field 4 (permanent hay) 0.005 

Field 5 (small grains) 0.13 

Field 6 (legume hay) 0.01 

Field 7 (mixed vegetables) 0.50 

Note that the lower the C value the more the groundcover minimizes soil loss. 

h) Run RUSLE again, but replace the C factor image with CFACTOR_REVISED. Use RUN2 

as the new prefixes for the output images. 

5 For Field 7, compare the unit soil loss and total soil loss difference between the two 

runs. What are the values? 

The increase in soil loss shows how critical crop cover is in affecting soil loss. Indeed, changing 

the crop from corn to mixed vegetables approximately doubled the soil loss. Compare Fields 2 and 

6 as well. Field 2 was originally in hay and was changed to potatoes. In Run 1, the unit soil loss 

was 0.1 and the total soil loss was 0.2. With the change in crop cover, the unit and total soil loss 

changed to 7.0 and 16.5 respectively. 
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For Field 6, the original crop cover was corn and it changed to mixed legumes and hay. In Run 1, 

the unit soil loss was 4.5 and the total soil loss was 10.3. With the change in crop cover, the unit 

and total soil loss changed to 0.2 and 0.4 respectively. 

As can be seen, crop cover is a very important factor affecting soil loss and landuse changes have 

affected soil erosion rates worldwide. 

Now let us look at how climatic changes could affect soil loss in our example. Global warming, 

for instance, might increase precipitation in the area. We can model this increase by altering our 

rainfall factor map. 

i) Use the modules Edit and ASSIGN to assign a new R value to the RFACTOR image. In 

Edit, create an attribute 

values file, NEWRAIN, with the ID 115 in the left-hand column and the new R value of 125 in the 

right-hand column. Then run ASSIGN using the newly created attribute values file and 

RFACTOR as the feature definition image. Call the output image RFACTOR_REVISED. 

j) Now run RUSLE using the original RUN 1 inputs, but replace the R factor image with the 

one created above. 

6. By how much (absolute and percentage) did soil loss increase due to the increase in the 

R value from 115 to 125? 

 

Humans have the ability to alter many of the factors incorporated into the RUSLE equation. For 

example, the L factor can be altered by changing the dimensions of a field; the C factor is altered 

through changing the land use; the P factor can be altered by how a crop is grown (e.g., with or 

without mulch). By changing other values of the factors in this case study, it is possible to 

estimate what affect it will have on soil loss before actually changing the factor. Likewise, through 

inspection of the patches, it is possible to see the greatest contributors to soil loss. 
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Annex I. Form to record soil sampling point levelling notes 

Item 
(No. of 
point) 

Station 
No° 

Distance Sight (m) Depth (m) Elevation 
(m) 

Height of 
the 
instrument 

Comments, 
remarks (m) back fore 

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

 


