
OJT Training Module Cover Sheet 
Title:  821 Understand the uses of GPR for soil investigations. 
 
Type:           Skill       X  Knowledge 
Performance Objective: Trainee will be able to: 

• Explain the types of soil investigations suited to GPR technology. 
• Apply the principles of GPR to soil investigations. 

 

Target Proficiency:   
 Awareness  X Understanding     Perform w/ Supervision  
     Apply Independently     Proficiency, can teach others 

Trainer Preparation: 
• Trainer should be familiar with the assigned reading/review material in the lesson 

plan that follows. 
• If possible, have several radar records and the associated soil descriptions on 

hand for interpretation. 
 
Special Requirements:   
Initiate an external learning request with a SF-182 in Aglearn for this activity. Instructions 
and a template are located on the training webpages for OJT modules. 

 
Prerequisite Modules:  

• 802 Understanding GPR and how GPR works. 
 
 
Notes:  
 None 
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 OJT Module Lesson 
Title:   821 Understand the uses of GPR for soil investigations. 

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY 

Cycle step 1 

Trainee should have read the attached: 
 
What GPR is used for in soil investigations.pdf 
 

Cycle step 2 Trainer and trainee do the following: 

1. GPR uses in soil 
exploration. 

Note that GPR is used to document the presence, 
depth, extent, and continuity of horizons or layers.  
 
Describe previous local uses of the technology, 
which might include buried drain tile or utilities, 
preferential flow paths, identification of hydrologic 
conditions, depth to bedrock, and cultural resource 
investigations. 
 

2. Three-dimensional GPR. 

Using locally derived GPR investigation reports, 
discuss the effectiveness and interpretive quality of 
3D GPR output. 
 

Cycle steps 3 and 4 

Have the trainee explain GPR uses. Have the 
trainee participate in GPR investigations: operate 
the equipment, become familiar with GPR output, 
and recognize subsurface features. 
 

Cycle step 5 
Answer any questions. Repeat any steps as 
necessary. 

 
  



 
 
OJT Module Lesson Measurement of Learning 
Title:   821 Understand the uses of GPR for soil investigations. 

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY 
Trainee’s learning is measured. Have the trainee complete the attached quiz to 

reinforce the concepts in this module. 
 

Develop skill in using GPR by 
routinely assigning this activity 
during project activities. 

During project activities, assign this task to the 
trainee. Sign off on performance when target 
proficiency is achieved. 
 

 
 

SF-182 
 
Trainee and/or supervisor access Aglearn to verify completion of the module via its 
SF-182. 
 

  



Quiz  
 
1. Compared with traditional soil survey tools, GPR is: 

 
A) Is faster 
B) Provides more comprehensive coverage 
C) Is less labor intensive 
D) All of the above 

 
 

2. True or False?  For depth to bedrock determinations, GPR has been 
found to be more accurate than traditional soil survey tools. 

 
 

3. True or False?  GPR can be used to determine the thickness and volume 
of peat lands. 

 
 

4. Compared with two-dimensional radar profiles, three-dimensional GPR 
pseudo-images are more useful for characterizing: 

 
A) The depth to stratigraphic layers 
B) The geometry of subsurface features 
C) The distribution of tree roots 
D) The depth to bedrock 
E) Only a and d 
F) Only b and c 
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What GPR is used for in soil investigations. 
Point-sampling methods (manual and mechanical augers and probes) provide detailed, but highly 
site-specific, soil information.  Because these tools are slow and tedious to use, the number of 
observations that can be made is limited.  Because of this limitation, soil properties across larger 
landscapes, which are covered by a minimal number of widely spaced sampling points, must be 
inferred.  Such inferences are often based on deductions and simplified assumptions drawn from 
the parameters measured at individual sampling points.  The inability of point-sampling methods 
to adequately characterize the complex subsurface fosters significant ambiguity in data 
interpolations and model predictions.  Compared with traditional tools used in soil investigations, 
GPR provides a faster, less labor-intensive method that can be used to increase the quality and 
quantity of subsurface information. 
 
In soil exploration, GPR is principally used to document the presence, depth, lateral extent, and 
continuity of subsurface soil horizons (Figure 1), stratigraphic layers, and lithologic units (Figure 
2).  It has also been used to: characterize spatial and temporal variations in soil properties 
(Figures 3 and 4); identify preferential flow pathways, animal burrows, and buried drainage tiles; 
assess root biomass and hydrocarbons in soils; study soil moisture dynamics, water table depths 
(Figure 5), and the movements of agrochemicals; predict ground-water flow patterns; and 
characterize near-surface hydrologic conditions.  
 


 
Figure 1. The spodic and argillic horizons of Pomona soil (sandy, siliceous, hyperthermic Ultic 


Alaquods) are well expressed in this picture and radar record from north-central Florida. 
 
In many upland areas, rock fragments and irregular bedrock surfaces limit the effectiveness of 
conventional methods to examine soil profiles and determine the depth to bedrock.  In these 
areas, GPR is more reliable and effective than traditional soil surveying tools for determining the 
depth to bedrock and the composition of soil map units based on soil-depth criteria (Collins et 
al., 1989).  As seen in the radar record shown in Figure 2, the soil/bedrock interface can provide 
an abrupt, well expressed, and easily identifiable reflector.  In some soils, however, the presence 
of coarse fragments in the overlying soil, irregular bedrock surfaces, fracturing, and saprolite 
make the identification of the soil/bedrock interface on radar records more ambiguous. 







 


 
Figure 2. The irregular topography of the soil/bedrock interface can be traced laterally on this 
radar record from an area of the Monsoon soil (loamy, isotic, frigid Lithic Haplorthods) and 


Elliottsville (coarse-loamy, isotic, frigid Typic Haplorthods) soil in central Maine. 
 
 


 
Figure 3. Ground-penetrating radar has been used to identify the presence, depth, and continuity 


of ironstone and ironstone layers in areas of Darley soil (fine, kaolinitic, thermic Typic 
Hapludults) in northern Louisiana. 


 
 







 
Figure 4. Ground-penetrating radar has been used to identify and characterize plinthite in 


highly weathered areas of Dothan soil (fine-loamy, kaolinitic, thermic Plinthic Kandiudults) in 
South Carolina. 


 
 


 
Figure 5. The water table provides strong subsurface reflections beneath a dune blanketed by 


Oakville soil (mixed, mesic Typic Udipsamments) in northwest Indiana. 
 
 
Ground-penetrating radar has been used to estimate the thickness and volume of peat deposits, 
distinguish layers having differences in degree of humification and volumetric water content, and 
classify organic soils (Figure 6).  In addition, GPR has been used to detect logs and stumps 
buried in peat deposits and to support geotechnical applications, such as road design and dike 
construction across peatlands.  
 







 
Figure 6. Determining the thickness of organic materials within an ice-covered bog in winter 


with GPR.  
 


 
Three-Dimensional GPR: 
The effective visualization of radar data is the key to modern GPR interpretations.  An emerging 
approach in GPR is the analysis of subsurface structures, distributions, and geometries from a 
three-dimensional (3D) perspective.  Three-dimensional GPR allows the rapid processing and 
visualization of data volumes from different perspectives and cross-sections (Beres et al., 1999).  
This can assist identification, outline the structure and geometry, and improve the interpretation 
of subsurface features.  In areas of electrically resistive materials, Grasmueck and Green (1996) 
noted that, compared with 2D GPR, 3D GPR can provide unrivaled resolution and detail of 
subsurface features.  The acquisition of data for 3D GPR, however, does require greater 
expenditures of time and labor than that for 2D GPR. 
 
Three-dimensional GPR was used to identify and trace the geometry of buried ice-wedge 
pseudomorphs in an area of Delton soil (loamy, mixed, active, mesic Arenic Hapludalfs) in 
central Wisconsin.  Delton soil formed in a thin mantle of sandy outwash or eolian deposits that 
overlie clayey lacustrine deposits.  The area had been glaciated repeatedly, and ice-wedge 
pseudomorphs and polygons were identified on older aerial photographs (Figure 7, upper left, 
image a). 
 
The radar record from this site (Figure 7, image b) revealed the contact between the aeolian sand 
mantle and the underlying clayey lacustrine deposits.  In addition,  noticeable shallow 
concavities with down-turned reflection patterns were apparent along this contact.  These 
features represent ice-wedge pseudomorphs.  
 







 


 
Figure 7.  Polygonal patterns (see arrows) appearing on an older aerial photograph (a) suggest 
the presence of buried ice-wedge polygons.  Two-dimensional radar records discern the wavy 
contact between the sand mantle and the underlying lacustrine clays (b).  The “time-slicing”or 


“depth- slicing” of three-dimensional pseudo-images (c and d) reveal the geometry of ice-wedge 
pseudomorphs.  All scales are in meters. 


 
Figure 7 contains two 3D GPR pseudo-images of the Wisconsin grid site; 1) a solid cube (c) and 
2) an inset cube of the overlying soil materials graphically removed to a depth of 90 cm (d).  
Along the side walls of the solid 3D GPR pseudo-image (c), the interface separating the sand 
mantle from the clayey lacustrine deposits provides an abrupt and contrasting boundary that 
produces higher amplitude reflections.  Along the base of the cutout cube (d), a series of linear 
and intersecting high-amplitude reflections are evident.  The geometry of these reflectors forms 
polygonal patterns.   
  







 
References: 
 
Beres, M, P. Huggenberger, A.G. Green, and H. Horstmeyer. 1999. Using two- and three-
dimensional georadar methods to characterize glaciofluvial architecture. Sedimentary Geology 
129:1-24. 
 
Collins, M.E., J.A. Doolittle, and R.V. Rourke. 1989. Mapping depth to bedrock on a glaciated 
landscape with ground-penetrating radar. Soil Science Society of America Journal 53:1806-1812. 
 
Grasmueck, M., and A.G. Green. 1996. 3-D georadar mapping: Looking into the 
subsurface. Environmental and Engineering Geoscience 2:195-220. 
 
Soil Survey Staff. 1993. Soil survey manual. U.S. Department of Agriculture, Soil Conservation 
Service, Handbook No. 18. U.S. Government Printing Office, Washington, DC, USA. 
 
 
 
 





		What GPR is used for in soil investigations.

		Figure 7 contains two 3D GPR pseudo-images of the Wisconsin grid site; 1) a solid cube (c) and 2) an inset cube of the overlying soil materials graphically removed to a depth of 90 cm (d).  Along the side walls of the solid 3D GPR pseudo-image (c), th...



