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GPR Theory
Ground Penetrating Radar (GPR) is the general term applied to techniques which employ radio waves, 
typically in the 1 to 1000 MHz frequency range, to map structures and features below the surface. The 
concept is to detect the presence of features by sending a pulse of radio frequency energy into the 
subsurface and collecting the energy that reflects from an object or a boundary and travels back to the 
surface. Figure 1 shows how GPR detects the location and depth of a buried utility. The yellow waves 
of energy are transmitted from the GPR, and the red waves reflect from the utility back to the surface. 

Figure 1 – GPR systems use a 
transmitter to send a pulse of radio 
frequency energy into the subsurface 
and a receiver to collect the energy 
that reflects back from objects or 
boundaries. The time it takes the 
GPR signal to travel to the object and 
back to the surface can be used to 
determine the depth of an object or 
the thickness of a layer.

GPR is used for many applications including locating and mapping buried utilities, mapping archaeological 
sites, forensic investigations, imaging geological structure and stratigraphy, mine site evaluation, and 
monitoring the ice thickness of winter ice roads on frozen water bodies.
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IceMap

Cores

Thin ice missed by coring

Motivation for Ice Profiling with GPR
Historically, ice profiling surveys involved drilling several ice cores 
spaced out along an ice road. The thickness of the ice at the core 
location was used to estimate the ice thickness between holes 
(Figure 2).

Ice thickness may vary significantly between core holes, and localized 
areas may not be detected using this method. 

Ice profiling with GPR may provide a more complete picture of the 
ice than coring, because ice thickness measurements are collected 
at a sub-meter frequency. Figure 2 shows an example between the 
ice thickness data as measured by GPR (blue line) compared to ice 
cores (red line). In this example, thin areas of ice thickness were not 
identified by the ice core technique due to the large intervals between 
the ice cores. 

Figure 2 – Ice thickness measurements with ice cores (red line) and GPR (blue line). The finer sampling interval of GPR 
compared to the ice cores is very effective for measuring the rapid changes of ice thickness. The light blue shaded areas 
show areas of thinner ice that would be missed by traditional coring measurements.
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Ice Profiling with GPR
For ice profiling applications, GPR data is typically 
collected with a system that includes a towed 
sled containing a GPR sensor and a display unit 
in the cab of the tow vehicle (Figure 3). The GPR 
equipment continuously collects ice thickness 
measurements while the system operator monitors 
the data display in real-time as the equipment is 
towed along the ice road.

Figure 3 – The GPR sensor is typically deployed in a  
non-metallic toboggan with data sent wirelessly or 
by cable to the display unit in the cab of the towing 
vehicle. The operator can monitor the ice thickness 
measurements in real-time.

Ice profiling with GPR provides continuous ice 
thickness measurements and may reduce the 
number of manual ice cores required. 

Figure 4 shows an example of a GPR section on ice.

Figure 4 – Typical GPR cross-section image with ice 
over water. During data collection, the image scrolls 
from right to left. The GPR reflection from the bottom 
of the ice is displayed as 3 strong bands – white, black 
and white. The actual bottom of ice correlates to the top 
of the first white band. The GPR system automatically 
“picks” the bottom of ice and plots it as a blue line. The 
thickness of the ice at the current measurement point is 
on the right edge and the thickness (in cm or inches) is 
displayed under “Current” on the left.
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Recommended practices for using GPR on ice roads

Figure 5: Example Ice Bearing Capacity chart used by 
Northwest Territories Department of Transportation. 
Please refer to your local regulations for ice capacity 
charts and formulas.

When ice roads and bridges across rivers and lakes 
are used to transport people and goods, safety is 
critical; the ice must be thick enough to support the 
weight of vehicles and heavy loads. Most northern 
jurisdictions use formulas, like Gold’s formula, that 
relate the ice thickness to the maximum gross vehicle 
weight allowed on the road. The table shown in Figure 
5 is an example used by the Northwest Territories 
Department of Transportation in Canada and shows 
load bearing capacity based on Gold’s formula. 
The table is provided for illustrative purposes only. 
You must always refer to your applicable laws and 
regulations for ice bearing capacity calculations.

Frequent monitoring is important to ensure the ice 
does not thin by melting or currents, reducing the 
weight rating for that section of the ice road. GPR 
is used to provide a continuous measurement of ice 
thickness over the entire length of the winter road.

Pre-Survey Considerations

➀	 Establish and review a work plan before surveying. 

➁	 Assemble, test and confirm that the GPR system is in good working order. 

	 To do this, collect data over an established test line on land and compare the results to previous 
measurements over the same line. If there are significant variations, use the GPR system documentation 
to troubleshoot the problem or contact the GPR manufacturer and determine if the system or part of 
the system requires service.

➂	 Ensure the GNSS used to track the position of ice thickness measurements is working properly – the 
GPR system will indicate if it is receiving and recording the GNSS positions.

➃	 Ensure that the toboggan or towing platform housing the GPR sensor does not have metal runners 
or other metal objects underneath or close to the GPR sensor that could interfere with the GPR ice 
measurements. The GPR sensor should be placed on the bottom of the toboggan to ensure good 
coupling with the ice surface.
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Field Operations
l	 When on site, ensure that the crew are at the correct location and that all data are correctly positioned 

so areas of thin or otherwise problem ice can be accurately re-located. Positioning methods include 
GNSS, vehicle odometer measurements, or markers (such as flags, trees, cones or other markers) on 
the surface at known positions along the ice road.

l	 Power up the GPR system and ensure there is communication between the laptop and the GPR sensor. 

l	 In the GPR system settings, set measurement depth value to 1.5 to 2 times the actual average ice 
thickness. This may require a short test line with a large depth setting (3 meters) to measure the ice 
thickness and then adjust the depth value accordingly.

l	 In the GPR system settings, set a data measurement interval; ensure you are following your 
local regulatory or company safety protocols to determine the appropriate measurement interval 
for your ice conditions. For example, lake ice is often less variable, so the step size is typically set 
to 0.5 meters. For rivers, which may have more varied ice conditions, the step size is typically set  
to 0.25 meters. Higher spatial sampling (smaller step size) may be required when the ice thickness is 
highly variable due to river ice formation and changing river currents. 

	 The GPR systems can collect data at speeds from 1 to 80 km/hr (0.5 to 45 mph) but the driving speed 
used needs to be determined based on the ice conditions and local regulations. In most situations a 
speed of 30 km/hr (20 mph) or less is recommended. 

	 When collecting data at a set driving speed, maintaining the recommended driving speed or slower 
ensures that data are collected at the data interval or finer, providing a margin of safety. Exceeding the 
set driving speed by greater than 10% is not advised as it results in data measurement intervals greater 
than the recommended values. 

l	 Space survey lines approximately 5 meters (15 feet) apart. In some circumstances, multiple closer 
survey lines may be required. Ensure you are following your local regulatory or company safety protocol 
to determine the spacing between survey lines. For example, a narrow, single lane road may only require 
a single survey line; a 2-lane road may require 2 survey lines, one in each direction in the center of the 
driving lane. Wider roads may require more survey lines to sufficiently cover the driving area. 

l	 Monitor the GPR battery level. Replace / recharge the battery, if required. To reduce the chance of data 
loss due to power problems, avoid collecting survey lines longer than 30 minutes. 

l	 During data collection, add flags to indicate significant features or events in the GPR data cross-section, 
such as mile markers, turning around or other surface features. Make sure to log these as field notes, so 
you will know what the flags mean later.

l	 Try not to collect data where the snow drifts are very high. Snow introduces an air layer, as well as the 
moisture content of the snow which affects ice calibrations (explained below).
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Ice Calibrations
Ice Calibrations, or IceCals, are a critical part of IceMap surveying. They are used to determine an accurate 
depth by determining the GPR signal velocity through the ice. Essentially the process is:

➀	 Collect some data over the ice.

➁	 Slow down and stop the vehicle.

➂	 Pause the data collection.

➃	 Go outside, slide the sled over and auger a hole where the GPR sensor was located.

➄	 Measure the depth of the ice at that point. If there is snow cover, don’t include that in the thickness 
measurement, just measure the ice itself. 

➅	 Return to the IceMap software and input the measured ice thickness.

After performing an IceCal, the software will adjust the ice thickness scale accordingly in the data display. 

IceCals are a function of snow cover, air and water entrainment, location (bays, inlets, rivers) and even the 
time of the season. As a result, they could vary on a single body of water. 

Ice calibrations should be performed according to your local regulatory or company safety protocols, and 
whenever the ice or surface conditions change. Examples of ice condition changes may include:

	 l	 Every new body of water.

	 l	 When changing from a bay to an open lake.

	 l	 When there is a large change in snow cover. 

	 l	 When there is a dramatic change (> 20%) in the observed ice thickness.

It’s important to collect a few IceCals to see how much the value is changing. If the values are consistent, 
then they can be spaced farther apart. Remember that, for safety, the concern is always thin ice. Always 
take an IceCal where the ice is thinnest for maximum accuracy. If the IceCal values are changing, apply 
the lowest IceCal value. This results in the thinnest calculated ice thickness, providing a greater margin 
of safety. 

Surveying Sea Ice 
Surveying sea ice presents special challenges: sea ice absorbs GPR signals significantly more than 
freshwater ice. Depending on the amount of brine trapped in the ice, the amount of absorption may be so 
high that it may not be possible to detect the bottom of the ice and measure the ice thickness with GPR. 

Sea ice can also be anisotropic, which means that GPR signals travel through the ice better when the 
antennas of the GPR system are oriented in a certain direction.
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Figure 6: An example of how the strength of the GPR 
response from the bottom of sea ice varies. 

Figure 7: An example of how the strength of the GPR 
response can vary with GPR sensor antenna orientation. 
This example is from one site and the angle that provides 
the highest amplitude reflection in this case (about 50 
degrees) will not necessarily hold true for all sea ice 
conditions.

Photo and data courtesy of E. Gruben's Transport Ltd.

When surveying sea ice, it is a recommended practice 
to start collecting data by towing the GPR system in 
a small circle and placing a flag on the display screen 
every 45 degrees (0, 45, 90, 135, 180, 225, 270, 315 
and 0 degrees). Review that data and determine the 
survey angle that provides the strongest reflection 
from the bottom of the sea ice. Then conduct sea 
ice surveys with the sled or the GPR sensor oriented 
at the angle that provides the strongest reflection. 

Other options are:

➀	 Survey the sea ice twice, once in the normal 
orientation and once after rotating the GPR 
system 90 degrees and using the strongest ice-
bottom reflections from both lines. 

➁	 Collect the survey lines simultaneously with 
two GPR systems oriented 90 degrees to one 
another in the sled.

Data Storage and Archiving
It is important to archive the data properly, especially if there is a need to return to a point where the ice 
is thinnest. 

Procedures

➀	 Copy, rename, and then save data folders and files using your organization’s established procedure. 
This typically involves including a date and / or location in the file structure.

➁	 Copy, archive, and back-up the data on a separate storage medium so that data are not lost or 
compromised. 
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Information Creation and Reporting
Data Reporting requires the melding of multiple information sets (GPR data, ice bottom picks, IceCals and 
GNSS) into a final presentation, in the proper context, so decisions can be made. Typically, ice thickness 
information is made available in formats for communication to third parties.

Procedures

Capturing ice thickness information involves:

➀	 Displaying the ice thickness cross-section(s) in the IceMap software. 

➁	 If automated software tools are used to determine the ice bottom, all data should be manually reviewed 
by qualified personnel and, if necessary, edited to ensure accuracy. Editing may involve “re-picking” the 
boundary in certain parts of the cross-section This “re-picking” may be necessary when encountering 
grounded ice, slush pockets, snow drifts and other anomalies. 

➂	 In some areas, especially with sea ice or when there is a water layer on top of the ice, it may not be 
possible to pick the bottom of ice, automatically or manually. Any picks in these parts of the cross-
section should be deleted to indicate there is no information about the ice thickness at these locations. 

➃	 Displaying the location of IceCals to calculate the most accurate ice thicknesses. 

➄	 Output of the ice thickness information into standard output files. Typical output files available from the 
IceMap software include: 

	 l	 Spreadsheet files (.csv) files that list position (GNSS, odometer or marker) and ice thickness. 
CSV files can be used to plot the ice thickness data in mapping software including Geographical 
Information Systems (GIS) software.

	 l	 Google Earth™ (.kmz) files that plot color-contoured ice 
thickness values on Google Earth.
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Summary Report

The data collection process typically culminates in 
the IceMap Summary Report. Since ice thickness 
data files can be very large, representing ice 
thickness measurements from thousands or even 
hundreds of thousands of locations, this summary 
report provides ice thickness statistics that are 
beneficial for quickly assessing the survey, including 
the locations of thin ice sections. Please note 
that the statistics provided in the report are for 
informational purposes only and may be subject 
to error in unusual ice conditions, when abnormal 
operation occurs and/or when proper calibration 
coring procedures are not adhered to.

When completed, the IceMap Summary Report  
will include:

	 l	 Date

	 l	 Operator(s)

	 l	 Total survey length 

	 l	 Minimum thickness

	 l	 Maximum thickness

	 l	 Ice calibration locations and results

	 l	 Locations of thinnest ice

	 l	 Locations of any exceptional data

An example summary report is shown below:
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User’s Guide

For complete details and operation, please consult the IceMap User’s Guide.  
This is available on IceMap Resources page on the manufacturer website: 
https://www.sensoft.ca/products/icemap/icemap-resources/

Contact information

For further information, please contact Sensors & Software™:

Sensors & Software Inc.
1040 Stacey Court
Mississauga, ON   
L4W 2X8
Canada

Tel: 905-624-8909
sensoft_sales@spx.com 
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