6: GPR Method – Basic Theory
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GPR or Ground Penetrating Radar—how it works

A transmitting antenna sends high frequency pulses of electromagnetic energy into the ground in a conical
shape and another antenna receives the reflections that bounce back up from layers and targets. GPR
measure the delay time it takes for the signal, called TWT or Two Way Time, to layers and targets and the
amplitude of this signal coming back to the antenna. (A-scan)
Depth to target can be calculated if the velocity, v, or RDP-value, Relative Dielectric Permittivity, is known.
The RDP-value varies between 1 and 81. (1 for air and 81 for water)
Depth = v*TWT/2
RDP or (ξr)=(c/v)² and v=c/√RDP; c=0.3 m/ns (300 mm/ns, 300 m/μs)
GPR provides a continuous profile (B-scan) of the subsurface while mowing the antennas over it.
The GPR measures the amplitude strength and time required for the return of any reflected
signal within the time/depth window used by the radar.

Reﬂections, from objects or layers, are produced whenever the pulse enters into a material with
diﬀerent dielectric properties from the material it left. The reﬂection strength is determined by the
contrast in dielectric properties and becomes stronger the bigger this diﬀerence is.
A (C-scan) can only be made out from multiple, dense located survey lines in X and Y direction. For full 3D
distance between lines must be λ/4. (See next page under Resolution).

7: GPR – Penetration and Resolution
Penetration
Depth penetration is a function of antenna frequency and the electrical conductivity of the soils in the
survey area. Lower frequency antennas achieve greater depth penetration compared with higher
frequency antennas but with poorer spatial resolution. GPR is best suited for low conductivity or high
resistivity materials like sandy soils, limestone and granite and work well in most saturated
environments. GPR is not favorable to use in highly conductive like clay or saline soils, where the
penetration depth is very limited. The most common question to us is: How deep can you see with
GPR? Without information regarding resistivity, water content/ conductivity and magnetic permeability
this question cannot be answered. The maximum possible range setting on the Cobra CBD GPR is 2000
ns. Only in almost GPR transparent media like snow and ice this range can be reached. In ice this time
is equal a depth of almost 170 m. In fresh water with low conductivity possible penetration is up to
500 ns equal to a depth of 8 m. Typical normal time ranges in diﬀerent type of soils are 50-100 ns and
if RDP-value is known max penetration can be calculated from these ﬁgures for the Cobra CBD GPR.

Resolution
The 3D conical shape of the signal emitted by the GPR can be described according to and similar to
light emitted by a torque. At a certain depth a footprint or circle is formed with a certain radius. From
this so called Fresnel zone one can estimate both Horizontal and Vertical resolution of the GPR in soil.
The Vertical resolution, describes minimum separation in depth between 2 targets.
Horizontal or Lateral resolution describes the minimum distance between targets on the surface. The
Vertical resolution is independent of depth and always λ/4, while the horizontal is lower the deeper
the signal penetrates.
Fresnel radius: r=λ/4 + √(depth*λ/2) and the footprint area becomes
A=Π*r2
The wavelength, λ=v/f, where v=velocity in media and f is frequency. At a velocity of 0.1 m/ns or RDP
of 9, the wavelength is approximately equal to the internal antenna width, 25 cm, of the Cobra CBD.
Example: At a depth of λ the horizontal resolution is equal to λ/2. At a depth of 10 λ the Horizontal
resolution is around 3λ. This depth is quite typical for maximum penetration.
Note that the Horizontal resolution at best is distance between transmitting and receiving antenna,
in the Cobra case 18 cm.
Also note that vertical and horizontal resolution is not describing ability to detect small objects or
thin layers in the ground. Very small objects like rebars and mm-thick layers can be detected if
separated according to above equation.

