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SYNOPSIS An electromagnetic method of site investigation - the Subsurface Interface Radar (SIR)
system - has been studied to evaluate its suitability as a method of assessing different geological 
media. The general properties of the system and results from three different investigations are 
reported. Here it is shown that the method can be used to identify individual layers, layer 
boundaries, the rock surface and the groundwater table. The suitability of the method in a wider 
sphere is also discussed, together with its limitations and its value in the field. This paper 
discusses the method principally from a geological point of view, but the method has obvious appli
cations within the fields of soil and rock mechanics.

INTRODUCTION

The Subsurface Interface Radar System, a new 
system from a site investigation point of view, 
has been tested at the Lund Insitute of Tech
nology over a period of about 2 years. The sys
tem consists of a radar unit, with a transmitter 
which sends out radio waves with a frequency 
of 80 - 900 MHz (Morey, 1974). These waves 
penetrate to different depths in soil, rock, ice 
and fresh water. Variations in the composition 
of the material, such as layer boundaries, can 
be recorded, since a certain part of the energy 
in the radio waves is reflected at layer boun
daries. Reflection takes place principally as a 
result of deviations in the electromagnetic 
properties of the material. Radio pulses are 
transmitted at a rate of 50 000 per second, so 
that the reflected waves are sufficiently fre
quent to form a continuous picture. The trans
mitter and the receiver are mounted in an an- 
tenna-box, which is drawn across the ground along 
a predetermined profile route.

The reflected waves impinge on a receiver which 
transmits them through a signal processing unit 
to a plotter and/or a tape recorder. The plot
ter draws a section representing the ground 
covered by the antenna. This is a continuous 
graphical representation of the section through 
the soil layers to the depth to which the radio 
waves have penetrated and from which they have 
been reflected. The section-depth axis repre
sents time, which can be converted to a linear 
dimension by calibration against a borehole 
drilling or test pit excavation.

LIMITATIONS OF THE SYSTEM AND ITS METHOD OF USE

The speed of radio waves through the ground 
varies with the compositions of the materials 
through which the radio waves pass. The most 
decisive factor for the materials is the

dielectric properties, which are dependent prin
cipally on the water content of the material.

The dielectric constant generally increases with 
increased water content. The speed of radio 
waves is described by the expression

v = c / / l  (l)

where c is the propagation velocity in air and 
e is the dielectric constant.

In other words, the pattern of the reflected 
waves corresponds to the electrophysical 
variations caused by the variations in the com
position and layering of the geological 
materials. The geological variations may, for 
example, consist of soil and rock type 
variations, layer boundaries, the rock surfaces, 
blocks, voids, cracks, groundwater table, etc.

The conductivity properties of soil layers dic
tate the depth to which the radio waves can 
penetrate. As a general rule, the penetration 
capacity decreases with increased electrical 
conductivity of the material. An example of a 
geological material with high conductivity is 
clay, in which only 2 to 3 metres of penetration 
is possible with this system. The penetration 
capacity is greater in materials with low 
conductivity, such as gravel, sand, moraine (not 
boulder clay) and granite. In these materials, 
penetration to depths of 20 - 50 metres can be 
achieved. A relatively distinct conductivity 
change can be noted in the ground at the ground
water table, especially in materials with little 
capillarity. This fact is used to determine the le
vel of the groundwater table and its configuration.

Disturbances of different types are to be 
expected during investigations carried out using 
electromagnetic wave movements. These may
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include interference and defraction effects. 
Ringing effects occur in certain situations and 
make local evaluation more difficult because the 
reflected wave pattern on the radargram does not 
correspond to a reflecting surface in the 
ground. The ringing phenomenon occurs prin
cipally where conductivity conditions are 
generally difficult. When passing over a buried 
power cable, a limited type of disturbance is 
recorded on the radargram. In fact, the nature 
of this disturbance is such that the cable can 
be located with extraordinary precision. Reflec
ted waves are also recorded on radiograms when 
passing under aerial power lines. But these 
have a very characteristic form and are not 
easily misinterpreted. Some types of antennas 
in the system are not subject to disturbance 
from aerial power lines as they are electrically 
shielded on top.

To be recorded, an object must be of a certain 
size and have electrophysical properties which 
reflect the radar waves. An object can generally 
be identified if its size is not less than half 
of the wavelength of the radio waves in the par
ticular material. Considerably smaller objects 
can be discovered in some cases. In the 
materials which have been investigated hitherto, 
it has been possible to discover objects with a 
diameter or thickness of 5-10 cm using the 
antennas which are included in this system.

The topography of the ground surface is always 
represented by the form of plane reflexion. Layer 
boundaries may therefore undulate in proportion to 
their distance below the ground surface. This is 
because the radar measures the time taken by the 
wave to reach the reflecting surface and return 
to the antenna at ground level. Under certain 
circumstances, it is naturally necessary to 
correct for the topographic effect to obtain a 
true picture of the subsurface strata.

In contrast to other geophysical methods of 
measurement, a continuous section with high 
resolution and precision is obtained. The method 
is also fast. The weakness of the method lies 
in its lower capacity in highly conductive 
materials, but this is compensated for by the 
otherwise wide range of applications, from soil 
and rock to ice and fresh water. It has also 
been found to be quite independent of seasonal 
variations, both as regards low ambient tem
peratures and frozen ground and snow. It is 
reported that at very high ambient temperatures 
it may be necessary to cool the electronic 
components. A number of practical improvements 
remain to be carried out in the ability of the 
equipment to negotiate wooded and blocky terrain.

GENERAL OBSERVATIONS ON EVALUATION OF RADARGRAMS

Evaluation of radargrams to be carried out later 
is taken into account when preparing the plan of 
profiling lines. It is best if profiles can be 
arranged so that they cross the width and length 
of geological features. This provides several 
projections of the geological feature and may 
facilitate interpretation Of, for example, 
important boundary surfaces, or other structural 
units which are important for obtaining a 
correct geological interpretation.

The record which is obtained is a printout of 
the electrophysical variations of the subsurface 
layers and this must be evaluated to obtain a 
geological profile. The reflected waves on the 
radargram are the structural picture which forms 
the basis for the geological evaluation. The 
structural picture may contain information which 
will permit the determination of the type of 
deposit and its composition in broad terms. This 
is made possible since geological deposits have 
characteristic structures in many cases.

The speed of the radio waves, the amplitude of 
the reflected waves and knowledge of the 
dielectric constant are physical parameters 
which fulfils the geological evaluation.
It is also necessary to have as good a geologi
cal knowledge of the area as possible. This is 
an obvious point, but it applies to a great 
extent to the application of all geophysical 
methods.

A good geological evaluation can be carried out 
in many cases solely on the basis of radargrams, 
but allowance should always be made for verifi
cation by means of drilling or trial pit 
excavation. Radar is generally used at an early 
stage in an investigation so boreholes, etc. are 
normally set out on the basis of the radargrams. 
Efforts should be made to achieve this since it 
is then possible to locate boreholes so that 
they will be representative of the sections, but 
in cases where boreholes, etc. have been 
documented, profiles should be arranged to 
incorporate these as references. From an eva
luation point of view, boreholes are located at 
points where readily identifiable reflected 
waves are present in the radargrams and where 
boreholes appear to be able to contribute an 
optimum amount of information about the struc
ture and mode of formation of the deposit. In 
sections where radar information is poor, new 
radargram profiles should be made first, after 
which drilling may be considered.

EVALUATION OF THREE RADARGRAMS

Three different investigations are described and 
commented on here to illustrate the properties 
and capacity of the system.

The first example (Fig. 1) is from an area where 
wind-borne sand covers a layer of gravelly 
strand sand, under which a layer of organic 
material rests on more strand sand. The order 
of the layers and the level of the groundwater 
table have been verified by drilling. A wedge 
shaped structure, which has been interpreted as 
the organic material, can be seen in the diagram, 
under the upper horizontal reflection, which has 
been interpreted as the groundwater table. The 
organic material continues to the right in the 
profile towards the underlying beach ridge, where 
it stops. The organic material was originally 
deposited in a lagoon between beach ridges, and 
the profile shows the extent of the deposit to
wards these ridges. In the geophysical control, 
the velocity of the radio waves and the di
electric constant must be calculated for the 
material down to the groundwater table and then 
from the groundwater table to the upper sur
face of the organic material. This is becau
se of the difference in the velovity of radio
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Fig. 1. Radargram showing sand overlying organic material(gyttja).

waves above and below the groundwater table. The 
value of e is 6.3 above the groundwater table 
and 11.1 below it. These values are feasible in 
a gravelly sand. These, together with the geolo
gical interpretation, make the radar assessment 
highly probable. The ground surface is horizon
tal in the section which is about 20 m long with 
the deepest reflected waves coming from a depth 
of about 6.0 m.

The second example (Fig. 2) shows a cross sec
tion through a fluvio-glacial deposit. The 
topography of the ground surface has been 
plotted above the radargram plot. It can be 
seen in the radargram that the clear, wavy 
reflection is an inversion of the ground level 
topography. Data from two groundwater obser
vation pipes, where the level of the groundwater

Fig. 2. Radargram showing the groundwater table in a fluvio-glacial deposit.
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Fig. 3. Radargram showing the rock surface under a moraine

table could be determined, can be seen in the 
left-hand part of the profile. The single rela
tionship that the reflection is the topographic 
opposite of the ground surface in this special 
geological formation is good evidence that it 
corresponds to the groundwater table. From the 
depth to the groundwater table, it was found 
that e= 6.0, which is a reasonable value for a 
gravelly sand above the groundwater table.

The third example (Fig. 3) shows a section 
from an area with till (sandy silty
till ) on rock (granite). Drilling has been 
carried out down to the rock surface in the sec
tion and from the depth obtained (3.9 m), e has 
been calculated and found to be 15. From the 
point of view of the geological structure, the 
upper reflection behaves in a manner which could 
be expected from a rock surface reflection. The 
appearance of the reflection is of great impor
tance in the determination of a rock surface in 
a radargram. The dielectric constant in mpraine 
varies because of the hetrogeneous structure of 
the material and is therefore an uncertain 
constant from which to seek support. The ground 
surface along the section is basically horizon
tal. The most marked and clear wave reflections 
can, with knowledge of the general appearance of 
the bedrock, give a good indication of the rock 
surface condition. The locations of cracks and 
fissured zones can therefore be determined with 
good accuracy. The section is 2 0 metres long.

SUMMARY

Tests which have been carried out hitherto show 
with a considerable likelyness that the georadar 
can be used to identify individual geological 
features, such as layer boundaries, the rock 
surface and the groundwater table. Since recor
ding is carried out with shortwave electromagne
tic wave movements, the resolution is of the or

der of magnitude 0.1-0.5 metres in the investiga
ted materials. The radargram is a continuous record 
of the investigated section and therefore gives a 
complete picture of the ground. This is impor
tant for the geological evaluation. The loca
tion of individual objects is very accurate 
because of the continuity of the profile. Bore
holes and points for sampling can be located to 
obtain the maximum amount of information since 
the section, with its geological deviations, can 
be used in planning. Results are obtained very 
quickly, rendering the method superior to other 
geophysical land methods. The usability of the 
method in fresh water, ice and frozen ground, 
make the applications of the system very 
flexible.

The disadvantages of the system lie principally 
in the fact that the electric conductivity of 
materials such as clay permit little penetration 
for the radio waves and, in its present state of 
development, the equipment cannot be regarded as 
portable. At present, tests are being continued 
on a wider range of geological conditions, in 
conjunction with which a more detailed eva
luation will be carried from the geotechnical 
point of view.
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