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Introduction

The built environment can contain many unknowns that must be 
resolved before a project can progress.  Failure to identify subsurface 
obstructions, manmade or natural features can severely delay a project 
and add considerably to its cost.  Often a site investigation is restricted 
to a number of breakouts, trial pits, boreholes, or other intrusive 
investigation.  Unless the likely location of a feature is known and well 
constrained before investigation, there is a strong likelihood that it will 
be missed and remain undiscovered.

Geophysical surveying can provide complete coverage of an area of 
ground or building structure.  The correct use of the range of 
instruments available can produce spatial data representative of 
physical contrasts in the subsurface from which an accurate map can be 
derived. Interpreted data can then be used to identify key locations 
within a site to target with conventional intrusive investigation, or may 
even eliminate the need for intrusive work.  The correct use of 
geophysics can therefore reduce the time, cost, disruption and risk 
of a site investigation.  The incorrect use of geophysics will yield at 
best no useful information, and at worst misleading information to the 
detriment of the project.
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    Locate the 
possible presence 

of buried obstructions 
or features within the 

ground or concealed 
within structures

  Provide complete and reliable 
coverage over large areas

     Avoid or reduce the need for expensive 
and disruptive intrusive investigations

The versatility of GPR means that the radar 
antennae can be hand held, pushed on a cart 
or pulled across the ground. The type of GPR 
equipment used is selected  depending on the 
target object and site conditions. 

Ground Penetrating Radar (GPR)
GPR is a non-invasive tool for mapping the ground subsurface and the 
internal structure of buildings and materials. In GPR surveys 
electromagnetic waves in the form of radio waves (frequencies 
between 50MHz and 2.5GHz) are transmitted into the ground or 
structure.  The energy is reflected back to the instrument at the surface 
when the waves encounter contrasts in dielectric properties. 

With the wide range of antennae available, the GPR technique can be 
applied to numerous geological, environmental and engineering 
applications with investigation depths from a couple of centimeters to 
up to ~10mbgl. The data can be collected as a series of 1D soundings, 
2D traverses, or in 3D cubes. With this dynamic versatility, the GPR 
technique can be applied in a wide variety of circumstances which 
include the following:

• Construction - location of buried foundations and walls, 
basements and voids, slab thickness, rebar placement. 

• Locating underground services, storage tanks and drums
• Structures and historic buildings - Bridge deck surveys and 

floor surveys.  Internal metalwork, fixings and pipes. 
• Geology - depth to bedrock, fill material and water table. 

Location of fractures, caves and sinkholes
• Mapping and monitoring groundwater contamination plumes
• Archaeology - location of graves and artifacts

A two dimensional cross 
section of the subsurface 
(known as a radargram) is 
produced when the radar 
antenna is traversed across 
the surface.   Modern 
computer software offers 
enhanced processing and 
visualisation of the data to 
e n a b l e  i m p r o v e d  
in terpretat ion and the 
cons t ruc t i on  o f  t h ree  
dimensional data cubes to 
show the lateral extent of 
features at a chosen depth.

EM Ground Conductivity
In electromagnetic (EM) surveying measures the electrical 
conductivity of the ground.  Different rocks, types of infill, pore fluids 
and buried structures and objects exhibit different values in 
conductivity. 

When coupled with Global Positional Systems (GPS), data can be 
collected rapidly to sub meter positional accuracy. 

Applications for EM surveys include the following: 

Landfill - locating boundaries; cap thickness; mapping and 
monitoring of groundwater pollution and leachate migration.
Geology - Locating dissolution features and subsurface voids; 
mapping saline intrusions and water filled fissures.
Construction - Locating underground storage tanks, buried 
drums, and foundations. Mapping buried utilities and services.

•

•

•

The EM-31 instrument shown here is the most 
common method of use.  The instrument uses  
transmitter and receiver coils at either end of the 
boom. No electrodes or ground contact is 
necessary. 

This method is based on the induction of electric 
currents in the ground from the transmitter coil. 
Induced currents in the ground generate a 
magnetic field (proportional to the conductivity) 
which is measured by the receiver coil.

Data example of a conductivity map over the suspected location of buried foundations and basements.
EM data mapped to historic records show that substantial structures remain intact below ground

Electrical Resistivity Imaging
Different rocks, buried objects and pore fluids exhibit different values of 
electrical resistivity.  By employing multiple electrodes across the 
ground surface it is possible to determine the resistivity at various 
locations and depths in the subsurface.  Applications using the ground 
resistivity surveys  include:

Landfill - extent and depth of waste, mapping leachate plumes
Geology - Depth to bedrock; locating sinkholes, caves, dissolution 
features and buried channels; stratigraphic mapping; mapping 
dykes, ore bodies and other features.
Geotechnical - slope stability & landslide assessments
Hydrogeology - depth to water table; assessment of aquifer 
heterogeneity; mapping groundwater pollution; 

      Time-lapse infiltration studies.
Mapping buried foundations

•
•

•
•

•

By combining resistivity 
lines it is possible to generate

a 3D cross sectional view through
the subsurface (for example a landfill

site is shown here). Based on the data the 
depths of features can be accurately determined. 

Magnetics
Magnetic surveying is a passive method based 
on the measurement of localised perturbations 
to the Earth's magnetic field caused by the 
presence of buried ferrous targets (e.g. pipes, 
cables, drums, military ordnance etc). 
Gradiometry surveys, which determine the 
vertical gradient of the magnetic field, are 
increasingly common in environmental, 
engineering and archaeological si te 
investigations, as they are particularly 
sensitive to the near-surface. Applications for 
magnetic surveys include:

This type of survey is carried out 
using a hand held device. The 
operator walks over the ground 
within a grid.  Using GPS increases 
the spatial accuracy and the data 
collection rate.

From the field readings a 
contoured map of subsurface 
features can be made. In this 
example the survey has revealed 
the location of extensive 
foundations present beneath the 
site.  High amplitude responses 
suggest the presence of  
reinforced concrete.

•

•
•
•
•
•

Construction/brownfield sites - mapping underground storage 
tanks, buried drums, piles, reinforced concrete, buried foundations
Mineral exploration (mapping dykes and ore bodies)
Landfill - mapping extent of waste and fill material
Mapping buried Unexploded Ordinance (UXO) 
Mapping buried pipes and other utilities
Archaeological studies

Seismic Methods
The seismic refraction method is based on the measurements of the 
travel time of seismic waves refracted and reflected at interfaces 
between subsurface layers with contrasting acoustic/seismic velocities. 
Mapping these contrasts across an area can identify the extent and depth 
to specific layers.  

The seismic surface wave method utilises a specific type of continuous 
wave known as a Rayleigh wave.  The data collected can be processed 
to produce values of ground stiffness (shear modulus, G ) to depths up max

to ~20m.  

Seismic applications include:  

Stratigraphic mapping
Estimating depth to bedrock; water table and base of landfill
Determining the rippability of rocks in quarries prior to excavation
Locating sinkholes, dissolution features and buried channels
In-situ soil stiffness for geotechnical and civil engineering projects

•
•
•
•
•

Seismic energy from the hammer blow propagates 
through the ground and is reflected and refracted from 
contrasting underground layers. This energy is 
recorded by a line of geophones at the ground surface. 
The geophones are connected to a seismometer that 
records the travel time of the wave energy from the 
source to the geophones, which are at a known 
distance from the source. Based on the time and 
distance a subsurface  model can be obtained.
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From the layer model a 
colour cross section of 

velocities in the ground is 
produced enabling an 

interpretation of the 
geological boundaries.

-

Microgravity
Different subsurface materials have different bulk densities. In 
microgravity surveys a portable gravity meter is used to detect contrasting 
density by taking very accurate measurements of the Earth’s gravitational 
field. When positioned above dense material it records a positive gravity 
anomaly, and when above a  void or cavity a low gravity anomaly is 
recorded. Microgravity survey techniques apply to: 

Cavity detection: collapsed and hidden tunnels and adits; old and 
abandoned mine workings; bomb shelters; natural caves; 
sinkholes and karst and solution features
Density determination
Grouting investigation
Mineral exploration

•

•
•
•

Most potential collapse features have no recognisable surface 
morphology until catastrophic failure and collapse occurs. 
Microgravity is a rapid inexpensive means of identifying potential 
collapse features.  In this example the processed microgravity 
map can be interpreted to determine the location and likely 
volume of the subsurface features.  Based on the results a 
remediation strategy for the site can be designed and 
implemented prior to its development.

www.stats.co.uk/geophysics  

Porterswood House, Porters Wood, St Albans, Herts AL3 6PQ
Tel: 01727 833 261  Fax: 01727 798 613

Email: geophysics@stats.co.uk   

For further information and to download
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