
The seismic refraction technique is based on the 
refraction of seismic energy at the interfaces between 
subsurface/geological layers of different velocity.  The 
seismic refraction method uses very similar 
equipment to seismic reflection, typically utilising 
geophones in an array, and a seismic source (shot).

The schematic diagram to the right illustrates the path 
of seismic waves propagating from a source at the 
surface.  Some of the seismic energy travels along the 
surface in the form of a direct wave.  However, when a 
seismic wave encounters an interface between two 
different soil or rock layers a portion of the energy is 
reflected and the remainder will propagate through 
the layer boundary at a refracted angle.

At a critical angle of incidence the wave is critically 
refracted and will travel parallel to the interface at the 
speed of the underlying layer.  Energy from this 
critically refracted wave returns to the surface in the 
form of a head wave, which may arrive at the more 
distant geophones before the direct wave.

By picking the time of the first arrival of seismic energy 
at each geophone, a plot of travel-time against 
distance along the survey line can be generated.  This 
type of graph is shown in the schematic to the right.  
The gradients of the lines in this type of plot are related 
to the seismic velocity of the subsurface layers.  The 
final output is a velocity/depth profile for the refractors 
as shown below. 

Basic Theory
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Seismic velocity cross-section showing the bedrock 
profile beneath a route of a proposed pipeline.

Applications
]Stratigraphic mapping
]Estimation of depth to bedrock
]Estimation of depth to water table
]Predicting the rippability of specific rock types
]Locating sinkholes
]Landfill investigations
]Geotechnical investigations

Another approach avai lable for the 
interpretation of refraction data is the modelling 
and inversion of the acquired seismic 
velocities.  By modelling the paths taken 
through the subsurface by the seismic energy, 
or ‘ray tracing’, the thickness of each layer in 
the model can be adjusted in an iterative 
manner until a solution is achieved.  This 
produces a cross-sectional velocity model of 
the subsurface.  Borehole records can further 
calibrate the data to provide levels of the 
subsurface layers across the survey line.

Equipment is computer controlled, portable and 
offers rapid data collection at relatively low cost.
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Data Examples
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Defining Geological Boundaries

Competent bedrock

This seismic refraction survey locates the geological 
boundaries between layers. Figure 1 shows the typical 
equipment used in this type of survey. 

A 4-layer model is suggested by the travel time data, 
with layer velocities of 0.3km/s, 0.6km/s, 1.4km/s and 

Figure 2 2.1km/s. Figure 3 shows the interpreted boundaries.
displays a colour cross section of the ground along the 
survey line reflecting the associated velocities.

Data acquisition stage

Here an accelerated weight-
drop seismic source was 
deployed as part of a winter-
time survey in Georgia.  
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Basic Theory

Seismic reflection surveys are primarily used to map 
subsurface geological boundaries and stratigraphic 
variations.   A key advantage of the technique is that, after 
processing, it can provide a cross-sectional image of the 
subsurface.

The above image shows stratigraphically interpreted 
data.  The different colours have been used to delineate 
the different geological units.  Each of the coloured lines 
indicates a geological boundary.  The high resolution of 
the cross-sectional data allows details of the internal 
structure of this alluvial channel deposit to be mapped.

Seismic energy is provided by a shot on the ground surface. For 
shallow seismic surveys this typically involves a hammer and plate 
(shown left), a weight drop or an explosive charge.  The greater the 
energy that the seismic source imparts, the deeper below the surface 
the survey will image.  

Applications
]Stratigraphic mapping
]Geological mapping
]Estimation of depth to bedrock

Seismic reflection can identify variations in material 
type with depth and horizontal position.  The 
technique images the interfaces between materials 
with contrasting acoustic/seismic velocities.  This 
translates to differences in the elastic properties 
and/or density of the material.  Mapping these 
contrasts across an area can identify the extent and 
depth to specific layers or interfaces of interest.

The seismic reflection method is based on the 
propagation of seismic waves through the 
subsurface, and their reflection at interfaces across 
which there is a sufficient contrast in velocity.  This is 
illustrated by the schematic diagram to the right.  The 
seismic energy is generated at the surface by an 
impact or an explosion.

Seismic waves arriving at positions along the survey 
line are recorded by geophones.  Modern geophones 
consist of a coil wound on a magnetic core, spring 
suspended in the field of a permanent magnet.  If the 
coils move relative to the magnet, a voltage is induced 
in an external circuit.  The strength of this voltage is 
related to the strength of the oscillation.  Each 
geophone is connected to the seismometer which 
records the arrival time and magnitude of the induced 
voltages (oscillations) at each geophone.
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Geophones
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