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SEISMIC REFRACTION
Seismic refraction methods can provide a measure of seismic velocity distribution in the near surface
enabling overburden thickness / depth to bedrock, soil and rock properties and weathered / fractured
zones to be mapped for engineering applications.
Seismic refraction is a widely used
geophysical technique to investigate
shallow geology; it can provide a range
of information on subsurface structure
and soil/rock properties.
■
Capable of identifying stratigraphic
boundaries, bedrock, weathered /
fractured zones, solution features and
in some cases, cavities and voids
■
P-wave velocity can form the basis of
semi-quantitative assessment of rock
quality based on published rippability
indices
■
Depth of investigation is only limited by
source power and survey line length –
typically investigations are within the
top 15-20m but can be extended to
depths up to 100m

■

Relatively rapid: progress rates
of over 500 m per day are realistically
achievable. Where access permits,
landstreamer acquisition of several
kms per day may be achieved.

SITE CONSIDERATIONS
Equipment is rugged and portable and
can be deployed in a wide variety of
terrains including urban areas, brownfield /
greenfield sites, coastal areas and
mountainous terrain.
Good quality seismic data may be difficult
to obtain where there is a high level of
ambient acoustic noise such as vibration
from construction activity or traffic.
Consequently, surveying may need to

be done at a quiet time of day
or by restricting vehicular movement.
Most equipment is hand portable, however
good access is required to allow safe and
efficient deployment of cables and high
energy sources for deep survey. Contact
with the ground is required to ensure good
quality data so vegetation clearance may
be necessary.
The refraction technique is effectively
blind to velocity inversions, for example
where weak rock underlies more
competent strata. Other seismic
methods such as MASW or reflection
should be considered in such cases.
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PRINCIPLES
The velocity at which acoustic wave energy
propagates through various units of the
subsurface is the key parameter in seismic
investigations.
In general, seismic waves travel
faster through rocks than through
unconsolidated materials. Many rock
types have P-wave seismic velocities in the
range 2000-4000 metres per second (m/s)
compared to typical velocities of less than
2000 m/s for most unconsolidated
sediments. Velocity is a function of the
density and elastic properties (moduli)
of the host material.
Where the downward propagating energy
encounters a boundary below which there
is an increase in seismic velocity, such as
usually occurs at the top of bedrock, then
at a certain geometry seismic energy is
critically refracted (Snell’s Law) along the
boundary and generates upwardly
propagating ‘headwaves’ (Huygens’
principle). This upwardly propagating
energy can then be recorded at the
surface using an array of geophones.
Determination of layer depth is calculated
by measuring and comparing travel times
of direct and refracted energy and applying
appropriate corrections based on the
geometry of sources and receivers.

METHOD
P– or S–wave energy can be introduced
into the ground using a small seismic
source such as a sledgehammer for
shallow investigation or an accelerated
weight drop, explosive or vehicle-mounted
vibroseis source for deeper investigation.
An array of geophones inserted into
the ground receives direct, reflected
and refracted seismic energy which

Tomographic seismic section showing variable bedrock (high velocity) topography at a proposed dam site

is recorded in SEG2 format on an
engineering seismograph. Data
can be reviewed in real time to assess
quality and adjust acquisition protocols
where necessary.
Traditional / delay time interpretation
techniques can be applied (e.g. GRM,
plus-minus) for determination of depth
to bedrock and layering, however, use of
more advanced processing routines such
as Wave Eikonal Tomographic (WET)
raytracing can often provide a superior
deliverable, more suitable for identification
of lateral velocity variation associated with
faulting or preferential weathering zones.
A tomographic approach provides
continuous colour cross-sections of velocity
distribution. These cross-sections can then
be appropriately interpreted in a geological
context, incorporating available intrusive
information where possible, to provide
geological sections.

APPLICATIONS
■
■
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This rapid survey technique can identify
stratigraphic boundaries and assess rock
quality in the near surface

Bedrock profiling
Overburden thickness profiling
Pipeline / cable routes
Mapping solution features
Rock properties (rippability).

Schematic illustration of the seismic refraction
technique
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