A forced-gradient tracer test on the Hansrivier Dyke:
Beaufort West, South Africa
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Abstract
A field-scale pumping test and uranin tracer test was carried out at Hansrivier Farm in Beaufort West to determine the
hydraulic properties of the Hansrivier Dyke/Karoo sedimentary rock aquifer. Analysis of borehole images and pumping test
results reveal that the fractured-rock aquifer is highly transmissive due to the influence of the Hansrivier Dyke; however its
influence is concentrated on extremely limited conductive zones. Results of the tracer test show that chemical transport can
take place via multiple flow paths with differing hydraulic properties, such as fracture aperture, connectivity and permeability. Furthermore, diffusion of a tracer into fractures and rock matrix has a universal retardatory travel time due to the
various flow paths. In order to interpret the tracer test data, the Single Fissure Dispersion Model (SFDM) was used for
inverse modelling of the breakthrough curves. The resulting effective diffusion coefficients are comparable with laboratory-derived values, and are therefore considered to be representative of the investigated part of the aquifer.
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Introduction
The fundamental characteristics of fractured rock aquifers lie in their extreme
spatial variability of hydraulic conductivity and hence groundwater flow rate.
Characterising these aquifers is therefore
an important factor in understanding the
importance of fractures on groundwater
flow and transport, determining at what
scale fractures become important and,
finally, determining how fractures determine transport, flow velocity and flow
direction (National Research Council,
1996). These factors are of importance as
they form the basis of our understanding
of how fractured rock aquifers behave.
In groundwater investigations, hydraulic
tests such as pumping and tracer tests can
be used to obtain estimates of transmissivity and longitudinal dispersivity, which
can provide insight into groundwater flow
characteristics and contaminant transport
processes of the aquifer medium. These
properties are useful in determining the advective transport of
contaminant plumes and assist in developing effective groundwater remediation systems.
This paper presents the methodology and results of a
field scale forced-gradient tracer test on a fractured aquifer
at Hansrivier Farm, Beaufort West, in order to determine the
aquifer’s hydraulic properties, which are understood to be
influenced by a dolerite dyke.
* To whom all correspondence should be addressed.
 +2712 420-2794; fax: +2712 362-5219;
e-mail: yazeed.vanwyk@up.ac.za
Received 16 February 2011; accepted in revised form 2 September 2011.

http://dx.doi.org/10.4314/wsa.v37i4.2
Available on website http://www.wrc.org.za
ISSN 0378-4738 (Print) = Water SA Vol. 37 No. 4 October 2011
ISSN 1816-7950 (On-line) = Water SA Vol. 37 No. 4 October 2011

Figure 1
Location map for the Beaufort West study area

Site location
The study area is situated approximately 450 km northeast of
Cape Town along the N1 route which connects Cape Town with
Kimberley, Bloemfontein and Johannesburg. The site is situated between 32o 0’ 10” S and 32o 5’ 27” S and 22o 4’40” E and
22o 9’15” E.
Immediately north of Beaufort West, the Nuweveld
Mountains rise up to a plateau at approximately 1 450 m above
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