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Abstract
The trigger-tube apparatus and method was developed for mixing solutes and tracers for injection tests. The apparatus is
a cap-trigger tube segment and the technique mixes solutes in boreholes in 2 min. Trigger-tube with solute/tracer is introduced into the well, the trigger is released, the tube is withdrawn and the solute/tracer mixes with well water instantaneously to give a homogeneous mixture. Field tests using this method and apparatus for point dilution tests gave a Darcy
velocity of 4.06 m/d, seepage velocity of 122.89 m/d and effective porosity of 0.33. Natural gradient tests gave a Darcy
velocity of 4.06 m/d and natural velocity of 123 m/d, using tracer, for the same fracture at 21 m in borehole UO5, University
of the Free State campus test site. The apparatus enables a comparatively shorter time for carrying out SWIW tests than is
possible using the pump mixing method. Field tests gave results of 13 min for the trigger-tube method and 25 min for the
pump mixing method, for a point dilution test using NaCl as a conservative tracer. The trigger-tube apparatus can be used
for any borehole test that requires the introduction of a homogenous mixture.
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Introduction
Borehole dilution is a well-established method for analysing
groundwater velocity. It is a tracer technique that is performed
in a section of a well that has been isolated by inflatable packers from the remainder of the well. A small amount of tracer is
quickly injected into the isolated test section from a reservoir
and is subjected to continual mixing in/out of the borehole by
a submerged/surface pump as groundwater gradually replaces
the tracer solution in the well. A log normalised concentrationversus-time curve is plotted and the magnitude of the horizontal velocity of the groundwater flow calculated. Testing
vertically distinct sections of the well, a picture of the vertical
groundwater velocity variation in the aquifer (near the well)
can be obtained. The measurement of the lateral variability
of the flow system depends on the number and distribution
of monitoring wells. This method endeavours to account for
the flow system distortions through a well screen. However,
this accounting requires a calibration test for each well. The
groundwater through-flow gradually removes the tracer introduced into the well from the well bore, to produce a time-concentration relationship from which the velocity is computed.
In a single-well injection-withdrawal-test (SWIWT), or
the push-pull test, a tracer is introduced to the standing water
column of the test well and allowed to drift, under a natural
gradient, away from the well bore. After a period of time (a few
hours to days depending on the velocity of the formation), the
test well is pumped to retrieve the tracer plume. Groundwater
flow velocity is then calculated, based on the amount of pumping needed to recover the tracer. The faster the groundwater
flows, the farther the tracer plume migrates and the more
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pumping is needed to retrieve the plume. The drift or push
phase of the test in such cases is shortened to prevent the tracer
from moving too far away or escaping (Freeze and Cherry,
1979; Drost et al., 1968).
In natural gradient tests (multi-well tracer tests), a non reactive tracer is introduced into the standing water column in one
well and the time it takes for the tracer to arrive at another well
at a known distance is used to calculate the natural velocity
(Devlin, 2002; Labaky et al., 2007).
Forced gradient tests (radial convergent tests) are carried
out between 2 boreholes by using the one borehole as the point
for the introduction of tracer (solute), as in point dilution tests,
and the other borehole as an abstraction borehole. For the
source borehole the point dilution test will give an estimate of
the Darcy velocity q. Fitting the breakthrough curve measured
in the abstraction borehole will yield the seepage velocity v
from which the effective porosity could be estimated from the
equation v = q/e (Lamontagne et al., 2002).
Natural gradient tests, point dilution tests, tracer tests, single well injection withdrawal tests (SWIWT) (push-pull tests)
and forced gradient tests are all carried out based on a number
of assumptions. The most important of these assumptions are:
• Solutes are injected as well mixed slugs
• The well mixing mechanism does not increase the rate at
which the tracer moves out of the well
• The injection time is short compared to the overall length of time required to carry out the whole
experiment(Neretnieks, 2007; Lamontagne et al., 2002)
However, every researcher who has ever carried out one of
these tests in the field will attest that one of the major problems
in the use of these tests in hydrogeological investigations is the
field procedure which requires a homogeneous mix of solute
to be created in the test well using a pump. The importance of
the homogeneity of solute in the test well can never be overemphasised, and presents the greatest challenge to generating
good data, irrespective of which type of tracer or test method
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