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Abstract Grouted-in pressure transducers are commonly
deployed at open pit and underground mines to monitor
hydraulic heads in bedrock near the mine working and to
provide information on the progress of dewatering/
depressurization efforts. Grout mixtures typically have a
lower hydraulic conductivity than permeable features that
act as conduits for groundwater flow in bedrock. Therefore,
a question often arises as to how grout properties affect
measurements of hydraulic head when compared to
installations with pressure transducers embedded in sand
pack or installed in conventional standpipe piezometers. A
series of numerical simulations have been completed to
illustrate the hypothetical response of a grouted-in pressure
transducers and the response of an “ideal” instrument that
is not affected by grout properties. For the range of
parameters tested, these simulations indicated that the
grouted-in transducers resulted in a “lag” in pressure
response of a few hours following initiation of the
hydraulic stress compared to the response of the sand
packed transducer. Thus, care needs to be exercised when
estimating hydrogeological properties from tests that rely
on a network of grouted-in transducers. The numerical
simulations also suggested that approximately 1 day after
the initiation of hydraulic stress, the readings recorded by a
grouted-in transducer were essentially the same as readings
that would be obtained from an “ideal” instrument.
Longer-term monitoring of hydraulic heads behind the pit
walls using such instruments thus appears to be a viable
alternative at mine sites.
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Introduction

Hydrogeological testing and monitoring at mining sites is
required to understand and mitigate adverse effects
resulting from large inflows and high groundwater pres-
sures in the vicinity of mine workings. A well designed
instrumentation network will help assess whether dewa-
tering/depressurization targets are met, and in locating
future areas of potential higher inflows where additional
dewatering measures should be deployed. This network can
also be used for interference testing (e.g. pumping tests) to
characterize hydraulic conductivity (K) of the rock mass
near the mine, a critical parameter for mine inflow pre-
dictions. Monitoring of hydraulic heads relies broadly on
two types of instruments: (1) standpipe piezometers where
hydraulic head is measured in a steel or plastic casing that
is screened (perforated) within the interval where head
monitoring is required, and (2) piezometers that relay on
pressure transducers (pneumatic or vibrating wire) that are
installed in boreholes and provide a hydraulic head mea-
surement at a point below the ground surface.

Two general methods are available for the installation of
downhole pressure transducers. The first method, as dis-
cussed by Contreras et al. (2008) involves grouting-in the
entire borehole after the transducer(s) is lowered to the
desired depth. In this installation method, the transducer tip
is fully surrounded by the grout material. In the second
method, the borehole above and below the transducer is
grouted; however, the transducer tip is embedded in a sand
pack of sufficient length to prevent grout from coming in
contact with the transducer tip. As discussed by Mikkelsen
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(2002), Mikkelsen and Green (2003), and Simeoni et al.
(2011), the second method is quite labor intensive and time
consuming, and often results in poor placement of the sand
pack. Nevertheless, because the sand pack K is typically
higher than the K of surrounding rock mass, pressure
transients are transmitted across the sand pack to the
transducer tip without any delay.

Grouted-in pressure transducers are common at mine
sites, in part due to the ease with which several transducers
can be installed in a single borehole. Such installations,
when deployed in an array of strategically placed bore-
holes, allow for high-resolution monitoring of hydraulic
head changes as mining advances. As demonstrated pre-
viously by Contreras et al. (2008) for conditions where
hydraulic heads have equilibrated and are at steady state
conditions, the errors that grouted-in transducers introduce
in the reading of hydraulic heads are essentially negligible
when the K contrast between the grout material and the
surrounding sediments is less than approximately a factor
of 1,000. This suggests that, for the typical range of grout
K, negligible errors in head measurements would be
introduced by grouted-in transducers in most bedrock set-
tings when groundwater conditions are close to static.
However, the effect of short-term changes in hydraulic
heads that typically occur during hydrogeological testing or
activation/deactivation of depressurization systems (e.g.
well fields, drainage galleries) on readings obtained from
grouted-in transducers is not well understood, and is the
topic of this technical note.

Fig. 1 FEFLOW numerical
model representing a simplified
scenario with a single pumping
well and an observation well
completed in a permeable
feature

Methods

The performance of a grouted-in transducer was evaluated
using a numerical groundwater model constructed using
FEFLOW (Diersch 2012) to represent a simplified scenario
that considered a single pumping well and a single obser-
vation well. These installations were assumed to be com-
pleted in a permeable feature that represented a bedrock
discontinuity with permeability enhanced relative to the
surrounding rock mass. Model discretization was such that it
allowed for representation of the grouted-in piezometer in the
center of a 0.1 m diameter borehole (Fig. 1) and a mea-
surement point immediately outside of the borehole/grout
interface (i.e. the “ideal” instrument not affected by grout
properties). A series of simulations were then completed
using this simplified model to illustrate hypothetical response
to a 1-day pumping test in the grouted-in transducers and the
response in this “ideal” instrument. Predicted response was
also compared to the Theis (1935) solution for pumping test
interpretation as implemented in the AQTESOLV aquifer
test analysis software (Duffield 2007).

The hydrogeological parameters assigned to the perme-
able feature and grout material were selected to capture
typical conditions encountered at mine sites. Hydraulic
conductivity of the permeable feature (Ky) was assumed to
range between 1 x 107 and 1 x 107> m/s, which
encompasses the testing results in features discussed by
Bieber et al. (2006, 2007) at the Diavik Mine in the granitic
bedrock of the Canadian Shield. Grout hydraulic

KRR
-
LR
haﬁ»‘g‘g,%if
K
o
&

Bt N4
s
A

O
R

e

d Borehole

@ Springer



Mine Water Environ (2014) 33:289-292

291

conductivity (K,) was varied between 1 X 107" and
1 x 1077 m/s, based on values reported by Mikkelsen and
Green (2003), Contreras et al. (2008), and Simeoni et al.
(2011) for various water-cement-bentonite mixtures. Spe-
cific storage of 1 x 107> and 1 x 10™* 1/m was assigned
to the permeable feature and the grout material, respec-
tively, based on typical values provided in Maidment
(1992) and Mikkelsen and Green (2003).

Results and Discussion

Figure 2 presents the error between the drawdown predicted
for a grouted-in transducer and the “ideal” instrument,
expressed as a percentage of the ideal response, for all
combinations of permeable feature and grout properties
considered in the model. For a permeable feature with K of
1 x 107 m/s, this error was about 20 % initially and
essentially negligible after 0.001 day of pumping for a K
contrast between the grout material and the surrounding
sediments of 100; it was 100 % initially (i.e. drawdown at the
grouted-in transducer was essentially nil) but decreased to
less than 2 % after 0.01 day of pumping for a K contrast of
10,000; and was initially 100 % but decreased to approxi-
mately 1 % atthe end of a 1 day long pumping period for a K
contrast of 1,000,000. When a permeable feature with a K of
1 x 107% m/s was considered, overall results were similar
but the times for the errors between the grouted-in transducer
and the “ideal” instrument to diminish increased slightly due
to slower propagation of the drawdown cone in the lower K
permeable feature. For a conductivity contrast of 1,000 in this
scenario, the predicted drawdown in the grouted-in trans-
ducer became essentially identical to the ideal drawdown
after approximately 0.1 day, supporting earlier work com-
pleted by Contreras et al. (2008).

Fig. 2 Comparison of error
between predicted drawdown at

(a) K; = 1x10° m/s

The results (Fig. 2) suggest that, for most combinations
of parameters tested, the drawdown predicted for the gro-
uted-in transducer is representative of drawdown in the
permeable feature a few hours after the initiation of pump-
ing. Thus, for monitoring of hydrogeological stresses that
occur on longer time scales (days or months), data collected
by these instruments should provide adequate representation
of actual field conditions. However, for the short-term
monitoring that is commonly employed for K testing, using
data from grouted-in transducers could introduce errors in
the test interpretation because pressure readings from these
installations lag behind the actual response when the con-
trast between the grout and formation K exceeds a factor of
~10,000. Figure 3 compares the drawdown predicted for all
model scenarios considered in this technical note with the
drawdown calculated using the Theis (1935) solution for a
constant-rate test in a confined homogeneous aquifer. For
conductivity ratios of less than 10,000 (Fig. 3 a, d, e), the
predicted drawdown and its derivative are essentially iden-
tical to the theoretical drawdown, whereas for higher ratios
(Fig. 3 b, c, f) the predicted and theoretical drawdown lags
at early times, with this difference diminishing later in the
test. This artificially steepens the drawdown versus time
curve, when plotted on a semi-log graph, which could lead
to erroneously low estimates of the hydraulic conductivity of
the tested feature. For example, if the Theis theoretical curve
is fitted to the portion of the predicted drawdown curve
affected by this lag (Fig. 3c, K contrast of 1,000,000), the
estimated hydraulic conductivity would be approximately
five times less than the actual value. Thus, care needs to be
exercised when designing monitoring networks for inter-
pretation of short-term hydraulic responses by using grout
mixtures with a K that is not too low relative to the features
tested, and by careful analysis that recognizes the potential
effects caused by using a lower K grout.
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Fig. 3 Comparison of drawdown predicted at the grouted-in trans-
ducer with Theis (1940) theoretical drawdown: a Ky = 1 x 1075 m/
s, Kg =1 x 1077 m/s; b Kf=1 x 107° m/s, Kg =1 x 107° m/s;
cKe=1x10"m/s, Kg=1x 107" m/s; d Ke = 1 x 107 m/s,
Ke=1x 107" m/s; e Ke=1 x 107 mys, Ke=1x 10~° m/s;
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