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ABSTRACT

Hydraulic head and conductivity profiles were measured in three boreholes, 40 m in length,
drilled from drifts located 300 m below the surface in the Niobec Mine, Chicoutimi, Québec. The
hydraulic head profiles show a local maximum at about 10 m from the drift face, corresponding to a
minimum in hydraulic conductivity. Numerical simulations of the stress field suggest that the stress
perturbation is not the only cause of these anomalous hydraulic profiles. These excavation-induced
hydraulic perturbations add uncertainties to the prediction of the rate of groundwater inflow.

INTRODUCTION

It is well known in rock mechanics that the presence of excavations causes a redistribution of
the mechanical stress field in the surrounding rock mass [1]. Also, numerous laboratory experi-
ments have indicated that the permeability of rock decreases with increasing confining stress,
particularly in a rock with fracture porosity [2]. The effect of increasing normal stress in reducing
the transmissivity of individual fractures is well documented [3,4]. Therefore, the perturbation of
the stress field around an excavation is likely to induce a corresponding modification: of the
hydraulic properties of the rock mass close to the excavation [5,6]. This stress-permeability effect
around-excavations has rarely been measured in the field although it may significantly affect the
accuracy of predictions of groundwater inflow into mines and other excavations.

We report on the results of field measurements of hydraulic head and conductivity conducted
in three boreholes drilled from underground excavations at Niobec Mine near Chicoutimi, Québec.
Numerical simulations of the stress field were also carried out to correlate the head and
conductivity profiles with stress perturbations.

THE SITE

Niobec is a niobium mine located in a carbonatite intrusion in the Grenville Province of the
Canadian Shield [7] (Fig. 1). The regional substratum is constituted of Precambrian crystalline
rocks, mostly gneiss, granite and anorthosite. The carbonatite intrusion is almost completely
covered by a remnant of subhorizontal limestone and shale of Paleozoic age. The intrusion consti-
tutes a relatively homogeneous rock body, characterized by large-scale concentric lithological
variations. ’
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Figure 1. Location of Niobec Mine in a circular carbonatite complex, associated with the Saguenay
Graben.

Figwe <. rian map ot Level 1000, 300 m below surface at Niobec, showing the location of hydraulic
testing boreholes F-1, F-2 and F-3, and the boundaries of the stress simulation domain of Figure 4.
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The deepest mine level is presently at 300 metres below surface (level 10007). Three
poreholes were drilled from this level (Fig. 2) for hydraulic testing, each one about 40 metres in
Jength and plunging af about 50°. They were located at the periphery of the excavations, “both to
insure least perturbation of the mechanical stress and hydraulic pressure fields, and to minimise
interference with mining operations.

HYDRAULIC MEASUREMENTS

. Systematic hydraulic testing was carried out in the three boreholes, using a double-packer
system isolating 1.5 m intervals. In each interval, the hydraulic pressure was measured after a
stabilisation period required to dissipate the overpressure in the test interval produced by the
inflation of the packers. Constant-head injection (or withdrawal) tests were then conducted to
estimate the hydraulic conductivity of the adjoining rock mass [8]. The results are shown in
Figure 3.

In general the pressure stabilisation period could not exceed 1.5 hours because of mifing
operations. This time constraint may have caused an overestimation of the in situ hydraulic head
particularly in lower permeability intervals. ‘

~ B0
$E0 - =
HLH E
i L 2
4"II.I

- E

w

T ¥

=2

0

koo @

20‘:

o

nﬁl |8

0

Figure 3. Profiles of a) pressure head and b) hydraulic conductivity in the three boreholes, measured
in 1.5 m packer intervals. The drift face is shown, with its number and the year it was driven.
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Figure 4. Numerical simulation of the stress field around drift GA-15: =a) outline of the finite
element grid on the outside boundaries of the simulated domain; b) contours of the magnitude of
the maximum principal stress 61 in the vertical plane containing borehole F-3.

The pressure head profiles (Fig. 3a) show a maximum value at a distance of about 10 m
from the drift face, and low values at about 30 m, in all three boreholes. At greater distances, in
the absence of data it may be assumed that the head increases more or less regularly with the
logarithm of distance. The high head values at 10 m partly correspond to actual high pressure
zones, but these may also be due to a lower permeability of the rock mass and thus a slower
dissipation of the overpressure from the packer inflation. The low head values at distances of
about 30 m resulted in withdrawal test being impossible at an atmospheric counterpressure in
some of the intervals, since the pressure head in the interval was about the same as that in the open
hole at the same distance. In any case, the profiles indicate a zoning in the hydraulic properties of
the rock mass with respect to the distance from the drift.

A similar zoning is also apparent on the hydraulic conductivity (K) profiles (Fig. 3b)
particularly for boreholes F-2 and F-3, with low K values located at a distance of about 10 m from
the drift face, in areas of high pressure head values. Note that the K value is below the
measurement limit of our field equipment (~10-11 my/s) in some of the intervals at distances of 5 to
15 m in the borehole F-3.

Interestingly, the profiles in figure 3 a and b show a trend from one borehole to the other that
parallels the age of the drifts from which the boreholes were drilled. Indeed, the maximum in
pressure head and the minimum in K values at a distance of 10 m are both more accentuated in
boreholes drilled from more recent drifts. This trend may be due to heterogeneities in the rock
mass, but also to a time effect in the response of the hydraulic properties of the rock mass to
perturbations related to the excavations.
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STRESS FIELD SIMULATION

The stress perturbation due to the excavations is commonly assumed to be the main cause of
alteration of hydraulic properties of the rock mass. Consequently, stress field simulations (Fig. 4)
were carried out in order to investigate the possible effect of drifts and mining stopes on rock mass
permeability [9]. The linear-elasticity stress-strain equations were solved in a homogeneous and
isotropic medium using a three-dimensional finite-clement code. The elastic properties of the
material and the stress values at the boundaries are average values from laboratory and field
measurements by Arjang [10].

The relevant conclusions of Gaudreault et al. (in press) are summarized in four points:

1.  The stress perturbation due to large mining stopes appears to be negligible in the borehole
areas.

2. The changes in rock permeability inferred-on the basis of variations of the mean stress, or
confining stress, are often opposite to changes that may be brought by sliding on fracture
planes due to variations in differential stress. -

3.  The stress perturbation due to a drift does not extend much further than 5 m from the dnﬁ
wall (Fig. 4b). .

4.  The stress perturbation is unlikely to be the only cause of the observed anomalous hydraulic v
head and conductivity profiles along the boreholes.

DISCUSSION

The data from Niobec Mine strongly suggest that the presence of excavations significantly
affects the hydraulic properties of the rock mass. However, they also underline the generalty poor
understanding of the effects of the stress perturbation on rock mass permeability around
excavations. Two factors particularly critical on the stress-flow relationship are the effect of
shearing on the transmissivity of individual fractures, and the extent of the plastic deformation
zone close to excavations, and its evolution with time.

Also, the stress-permeability coupling around excavation is superposed to ether factors
potentially affecting the permeability, such as blasting. damages [11], and a variety of physico-
chemical processes related to temperature change and to hydraulic depressutisation. These later -
processes include mineral dissolution-precipitation, and -also groundwater degasing and the
resulting two-phase flow regime [12]. All of these coupled processes are presumably acting on
quite different time scales, making even more difficult the prediction of their effects. .

Yet, the prevision of groundwater inflow into mines has considerable importance for
economic, safety and environmental considerations, as described by the following examples.

An estimate of the flow rate to be pumped from a mine is required in the planning of the
energy needed for a mine operation. The cost of electric energy is often more advVantageous when
the prediction of the needs are made with a better accuracy
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Zones of high hydraulic pressure may be induced by excavations. A better understanding of
the mechanisms inducing high hydraulic pressure around excavations would help preventing
" groundwater inrushes, thus improving the safety of rmmng operations.

Waters pumped from mines generally have a higher content of dissolved substances than
surface waters. Their emission on the surface often affects adversely the ecology of surface
hydrologic systems. A prediction of the pumping flow rate from a mine at the design stage,
combined with groundwater chemistry data, are required for an appropriate treatment of pumped
waters before their release in the surface environment.

It is well known that the prediction of groundwater inflow is made difficult by the lithological
and structural heterogeneities within a rock mass, and the resulting variability in hydraulic
properties. It has been shown that the perturbation of rock stress, ambient temperature and
hydraulic pressure, within the rock mass around mine workings, also add considerable
uncertainties to this prediction.

CONCLUSION

Anomalous profiles of hydraulic head and conductivity have been observed in the rock mass
around excavations at Niobec Mine. They are interpreted as the results of stress perturbations and
a variety of physico-chemical processes related to the excavations and to mine dewatering. The
resulting modifications of the groundwater flow regime make more difficult the prevision of water
inflow into the mine workings.

ACKNOWLEDGEMENTS

This study was founded by an NSERC grant to A.R., by the Fondation de I'UQAC, and by
Niobec Mine. We thank Niobec Mine for granting access to thé site and to field data.

REFERENCES
1. Jaeger J.C. and Cook N.G.W. WM@@M Chapman and

Hall, London, 585 pp. (1976)

2. Walsh J.B. and Brace W.F. The effect of pressure on porosity and the transport properties
of rock. J. Geophys. Res., Vol. 89, No. B11, pp. 9425-9431 (1984)

3. Gale J.E.. rical, Fiel e f Flow in R wi i
Fractures. Environment Canada, Scientific Series n? 72, 145 pp. (1977)

4, Genuer S

d 'Orléans, France, 637 pp. ( 1986) B

5™ International Mine Water Congress, Nottingham (U.K.), September 1994
168

Reproduced from best available copy



IMWA Proceedings 1994 | © International Mine Water Association 2012 | www.IMWA.info

Rouleau, Archambault, Tremblay & Gaudreault - The Distribution of Hydraulic
Head and Conductivity Around Mine Drifts

5. Kelsall P.C., Case J.B. and Chabannes C.R. Evaluation of excavation-induced changes in
rock permeability. Int. J. Rock Mech. Min. Sci. & Geomech. Abstr., Vol. 21, No. 3,

pp. 123-135 (1984)

6. Bidaux P. and Tsang C.-F. Fluid flow patterns around a well bore or an underground drift
with complex skin effects. Water Resources Research, Vol. 27, No. 11, pp. 2993-3008

(1991)

7. Thivierge S., Roy D.W., Chown E.H. and Gauthier A. Evolution du Complexe Alcalin de
St-Honoré (Québec) apres sa Mise en Place. Mineral. Deposita, Vol. 18, pp. 267-283

(1983)

8. Tremblay D. Caractérisation h éologique du massi eux 3 la_mine Nio
Honoré, Québec. M.Sc.A.. Thesis, Université du Québec 2 Chicoutimi, 169 pp. (1983)

9.  Gaudreault M., Rouleau A. and Archambault G. A numerical and field study of the role of
stress perturbation on rock mass permeability around mine openings. 47th Canadian

Geotechnical Conf., Halifax, 9 pp. (in press)

10. Arjang B. Pre-mining stresses at some hard rock mines in the Canadian Shield. M
Bulletin, Vol. 84(945), pp. 80-86 (1991)

11. PuschR. Alteration of the hydraulic conductivity of rock by tunnel excavation. Int. J. Rock

Mech. Min. Sci. & Geomech. Abstr., Vol. 26, No. 1, pp. 79-83 (1989)

12. Harding W. and Black J. Site Characterization and Validation - Inflow to the Validation

Drift. Tech. Rep. Stripa Project 92-14, SKB, Stockholm, 67 pp. (1992)

5% International Mine Water Congress, Nottingham (U.K.), September 1994

169

Reproduced from best available copy





