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Underground drift design against the effects of mining induced stresses at Williams Mine
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Abstract

Footwall drift stability depends on geological and geometry factors as well as stresses and stress change due to mining.  Diamond drill cores were retrieved from a caved stope to show stress-induced damage in the absence of blast damage.  The concept of stress induced damage was then applied to the study of footwall drifts where blast damage is inseparable from stress damage.  3-dimensional stress analysis software (MAP3D) was used to compute the stresses and kilometres of footwall drifts at different depths were studied.  The study lead to an improvement for the footwall drift shape design to accommodate the foliated rockmass in an effort to reduce repeated rehab and potential wedge failures with the advance of mining.  

1. INTRODUCTION

1.1. Geology and mining methods

The orebody lies along the contact between overlying metasedimentary rocks and underlying felsic metavolcanic rock.  The rock units dip north at 60-70 degrees.  Horizontal ore thickness ranges from 3 to 45 m (W.O.C. 1996).  The ore thickness is largest at mid-depth and in the east part of the ‘B’ zone orebody, and it decreases towards the west and the bottom of the mine.  The ore grade also decreases from east to west.  

The hanging wall rock unit is banded, fine grained, metasediments of the Upper Metasedimentary Sequence. This rock unit is usually very competent in the hanging wall metres away from the orebody.  Within a few metres of  the hanging wall contact, muscovite/sericitic schist may exist.  The three types of ore rock, in the order of decreasing frequency of occurrence, are feldspathic, muscovite/sericitic schist, and biotite fragmental (Geological Description, 1996). Coarse pyrite or white barite is typical of this unit.  The baritic ore has a lower strength than the feldspathic ore, and is prone to fail in small pieces if exposed without support.  The muscovite schist contains muscovite, plagioclase, feldspar, quartz and pyrite.  It usually occurs at the hanging wall contact.  The footwall rock is a quartz-eye muscovite schist in the east part of the mine, or felsic porphyry in the west.  Intrusive dykes/sills often occurred parallel to foliation in the footwall and ore rock units. These dykes generally have planar and slickenside contact surfaces with the surrounding rock.  A few transverse diabase dykes, up to 7 m in width, occur in the mine. The most frequently occurring transverse geological features are the Lamprophyre dykes, a carbonate with width varying from one tenth of a metre to a few metres.  The Lamp. dyke is the weakest rock unit underground.  Transverse sub-vertical joints are usually associated with the transverse dykes.   

1.2. Mine design

Blasthole open stoping method is used.  The main ore zone is divided into three blocks, block 3, 4, and 5.  In each block, stopes are mined from bottom up, and generally, from east to west.  Stopes are typically 20 m wide, 25 m high, and mined as single panels.  Since 1998, panel mining was used for large and highly stressed stopes.  Cemented rockfill is used in primary stopes and dry fill in secondary stopes.  Generally, adjacent primary stopes are mined and filled two vertical lifts (sub-levels) up before the secondary stope in between is mined. 

Crosscuts 4.7 m wide x 3.8 m high are driven from footwall to hanging wall to access the ore from the footwall drift, but the narrow stopes in the west of the property are mined along strike with sill drifts.  One or two 1.1 m diameter raisebores are excavated in each stope for blasting and backfilling purposes.  Production blasting is generally carried out in two separate lifts, the first lift and the cap. Currently, the first lift is about 6 m high, and is arched for primary stopes and flat for secondary stopes.  The standard drift support consists of 2.1 m, 22 mm diameter resin grouted rebars spaced at 1.1 m x 1.1 m and 6 gauge weld mesh.  Swellex bolts as well as grouted cablebolts are also used in the crosscuts.   

1.3. Modelling techniques

The modelling technique is described by Sprott et al. (1999).  MAP3D software was used and fine discretization parameters were chosen for modelling the drifts (Appendix).

2. nature of Stress induced rock damage and Modelling

Rock fragments are often observed under the screen in the footwall drifts particularly in the sharp south corner where all service tubing is located.  Mine engineers observed that pieces of loose gradually appeared in the back at a few metres behind the face and drift rehab was required with the elapse of time.  Although blast damage and stress increases during and after excavation were known to be the causes, the contribution of each was not clear.  This study was conducted to understand the causes and to develop solutions to the rehab problem.   

2.1. Stress induced rock damage in 30 stope 9415 level

This case was used to demonstrate the existence of stress-induced rock damage in the absence of blast damage.  The study of this case helped understand failures in the drifts where blast damage is inseparable from stress-induced damage.

Stope caving in the form of fine muck occurred in 30 stope from 9370 to 9415 levels between July and September 1997 (Fig. 1).  At the beginning of caving, the stope stresses were relatively low and plotted in the Near Rockmass Strength Zone in the Stress Damage Graph developed by Yi (Sprott et al. 1999).  This means that the stresses in the 30 stope were exceeding rockmass strength on the undercut level.  Back and wall failure initiated from the soft transverse Lamp. dykes on the east and west walls where there was no support, and propagated upwards along the hanging wall as mucking continued.
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Figure 1.  Williams Mine stress model for the 30 stope area.

32 mm-diameter diamond drill cores were retrieved from the rockmass near the cave in 30 stope 9415 level to study stress-induced rock damage. The rockmass was not subject to any blast damage.  The hole was drilled from 32 to 30 crosscuts on the 9415 level and the drill cores are shown in Fig. 2.  Stresses were computed around the cave to relate stresses to rock damage. 

In Fig. 2, the top of the photograph shows the western part  of the hole near 32 crosscut and the bottom shows the eastern part near 30 crosscut.  The cores in the first  15 m length from the east end were broken, and intermittent core discing was observed in the last 10 m.  Stress modelling showed that severe core damage did not occur in the currently stressed ground but in the partially relaxed ground that 

experienced high stresses beforehand.  Previous studies at the Golden Giant Mine (Yi 1997) revealed the same phenomenon.  

Therefore, rock fracturing does occur in the absence of blast damage.  Stress induced rock damage occurs in the highly stressed ground but it becomes visible only after the ground is relaxed/destressed. 
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Figure 2.  Photograph of the drill cores from 30 stope 9415 showing five sixth of the core panel length.

2.2. Drift damage on selected levels at different depths

Fig. 3a shows one surveyed shape for the footwall drift as well as the existing design shape.  The design shape employs “shanty” upper walls but vertical lower walls with the intention to conform to the foliation planes while maintaining sufficient usable space.  Underground observations were made for the footwall drifts on the four different levels of 9660, 9450 (mine starting level), 9390 (block 4 sill pillar), and 9190 (block 5) at depths of 660, 870, 930 and 1130 m, respectively.  Surveyed back and floor lines were compared to design, which revealed drift overbreak during excavation but not additional failures afterwards.  The excavated drift shapes, rock units, and the occurrences of geological features were also included in the observations.  A total length of 2450 m of footwall drifts was observed and the study aimed at finding out the effects of stresses as well as geology on drift overbreak and failures.

The common deviations from design occurred in the forms of drift back overbreak, failures in the sharp south corner, and wall failures to the foliation planes.  Table 1 presents a quantitative measure of the deviations of the drifts from design.  The table shows that the deviation from design generally increased with increasing depth where blast damage can be assumed to be constant.  Since the 9450 level was the starting level where the mining induced stresses were low, back overbreak was less than the 9660 level at a smaller depth.  This case has shown once again that overbreak and failures in the drifts are strongly influenced by stress levels. 

Table 1.  Observations of drift back overbreak and wall failures. 

Level 

(depth)
9660 660 m
9450 870 m
9390 930 m
9190 1130 m

Drift length with back overbreak (%)
47
44
75
80

Drift length with wall failures (%)
10
30
90
100
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Figure 3.  Profiles of footwall drifts, (a) between 30 and 31 XC 9370, (b) between 48 and 49 XC 9555, (c) improved shape design. 

2.3. Stope caving

In large stopes, the stope back often caved near the hangingwall to form a “shanty” back (Fig. 4).  Caving occurred at the hanging wall because of (i) the hanging wall contact being a Muscovite shear zone, (ii) gravity effects, (iii) stress induced fractures in the back being normal to the foliation planes, and (iv) possible existence of C-set joints dipping south at about 20 degrees.

3. drift design against mining induced stresses

Fig. 5 shows the major principal stress contours for a typical drift shape with walls failing to the foliation planes.  There is stress concentrations in the back and floor and the stresses are oriented parallel to the free surfaces.  On the other hand, the stresses in the immediate walls are less than the in situ stresses, i.e., the wall rockmass is relaxed.
Relations between rockmass foliation planes and stress magnitudes and directions have important implications in 
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Figure 4.  Caved stope back for the 28 stope 9370-9415 levels in March and May of 1997.
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Figure 5.  Contour plots of major principal stress for a typical footwall drift (stresses are accurate outside 1 m of free surfaces).

rockmass failures.  It is common knowledge that a foliated rockmass has the highest compressive but the least tensile (or dilation) strength in the direction normal to the foliation planes.  In the drift back, and particularly in the corners, the compressive stresses generally cause spalling and shear type of failures.  Failure often initiates at thin foliation dykes whose surfaces are planar, smooth and coated with calcite, and stress-induced fractures in these thin foliation dykes are often normal to the foliation planes (Fig. 3a).  Fig. 3b shows that the back failed to a “shanty” shape due to the existence of a 100 mm thick foliation shear zone, i.e., the failure surface tended to be normal to the weak foliation plane.

Despite the low stresses in the drift walls, more failures in the form of separation of foliation planes and buckling were observed in the north (hanging) wall than the back in the highly foliated rock units, such as Muscovite schist.  This is because foliation planes become open due to stress relaxation in the north wall. The ground condition in the north wall becomes worse if there are foliation shears or dykes (Fig. 3b).  On the other hand, more failures in the drift back are usually observed in the semi-massive, hard felsic porphyry because stress relaxation in the north wall usually does not cause failure in the absence of closely spaced foliation planes.  Support design for the foliated rockmass in the north wall should help the rockmass form a thick beam.

The observation that pieces of loose gradually form at a few metres behind the face can be explained by the analytical results that stresses in the drift back increase with distance behind the face to reach the maximum at 3 times the drift diameter. That rehab was often required with the elapse of time was due to increasing stresses at the footwall drifts with the advance of mining.
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(a) Lower south wall for existing drift (looking West)
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(b) South half for improved drift (looking West)

Figure 6.  Comparison of existing and improved footwall drifts where (a) shows a photograph of the lower wall for the existing drift taken from a footwall cutout, and (b) shows a photograph of the south half for the improved drift.

Once it was realized that stresses and geological features affect rock failures in the footwall drifts, a new drift shape design shown in Fig. 3c was accomplished, which has the following advantages:
(i) the “shanty back” was designed not only to direct stresses to flow normal to the foliation planes but also eliminate potential wedges due to C-set joints and C-set like stress induced fractures,

(ii) The “shanty footwall” was used to eliminate foliation undercutting so as to prevent gravity induced failures by maintaining beam action and increasing support effectiveness.

The “shanty back” for the new drift design as shown in Fig. 3c is only partially shanty.  It took into considerations of the facts that the 2.1 m rebars in the standard support can support a small wedge in the back and that the development cost increases with increasing drift size.  A full “shanty back” was used in cut-and-fill stopes in Australia (Hoek and Brown 1980).  

Figs. 6a and b show parts of the existing and improved drifts.  Fig. 6a shows the lower south/foot wall of the existing drift where foliation planes are open and the foliated rockmass is undercut.  The rebars are required to support the weight of undercut rockmass in shear mode.  The south wall and corner required repeated rehab to address safety concerns with the advance of mining.  Fig. 6b shows the south/foot wall half of the drift where the entire south wall is smooth and the south corner forms a 90-degree angle.  Rebars in the south wall are required only to reinforce the foliated rockmass to form a thick beam.  No south wall and corner failures have occurred for the improved drift design.

4. Conclusions

(1) The improved drift shape design is expected to reduce repeated rehab work and potential wedge failures in the footwall drift due to mining induced stresses.  The possibility of wedge failures in the drift back will be substantially reduced.

(2) More damage occurs in the back than the hanging wall for the hard, semi-massive felsic porphyry rock unit, but the opposite is true for the highly foliated Muscovite schist rock unit.  Support design should takes this into consideration
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Appendix

The following MAP3D discretization parameters were chosen for drift modelling:

AL=AG=1, DOL=2, DON=0.5, DOC=2, DOE=2, DOG=2, DOR = 5.
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