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Abstract

Mining at Sunrise Dam Gold Mine (SDGM) consists of open cut and underground operations with the open
pit planned for a maximum depth of 460 m. In April 2007, the pit was 360 m deep and as the pit approaches
its ultimate depth, the rockfall hazard and exposure to personnel is increasing. The safety challenge is to
ensure an effective process to design, mine and clean final benches to facilitate the integrity of final walls,
thus reducing the overall rockfall risk. The economic challenge is to maintain a single lane ramp, as loss of
access would “sterilise” substantial parts of the orebody.

A geotechnical toolbox comprising an array of cost effective tools, has been successfully implemented, with
significant and essential support from mine management. These tools are:

e Wall scaling using dedicated equipment with experienced operators.
e Daily inspection and formal signoff for work areas.

e Visual aids for identification of wall control hazards.

e Installation of Geobrugg catch fences and Rocklink drape curtains.
e Blasting practices and design evaluations.

e Use of geotechnical model for secondary blasting input.

The paper discusses each of these tools and how they are used to mitigate the rockfall hazard, particularly
where bench integrity and catch capacity are locally compromised by blast damage or unfavourable geology.

1 Introduction

Sunrise Dam Gold Mine is located beside Lake Carey, 730 km NE of Perth, Western Australia. The mine
consists of open cut and underground operations running simultaneously with a Fly-In Fly-Out (FIFO)
workforce. The ultimate open pit dimensions will be approximately 2100 m long, 1200 m wide and 460 m
deep.

Mining commenced in the open pit in September 1996 in lake clays and saprolites, which extend to depths of
50 m and 120 m in the north and south respectively. The first fresh rock was mined in late 1999 and the
underground operation commenced the first decline in October 2003. By April 2007, the pit which is also
known as the Mega Pit, was 360 m deep, with its final depth of 460 m planned to be reached within the next
12 months (see Figure 1 and 2).

The nature of the deposit presents an unusual set of challenges. Particularly as the mine enters its critical
final phase, viz construction of the single lane access and mining of the North Wall Cutback. The major fresh
rock types (hardrock) in the pit include volcaniclastics, andesite, banded iron, porphyry and dolerite. They
generally have an RMR rating of “Good” in the range of 65 - 70.

There are two dominant geological structural settings: One is a broad (>20 m) 25-35° westerly dipping shear
zones trending in a north\south direction. These are characterised by intense penetrative fabrics, widespread
hydrothermal alteration and strongly deformed quartz veins. The other is steep 70°-80° dipping fault zones
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also trending in a north\south direction. These are characterised by vein stockworks and breccias with narrow
sericite-carbonate-quartz alteration selvages.

Pined out

—

Still to mine

Figure 1 Mega Pit looking west showing pit status at April 2007

Figure2  Oblique view of the Mega Pit design

The hard rock design (see Figure 3) saw the implementation of vertical batters and inter-ramp heights of
200m. The principle objective and challenge for the geotechnical department has been to develop and
implement efficient tools to meet the safety challenge of designing and forming clean final benches,
preserving the single lane ramp access, mitigating crest loss on ramps and berms and reducing rock fall risk.
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Figure3 Looking skyward from pit floor at 360 m below surface of west wall

The usual mode for crest loss is attributable to unfavourably dipping ore hosting structures (see Figure 4)
generally orientated sub parallel to the crest or on lithological contact boundaries. Typically crest loss and
wall damage arises during blasting where these structures act as the path of least resistance to blast energy
and gases. The lack of confinement on the first mining bench causes key crest blocks to heave and buckle
resulting in unnecessary fracturing of the rock mass and reducing the effective catch bench capacity.
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Back-thrust shear } dipping

fault zone

Figure 4 Examples of unfavourably orientated structures impacting on final wall limits
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The rockfall risk to personnel and equipment increases as the current working floor level reduces in area,
each time a new berm has been exposed and vertical development continues.

The mining sequence has been developed to suit a 360 t excavator loading a fleet of 220 t dump trucks. The
hard rock profile is based on a single pass presplit that forms the 22.5 m vertical face, with 13.8 m berms
(58.9° stack crest-to-crest angle). A vertical face reduces the potential to impart a horizontal component on
falling blocks and, furthermore, provides the widest possible catch berm for the given slope angle.
Excavation is carried out on a 7.5 m triple bench layout with three flitches per bench, as shown in Figure 5.

- 153EM

125m

T.5m

Figure 5 A typical 22.5 m vertical batter showing the triple bench mining sequence for design of pit
walls in hardrock

The implementation of a 30 m highwall using the same sequence in Figure 5 has been trialled in regions of
the pit where placement of the catch berm would have coincided with unfavourable ground conditions. In
these circumstances, an 18.1 m catch berm is used to maintain the same overall slope angle. The 30 m
highwall has also been successfully carried out in areas on the single lane ramp requiring passing bays.

2 Tools used to maintain ramp width and reduce rockfall risk

The ground control philosophy is to maintain the stability of mine development sufficiently to enable
continued safe and efficient production. This has been enshrined within the mines values and ensures the
achievement of high standards for design, profile development and blast control.

2.1 Wall scaling

Wall scaling is carried out utilising experienced operators who have a very good understanding of the rock
mass and its behaviour. The batter-cleaning programme forms an integral part of the production process and
to this extent a dedicated excavator is deployed to undertake this function.

Final wall scaling is done with a Komatsu PC 1100SP (110 t) excavator (see Figure 6). When equipped with
a hardrock toothed bucket this excavator has proven to be the most cost effective means of berm and batter
scaling. It has been found that using larger equipment for scaling, such as the 180 t and 360 t excavator is not
recommended as these more powerful machines “tear” at the walls and often exacerbate the problem.
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Figure 6 Mechanical scaling with the 110 tonne excavator

The Komatsu excavator scales the wall in multiple passes, generally working at a 45° angles from the wall
depending on the dip of the structures, locations of blocks on the crest and the newly formed batter
orientations.

In some cases, where wall flare and toe remain in front of the presplit line, a much smaller excavator (~30 t)
with a hydraulic rock breaker has been successfully deployed to remove this material. However, it is difficult
to justify full time hire of a machine for this purpose alone. Consequently, most wall flare and toe removal is
done by secondary drilling using an Atlas Roc 8 or GD 5000 drill rig and blasting, to maximise berm catch
capacity and achieve the final batter design (described in more detail in Section 2.6). In highly fractured or
sheared ground, a water cart equipped with a high-pressure water cannon is used on the crest and batter to
remove smaller rocks left behind after the excavator has completed scaling.

2.2 Inspection and formal signoff for work areas on daily production plan

The final wall inspection and formal signoff for all active mining faces commences once a production blast
pattern adjacent to a final wall has been blasted. A bold green hatched line is digitally placed on the daily
production plan to signify changes to the final wall limits (see Figure 7). This daily plan is prepared from
geology, engineering and geotechnical department input and is distributed to all production supervisors and
technical disciplines. It forms the basis for discussions at the morning production meeting, where
geotechnical engineers get the opportunity to raise matters of concern.

GEOTECHNICAL

Fmobech Standby
Fhons . 4437 B3

350 OH

Green hatched
line

Figure 7 Extract from Daily Plan highlighting final wall status
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The process begins (see Figure 8) by mining all three mining flitches on the first 7.5 m bench prior to the
110 t scaling excavator carrying out wall scaling.

Mining

v

Scaling

v

Geotechnical inspection

+
Additional work

v

Geotechnical visual walkover

v
Formal signoff

v

Daily plan update

Figure 8 Process for inspection and formal signoff

The wall is then scaled to expose all of the vertical presplit barrels and remove loose material on the crest
and batters. Once the first 7.5 m bench has been scaled and cleaned, the crest and wall is inspected by a
geotechnical engineer to determine if any additional blasting, scaling and/or washing is required. This is
conducted before any further drilling or other mining activities are permitted in the immediate area.
Following approval by a geotechnical engineer, the general mine foreman completes the formal signoff
process via signature on the daily plan against the relevant area.

When the general mine foreman has signed the geotechnical copy of the daily plan, the green hatched line is
removed from the plan. Production can continue with drill rigs now able to approach the final wall limits.
The geotechnical department then files the signed copy of the daily plan. This process continues for the
remainder of the bench, i.e. another two times for a 22.5 m bench height and a further three times for a 30 m
bench height.

This tool has proved to be very successful and assists significantly for the FIFO operation, as it keeps all
personnel informed of the final wall status. This is important for maintaining continuity of knowledge with
frequent roster and shift changes.

2.3 Visual aids for identification of wall control hazards

To enable drill and blast and production crews to plan their shifts, two types of visual aids are used to
identify wall control hazards in active working areas. These provide a simple visual control to personnel and
eliminate the need for special training or systems to be setup.

The first visual aid is the “Wall Control Hazard Cone” (see Figure 9). These green cones are used to identify
and demarcate wall hazards on unscaled final walls and keep personnel and equipment away from any
uncleaned batters.
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Figure 9  Wall control hazard cones

The geotechnical department place the cones before scaling commences on recently exposed batters at ~50 m
spacing and at a distance from the wall judged to be appropriate by the geotechnical department. The
location of the cones is replicated in digital format on the daily plan by a single green hatched line.

Only approved equipment (excavator and water carts) are allowed to conduct remedial work and approach
the final wall. Any approach under these circumstances must be accompanied by a visual Job Hazard
Assessment (JHA) to determine the level of risk.

The second visual aid involves painting symbols directly onto the face (see Figure 10) to make the required
remedial work more apparent. Where appropriate, other symbols are used, for example in areas requiring
shotcrete.

I—h- -ﬁl Wall flare or toe needs to be addressed

W =2 - Water cart is required in this area

Figure 10 Example of visual aids painted on the face
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2.4 Installation of Geobrugg catch fences and Rocklink drape curtains

To reduce rockfall risk the installation of free-hanging Rocklink mesh curtain draped over the hard rock high
wall is used as an engineering tool. Where access permits, Rocklink drape can be combined with fibrecrete
and be placed promptly in areas where excessive crest loss has occurred over several benches.

The installation for the Rocklink drape requires insertion of 20 mm galvanised rebar into pre-drilled grout-
free airleg holes, at 1 m interval spacing. The 3.15 mm diameter galvanised mesh is manufactured in
predetermined rolls and lifted into place with a crane. The rolls have a width of 4 m and an approximate
overlap of 1 m either side. They are then rolled manually from their fixed installation point over the crest.

Historically, 2 m high 50 kJ Geobrugg Tecco catch fences have been used in the Mega Pit. The approximate
installation costs are A$1,000 per linear metre. The catch fences have been designed to arrest rocks up to
125 kg and reduce the potential for rockfall projecting over the berm. They are not designed to prevent
batter\multi batter scale failures. Figure 11 shows an example of a catch fence installed below an area of total
crest loss.

Figure 11 Excessive crest loss area accompanied with a catch fence

2.5 Blasting practice

Apart from localised occurrences, drill and blast techniques at Sunrise Dam (see also Table 1 and Figure 15)
have been successfully developed to limit perimeter wall damage; there is little or no evidence of slope
movement resulting from blasting at or near final wall limits. This has been confirmed by both a slope
stability radar unit, capable of recording sub-millimetre wall movement and an in-pit microseismic system
installed behind the eastern and western pit margins to monitor rock mass response to mining.

Blast back break behind the presplit can occur along 40 m of crest and in some rare cases has caused total
crest loss up to 13.8 metres (to the toe of the batter above, see Figures 12 and 13).
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Figure 13 Example of blast back break and full crest loss

The geotechnical team work closely with the blasting engineers to ensure final slope integrity. Engineers
design production blasts a bench at a time with geotechnical input. Geotechnical input largely consists of
utilising Lithological and Structural models to identify the major rock units and structures. The models are
used for perimeter blasting and assist in determining an initiation direction to complement the structural
setting.

Initial blast hole drilling consists of a presplit for wall control purposes followed by production drilling for
mining. Presplit blasts are drilled and fired separately to production blasts (see Figure 14). The single pass
presplits are normally drilled over the three 7.5 m benches to forming the 22.5 m face heights. To form the
30 m face height, the first 7.5 m bench is drilled and fired. The adjacent 7.5 m production shot is then fired
and the 22.5 m single pass presplit is continued, to form the next three benches. A small lip is created where
the two drilling interfaces meet. With regard to rockfall risk, the effect of this lip is negligible where the
offset is 1 m or less and the lip surface is smoothed from the top into the bottom benches. Presplit blasts are
loaded using a 25 mm packaged emulsion in 127 mm diameter holes with an optimal 1.3 m presplit hole
spacing, i.e. ~10 hole diameters.
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Figure 14

Geotechnical input via lithological

Design blast and structural models

v

Drill presplit holes
A

Drill prodqction holes
v

Load and fire presplit holes

v

Load and fire production holes

The blasting process at SDGM

The production blastholes are drilled through a single 7.5 m bench. They consist of 127 mm diameter vertical
batter and two buffer holes, in conjunction 165 mm diameter production holes spaced at 4.5 m to 6 m which
are loaded with bulk emulsion delivered down the hole (see Figure 15).
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Batter and buffer holes are drilled along lines parallel to the final wall. Production holes are drilled on a
regular staggered pattern that is aligned with the mine grid. On the bench above a berm, modified (shortened)
production holes are drilled where the holes are within a defined distance above the crest to be formed
below. This reduces the likelihood of incurring crest damage and later crest loss during excavator scaling.
The approach and parameters used for perimeter blasting in the Mega Pit generally result in excellent final
wall conditions (Table 1).

Table1  Drilling and loading parameters for SDGM perimeter blasting

Presplit zggzrfagggi Batter =~ Buffer 1 Buffer 2
Drilling parameters
Hole dia (mm) 127 127 127 127 127
Hole angle (°) 90 80 90 90 90
Standoff presplit line (m) 0 2.7 1.3 43 8.8
Bench height (m) 22.5 7.5 7.5 7.5 7.5
Sub drill (m) 1 1 1 1 1
Loading parameters
Primer size 25mm 400 g 400 g 400 g 400 g
Explosive type Presplit 2070 g 2070 g 2070 g 2070g
Stemming length (m) 2.5 6 3.5 3 3.2
Explosive/hole (kg) 13.6 40 76 84 110
Stemming type air\water air aggregate aggregate aggregate
Powder factor (kg/m’) 0.59 1.13 0.55 0.55

Blast initiation design takes into account blast movement direction, to minimise ore dilution and a firing
direction to protect the final walls. The sequencing is designed using ShotPlus simulation software and firing
is done with a radio remote system.

2.6 Use of geotechnical model for secondary blasting input

Localised secondary blasting has proved to be cost effective and successful. The key aspect is the
identification of adversely dipping structures in the initial 7.5 m face height. In order to develop a suitable
blast hole design and predict the extent of any unfavourable wedges that may be impacted by the blast,
geotechnical engineers use a combination of face mapping, structural interpretation and extrapolation using
digital 3D models, as well as specific stability analyses. Secondary blasting also negates additional costs
associated with reducing ramp access or alternative reinforcement.

Where potential wedges are to be removed along final wall limits, temporary jump-up access pads are
constructed for blast hole rigs. Designated holes are drilled, charged and fired before re-scaling with the
110 t excavator. It is important to note that if the wedges are not recognised in the initial 7.5 m bench, the
construction of temporary ramps from lower benches to provide drill rig access is costly and may impact
severely on production schedules.
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Management supports the philosophy of removing potential wedge structures in their entirety to reduce the
hazard potential.

3 Conclusion

A suite of geotechnical tools have been developed and refined over many years to address particular
challenges presented by the ground conditions at Sunrise Dam Gold Mine. The high standards of wall
control achieved are testament to the support and commitment of mine management, which has enabled key
safety procedures to be successfully integrated with production requirements.

As the pit enters its critical final phase, viz the single lane, these geotechnical tools will be increasingly
deployed to maintain ramp width, reduce rockfall hazard and ensure ultimate pit depth is safely achieved.
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