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INTRODUCTION
Barrick’s Cowal Gold Mine (CGM) is a large open pit gold 
mine located approximately 40 km north-west of West 
Wyalong in New South Wales, Australia. The deposit is 
located within the Macquarie arc, which is part of the Lachlan 
fold belt. The majority of the gold occurs in dilational quartz-
carbonate-pyrite veins spread throughout the rock mass.

CGM commenced production in 2006. In 2014, 267 448 oz 
of gold were produced. At the end of 2014, the mine had 
1554 979 oz of proven and probable reserves. Several earlier 
mine phases had been completed. Currently, mining is taking 
place in the Stage G pit phase, which commenced in early 
2013.

Figure 1 shows the lithologies and the main faults overlain 
on the current pit shell. Upper volcaniclastics (UVc), lower 

volcaniclastics (LVc), diorite and lava are the main lithologies 
observed in the Stage G cutback.

The uniaxial compressive strength (UCS) range for the above 
lithologies is 120–220 MPa, which indicates a reasonably hard 
rock. Window mapping has been completed on site by the 
Geotechnical Department. The data collected indicates that 
the rock mass has highly variable jointing (varying from 
heavily jointed to massive) across Stage G.

Stage G is scheduled to be completed in 2019. In 2014, the 
average ore grade was 1.37 g per tonne, with 9576 267 t of 
ore and 18 560103 t of waste rock, for a stripping ratio of 1.94. 
The blasting process involves a standard design of presplit, 
production, and free-faced trim shots.
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ABSTRACT
Increased catch bench crest loss has been observed in recent years at Barrick’s Cowal Gold Mine 
situated in central New South Wales, Australia. A project was initiated to diagnose the cause of the 
crest loss, and evaluate ways to limit its effect on final walls.

A range of different blast measurement techniques were utilised to evaluate the progressive 
damage caused to catch berms by presplit, production and trim blasts. Techniques employed 
included; single point vibration measurement, cross-hole seismic analysis, precision berm surveys, 
horizontal p-wave velocity measurements, crest loss volume calculation and water level changes 
between blasts.

Blast measurements showed that the majority of damage to the catch berm was caused by the 
presplit blasts, which registered vibrations greater than 700 mm/s at 5 m behind the presplit 
line. As a result, considerable changes were made to the blast designs after a series of computer 
simulations via mechanistic blast modelling (MBM). The uncharged presplit collar was increased 
from 2 m to 4 m, and every second hole was left uncharged. Vibration modelling using a multiple 
seed wave (MSW) model was used to optimise trim blast delay timing. Burden relief was changed 
from 16ms/m to 27 ms/m using one hole firing per 4 ms time window, and the initiation angle 
was changed from shallow to steep. These changes in the presplit loading and trim timing helped 
reduce catch bench crest loss by 1–2 m.

Trim shots using a high strength bulk emulsion explosive were also identified as contributors 
to berm damage after analysis of blast monitoring and MBM modelling. The modelling study 
resulted in the generation of alternative blast designs to minimise the crest loss, including the use 
of low density/low velocity of detonation (VOD) bulk explosive product (Flexigel™ Advantage) 
in trim pattern designs. This was trialled on the Northern and Eastern pit walls to evaluate the 
damage to catch berms on final walls. The trials demonstrated that berm vibration was reduced 
significantly; fragmentation was similar (or slightly blockier) compared to the fragmentation using 
the old blast designs; displacement of the berm was reduced, so increased catch bench widths were 
attained. This paper summarises the trials, and presents a summary of the crest loss to date.
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FIG 1 – Lithology and main faults in the Cowal pit.
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During 2013, the Stage F cutback was being completed. As 
this cutback progressed, it became apparent that the blasts 
were damaging the catch berms and reducing the catch 
bench crests widths to unsatisfactory widths. A project was 
instigated to investigate what was causing the crest loss, and 
to seek to alter the blast designs to reduce the crest loss so 
the achieved catch bench crests would return to acceptable 
widths.

The project was planned to be accomplished in three phases. 
The first phase was planned to determine the causes of the crest 
loss. The second phase was planned to undertake numerical 
modelling in order to create alternate blast designs. The third 
phase was planned to involve field testing of the alternative 
designs. This paper details the three-phase approach, and 
presents the baseline and achieved catch bench berm widths 
after implementation.

In September 2013, data was collected from the presplit, 
production and trim shots in the bottom of the Stage F cutback 
on the 939 bench. The Geotechnical Department indicated 
that testing should be completed within the trachyandesite 
lava unit. This decision was made because it shares similar 

structural characteristics to the diorite lithology which makes 
up the majority of the Stage G cutback.

BLASTING AT COWAL GOLD MINE
Presplits are fired for double benches (18 m) using 115 mm drill 
holes loaded with 26 mm Senatel™ Powersplit™ packaged 
explosive. The uncharged collar length is 2 m, with hole 
spacings between 1.2 and 1.4 m. A subdrill of 0.5 m is included 
in the design when drilling the presplit for a 75 degree (base 
case) batter angle.

Trim blasts are free faced, and usually consist of four rows 
(Figure 2). Air-decks are utilised in the batter and buffer 
rows. Standoff distance of 0.5–0.8 m is applied for holes in 
bottom trims to protect the design crest below. Batter rows are 
drilled using 115 mm diameter holes, while the other rows are 
drilled with either 140 mm or 165 mm diameter holes. Fortis 
Advantage emulsion bulk product is used at 1.15 g/cc density. 
The average powder factor is approximately 0.7 kg/m3.

Production blasts are drilled using 165 mm drill bits, and 
have a powder factor of approximately 0.8 kg/m3.

FIG 2 – Initial trim blast designs: (A) top 9 m initial trim shot design and (B) bottom 9 m initial trim shot design.

A

B
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REVIEW OF CREST LOSS
The design catch berm width in the primary rock is 9 m. For 
various reasons, the achieved catch bench widths are mostly 
less than the design width of 9 m. Catch bench reliability 
refers to the percentage of the total catch bench width that 
is equal to or greater than a given value. For example, the 80 
per cent catch bench reliability is the width that is achieved 
at least 80 per cent of the time over the entire catch bench; 
the 50 per cent catch bench reliability is the width that is 
achieved at least 50 per cent of the time over the entire catch 
bench, etc. At CGM, the target 80 per cent achieved catch 
bench reliability is 5 m in primary rock below the weathered 
saprolite zone.

As mining progressed in Stage F, a reduction in the 
achieved catch bench widths was observed. Figure 3 shows 
the 80 per cent achieved catch bench reliability values by 
rock type by catch bench elevation. The 80 per cent reliability 
widths average less than 3.7 m (with a range of 3 to 5 m) for 
most rock types. In general, the issue became worse as the 
pit deepened.

Therefore, CGM initiated a project to understand the causes 
of crest loss to determine which blasts (presplit, production 
and trim) were causing the most damage to the berm. To 
address this key question, a three phase project was scoped 
jointly with Orica Mining Services.

PHASE 1 – DETERMINING THE CAUSES OF 
CREST LOSS

Methodology to identify causes of damage
In order to diagnose the causes of damage to the catch berms, 
good quality data was needed, which could be used to create 
a repeatable process to improve blasting practices. Different 
blast monitoring methods needed to be tested, so that the best 
of these could be taken forward into the second and third 
phases of the campaign.

Blast measurements to determine the causes of crest 
loss
A short list of methods was drawn up after being assessed for 
cost-effectiveness, time consumption, logistical challenges, 
and repeatability of results. By using a different number of 
methods, and cross analysing their data, a point can be found 
where multiple methods overlap and create a clear indication 

of what is happening in the berm as each blast type is fired. 
These methods are given below:
 • single point vibration measurement
 • seismic testing between boreholes (cross-hole method)
 • horizontal P-wave testing,
 • precision survey of the final berm
 • measurement of water level changes
 • crest loss volumes.
Single point vibration measurement consists of gathering 

information on the acceleration and vibration the final 
berm undergoes from each blast type within the test area. 
Accelerometers are screwed on to mounting plates, which 
are then placed into concrete at the top of a metre-deep drill 
hole. By drilling through the damaged and loose rock on 
top of the berm and down into the hard rock below, a direct 
connection to the unblasted rock mass was created, resulting 
in improved quality of all data collected at that point. Four of 
these installations were placed along the berm to give a good 
coverage for data analysis and validation.

The data indicated that the presplit was creating the largest 
amount of vibration, with a 50 g accelerometer measuring 
beyond 50 g (>700 mm/s) at its peak particle velocity. The 
next largest damage was caused by the trim shot, which 
displayed measurements ranging from 16.6 g to 36.8 g (553 
to 723 mm/s). The production shot produced a much lower 
peak particle velocity of 17.9 g (326 mm/s).

The cross-hole method was used to measure the P-wave 
velocities within the berm. The arrival times of waveforms 
generated by detonators placed in water-filled test holes were 
measured across the berm using hydrophones. The testing 
was completed before and after each blast was fired.

P-wave velocities were also collected by firing a booster 
placed in a 4m deep test hole at one end of the catch bench 
blast pattern (Figure 4) and measuring the arrival times with 
accelerometers attached to the mounting plates. The tests 
were completed before and after each blast to see how the 
P-wave velocities differed.

Some issues were experienced with both of the P-wave 
collection methods. Considerable problems were encountered 
with the cross-hole method. The blasts being monitored were 
collapsing the test holes. The opening of joints in the berm 
led to test holes losing water. This meant the hydrophones 
could not register the waveforms from the detonators. The 
only issue encountered with the horizontal P-wave testing 
was an instrument failure. Overall data was collected for two 
thirds of the berm because of these issues encountered.

When the final data collection was cross-analysed, a clearer 
picture of damage within the berm could be produced, as the 
cross-hole method managed to collect data from the third of 
the berm for which data was not collected by the horizontal 
P-wave method.

FIG 3 – 80 per cent achieved catch bench widths at various elevations and 
lithologies within the Stage F cutback before project commencement.

FIG 4 – Plan of holes used for data collection. The A-holes are for 
p-wave and vibration measurement, T-holes are for boosters used in 

p-wave tests and the R-holes are for cross-hole seismic testing.
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The P-wave data collected can be seen in Table 1. At 8.5 m 
depth, the average P-wave velocity before the presplit was 
5930 m/s indicating hard massive rock at the toe level. The 
very small change in P-wave velocity in the toe indicates that 
there is little-to-no blast damage below the 8.5 m depth in the 
berm.

Cross-talk issues were encountered with the system where 
the first arrival time determination was compromised. 
This meant only one set of data was collected at the 3.5 m 
depth in the test holes. However, if it is assumed that prior 
to the presplit blast the rock mass P-wave velocity was 
approximately 5.9 km/s, as in the toe of the bench, the P-wave 
data (4.6–5.4 km/s) measured after the presplit indicates a 
significant reduction in the P-wave velocity. 

If the post presplit P-wave data is considered, the difference 
in the toe and crest zones are 331, 542, and 1234 m/s for zones 
1–3 respectively. It appears that rock quality in zone 3 has 
been reduced significantly.

A precision survey was completed using survey points 
installed in the berm. The survey was looking to detect any 
changes in the position of these points after each blast was 
fired.

The presplit had a maximum movement of 67 mm across 
one of the points, while six of the survey points were 
destroyed by excessive damage to the berm surface. In 
contrast, a maximum movement of 12 mm was measured 
after the production blast. The highest movement of all was 
seen after the trim shot, where the third mounting plate was 
lifted 322 mm. The block containing the third mounting plate 
could visibly be seen heaving in the video filmed of the blast. 
The other mounting plates also showed significant movement 
(between 19 mm and 105 mm).

Water levels were measured in the test holes before and after 
each blast. Water levels fell after each blast. The average depth 
to water after the presplit was 3.2 m, after the production 
4.3 m, and after the trim 6.1 m. The falls in the water levels 
suggested that new cracks had opened in the berm, which 
allowed the water in the hole to escape.

When the final berm had been fully mined out, a survey 
pickup of the crest was completed. This pickup was used to 
calculate the berm widths within the test area. The 90th, 80th 

and 50th percentiles of the data set were calculated to give 
an idea of the type of crest loss across the berm. The crest 
loss values were 4.4 m, 4.2 m and 3.1 m respectively across 
the 90th, 80th and 50th percentiles. The close grouping of the 
data suggests the crest loss was evenly distributed across the 
berm, rather than being based around large wedges being 
lost from a generally well performing catch berm.

Discussion on the blast monitoring results
Table 2 summarises the measurement methods used to assess 
damage. The table shows that the presplit and trim blasts 
were causing significant damage to the crest, as indicated by 
the measured acceleration and survey (displacement) data, as 
well as by visual observations.

Due to equipment and measurement issues, a full set of data 
was not captured for horizontal P-wave and cross-hole seismic 
methods. However, combining the two sets of data provided 
a valuable means of assessment of the relative impact of each 
blast on damage to the berm. Measurement of the change in 
water level relied on the holes that survived the blast intact, 
biasing the results, as data was not recorded for damaged 
holes. However, after the production blast, there were issues 
keeping the water level at the 4–5 m mark for the cross-hole 
seismic work. This meant data could not be collected after the 
trim shot had been fired.

Preconditioning in the test berm was shown to be caused 
by earlier trim and production blasts from benches above 
the berm being tested. Visual observation in the holes drilled 
for the vibration measurement mounts showed the depth of 
damage was at least 0.5 m. This fact supported the evidence 
that there was a difference in P-wave velocities at the 
surface of the bench compared to at 8.5 m depth, suggesting 
preconditioning in the top 4.5 m of the berm.

There was excessive overbreak resulting from production 
blasts, causing almost all trim blasts to be ‘double-stitched’ 
at the crest, which had the potential of increasing the powder 
factor at the design crest zone of the berm below, possibly 
causing additional preconditioning to the rock mass. In the 
future, overbreak from production blasts should be addressed 
to minimise the need for double-stitching in the front row of 
the trim blasts.

After mining the test area, crest loss measurements were 
made. Crest loss was found to be significant in the test area, 
with the 90th percentile showing catch bench width’s less 
than 4.4 m. Figure 5a shows the crest loss within the test area. 
Figure 5b shows the extensive damage at the catch bench after 
the trim blast.

Zone 3 
(m/s)

Zone 2 
(m/s)

Zone 1 
(m/s)

Average 
(m/s)

Horizontal P-wave test
Before presplit 5589 5048 5318

After production 4474 5255 5430 5053

After trim 4019 4882 4477

Cross-hole seismic at 8.5 m
Before presplit 5953 5929

After presplit 5894 6007 5895

After production 5761 5836

Cross-hole seismic at 3.5 m
Before presplit

After presplit 4660 5465 5455 5193

After production 4576

TABLE 1
Data collected during P-wave testing.

Test Presplit Production Trim
Single point vibration measurement, 
acceleration in g (PPV in mm/s)

>50g
(>700 mm/s)

27g
(326m/s)

37g
(723 mm/s)

Precision survey of berm (3D 
displacement in mm)

67 12 322

Measurement of water level change 1.1 m 1.9 m 1.1 m

Horizontal P-wave velocity 270 m/s - 580 m/s

Cross-hole seismic testing - - -

Visual (1 – least damaging; 5 – 
most damaging)

5 1 5

TABLE 2
Summary of blast monitoring results.
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PHASE 2 – ADVANCED BLAST MODELLING
Numerical modelling techniques were used to determine the 
major causes of crest loss and determine alternative blasting 
practices to minimise crest loss. The benchmark of the 
standard blast design, as well as a series of alternative blast 
designs, were modelled to determine possible design changes 
that could be implemented to reduce crest loss.

Dynamic finite/discrete element code (mechanistic blasting 
model or MBM) simulates non-ideal explosive loading. The 
code models the blast-induced fracturing and bulk motion 
of the surrounding rock mass due to stress/strain effects, as 
well as the influence of dynamic gas loading throughout the 
fracture network (Dare-Bryan, Byers and Theobald, 2010). The 
structures in the synthetic rock mass are modelled using data 
collected in the real world via window mapping. MBM is a 
two-dimensional model that can be run in one of two modes: 
vertical section through one hole (axi-symmetric); and plan 
view, taking a horizontal section through part of the bench.

In this study, MBM was used to model the presplit designs 
using both horizontal and vertical sections. The output from 

the models was analysed to quantify the accumulated damage 
in the rock mass.

Numerical simulations were conducted for the production 
and trim designs using a heave model. In this model, a vertical 
two-dimensional section is analysed through the bench. The 
section of bench that contains the blast is defined as the 
‘blast domain’, which is filled with rectangular particles that 
are tightly tiled, and onto which the blast design is applied. 
Zones of different rock types can be applied to the blast 
domain. Due to the fact that the particles in the blast domain 
are tightly packed, as each hole detonates the stress waves 
from the charge radiate through the domain and interact with 
the surrounding rock mass, which is modelled as a fracturing 
(non-tiled) material. Dominant geology, such as major joint 
sets, can be built into the surrounding rock mass. In this 
manner, SoH can be used to model the damage behind the 
production and trim designs. 

In addition to MBM and heave numerical modelling, a 
vibration model (Yang and Scovira, 2010) was used to model 
the blast vibrations and frequencies for trim blast designs.

FIG 5 – Photos illustrating the blast damage after the trim blast (A) and crest loss within the test area (B).

A

B
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Presplit blast modelling
In general, presplit holes are wet, with an average water 
depth of 15 m. In the models, the holes are either air-filled or 
water-filled. Combinations of water and air were not used.

A plan view section was constructed (Figure 6) to analyse the 
interaction between seven presplit holes (Figure 6). A synthetic 
rock mass was modelled comprising five joint sets. The holes 
were initiated with a nominal delay between holes of 0.2 ms to 
represent the delay from initiating with detonating cord.

Numerous presplit designs were simulated, including 
changes to the hole spacing, water/air-filled holes, and 
charging configuration with different air gaps from collar. 
Figure 7 shows the summary of simulations for several cases. 
Figure 8 contains vertical cross-sections showing the effects of 

different air gaps from collar. The following conclusions can 
be drawn from the results:
 • Plan view modelling of the standard presplit design 

highlighted the detrimental effect that the water-filled holes 
have on increasing the damage in the rock mass around the 
holes. Charging every second hole produced a significant 
improvement in the overall predicted damage levels.

 • Modelling a single presplit hole in elevation view 
confirmed that the standard practice of using a 2 m 
uncharged collar produced significant damage at the 
hole collar, while 4 m of uncharged collar produced 
little predicted collar movement. Using more than 4 m 
uncharged collar produced negative results, including 
generation of fracture networks in the top half of the hole.

 • Modelling indicated that excessive presplit damage was 
occurring around the collar of the blastholes, and in the 
plane of the blastholes. The damage was caused by water in 
the presplit holes, which results in a high level of coupling 
of the packaged explosive to the rock mass. This causes 
the shock energy of the explosive to be transferred directly 

FIG 6 – Plan view section of the modelled presplit design.

FIG 7 – Presplit simulations – plan view. (A) Baseline – water filled holes 
1.4 m spacing, (B) case 1 – air filled holes 1.4 m spacing, (C) case 2 – water 

filled holes, 1.4 m spacing, without charging third and sixth holes, (D) 
case 3 – water filled holes, 1.4 m spacing, charging every second hole.

D

C

B

A

FIG 8 – Presplit simulations (vertical sections): (A) 2 m 
collar, (B) 4 m collar, (C) 8 m collar, (D) 12 m collar.

A B

C D
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to the rock. The modelling indicated that increasing the 
uncharged collar depth of the presplit holes to 4m, and 
charging only every second hole is likely to reduce damage 
between the holes by about 50 per cent and produce a 
substantial reduction in damage to the berm.

Production blast modelling
Production blast designs consist of 165 mm diameter 
blastholes on a 4.2 m by 4.8 m staggered pattern. The vertical 
blastholes have 0.8 m subdrill, and are loaded with Fortis 
Advantage at a density of 1.2 g/cc, with 3.6 m of stemming. 
The shots are initiated with 42 ms delays on the control row 
(inter-hole), and 25 ms inter-row delays down echelon, with 
a 65 ms delay to the last row of holes. The blasts are buffered 
with broken muck.

Models were constructed to investigate the amount of 
damage the rock mass accumulates at the location of the 
future crest, caused by production blasts located on the same 
RL, as well as those on the bench above (see Figure 9).

The modelled damage level was found to be minimal for the 
production blasts above the design crest, so alternative cases 
were not assessed.

The damage to the crest caused by the blasting on the bench 
above was modelled using four alternative cases:
 • Case 1 – top-primed last two rows
 • Case 2 – Fortis Advantage (a bulk emulsion product) at 

1.1 g/cc in the last two rows, base primed
 • Case 3 – Flexigel Advantage 100 at 1.0 g/cc in the last two 

rows, base primed
 • Case 4 – decked loading of Fortis Advantage at 1.2 g/cc in 

the last two rows.
In Case 3, Flexigel Advantage 100 bulk explosive product 

was chosen for modelling purposes. The Flexigel™ Advantage 
Bulk System is a solids sensitised emulsion blend. Flexigel™ 
Advantage with an average in hole density of 1.0 g/cm3 is 
comparable to the bulk strength of ANFO (Table 3).

The accumulated damage at the crest for each simulation 
is presented in Table 4 as area-averaged damage, which is a 
combination of micro-damage and fracturing over the area 
analysed. Fracture length is defined as the sum of all the 
discrete fractures in the area. As modelled, the production 
blasts above the design crest produced less damage than the 
blasts next to the design crest. It was found that alternative 
cases for the production blasts next to the design crest did not 
change the damage values. Top priming in the bench above 
resulted in more damage.

Trim blast modelling
A total of 14 trim designs, including the base case, were 
modelled to determine the accumulated damage in the crest 
for trim blasts fired above (five cases) and adjacent to the crest 
location (seven cases). The model assumed the rock mass had 
not been damaged by previous blasts. Tables 5 and 6 show 
the results.

FIG 9 – Cross-section of the modelled rock mass behind the 
production blast showing little damage behind the presplit line. The 
area within the dotted line box shows the region that was analysed 

to quantify the amount of damage induced by the blast.

Bulk explosive Density 
(g/cm3)

Velocity of detonation 
(m/s)

CJ pressure 
(GPa)

Relative weight 
strength

Relative bulk 
strength

Fortis Advantage 1.15 5188 7.15 103 148

Flexigel Advantage 100 1.00 3663 2.92 81 101

Flexigel Advantage 90 0.90 3266 2.10 74 83

TABLE 3
Detonation properties of Fortis Advantage and Flexigel Advantage bulk products.

Area averaged damage (m) Fracture length (m)

Damage from current bench production blasts
Base case 0.7 0.4

Damage from blasting bench above
Base case 3.9 2.1

Case 1 11.6 5.4

Case 2 5.8 2.9

Case 3 3.7 2.3

Case 4 2.8 1.9

TABLE 4
Accumulated crest damage from production blasts.

Test case Area-averaged 
damage (m)

Fracture length 
(m)

Base case 5.3 2.5

Case 1 – top primed charges 12.3 6.5

Case 2 – Fortis Advantage at 1.1 
g/cc in all holes, base primed

4.7 2.2

Case 3 – design as Case 2, loaded 
with Flexigel Advantage100 at 
1.0 g/cc

2.0 1.6

Case 4 – design with increased 
subdrill in rows 2–4, loaded with 
Flexigel Advantage 100 at 1.0 g/cc

1.8 1.4

Case 5 – three rows of angles 
holes, loaded with Flexigel 
Advantage 100 at 1.0 g/cc

1.8 1.3

TABLE 5
Damage from trim blast above the berm.
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The model indicated that trim blasts on the level above, 
such that their grade level is at the same RL as the crest edge, 
cause little damage to the crest region. The reason for the lack 
of significant damage there was the fact that the standard trim 
design already stands-off from the crest below, and the rock 
mass in the crest region is confined.

The model indicated that trim blasts on the same RL as the 
future crest have the potential to cause minor-to-medium 

levels of damage in the crest behind the presplit. The lack 
of confinement in the crest region can cause open fractures 
to form, increasing crest loss. The model predicted that trim 
designs loaded with Flexigel Advantage 100 at 1.0 g/cc 
could reduce the damage at the future crest, compared with 
the standard design loaded with Fortis Advantage at 1.15 g/
cc. However, the model also predicted that this design could 
lead to poor fragmentation and increased toe width unless 
the low density product designs are modified to increase the 
powder factor. Figure 10 compares the base case and one of 
the blast alternatives (Case 5 in Table 6).

The modelling treated the three sources of crest damage 
separately. In reality, the crest region is subjected to the 
presplit blast, the production blast, and the trim blast in 
sequence, each one contributing to a greater or lesser degree 
to the resulting crest loss. The presplit blast was causing 
significant local damage at the crest edge. The production 
blasts was inducing minimal further damage. The trim blasts 
were adding to the presplit damage, particularly a few metres 
back from the crest edge. The modelled joints were also 
compromising the stability by promoting wedge failures out 
of the crest.

Vibration modelling
Four test (seed) holes were drilled to collect the required 
input parameters for the vibration model (Yang and Scovira, 
2010). Model predictions were used to design the blast 
initiation timing in order to reduce vibration amplitude in the 
berm. Seed holes were located between 15 m and 60 m from 
the monitoring points. Monitoring data was captured using 
Kelunji EchoPro monitors with 50 g accelerometers.

A typical trim blast was simulated for six runs using 
different timing to compare peak particle velocity (PPV) and 

Test case Area-averaged 
damage (m)

Fracture 
length (m)

Case 1 – top primed charges 11.7 4.2

Case 2 – Fortis Advantage at 1.1 g/cc in all 
holes, base primed, row 3 charge length 
6.8 m and 3.0 m stemming

8.7 4.0

Case 3 – Flexigel Advantage 100 at 1.0 g/
cc in all holes, base primed, same loading 
as Case 2

12.4 6.7

Case 4 – Flexigel Advantage 100 at 1.0 g/
cc in all holes, base primed, 4.8 m spacing 
for rows 2 to 4 and 3.0 m spacing for row 
1, same loading as Case 2

7.0 3.0

Case 5 – three rows of angles holes charge 
with Flexigel Advantage 100 at 1.0 g/cc

5.2 2.9

Case 6 – as base case, row 1 top primed 
and has a burden of 3.5 m

13.2 6.3

Case 7 – as Case 4, but with increased 
inter-row delay times

6.4 3.3

TABLE 6
Damage from trim blast adjacent to the berm.

FIG 10 – Comparison of base case with case 5 for the trim designs adjacent to the design crest.
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frequency. Figure 11 shows the actual and simulated vibration 
waveforms and frequencies for one of the monitoring stations 
in a trim blast. The following conclusions were drawn from 
these simulations:
 • lower maximum instantaneous charge (MIC) should 

reduce the PPV
 • faster timing with short burden reliefs (13–17 ms/m) can 

cause increased vibration
 • higher frequencies, reducing berm damage, should result 

from the use of burden relief of 27 ms/m and a steeper 
angle of initiation, with 30–40 ms inter-hole (control row) 
timing in the back row.

Discussion on the modelling and measurement 
results
Phase 1 of the project successfully measured vibration and 
sonic velocity in the berm. Data loss due to equipment failure 
and damage to the berm prevented the collection of some 
measurements, but the total amount of data clearly identified 
that the presplit blasts were causing the most damage to the 
berm crest. Modelling indicated that without the presplit 
damage, the effect of production blasts and trim blasts on the 
berm should be reduced considerably.

Excessive presplit damage was occurring around the 
blasthole collars, as well as in the plane of the blastholes, which 
was caused by water in the presplit holes. This combination 
resulted in a high level of coupling of the packaged explosive 
to the rock mass, causing the shock energy of the explosive to 
be transferred readily to the rock. Increasing the uncharged 
collar of presplit holes to 4 m, and charging only every second 
hole was likely to reduce damage between the holes by about 

50 per cent. This should result in a substantial reduction in 
damage to the berm and crest.

Trim blast modelling showed that damage caused when 
blasting adjacent to the berm can be substantially reduced by 
using a low energy/low shock explosive. Although there is 
a reduction in damage from blasting above the berm using 
low energy designs, damage is less than the damage achieved 
from blasts adjacent to the design crest. Therefore, low energy 
explosives were not required for the blasts above the design 
crest. It was also determined that there did not need to be a 
change to the standoff distances in these shots.

Production blasting adjacent to the berm produces very 
little damage to the berm, compared with presplit and trim 
blasts.

Blast damage to the berm and crest is cumulative. It 
comprises preconditioning from production blasts above the 
crest, from the trim blast above the crest, followed by presplit 
and trim blasts adjacent to the crest. Both measurement and 
modelling studies showed that damage was mainly caused 
by the presplit and trim blasts. It should be noted that the 
computer model did not simulate cumulative damage 
sustained by the rock mass.

PHASE 3 – IMPLEMENTATION OF BLAST 
DESIGN ALTERNATIVES
Recommendations were implemented at the mine site in two 
stages:
1. applying a new presplit loading configuration loading 

every second hole with a 4 m collar, as well as new trim 
shot timing (commenced in November/December 2013)

FIG 11 – (A) Measured versus (B) predicted vibrations and frequencies from fixed measurement station A3 on the 930–20 trim blast.

A

B
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2. trialling of alternative trim blast designs using low 
density/low energy bulk explosive product (commenced 
in December 2014).

Stage 1 – presplit and trim blast timing 
changes
The change in presplit loading (loading every second hole 
with a 4 m air gap) reduced vibration from greater than 50 g to 
29.2 g. There was also less heave (or cratering) with the revised 
loading. Fewer half barrels are evident with the new presplit 
loading, especially in Stage F. The results looked better in Stage 
G, where the rock mass is considerably more jointed.

Achieved catch bench widths were greater after 
implementation of the presplit and trim delay timing. Although 
less half barrels are visible compared to previous blast designs, 
the achieved catch bench widths were 1–2 m greater.

There had been a trend towards smaller achieved catch bench 
widths during Stage F mining. The results for the 921 m RL 
bench show the impact of the new presplit configuration, where 
a limited improvement (1.7 m) has been made in the achieved 
catch bench width (see Figure 12). It appears that after mining 
the 1101 m RL in Stage G, the majority of the catch berm width 
met the target of 5 m (at the 80th percentile) although this was 
not achieved within the Eastern Dioritic lithology.

Stage G had mixed results with a range of 4.2–7 m of 
achieved catch bench widths (see Figure 13). However, most 
zones exceeded the target of 5 m.

Stage 2 – trim blast designs with Flexigel 
Advantage
A total of eight trim blasts (see Table 7) were fired with 
Flexigel Advantage: four shots on the North wall and four 
shots on the East wall. The rock mass within the North wall is 
relatively hard and massive. Multiple joint sets occur in this 
area, leading to bench-scale wedge failures, as observed in the 
benches above.

Different parameters were trialled to determine the effect on 
berm damage. Trialled parameters were:
 • bulk product density
 • firing direction
 • batter row stemmed versus unstemmed
 • decked buffer row.
All trim blasts were fired using electronic detonators. The 

trim shots which were fired in the North wall displayed 
coarser fragmentation, as can be seen in Figure 14. This 
has been attributed to the unaltered rock mass containing 
intermittent large structures, which allowed the explosive 
gases to escape.

FIG 12 – Stage F berm reconciliation graph displaying the trending 
reduction in catch bench width prior to the mining of the 921 RL bench.

FIG 13 – Stage G berm reconciliation graph displaying the increase 
in catch bench width after both presplit and trim shot changes.

Shot number Bulk product Charge in A-row A-row stemmed? Firing direction B-row decked?
984–75 Flexigel 100 Flexigel 100 Yes W No

984–76 Flexigel 100/90 Flexigel 100 Yes W No

984–77 (combined) Flexigel 100/90 Flexigel 90 Half E No

984–77 (A-row 
unstemmed)

Flexigel 100/90 Flexigel 90 No E No

984–77 (A-row stemmed) Flexigel 100/90 Flexigel 90 Yes E No

984–78 Flexigel 100/90 Flexigel 90 No W Yes (top deck firing 21 ms 
earlier)

984–79 Flexigel 90 Flexigel 90 No W Yes (top deck firing 21 ms 
earlier)

984–80 Flexigel 90 Flexigel 90 Unstemmed N Yes (top deck firing 21 ms 
earlier)

984–81 Flexigel 90 Flexigel 90 Unstemmed N No

984–82 Flexigel 90 Flexigel 90 Unstemmed N No

TABLE 7
Designs tested during low density explosive trial period.
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Once mining had been completed, the final wall was scanned 
to obtain the crest loss. Figure 15 shows a typical cross-
section, which highlights significant crest loss. As shown in 
this figure, the mined face is shaped along joint planes that 
are dipping into the pit void. After scaling, these joint planes 
were clearly observed.

Table 8 shows the achieved catch bench widths at the 80th 
percentile, and compares the results with the earlier bench 
mined above the test area. The following conclusions can be 
drawn from Tables 7 and 8:
 • Catch bench widths with blasts with Flexigel Advantage 

did not achieve 5 m width at the 80 per cent level along 
the North wall (shots 984–75 to 78). However, the results 
do suggest some degree of improvement (0.4–3.5 m) 
when compared to trim shots fired with higher density 
bulk explosive.

 • When the 984–76 and 984–77 trim shots are compared, it 
was shown that blast 984–77’s overall catch bench width 
is less, indicating that the change in the firing direction 
did not improve the results. This is probably due to the 
multiple joint sets dipping both East and West which are 
forming wedges in the crest of the wall. It appears that 
changing the direction of firing does not help much in the 
Northern wall section.

 • The batter row of blast 984–77 was split into two parts. 
Half of the row was fired with stemming and the other 
half without. The unstemmed section had a better result 
(0.9 m extra berm). This shows that letting the explosive’s 
detonation gases vent was conducive to a wider catch 
bench as gases escape from the holes easily without 
penetrating into the pre-existing cracks.

 • When comparing the 984–77 and 984–78 shots, a minor 
increase in catch bench width (0.4 m) suggests there is a 
benefit to decking the B-row. However, the improvement 
along the Eastern wall (shots 984–79 to 82) was significant 
(1.7–5.4 m extra catch bench width).

A significant improvement in catch bench width (1.7–5.4 m) 
was achieved using an, unstemmed batter row, a decked 
buffer row and improved deck timing. The use of Flexigel 
Advantage 90 also increased catch bench widths significantly 
on the Eastern wall. Improvements on the North wall are 
minor and the crest loss remains significant. This indicates 
that rock structure is playing a major role in crest damage and 
is thus relatively insensitive to blast design changes.

Numerous wall-control projects have been completed to 
date in literature (eg Bulow and Chapman, 1994; LeJuge et al, 
1994; Adamson and Scherpenisse, 1998; Floyd, 1999; Bickers et 
al, 2001; Brent, Smith and Lye, 2001; Grohs and Marton, 2001; 
Spathis et al, 2001; Esen, 2004; Arellano and Poulakidas, 2008; 
Zdazinsky, 2014). When compared to these case studies, it can 
be said that this case study was one of the most comprehensive 
studies to date. This was achieved by combining the blast 
monitoring systems and blast modelling to deliver one of the 

FIG 14 – A trim shot in the north wall fired with lower density explosive during the phase 3 trials.

FIG 15 – Design versus actual crest showing angular 
shape of the loss along joint planes.
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largest cost savings in the open cut metal mining industry 
among the known wall-control projects to the authors.

CONCLUSIONS
As part of the Wall-steepening Project, Cowal Gold Mine 
needed to improve catch bench widths. A project was initiated 
to understand the causes of the crest loss and improve the catch 
bench widths. A comprehensive program of blast monitoring 
and modelling was carried out with the following results:
 • Damage observed on the berm is cumulative. It comprises; 

preconditioning from production blasts and trim blasts 
above the crest, followed by presplit and trim blasts 
adjacent to the crest. Both measurement and modelling 
studies showed that damage is mainly caused by presplit 
and trim blasts.

 • The following should be implemented to minimise the 
damage to the crest:
 • new presplit loading configuration (every second 

hole loaded with 4 m uncharged collar height in 
loaded holes)

 • new trim timing
 • use Flexigel Advantage bulk explosive in trim blasts
 • use 165 mm hole diameter.

These recommendations have been implemented since 
November 2013 in two stages: Stage 1 – presplit loading 
and trim timing changes; Stage 2 – trim designs loaded with 
Flexigel Advantage bulk explosive. The following results 
were obtained from the trials.

Stage 1 results:
 • The change in presplit loading (every second hole loaded 

with 4 m uncharged collar) resulted in reduced vibration 
from over 50 g to 29.2 g (221 mm/s). There was less heave 
(or cratering) with the new loading (every second hole 
loaded).

 • Fewer half barrels are evident with the new presplit 
loading. Highwalls do not look as neat as they did with 
the old designs.

 • Catch berm width increases are in the order of 1–2 m with 
the changes in the presplit loading and trim timings.

 • There has been a falling trend in the achieved catch berm 
width in Stage F. The results for the 921 m RL bench 

shows the impact of the new presplit configuration, 
where a limited improvement (1.7 m) has been made in 
the achieved catch berm width. Stage G had mixed results 
with a range of 4.2–7 m of achieved catch bench widths. 
Some zones exceeded the target of 5 m.

Stage 2 results:
 • Catch bench widths did not achieve the target 5 m 

width at 80 per cent level on the Northern wall. Average 
improvement using the Flexigel designs was 1.7 m with 
a range of 0.4–4.5 m. Whilst there are some marginal 
improvements in crest loss, designs are not meeting the 
target. Rock structure plays a key role with the crest loss 
along the Northern wall.

 • There were significant improvements in the Eastern 
wall with an average improvement of 2.5 m (0.3–5.4 m). 
Flexigel Advantage based designs achieved catch bench 
widths >5.8 m. The results along the Eastern wall were 
found to be satisfactory. The designs with the buffer row 
decked made significant improvements (catch bench 
widths >6.8 m). In addition, unstemming the batter row 
helped improve the results.

 • Catch bench widths along the northern wall remain 
unsatisfactory although there is an average 1.7 m 
improvement. Rock structure appears to play a key role 
with the crest wall along the Northern wall. Significant 
changes to the presplit and trim designs are being 
considered as well as rock support options. Trim designs 
were being modelled at the time of the publication. 
Alternative presplit designs and ground support 
techniques are currently being implemented for the North 
wall.
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