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ABSTRACT
Bulk explosives provide the energy to move a rock mass and reduce it to an optimal size
(fragmentation). The intensity of energy needed depends on several factors including a customer’s
geology and end objectives. An energy mapping tool has been developed to help customers to
determine their bulk explosive needs based on these objectives.
At one end of the energy map dealing with high-energy products, a new range of bulk explosives
products for surface mining have been developed. With these products, it is possible to provide
blast designs with up to nearly triple the relative bulk strength (RBS) of ANFO, and address primary
focus areas for mining operations, including the reduction of drill and blast costs, improvements
in production rates, better face advance through improved broken stock management, better drill
productivity, improved milling efficiency and lower energy costs in surface mines.
In this paper, field trial results from the first level of new high-energy products are presented.
These products have an RBS 2.25 times that of ANFO. Industry variations of a smaller diameter
(89 mm) pumped product for civil quarrying applications, and for large diameter (311 mm) hardrock metalliferous mines are presented. For both cases, the run-of-mine fragmentation levels
obtained with the new bulk explosives are contrasted with the fragmentation profile generated
with the currently accepted product range applied in similar geological conditions. The new
products show increased fragmentation across the measured size distribution, with reduction
in P50 values of 20 and 37 per cent over the currently used product for the 311 mm and 89 mm
diameter blastholes respectively.

INTRODUCTION
Traditional bulk explosive products for surface mining
applications (ANFO, heavy ANFO and pumped emulsionbased explosives) span a range of relative bulk strengths
(RBS) from approximately 100 to 200 per cent of that of
ANFO. In this paper, RBS has been derived from the effective
energy of detonation for each product in question, which
is in turn an ideal thermodynamic calculation truncated
according to industry custom below Chapman-Jouguet
(CJ) reaction pressures of 100 MPa. Relative effective
energy (REE) of an explosive product is its effective energy
compared to that of ANFO (effective energy = 2.30 MJ kg-1,
with AN to fuel oil ratio = 94:6 w/w, and final ANFO product
density = 800 kg m-3). To obtain RBS, the REE is converted
from a mass-based to a volume-based measure by multiplying
by the ratio of product to ANFO bulk density.
RBS values below 200 per cent of ANFO have been adequate
for generic blasting needs for many years, but now there is an
opportunity for a significantly higher-energy bulk explosive.
Surface mining situations present with a range of different
geologies and end objectives for blasting, and an energy

mapping tool (EnergyMap™), as shown in Figure 1, has been
developed to help surface miners tailor their bulk explosive
needs based on these objectives.
The application of higher-energy products provides an
opportunity for improvements in a wide range of mine
operations, including mineral comminution, the expansion of
drilling patterns and the corresponding potential for flexibility
in broken stock delivery, the management of shortfalls and
cost in drilling capacity through pattern expansion, the
reduction of drill metres required for expansion, better drill
fleet optimisation, increased output and fleet efficiency,
improved dig cycles, faster and better bucket fills, reduced
oversize handling, higher and more consistent truck fill, faster
tramming on better floors and fewer blast delays.
In this study, the focus is directed to the first of these listed
improvement opportunities listed – namely the generation
of finer fragmentation outcomes for mineral comminution,
which is a highly energy intensive process. For most nonferrous metals operations, comminution is the single
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FIG 1 – Energy map segments for Orica’s explosives range showing the explosive velocity of detonation versus the relative
bulk strength. Overlayed is the typical rock type moving from weak material through to high strength rocks (left to right).
highest consumer of energy at a mine (Thomson, 2012;
Brent et al, 2013). A combination of increasing energy costs,
greenhouse gas concerns and reducing ore grades is bringing
a government-level spotlight on improving comminution
efficiency in certain world regions. Blasting is a much more
energy-efficient method of breaking rock relative to grinding
and receiving attention at corporate and national government
level (Commonwealth Government of Australia, 2015). As ore
grades decline over time, more ore will need to be processed
to recover the same amount of mineral, and the ore crushed
to smaller sized particles, requiring even more energy than
currently used. Higher-energy bulk explosives can deliver
more energy to break rock efficiently in the ground, producing
smaller and more consistent fragmentation, leading to lower
milling costs.
The current economic climate has increased cost pressure
across all aspects of mining operations, including drill
and blast. The tough, abrasive rock found, for example, in
metals mines drive relatively higher drill and blast costs.
This opportunity calls for a practical higher energy, higher
velocity of detonation explosive that transforms downstream
grinding processes into more efficient operations and reduces
overall energy consumption at the mine site through lower
downstream power consumption in milling circuits from
improved fragmentation. This has a flow-on effect for
environmental improvements at local levels.
The aim of this paper is to report on field trials investigating
the high product energy – high fragmentation section of the
energy map. Trials are reported for mines with high-strength
rock conditions where, according to Figure 1, Vistis™ and
Vistan™ products would be expected to provide beneficial
results in terms of fragmentation improvements. The trials are
conducted across two blasthole diameter sizes, comparing the
cumulative particle size distribution between the standard
product in use in the mine with a higher energy variant.

METHODOLOGY
Trial details
To demonstrate the effect of the first energy level of novel
pumped and augered emulsion-based bulk explosive
2

products (both with an RBS of 225) on improved fragmentation
outcomes, two field trials were conducted to investigate
explosive product performance at two extremes of surface
blasting hole sizes. Both bulk explosives were designed to
operate within the Vistis™/Vistan™ performance envelope
shown in the energy map in Figure 1.
For the first trial, a side-by-side comparison using small
diameter (89 mm) blastholes was conducted. The trial provided
details of the product and application, as shown in Table 1.
A civil quarry application provided appropriately sized benches
of 15 m depth. For a trial with blastholes of this diameter, the
bulk explosive product was delivered by pumping through a
lubricated 25 mm diameter hose. The product has been designed
for pumping and wet/dry hole applications. A schematic of the
bench layout is shown in Figure 2, comprising 112 drilled holes
in total, equally split between the control and novel high-energy
pumped bulk explosive. As noted in Table 1, the rock strength
for the quarry is ~120 MPa. This rock hardness, coupled with
an operational advantage in finer size distribution of blasted
stock above the ‘scalp’ diameter brings the trial into the target
range in the energy map in Figure 1, where the new highenergy explosives would be of benefit.
For the second trial, a larger scale was employed in large
diameter (311 mm) blastholes for metalliferous mining.
Rock compressive strength was expected to be greater than
150 MPa (see Table 1), so this trial should also benefit from
operation in the high-energy region of the energy map. For
these holes, the explosive product could be directly augered
from the mobile manufacturing unit at a greater delivery rate,
so this delivery method was utilised for higher productivity.
Comprehensive historical fragmentation data was available,
providing averaged baseline data for similar geological
conditions for the comparison with the results from this
study. Over 1000 t of the novel augered product was loaded,
following the specifications listed in Table 1.
In both trials, the new high-energy products were formulated
to have an average RBS of 225. These new formulations were
compared against the standard (control) products currently
in the use at each site with an RBS in the range 168 to 172 for
trial 1 and 174 to 186 for trial 2, giving an RBS increase of 45 to
55 percentage points relative to ANFO for the new product
over the control.

11TH INTERNATIONAL SYMPOSIUM ON ROCK FRAGMENTATION BY BLASTING / SYDNEY, NSW, 24–26 AUGUST 2015

HIGHER ENERGY BULK EXPLOSIVES – MATCHING PRODUCTS TO ROCK TYPES USING AN ENERGY MAP CONCEPT

TABLE 1
Control and high-energy product details.
Small diameter field trial 1

Large diameter field trial 2

Application

Civil quarry

Metalliferous

Rock type

Granite

Copper ore

Rock compressive strength (MPa)

120

160

Hole diameter (mm)

89

311

Burden (m)

3.0

8.0

Spacing (m)

3.0

9.0

Stem height (m)

2.5

6.5

Average bench height (m)

15

17

Bulk product

High-energy pumped bulk emulsion-based explosive

High-energy augered bulk emulsion-based explosive

Tonnes loaded

56

625

223

225

High-energy product

Relative bulk strength relative to ANFO at density of 800 kg m

-3

Average in-hole density (kg m )
-3

Velocity of detonation (km s-1)

1300

1300

4.5–6.5

4.5–6.5

168–172

174–186

Control product
Relative bulk strength relative to ANFO at density of 800 kg m-3
Average in-hole density (kg m )
-3

Velocity of detonation (km s-1)

1200

1250

4.4–6.5

4.0–6.5

FIG 2 – Typical blast design for experimental trials (89 mm diameter hole details shown) utilising the high-energy pumped bulk emulsion showing angle of initiation.
Table 1 also shows that due to increased sensitivity (Orica,
2015a, 2015b) the new product for 89 mm diameter holes
was able to be delivered at an average in-hole density of
1300 kg m-3, compared to the average in-hole density of the
control product at 1200 kg m-3 in trial 1 and 1250 kg m-3 in
trial 2, where larger blasthole diameters are employed.

Measurement techniques
The prime objective for the trials was to measure the variation
in fragmentation of the blasts conducted with the new highenergy product, and compare this with the product currently
used at the operation in the same application (the control). The
measurement was conducted using a proprietary fragmentation
image analysis process (Latham et al, 2003). To utilise this
technique, a series of images were taken for each blast typically
at 15, 30 and 75 per cent of muck pile removal progress. The
images require calibration for optical zoom settings of the
image. For example, for small diameter trials, images 9.9 and
20 times were used over a distance ranging from 10 to 90 m.
Across the reported trials, two calibration techniques were
utilised, either through a standard ball of 100 mm diameter, or
laser range finder, to obtain the distance to the various sections
of the muck pile being photographed.

Care was taken to capture images at a normal orientation
to the measurement face. Vertical extension poles were
utilised, up to 4.5 m high as necessary, according to specific
mine conditions. Typically, 30 to 35 images were obtained for
each measurement face on the muck pile. These files were
processed and the net results for the fragmentation data could
then be plotted to allow the results for the 50 per cent passing
size, P50, and the 80 per cent passing size, P80, fragmentation
values for each product (new and standard product) to be
compared for blast performance.

RESULTS
Trial 1 – 89 mm diameter blasthole quarry trial
Fragmentation analysis results from the 89 mm diameter
blasthole trial are shown in Figure 3a as a log-normal
cumulative per cent passing curve. The effect of higher bulk
strength pumped emulsion product on fragmentation is
clearly shown, with a finer sizing across the whole measured
size distribution in the side-by-side shot. In the 25 to 100 mm
size fraction, the largest difference from the control product is
evident, reaching a maximum difference around the 50 mm
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FIG 3 – Comparison of fragmentation outcomes for experimental trials with current surface control product. (A) 89 mm diameter holes; (B) 311 mm diameter holes.
size, where the new pumped explosive generated a muck pile
size that was measured at over 50 per cent finer.
In Table 2, the P50 and P80 results are compared. The P50 for
the pumped explosive drops by 37 per cent from 91 mm for the
control to 57 mm and from 239 to 146 mm (39 per cent) for the
P80 size, indicating the new product has adequate sensitivity to
be able to detonate efficiently in smaller diameter blastholes.

Trial 2 – 311 mm diameter blasthole
metalliferous mine trial
In Trial 2, the fragmentation results for the novel augered bulk
product are compared with an historical baseline. Although
there is a slightly smaller difference in RBS between the
trial product and the control, a finer fragmentation was still
measured, with the P50 and P80 values for the new high-energy
augered product reducing from 35 to 28 mm (20 per cent) and
from 65 to 54 mm (17 per cent) respectively.

Trial comparison
This investigation, incorporating two case studies with
different geology, widely different blasthole diameters and
different scales of operation, has primarily been designed for
comparison of results within, rather than between, the field
trials. However, it is evident from Figure 3 that the larger hole
diameter trial has generated a significantly finer muck pile
due to a higher powder factor and more efficient detonation
at higher blast diameter. The results provide experimental
calibration data for predictive fragmentation models
(eg Kirby, Chan and Minchinton, 2014) to improve future
blast design across the spectrum of blasthole diameters.

CONCLUSIONS
The energy map concept has been used to highlight the
potential benefits of higher-energy bulk products for
surface mine blasting applications where increased levels of
fragmentation are beneficial for mine operation. Two variants
in a new high-energy bulk product range, for pumped and
augered delivery, were experimentally trialled in mine
applications to understand and measure differences in the
fineness of blasted rock.
Both trials showed increased levels of fragmentation of the
blasted stock, above that achieved by the current accepted
product. For the new high-energy pumped bulk emulsion
product trial in 89 mm diameter holes, P50 size distributions
were 37 per cent smaller than the currently used product,
while for the new high-energy augered bulk product trial in
311 mm diameter holes, P50 size distributions were 20 per cent
smaller than the control.
The results of the trials for different blasthole diameters
provide clear indications that the new high-energy explosives
can be used to reduce the size of blasted stock within the muck
pile. This increase in fragmentation offers the opportunity
for reduced drill and blast costs, improved production
rates, better face advance through improved broken stock
management, better drill productivity, improved milling
efficiency and lower energy costs in metal mines giving an
ability to tailor blasting needs
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TABLE 2
Fragmentation results for experimental trials for control product relative to the high energy pumped bulk explosive.
Hole diameter
(mm)

Control (mm)

High energy product (mm)

Difference in particle size for high energy
product relative to the control product (%)

P50

P80

P50

P80

P50

P80

89 (pumped)

91

239

57

146

-37%

-39%

311 (augered)

35

65

28

54

-20%

-17%
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