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INTRODUCTION 

The Fimiston Open Pit commonly known as the ‘Superpit’ is 
operated by KCGM as a 50/50 joint venture between Barrick 
Gold and Newmont Mining. The mine is located on the edge 
of the city of Kalgoorlie-Boulder, 600 km west of Perth in 
Western Australia (Figure 1). The Golden Mile has produced 
over 55 million ounces of gold since production started in the 
1890s. The current operation, which recommenced mining in 
1989, is a high tonnage and low grade operation that requires 
12 Mt of ore per year to feed the mill on site. Mining operations 
move in excess of 70 Mt of material per year, of which over 
12 - 15 Mt is ore at an average head grade of around 2.00 g/t. 
Last year the operation produced 788 000 ounces of gold 

recovered. Mining is undertaken on 10 m benches using four 
Komatsu PC8000 shovels and one 1850 Letourneau loader 
with a haul fl eet of forty 793 Caterpillars.

Historically there had been a number of previous blast 
monitoring programs conducted at KCGM over the 20 years 
of open pit mine operation. Initially these included blast 
movement indicators (BMI) such as polypipe, tape on the 
ground, and using fi lled stopes as potential marker horizons 
within the blast face. Most of this information has been either 
misplaced or lost over time as people moved on. In 2006, 
Barrick Gold Corporation rolled out a Value Adding Blasting 
(VAB) program across all sites world-wide to improve 
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ABSTRACT 

Fimiston Open Pit is operated by Kalgoorlie Consolidated Gold Mines (KCGM) as a joint venture 
between Barrick Gold and Newmont Mining. Over 110 years of underground mining resulted in the 
development of nearly 3500 km of underground workings including backfi lled and open stopes up 
to half a million tonnes in size. These voids signifi cantly complicate blasting processes at KCGM, 
infl uencing blast movement direction and magnitude. Blast movement monitoring to improve 
mine reconciliations was identifi ed as an improvement project in the business plan for the geology 
team in 2008. Following successful trials in 2008 to 2009, blast monitoring and translation of 
ore blocks were implemented as a permanent grade control program from late 2009 and is now 
part of the Management Operating System (MOS) of the mine. This paper presents a summary of 
results from the Blast Movement Monitoring (BMM®) data collected to date. Ore blocks at KCGM 
are translated primarily using BMM® data. This data is obtained from the BMM® system which 
measures the movement of a radio transmitter installed in a blast pattern from a preblast position 
to a post-blast position. The application of the data collected by the BMM® tends to be both mine 
site and blast specifi c. At KCGM, an average distance obtained from the BMM® data within a 
given shot is the primary method used for translation. In the case that BMM® data is unavailable, 
a theoretical movement vector established from Orica Shotplus with distances gained from the 
historical BMM® database is used. Data is presented in an ore loss and dilution exercise for a bench 
undertaken at KCGM to understand the potential effects on reconciliations. Improvements that 
have fl owed from implementing blast monitoring include improved reconciliations when combined 
with other grade control improvement projects. The increase in liaison between the geology and 
blast personnel at KCGM has been a signifi cant improvement gained from the implementation of 
the blast monitoring program. This has allowed a better understanding of blast movement and 
the effects on ore dilution and ore loss by the mine geology team. In addition, the discussion of 
blasting tie-in plans between geology and blasting personnel has been improved which leads to 
more favourable blasting practices that take ore movement into account.
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blasting practices that would result in better ore recoveries, 
blast fragmentation, excavator, and milling productivity. A 
part of this program was to use the then recently developed 
BMM® System that made it practical to routinely measure 
three-dimensional (3D) movement during production blasts 
(Thornton, 2006). 

The initial trial in 2006 sponsored by Barrick involved the 
use of 60 BMM®s to monitor 5 - 6 blasts to provide an overview 
of blast movement at KCGM. As a result of the fi ndings, a 
compromise was made to implement a process of translating 
blasted shots by using a Vulcan™ lava script developed in 
house that moved ore boundaries perpendicular to fi ring 
directions at the average horizontal distance of movement 
at KCGM. This compromise was reached due to a number 
of factors such as the required waiting period of at least 
12 hours for access to blasted shots due to void restrictions, 
and the production schedule requiring shots to be marked 
up immediately once access was made available. In addition, 
limited personnel available at the time in the KCGM geology 
department to intensively manage the blast monitoring 
process hindered implementing blast monitoring.

From 2006 to 2008, mine to mill reconciliations were 
poor at KCGM. During this period there was extremely high 
turnover of geology personnel and much of the knowledge 
of blasting processes within the geology team was lost. As a 
result the mine geology team did not undertake translation of 
ore blocks. In early 2008, the effect that blast movement was 
having on ore loss and dilution was identifi ed by the geology 
team in the business plan as a grade control improvement 
project to help improve mine to mill reconciliations. In 
December 2008, a further trial with 50 blast monitors was 
completed to demonstrate the blast monitoring system to 

new staff at KCGM. Following positive results it was decided 
to purchase an additional 250 blast monitors to extend the 
trial for the fi rst half of 2009. Early on in the process it was 
undentifi ed that there had to be a site champion with strong 
support from upper management who could coordinate and 
implement the program. Following successful trials in 2008 
and 2009, blast monitoring and translation of ore blocks was 
implemented as a permanent grade control process from late 
2009.

The main objectives of this paper are to:

  give a background on factors that signifi cantly impact 
blast movement,

  show how this process was implemented into the mining 
cycle, 

  summarise the results collected to date from BMM® at 
KCGM,

  show how the blast movement data collected has been 
applied, and

  summarise the benefi ts that have been provided by 
implementing blast movement monitoring.

BACKGROUND

Currently there are three main operating cut-backs within 
the mine (Figure 1). Most ore is currently mined from the 
Trafalgar cut-back. The Chaffers cut-back is scheduled to 
fi nish at the end of 2012 with Golden Pike cut-back expected 
to contribute signifi cant amounts of ore by the end of the year. 
The central mined out region is known as the old Stores pit. 

Mine geology and grade control methodology 
The Fimiston Open Pit is part of the Kalgoorlie Gold Field 
of Western Australia, located within the Norseman-Wiluna 

FIG 1 - Location of the Fimiston Pit Operation with cut-backs indicated.
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Greenstone Belt. This NNW trending Archean greenstone belt 
has been successively deformed and regionally metamorphosed 
to grades varying from lower green schist to amphibolite facies 
(Clout, Cleghorn and Eaton, 1990). The local geology consists 
of a sequence of ultramafi c to mafi c volcanic rocks and sills 
overlain by a thick volcanic-sedimentary sequence. There are 
two main styles of mineralisation; the older Fimiston style 
lode mineralisation, which makes up the majority of the ore 
mined within the pit, and the younger Mount Charlotte style 
stock work mineralisation. 

Fimiston style mineralisation contains over 1000 narrow 
gold-sulfi de-telluride lodes that range in size from <1 m up to 
20 m in width. These lodes are associated with brittle-ductile 
shears forming broad low grade haloes that extend >1 km both 
laterally and vertically. There are three main lode orientations 
within the lode systems: the Main, Caunter, and Cross Lodes 
(Figure 2a). The lode system is divided into Eastern and 
Western Lode Systems (Clout, Cleghorn and Eaton, 1990). The 
Eastern Lodes are characterised by a broader more intense 
mineralised alteration system which has been deformed 
signifi cantly more than the Western Lodes. The mineralisation 
of the NS orientated Western Lodes is less intense and more 
localised along the shear zones. As a result ore blocks are 
generally considerably wider and larger in Trafalgar then in 
the Chaffers cut-back which is predominately Western Lode 
mineralisation. The primary host of mineralisation within 
the pit is the Golden Mile Dolerite (GMD), a differentiated 

gabbroic sill that is subdivided into ten separate subunits. The 
other signifi cant mineralised unit is the Paringa Basalt, a fl ow 
that exhibits a variety of textures from pillowed to massive 
fl ows. 

Since early 2000, reverse circulation (RC) drilling has 
been used as the primary method of grade control within 
the Fimiston Pit. Drilling is designed on a 10 m × 8 m grid 
with holes typically drilled at -55° E to a depth of 42 m. This 
allows maximum possible data density over three benches 
with deeper holes drilled up to a depth of 96 m for both 
scheduling purposes and where there will be limited drill 
platforms on lower benches due to void restrictions. All RC 
holes are surveyed and downhole dip measurements taken. 
Two-metre samples are collected using a cone splitter on the 
RC rig with assay sample turn around averaging three days. 
Creation of grade control block models uses 2 m composites 
with conditional simulation in MP3 used as the estimation 
method. Block outs are constructed in Vulcan using the MP3 
model generated together with pit mapping, underground 
mapping, stope, fault, and lithology wireframes to generate a 
geologically valid block-out. Minimum block-out widths are 
6 m × 15 m with a minimum block-out size of 5000 t.

Impact of voids on mining operations
Underground workings at KCGM complicate blasting 
practices and as a result blast movement is affected by 
signifi cant voids. Nearly 110 years of underground mining 
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FIG 2 - (A) 440 m bench in Trafalgar with ore blocks (red, green, yellow, blue fi lled polygons). (B) Detail of shot showing void tapes (solid red and black lines) 
and stope interpretation (dashed red, yellow and green lines).
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has resulted in the development of nearly 3500 km of 
underground workings on the Golden Mile. Underground 
mining occurred below the current fi nal pit design (660 m) to 
over 1200 m below the surface (Figure 3). The underground 
voids are variable in size from development drives and levels 
to stopes, shafts and winzes. Stopes can range in size from a 
few thousands of tonnes to hundreds of thousands of tonnes in 
size (Figure 4). Approximately half of all stopes are backfi lled 
with either hydraulic sand tailings from the numerous historic 
mills on the Golden Mile or waste backfi ll, which can be a 
mixture of sulfi de-bearing rock or surface oxidised rock. The 
Voids Section within the mining department is responsible 
for identifying and delineating areas of voids within the pit so 
that mining can proceed safely. Voids are identifi ed through 
historic mapping of underground levels, drilling (resource 
defi nition and grade control) and additional probe drilling once 
benches have been mined. Known voids are modelled using 
Vulcan wireframes and these wireframes are used to delineate 
areas that are safe for machinery and personnel to work in. 
Figure 2b is a detailed plan view of the 430 m bench in Trafalgar 
(as seen in Figure 2a) showing the void zones surrounding the 
stopes. Void zones are either delineated Black and White, or 
Red and White Zones. Red and White Zones are known voids 
within 4.5 m of the surface whilst Black and White Zones are 
known voids within 10 m of the surface. A signifi cant amount 
of deep blasting is required to collapse level workings and 
areas where large voids may prevent access for mining. In 
addition deep blasting may be required to collapse pillars 
into underlying voids. All deep blasting around ore zones is 
checked by a geologist to ascertain the potential impacts of ore 
loss and dilution. If there is potential for a signifi cant amount 
of ore to be lost or diluted then a winze may be drilled into the 
void and the void backfi lled. This is, however, time consuming 
and expensive so it is not done often.

Blasting practices 
There is a strong emphasis on quality blasting practices at 
KCGM, which was further reinforced by the work completed 

by the VAB initiative started by Barrick in 2006. Blast design 
decisions can play a large part in controlling blast movement 
as the magnitude of movement is proportional to the energy 
applied to the rock mass (Thornton, 2009a). An experienced 
blast technician creates blast pattern designs. Factors 
taken into account when designing blast designs include: 
ore contacts based on a schedule model provided by grade 
control, geotechnical blasting restrictions, safe access through 
void areas, and reducing fi ring of centre lifts where possible. A 
centre lift blast is undesirable as it creates the largest amount 
of variable movement directions. The blasted material will 
move towards the point of initiation (POI) and in the case of 
a centre lift this is towards the centre of the blasted pattern. 
As a general rule, at KCGM, centre lift blasts are used as the 
fi rst blast on a new bench or within a new area of an existing 
bench where the blast is completely surrounded by unblasted 
material. Figure 5 displays the three primary types of blasts 
utilised at KCGM. Preliminary blast designs are reviewed in 
a monthly preplanning meeting where the designs can be 
adjusted if needed. All ore blasts are generally buffered except 

 

FIG 3 - Underground workings within the Superpit fi nal pit design in light blue.

 

FIG 4 - A large open stope with PC8000 800 t shovel for scale.
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for the above mentioned centre lift shots and those along the 
pit edge boundary of the Trafalgar cut-back and the old Stores 
pit (Figure 1).

Blast patterns are marked out on the ground by the quality 
assurance (QA) blast crew who mark holes out using points 
put out by survey to measure the burden and spacing between 
each hole. All hole depths are measured to ensure that 
holes have the correct charge loaded into them. The pit is 
currently subdivided into seven geotechnical blast domains 
(Figure 6) defi ned from work completed during the VAB 
study in 2006. The geotechnical domains are defi ned based 
on rock having similar densities, hardness, strength, and 
fragmentation characteristics. Powder factors for each of 
the geotechnical domains have been determined to allow 
optimum fragmentation based on rock characteristics within 
the overall site and to maximise the bulk loading capacity of 
explosives. Powder factor, along with geology, are the most 
important factors in determining blast movement within a 
blasted pattern. Long reach blast rigs are used to drill into 
void areas and are able to reach into 15 m of a void area. If the 
void is larger than the drill rigs reach, the void may potentially 
be under drilled, which can impact blast dynamics.

The seven geotechnical blasting domains are shown in 
Figure 6 with the fi nal pit shell and summarised in Table 1 with 
their powder factors. These domains consist of the following 
geological units:

1. Paringa Basalt,
2. 1 - 7 Units Golden Mile Dolerite Eastern Lodes,
3. 8 - 10 Units Golden Mile Dolerite Eastern Lodes,
4. BFB Carbonaceous Shales associated with the Golden Mile 

Fault,
5. 8 - 10 Units Golden Mile Dolerite Western Lodes,
6. 1 - 7 Units Golden Mile Dolerite Western Lodes, and
7. Oxide.

COLLECTING BLAST MOVEMENT DATA 

WITHIN THE MINING CYCLE 

Description of Blast Movement Monitoring 
system
The BMM® system has been developed by the University 
of Queensland and Blast Movement Technologies (BMT) 
(Thornton, 2009a). The complete system is outlined in 
Figure 7. The BMM® transmitter creates a small localised 
electromagnetic fi eld that can be detected post-blast. An 
activator, which is a remote control that switches the BMM® 
on prior to installation, allows sleep times to be programmed 
into each BMM®. Sleep times are important at KCGM given 
that there is a stand down period of 16 - 20 hours prior to 
blast clearance by void, survey, and blasting personnel. Blasts 
typically fi re at midday and are not fi nally cleared for access by 
grade control personnel until 9.00 am the following morning. 
The BMM®s are installed in dedicated (unloaded) drill holes 
that have been designed to give representative coverage of the 
blast pattern. A special detector is used to locate each BMM® 
after the blast and determines its depth with the BMM®s post-

(A) (B) (C)

FIG 5 - Three primary blast types utilised at Kalgoorlie Consolidated Gold Mines: (A) Echelon; (B) V-shot; (C) centre-lift.

FIG 6 - Geotechnical Blasting Domains underlain with the fi nal pit design. 
Refer to Table 1 for details.

ID# Geotech unit PF Burden Spacing Echelon

1 PB 0.67 4.8 6.2 5.7

2 1 - 7EL 0.72 4.6 6 5.5

3 8 -10 EL 0.84 4.3 5.6 5.1

4 BFB 0.55 4.6 6 5.5

5 8-10 WL 0.72 4.6 6 5.5

6 1-7 WL 0.67 4.8 6.2 5.7

7 Oxide Variable Variable Variable Variable

TABLE 1

Blasting domains with Powder Factors at Kalgoorlie Consolidated Gold Mines 
shown in Figure 5.
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location picked up by survey. BMM® Assistant software is 
then used to calculate a 3D movement vector for each BMM®. 
This data is then archived in a database for future reference.

Incorporating into the site Management 
Operating System
The blast monitoring process is managed by the mine geology 
team with support from the drill and blast crew and has been 
incorporated within the MOS for the mine site. The MOS is a 
system of controls, communication, and activities that have 
been implemented by KCGM to achieve organisational goals 
and objectives quickly and effi ciently. One of the signifi cant 
challenges was implementing blast monitoring as a routine 
process where up to 12 mine and project geologists have 
responsibility. As with any larger site, it was found to be more 
diffi cult to implement as an actual grade control process with 
multiple team members responsible for the process than in 
a trial situation when 1 - 2 people are responsible. Issues 
initially identifi ed were:

  the drilling geologist forgetting to design monitoring holes 
when drill patterns were issued,

  the drilling contractor not drilling the monitoring holes 
or inadvertently destroying the holes with the blast rigs as 
they trammed,

  blast crew either loading or stemming the monitoring 
holes, and

  survey not being contacted or failing to pick up the 
monitoring holes.

To address the issues a standard operating procedure 
(SOP) with work instructions was developed, along with blast 
monitoring being made an agenda item at both the morning 
geology team prestart meeting and the pit technician’s 
morning meeting. Any issues relating to blast monitoring are 
clarifi ed at these meetings and actioned on a daily basis with 

the drilling geologist and senior pit technician having overall 
responsibility. This includes liaison with survey, drill and 
blast and the drilling contractor in ensuring monitoring holes 
are ready for installation.

Design and tracking of blast monitoring holes
As not all blasted shots are routinely monitored at KCGM, 
the blast movement monitoring process starts with a project 
or senior mine geologist identifying blasts that will need 
monitoring prior to commencement of work on a new bench. 
Blast patterns are highlighted on a bench map, which is 
displayed on the geology information board. The blast foreman 
provides a map of the likely initiation scenario for the bench 
based on scheduled dig sequence. There is a high potential for 
change in the initiation design due to void or other production 
issues resulting in the sequencing of the bench being changed. 

The design and placement of monitoring holes is critical in 
getting quality data on blast movement. Designing holes that 
are close to void delineated areas, control lines, and edge of 
shots can affect the usefulness of the data generated. A control 
line runs out from the POI on a blast and connects all of 
the rows that run between holes. Commencing at the POI it 
connects each of the holes that will be the fi rst to detonate in 
a given row. A centre lift shot will have a real control line and 
pseudo control line that runs out perpendicular from the POI. 
The drilling geologist is responsible for ensuring monitoring 
holes are designed, drilled, and surveyed. The design of BMM® 
holes is done on a shot-by-shot basis rather than for a full 
bench because of the potential for the initial void restricted 
areas to change, which may result in the actual initiation 
plan or ‘tie-in’ having to change from the initial design. Most 
monitoring holes are generally designed to a depth of 6 m 
where maximum horizontal movement is predicted based 
on previous data obtained by BMT for a 10 m bench. BMM® 
hole design close to control lines and shot edge boundaries 

FIG 7 - Key functions in the Blast Movement Monitoring system.
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is restricted where possible to at least 20 m, as this data is 
of limited usefulness as it is not representative of movement 
for the majority of the shot (Thornton, 2009b). Monitoring 
hole design also has to be checked against the void areas 
where there will be potential restricted zones for personnel 
movement after blasting of a shot as shown in Figure 8.

Geology technicians, as part of their daily pit tasks, are 
responsible for checking that blast monitor holes have 
been drilled. Additionally they are required to use a hole 
plug (gas bag), paint, stake, and fl ag the hole to minimise 
it being destroyed. The blasting personnel utilise copies of 
site instruction maps that indicate the existence of drilled 
monitoring holes. This helps to reduce the chances of the 
monitoring holes being stemmed or loaded as part of the 
blast pattern. Once it is confi rmed that all monitoring holes 
have been drilled, the drilling geologist is notifi ed so a survey 
request can be generated for the monitoring holes’ preblast 
coordinates. To ensure that all blast monitoring tasks are 
completed as part of the MOS process an additional section 
has been created in the Shot Status Database. This is a tool 
used at KCGM to track completion of grade control tasks. The 
BMM® installation and pickup process is done by the mine 
geologists. BMM®s are normally installed in the loaded shot a 
few hours prior to blast (due to transmitter battery life) and are 
then stemmed. BMM®s are generally picked up the following 
day after a blasted shot has been cleared. Clearance of a shot 
involves a 12 hour settling period because of the voids where 
access to the shot is restricted. The restricted zones are then 
marked up by survey and checked by drill and blast for misfi res. 
The BMM®s are then located, using the detector after which 
survey is notifi ed to pick up the post movement coordinates.

FIMISTON PIT BLAST MOVEMENT SUMMARY

Even though the primary objective of monitoring blast 
movement is to reduce ore loss and dilution, over time a 
large database of blast movement data is collected that has 
value in itself. This data can be used to improve the general 
understanding of blast dynamics, which has benefi ts for 
improving blast designs and optimising the post-blast ore 
location. Also, there will be occasions when no measured blast 
movement data will be available for a particular blast or an 
important zone within a blast. Data from similar blasts will 
provide the best estimate for the movement in the absence of 
measured vectors.

This section summarises the movement from all blasts 
monitored at KCGM to date. The relatively large number of 
movement data (588 vectors) allows tighter quality control and 
fi ltering while retaining suffi cient data to be a representative 
sample in most instances. Since blast movement is inherently 
highly variable, this blast movement database provides the 
best opportunity to quantify any changes. The fi rst step in the 
data analysis is to exclude any incorrect or unrepresentative 
data. Part of the blast monitoring procedure at KCGM is to 
scrutinise each vector after the blast and if it is deemed incorrect 
due to operator error or having been affected by voids, it is 
tagged accordingly. These erroneous vectors have not been 
used in any of this analysis since they are not representative 
of the bulk body movement under investigation. The following 
analysis focuses on horizontal displacement since that is the 
most important parameter for grade control at KCGM.

Figure 9 is a graph of Powder Factor versus Horizontal 
Displacement. The circles are all valid production blasts 
initiated with an echelon tie-in. From experience, this type of 

Designed BMM holes 
Voids restrictions 

FIG 8 - Kalgoorlie Consolidated Gold Mines blast drill pattern design with Blast Movement Monitoring holes designed for Shot 460 -1920. Blast Movement Monitoring 
holes and voids restrictions are indicated.
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blast will result in the most consistent movement, thus will 
provide the best chance of identifying a relationship. Even 
though there is a large range of movement values (0.9 m 
to 9.3 m), it is apparent that larger powder factors result in 
greater movement, as one would expect, which is supported 
by a simple linear trend line sloping upward to the right. The 
shaded zone is the range of average values per blast domain 
from BMT’s entire database (more than 1600 movement 
vectors) and the solid line is the linear trend line of that data. 
The results from these blasts at KCGM generally fall within 
BMT’s range, which means the horizontal movement at 
KCGM is similar to other mines with similar powder factors.

The relationship between horizontal movement and powder 
factor is certainly helpful for future predictions of horizontal 
movement but there are also several other variables that may 
infl uence blast movement, and knowledge of the relationships 
would help with understanding the blast dynamics and 
improve the prediction for a particular blast. The following 
analysis compares different surface initiation types, rock 
types, and blast types.

Table 2 is a summary o f select Horizontal Movement 
statistics for various combinations of blast conditions, which 
are in three groups. The fi rst group compares the initiation 
type for production blasts in Golden Mile Dolerite (GMD); 
the second group compares rock types for production blasts 
initiated by echelon; and the third group compares production 
and trim blasts in GMD that are initiated by an echelon tie-
in. The fi elds in the Rock Type group have the greatest range 
of average movement – 3.8 m to 5.6 m – with the greatest 
movement from the GMD units. The difference is due to the 

greater powder factor used in the GMD, so it is indirectly 
related to the rockmass (ie it does not mean GMD does not 
have a greater propensity to move under the same conditions). 
A t-test comparing the means of GMD and Basalt indicates 
that the difference is signifi cant at the 95 per cent level of 
confi dence. Analysis of the initiation types and blast types 
results in no signifi cant difference between the means. This 
result is perhaps counter-intuitive and will not necessarily be 
the case at all mines. However, the small difference between 
initiation and blast types is consistent with the blast dynamics 
reported by Thornton (2009b) – ie the movement in the body 
of blasts is similar regardless of the boundary conditions. 
Figure 10 shows histograms of horizontal movement for the 
initiation types and blast types, which are essentially graphical 
representations of the information in Table 2.

A signifi cant feature of the data (Table 2) is its variation. 
The mean is 4.7 m but the range is from approximately 1 m to 
10 m – essentially 100 per cent of the mean. This manifests 
in a relatively large standard deviation (1.8 m). In simple 
terms, this means 68 per cent (approximately two thirds) of 
all horizontal displacements will be between 2.9 m and 6.5 m 
(mean ± one standard deviation). Alternatively, approximately 
one third of all displacements will be outside this range. 
Approximately, two per cent of all displacements will be 
greater than 8.3 m (mean plus two standard deviations) and 
if the average horizontal movement (4.7 m) was used for all 
future production blasts, over 4 per cent of the vectors would 
be wrong by 3.6 m and about one third would be wrong by 
1.8 m. This amount of variance is similar for all blasts 
monitored by BMT.

0

5

10

15

20

25

30

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

H
or

iz
on

ta
l D

is
pl

ac
em

en
t (

m
)

Powder Factor (kg/m3)

BMT Database

KCGM, Prod Echelon

Linear (BMT Database)

Linear (KCGM, Prod Echelon)

FIG 9 - Powder Factor versus Horizontal Displacement superimposed on Blast Movement Technologies’ complete data set.

Initiation type Rock types Blast type

Echelon V-shot Centre-lift GMD Basalt GMD/Shale GMD/Basalt Production Trim

Mean 4.7 4.7 4.6 4.7 3.8 5.6 4.9 4.7 4.4

Standard error 0.2 0.2 0.2 0.2 0.3 0.8 0.3 0.2 0.3

Median 4.4 4.6 4.9 4.4 4 5.4 5.2 4.4 4.5

Standard deviation 1.8 1.7 1.8 1.8 1.2 1.9 1.2 1.8 1.3

Filter Production and GMD Production and Echelon Echelon and GMD

TABLE 2

Summary of horizontal movement statistics (m) for various combinations of blast conditions. 
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APPLICATION OF BMM® DATA 

Ore blockout translation process
At KCGM, blast translation uses one of two methods to 
determine movement vectors. The primary method is using 
actual BMM® data recorded from the blasted shot. Using 
BMM® data generally involves a delay in mark up and 
clearance of a blasted shot by the grade control team as the 
data must be collected the day after the blast. Therefore 
utilising this method is not always possible due to production 
issues requiring fast turnover of blasted patterns.

At KCGM, ore blocks are generally translated based on 
average movement. Using average movement, rather than 
nearest neighbour or inverse distance was selected because 
of the variable data obtained from the BMM®s as a result 
of the voids within a blasted shot. This makes using the 
nearest neighbour method diffi cult because the area that the 
BMM® actually represents is unknown. The area of abnormal 
movement could represent 10 m2 or 1000 m2 or anything 
in between. BMM® data is assessed against the theoretical 
direction of movement created in Orica Shotplus. If the 
movement of an individual BMM® is determined to be accurate 
and refl ective of larger scale movement then that BMM® 
will be compiled with data from the same side of the control 
line. Both the directional and horizontal component of each 
acceptable BMM® are then averaged together. It was initially 
decided from previous work on the blast profi les (Thornton, 
2008), that ore blocks would be translated two-thirds of total 
horizontal movement. This was a deliberately conservative 
position to take based on two main lines of reasoning. Firstly, 
blasts exhibit a ‘D’-shaped profi le in cross section with BMM®s 
at 6 m depth measuring maximum horizontal movement, and 
that moving two-thirds of the distance maximised capturing 
ore in the upper and lower parts of the blast column both of 
which move less. The other reasoning at the time was that 
the Declared Ore Mine (DOM) versus Grade Control (GC)6 
reconciliation at the time was producing more ounces and as 
a result there was a reluctance to translate the full distance of 
movement. 

The other method for calculating a movement vector is when 
production cycles dictate that a priority mark up is required. 
Priority mark up means that once the shot has been cleared of 
void restrictions and checked for misfi res, grade control has to 
have the shot fully marked up, mapped, and walked within a 

short time frame. As such it is not practical to use the BMM® 
data directly. As a result the translation is based on the BMM® 
database which includes all the blast movement information 
collected from the past two years. The database gives average 
horizontal distance moved for a particular geotechnical 
domain (Table 3) and the type of fi ring method correlated 
with powder factor. Movement direction is found using Orica 
Shotplus blasting software to determine a theoretical direction 
of movement based on the blast timing (Figure 11).

Once movement directions and magnitudes have been 
established by either method, vectors, as line segments, are 
created in Vulcan using the measuring tool (Figure 12). These 
lines are then copied and moved into areas where there is 
a change in direction in the ore block polygon. A translated 
layer is then created in Vulcan, joining together the movement 
vector lines. In the case of proximity to control lines, 
movement tends to become chaotic and is often relatively 
short in a horizontal sense. Although this chaotic movement 
may represent the true nature of the rock movement in the 
immediate vicinity, it becomes diffi cult to extrapolate this 
movement to all areas close to control lines. In this case it is 
the translating geologist’s discretion and ability that will help 
determine the ultimate translation in these areas. Translations 
are then reviewed by a project geologist to ensure there are no 
obvious errors.

Theoretical ore loss and dilution exercise
In 2009, an ore dilution exercise calculating theoretical ore 
loss and dilution was undertaken as part of the initial trial 
to identify if there was a positive benefi t to translating ore 6. See Cooke and Fitzgerald (2011) for defi nition of these terms.)

 
FIG 10 - Histograms of Horizontal Movement for the initiation types and blast types.

ID# Geotech unit Number of 
BMM® data

Average 
distance (m)

Proposed 
limit (m)

1 PB 98 3.8 2.5

2 1 - 7EL 188 4.6 3.1

3 8 -10 EL 149 5.0 3.3

4 BFB 0 0 0

5 8-10 WL 117 4.2 2.8

6 1-7 WL 52 4.3 2.9

7 Oxide 7 1.3 1.3

TABLE 3

Summary of Blast Movement Monitoring data compared to geotechnical 
blast domain.
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blocks. The 340 m bench in Trafalgar was selected as this 
was the fi rst bench where >90 per cent of ore blocks had 
been fully translated. Within the bench there was a spread of 
shots that were either translated with actual BMM® generated 
movement vectors or using the historical movement database 
and Orica Shotplus. The process to determine ore loss and 
dilution involved using Vulcan to block out the translated layer 
together with the original block out (Figure 13) to generate a 
report summary (Vulcan RS) fi le to calculate the difference 
between original unadjusted in situ ore block design and 
the adjusted ore block design. The volume is used with the 
density of the original in situ block to calculate the tonnes. 
Grade assigned for diluted blocks depends on what material 
has moved into the area as it could either be waste, subgrade, 
or ore material while the grade of the misallocated ore is 
assigned the original grade of the in situ ore block (Figure 13).

The results from the exercise (Table 4) indicated that there 
was potentially a signifi cant benefi t to translating ore blocks 
through use of the BMM® data. Across the bench there was 
a calculated 7.4 per cent loss or misclassifi cation of ounces if 

the block was mined in the in situ state. At fi rst glance, this is 
potentially a signifi cant amount of ounces lost or misclassifi ed 
if extrapolated over a full year’s production at KCGM. However, 
numerous factors mitigate this magnitude of ore loss:

  Firing direction: where possible, all ore is fi red along strike. 
This minimises the amount of material shifted outside of 
the in situ ore block and may move the ore into another 
block of ore leading to misclassifi cation of material but not 
the total loss. 

  Having geologists spot ore contacts for loading units thus 
reducing the potential impacts of ore loss.

  Over-mining of ore blocks by 5 - 10 per cent; previously over 
mining was signifi cantly higher by >10 per cent during 
2007 - 2008. Overmining during this period inadvertently 
captured some of the ore that had moved outside of the in 
situ ore block. During the time the 340 m bench was mined 
the reconciliation for DOM versus GC was signifi cantly 
positive both in grade and tonnes.

IMPROVEMENTS AS A RESULT OF 

IMPLEMENTING BLAST MOVEMENT 

MONITORING AS A GRADE CONTROL PROCESS

Improving the Management Operating System 
– getting direction of movement right at the 
planning stage
One of the signifi cant improvements of commencing the blast 
monitoring program has been increased interaction between 
geology and blast personnel. To help with this interaction, 
Darren Thornton from BMT ran short courses to educate 
geologists about basic blasting processes and the potential 
impacts on blast movement. This training has allowed 
geologists to confi dently discuss technical aspects of the 
blasting processes with Drill and Blast personnel. As a result, 
all fi nal blast tie-in plans are discussed with either a Senior or 
Project Mine Geologist regarding the potential impacts on ore 
movement that fi ring direction will have.

Although blast designs are constrained by other factors 
apart from grade control, such as geotechnical and void 
considerations, where possible direction of movement is 
aligned with the long axis of the dominant ore blocks as 
defi ned by previous studies (Thornton, 2009a). Results 
from this study confi rm that if possible blasted shots should 
be fi red as echelon as this method gives the most consistent 
blast movement in both direction and magnitude. In the 
Trafalgar cut-back, echelon fi ring is optimum for >80 per cent 
of most lodes because they are Caunter orientated structures 

 

POI 

FIG 12 - Translation of blasted shot fi red as a centre-lift. (A) Original in situ ore blocks defi ned from modelling, (B) creating tie in points based on average movement 
with control lines shown as long green lines, and (C) fi nal translation boundary in red showing diff erence between in situ and translated blocks.

 
Point of initiation 
(POI) 

Control line 

Inter-hole rows

FIG 11 - Orica Shotplus plan showing fi ring contours. Theoretical blast 
movement (shown as dashed red arrow) is perpendicular to the timing 

contours (red lines).
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FIG 13 - Screen shot of Vulcan showing process of calculating areas of ore loss and dilution.

Original block design Ore dilution Ore (ore within ore block) Untranslated design Ore loss

Blast 

No
Tonnes Au Ounces Tonnes Au Ounces Tonnes Au Ounces Tonnes Au Ounces Tonnes Au Ounces

1906 184 523 2.23 13 221 9731 0.58 180 174 792 2.23 12 539 184 523 2.14 12 719 9168 1.97 581

1905 27 227 1.22 1071 3149 0.51 52 24 078 1.22 941 27 227 1.13 993 3003 0.98 95

1912 53 195 1.61 2748 9839 0.89 281 43 356 1.69 2354 53 195 1.54 2635 8632 1.64 454

1907 17 310 1.94 1077 1902 0.30 18 15 408 1.91 949 17 310 1.74 967 2099 1.27 86

1902 34 281 1.34 1477 2000 0.37 24 32 281 1.34 1391 34 281 1.28 1415 1710 1.34 74

1910 61 491 2.03 4012 9826 0.46 146 51 605 2.04 3387 61 491 1.79 3533 8197 2.12 559

1916 27 116 3.01 2624 1660 0.81 43 25 456 3.01 2463 27 116 2.88 2507 558 3.01 54

1918 13 911 1.70 762 3314 0.40 43 10 597 1.70 580 13 911 1.39 623 2929 1.68 158

1917 10 613 1.05 357 3465 0.39 44 7148 1.04 238 10 613 0.83 282 2761 1.02 90

1919 25 490 2.00 1639 4234 0.44 60 21 256 2.00 1367 25 490 1.74 1427 3967 2.00 255

1911 16 104 1.32 686 3038 0.30 29 13 066 1.34 563 16 104 1.14 592 3011 1.31 127

1914 12 432 1.54 616 2714 0.41 36 9718 1.54 481 12 432 1.29 517 2588 1.54 128

1904 123 232 2.00 7933 14847 0.52 250 108 385 2.04 7097 123 232 1.85 7347 7366 1.89 447

1908 180 678 2.76 16 046 10 026 1.56 504 170 652 2.80 15 348 180 678 2.73 15 852 12 917 2.41 1001

1909 24 638 1.92 1517 3759 0.59 71 20 879 1.90 1273 24 638 1.70 1345 1354 1.19 52

Totals 812 241 2.14 55 786 83 504 0.66 1782 728 677 2.18 50 970 812 241 2.02 52 752 70 260 1.84 4161

TABLE 4

Ore loss dilution exercise results for the 430 m bench Trafalgar.
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(Figure 2a). Echelon fi ring will move ore along strike in this 
situation rather than across into potential waste zones. This 
minimises the volume of material moved outside of the ore 
block, which will help to minimise any potential errors with 
the translation process. Echelon shots are only feasible where 
there is broken material to initiate from.

The use of Centre Lifts and V shots are minimised where 
possible because observed movement within 3 - 4 holes of 
the control line is generally not consistent and can be highly 
variable with signifi cantly more vertical displacement than 
observed elsewhere in the blasted shot. Centre lifts and V 
shots have the effect of potentially diluting the ore with waste 
because movement is greater at mid bench. Previous work 
by (Thornton, 2009a) identifi ed that horizontal movement 
may be up ± 50 per cent of the mean maximum movement 
which means that getting the ore boundary correctly located 
on the ground can be diffi cult. If ore zones are large enough, 
control lines can be run through them with minimal impact. 
This is due to the large volume of ore essentially containing 
the area of chaotic (and vertical) movement within its bounds. 
If the boundaries of the ore blocks are at a suffi cient distance 
(> 15 m based on experience at KCGM) from the control line 
then any translation of these boundaries are deemed to have 
the least error. Alternatively, if the ore is a Caunter orientated 
structure, shifting the control line off centre to align the POI 
with the strike of the structure can minimise the amount of 
ore fi red against strike. Simple changes to blasting design can 
have a signifi cant benefi t in reducing the actual movement of 
the ore block.

Reconciliation and future work
It is diffi cult to ascertain the impacts on the mine reconciliation 
that blast movement has had. Normally within any mine there 
are potentially a number of different variables that can affect 
the reconciliation. This is a signifi cant issue at KCGM due 
to the long residence time of ore within stockpiles and the 
complex nature of the mill, meaning that at any one time a 
large amount of gold can be locked up in circuit or concentrate 
stockpiles making tracking monthly reconciliations diffi cult. 
As a result, performance is tracked on a three-month moving 
average (3MMA) as shown in Figure 14. Reconciliation for 
DOM versus GC for KCGM for 2009 to 2010 has improved 
considerably compared to the period of 2007 - 2008 
(Figure 14).

Blast monitoring and ore block translation is an important 
part of the grade control process and helps improve 
reconciliations. To gain the maximum benefi t from the BMM® 
system all of the other pieces of the grade control puzzle 
must be in place. Without an effi cient and experienced mine 
geology team operating under an imbedded MOS system 
that had strong support from upper management it would 
be very diffi cult to have an effective grade control program. 
This organisational structure allowed for other improvement 
initiatives, such as scheduling preferred digging directions 
in the 12-week plan, optimising block outs for dig direction, 
improved modelling methods, spotting ore contacts, and 
having well trained shovel operators to actively participate 
in programs to reduce dilution. Early on it was realised that 
without accurate modelling and control of over-mining, the 
benefi ts of blast monitoring would be minimal as there is no 
point translating an ore block if it is in the wrong place to 
begin with. What has been proven during 2010 is that when 
blast monitoring and ore block out translation are combined 
with an effi cient and accurate grade control system there are 
signifi cant potential benefi ts for an operation such as KCGM. 
Cooke and Fitzgerald (2011) have estimated that the 0.09 g/t 
Au increase in head grade over the budget in 2010 resulted in 
a $24 M benefi t to the bottom line of KCGM.

Future work to be undertaken at KCGM from the blast 
movement study is the integration and migration of all BMM® 
data into the recently released BMT database that will be 
customised for KCGM applications. Once the data have been 
combined into a single database a short study will assess 
whether Inverse Distance methods will be more appropriate 
for translating data at KCGM. An Inverse Distance method 
has recently been released as part of the new Blast Assistant 
Software provided by BMT. Another area of development 
involves looking at the effects of using electronic IKON 
detonators on blast movement as these are being used in 
Golden Pike and along trim shots for geotechnical wall control.

SUMMARY

Blast monitoring and translation of ore shots at KCGM is now 
part of the MOS at KCGM. The process has been implemented 
by an effi cient, well resourced mine geology team with strong 
support from upper management at the mine. Because 
of the signifi cant number of voids encountered, a unique 
challenge is presented in implementing a blast monitoring 
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FIG 14 - Delivered ore mined versus grade control (three-month rolling average).
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program because not all shots are routinely monitored due to 
production pressures and lack of access. The major controlling 
features of blast movement, as at most mines, are the powder 
factor and the lithology of the rock, with the voids at KCGM 
being the other major variable.

Translation of ore blocks is based on two-thirds of the 
average movement due to the impact of voids and to minimise 
the amount of dilution in the upper and lower part of the 
bench due to the ‘D’-shaped blast profi le. This translation 
methodology is a deliberately conservative strategy based on 
reconciliations and other grade control systems that reduce 
ore loss and dilution. A database with all historic BMM® data 
collated to the geotechnical blast domain and theoretical 
vectors are used for translations where there is no available 
BMM® data.

One of the key successes of implementing the blast 
monitoring program at KCGM is reintroducing to the mine 
geology team the understanding of blasting and the potential 
effects that it can have on ore movement. This understanding 
had been lost because of signifi cant turnover of experienced 
geologists at the height of the last mining boom. An increased 
understanding of blast dynamics by mine geology personnel 
has allowed a positive relationship to be built up between the 
geologists and blasting personnel. Tie-in plans are discussed 
and where possible echelon fi ring is selected as this gives 
the most consistent movement. This together with the other 
grade control improvement initiatives has led to the strong 
reconciliation performance over the last year and a half.
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