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Abstract 
 
During a period of six months in FY2018, a series of trials were conducted to compare drilling accuracy 
using two different methodologies and the subsequent impact this had on ore dilution. Testing was 
conducted at Cracow underground gold mine in Queensland, Australia. The drill rig’s existing alignment 
process was compared to a new technology system with the following observations:  
 

- Using the existing alignment process only 20% of holes surveyed recorded toe points within the    
+/-300mm (11.8in) tolerance blast-hole deviation.  

- The new technology was proven to limit rig alignment error, reducing average blast-hole deviation 
and increasing the number of holes drilled within tolerance by 160%.  

 
The increased accuracy reduced stope dilution by reducing over-break of subgrade ore:   

- Stopes drilled using the new technology recorded 62.6% less average dilution. 
- This contributed to an overall reduction in dilution for the full year (FY18) of 5 percentage points 

compared to FY17 - from 22% to 17% (a net decrease of 22.7%).  
 
A cost-benefit analysis extrapolated from the trials stipulates that if the new technology were in use for a 
full 12 months, when applied to FY17 full year data, a 10 percentage point reduction in dilution would 
represent a net 45.4% decrease, and would result in AUD8.2M (USD5.9) additional ore recovered, with 
AUD4.5M (USD3.2M) less spent on wasted cost of haulage and processing of diluted ore. As a result, 
return per tonne would increase 22%, from AUD87 (USD63) to AUD106 (USD77.1). 
 
 
 



 

Introduction 
Dilution – planned and unplanned – remains a significant cost impairment in the mining process.  A series 
of trials were held over a six-month period in FY18 which established the cost-benefit of new technology 
as it applies to the alignment accuracy of production drilling rigs in underground mining, thus confirming 
its ability to limit drilling as one of the causes of dilution. The trials identified three underlying factors 
affecting drilling accuracy, measurable by blast-hole deviation surveys of planned vs actual toe data. These 
were; rig alignment error, collar location change/error, and in-hole deviation.     
 
The trials involved a comparison of existing rig setup processes and technology, with the new technology 
(Minnovare’s Production Optimiser system).  The trials were undertaken in the same environment; an 
operating underground gold mine - Cracow Gold Mine. The comparison first revealed the extent to which 
rig alignment impacts blast-hole deviation.  Secondly, the new technology was proven to limit rig 
alignment error, thereby reducing average blast-hole deviation and increasing the number of holes drilled 
within tolerance by 160%.  
 
The increased accuracy reduced stope dilution by reducing over-break of subgrade ore. The new 
technology was implemented at Cracow during the latter half of FY18.  Despite utilising the new 
technology for only six months of the year, the mine recorded a 5 percentage point overall reduction in 
dilution for the full year compared to the previous year (FY17); from 22% down to 17% (a net decrease 
of 22.7%).  Mine management attribute a significant proportion of this reduction to the new technology, 
along with sequencing and planning improvements.  This opinion is backed by detailed stope 
reconciliation data taken during the trial from 28 stopes - representing 20% of the total tonnes mined 
during FY18. The data identified that stopes drilled using the new technology recorded 62.6% less average 
dilution.  
 
The impact on overall stope performance during the trial was significant, with notable reductions in 
average cost-per-tonne and increases in average return and return-per-tonne.  
 
In conclusion, it is stipulated here that if the new technology were applied to FY17 full year data in which 
440,781 total metric tonnes (485,878 US tons) were hauled, assuming the same spot price, average grade, 
operating costs and total tonnes, a 10 percentage point average reduction in dilution would represent a net 
45.4% decrease, and would result in AUD8.2M (USD5.9) additional ore recovered, with AUD4.5M 
(USD3.2M) less spent on wasted cost of haulage and processing of diluted ore.  As a result, return per 
tonne would increase 22%, from AUD87 (USD63) to AUD106 (USD77.1). 
 
The impact of these assumptions on mine planning, resourcing and financing are discussed alongside 
suggestions for future work on the subject.   
 
 
 
 
 
 
 
 
 



 

Dilution Explained, and the Impact of Drilling Accuracy (Blast-Hole Deviation) 
Dilution – the contamination of ore with waste rock and other material below acceptable ore grades is 
acknowledged as an inevitable part of the process of ore extraction. Such waste material has a significant 
effect on the economics of the mining project.   
 
In their study ‘Parameters Influencing Ore Dilution in Underground Mines’ Ercikdi, Kesimal, Yilmaz   
and Kaya detailed that: Dilution is a source of direct cost as waste 
or backfill material is blasted, mucked, transported, crushed, hoisted, processed and stored as a tailings. 
Dilution is also a source of indirect cost as the dilution material may adversely affect the metal recoveries 
and concentrate grades (Ercikdi et al, 2003). Ercikdi et al noted that a 1988 survey had reported that 
uncontrolled dilution had been a major factor in the closure of underground mines.  Attempts to minimise 
dilution continue to advance with new technologies across all facets of the process of ore recovery – from 
the starting point of mine design to the act of drilling to facilitate the actual release of the ore body.  
 
Dilution, planned or unplanned, tends to be the most consistently under-estimated factor in mine planning. 
Most underground mines experience some form of dilution. Dilution values volunteered by industry in a 
survey of Canadian underground mines, revealed typical amounts in the range of 10% to 25%, with 
extremes in excess of 60% reported Henning in his thesis ‘Evaluation of Long-Hole Mine Design 
Influences on Unplanned Ore Dilution’ (Henning, 2007). A year later, Henning and Mitri compiled a 
database from 172 sequentially mined long hole stope case histories.  
 
Henning noted Vallee’s conclusion that: Narrow stopes mined by long hole method are generally victims 
of considerable dilution: the narrower the zone is, the more important the border effects. The authors then 
provided the example that if: both the hanging-wall and footwall of a steeply dipping 1.5m (4.9ft) wide 
tabular deposit contributes 0.3m (0.9ft) of over-break, then an unplanned mining dilution of 40% results. 
If this ore zone was 3.0m (9.8ft) thick, mined in the same conditions, the resulting dilution factor becomes 
20%. (Henning, 2007). 
 
Tatman concluded that minimising unplanned dilution (diluted/waste tonnes) was the most effective way 
to increasing profit from a mine (Tatman, 2001). As validated by these and other studies over the years, 
unplanned dilution and ore loss are critical in influencing productivity, profitability and – ultimately – 
viability of a project. 
 
 



 

Evolution, Cracow  
Cracow Gold Mine is an underground operation located 500km (310mi) north-west of Brisbane, 
Queensland, Australia (See Fig 1).  An historical field, over 850k ounces of gold was produced between 
1932 and 1992. Mine development for the current operation commenced in December 2003 and in 
November 2011, Evolution acquired the Cracow operation (100% ownership). 
 

 
Fig 1): Location of Cracow Gold Mine and Regional Geology 

 
 
Measured, Indicated and Inferred Resources (at 31 Dec 2017):  
3.13Mt @ 5.08g/t gold for 511koz gold 
 
Ore Reserves (as at 31 Dec 2017): 
1.48Mt @ 5.14g/t gold for 245koz gold 
 
Geology at Cracow: Gold mineralisation is hosted in steeply dipping low sulphidation epithermal veins. 
These veins are found as discrete lodes (often with associated stockwork veining), composed of varying 
percentages of quartz, carbonate and adularia. Mineralisation has been defined in a number of separate 
deposits however mining is currently being conducted in the Killarney, Griffin, Baz, Kilkenny, 
Coronation, Imperial and Empire orebodies.  



 

 
Cracow Long Section 2018 

 
Several mining methods are used for the extraction of stopes at Cracow: 

- Modified Avoca. This is the primary method of extraction at Cracow. Bottom up method working 
on top of backfilled (rockfill) stopes. 20m (65ft) sublevel spacing (floor to floor), average stope 
dimensions 15m (49ft) high and 20m (65ft) along strike.  

- Up-hole retreat. Used on the top level of an orebody or in a sill pillar. Stopes remain open as no 
backfill horizon. 

- Benching. Used on the bottom level of an orebody to extract ore that would not be economic to 
mine conventionally. 

- Transverse stoping. Used in Kilkenny wider areas (>15m (49ft)) to ensure maximum recovery. 
 

 



 

Stockpiled ore on the ROM is transported to the crusher by front end loaders. Ore is free milling and is 
treated onsite by conventional crush-grind-carbon-in-pulp (CIP) processing to produce gold-silver-dorè. 
CIP involves the sequential leach then absorption of gold from ore. Sodium cyanide (NaCN) is used to 
leach gold and form a gold cyanide complex which is then extracted from the pulp by adsorption onto 
activated carbon. Screens are used to separate the barren pulp from the gold-loaded carbon. Gold-loaded 
carbon is then stripped through a pressure zadra carbon stripping circuit to recover the pregnant solution. 
This is followed by electrowinning to recover the gold-silver concentrate which is then smelted to produce 
the gold-silver-dorè. The final product (dorè bar) is shipped to ABC Bullion in Sydney for further refining. 
In FY18 a total of 529kt (583kt US) was processed at an average grade of 5.63g/t (0.2oz) gold at a recovery 
rate of 93.1%  
 
 
Historical Issues with Production Drill Hole Deviation at Cracow: 
Production drill hole deviation has been an ongoing issue at Cracow for some time. Whilst some deviation 
is expected, inaccurate drilling was resulting in a number issues within the stopes, namely dilution and 
rework due to bridges. This problem has been exacerbated in recent years due to the decreasing width of 
orebodies being mined, where the majority of issues with stope performance have been encountered. 
Production drill hole deviation has been attributable to a number of factors including: 
 

- An ageing fleet of drills employed on site (1 x Simba 1257 drill, 1 x Simba S7 drill) and associated 
issues with the digital inclinometers 

- Poor ground conditions resulting in hole wander 
- Inexperienced operators 
- Perceived production pressure (achieve meterage targets at the expense of drill accuracy) 
- Due to a high gold price, narrow width orebodies coming online as the operation progressed, 

further exacerbating drill hole deviation   
 
A drill hole deviation study was undertaken in late 2016/early 2017 to help quantify the extent of the issue 
and to provide feedback to the drillers on performance and set in place a plan to rectify the issue. The 
study consisted of the surveying of over 250 pre-drilled holes (collars and breakthroughs) across various 
orebodies. The results showed the following: 

- 26% of all holes surveyed deviated greater than 400mm (15.7in) at the toe 
- Drillers not routinely checking breakthroughs due to either not following procedure or no access 

at the base of the hole due to open stopes or backfilling 
- Diligent charge up operators noticing issues with hole accuracy during prepping, requiring redrills 

to mitigate bridges/dilution 
- Setup issues on collars, both in terms of angle and offset distance from walls 

 
Feedback from drillers was that they had virtually no confidence in the onboard digital inclinometer. Issues 
around recalibration, costs of spares and limited support meant the drillers were relying mostly on hand-
clinometers to check the angle of each hole. Issues with this process in terms of hole accuracy and lost 
productivity resulted in a high level of frustration for the drillers who were often rushing to get on and off 
the rig (during this time a driller suffered an MTI (medical treatment injury) after rolling his ankle). It was 
during this period that a trial was proposed with the new technology supplier. Fig 2 and 3 demonstrate the 
challenges faced as the ore body gets narrower further underground.  
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The Trials at Evolution, Cracow:  Objective.  
The Minnovare-Evolution Mining trials were conducted at the Cracow underground gold mine over a 
period of roughly six months between June 2017 and December 2017 (within FY2018). Alignment 
accuracy and its impact on blast-hole deviation and subsequent impact on dilution and productivity, was 
the core issue under examination in the Cracow trials.   
 
 
The Trials at Evolution, Cracow:  Method. 
The trials involved the introduction of a new technology that had the potential to eliminate a number of 
the deficiencies associated with the existing rig alignment process and thereby reduce blast-hole deviation.   
 
Blast-hole deviation is measured as the extent to which the toe-point (or break-through point) of a given 
blast-hole or series of blast-holes, deviates from the plan.  Blast-hole accuracy is widely understood to be 
linked to optimal blasts, defined as minimised dilution (planned and unplanned) maximised recovery and 
optimised fragmentation size.  Hence all underground drill and blast operations have targets in place 
regarding acceptable levels of deviation, commonly referred to as ‘tolerance’.  Holes drilled are classified 
as either ‘within’ or ‘outside’ tolerance, with holes sufficiently outside tolerance often requiring re-drilling 
– a further cost of production.  Australian industry best practice tolerance is deemed to be 2% deviation 
over the length of the blast-hole.  For example, a deviation of +/- 300mm (11.8in) at the toe of a 15m 
(49.2ft) blast-hole. This is the average hole length and tolerance used at Cracow.    
 
The trials targeted improving the alignment accuracy of the drill rig, prior to drilling. Alignment is one of 
three factors identified as affecting blast-hole deviation that falls within the ‘scope of influence’ of both 
existing rig alignment process (referred to herein as ‘existing process’) and the new technology being 
evaluated during the Cracow trial (referred to herein as ‘new technology’). Collar position accuracy and 
in-hole deviation (often due to ground conditions and operator skill/judgement during drilling) are the 
other factors affecting blast-hole deviation. The latter is often identified as being the primary cause,  
however the Cracow trials indicate that of the three attributing factors, in-hole deviation contributed the 
least to blast-hole deviation.  The results correspond with comments made by Peter Corcoran, Director of 
Sales Support and Business Development, Underground Drilling at Sandvik Mining: More than 60% of 
deviation is due to incorrect set-up, for example if the drilling feed is pointed in the wrong direction. The 
best ways to minimise deviation during drilling include proper time and care spent on setting up the holes, 
and angle indicators with onscreen displays are also important. (Goodbody, A.  2013).  
 
‘Existing process’ refers to the required steps a drill rig operator must follow when utilising a drill rig’s 
inbuilt OEM alignment system.  Such systems typically involve the calibration of numerous inclinometers 
mounted on the rig that are dependent on numerous setup steps (the marking of laser lines, rig alignment 
to those lines and ensuring the rig is levelled).  Every step in the setup is a further tolerance that enhances 
the potential for inaccuracy.  Regardless of the make and model of rig, ground conditions, operator skill 
and experience and/or blast pattern being drilled, drill rig setup has been historically slow and inaccurate, 
costly in time and money.  
 
Despite efforts to improve accuracy and reliability of existing processes, issues persist and are high user 
and process dependent.  In an effort to overcome some of the limitations associated with the current 
process, compromises are often made by engineers that impact the efficiency of the drill and blast process.  
 



 

The trials were carried out using floating-boom mounted Atlas Copco 1257 and S7 long-hole rigs and a 
series of rings/holes drilled as part of the mine’s normal production stoping cycle.  All trials were 
conducted drilling holes of approx. diameter 64mm (2.5in), and average hole length of 15m (49.2ft).   
 
The new technology is a world-first production drilling optimisation system specifically designed to 
improve rig-alignment accuracy and reduce blast-hole deviation in underground drill and blast 
applications.  
 
There were three phases of the trial; 
  
Phase 1; involved drilling a number of holes on several rings using the existing process to conduct all rig 
setups. The alignment error was calculated by measuring the actual dip and dump of the drill rod with a 
survey instrument prior to drilling commencing.  

 
Phase 2; involved drilling a total of 61 holes across several rings in a single stope; Griffin 1882-1862 
using the new technology.  The breakthrough locations of all holes were measured by the mine surveyor.  
The objective of Phase 2 would be to provide a comparative dataset aligning the rig using the new 
technology.  

 
Phase 3; involved implementing the new technology on both long-hole rigs in operation at Cracow, 
performing alignments for all holes drilled over a six-month period, and then comparing the performance 
of these stopes to previously drilled stopes that had been drilled using the existing process.  A detailed 
stope performance study was then undertaken on 28 stopes representing approximately 20% of the total 
tonnes mined for FY18.  The 28 stopes were selected so as to provide a fair comparison - they were the 
most recently drilled stopes and in close proximity to one-another - reducing the likelihood of altering 
conditions over time and influenced by mostly the same ground conditions and structures.  All stopes were 
narrow vein making them most susceptible to the impact of blast-hole deviation. Of the 28 stopes, 11 were 
drilled using the existing process to conduct all rig setups, 17 were drilled using the new technology.   

 
The study would be used to present evidence for the correlation between blast-hole deviation and dilution 
as it relates to rig setup/alignment accuracy, supported by the findings in both Phase 1 and 2.   
 

 
 



 

Phase 1 Findings. 
Phase 1 findings (see Fig 4 below) showed that dip and dump setup error, with operators’ using the existing 
process was, on average, 0.44 and 0.54 degrees respectively. However, errors approaching and exceeding 
1.0 degree were common and error between setups was not consistent.   
 
 

 
 

Fig 4): Dip and Dump Degree Error on Setup using the Existing Process 
 
 
This data was then compared to the actual surveyed toe point positions (Fig 5 table next page).  When 
examining the surveyed toe points, the results revealed that 80% fell outside of the +/-300 mm (11.8in) 
tolerance.  
 
Using the dip and dump error in Phase 1, a predicted toe offset was calculated (Fig 5 table, column 2).  
The difference between this and the surveyed toe offset can be used to assess what portion of this deviation 
can be attributed to alignment error.  The results revealed that removal of the initial setup error would 
(predictive) reduce the number of holes drilled outside of tolerance on average from 80% to 37% - more 
than doubling the number of holes drilled within tolerance at the toe point.  
 
 
 
 
 
 
 
 
 



 

Fig 5): Predicted Vs Actual Toe Point Offset, Showing Impact of Setup Error 
 

Hole 
Predicted 
Toe Offset 

mm (in) 

Surveyed 
Toe Offset 

mm (in) 

Surveyed 
Toe 

Deviation 

Offset 
Due to 
Setup 

Toe Offset with 
Setup Error 

Removed mm (in) 
R10H1 146 (5.7) 507 (19.9) 3.4%  29% 361 (12.4) 
R11H1 246 (9.6) 329 (12.9) 2.2% 75% 84 (3.3) 
R11H2 89 (3.5) 620 (24.4) 4.1% 14% 531 (20.9) 
R12H1 325 (12.7) 660 (25.9) 4.4% 49% 334 (13.1) 
R13H1 309 (12.1) 565 (22.2) 3.8% 55% 256 (10) 
R14H1 179 (7) 406 (15.9) 2.7% 44% 228 (8.9) 
R15H1 119 (4.6) 429 (16.8) 2.9% 28% 310 (12.2) 
R16H1 118 (4.6) 447 (17.5) 3.0% 26% 329 (12.9 
R17H1 166 (6.5) 192 (7.5) 1.3% 87% 26 (1) 
R18H1 352 (13.8) 424 (16.8) 2.8% 83% 73 (2.8) 
R19H1 595 (23.4) 838 (32.9) 5.6% 71% 243 (9.5) 
R20H1 278 (10.9) 581 (22.8) 3.9% 48% 303 (11.9) 
R25H1 344 (13.5) 297 (11.6) 2.0% 84% 47 (1.8) 
R25H2 194 (7.6) 802 (31.5) 5.3% 24% 609 (23.9) 
R27H1 264 (10.3) 234 (9.2) 1.6% 87% 29 (1.1) 
R27H2 134 (5.2) 355 (13.9) 2.4% 38% 221 (8.7) 
R29H1 217 (8.5) 324 (12.7) 2.2% 67% 108 (4.2) 
R29H2 293 (11.5) 231 (9) 1.5% 73% 62 (2.4) 
R128H1 96 (3.7) 524 (20.6) 3.5% 18% 428 (16.8) 
R129H1 57 (2.2) 206 (8.1) 1.4% 28% 149 (5.8) 
R129H2 109 (4.2) 719 (28.3) 4.8% 15% 610 (24) 
R131H2 98 (3.8) 505 (19.8) 3.4% 19% 408 (16) 
R132H1 124 (4.8) 407 (16) 2.7% 30% 283 (11.1) 
R133H1 120 (4.7) 302 (11.8) 2.0% 40% 182 (7.1) 
R133H2 165 (6.4) 340 (13.3) 2.3% 49% 175 (6.8) 
 Average: 450 (17.7) 3.0% 47%  

 
Green Shading: Hole Within Tolerance 
Red Shading: Hole Outside of Tolerance 

 
 
Phase 2 Findings.  
 
Phase 2 revealed that of the holes drilled using the new technology, 52% were drilled to within tolerance 
with average error at the toe recorded as +317mm (12.4in) (see Fig 6 table next page).  This represented 
a 160% improvement on holes drilled in Phase 1, where just 20% of holes fell within tolerance, with an 
average error at the toe of +450mm (17.7in).  Phase 2 therefore underlined the impact of setup accuracy 
on toe deviation.   



 

Fig 6): Surveyed Toe Point Offset and Deviation Using New Technology 
 

Hole 
Toe 

Offset 
mm (in) 

Deviation 
 

Hole 
Toe 

Offset 
mm (in) 

Deviation 

R34_1 483 (19) 3.2%  R54_2 258 (10.1) 1.7% 
R34_2 204 (8) 1.4%  R55_1 356 (14) 2.4% 
R35_1 423 (16.6) 2.8%  R55_Extra 566 (22.2) 3.8% 
R36_1 184 (7.2) 1.2%  R56_1 573 (22.5) 3.8% 
R36_2 116 (4.5) 0.8%  R56_2 187 (7.3) 1.2% 
R37_1 257 (10.1) 1.7%  R57_1 70 (2.7) 0.5% 
R38_1 443 (17.4) 3.0%  R58_1 186 (7.3) 1.2% 
R38_2 207 (8.1) 1.4%  R58_2 142 (1.6) 0.9% 
R39_1 240 (9.4) 1.6%  R59_1 492 (19.3) 3.3% 
R40_1 208 (8.1) 1.4%  R60_1 519 (20.4) 3.5% 
R41_1 330 (12.9) 2.2%  R60_2 399 (15.7)  2.7% 
R42_1 263 (10.3) 1.8%  R61_1 369 (14.5) 2.5% 
R43_1 393 (15.4) 2.6%  R62_1 298 (11.7) 2.0% 
R44_1 185 (7.2) 1.2%  R62_2 173 (6.8) 1.2% 
R44_2 45 (1.7) 0.3%  R63_2 436 (18.2) 2.9% 
R45_1 251 (9.8) 1.7%  R63_3 280 (11) 1.9% 
R46_1 699 (27.5) 4.7%  R64_1 675 (26.5) 4.5% 
R46_2 184 (7.2) 1.2%  R64_2 557 (21.9) 3.7% 
R47_1 380 (14.9) 2.5%  R64_3 385 (15.1) 2.6% 
R48_1 252 (9.9) 1.7%  R65_1 247 (9.7) 1.6% 
R48_2 102 (4) 0.7%  R65_2 330 (12.9) 2.2% 
R49_1 506 (19.9) 3.4%  R65_3 321 (12.6) 2.1% 
R49_Extra 272 (10.7) 1.8%  R66_1 302 (11.8) 2.0% 
R50_1 184 (7.2) 1.2%  R66_2 499 (19.6) 3.3% 
R50_2 554 (21.8) 3.7%  R66_3 514 (20.2) 3.4% 
R51_1 418 (16.4) 2.8%  R67_1 62 (2.4)  0.4% 
R52_1 151 (5.9) 1.0%  R67_2 530 (20.8) 3.5% 
R52_2 123 (4.8) 0.8%  R67_3 184 (7.2) 1.2% 
R53_1 439 (17.2) 2.9%  R68_2 274 (10.7) 1.8% 
R53_2 177 (6.9) 1.2%  R68_3 161 (6.3) 1.1% 
R54_1 308 (12.1) 2.1%  R54_2 258 (10.1) 1.7% 

   
 Total 61 

Average: 317 (12.4) 2.1% 
 

Green Shading: Hole Within Tolerance 
Red Shading: Hole Outside of Tolerance 

 
 



 

Phase 3 Findings – Measuring the Impact of Reduced Deviation on Dilution 
Phase 3 compared the stope production data for 17 stopes drilled with the new technology versus 11 drilled 
with the existing process (28 in total).  Fig 8 table shows the stope performance data for stopes drilled 
using the existing process.  Fig 9 table shows data for stopes drilled using the new technology.   
 
The results demonstrated an average dilution of 29.8% for all stopes drilled with the existing process, 
versus 11.7% for all stopes drilled with the new technology - a 62.6% overall reduction. Also significant 
was the variation in dilution across individual stopes. Looking at all stopes drilled using the existing 
process, the standard deviation in dilution was 18.6%, versus 5.8% using the new technology.  The 
maximum dilution recorded on a single stope was 72.4% and 27.6% respectively.  
 
Particularly telling was the impact this variation had on planned vs actual cost across stopes and 
subsequently the variance in planned vs actual return.  With ‘all-in’ costs (of production) per metric tonne 
calculated by Cracow to be AUD130 (USD94.6), given the more extreme variation in dilution across 
stopes drilled using the existing process (visualised in Fig 7), 3 out of 11 stopes heavily exceeded budgeted 
cost and returned significantly less than planned (as much as -253%). Conversely, some stopes returned 
significantly higher than planned (as much as 322%).  The stopes drilled with the new technology revealed 
greater overall consistency and therefore greater reliability in regards planned vs actual cost and return, 
with average return variance down to -1% using the new technology, from 15% using the existing process.   
 
The impact increased reliability can have on the future planning and resourcing at Cracow is discussed in 
the next section.   
 
The reduction in the average as well as the variance in dilution in stopes drilled using the new technology 
resulted in a return/tonne mined increase of 131% (from AUD62 to AUD143 (USD45 to USD104)).  This 
from an increase in grade of just 16% (from 4.9g/t to 5.6g/t (0.17oz to 0.2oz), highlighting that grade of 
tonne increased slightly, but the overwhelming return is attributable to the reduction in dilution, and 
therefore decrease in cost of production, evidenced by the reduction in cost per diluted stoping tonne of 
54% (from AUD30 down to AUD14 (USD21.8 down to USD10.1) and cost per undiluted stoping tonnes 
of 33% (from AUD28.6 down to AUD22.1 (USD20.4 down to USD16.1). 
  

 
Fig 7): Coronation Lower Long Section Showing Stope Over-break Percentage. Stopes in Green 

Drilled with the New Technology Show Greater Consistency. 
 



 

 
Cross Section of COR1660 Stope 6. Yellow shaded section shows Over-break



 

Fig 8): Stope Productivity Data: Using Existing Process 
Note: All $ figures are AUD.  All tonnes are metric.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Fig 9): Stope Productivity Data: Using New Technology 
Note: All $ figures are AUD.  All tonnes are metric.  
 
 
 
 



 

Conclusion and Future Work 
The Cracow trial revealed errors in drill rig alignment using the existing process was a leading cause 
in blast-hole deviation.  The trial also showed that reducing deviation by improving rig setup accuracy 
dramatically increased stope performance by reducing dilution. The existing process’ dependence on 
numerous setup steps enhances the potential for this inaccuracy, whereas the new technology which is 
reliant on a single tolerance, enabled more accurate drill hole alignments. 
 
In FY17, total average dilution at Cracow was 22%.  In FY18, during Phase 3 of the trial, the average 
dilution across all stopes drilled using the new technology was 11.7%.  This supports the Authors 
stipulation that if the new technology were applied over a full 12 month period, using FY17 full year 
data, assuming the same gold price, average grade, operating costs and total tonnes, achieving an 
approximate 10 percentage point reduction in dilution representing a net 45.4% decrease, would result 
in an additional AUD8.2M (USD5.9M) additional ore recovered with AUD4.5M (USD3.2) less spent 
on wasted cost of haulage and processing of diluted ore.  Return/tonne would see an increase of 22%, 
from AUD87 (USD63) to AUD106 (USD77.1). 
 
Significantly for mine management and planning is the increase in accuracy and reliability the new 
technology provides.  Budget dilution going forward at Cracow has since been lowered to 
approximately 10% in FY19 based, on recent successes - allowing for higher grade mill throughput 
and a reduction in bogging, hauling and milling unit costs. In addition, modifications to the mining 
method, including reverse firing stopes, are now being considered. Reverse fired stopes require re-
slotting and thus more drilling, however this cost is offset due to the ore firing toward the draw point, 
resulting in less tele-remote bogging and less dilution from the backfill.  
 
The main disadvantage with reverse fired stopes is that there is an increased risk of bridging due to the 
“one shot” nature of the firing, making the stope extremely difficult to recover in the event of a failed 
firing. This would not have been entertained previously due to risks associated with bridges caused by 
poor drilling. Furthermore, in very narrow areas, a ‘zipper’ (blasting) pattern trial is now being 
proposed. ‘Dice 5’ patterns have been employed successfully to date in narrow vein areas, however 
with vein widths now being encountered less than 1m, a zipper pattern has been introduced in an 
attempt to narrow the stope width and reduce dilution.  The zipper pattern itself is an equilateral triangle 
so that ring spacing = stope width/(tan60). For example, for a vein width of 700mm (27.5in), this 
equates to holes drilled on 400mm (15.7in) centres along strike on alternate sides of the stope. This 
gives each hole an effective 700mm (27.5in) burden to the free face as the shot advances: 
 

 
Zipper Pattern Schematic 

 
 



 

 
 

Zipper Pattern Trial Plan View 
 
The drillers have embraced the new technology both during the trial period and post implementation. 
Feedback has been extremely positive in regard to ease of use, increased drilling time due to less 
calibration, and an almost instant improvement in drill accuracy. From a top-level perspective greater 
reliability allows mine management to plan and resource the operation more efficiently.   
 
The increase in stope productivity (circa 20% increase in annual recovery) results in a faster overall 
stope cycle time and reduction in overall mine life.  From an investment and funding perspective this 
would mean faster return on investment for investors and a subsequent reduction in operating costs 
tied to the life of the mine – resulting in a higher net present value (NPV) for the asset.  
 
There is potential for future work in exploring and quantifying all the above assumptions and 
assessments.  
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