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Introduction 
The Granny Smith Gold Mine (Granny Smith) is owned by global mining company Gold Fields and 
is located 21 kilometres (13 mi) south of Laverton, 740km northeast of Perth, Western Australia.  
Current mining operations take place at the Wallaby underground mine with mining occurring in four 
ore lenses – Zone 70, Zone 80, Zone 90 and Zone 100. 
 
Access to the Wallaby underground mine is via a portal established within the completed Wallaby 
open-pit. The mine operation is trackless, with underground truck haulage via the pit ramp to the 
surface. The annual production of the Wallaby mine is in-excess of 250,000 ounces per year. 
 
Two primary underground mining methods are used, with minor adjustments to suit localised 
geometry; Inclined Room and Pillar (IRP) is used in areas with a moderate dip (10° to 35°) and 
moderate width zones (four to six metres), and Transverse Long-hole Stoping (TLHS) is used in zones 
which are thicker (six metres to 15m) with variable dips. Two other mining methods are used to a 
lesser extent: Narrow Vein Long-hole Stoping may be applied in some areas with the benefit of reduced 
planned footwall dilution, and Bulk Long-hole Stoping is used in thicker zones (15m plus) under 
varying dip conditions. 
 
Due to the flat/tabular shaped ore body, a high degree of drilling accuracy is required in order to mine 
efficiently. Existing drill and blast designs involve drilling at up to a 20-degrees fly angle on either 
side of the ore drive – which proves challenging for the fleet of underground long hole drills, using   
traditional alignment methodology and the rigs (on-board) alignment systems.  
 
Drilling at 20-degrees fly angle enables the ore body to be intersected more effectively, but also ensures 
that heading width is maintained - with the throw of each blast projecting forward into the drive, 
providing boggers (front-end-loaders) with faster, more efficient access in and out of the heading.  
 
The downside of the design is the difficulty in achieving the required fly angle accurately and 
efficiently, and the demands placed on the drillers and the rigs themselves to achieve this. 
 
During a trial conducted in June 2018, a series of rings were drilled to compare drilling accuracy using 
two different methodologies (the existing process and a new technology) and the subsequent impact 
this had on drilling productivity and blasting outcomes at Granny Smith. 
 



 
 

Fig 1. Drill Plan of a Typical Stope, Showing Planned 20-Degree Fly Angle. 
 
 
Historical Issues with Production Drilling at Granny Smith 
Drilling at 20 degrees fly angle is challenging. The acute angle often results in the drill rod ‘skipping’ 
off the surface of the rock.  Coupled with this, the limitations of the rigs’ existing alignment systems 
resulting in loss of accuracy on holes drilled with fly, meant that the entire rig (i.e. not just the 
boom/mast) was being orientated at the required 20-degree angle in an effort to improve drilling 
accuracy.  Significant time was incurred setting up the rigs on each ring, with the process creating 
additional wear and tear and a resulting increase in rig maintenance. 
 
Despite the drillers’ best efforts, the complexity associated with the existing process resulted in poor 
accuracy at the drill collar, leading to excessive deviation from the planned toe point at the end of the 
hole, resulting in sub-optimal blasts.  This in turn would result in an increase in ore dilution, bridging 
(unrecovered ore) and re-work – all of which negatively impacting stope cycle time and the overall 
productivity of the mine. Added to this was the frustration evident in the drillers, due to the complexity 
and time being taken during setup.  

 
 
Blast-Hole Deviation Explained 
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.  Industry best practice 
tolerance is often 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. 
 



Alignment error is one of three contributing factors identified as affecting blast-hole deviation. Collar 
position accuracy and in-hole deviation (often the result of ground conditions and /or operator 
skill/judgement during drilling) make up the remaining factors. In-hole deviation is often misidentified 
as being the primary contributor to overall deviation, however analysis of down-hole surveying 
completed at Granny Smith indicated that factors other than in-hole deviation were actually the key 
contributors. Further down-hole surveying conducted on multiple blast holes both before and after the 
Granny Smith trial indicated that on average, alignment error which occurred before drilling 
commenced, was the key contributor to the overall deviation at the end of the blast hole (see Figures 
2, 3 and 4 over-page).  
 
These 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).  

 
 
 

 
 
 

Fig 2. The Three Contributing Factors to Blast-Hole Deviation. 



 
 

Fig 3. Survey of 550+ Holes (8.5km), at 10 Separate Underground Sites. 
Down-Hole Survey Data and Pick-Up Analysis – Showing Overall Average Deviation of 4.9% over 

an Average 15m Hole (0.75m / 2.5ft)  
 
 

 
 

Fig 4. Survey of 550+ Holes (8.5km), at 10 Separate Underground Sites. 
Down-Hole Survey Data and Pick-Up Analysis – Showing 62.9% of Total Deviation Due to 

Alignment Error.  
 
 
 



The Existing Drilling Process 
The existing process refers specifically to the required steps a drill rig operator must follow when 
utilising a rig’s inbuilt alignment system and surveyed collar points and refence lines on the side of the 
ore drive.  The quality of the outcome achieved using the existing process is reliant on regular 
calibration of the numerous sensors mounted on the rig, the accuracy and care to which the drill rig 
operator follows a multi-step alignment process, (e.g. alignment to surveyed laser lines, ensuring the 
rig is levelled etc), and the quality of the survey collar and ring mark-ups.  Every step in the setup adds 
an additional tolerance, increasing the potential for inaccuracy.  Regardless of the make and model or 
age of rig, ground conditions, operator skill or experience and/or the pattern being drilled, drill rig 
setup has historically been a slow and inaccurate process.  
 
Despite efforts taken by the Gold Fields engineering team to improve the accuracy and reliability of 
the existing process, issues and errors were still noted to occur.  In an effort to overcome some of the 
limitations associated with the current process, in some instances compromises has to be made that 
impacted the efficiency of the drill and blast process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Trial Implementation of New Technology 
In June 2018 Gold Fields trialled a new rig optimisation technology supplied by leading METS 
company Minnovare. A series of ‘trial’ rings were drilled in the same ore drive to compare drill hole 
accuracy when using the two methodologies (referred to hereafter as the existing process and new 
technology). The trials focussed on improving the alignment accuracy of the drill rig prior to drilling.  
 
The new technology, a world-first production drilling optimisation system, was specifically designed 
to improve rig-alignment accuracy and reduce blast-hole deviation in underground drill and blast 
applications.  
 
Part 1 of the trial involved drilling 41 holes with one of the Granny Smith long-hole rigs - an Epiroc 
Simba E7C floating boom using the existing process.  
 
Part 2 of the trial involved fitting the new technology to the same rig and drilling 52 holes, of similar 
length and same diameter. All rings were drilled in close proximity and in the same stope as Part 1 to 
ensure similar ground conditions were encountered.   
 
All holes were down-hole surveyed using a non-magnetic gyro survey instrument. Collar locations 
were picked up by the mine survey team.  Both sets of data were uploaded into Deswik Drill & Blast 
software and the actual strings compared with the plan. Planned and actual strings were trimmed to an 
equal length to eliminate any impact on the results from differences in hole length between the 
surveyed and the planned hole. 
 
Analysis of the results revealed the following: 
 

- Holes drilled using the existing process recorded an average deviation due to alignment error 
(expressed as a proportion of hole length) at the collar of 4.4% (e.g. 440mm over a 10m hole) 
and an average deviation at the toe of 4.9% (e.g. 490mm) 
 

- Holes drilled using the new technology recorded an average deviation due to alignment error 
at the collar of 1.5% (e.g. 150mm over a 10m hole) and an average deviation at the toe of 
2.5% (e.g. 250mm).  
 

- In pure percentage terms, the new technology was shown to reduce average blast hole deviation 
at the collar by 68% and by 51% at the toe. 

 
 
 



 

 
 
 
 
   

   
 
 
 

 
 

Fig 5. Blast-Hole Deviation Comparison - Existing Process vs New Technology.  
 
 

Holes Drilled Using Existing Process 
41 Holes Drilled 

(‘Y’ axis shows 0 to 10% overall deviation) 

Holes Drilled Using New Technology 
52 Holes Drilled 

(‘Y’ axis shows 0 to 10% overall deviation) 
 



 

Comments & Conclusions 
Michael Place; Instead of having to constantly align and level the rig [over each hole], the new 
technology provided a single tolerance over the boom/mast - allowing us to use the full articulation 
available on the rig and focus on getting the accuracy right over the collar.  
 
This has reduced our average blast-hole deviation considerably - by 68% at the collar and 51% at the 
toe, leading to improved blasts with less bridging and a reduction in average dilution.  It also means 
we can now drill both sides of a ring (left and right) from a single standing position, without altering 
the setup of the rig. This has reduced our stope turnover time. In the same period, we’ve reduced our 
drilled metres as a result of reduced re-work [re-drills]. We now have greater confidence in the 
consistency of our drilling accuracy, so we’re no longer over-engineering our stopes. 
 
Importantly for the operators, the rig setup process is now simpler and easier. The new technology 
features a digital drill plan and plod interface, which makes it easier for the drillers to record shift 
activity and have it sync directly back to the mine planning software used by engineering. 
 
 
Implications & Future Work 
In light of the results achieved during the trial Gold Fields elected to implement the new technology 
on all 3 long hole rigs at the Granny Smith mine. The immediate-future implications for Gold Fields 
as a result of this new technology are that drill and blast patterns throughout the mine are now being 
reviewed to see where designs can be further optimised in light of the greater accuracy now achievable.  
Stopes drilled with the new technology, on average, have seen an increase in recovery, and ore bodies 
that were previously uneconomical or ‘marginal’ are now being attempted. Ultimately this increases 
the net present value (NPV) of the mine. Aside from drilling productivity, other advances have been 
made in data-connectivity.     
 
Michael Place; At Granny Smith we have a ‘Technology Road-map’ that aims to take the mine from 
where we are today to where it needs to be tomorrow, and into the future. One fundamental aspect of 
that journey is the integration of all new ‘smart’ technologies into a centralised data point that 
improves overall visibility, responsiveness and decision making. 
 
This new technology, with its digital drill plan and plod features, is an example of how that integration 
provides access to real-time drill data allows us to ‘lift the lid’ off the mine. 
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