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Kidd Mine – dealing with the issues of deep and high stress mining – 
past, present and future 

DB Counter  Glencore Canada Corp., Canada 

 

Abstract 
Kidd Creek Mine is the deepest active base metal mine in the world, extending to a depth of 3 km below 
surface. The mine operators and engineers have met the ongoing challenges of mining sublevel open stopes 
at extreme depth through the utilisation of cutting edge technology, while expanding on a knowledge base 
encompassing 48 years of continuous operation under increasingly difficult conditions. Methods of dealing 
with geotechnical, logistical, and environmental challenges will be discussed, and areas for future 
development or pure research will be suggested. 

1 Introduction 
Kidd Creek Mine has been in continuous operation since November 1966. The operation started as an open 
pit, which was supplanted by an underground operation, beginning in 1972. Sixty five million tons (m t) of 
waste and 30.5 m t of ore were recovered from the open pit by the time the last blast was taken in 1977.  

Clearing of overburden for the No. 1 Shaft and the development of the service ramp portal began in May 
and July 1969 respectively. The No. 1 Shaft reached a depth of 930 m below surface on 13 March 1972; 
exactly two years to the day after the start of sinking. The crusher was commissioned on the 2800 Level in 
June 1973. Production concluded in 2011, after a total of 71.5 m t of ore had been recovered between the 
pit floor and the 2600 Level. The mineable portion of the remaining 0.6 m t, or 0.8% of the mineral 
resources, cannot be recovered until the end of mine life due to the potential of a wedge failure within the 
mine foot wall.  

Development of the No. 2 Shaft, to access reserves between the 2600 and 4600 Levels (closest nominal 
level elevation in feet below surface) began in 1974. No. 2 Mine was the first metric mine in Canada, where 
all lateral and vertical development, stopes, support systems, and fill were designed in metric units, unlike 
the No. 1 Mine, which was designed fully in imperial units. No. 2 Shaft was completed to a depth of 1,556 m 
below surface in September 1977. The crusher was located on the 4700 Level, and skipping occurred from 
the bottom of the fine ore bins on the 4900 Level. Mining commenced in 1978 from the 2800 Level, and 
production from No. 2 Mine was completed in 2005, after the recovery of 17.9 m t, representing 100% of 
the mineral reserves. The No. 2 Mine crushing and hoisting facilities have also been used to process ore 
from lower in the mine (No. 3 and D Mines), and were used for a period of time to process No. 1 Mine ore 
during the conversion of ventilation infrastructure, prior to the re-establishment of a mid-shaft loading 
pocket at the 2800 Level in No. 2 Shaft, tied to the No. 1 Mine crusher. 

No. 3 Mine was initially developed by ramp beginning in January 1989 below the No. 2 Mine workings, as a 
result of ongoing exploration conducted from the 4600 Level, down dip of the upper portion of the mine. 
The No. 3 Shaft winze hoist room was completed in December 1989 just above the 4600 Level, and the 
shaft was sunk from the 4700 Level to access reserves from the 4600 to 6800 Levels, bottoming out at 
2,105 m below surface in mid November 1991. The No. 3 Shaft hoisting facilities were shut down with the 
commissioning of the No. 4 Shaft, and the No. 3 Shaft was subsequently converted to a dedicated cooled 
air intake. Production began in 1990, and a total of 18.8 m t or almost 97% of the reserves have been 
recovered to date from No. 3 Mine. Production is expected to be completed above the 6800 Level by mid 
2016, with the exception of a few remnant pillars which are tied to the secondary extraction sequence in 
upper Mine D, and a number of stopes which are very close to the main ventilation infrastructure on the 
6000 Level, which will be recovered very late in mine life. 
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Diamond drilling continued from exploration sites on the 5200, 6800, and No. 3 Shaft bottom access ramp 
elevations, resulting in pre-feasibility studies for the deep mine (Mine D, or No. 4 Mine) being prepared 
during the latter half of the 1990s. Board approval was granted for the development of Mine D in 2000, and 
preproduction development and shaft sinking were completed by 2006 to a depth of 3,014 m below 
surface. Twin hoist rooms were developed on the 4400 Level, housing two identical double drum hoists for 
the skips and main service cage, to allow the most effective use of capital spares and to facilitate 
maintenance. First ore production out of Mine D occurred in 2004 from the 7300 Level. To date, 12.1 m t 
has been recovered from Mine D; representing 49% of the reserves. The current life-of-mine plan indicates 
production will continue until approximately 2021.  

By incrementally extending the mine to depth over time, significant knowledge of the behaviour of the rock 
mass was gained prior to the design of the next stage of the operation. At the same time, progress in 
modelling and monitoring technologies, excavation techniques, and new ground support systems provided 
tools for the engineering and operating departments to deal with the changing response of the rock mass 
to mining, allowing the very high extraction ratios noted above. Concurrently, monitoring of the working 
environment, rock mass temperatures, and ventilation modifications necessary to support the ever 
expanding working zones, have led to major changes in the infrastructure to support mining at depth, 
including the use of passive inlet-air heat transfer systems, supplanted by mechanical refrigeration.  

The increasing distance to the production areas and the more difficult working environment have led to the 
progressive adoption of automated production technologies with time, beginning with remote rock 
breaking with operators stationed centrally underground, then to remote rock breaking and conveying with 
operators stationed on surface, and ultimately to remote control systems for both the No. 3 and 4 shafts, 
where the hoists operate from surface. Recently, fully autonomous LHD technology has been introduced, 
and was rapidly expanded from solely transfer operations between fixed loading points at the bottom of 
the ore passes to the top of the mechanical rock breaker and grizzly equipped ore bins, to include remote 
mucking of active stopes to help reduce production delays associated with proactive restrictions to mitigate 
seismic hazard and allow blast gases to be removed from the workings, and to improve productivity.  

Improvements in communications technology, including fibre optics and wireless networks have allowed 
near real time monitoring of rock mass deformation, and have opened the opportunity for the piggybacking 
of other technology, including personnel location, collision avoidance, human and machine interaction, and 
ventilation on demand to continue to reduce risk and improve worker safety.  

Areas where future research and development work would be warranted include methods or techniques to 
quantify global rock mass deformation over time, including the response of the fill to the closure of the rock 
mass, in order to provide calibration data for numeric stress models. Current cutting edge technology, 
based on mobile three-dimensional laser-based surveying systems used to map the deformation of large 
transects of lateral development, is still hampered by the potential for local site specific strain of the 
surface of the mine openings masking or confounding the global strain within the rock mass surrounding 
the deposit. This local deformation is also affected by the interaction with the ground support systems in 
place within the excavations, compounded by changes to those systems over time (corrosion, yield, 
rehabilitation and the installation of new support coupled with the removal of damaged rock, etc.). The 
local displacement of the opening surfaces may also be significantly larger than the regional strain 
associated with mining, particularly if the development is distal to the mining zone, and within rock which is 
weaker than the regional stresses at depth.  
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the frequently limited nature of diamond drilling extending into the far field within the barren host rock, 
the three-dimensional location of changes in lithology, structure, etc. are also difficult to identify to the 
level of detail sufficient to calibrate the tomographic and stress models. These problems will not be 
resolved in the short term, but are areas requiring ongoing study. 

2 Geotechnical challenges and opportunities 
Kidd Mine has historically been actively involved in a number of geotechnical research initiatives, and has 
worked with both government agencies, and with academia to develop a number of tools to assist in the 
design and monitoring of mine infrastructure, and to better understand the properties and behaviour of 
the rock mass, support elements, and backfill. 

2.1 Hanging wall failure, 1997 

Very early on, the Kidd pit was used as a testing ground for the monitoring of pit stability, and the use of 
deep extensometers to verify the response of the pit to mining. Much of this work was done in conjunction 
with Natural Resources Canada (CANMET 1977) as part of the development of the ‘Pit Slope Manual’.  

Monitoring was begun in the early 1970s, through the use of prisms mounted on the pit walls in vertical 
arrays, spaced approximately 50 m apart along the pit benches. These monitoring locations continued to be 
surveyed on a monthly, and ultimately, quarterly basis through the mid 1990s, providing a database 
spanning more than two decades. A number of stations were lost due to local rockfalls, and the 
deterioration of the prism reflector coating over time, but key locations continued to be maintained as long 
as safe access was available. Over the intervening time frame, deformation of the pit wall on the order of 
up to a metre was locally observed, as the mine transitioned from an open pit to underground operation. 
Through the 1980s as the extraction of No. 1 Mine advanced, a very gradual acceleration in movement was 
noted, in conjunction with seasonal changes due to temperature, and at the same time, small cracks began 
to appear on surface along pre-existing geological discontinuities in outcrops beyond the pit crest. These 
cracks were also locally monitored with deformation gauges. As the level of extraction increased through 
the mid 1990s, and the last remaining yielding secondary pillars began to be mined, more significant 
acceleration of the surficial deformation became evident.  

In the summer of 1997, after 88% of the reserves in No. 1 Mine had been recovered, a modest change in 
the rate of movement of the pit crest was observed, amounting to approximately 6 cm over the course of 
several months. Reading frequencies were increased, and coupled with observations of increasing 
deformation underground to depths approaching 600 m, it became apparent that an incipient large scale 
failure was occurring in the hanging wall of the pit, extending into the underground workings. The failure 
has been described previously (Board et al. 2000). The rock mass failure resulted in the loss of access to the 
hanging wall of the orebody over nine levels, the loss of five main fill distribution conveyor systems, most of 
the hanging wall sump and dirty water pumping systems, and two secondary exhaust raises above the 
2000 Level. The site was proactively closed for four days during the event. 

Through the use of manual (and ultimately automated) survey monitoring of the pit slopes, and 
three-dimensional distinct element modelling, the failure was analysed and found to be the result of a very 
steep sided wedge subsiding into the underground workings, essentially down dip of the plunge line of the 
intersecting structures. It was determined that similar failure was possible in other quadrants of the pit, 
based on the presence of major steeply dipping structure, which could negatively impact significant 
elements of the mine infrastructure, including the shafts, ramp, and ventilation raises. As a result, the 
mining strategy was changed within the No. 1 Mine to restrict both the size and number of openings active 
at any given time, to minimise load and deformation rate changes and maintain confinement of the last 
remaining central yielding pillar supporting the foot wall. High risk stopes identified through the model 
were deferred until very late in mine life to reduce the risk of failure. Since the failure of the hanging wall in 
the No. 1 Mine, a total of 7.8 m t of ore were recovered over a period of approximately 13 years, 
representing another 11% of the reserves, with no significant deformation of the foot wall or critical 
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yielding of the core buttressing pillar noted. One period of accelerated movement in early 2001 was 
associated with the breaching of the last minable secondary pillar, which carried a low risk to the foot wall. 
Data from the failure back analysis was used to bracket the intact rock mass and fault properties, and those 
values were subsequently used in analysis of deeper portions of the mine, coupled with structural mapping, 
and in situ stress measurements. From Figure 2, it can be seen that the rate of deformation was nearly 
constant following the major slip episodes; however, it did slow very slightly with time, as the 150 m thick 
mass of consolidated rockfill at the base of the wedge was compressed against the foot wall. The primary 
monitoring point on the crest of the pit, centred in the wedge, was lost in June 2013 due to a local fall of 
ground, as the bulk of the failing mass has broken up due to ever-changing internal strains, coupled with 
precipitation and freeze thaw effects.  

More recently, photogrammetric methods, LiDAR, as well as space borne radar interferometry have been 
investigated as additional tools which can be used to monitor the deformations on surface associated with 
the pit and underground workings, to a high degree of accuracy. Photogrammetric mapping of the pit 
slopes was used to establish the most predominant failure planes for use in additional modelling of the pit 
and upper mine pillar interactions, and to establish the zones of failure during follow-up investigations in 
2010 used to define the long term mining plan for the No. 1 Mine. LiDAR surveys have been performed 
from multiple locations around the pit crest, and will be done annually to establish the rate at which the 
walls are deteriorating, as part of the finalisation of the mine closure plan. Space borne radar data was 
limited in historic extent (prior to and immediately after the 1997 failure), and due to the extremely large 
deformation associated with the hanging wall wedge failure over a very short time interval, it was 
impossible to reconcile the magnitude and extent of true displacement, as it greatly exceeded the typical 
wavelengths of the radar, making the development of a long term historic deformation assessment based 
on interferometry impossible. Over shorter time frames, and using dedicated data, this technology has 
merit to monitor regional changes, which could be extremely difficult to detect using traditional total 
station, ground, or airborne LiDAR surveying technology. 

 
Figure 2 Displacement trace of survey monument Point East, since onset of accelerated hanging wall failure in 

July 1997. The Point East survey monument was lost during a local ground fall in June 2013 
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openings. All four instruments are showing similar response, however, those instruments installed in the 
south-eastern wall of the crosscut, closest to the active stopes and structure, are showing the highest 
response. Instruments located in the northwest wall of the crosscut are showing substantially less 
response, as the void of the crosscut is shielding or interrupting the global deformation of the rock mass 
towards the stopes. The correlation with blasting is clearly evident in Figure 9. 

  
Figure 9 Extensometer readings, 91-110 XC. Note change in relative slip between anchors following MN 1.0 seismic 

event of 29 November 2013. Note high correlation of deformation to production blasts, up to three levels 
away vertically, and 120 m distant laterally from the instrument. No apparent response from more distant 
production blasts (not flagged). Anchors at 1.67, 3.33, 5, 6.67, 8.33 and 10 m from collar 

Those instruments which cross through known moderate structures which extend towards the active 
stopes are also showing signs of shear, as the intermediate anchors are moving more than the shallow 
anchors on occasion, and not all anchors are moving in the same sense. The most significant movement has 
been occurring between anchors 2 and 4, which are between 3.3 and 6.7 m beyond the collar. Significant 
movement was also noted following a strong ground motion (SGM) MN 1.0 seismic event, on 29 November 
2013. 
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operations at Kidd have been extensively discussed in previous publications, (Yu & Counter 1983; Yu 1989; 
McKay & Duke 1989), however, when the Mine D feasibility study was being conducted, a number of 
factors indicated that a change in the filling process was required. There was insufficient rock remaining 
from the mining of the open pit to provide aggregate for the deeper portion of the mine. The experience 
within No. 3 Mine indicated that attrition of the aggregate particles as they were transported to depth 
through the rockfill raise network would mean that a larger percentage of the fine material in the aggregate 
(as it was prepared on surface) would need to be removed to ensure a workable material would be 
delivered to the stopes at depth. A significant portion of the rock used in the fill within No. 3 Mine was 
already comprised of direct unsized development waste from the lower portion of the workings, as well as 
some of the early infrastructure (ventilation raises) being developed in advance of Mine D. It was also 
recognised that the rather lengthy process of tramming waste fill to the stopes could also negatively impact 
both productivity and stability of the openings.  

A paste fill system was investigated in the pre-feasibility and feasibility stages, and was ultimately 
commissioned in 2004. The paste fill aggregate component was comprised of a blend of alluvial sand from 
local esker deposits (50-55% by mass), and reclaimed tailings from neighbouring gold mines within Timmins 
(45-55% by mass) to provide the necessary -20 μm fraction required to make a paste. The distance of the 
Kidd Metallurgical complex from the mine, and the nature of the Kidd tailings, (which contained high levels 
of pyrite and which were prone to oxidation and the associated creation of low pH conditions) forced an 
alternate fine constituent source to be found for the manufacture of the paste. At the same time, the 
occasional presence of low pH water associated with very high sulphide ores, and the results of early stage 
laboratory testing with the Kidd tails resulted in the selection of a ground iron blast furnace slag and Type 
10 ordinary Portland cement (OPC) blend (90:10 slag to OPC) for use in the Kidd paste fill. The decoupling of 
the filling preparation process from the mining process, and the higher rate of placement which could be 
achieved around the clock also favoured the use of paste fill (Landriault et al. 2000). 

Binder is added at between 4.5 and 2% by weight of the aggregate components, depending on the design 
criteria of the stope in question. Sill stopes, which will be undercut by future mining are filled with a 4.5% 
binder base to half the depth of the stope (equal to the future minimum undercut span or 20 m above floor 
elevation), followed by a mains pour comprising 2.5% binder until the stope is full. Secondary panels, and 
blocks which will not be undercut are filled with a small 4.5% binder plug pour to reduce the risk of 
bulkhead failure (to 7 m above floor elevation), followed by the mains pour which may contain as little as 
2% binder, if the fill will not be exposed by future mining. Strengths generally range from 2 to 4 MPa after 
between 28 and 90 days of curing. The paste is typically poured at a solids density (mass of solids divided by 
total unit mass of paste) of 82%.  

As the use of paste fills gained acceptance within the general mining industry over the course of the last 
15 years, the need to obtain fundamental engineering information has led to several research initiatives by 
a number of universities, in conjunction with industry. In 2008, a major research initiative was undertaken 
with the University of Toronto, to measure the properties of paste fill at early ages. This work was initiated 
to confirm the underlying assumptions relative to the design of stope bulkheads, and to investigate the 
potential for paste fill to liquefy at very early curing times. Work was also done at both the Williams Mine 
(Barrick Gold Corporation) in Marathon, Ontario, and at the Cayeli Mine (Inmet Mining Corporation) in 
Turkey, as part of the same research program. The results of that work will not be described in detail, and 
several references are provided to that work, and to other papers previously published (Thompson et al. 
2009, 2014; Aldea et al. 2011). 

An unexpected but fortuitous outcome of the extensive instrumentation program associated with the 
University of Toronto was that a limited number of the low range (500 kPa) total earth pressure sensors 
installed to monitor the short term behaviour of the paste were still functioning at the time of the 
significant seismic event in January 2009. The excitation circuit for the vibrating wire readout was changed 
midway through the monitoring process to try to extend the life of the cells, however most failed at 
pressures approaching 1 MPa. In those cells which remained functional 6 months after installation, the 
strain induced by the MN 3.8 burst resulted in changes in the induced stresses measured within the paste 
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5 Summary and thoughts for future work 
As mentioned previously, work is ongoing with various research groups to provide more fundamental data 
to assist with the interpretation and calibration of the stress models, to better understand the response of 
the paste fill to high strain induced by hanging wall to foot wall closure, and to assist with the formulation 
of new design codes for support systems in dynamic environments by providing large quantities of data to 
use in back analysis.  

Areas for future research or development of existing systems or instruments, which would be beneficial to 
the industry in general, include the calibration of changes in seismic velocity as determined by passive 
tomography to actual changes in rock mass properties brought about by deformation or degradation. 
A reliable and low cost means of measuring global deformation of the host rock mass to mine scale is also 
necessary which is independent of local deformation of the excavation surfaces, with independent frames 
of reference, as frequently main infrastructure such as the shaft or main access ramp or level connection to 
the shaft is also located within the deformation zone. The development of low cost pressure or strain cells, 
which could easily be deployed in nearly every stope during filling, would also be advantageous. With the 
rapid development of underground network technology, linking these measuring devices wirelessly, even 
though the fill, would be a long term goal.  

Another area where significant work has been done recently, but where questions still arise is in the testing 
and design of support under high dynamic loads. Many new bolts have recently been developed to address 
the issue of dynamic loading, including the D Bolt (Li 2010, 2012), the Yield Lok Bolt (Wu & Oldsen 2010), 
and others, and extensive test work continues to be done both in Canada and Australia to assess these 
tendons (Doucet 2012). One of the limitations of the dynamic test facilities has always been the nature of 
the loading applied to the bolts during the impact phase. Evidence from the multiple MN 3.8 events at Kidd, 
and experience from other sites has shown that the bolts undergo significant lateral loading causing both 
bending and shear as either static loading, or components of the seismic waves from a large event pass 
through the rock mass (Simser et al. 2006), in addition to the axial loading ultimately imparted to the 
tendon as the rock mass swells due to the development of fractures and the support membrane transfers 
load to the end attachments of the bolt. See Figure 15. This is one area where continued development of 
the physical testing process would be advantageous, through either sinusoidal guide rails or transverse 
secondary servo mechanisms, or if this is not plausible, then kinematic model simulations need to be 
developed to improve the basic understanding of support response, in order to improve the design process. 
Another area requiring investigation would be a means of verifying the integrity of the support tendons,  
1-2 m beyond the rock surface, following large seismic or high displacement events. Preparing every bolt by 
polishing the end for non-destructive ultrasonic testing to find fractures or strained portions of the bar is 
not practical, and based on the observations (as shown in Figure 15), bolts which appear to be intact when 
examining the plate and head can be sheared completely through, as little as 1 m beneath the rock surface. 
Similarly, installing deformation monitoring instrumentation at a frequency such that it could be used to 
verify bolt integrity over multiple kilometres of development is also not cost effective or practical.  

In summary, both the operators and engineers at Kidd have continued to adapt to the challenges of 
extending the workings to depths of 3 km and more, however, there continue to be opportunities for the 
advancement of basic knowledge, and new technologies are still required to continue to improve both the 
safety and viability of mining in deep and high stress environments. 
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