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ABSTRACT 

The use of destressing to avoid or control the timing of potential 

rockbursts has been a trial and error method for several years. In the 

Kirkland Lake mining camp destress blasting to control rock bursting has been 

attempted as early as the mid 1930's. High stress concentrations confined to 

brittle rock within crown pillars are increasing as mining below 1524 m is now 

the main ore producing area. 

Macassa Division, Lac Minerals Ltd, designed a destress blast for the 

58-40 crown pillar as previous rockburst activity and underground observations 

suggested that it was burst prone. In order to conduct a geotechnical 

appraisal of the destress blast, arrangements were made with CANMET to install 

a portable microseismic system and to assist in the interpretation of the 

seismic data. 

The design and implementation of the destress blast involved evaluation 

of the characteristics of the destress application site, in situ 

instrumentation application, the requirements of an effective design, and 

cross-correlation with other methods such as computer mining simulation. 

The effectiveness of the destress blast is discussed through a 

comparison of tape convergence results, microseismic source location activity, 

and a calibrated numerical model simulation of the destress blast. The 

results have an implication with respect to future mine extraction 

considerations when implementing destress blasting as a procedure at other 

locations in the mine. 

Key words: Convergence; Microseismic activity; Destress blasting, Computer 
mining simulation. 
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INTRODUCTION 

The art of rock mass conditioning through destress blasting has had 

reasonable success in those circumstances where properly applied in order to 

initiate a timely rockburst, or to pre-condition the rock so that its strength 

is greatly reduced and avoid a rockburst. The depth of mining, per cent 

extraction, and material strength characteristics of the orebody versus the 

surrounding rock mass governs whether or not a remnant has the potential to 

fail violently or burst. Both depth of mining and extraction control the 

severity of stress loading on a remnant, but the potential for bursting is 

also controlled by the mine stiffness (hanging wall, footwall rockmass) in 

relation to the ore seam stiffness. 

In the Macassa Mine where the steeply dipping ore vein consists of an 

interlayering of siliceous basic syenite, syenite porphyry and volcanic tuff, 

destress blasting has been successfully applied to crown pillars where visual 

observations and instrumentation have indicated high stress levels, seismic 

activity and ground deterioration. The preference is to situate the destress 

holes totally within the orebody and at the correct spacing to maintain a low 

powder factor. Only the intact pillar positions require direct exposure to 

explosives for destressing; hole sections in failed sections of a pillar are 

stemmed. 

The determination of the success of a destress blast is dependent upon 

the before and after conditions evaluated through the underground 

instrumentation results (seismic activity location, tape convergence closure) 

and the assessment of ground deterioration. Another check is to compare the 

destressd area predicted using a computer mining simulation model with the 

destressed area from microseismic locations. As well, comparison of the 

computer model's predicted differential convergence after destressing should 
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be in agreement with the actual in situ differential convergence. 

The purpose of this investigation was to examine a crown pillar where 

high stress conditions and rockbursts had designated it as burst prone. 

Follow up procedures involved evaluating site conditions through underground 

instrumentation, diamond drilling, visual observations, study of destress 

blast design layouts, incorporation of a localized MP-250 Electro-Lab 

microprocessor 'real time' source location system and geophone network, and 

comparison of the observed in situ conditions before and after the blast with 

those predicted by a 3-dimensional displacement discontinuity analysis method. 

MINING AND GEOLOGICAL BACKGROUND 

GENERAL GEOLOGY 

The Macassa Division of Lac Minerals Ltd. is located 2.4 km west of the 

town of Kirkland Lake, Ontario. Over its 53 years of existence, Macassa has 

produced 76,543 kg of gold. 

New reserves found in the western portion of the orebody, 2.4 km from 

existing shafts, resulted in the new No. 3 shaft being sunk from surface 

through the ore zone to a final depth of 2206 m. 

The principal gold bearing veins of the Kirkland Lake camp occur along 

one of several fault systems called the Main Break. The main ore bearing 

structures located on the western extensions of this system are referred to as 

the '04' Break (Figure 1) and South Break. The structures are sub-parallel to 

the Main Break and the '04' Break has been the main ore source during the past 

thirty years. 

The ore veinlets occur in quartz filled fractures which are closely 

associated with pre-ore faults and fractures and strike N 600  E dipping 60-700  

to the South. Mining widths are commonly 2.5 m. 

The geological events in the Kirkland Lake camp consisted of folding of 
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original sediments, intrusions of basic or felsic syenite, intrusion of the 

syenite porphyry, faulting (fracturing), gold deposition and remobilization 

along the faults, and post-ore faulting. 

MINING METHODS 

The major mining method at Macassa is overhand cut-and-fill with waste 

fill provided from a long hole waste stope and recycled mine development waste 

from mine headings. 

Drilling with stopers and jacklegs is common with the fragmented ore 

drawn by slushers. A transition of mining method (to longwal 1 blasting) 

commonly occurs at a crown pillar height of 15 m (Figure 2) as stress levels 

are substantial enough to promote rockbursts. Mining of the bottom half 

consists of steeply inclined blasted 'uppers' closely followed by horizontally 

blasted longholes (upper half) with the fragmented ore removed by slushers. 

The waste fill is kept in close proximity to the brow. Approximate stope 

dimensions are 60 m along strike, 45 m high and 2.5 m wide. 

GEOTECHNICAL BACKGROUND 

Laboratory testing results combined with in situ seismic velocity 

profiles are shown in Tables 1 and 2 for the various rock types. 

Underground experience as well as evidence from Tables 1 and 2, shows 

that the tuff appears more prone to bursting than the other rocks, that the 

tuff and porphyry are more brittle than the basic syenite, and that the 

probability of bursting increases with increasing silica content. Areas where 

basic syenite constitutes the wall rock and tuff and/or porphyry the orebody 

could be more burst prone than others under high stress conditions. 

In situ stress determinations completed by CANMET on two levels (5300 

and 6300) near No. 3 shaft suggested the following stress with depth 

relationship: 

V, Vertical Stress = 0.026 MPa/m (depth) 
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Table 1 - Laboratory rock property data.

Rock Type
Theor. Stored

Strain Energy

(J/m3)

Tuff 117-344 386 193 69 0.24 77-693
Porphyry 137-358 386 227 80 0.21 100-654
Basic syenite 110-193 317 144 80 0.20 57-192

Compressive Strength (MPa) Mean Uniaxial Modulus
Uniaxial Triaxial Compressive (x103)

(03=13.8) Strength (MPa) (MPa)

Poisson's

Ratio

Table 2 - In situ seismic data.

Rock Type
Mean Seismic

Velocity

(m/sec)

Calculated Elastic Properties (MPa)
Elastic Modulus (x103) Bulk Modulus (x103)

Tuff 5,638 70 28
Porphyry 6,096 96 29
Basic syenite 3,596 32 13
Basic sysenite c/w quartz stringers 4,663 54 22

O*s
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Horizontal stress (Perpendicular to strike) = 1.62 V 

Horizontal stress (Parallel to Strike) = 1.14 V 

In the area of concern, premining stresses would be in the order of 70 

MPa. Mining induced stresses result in an additional stress of 68.9 MPa based 

on the results of N-FOLD displacement discontinuity computer modelling studies 

completed earlier by Golder Associates, Mississauga, Ontario. 

ROCKBURST HISTORY 

As previously mentioned, the larger energy bursts at Macassa generally 

occur during mining of the crown pillars (Figure 3) at a critical geometry 

(height <15 m). Smaller strain bursts do occur in development headings but 

can be controlled by localized destressing procedures where destress holes are 

situated within the plane of the heading parallel to its long axis. 

Where a crown pillar contains a stiff rock unit (tuff) in comparison to 

the wall rocks (i.e., basic syenite) and where stress levels are approaching 

the failure point, it is not uncommon to have a burst occur immediately after 

a production blast. Prior to a production blast several areas may be at 

critical stress levels (near failure). The act of mining may cause an 

incremental stress increase sufficient to generate violent failure and post-

failure conditions at these same locations. 

To reduce the risk of exposure to an untimely rockburst, various trial 

and error blast destressing schemes have been developed with a certain amount 

of variance with regard to hole spacing, powder factor, stemming, initiation, 

and explosive type. 
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CHARACTERISTICS OF THE DESTRESS APPLICATION SITE 

GEOLOGY 

The geology within the 58-40 stope (Figure 4) consists of an 

interlayering of basic syenite, syenite porphyry and tuff. The eastern 
, 

portion of the stope consists of silicified basic syenite seam material with 

basic syenite or porphyry in the hanging wall and basic syenite in the 

footwal 1. Towards the western area of the 58-40 stope the seam material 

consists of volcanic tuff within the ore zone as well as the footwal 1 but 

basic syenite is dominant in the hanging wall. 

The '04' Break forms the hanging wall of the stope in the western 

section of 58-40 but then cuts across the ore seam to form the footwall near 

the eastern 58-38 access raise. The break dips at 70-75°  and has a chlorite 

infil ling only a few inches thick. Parallel to the '04' Break is another 

chlorite coated fault 1-2 m further into the hanging wall. 

With the assemblage of rock types it appears that the silicified basic 

syenite and tuff which form a major portion of the seam material are of a 

higher modulus than that of the basic syenite wall material. The significance 

of this is that the stored strain energy within the seam material under high 

stress loading would appear to be greater than if the seam consisted of basic 

syenite (i.e., the same material properties as the rock wall). 

Salamon (6) has shown that the act of mining (or rockbursts) results in 

the following: 

(Wt + Um )  - (Uc + Ws )  = Wr > () 

1) a change in the potential energy of the wall rocks, W. 

2) a release of stored strain energy in the mined seam, Um  

3) an increased strain energy transfer to the wall rocks, Uc  

4) a small fraction of released potential energy stored in the backfill 

Eq 1 
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material, Ws  

5) excess energy, W r , (composed of kinetic energy, W k  + released stored 

strain energy, Um ) 

Salamon has also shown that the condition for violent failure can be 

put into a mathematical inequality as follows: 

K + X < 0 	 Eq 2 

where, K represents the hanging wall/footwall rock mass mine stiffness, and 

X represents the seam stiffness. 

As mining takes place mine and seam (pillars) stiffnesses in the 

immediate area change. As critical pillar strength is approached X approaches 

zero (horizontal slope). Upon failure it assumes a negative slope whose value 

is dependent on the pillar's brittleness and width to height ratio. Salamon's 

inequality suggests that when the mine stiffness (positive in nature) is 

exceeded by the post-failure X (a negative quantity), critical instability can 

result. 

The interrelation of the above factors suggests a greater release of 

energy in the form of a rockburst (kinetic energy and energy absorbed in mass 

fracturing) occurs when the stiffness of the seam material dominates over the 

mine stiffness. However, the greatest source of energy is the potential 

energy, W t , created from the convergence of the wall rocks over a defined 

area. The stored strain energy is always a fraction of Wt . 

MINING LAYOUT 

The 58-40 stope was mined conventionally (55%) by cut-and-fill with the 

fill consisting of mined development waste. At a certain distance, 24.4 m 

above the 5875 level, deteriorating ground conditions and increased seismic 

activity suggested that the crown pillar had burst potential. 

Remedial action involved considering the consequences of destress 

blasting and the transition over to a safer method of extraction. 
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ROCKBURST OCCURRENCE WITHIN THE 58-40 STOPE 

Three separate documented rockbursts occurred within the 58-40 stope 

between July 1985 and January 1986 (Figure 5). 

The first two rockbursts occurred shortly after stope production 

blasts; the third incident, a minor burst, was not triggered by blasting. The 

pertinent information is as follows: 

Event 	Date 	Tons Displaced 	Stope Location 	Event Size 	MN 

1 	July 85 	 80 	 58-40 Raise 	 Major 

2 	Sept. 24,85 	45 	 58-38 Raise 	 Major 	2.4 

3 	Jan. 10,86 	20 . 	 Stope Back 	Intermediate 

Production slowdowns resulted due to general clean-up and restoration 

of the workings as a result of the bursts. As the working environment was 

considered to be getting more hazardous it was felt destressing of the pillar 

at an early stage would be advisable. Drilling of the destress holes could be 

attempted in fairly competent rock. 

INSTRUMENTATION 

STRESS AND CONVERGENCE 

An early objective of the rock mechanics group of Macassa Division, Lac 

Minerais,  was to install stress and displacement monitoring devices in the 

near vicinity of the 58-40 crown pillar. The behavioural background if 

readings were taken for a long enough period would establish trends and 

provide early warning to changed site conditions. 

Three diamond drill holes were drilled through the crown pillar at 

various locations so that vibrating wire (IRAD) strain gauges could be 
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installed to measure stress changes. The core was recovered from these holes, 

but a short time later a local rockburst collapsed the holes preventing strain 

gauge installation. 

The diamond drill core did suggest, however, that a 'central core' of 

the pillar was 9-14 m wide with a peripheral 3 to 3.5 m fracture zone 

engulfing it (Figure 5). 

Tape convergence points were established both along the 5725 level 

bordering the top edge of the 58-40 crown pillar and within the uppermost cut 

bordering the bottom outline of the pillar. Two sets of pins, one established 

on the hanging wall side of the strike drift, and one located on the hanging 

wall side of the chlorite coated hanging wall slip were installed on the 5725 

level (Figure 5). 

No attempt was made to redrill the IRAD gauge holes as it was felt this 

would delay initializing the drilling program for the destress holes. 

MICROSEISMIC DATA ACQUISITION SYSTEM  

Arrangements were made between CANMET (Elliot Lake Laboratory) and Lac 

Minerals to temporarily install a mic ro se i smi c monitoring system with the 

mieroprocessor (Electro-Lab MP-250) located at the electrical sub-station on 

5725 level and accelerometers in a tight array around the 58-40 crown pillar. 

This system (Figure 6) consisted of an array of 12 Model 271 

accelerometers (Electro-Lab) and a three axis energy phone for enerery 

integration, with the analog signal carried to the Electro-Lab MP-250 

microprocessor via shielded multiwire cable. Processing of the analog data to 

digital form provided real time data acquisition and display. A microseismic 

event of sufficient magnitude exceeding the preset threshold of 5 channels 

(the threshold set on background, process, or adjust) at the microprocessor 

resulted in a source location, energy level, time in hr:min:sec, Julian day, 

geophone identification and arrival times being sent to the standard output 
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device. The standard output device was the Qume (QVT-102) display monitor 

with the digitized signal relayed through the auxiliary port of the Qume to 

the LA-100 Decwriter having a 4 K storage buffer, for hardcopy printout. 

Simultaneously, the Gould Dasa 9000 Data Acquisition and Retreiva 1 

System recorded seismic data through the 250A filter interface located at the 

top of the Electro-Lab. Eight wire leads connected to the 250A filters via 

communication pins plugged into the front phone jacks were in turn connected 

to the 8-channel waveform recorder through triaxial BNC connectors attached at 

the back. The trigger channel of this recorder had a variably controlled 

threshold level as a percentage . of the selected volts full scale sensitivity, 

which for all channels had a range capability of 0.05 to 500 volts. The 

analog signal received by the recorder was converted to digital form with 

transmission via an IEEE-488 interface to an IBM-PC/XT computer. The Gould 

Dasa 9000 software package allowed arming of the waveform recorder trigger 

with the auto-store to disc mode (recorder is armed, waits for a trigger, 

stores the event file then rearms), with the possibility of more than 200 (4K 

memory size) events if the former hard disc events were removed and 

transferred to floppies. The IBM-PC/XT was equipped with a TECMAR Graphics 

Card and IEEE card. Eight waveforms were visible via an IBM colour monitor 

display, and the software allowed amplification of a particular channel 

waveform for analysis and calculation purposes (area under the curve between 

specified points along the time axis). 

The Gould waveform recorder had pre-selectable memory sizes per channel 

(2K, 4K, 8K, etc.) and with a low time base setting (low sample rate) a 

lengthy time window displaying the waveforms was possible. For the Macassa 

events a 4K memory was used and a time base setting sample rate of 1000 Hz 

resulted in a window time (excluding event pre-trigger) of approximately 500 

milliseconds. 
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The Gould system allowed assessment of first motion studies, waveform 

characteristics and a means of checking the arrival time data displayed by the 

Electro-Lab MP-250. 

GEOPHONE NETWORK 

The geophone network (Figure 7) consisted of 12 model 271 

accelerometers with a frequency range of 40-10,000 Hz and a sensitivity range 

of 250-500 volts/g (g is the gravitational acceleration, 9.8 esec 2 ). Power 

was supplied (36 VDC) to the accelerometers over two conductor wires from the 

250 LA filters with the signal returning along the same wire. Eleven of the 

12 accelerometers were located in the footwall with only geophone No. 2 

residing in the hanging wall. Although accelerometers 11, 4, 12 and 6 define 

a reasonably spaced diamond shaped outer array limit in long section, a much 

reduced array thickness is shown in transverse section due mainly to limited 

hanging wall access. The initial feeling when deciding the geophone locations 

was that the events generated as a result of destressing the 58-40 crown 

pillar would initially be confined to the 58-40 crown pillar, and would 

progressively move towards the stope peripheries (58-40 and 57-40) where the 

ground would still be highly stressed but near critical strength levels. 

The accelerometers were typically located 1.2 m above the footwall 

drift back in a near vertical position (44 mm hole) although the 

accelerometers could have been installed at any upward sloping orientation. 

DESTRESS BLAST 

REUIREMENTS OF AN EFFECTIVE  DESIGN 

In designing a destress blast, four major areas must be satisfied: 

1) The spacing, size, and length of the destress holes should be sufficient 

to cause effective fracturing of the intact highly stressed rock (the 

central core of the crown pillar). 
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2) The blast should not generate excessive peak particle velocities 

resulting in damage to the other structures outside the immediate area to 

be destressed. 

3) An adequate monitoring program should be in place to verify the 'before' 

and 'after' site conditions where destressing is to be attempted. 

Hopefully, the changed site conditions are evaluated through independent 

instrumentation programs (tape convergence and microseismic), but that 

the observations and conclusions from these different reconnaisance 

methods correlate well. 

4) Extensive thought should be given to the timing of the destress blast 

both from a mining sequence framework and blast scheduling. Verification 

that destressing a crown pillar will not cause a multiple succession of 

crown pillar failures (domino effect) is crucial. 

If an existing calibrated computer mining simulation model exists, then 

modelling of the current mine geometry simulating the destress blast (before 

it happens) can be used to verify the extent of induced failure as a result of 

the destress blast. If only localized failure is induced (by comparing the 

amount of failure before and after destress simulation), then this suggests 

that destress blasting will cause little deterioration to the other workings. 

A further recommendation for future destressing attempts is to compare 

underground convergence and stress changes measured with the actual computer 

model's predictions. If the model is reasonably well calibrated, these 

results should be comparable. Disagreement may suggest (if no convergence is 

measured near a destressed crown pillar but the computer model suggests there 

should be) that a localized portion of the pillar may still be intact and 

highly stressed, or that the instrumentation was not properly coupled to the 

elastic portion of the rock mass. If adequately coupled this would suggest a 

further potential for bursting and that further localized destressing (long 
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hole blasting. ) is required. 

The destress blast should be fired during a weekend to give the 

destressed rock a chance to fully converge and induced bursts to occur with no 

personnel around. 

BLAST DESIGN CONCEIVED  

1) The destress holes in the 58-40 crown pillar, 14 in total (drilled by bar 

and arm set-up) had a diameter of 63.5 mm,average spacing of 3.0 m, 

orientated at +55 0  East, length 16.8 m and were located within the 

footwall of the '04' Break (Figure 8). 

2) The holes were to be loaded with ANFO from the toe to the start of the 

fractured zone where barite stemming from Ground Control (Sudbury), or 

inert gel from CIL was placed to occupy the first 3.6 m from the hole 

collar. 

3) The holes were designed with a prescribed powder factor of 0.05 kg/tonne 

initiated with nonel millisecond delays (starting at 25 ms and 

increasing) resulting in 42.2 kg/delay. 

4) Precalculated peak particle velocities indicated 45.7 cm/sec for the 

stope, and 20.3 cm/sec for the 58-36 ore pass, and Macassa's rock 

mechanics group experience was that 25.4 cm/sec would result in minimal 

damage to the underground workings at this location. The use of stemming 

insured that the low powder factor confined the blast energy to 

fracturing the intact rock efficiently. 

Drilling of the destress holes did meet with some difficulty due to 

squeezing ground, and there was general concern whether this destress blast 

might trigger bursting elsewhere in neighbouring openings. Examination of the 

existing mine geometry in the No. 3 shaft area and observed ground conditions 

to date suggested that most of the failure induced by the destress blast would 

be confined to the immediate area. Application of the NFOLD displacement 
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discontinuity destress simulation model later verified this to be the case. 

The destress blast was fired on June 28, 1986, Saturday, at 12:03 a.m. 

at the start of the Canada Day long weekend which would give the ground near 

the 58-40 crown pillar a long enough time buffer to yield before personnel 

would have to enter the area. 

SUCCESS OF THE DESIGN BLASTING RESULTS 

Of the 14 holes that were to be included as part of the destress blast 

(Figure 8), hole No. 1 could not be loaded properly, and hole No. 14 was not 

initiated properly and appeared to misfire as was first observed through the 

Gould waveform analysis equipment, and later through close inspection within 

the stope back. The designed column loads could not be achieved as hole 

diameters had squeezed, resulting in a powder factor of 0.03 kg/tonne. 

The hole collars were not stemmed as designed due to squeezing ground 

resulting in CIL inert gel being inserted (3.0 m) followed by a smaller 

quantity of barite. 

Some cratering of the collars occurred in the central area of the blast 

where inadequate stemming was present, but the degree of cratering could also 

have  been assisted by advanced pre-fracturing from earlier blasting. 

Blast vibration damage was non-existent within the 58-38 ore pass or 

the 5725 level directly above the 58-40 crown pillar. Also, there appeared to 

be no secondary bursting occurring in the pillar while'it was being examined 

during the following week. 

The rock mechanics department decided to obtain a better, visual 

inspection of the blasted pillar's 'central core'. This was achieved by 

diamond drilling at a location between destress holes 12 and 13, and where the 

hole intersected the plane of the destress holes the core was extremely 

fractured (Figure 9). On either side of this intersection no discing of the 

core was observed and a much higher RQD was obtained. 
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TAPE CONVERGENCE MONITORING RESULTS 

The actual measured convergence for each of the tape extensometer 

points is shown in Table 3 with the overall trends described below: 

1) The maximum convergence appeared to occur in the western part of the 

upper 58-40 stope (lower western 58-40 crown portion). Pin 58.5 had a 

net convergence of 1.12 in (28.5 mm) while pins 58.2 to 58.5 averaged 

0.81 in (20.5 mm). 

2) Pin 58.1, however, had a net convergence of only 0.24 in (6 mm), but it 

was noted that the No. 1 hole in the same vicinity had not been loaded. 

3) In general, it appeared that substantial convergence had occurred for 

two-thirds of the western strike length of the crown pillar with the 

remaining eastern third still not fully converged. 

4) Very minimal convergence occurred along the 5725 level convergence pin 

locations (1A,1B -■ 10A,10B) following the blast and for a considerable 

period thereafter. 

For the most part it was felt that the destress blast had been a 

success as fairly significant convergence had occurred throughout most of the 

58-40 stope. 

MICROSEISMIC ACTIVITY AS A RESULT OF THE DESTRESS BLAST  

Three source location methods (Direct, Block, Simplex solutions) were 

applied to analyze the event arrival time data following the 58-40 crown 

pillar destress blast (June 28, 1986, 12:03 a.m.). Figure 10 and Appendix A 

display the results in both transverse and longitudinal sections. Details of 

the Simplex source location solutions as defined by event size are 

demonstrated in Figure 10. All source location algorithms produced a cluster 

of events within the central and lower 58-40 crown pillar and upper 58-40 

stope. The top portion of the 58-40 crown pillar was void of activity as was 

the eastern one-third section. There was very little activity generated above 



Table 3 - Convergence Measurements, 58-40 Crown Pillar 

before' and after destressing 

*********Lac Minerals/Macassa Division************ 

Closure Measurement for the 5725 Level 

Date 	1A 	18 	2A 	28 	3A 	3B 	4A 	4B 	5A 	58 	6A 	6B 	7A 	78 	8A 	8B 	9A 	9B 	10A 	10B 

21/04/86 	0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 	0.00 	0.00 
30/04/86 	-0.07 -0.17 0.17 0.02 -0.14 0.08 -0.47 0.17 -0.16 -0.03 -0.74 0.17 -0.10 0.36 0.29 0.40 -0.60 0.46 	0.40 	0.48 
07/05/86 	-0.05 0.02 0.36 0.19 -0.21 -0.05 -0.32 0.18 0.10 0.05 -0.16 0.15 0.14 0.33 0.23 0.37 0.04 0.52 	0.51 	0.32 
15/05/86 	-0.21 -0.33 0.16 0.23 -0.01 0.24 -0.49 -0.63 -0.62 0.02 -0.12 -0.09 -0.08 0.14 0.23 0.44 0.65 0.73 	0.53 	0.55 
21/05/86 	0.11 0.05 0.26 0.40 -0.03 0.10 -0.35 -0.18 -0.63 -0.08 -0.12 -0.14 -0.05 0.11 0.07 0.29 0.38 0.44 	0.38 	0.58 
18/06/86 	-0.38 -0.21 -0.36 -0.14 -0.47 -0.54 -1.01 -0.65 -1.10 -0.62 -0.51 -0.25 -0.45 -0.18 -0.10 0.08 -0.23 -0.50 10.47 	0.11 
26/06/86 	-0.37 -0.39 0.01 -0.08 -0.67 -0.69 -1.42 -1.30 -0.49 -0.85 -0.91 -0.91 -0.34 -0.19 -0.31 -0.11 -0.45 -0.54 	0.17 -0.17 
27/06/86 

01/07/86 	-0.51 -0.54 -0.33 -0.06 -0.96 -1.00 -1.80 -1.65 -1.73 -1.34 -4.01 -4.24-26.57 -1.97 -1.37 -1.65 -0.77 -1.33 	0.25 -0.11 
09/07/86 	-0.38 -0.51 0.07 0.02 -0.74 -0.90 -2.20 -1.78 -1.60 -1.38 -4.67 -4.60-51.71 -2.01 -1.62 -1.78 -0.98 -1.30 -0.05 -0.35 

30/07/86 	-0.52 -0.54 -0.25 -0.36 -1.12 -1.57 -2.60 -2.80 -2.13 -1.93 -5.00 -5.28-52.17 -2.71 -1.93 -2.00 -1.43 -1.77 -0.18 -0.46 

Remarks: 1. Destress holes blasted in 58-40 stope on June28,1986. 

2. "A" = 6 ft. pin 

3. "B" = 2 ft. pin 

4. Closure measurement in millimeters 

Closure Measurement for the 58-40 Stope 

1 	2 	3 	4 	5 

.16/06/86 	0 	0 	0 	0 	0 

23/06/86 	• 0 	0 	0 	0 	0 

01/07/86 	-5.57 -14.37 -22.06 -16.36 -28.18 

08/07/86 	-5.94 -14.73 -22.56 -17.19 -28.44 

30/07/86 	-6.50 -15.29 -22.62 -17.73 -28.85 

Date 
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the 5725 level, with only an isolated spattering of events confined to the 

large pillar below the 5875 level. 

The microseismic activity after the destress blast suggested that: 

1) The upper portion of the 58-40 crown pillar was already destressed prior 

to the June 28, 1986 destress blast, or that the destress blast as 

designed left a narrow intact zone (assumed to be fractured) just below 

the 5725 sill elevation still intact, but highly stressed. 

2) Approximately two-thirds of the 58-40 crown pillar was successfully 

destressed (western and central portions) except for the eastern section 

and possibly just below the 5725 level. 

3) Seismic events were generated only in the immediate vicinity of the 58-40 

crown pillar, and nowhere else in the mine, reflecting adequate 

buttressing pillars. 

4) Most events were clustered within the ore seam. 

The categorization of the event magnitude was according to the 

following criteria: 

'Event Size 	Electro-Lab MP-250 Energy Number 	No. of Geophones Hit 

Small 	 <5000 	 <8 
Intermediate 	 5000-9999 	 8-11 
Large 	 >9999 	 12 

Of the 234 events examined following the destress blast, 72 were 

plotted. The event sizes categorized by percent frequency population were as 

follows: 



Event Classification % Frequency 

Small 
Intermediate 
Large 
Gould (WFR) 

25 
11 
0.5 

62 

28 

Some 19 min after the destress blast (12:03 a.m.) a malfunction of the 

LA-100 decwriter occurred (12:22.48 a.m.) as high humidity conditions and 

temperature had adversely weakened the printer paper. The frequency 

distribution therefore was more heavily weighted with Gould data. 

Energy calculations were not performed on the Gould accelerometer 

waveforms as it was difficult to correlate the results with the Electro-Lab 

MP-250 energy units. 

At 3:22 a.m., the Gould IBM-XT hard disk was full, and with the Auto-

Store-to-Disk mode inoperable, the result was a period of 4 h 8 min where no 

data were captured until the LA-100 was reactivated at 7:30 a.m., and the 

Gould hard disc data files were down loaded to floppy diskettes to free up 

hard disk memory. 

Earlier attempts to route the Electro-Lab MP-250 digitized data via 

GANDOLF modems utilizing 4 isolated wires contained within multiwire shaft 

cable had failed as the modems could not be properly set. Had the modems 

functioned properly the LA-100 decwriter would have been able to operate under 

a controlled temperature and humidity environment within the new office 

complex on surface, and considerably more data obtained from events triggered 

by the destress blast. 

The clustering of microseismic data suggested that a successful 

destress blast had been completed on the 58-40 crown pillar and that it had 

not triggered rockbursts other than in the immediate destress area to a large 
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extent.

COMPUTER MINING SIMULATION

MODEL CALIBRATION

Both the elastic DZTAB, elastic and non-linear post failure NFOLD 3-

dimensional displacement discontinuity stress and displacement analytical

methods were used by CANMET to model the No. 3 shaft mining area.

Rectangular elements are established to simulate mined and unmined

sections within a tabular orebody where the orebody thickness is small in

relation to its other dimensions.

Elastic analysis is usually completed on the mining area of influence

to simulate stress conditions at an extraction geometry where failure begins.

Non-linear post-failure analysis is then carried out on the same geometry

until the non-linear model is 'fine tuned' to the point where the predicted

model failure areas agree with the observed failure within the mined orebody.

Model calibration in this case is very dependent on accurate observations by

the mine's rock mechanics staff and good documentation of the same. Once the

model is calibrated future mined outlines can be evaluated, or as in this

case, a crown pillar destress simulation modelled.

Design of the No. 3 shaft pillar involved earlier elastic analysis

using the NFOLD model by Golder Associates of Toronto. Discussions with them

revealed that their model consisted of a coarse element size (12.2 m x 12.2

m), resulting in 2500 elements, and was the maximum size that could be

comfortably run on their IBM-AT. CANMET wished to use a much smaller element

size (3.05 m x 3.05 m), to model a mine geometry inclusive of the 58-40 crown

pillar which would generate 7000 elements. As a result, the CANMET NFOLD

models (elastic and non-linear) were run on Boeing's Cray Supercomputer in

Seattle, Washington.
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The input parameters for the initial elastic and restart non-linear 

models are shown in Tables 4 and 5. These Tables show that the physical 

model dimensions are constructed along with the inclusion of cell dimensions, 

primitive stress components, elastic modulus and Poisson's Ratio for the rock 

mass, as well as seam material properties. In this model a mining pattern is 

created and stresses are imposed on this pattern. 

The non-linear post failure analysis (Table 6) shows more complex input 

data requirements. Post failure elements are incorporated in the mined 

geometry at the onset of failure with various load-deformation properties 

assigned to the elements according to their degree of confinement. The 

purpose is to simulate actual failure underground under high stress loading 

where the weaker less confined elements fail and transfer load to the stronger 

more confined elements. 

Since the elastic NFOLD analysis doesn't allow failure to occur, 

backfill elements and their properties are only introduced in the non-linear 

post-failure model where some load is held by the backfill as well. 

Once the non-linear post failure analysis model has been calibrated by 

fine adjustments in the yielding elements peak and residual strengths so that 

'predicted' equals 'observed' failure for a given mine geometry, this model 

can also be used to simulate a destress blast. 

If a particular crown pillar is to be destressed the model simulation 

involves picking those elements that will be affected and decreasing their 

peak and residual strengths so that they are marginally less than, or equal 

to, the lowest stress conditions present in the pillar just prior to 

destressing. AlthowTh it is known that destressing results in a reduced 

elastic modulus and failure of formerly highly stressed elements, CANMET's 

experience with the NFOLD model indicates that reducing the peak and residual 

strengths generally accounts for most of the convergence and stress changes 



Table 4 7 Elastic NFOLD model input parameters 

GEOMETRY 

No. of Joints 	No. of Limbs 
(on Strike) 	(down dip)  

Max Limbs/Fold 	No. of Folds Starting Fold 	 Dip °  
Coordinates (X,Z plane), m 

X 	 Z 
14 	 20 	 5 	 4 	 0.0 	 1614›.0 

	

25.75 	 1690.2 

	

49.52 	 1766.4 
Total elements = 14 x 20 x 25 = 7000 	 74.27 	 1842.2 

STRESSES 

72 

General Form: 
GXX = AXX + BXX.Z (depth in metres), etc. 
axy = AXY + BXY.Z (depth in metres), etc. 

AXX = AYY = AZZ = 0 
AXY = AYZ = AZX = 0 

BXX = 0.044 MPa/m 
BYY = 0.034 MPa/m 
BZZ = 0.028 MPa/m 
BXY = 0.006 MPa/m 
BYZ = -0.003 MPa/m 
BXZ = -0.002 MPa/m 

MATERIAL PROPERTIES 

Elastic Modulus 59,310 MPa 
Poisson's Ratio 0.2 

* Note: No backfill properties entered here. 

Unmined material property I.D. 	2 
Thickness 	 2.40 m 
Elastic Modulus 	 59,310 MPa 
Poisson's Ratio 	 0.2 
Normal Stiffness 	 24,712.5 MPa/m 
Shear Stiffness 	 10,246.9 MPa/m 



2 
12 
22 
32 
42 
52 
62 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 

60.0 
60.0 
60.0 
60.0 
60.0 
60.0 

Convergence Up To 
Next Stiffness 

Inflection 
(m) 

Secondary Fill 
Stiffness 
(Field Data) 

(MPa/m) 

-6 
-5 
-4 
-3 
-2 
-1 

0.06 
0.05 
0.04 
0.04 
0.03 
0.02 

75.0 
75.0 
70.0 
70.0 
65.0 
65.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.05 
0.04 
0.04 
0.03 
0.02 
0.02 

Table 5 - Non-linear, post-failure NFOLD input parameters (assuming restart from elastic run) 

Similar to elastic run except: 
1) Some elastic elements are reassigned both pre- and post-failure load deformation properties; 
2) Some mined elements are replaced with backfill elements; 
3) Assignment of element strengths based on degree of actual failure observed (i.e., crown pillar) 

with adjustments to strengths so stress/strength >1.0 at failure locations only; 
4) Stress environment not changed; 
5) Overall geometry remains unchanged. 

Material 
Property 

No. 

Seam 
Thickness 

(m) 

Deformation 
Modulus 
(qPa) 

Unmined Elements  
Post Peak 	Yield 

Poisson's 
Modulus 	Strength 

Ratio 
(MPa) 	(MPa)  

Residual 
Strength 
(qPa) 

Cohesion 

(MPa)  

Internal 
Friction 
(degrees) 

59310.0 
59310.0 
59310.0 
59310.0 
59310.0 
59310.0 
59310.0 

	

0.2 	 (Elastic Element) 

	

0.2 	19970.0 	140.0 	60.0 

	

0.2 	19970.0 	140.0 	70.0 

	

0.2 	19970.0 	165.0 	100.0 

	

0.2 	19970.0 	175.0 	140.0 

	

0.2 	19970.0 	185.0 	160.0 

	

0.2 	19970.0 	195.0 	185.0 

Material 
Convergence 	Primary Property 
After Fill 	Fill Stiffness No. 

(Elastic Run) 	(Field Data) 
(m) 	 (MPa/m)  

Backfill  Elements 
Wall Convergence 

Before Fill 
Pressurizes 

(m) 

150.0 
150.0 
140.0 
140.0 
130.0 
130.0 
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measured in situ. Reducing the elastic modulus does not seem to provide a

very significant contribution.

The 58-40 crown pillar was analyzed as the focal point throughout the

elastic, non-linear post-failure, and destress simulations.

Close inspection within the elastic analysis revealed that elements

with perpendicular stresses greater than 145 MPa corresponded well with those

areas where failure was observed in the mine. Figure 11 shows the mining

pattern layout for the elastic case, and Figure 12 shows the perpendicular

stresses generated as a result. Figure 12 diagramatically shows those areas

flagged as having failed if 145 MPa is used as the criterion. Closer

inspection of the 58-40 pillar demonstrates that the 145 MPa failure criterion

correlates well with the fractured zone defined through diamond drilling.

To accurately simulate the degree of failure within the NFOLD model the

non-linear load-deformational properties as defined earlier were assigned

according to the mining pattern in Figure 13. Basically, the weaker elements

are located where they are fully exposed or have a very small confining stress

at right angles (within the seam) to the perpendicular stress. These areas

typically are the edges of pillars or stope openings only a smal l distance

into the rock mass. Within the mining pattern there also exists a backfill

element pattern which has a direct correlation with the amount of stope

convergence having occurred, as determined from the earlier elastic analysis.

Figures 14 and 15 demonstrate the degree of failure for the calibrated

load-deformation properties and show the perpendicular stress levels expected

for the various unmined elements. Typically, residual stress conditions are

present where the factors of safety are less than unity, and immediate to

these areas very highly stressed elements with factors of safety slightly

greater than, or equal to, unity are common. Close examination of the 58-40

crown pillar shows this by example. Figure 15 demonstrates the possibility of



2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 

2 2 2 2 2 2 2  222  
 2 2 2 2 2 2 2 2 222  

 2 Z 2 2 2 2 2 2 22 

2 
2 
2 

16 
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FACTOR * 	1.0000 	ELEMENT STRIKE LENGTH . 3,048 

1 	2 	3 	4 	5 	le 	7 	8 	9 	10 	11 	12 	13 	14 .0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
.0 	1 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 : 2 2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 
.0 	1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 	2 I .0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 ' " " 22 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 	2 2 2 2 1 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	(54 - 36 910PE ) 	 2 2 2 2 2 	2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 
.0 	5450 LEVEL 
.0 	2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 
.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 : 2 2 2 2 
.0 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 
•0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
.0 	2 2 2 2 1 2 1 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 222 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
.0 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	(56 - 37 ) 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 24 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  22 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  22 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2  22 
.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 
.0 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	25 

	

2.0 	5000 LEVEL 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  7222222222 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2.0 6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 Z 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 

	

2.0 	7 2 2 2 2 2 2 2 7, 

	

2.0 	2 2 2 2 2 2 2 Z 

	

2.0 	 222  

	

 
2.0 	5725 LEVEL 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 
2.0 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2.0 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

	

2.0 	2 2 2 2 2 2 2 2 2 2 2 2 	 (58 - 40 STOPE) 
2.0 10 2 2 2 2 2 2 2 2 2 2 

(57 - 40 STOPE) 

2 2 2 2 2 2 2 2 2 2  22 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 2 2 2  222  2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 
2 2 2 2 2 2 2 2 2 2 2222  2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2  2222 	2 2 2 2 2 2 2 2 
2 2 2 2 2  2222 	2222 
2 2 2 2 2 	 2 2 2 2 9 
2 2 2 2 2 	I5 8 - 36/ 	 2 2 2 2 2 
2 2 2 2 2 	 2 2 2 2 2 
2 2 2 2 2 	 2 2 2 2 2 

	

2222  222 	 2 2 2 2 2 

	

2222  222 	 2 2 2 2 210 

2 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  222  

 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222  

 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222  

 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2226  

	

 
2 2 2 2 2 2 2 2 	2 2 2 	2 2 2 2 2 2  222  

	

 
2 2 2 2 2 2 2 	2 2 2 2 2  222  

	

 
2 2 2 2 2 2 2 	 2222  222 

	

2 2 2 2 2 2 2 	2 2 2 2 2 	222  

	

 
2 2 2 2 2 2 2 2 	2 2 2 2 2  2227  

	

 
2 2 2 2 2 2 2 2 	2222 	222 

	

2 2 2 2 2 2 2 2 	2222 	222 

3.0 	2 2 2 2 2 2 	 2222 	222 	 2222  
 3.0 	2 2 2 2 2 2 	 2222 	222 	 2222  

 3.0 	5875 LEVEL 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
3.0 11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 	2 2 2 2 2 2 	11 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2222  

 3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7.2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 
3.0 12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	222 	2 2 	 /2 
3.0 	2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	22 	222 	(60 - 37) 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2  2222  

 3.0 	2222  2 " " " 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222  
 3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  222  

 3.0 13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 	 13 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	22 	2222  

 3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	22 	2272  
 1.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2222  
 3.0 	6025 LEVEL 

3.0 14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 214 
3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 2 
3.1 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 	 2 

. 3.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 
3.) 	2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 (61 - 38 STOFE1 
3.0 15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 15 

4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 
4.0 16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 
4.0 	6150 LEVEL 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 7 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 2 2 2 2 2 2 2 2 2 
4.0 ( S 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 	 2222  

 4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	 (63 - 38 STOPE1 
4.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 19 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 • 2 2 2 2 2 2 2 2 2 2 2 2 2 
4.0 	 6300 LEVEL 
4.0 	2 2 2 2 2 2 2 2 2 2 7.2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 " "  I  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
4,,0 	2 2 2 2 2 2 2 2 2 2 2 2 : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 	2 2 2 
4.0 20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222  2 2 I' 2 2 220 

2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 
(GOLDER ASSOCIATES 	5840 CROWN PILLAR OESTRESS.MACASSA N1NE.ELASTIC. 	 8/28/8623:23:43::: 

Fig. 11 - Mining pattern layout of Macassa Mine for the No. 3 shaft area, 
elastic analysis. 
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7 0 .6 	7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 780888 9 	9 8 7 7 7 7 7 7 7 7 7 

	

70.8 	7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 888B 8888888 8 8 89010 	9 887 7 7 7 7 7 7 7 

	

70.9 	7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 78898 8 8 8 8 9098981190810 19 9 8 888 7 7 7 7 7 7 

	

71.0 	17 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 788888 8 8 8 88888 8 9 8 80810 10 9088 888 7 7 7 7 7 1 

	

71.2 	7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 80988888 8889 9 9 9 9 9 9 9 9 9 9 9 9 91[ 10 9 988 80E188 7 7 7 

	

71.3 	7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  808  8 800  8 9 9 91010101019101010101910L1113 1210101010MM0 9 8 8 8 7 7 

	

11.4 	7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 78888 8888898 9101213131414141414141414141414E11 M414141412 	11 8E18 8 7 

	

71.6 	7 7 7 7 7 7 7 7 7 7888888808 8  88 8 888 80 8 8 8 088 8 91013 	 129 8888 

	

 
71.7 	2 8988088 9 98988888  00 8888888888 8 088 809 912 	 (54 - 36 STOPE) 	 1410 9 0002 

	

 
71.8 	9  9999  9 9 9  9  99 9 99 910101010101010101010101010101010101010111114 	 131010 99 

	

72.0 	 5450 LEVEL 

	

72.1 	9 9 9 9 9 9 9 9 9 9 91010101010101010101019101010191(1 10101010101910111 1 12131314 14MYI]Mt1 1/111114111.1* 41414141113131312121(1010  9 9 

	

72.2 	808 8 888 B89 8 888 8 8 8 8 888 88888 8 88889 9 9 91010101011 u u1010101010 9 9 9 9 98888 9 

	

72.4 	3 7898 8 988 9as 8 888888 8.8 8 8888 808888 8  99 9101011111111111111121321111101010l0 9 9 9 9 908808889R 9 3 

	

72.5 	7 7 7 7 888899 9 8 80888088 888 8 8 8 888 889 911121311 elfirilk1"4131,111141 	181L4 41312121110 9 9 889999 999999 ' 

	

72.6 	7777  788889 8 8 8888 8 8 8 8 889 88888 888 910 	 9 4  L 	 10 8 88089 8888888 

	

72.8 	7 7 7 7 7 8 8 8888 B 8 888E18888888 8 8 8 09130 9 91114 	 21110 9 808 8 08088 BRR 9 

	

72.9 	7 7 7 7 7 8 8898 8 8 898888 8 811888888 8 8 889 91 111 	156 - 37 STOFE1 	 3JTI0 9 98888 8888888 9 	9 

	

73.0 	4 7 7 7 7 788 8 888 8 8 8 888 8088 8 888 8 8 8 8 8 8 9 910 	 Ii1l 9 9 8 8 8 8 8 8 8 8 8 8 8 810 	9 4  

	

73.2 	8 988888 8 9 9 8 8 9 888 8 8 888 888 8889 9 9 9 9 91011E 	 :10 9 9 888 888888 8 8 9  108 

	

73.3 	8 8 B 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 91010 <111 	 _ /41110 9 9 88888888 ggolo  108 

	

73.4 	8 8 88888 8 988 8 8 888 8888 8 8 8 9 9 9 9 9 9 9101010101011 41 	 21 ,1110 9 9 988888 88088910 129 

	

73.6 	8 8 8 8 88993 98888 8 9 9 9 9 9 9 9 9 9 9 91011)1011111111111111121.1 	 r 3111010 9 9 9 9 9 9 9 9 9 9 9 9 911 	10 

	

73.7 	5 9 91010101A1010101010101010101111111111111111111112121314115161616141414ffl 	 212111111111111111111111019111113 	il 5 

	

73.8 	 5600 LEVEL 

	

74.0 	10101010101010101010101111111113 

	

74.1 	8 8 8 8 8 	9 9 9 9 9 9 9 91012 

	

74.2 	8 	8 8 8 8 8 9 9 9 9 9 9 91012 

	

74.46 	8 8 8 8888089 9 9 9101113 

	

74.5 	9 8 8 8 8 8 8 9 9 91010 

	

74.6 	B 9 8 8 8 9 9 910111214 

	

74.8 	8 8 8 8 9 9 9111171 

	

74.9 	098899I1E2 

	

75.0 	7 	9 9 9 9 91013 

	

75.2 	I  1111111110111A 

	

75.3 	 1.312 

	

75.4 	 572566106  

	

75.6 	1 11111111121212131 

	

75.7 	8 	9 9 9 9 9 910101U 	< 

	

75.8 	8 	8 9 9 9 9 9 9 9101010111.) 

	

76.0 	0888 8 9 9 9 7 9 9 910101114 

	

76.1 	9808   9 9 9 9 9 9 9 9 9101113 

	

76.2 	8900  8 8 8 8 9 	9 9 9101114 

	

76.4 	9 	988898989 9 9 910101 

	

76.5 	8880  8 8 8 9 9 9 91010111 

	

76.6 	8888  9 99 9 7101011121 4. 

	

76.8 	8 8 8 8 9 9 9 9 9111 

	

76.9 	9 9 9 9 9 9 9 9101 
77.0 1011111211  99 9 91013 

77.2 	 1110 9101 
77.3 	 141211121 
77.4 	 5275 LEV 
77.6 I 1212121111111[12121 armummuntineinimmummenimemmtammomenstamg.11121 
77.7 	11 	99 9 9 9 9 9 9101010111111212121212121313131T13131313131313131313131313131313131312171211111113 	14121212 
77.8 	9 9 9 8 999 	8099  9101010101010101018101011111111111111111111111111111111111111191010101113 	131111111 
78.0 	8 0 8 8 B 8 9 9 9 9 9 9 9 9 	9 9 9 9101010101010101010101010101010101010101010101010101010101012 141111111 
7E1 	8 8 8808993 7 9 9 9 9 	9 9 9 9 9 9 9 9 9 9 9101010101810101010101010101010101910181010101113 1311111 
78.2 	8 8 8 8 8 P 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 910101010101010101010101010101012 14121 
78.4 12 	1 8 8 	8 9 9 9 .2 3 9 9 9 9 9 9 9 999  9 9 9 999  9 9 9 9 9 9 9 9 9 9 9 9 9101010101010101018101111 131 
78.5 	88908989 9 88888 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 910101010101010101010111114 
78.6 	9 8 8 8 8 8 9 3 2 3 	8 8 11 9 9 9 9 9 9 9 7 9 9 9 9 9 9 9 9 9 9 9 9 910101010101010101010101011111211 
78.8 	8 8 9 8 9 9 gam 8899 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 999 9101010101010101010101011111111121 
72, 1 	8 8 8 8 8 9 3 9 3 8 9 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 910101010101010101 9710111111111212 
79.0 13 	8988 88E9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 91010101010111111111111111211 
7..2 	9 9 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9/ 9 9 9 9 9 9 91010101010111[1111121212131T131 3  
79.3 	1099 9 9 9 0 9 9  9 9 9 9 9 9 9 9 9999  9 9 910101010101010101111121211 
79.4 	1211111111111111111111111111111111111111111111111111111212121213131 
79.6 	 6025 LEVEL 
19.7 	1410101111111111111111111111111111111113 	131211111111121712121213131 
79.8 	9999  9 9 9 	7 91 9' 9 9 9 9 9 91012 12101010 910101010101111121 
80.0 	8808  8 	9 9 9 	9 9 9 9 9 9 9 911 1110 9 9 9 9 91010101111121 
80.1 	8 8 8898898? 9 9 9 9 9 9 9 911 1110 9 9 9 9 9 9 91011111 
80.2 	0880  8 8 8 9 9 9 9 9 9 9 9 9 9 911 11 9 9 9 9 9 9 9 9101121:41 	(61 - 38 STOPE) 
80.4 15 898 8 888889 9 9 9 9 9 9 91013 11 9 9 9  999  9101011121 

Failed:stresses >145 MPa 

Fii 9191919p792929292121217121222Z 
1. 3131313131313131314141414141411 

2111111111111121212121212131313 
13111111111111121212121213131311 
13111111121212)21313141410 

(58 - 40 STOPE) 

ilii,fd,0 87(721212  11-1313131313111518292121222327r 

1212222:222232427 
1515162e 

151723 
172 

516792277 
3 

4 1670 

1 
515151516161717202 
3242125752027283 2 

1121212122232 

14 	 62 
16e 618 111  

16 16182 
7 -9227 

160 - 371 

r7
7.3.4636 

333443 
6222431 

80.5 
80.6 
80.7 
81.9 
81.0 16 
81.1 

	

81.3 	1 
81.4 
81.5 
81.7 
81.8 
81.9 
92.1 
82.2 
92.3 18 
02.5 
82.6 
87.7 . 
82.9. 
83.9 19 

	

83.1 	I 
01.3 
93.4 	I 
83.5 
83.7 20 

16OLDER ASSOC 

998  8 8 8 9 9 9 9 9 9 9 9 91011 131010 9 9 9101010101011121 
980  8 8 9 9 9 9 9 9 9 9 9101012 11101010101010101U((1 1011121 
098  8 9 9 9  9 9 9 910101113 121110101010101010111111121 
008  8 g 9 	9 l0l0I0lbIfl 111211111111111117111212 
999  9 99  9 101213141 
9  9 999  91Al2' 

10111111111111E1 
6150 LEU. 

101111111111121213141111 17 
9 9 9 9 9 ? 9 10191910191111111111111112121U 
9 9 9 7 9 9 9 ? 	9101010101010101011111[12 
9 9 9 9 9 9 9 9 9 9 9 9 9 9101U101011111212 
8 9 9 9 9 9 9 9 7  9 9 9 	910101111 21313 
8 9 9 9 9 9 9 9 9 9 9 9 9 91011 
B 9 9 9 9 9 9 9 7 9 9 9 91011 DM 
9 9 9 9 9 9 9 9 9 9 9 910101 IL 
9 9 9 9 9 9 9 9 9 9 71010111 9  
9 1( 9 9 9 9 9 9 9 9101(111 	1724 
9  9999  9 	9 910101114U 
9 9 9 9 9 9 9 910101114 
nutiqnunnumn 
11111111111111111112121311,5101717181819192 9 :929292921221212171212122 37737"7"773 737;2:7272277221212917161131312121212121212121211 
9 9 9 9 9 9 7 9 91910101911111212121713131313131313131,1314141414141414141414141414111411111 4 141413101313131211111110101010101910191010 9 
99 9 99  9 9 9  99  9 91010101010101011111111111111111111111111111112121212121212121212171212121211111111111010101010 9 9 99 9 999  9 920 

1 	2 	3 	4 	5 	6 	7 	8 	9 	19 	II 	12 	13 	14 
AiES 	5E140 CROWN PILLAR OESTRESS,MACASSA M1RE,ELASTIC. 	 8/211/9623[73[431[:: 

1 
17 

18 

4522212129 

1312121213131313131 
2121212121212121314P 

131212121212121313 
41414131313131 4  

L=.13-1=121 

(61 - 38 STOPE1 

491M.1110.1 
0617192 

5172133 
7293( 

51721253 
1617212 

4242 

Fig. 12 - Perpendicular stress levels and demarked failure areas, 
elastic analysis. 
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4141N5 FATTERN FACTOR = t.0000 ELEMENT STRIKE LENBTH = 3.048

I 2 3 4 5 6 7 8 9 10 11 12 13 141.0 222222222221222222222222222222222212222222222222222222262523232322222222222
1.0 22222222222222222222222222222222222222222222222222222226252i2 3222222222Z2
1.0 22222222 22222 222222222222221212222222Z22222222222222 226223222 322222221222
1.0 22222222222 22222222222222222222222222222222222222222 262523222 3252 2222Z22222
1.0 12222222 222 2222222222 22222222222222222222222 2222222222625232 325262 22222222221
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 T 2 2 2 2 2 2 2 2 2 2 2 1 2 2 1 1 2 2 2 2 2 2 2 1 2:62524222 .*.252E262626262526262 2 2 21.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26252515252525Z525252525252525Z52523212 324262515242'252425262 2 2 2
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262524232323232323232323232323232322212 2232'232523212 325262 2 2 21.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2524222-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2325262626262
1.0 26î6î62b26262E262626262626?626262b26262626262626262626162626262626262625232-2-2-2-2-2-2-Z-1-2-2-2-2-2-2-Z-2-2-2-2-2-2-2-2 -2-2-2-2324242424242 21.0 s142s2424242424242e2424242424242424242424242424242424242424242424242423222-2-2-2-2-2-2-2-2-2-2-2-2-2-Z-2-2-2-T-2-2-2-2-2-2-2-2-Z-24242424242
1.0 5450 LE7EL
1.0 424242424242424242424242424242424242424242424242424242424242424242424242424242424242424242i222 22324242424242424242424242424242424242424242
1.0 626262626262626Z626262626262626262626262626262626262626262626T6Z626262626262626262626Z625232 22426262526262626262626262626262626262626262621.0 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262626252525252525252525252525232 3252525252525252525252 2 2 2 2 2 2 2 2 2 2 2 2 3
t.0 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262524232323232323232324252423232223232323132313232324262 2 2 2 2 2 2 2 2 2 2 2 2
1.0 2 2 Z 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2625232-2-2-2-2-2-2-2-2223222-2-1-2-2-2-2-2-2-2-2-2-24262 2 2 2 2 2 2 2 252525252
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26252423222-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2223232324262 2 2 2 2 T 2 2 252423232
1.0 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26252525232-2-2-2-2-2-2-3-3-3-3-2-2-2-2-Z-22 525252525262 2 2 2 2 2 2 2525232 32
1.0 4 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2'2 2 2 2 2 2626262524222-2-2-2-3-3-3-3-3-3-3-3-2-2-2-232526262626262 2 2 2 2 2 2 2524222 32 4
1.0 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 262625232-2-2-2-2-3-3-3-3-3-3-2-2-2-2-2325262 2 2 2 2 2 2 2 2 2 2 25232 2242
1.0 2 2 2 2 2 2 Z 2 2 2 Z 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26252423222-2-2-2-3-3-3-3-2-2-22232324262 2 2 2 2 2 2 2 2 2 2 2 25232 3252
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26262525232-2-2-2-3-3-3-3-2-2-232526262 2 2 2 2 2 2 2 2 2 2 2 2 25232 2242
1.0 5:::515?SZ5251.`î5252525252525<5252525252515T5252525252525252525252525:SZ5242Z2 Z Z 3 3 3 3 1 Z 2125262626261626T626Z626162626T62625Z32 321.0 54242424242424424_424242424242424242424242424242424242423232323232324242423Z22-2-2-2-3-3-2-2-2-2-2324242424242424Z424242424Z424244222 32 S

2.0 5600 LE',El -------------------------------
322.0 4242121242424242424242424242424242 4242424Z424242424232-2-2-2-2-2-22232424242424242424242424242424:42424242424Z42424242 2242424222 22424 22.0 6252626262625262626262626262625232 32526262626262625232-2-Z-2-2-2-2Z24252626262626262626262626262626"62626262626262E262 3252625232 3252622.0 2 2 2 ' 2 2 2 2 2 2 2 2 2 2625232 325262626262626Z42?2-2-2-3-2-2-2-22242525252525252525Z5Z52525252`2`2`152526262524222 3252625232 325262

2.0 6 2 2 2 2 2 2 2 2 2 262626262625232 32525255252524222-2-2-2-3-3-3-3-2-23232'-232323232323232324252626Z6262h26262524222-2224252625Zi2 325262 62.0 2 1 2 2 2 2 2 2626262525252525232 223232i232323222-2-2-2v-3-3-4-3-2-2-2-2-2-2-2-2-2-2-2-2-21242525262626Z42323232-2-ZZ232 2625232 325262
2.0 1: 2 2 2 2 Z626?526242323232222-2-2-2-Z-1-2-2-2-2-2-2-3-3-3-4-4-3-3-2-2-2-2-2-2-2-2-Z-2-2-Z-232526262624Z22-2-2-2-2-2-2324262522 325262
2.0 2: 2 2 262625242323222-2-2-2-2-2-2-2-2-Z-2-2-Z-2-2-3-3-3-3-4-4-4-4-i-i-3-2-2-2-2-2-2-1-2-2-2-23256262:25232-2-2-2-2-2-2-232625232 325262
2.0 6?6:52626262524221-2-2-2-2-2-2-2-2-2-2-2-3-3-i-3-3-7-3-3-3-4-4-4-4-{-4-7-3-3-2-2-2-2-Z-2-2-2-2-2525262 2525232-2-2-2-2-2-22242625232 325262
2.0 75.:525525?5232-2-2-2-2-2-2-;-ï-3-3-i-3-3-3-5-3--3-3-5-4-4-4-4-4-4-4-3-3-2-2-Z-2-2-2-2-Z-2-2224251EZ 2525232-2-2-2-2-2-23252524222 325262 7
2.0 323232323242 232-2-2-2-2-2 1 3-3 3 3 3 3 3-3 S 3 3 3 3 3 3 4 4 4-4-4 4-3 2 2 2-2 2 2-Z 2 1 2 13252525.52525252 2 Z? -.-2:2525212 3252522.0 2232:2-2-2-2-2-2-2-2-2-2-2-2-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3--2-2-2-2-2-2-2-2-2-2-232424244242422Z-2-2-2-Z-1-2123232.2 22323220 5725 LElEL
2.9 42+.4242424242424242424242423222 22324142414242424242424242424242424242423212 22424242424242424212 1222 ' 12324242424242424242424242422.0 962626262626262626262626267525132 325252525252525152525252525252525252524232 32526262E2626262522 22222 325262E2E26262E2626262626262 82.0 42s4242424242424242424242424232 22425261626262626262626262626626252524222 32526262626262625232 3255232 224252°:62626262626262 2 2 2
2.0 62Ei626262626262626262626262625222 32526262626262626262626?626252525.4222-2-2-222425152525Z52625232 3?52523212 22.'.:252.'•242°252526?h2 2 2
2.0 2'2 2 2 2 2 2 2 1 2 2 26262625232 325_62626262525252525252525242,'•23222-2-2-2-2-2123232324252625i3: 52525232-2-2-2-2-2-2-2?2i2i2i2426262 22.0 2? 2 2 2 2 2 2 2 2 2 262626°<5232 325252525252423T32323232323222-2-2-2-2-2-2-2-2-2-2-2-23252625.32 ,2323222-2-2-3-3-3-3-3-7-2-2-2325262 22.0 9 2 2 2 2 2 2 2 2 2 2 2 26262525232 2222,'•233i2222T-2-2-2-2-2-2--2-2-S-3-i-3-3-3--2-2-2325262523-2--2--i-3-.i-i-4-4-4-i-3-2-2-2i25262 2 9
2.0 2 2 2 2 2 2 2 2 162626252525?32Z2-2-2-2-2-2-2-2-2-2-T•-3-i-3-3-3-3-3-3-3-4-4-3-3-3-2-2-2-2S252625132-2-2-2-2-S-I-3-4-4-4-4-4-3-Z-23242 2 2 2
2.0 2 2 2 2 2 2 162626252525.523T2T-2-2-2-3-3-3-i-3-i-ï-S-3-i-4-4-4-4-4-4-4-4-4-4-i-3-2-2-2-2325?625232--2--2--3-3-4-4-4-4-4-i-2-2252 2 2 2
2.0 2 î 2 2 2 22627515242323122-2-2-2-2-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-3-2-2-2-23242b25232-2-2-2-2-2-3-3-3-4-4-4-3-3-2-23252 2 2 2
2.0 5î5:5:525262626252423222-2-Z-2-1-2-5-3-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-i-3-2-2-2-2-23252512-22::22Z-2-3-3-3-4-4-4-3-3-2-2325Z Z 2 2
2.0 103Z3î3::2426Z62625232-2-2-2-2 -2-3-3-3-3-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-3-3-3-2-2-2-2-23Z525232-23:4232-Z-2-3-3-i-s-3 --, - 2-2-2224252 2 210

--------------------------------------------------------------- ----------------------------------------3.0 -2 :-2-2325T52525232-2-2-2-2-2-3-3-3-3-3-.3-3-4-4-4-4-4-4-4-4-4-4-4-4-3-3-3-3-3-3-3-2-Z-2-2-232525232-234252-2-2-2-3-3-3-3-3-2-2-2-232525252
3.0 -2-2-2-2Z232323232Z2-2-2-2-2-2-2-2-2-2-2-3-3-3-3-3-3-3-3-3-i-3-3-3-3-3-3-3-3-3-3 -2-2-2-2-222424222-2223222-2-2-2-2-2-2-2-2-2-2-2-222323237
3.0 5815 LEVEL
3.0 +1s2s2424242424242424242424242424242424242424242424Z424?424242424242424242424242424242424242424242"<2 2242424212 12224242423222 -2-2-2-2-2
3.0 I1625î62626262626262626262626262b26262E2626T6252626262626Z62626262626262626262626262626262626Z6262E232 325252524222 325_52524222 -2-2-1-2-2113.0 2:222222222222?2222222222222222222222222222Z222625232 .5252525232 3252525232-3-I-3-3-3-3-53.0 22 2222222222222 2222222222222222222222222222222625232 224252525232 3257524222-3-3-3-3-3-3-3
3.0 22222 Z2 22222222222222122222212222222222222222262525222 325.525232 22323222-3-3-3-3-3-3-3-3
3.0 2: 2 2 2 2' 2 2 2 2 2 2 2 t 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2' 2 2 1 2 2 2 2' 2 2 2 2 2 2 2 262625232 2242524222 3-3 3 3 3-3 i 3 i 3 3
0.0 12 2 2 2 2 1 2 2 2 2 2 1 1 2 Z 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 262624212 323222 1212-3-3-3-3-3-5-3-3-3-3-712
3.0 22 222222 2 2222222222222222212222221Z222222Z22222Z2625.'.2 2222 223222-3-3-3-3-3-5-5-3-3-3-5
3,0 2Z222222Z221222222222222Z222T2222222222222222222525.: 22 22424222-3-3-3-3-5-5-5-1-3-3-3
3.0 22222222222221222222222222222 22222222 2222222222262621222 21424222-3-3-3-3-5-5-5-5-3-3-3-3
-.0 22222222 2221 12221222 222222222222 2222222222222 22262624122 223222-3-3-5-5-5-5-5-5-5-3-3-3-5
3.0 132 î2 222Z22227 2222222212222222222 22222222 2 2 2 2 2 2 262625204222 12i3i3 5-5-5 5 5-5 5 5 3 3 3 313
3.0 2 2 Z ' 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ? 2 Z 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26262626262626252522212-72222-322323222-5-5-5-5-5-6-6-5-3-3-3
3,0 2!î52525,'5î°5251525252525252525T52525251î5Z515252525Z5252525151525252525252525252525252525242Z2-3-3?222-332424232-5-5-5-5-6-6-6-5-7-3-3
2,0 2lZ42424Z4?41424242424242424242424242424242424242424242424242424242423232.'•2,'•232313232323223212 i-i-3-3-3-31ï2122-5-5-5-6-6-6-b-5-3-i-3
3.0 6025LECEL 33333-33333-3333555555-56d66-6-5333
3.0 1442s74242424242424242424242424242424222 "2424242424242424 424242424242.'•2Z2 S-3 3 3 3 3 3 3 3 T 5 5 5 5 5 5-5 5 5 5-6 6 i b 6 6 5 S2Z32!{
3.0 62526262626262626262626262626262625732 3252626262626262b2626262625251:2-2-2-2-2-3-3-3-3-3-3-3-5-5-5-5-5-5-5-5-5-5-b-6-6-6-6-6-6-6-6-5-3-332
M 2222122 2222 22222625232 325262 2 2 2 2 2 2 2 2625242322Z2122333 i33555555555d6dh6-6 6 6-6 6 5 5 3-312
3.0 2Z2222222222222.625232 325.62222222 22615232T2222-2333355555555555-66666-6d66555333
3.0 22212222222222Z1625232 3252622222222 2625Z32Z-222223335555555`-555566666666555333i
3.0 15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2625'22 325262 2 2 2 2 2 2 2 2625232-2-2-2-2-2-2-3-3-5-5-5-5-5-5-5-5-5-5-5-5-5-5-5-6-6-6-6-5-5-3-5-3-3-3-3-3I5

-- ------------------------------------------------------------------------------------------------------------------------------- -----
4.0 2222 22222222 226252232 22426Z2222 <̂2222625131-222222335555-55557-533-3555-55555333353-3
4.0 2 2 2 2 2 2 2 1 2 2 2 2626.E2524212 125262 2 2 2 2 2 2 2 2 1625232 2 2 2-2-2 Z 3 i 3 5-5 5 3v 3-i 3-i-i-3 3-3 3 i i-i i i i 3 3; 3 3-3124.0 2 2 2 2 2 26262E162626262525.5222 "2425?62bZ6262626T626262626242Z2-2-2Z2i2323212-i-3-5-5v-3-3-3-i22'.23232323222.1-3-i-3-I-i-i-3-3-3-3-332
4,0 2 2 î2 2 2 26î5.5'52525.5Z524222
4,0 16626E26262E:524:23232323222

2Z42;1515.`_.SZSZ52525.525T42'222 Z Z2242414122 i 3 3 3 3 S ^'-3 iSîS? 2525Z2:22 i 3 i i 3 3-3 i i 3 i 3Z2
22332327.i2313î3<32.'•23222 2-2 21252323îZ1 3 3 3 3 3 3 3 3-3 32Z4î _̀ZSî626221 1232î: 3 S 3 3 i i S 3 3 316

4.0 515:`_5?51525:523. l l i I 1 l I I t I l l l l l I 2 2 2 2-2-2-2-2-2-2-2-2-2-2-2-2-3 -3-3-3-3-I224?5:S:52525222 .'•.42:Z 3 3? i 3 3 3 3 3 34.0 t2tî4.42414242?î22 i-1 I t t I 1 I 1 I 1 1 I l l 2 2 2 2 T 2 Z 2 2 2 2 2 2 2 2 2 Z 3 3 3 3 3 3 3Z132P24Z{24242Z2 2222 -3-3-3-3-3-3-3-3-3-3
4.0 6150 LEt'EL
4.0 l1s24242s2414Z4ZS24Zi14242424?t24242424242P?4212 2242424242424242424242424242423212-3-5-3 122242421212474242424242424242424241424242424242
4.0 176ïf26î62626262625262626252626Z6^<6262626262l25232 32626'62626262626262b2b2625252.'•2-3-3-3-3-3-3-7325î6Z626ThZ6262626262626162626252626262626217
4.0 2î2222Z222 22222222 2262625272 32526222222222 2224222-3-3-3-3-3-3-3325251.622222 2222222 22222 22
4.0 2 22 2 2 2 2 2 2 2 2 2 2 Z 2 26262626262525232 3252626262 2 2 2 2 2 2 2 24222-3-3-4-4-3-3-3-312124.5262626262 1 26':26262626Z626<^616262 2
4.0 2 2 2 2 2 2 2 1 2 2 2 2 Z 26262625251525Z524222 3252525152 2 2 2 2 242S2S212 3 3 3 4-4-{-4 3 3-3 3.1<52525Z6Z6.6.62525Z5252515252526262h2
4.0 2 2 2 2 2 2 2 2 2' 2 2 2 2625:5252423232i222 12213232322242 2 2423222-3-3-3-3-4-4-4-5-5-4-4-3-3-3-:22:2i24252525Z5?52+Z3Z'•23?323232425252
4.0 18 2 2 2 2 2 2 2 2 2 2 2 2 1 Z525?423222 3 3 i-i 3 3 S i 3-3 312325222 3 i-3 3 Z{ 4 5 5 5 5-5 4 I 3 i i 3 i-322323272'2i222 22323218
4.0 22 2222222222226.'ST323333Si3S3333i333334-4-0-4-4-555555{444-3i3333I= 1232323222 22
4.0 2 2 2 2 Z 2 1 2 2 262h2626"c625:iZ 3 3 3 3 3 3 3 3 3 S 3 i I 3 3 i 4 4-4 4-4 9 5 5 5 5 5 5 5 4 4 4-4-:-3 3-3 3 3 :'3::î324î5Z51524222 3Z
4.0 2: 2 2 2 2:: 2 1615:Sî52413222 3 3 3 3-3 3 3 4-4-4 4-4-4-{-{-4 {-+-4-4 4-0-5 5 5 5 5 5 5 4-4-4-{-4-i-3 3 3-3 3 332'252525Z5252525232 32
4.0 2222 2 26Z6?6262625242'1?2 2 2 3 S 3 S 3 i 3 4-4 4-4-4-4 4 4-4-4 4-4 4-4 4-5 5 5 5 5 5 5{ 4-{-4-+ -3-3-3-3-32242525252525252525232 32
4.0 195"_52525252525.5252515232 ' 2 2 2 3 3 3 3 3 3 3 4-4 4 4-4-s-4-4-4-4-4-4 -{-4-5 5 5 5 5 5+ 4-4 4-4-3 3-3-3-5 3 352323..523232'232SZ'.•Z22 2219
4.0- 424"t424142424,444242422-2-2--2-2-2-2-2-2-2-2-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-i-3-3-3-3-3-3-3-3-32.3323Z323T32S23222
4.0 63C0 LEVEL
4.0 4?4:44242424242442424242424^424244424142424Z7242424244242424142424242424242424141424Z4244Z4Z4T42PZ4.42424242114"L42424242424242424242
4.0 62626252625î62i2626262626"<bZ6b2626262626262616262626262626T62626262626262b26262626262616<626262626261616262E262626262626262626262626262E252
4.0 2 0 2 : " - 2 2 : 2 : 22 0 2 2 7 7 2 2 2 2 2 2 2 2 2 2 7 : 2 2 : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22?:2222?1 2222221222Z22 221 2222222222 1 ?2 221 2 2 :222:2211::29
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Fig. 13 - Mining pattern with assigned elastic and non-linear
post-failure element properties.
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FACTOR OF SAFETY FACTOR . 	.1000 	ELEMENT STRIKE LENGTH . 3,048 

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 
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.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE232120201919181919181818181817161512-A 11151919 1A161 1 1192325EEE 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE23201713121211111111111111111110-A-A-A -A-A101111 11-0 	152224EEE 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE2016 1.AFFEFFEFFEFFEFFEFFEFFFF FFFF132024252:26 

	

.0 	22625252525 ,""52015252525252525242 4 24242424242424242424242423232323221912FFEFFEFFEFFEFFEFFEFFFFF FEFF111720212222 	2 

	

.0 	201919191919181818181818181818181818181818181818181818181817171717161613-AFFEFFEFFEFFEFFOFFEFFEFF FFEFF14171818 ,  

	

.0 	 5450 LEVEL 

	

.0 	20191919191818181810181818181318191819181818181818181717171717171616161514131212111110-0-4-4-A -A -A -010111111121212121213131314151617181819 

	

.0 	2525252525242424242424242424242 4 2424242424242424242323232323222222212017181717161615151411-A - A-Al21416171718191919191920202121222323242425 

	

.0 	3EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE232222201817151413131313131210-A -A-A111315171718192020EEEEEEEEEEEE3 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE222018141210-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A10121314161922EE EEEEEEEEEE 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE222015FFEFFEFF-A-A-AFFEFFEFFEFFF1822EE EEEEEE24232324 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE22201712 -AFFEFFEFFEFFEFFEFF-Al214161923EE EEEEEE23211920 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE22201815-AFFEFFEFFEFFEFFFF-Al21618212123EE EEEEE232318 18 

	

.0 	4 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE2221201611 -AFFEFFEFFEFFEFFF-6131820222323EEEEEEE232014  184 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE191713 -AFFEFFEFFEFFEFFF-A1519EEEEEEEEEEE2217 1320 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE1714-A-A-AFFEFFEFFFF-A-A-Al217EEEEEEE EEEEE2216 1622 

	

.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE161511 -A-AFFEFFEFFFF-A-A1316EEEEEEEEEEEEE2115 1219 

	

.0 	232323232322222222222221212121212020202020202019191817161413121212121211 -A -A -AFFEFFEFFF-A-01417181920212121212122222222222014 	lé 

	

.0 	519181818181817171717171717171716161516161515151514131210- A -A -A - A- A - A-A -A- A- A-AFFEFFEFFFF-A1113141515161616161616161616161611 	15 3 

16 
1214141413131210 - A -AFFEFFF- A -A- A-A-A-A-A-4-4-A-A-A-A-A-41113141414151515151413 1015151511 111619 
1216171716161411 - 111-IFFEFFF-A-A-A-A-A-A-A-A-A-A10111213151618191919192019191714 1318201915 152023 
10141515141312-4-A-AFFEFFFF- A - A-A-A-A-A-A-A-A-01012141516131819191819181613-A 1319211915 152123 
-0101110-0-0-0-4-0FFFEEFFFF-A-0-A-A-A-4-A-0-A-A-A1014171919191918171411-A F-01418201915 162123 
-0-0-0-0-0-4-0-6FFFFEFFEFFEFFEFFEFFFF-01015181918171310-A-AFF-A11 E191915 152123 

FFFFE -  - 58-40 .C.P 	FFEFFEFF-A1.317181713-AFFEFFF-A13181815 152023 
F F •

9 FFEFFF-41216171613-AFFEFF FF11181814 152123 
FF  f.o.s. 1.0 FEFFEFF-Al216 E1512-AFFEFFF-012171714 152022 
F F FFEFFF-A-01215 E1411-AFFEFFF-Al2151510 141922 7 

FFFEFFEFF/F FFEFFEFFEFFEFFEFFF-A-A-A-A-A-A-A-AFFEFFF-A-A-A-A -6I315 
EWE, . . 	 . FFEFFF-A-A10121211-A-AFFEFFF-0111311 	121820 

A-A-A-A-A-A-A-A-A-A-A-A-A -A-A-A-A-A-A-A-A-A-A -A-A 	-A-A-A-A-A-61112121313141516 

	

0 11 111 ' A-A-A-A-.-A-A-A- - -4-A-A 	-A- 6-0.-A-6111111-A-A -A-A-A 	-A-A-A-012131516171819192021 8 
14141414141 1 121211 ( A-4 

	

 4-4-4 	-A-A-A-01113131310-A -4- 4-0-0  -A-A-A-A-4111214151718 E E E 
1214141414141312121 )1 .-A-A- -4-A F F F-A-A-A-A-A11131311-A -A-A-A-A-A -A-A-A-A-A-A-011141719 E E 

EEEEEEEEEEEE19181712-4 -., 11213131211 ------ 6-0-    A-A-AFFEFF-A-A-A-A-0111310-A -4-4-4-4F0E0F0F-A-A-A-4121719 E 
EEEEEEerFree19181612-4 -A- - ----- A-A-A-A-A-A-A FFEFFEFFFEFF-A-Al2-A-A -4-A-A-600E00EF0E00-61519 E 

7EEEEEEEEEEEE17171410-A -11-11-A-A-A-A-A-AFFEFF FFEFFEFFFEFFF-A-A10-A-AFFFFFFFFFFFFFFFF-A1418E9 
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3.0 	FEFF14191918151OFFEFFEFFEFFEFFEFFEFFEFFEFFEFFEFFEFFF-A-A-A- 4F-A-A-AFFEFFEFFEFFF- ,  •• 2 
3.0 	FEFF1014141412-AFFEFFEFFEFFEFFEFFEFFEFFEFFEFFF FFFFF-A-A-A-A F-A-A-AFFEFFEFFF 	-A-A-A-A 
3.0 	 5875 LML 
3.0 	16151515151515151413121110-4-A-4-4- 6-0-4-6-4-4-0-A-4-A-A-A-4-A-4-A-A-A-6-A-A-A-A-4-A-0-6-4-4-6-6-6-4 -4-6-4-4-4 -4-• .-.-A-A-A 	FFFFF 
3.0 11222121212121212020201918171615141414131313121212121212121212111111111111111111111111111212121211- 4-A -6 -6 - 6 -0 -. 	-A-A-A-A-6-A 	FFFFFII 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE1411-4 	.-A-A -A A-A-A-AFFEFFFF 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE1512- 	 -A-A-A-A- AFFEFFFF 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 	-0-6 -4-6-4-6-6 -4-A-A-AFFEFFE00 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 	161511-0 -A-A-A-A-A 	00 	00000 
3.0 12EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 	EEEE1512-4-A -A-A-A -6-40FEFFEFFEFF12 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEI2-A-A -A-A -A-A-AFFFFFFFFFFF 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE12 -4-A -A -A-A-A-AFFEFFEFF- FFF 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE11 -A-A -A -A-A-A-AFFEFFEFFEFFF 
3.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE-A-A - A-A -A-A-AFFFEFFEFFFEFF 
3.0 13EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE11- A- 0-6-A -6 -AFFEFFEFFEFFEFFFF13 
3.3 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE1110-A-A - A-A -A-A-A-A-4 F-A-A F-A-A-A-AFFEFFEFFEFF. 
3.0 	E20212121212121212120202020202120201919191919191818181818171616151311 -0-4-1-6-4-A-A -A-A -A-0-0 -0 -AFF- A -A F-A-A-A-AFFEFFEFFEFF 	, 	„ 
3.3 	E1616161616161616161616161616151515151515151515141414141413121210-A-A-A-A-A-A-A-A-A-A-A-A-A-A-AFFFFFF-A-A-A-AFFEFFEFFEFF 	bia.CKt11.1. 

• Z.) 	 6025 LEVEL 	 FFEFFFEFFEFFEFFEFFEFFEFFEFFEFF 
3.3 1417171616161618161616161616161615151510 101415151514141414141211-4-A-A-4-4 	FFEFFEFFEFFEFFEFFFEFFEFFEFF 

' 
 

•
.0 	22222222,222" ,  - 21212121212120201814 13181919/01918181818151411-A-A-AFFUFFEFFEFFEFFEFFEFFEFFEFF 	00-11 

3.3 	EEEEEEEEEEEEEEEE211914 141820EEEEEEEE13-A-A-A-AF0E00EFFEFFEFFEFFEFFEFF 	000000-4 
3.0 	EEEEEEEE , zrrrEEE211914 141820EEEEEEEE12-4-AFFEFFEFFEFFEFFEFFEFFF 	FFEFFEFFFEF 
3.1 	EEEEEEE , ' FF FEEEE201913 131520EEEEEEEE12 -4-AFFE00EF0E00E00EFFF 	FFEFFEFFEFFFEFF 
3.0 15EEEEEEEEEEEEEEEE1915-A 131820EEEEEEEE10-A-400EFFEF0E00E00EFFE00E0FEFFEFFE00E00015 

----------------- 
4.0 	EEEEEEEEEEEEEE2018 El2 -A1418EEEEEEEEE-A-A-A00E00EFFEFFEFFEFFE00EFFEFFEFFFEFFEFF 
4.0 	EEEEEEEEEEEE2121191613-4 111618EEEEEEEEE-A-A-AFFE00E00EF0E0000TEFFEFFEFFEFFEFFEFF -6 
4.0 	EEEcE9.  • 	1  • 0  119171612-6 -0131516171717161615141310-A-A-AFF-A-A-A-A-AFFEFFEFFF-A-A-A-A-A-A-A-AFFEFFEFFEFF - A 
4.0 	EEEEEE222020171817151411-A -4-411121212121212111110-A-A-A-AFF-A-A-A-A-AFFEFFEFFFF-A-A -A -A-A-A-AFFFFFFFFFFFF -4  
4.0 16222223222222211917131210- 4-4-4 	-6-A-A-A-A-A-4-4-A-A-A-A-A-A0FF-6-A-A-4-AFFE0FEF0FF-A-A-6-A-A-A-A -4-0-600E00EF0F016 
4.0 	21212120201919191200E00EF000E0FEFFEFFEFFEFFE00EF000 	FFEFF-A-A-A-A-A-A-A-A -A-A-AFFEFFFFEFF 
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Fig. 14 - Strength/stress ratios for non-linear model incorporating 
yielding elements. 
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Fig. 15 - Perpendicular stresses with failed regions displayed 
(non-linear model). 
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failed elements near the inner core having higher stresses than the stronger 

intact core elements. This suggests triaxial loading conditions near the 

pillar centre and uniaxial loading conditions at the pillar edges. The 

central core of elements are highly stressed, but the core is much smaller 

than for the earlier elastic case. Attempts were made to adjust the peak and 

residual strengths higher, but significant increases to anomalously high 

values were necessary to generate a larger intact pillar core. 

It should also be noted in examining the perpendicular stress results 

(Figure 15) that where failure of the unmined elements is fairly extensive 

(west of the 60-37 stope, bottom 61-38 stope, upper 63-38 stope) significant 

stress transfer to the backfilled elements has occurred. Although this has 

not been verified through pressure meters installed in the backfill, the 

narrow stope width and angular mined waste development would most likely 

adequately support this stress transfer. 

The rock mechanics department of the Macassa Division verified that the 

degree of failure witnessed elsewhere in the non-linear post-failure NFOLD 

model matched the degree of ground deterioration. Specific examples are the 

57-40, 57-38 crown pillar buttresses just below the 5600 level, the 36-waste 

pillar separating the 58-40, 57-40 and 58-36 cut-and-fill stopes, the western 

outline of the 58-40 stope, and the absence of failure on the large buttress 

pillar sepaiating the 5875 and 6025 levels. 

DESTRESS SIMULATION 

Simulation of the destress blast was accomplished by a gradual lowering 

of the 58-40 crown pillar element strengths. This meant lowering the peak and 

residual strengths slightly, running the model to determine if crown pillar 

failure occurred, and comparing the differential convergence generated from 

the simulation with the differential convergence measured from the actual pre-

blast tape extensometer results. 
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Several trial runs were completed until the 58-40 crown pillar had 

failed completely and the convergence differential obtained compared 

favourably with the underground measurements. 

Table 6 demonstrates the input parameters used for the destress 

simulation and the final assignments given to the peak and residual strengths 

after several trial runs. 

Figure 16 shows the mining pattern with the 58-40 crown pillar now 

composed of newly assigned material reference numbered elements. The material 

strength properties for elements at other locations has remained unchanged. 

Figure 17 indicates complete failure of the 58-40 crown pillar which 

would be the case if the pillar was successfully fractured by the destress 

blast. 

The former NFOLD analyses containing post-failure criteria and an 

indication of the extent of failure within the 58-40 crown pillar and its 

surroundings prior to the destress blast were matched against the extent of 

failure generated from the destress simulation. Very little additional failure 

was generated in the surroundings (Figure 17) other than the crown pillar. 

Only a few additional elements failed within the central core of the 

36-waste pillar, the western outline of the .58-40 stope, and the western upper 

crown pillar buttress of 57-40 stope. None of the other locations in the mine 

were affected by the destress blast simulation. Limited spans and the degree 

of extraction were more than likely instrumental in suppressing the effects of 

the blast. Figure 18 displays the stress conditions as a result of the 

destress simulation. 

Just as the numerical analysis was used to compare the differential 

failure areas before and after the destress simulation, the convergence before 

and after the destress simulation was compared as well. Figure 19 shows the 

effect of the destress simulation and the increased convergence as expected. 
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Table 6 - NFOLD input parameters - destress simulation. 

Similar to non-linear post-failure analysis except: 
1) New element properties assigned to 58-40 crown pillar elements; 

- these have lower yield and residual strengths so that they will deliberately fail; 
- strengths defined through trial and error (1) iteration runs comparing predicted model 

convergence change from former non-linear run to destress simulation run, with actual 
convergence change measured underground after blast. 

2) Element properties at all other locations within the former post-failure model remain 
unchanged (fill elements also); 

3) Overall geometry remains unchanged; 
4) Stress environment unchanged. 

Material 
Property 

No. 

Seam 
Thickness 

(m) 

Deformation 
Modulus 
(MPa) 

Poisson's 
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Modulus 
(MPa) 

Yield 
Strength 
(MPa) 

Residual 
Strength 
(MPa) 

Cohesion 

(MPa)  

Internal 
Friction 
(degrees) 

	

11 	2.4 

	

21 	2.4 

	

31 	2.4 

	

41 	2.4 

	

51 	2.4 

	

61 	2.4 

	

12 	2.4 

	

22 	2.4 

	

32 	2.4 

	

42 	2.4 

	

52 	2.4 

	

62 	2.4 

	

2 	2.4  

59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 
59,310.0 

	

0.2 	19,970.0 	100.0 

	

0.2 	19,970.0 	100.0 

	

0.2 	19,970.0 	100.0 

	

0.2 	19,970.0 	100.0 

	

0.2 	19,970.0 	100.0 

	

0.2 	19,970.0 	100.0 

	

0.2 	19,970.0 	140.0 

	

0.2 	19,970.0 	140.0 

	

0.2 	19,970.0 	165.0 

	

0.2 	19,970.0 	175.0 

	

0.2 	19,970.0 	185.0 

	

0.2 	19,970.0 	195.0 

	

0.2 	 Elastic Element 

*Note: Backfill element locations and properties remained unchanged. 
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MINIH6 PATTERN FACTOR = 1.0000 ELEMENT STRIKE LENGTH = 3.040

1 2 3 4 S 6 7 0 9 IP 11 12 13 141.0 22222222222222 7 22222222222222222222222222222222222212262523232322222222222
1.0 2222222222222222222222222222222222222222222222222222272625232 322222222222
1.0 222222222222222222T222222222222222222222222222222222226223222322222222222
1.0 22222227 212222222222222212222222222222222227 22222222262523222 3252 2 2 2 2 <^22222
1.0 122222222222222222222222222222222222222Z22222222222222625232 325262 22221222221
1.0 22222222222222222222222Z222222222222222222222222222261524222 32526262626262626262222
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262525252525252525252525252525252523212 3242625252423232425262 2 2 2
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262524232323232323232323232323232322212 22323232323222 325262 2 2 2
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2521222-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-232526262626i
1.0 262626262b26262626262626262626262626î6262b26î62d262626262b26262d26262625232-2-2-2-2-1-2-ï-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2324242424242 î
1.0 42424242424242424242424242424242424242424242424242424242424242424242423212-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-24242424242
1,0 5450 LEVEL
1.0 4242424242424242424242424242424242424242424242424242424242424242424242424242424242424242423222 22324242424242424242424242424242424242424242
1.0 6b262626262b2626261626262626Z62b26262626262bZ6262b2626282b26262b26262626262b2b1b262b2625232 2242626262616262626262626262626262626262626262
1.0 3 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 T 262626252525252525252525252525232 3252525252525252525252 2 2 p 2 2 2 2 2 2 2 2 2 3
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 Z 2 2 2 2 262524232323232323232324252423232223232323232323232324282 2 2 2 2 2 2 2 2 2 2 2 2
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 T 2 2 2 2 2 2 2 2 2625232-2-2-2-2-2-2-2-2223222-2-2-2-2-2-2-2-2-2-2-2-242b2 2 2 2 2 2 2 2 252525252
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26252423222-2-2-2-2-2-2-2-2-2-2-2-1-2-2-2-2-2223232324262 2 2 2 2 2 2 2 252423232
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26252525232-2-2-2-2-2-2-3-3-3-3-2-2-2-2-2-222525257525262 2 2 2 2 2 2 2525232 32
1.0 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2626262524222-2-2-2-3-3-3-3-3-3-3-3-2-2-2-232526262626162 2 2 1 2 2 2 2524222 32 4
6.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262625232-2-2-2-2-3-3-3-3-3-3-2-2-2-2-2325262 2 2 2 2 7< î 2' 2 25232 2242
1.0 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 T 2 2 2 26252423222-2-2-2-3-3-3-3-2-2-22232124262 2 2 2 2:: 1 2'' 2 25232 3252
1.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26262525232-2-2-2-3-3-3-3-2-2-232526262 2 2 2 2 2 2 2 2 2 2 2 2 25232 2242
1.0 5252515252525<5252525252525252525252525252525252525252525252525252525252524222-2-2-3-3-3-3-2-2-222526262626262626262626262626262625232 321.0 5424242424242424242424242424242424T42424242424242424T424Z323232323T324242423222-2-2-2-3-3-2-2-2-2-2324242424242424242424242424242424222 32 5

--------------------------------------------------------------------------------------°-------------------------------------------
2.0 5600 LEVEL 32
2.0 4242424242424242424242424242424242 42424242424242424232-2-2-2-2-2-2223242424242424242424242424242414242424242424242424Z 22424242 <̂2 224212
2.0 6262626262626262626262626262625232 32526262626262625232-2-2-2-2-2-22242526î62626262626262626262626262626262626262626262 3252625232 325262
2.0 2 2 2 2 2 2 2 2 2 1 2 2 2 2625232 32526262676262624222-2-2-3-2-2-2-222425252525252525252525252525252525252526262524222 3252625232 325262
2.0 6 2 2 2 2 2 2 2 2 2 262626262625232 325252525252524222-2-2-2-3-3-3-3-2-23^<32323232323232323232425262626262626262524222-2224252625232 325262 6
2.0 ' 2 2 2 2 2 2 2626262525252525232 2232323232323222-2-2-2-3-3-3-4-3-2-2-2-2-2-2-2-2-2-2-2-2-22242526262626242.T•21232-2-22232 2625232 325262
2.0 2 2 2 2 2 2 2b262526Z423232323222-2-2-2-2-2-2-2-2-2-2-2-3-3-3-4-4-3-3-2-2-2-2-2-2-2-2-T-2-2-2-232526262624222-2-2-2-2-2-23Z42625232 325262
2.0 2 2 2 2 262625242323222-2-2-7 Destress Stmulatlon 3 3 3 4 4 4 4 3 3 3 2 2 2 2 2 2 2 Z 2 2 23252626252523Z 2 2 2 2 2-2 232b252t2 325262
2.0 626262626262524222-2-2-2-1•' 3-3-4-4-4-4-4-4-3-3-3-2-2-2-2-2-2-2-2-2-2325262 2525232-2-2-2-2-2-222426252..2 325262
2.0 75252525252525232-2-2-2-2 R ED E FIN ED M ATEAIA L 3-4-4-4-4-4-4-4-3-3-2-2-2-2-2-2-2-2-2-222425262 2525232-2-2-2-7-2-23252524222 325262 7
2.0 323232323242 232-2-2-2-2

2 -
•33--3-4-4-4-4-4-4-3-2-2-2-2-2-2-2-2-2-2-2325?525^52525232-2-2-2-2-^-T32525Z32 325252

2.0 22322-2-2-2-2 PR) PERTI E5 3-3-3-3-3-3-3-2-2-2-2-2-2-2-2-2-2-2-23242424242424222-2-2-2-2--212323222 223232
2.0 5725 LEVEL
2.0 42424242424242424242424242423222 22424242424242424222 2222 223242424242424242424242424T
2.0 662626262626262626262626262525232 1. 1515I51515151515151515151515151515151413 32518262626262625232 T22272 32526262626<6262626262626262 8
2.0 42d24242424242424242424242424232 4I5161616I6161616161616161616I61515141 32526262626262625232 32525232 2242525262626262626262 2 2 2
2.0 6262626262626262626262626262625222 15161616I6I6161616161616161515I5141" -2-222425252525252525232 3252523212 2232'23231475252526262 2 2
2.0 2 2 2 2 2 2 2 2 2 2 2 26262625232 15W&161615151 5 15 151515151413 I r2-2-2-222323232425262522 32525232-2-2-2-2-2 2 2'1-23232426262 2
2.0 2 2 2 2 Z 2 2 2 2 2 2 26262625231 1515151515141 t t -- 2-7-7 -2 -2-2 -2 -2 -23252675232 22323222 2 2-3 3 3-3 -3- 2-2 -2 -2375262 2
2.0 9 2 2 2 2 2 2 2 2 2 2 2 26267525232 NIt t t T• ^ --2-2-3-3-3-3-3-3-2-2-2-23252625232-2-2-2-2-3-3-3-ï-4-4-4-3-3-2-2-2325262 2 9
2.0 2 2 2 2 2 2 1 2 262626T6252523222-2-2-2-2-2-2-2-2-2-ï-3-3-3-3-3-3-3-33-4-4-3-3-3-2-2-2-23252625232-2-2-2-2-3-3-3-4-4-4-4-4-3-1-23242 2 2 2
2.0 2 2 2 2 2 2 2626252525252523222-2-2-2-3-J-3-3-3-3-3-3-3-3-4-4-4-4-4-4-4-4-4-4-3-3-2-2-2-232526i52I1-2-2-2-2-2-3-3-4-4-4-4-4-3-2-23252 2 2 2
2.0 2 2 2 2 2 2 26252525242323222-2-2-2-2-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-3-2-2-2-23242625232-2-2-2-2-2-3-3-3-4-4-4-3-3-2-23252 2 2 2
2.0 5252525252626262524232?2-2-2-2-2-2-3-3-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-3-3-2-2-Z-2-2i25Z522-2223222-2-3-3-3-4-4-4-5-3-2-23252 2 2
2.0 10323232324262bî625232-2-2-2-2-2-3-3-3-i-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-3-3-3-2-2-2-2-232525232-2324232-2-2-3-J-3-4-3-3-2-2-2224 10

3.0 -2-1-2-2325252525232-2-2-2-2-2-3-3-3-3-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-3-3-3-3-3-3-3-2-2-2-2-232525232-23242.'•2-2-2-2 3-3 3- -2-2-23252525Z
3.0 -2-2-2-2223232323222-2-2-2-2-2-2-2-2-2-2-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3-3 -2-2-2-2-222424212-2223222-2-2-2- -2-2-2-2-2-222323232
3.0 5015 LEV'EL
3.0 42424242424242424242424242424242424242424242424242424242424242424242424242424242424Z4242424242424222 122 12224242423222 -2-2-2-2-2
3.0 116262626262626262b262b2626262626262626262626262626T6262626262626262626162626262626262626262626262 °5252524222 325252524222 -2-2-2-2-211
3.0 22222222212222222222222222222222Z222222222222 232 325252525232 3252525232-3-3-3-3-3-3-3
3.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 T 2 2 2 2 2 2 2 2 2625232 224252525232 3252524222-3-3-3-3-3-3-3
3.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 262525222 3252525232 22323222-3-3-3-3-3-3-3-3
3.0 222222222722222212T22222222222222222 2 2222222262625232 2242524222 33333333333
3.0 17 222222222222222 2222222222222222222222 22222222262624222 323222 121233333533-333_
3.0 22222222222212222222T2222222222222222222222222222625232 2222 223222-3-3-3-3-3-5-5-3-
3.0 222222222222222222222222222 2222222222222227 222222675232 22 ?2424222-3-3-3-3-5-5- -3-3
3.0 22222222222222222227222T222222222222222222222222262624222 22424222-3-3-3-3-5- --3-3-3-3
3.0 2222222222222222222222222 22 222222222222222222222252624222 223222-3 - -3-3-3
3.0 132222222222222222222222222222222222222222222Z22626252424222 12-3-3 -35 55555333313
3.0 2 2 2 2 2 2 2 2 2 2 i Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 26262626262626252522212-32222-32 2 -5-5-5-5-5-6-6-5-3-3-3
3.0 2525152525252525252525^<525251525^52525252525252525<52525Z5252525252525252525252525252525252524222-3-32222-L 424 2-5-5-5-5-6-6-6-5-3-3-3
3.0 2424242424241124242424T4T42424242424T424242424242424242424242424242423232323232323232323232?22-3-3-3-3-3-322. . 22-5-5-5-6-6-6-6-5-3-3-3
3.0 6025LEV'EL 333333333333335555555bd-666-5333
3.0 1442424242424242424242424242124242424212 2242424242424242424242424242423222 -3-3-3-3-3-3-3-3-3-5-5-5-5-5-5-5-5-5-5-5-6-6-6-6-6-6-5-3
3.0 62626262626262626262626262626262625232 32526262626262626262626262525232-2-2-2-2-3-3-3-3-3-3-3-5-5-5-5-5-5-5-5-5-5-6-6-d-6:6:6-6-6.;k-e-1-332
3.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2625232 325262 2 2 2 2 2 2 2 26252423222-2-2-2-2-3-3-3-3-3-3-5-5-5-5-5-5-5-5-5-6-6- -6-6 -5-5-3-322
3.0 22222222222222226252j2 32526222222222b252322î2222333355555555555668b 66555333
3.0 2222222222222222625232 32526222222222625Z3Z2221223-335555555555556d 6665553333
3.0 15 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2625222 325262 2 2 2 2 2 2 2 2625232-2-2-2-2-2-2-3-3-5-5-5-5-5-5-5-5-5-5-5-5-5-5-5-6-6-6-6-5-5-3-5-3-3-3-3-315

-- -----------------------------------------------------------------------------------------------------------------------------------------
4.0 122222222121226252232 2242622222222226?Sî322?222233555•55555i]33355555 5553333333
4,0 2222221 2222.626262524222 325262222222222625232222222i3355533ii =ii?iiiii333333333322
4.0 2 2 2 2 2 2626ïS2626î626252525222 224.5î6261626î626262626"<626242?2-2-2.2:2323212-Î-3-5-5-i-3-?-:-jZZ'2323232?22222-i-3-3-3-3-3-i-3-3-3-332
4.0 2 1 2 2 2 2625:52525.5252524222 22425"252525252525252525242'-•222-2-22742422-3-3-3-3-3-7-3-3-3-;::Sî`2525222?2-1.•-3-i-3-3-3-i-3-3-3-3-322
4.0 166 S:6î6î62fî6î5.^2.T•2:Zi2323222 2232.T•2T•2.T•Z32T.2ï2.'•î32'2323222-2-2-21232?2?222-3-3-3-3-:-3-3-3-T :Z:42E:6?6?6ZZ2 223222-3-3-3-3-3-3-3-3-3-316
4,0 5.525?5252525.5??2 I l l 1 l 1 l t! l l i I t l t 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 3 3 3 ï 3 i?Z425:`.:5'-5252"2 32422Z S 3 i 3 3 3 3 3 3 3
4.0 421:42d242,242:î?2 I!! t I t 1 i 1 1 t 1 t t t 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 33 3: 3-3 32Z'••.4?42i2424222 2222 -3-3-3-3-3-3-3-3-3-3
4.0 6150 LECEL
4.0 424241124424242lZ421242424242424212124242424222 2242424242424242424242424242423212-3-3-3 12.24:421212424242424212421242424242424242424242
4.0 176262626262626262626î6262626262626262626262625232 ,T•1626262626262626Z6îdî62F2525?32 3 3 ^ 7 3:325;6:f2:262662626262626262626262626262626211
4.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6 2 6 75 2 32 1 , 2 5 2 6 222222222227 4 2 2 2 - 3 - - - 3 - - 3 - 3 2 5 2 E 222222122222222222733372
4.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 26262626262525222 .3252626262 2 2 2 2 2 2 2 24222-3-3-4-4-3-3-3-32,347E262626262 2 2626-z 626262626262&2b262 2
4.0 2 2 2 2 2 2 2 1 2 2 2 2 2 262P262525 ,5'5254222 3252525252 2 2 2 2 212323222-3-5-3-4-4-4-4-3-i-i-?2425 525:626262625252525252525252526262
4.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2625252524232323222 12123232322242 2 2423222-3-3-3-3-4-4-4-5-5-4-4-3-3=-3?2'2324252525:525242323232323232425252
4.0 18 2 2 2 2 2 2 2 2 2 2 2 2 2 2b25;.4232?2-S-S-3-3-3-3-3-3-3-3-322323222-ï-3-3-3-i-4-4-5-5-5-5-5-4-3-3-I-3-3-3-.3?232i2i232ï22Z 22323210
4.0 222212222222<2625232ï-333333333333333334-4-4--0455555544-4-4-3333333333 2232323222 22
4.0 2 2 2 2 2 2 2 2 2 262626262625232-3-i-3-3-3-3-3-i-3-3-i-3-]-3-3-3-4-4-4-4-4-4-5-5-5-5-5-5-5-4-4-4-4-i-3-3-3-3-3-3-i2232 3232415252524222 32
4.0 2 2 2 2 2 2 2 2 2 1625S252423222-3-3-3-3-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-5-5-5-5-5-5-5-4-4-4-4-4-3-3-3-3-3-3-33252 5252525252525232 32
4.0 2 2 2 2 2 2626262626252423222-2-2-3-3-3-3-3-3-3-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-5-5-5-5-5-5-5-4-4-4-4-4 -3-3-3-3-32242525252525252525212 32
4,0 19525252525252525i5252525232 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4-4 4-4 -4 4 5 5 5 5 5 5 4-4-4-4-l-3 3 3 3 3 3 332323?3232323232323222 2219
4.0 42424242424î424142424î42Z-2-2-2-2-2-2-2-2-2-2-2-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-3-3-3-3-3-3-3-3-3-3223232 32323232323222
4.0 6300 LECEL
4.0 •12424242424242424Z4.414242424142424242424242424241424442424242424242424141414242424242424242424112424.12444242424242 42424242424242424242
4.0 62526262626îb26162b26262626262626262626î6262626Z62626îd262626262626262626î626b26262626262626262626î5262626262626262626î 62626262626262626262
4.0 20222222222222222222222222222222222222222222222222222222222222'222222222220

I 2 3 A 5 6 7 9 9 10 11 IZ 13 14
10010ER ASSOCIATES OESTRESS SIMULATIDN,5040CP,MACASSA MINE,POST FAILURE C/W OACKFILL. 0/29/9610:43:5î;:::

Elastic

Backf il l

Fig. 16 - Mining pattern layout with redefined material properties

for the 58-40 crown pillar only - destress simulation.
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FAI:TOR OF SAFETY FACTOR 9 	.1000 	ELEMENT STRIKE LENGTH 9 3.048 

I 	2 	3 	4 	5 	6 	7 	8 	9 	10 	II 	12 	13 	14 

	

1.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE262421202I EEEEEEEEEE 

	

1.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEMEEEEEEEEEEEEEEEEEEEEEEEEEEE252318 I9EEEEEEEEEE 

	

1.0 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE25 E2014 IBEEEEEEEEEE 
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Fig. 17 - Strength/stress ratios displaying limited effect of destress 
simulation on surrounding pillars - destress simulation. 
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58-40 crown pillar highlighted - destress simulation.
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At the same coordinates as the tape extensometer pins were located in 

the 58-40 stope (just below the 58-40 crown pillar) and on the 5725 level 

(Figures 20 and 21), the predicted differential convergences were obtained by 

subtracting the convergence values before and after the destress simulation at 

specific element locations. Figure 22 shows the measured differential 

convergences versus the predicted values from the NFOLD model. 

A good proportion of the convergence measured with pins 58.5 to 58.2 

was predicted by the NFOLD analyses. However, pin 58.1 measured only a 

fraction of the convergence that the NFOLD models expected. It was known that 

Hole No. 1 of the destress layout had not been loaded and possibly a small 

intact core was still present. The difference in the convergence results 

suggested this to be the case. 

It should be noted that as of July 30, 1986, very poor agreement 

between the actual convergences measured and predicted by NFOLD occurred for 

those pins located on the 5725 level. 

Since this period more recent measurements have indicated additional 

convergence at the 58-40 stope pin locations and substantially more 

convergence at those pin locations directly above the 58-40 crown pillar. The 

recent data suggests that possibly the destress holes might have been 

located nearer to the 5725 sill horizon and that this same area may still have 

some burst pote'ntial (it was assumed earlier to be highly fractured and 

therefore not destressed during the blast). 

The NFOLD computer mining simulations were considered a success as they 

had accurately indicated the failure areas prior to the destress blast, 

determined that destressing the pillar had a limited effect on the surrounding 

openings, and predicted convergence values that agreed reasonably well with 

the underground measurements, particularly for the 58-40 stope convergence 

stations. 



10 9

73.0 4 0 0 k 0
73.2 0 0 0
73.3 0 0 0
73.4 0 0 0 (
73.6 0 0 0 0
73.7 51111

o
o'

000000
4n(t 00
000000
000 0

1111 1
1 I11

0 0 n 0 0 0 0 n 1 1 1 2 42544546065687071727169676 15034
0 1 1! I 1 1 1 1 1 1 2 318415260667173747574716 ) 54453

0333 966758286909 919C1878"378747 866646 854494124
2 1 Y21,B616 4 "77B38790939 959593918866 -817876 7^i6659524i 7 3 2

1 I 1 1 1 1 1 1 1 1 1 2 2 924395766717475757470 58412
1 1 1 1 1 1 1 1 2 2 2 2 2 4123053636972737372 6.35432 -
1 1 1 1 1 2 2 3 3 3 3 3 3 411234259656869696 459513 10 3 2 1
2 2 2 2 3 41518212222211516192940545961626 057534 .017
5 - 4 R W N P 1A R -- ----------

818192 2 33404 4950')404441404144485(151 .,04946 393326211
2 3 4142950576263 359453526232222222 221191 412 B 3 2 2.3

2\2 2 4143457667173 2h752352416131210 1 9 7 5 4 3 3 2 2 i l
2. 4 92446657378Bi? 9766B523526222it 161513 1 4 3 3 Z 1 1 1
81(t 2544637379848`358378715347434 3936343 82318 4 2

3879093959 97979695949 088B68B177726557 20 3
075685 4621
81766 83715

1974 Sb33
? ^

6
8
56
7

,1Si
63
83
341
551
2606
06

U
7071737
0717273
6666676
54545

38312322222-22223252621283032343639414551617(
?513 8 4 4 4 4 4 B 91011121417192327334255
2410 3 3 3 2 3 3 3 3 3 4 4 5 811162431435

15 3 3 2 2 2 3 3 3 4 4 4 610182430405
17 4 3 3 3 3 4 811131416192432435,i60
?3131111121319283235373942475
3735323334•_36© 60N

707
û737
7275

66972

U8,5

67B798083B6
757778BUB28
96970727476
556586061

3656
3757

7981
8081

7678B

0

BB99193
58688
7880

23

495969696
09192929
28384
7

96959
494939

7B990L

^

@^b3
7678 iB3B

B284B6B 09294
2B5878890919.3 496974
B4B6BB899039 596969
8284858667990 9292929â

m

8
B

885827
278726
560443

17050311
726949301

h6747t156382
OL08280695b4

580B588B98782756
8286899294949288837
093959697979592888

79899999997949i^8
9999999979491B

79797959390B
929088B6B

^

a

0

^

e

616151516181916 1
222372222216211
112 1721 l 121511U
12 '192111114110
2?12615 2 1 1 1 114 1 1 0
14^1343420 3 2 1 1 114 1 1 0
3 143423414 2 1 1 214 1 t 0
54950474028 3 1 1 215 1 1 0

5053535(t4223 3 2 1 215 2 1 0
i 2 2 2 42 4553565551422n 3 2 2 317 2 1 1
4 3 3 41t] 7B555857524322 4 3 32121 3 1 1

6153T?2015131316^ 37525657555043^816131b^52412 2 1
514f{81)36363738 551545451484338322724242322201713

3425201816172940343 485:1534232221713 9 4 3 3 2 2 2 2 1
12 7 4 4 4 822383330385051362111 6 4 3 2 2 2 1 1 1 1 1
9 4 3 3 3 42138282124385142281914 7 4 3 3 2 1 1 1 1 1
1710 4 3 3 42139292124384957473934292415 B 3 2 2 1 1 1
362713 4 3 42241332630445967676461575137272113 3 1 1 1
94B25 8 4 9254644434756697577767370655952443312 2 1 1
69563112 411285l596467737B8283838178746962523815 2 1 1 9
74623516 7143155657176B1858889B9BBg5811668563011 3 2 1
77b539191016335666737883889192939289858072593110 3 2 1
968442614183.355b26773B28892949594q1BB831562331t 3 2 1
0715835191933505153637686919495949289B577643614 3 2 1
8706^i372120334844435471838992939391898579684522 8 3 21

-------------------------------- ----------------------

8585858 j818077'^367583722213341424t52688UB689919190B9B682746^i3611 B 3
75757473 716966625540272739494746556576B28586B787B6B5B3786B50352516

5 959585857 5452504743404247535455586371778080197879B0818U7567584834
232 423232222 01817161721354841323338536865625251536170807B14665640
4 4 4 4 4 4 4 3 3 3 4 724423121212535526452414043536982817B71604311
2 Z 2' 2 2 2 2 2 2 2 3 42(t382B1B1720284561504039456077B6B5B2756445
1 t 1 1 2 2 2 2 2^ 2 2 3173631211719274462534445547086918985786647
1 1 I 1 1 1 1 1 1 2 2 3 7273928202129476662596272849395938880684B
1 1 1 I 1 1 1 1 1 1 2 42140362B27375571757381899599999b90827049
1 1 1 1 1 1 1 l 1 1 2 2 1533474042536768738^)929B+^*f#f,989384715012

a ^

15

0

!

3

0

1

(

3

45

t
0 0

10t^
000

11
11
0

5151617 91817171
2231 3222
1 121B322

3 21 2 2 2
1816 4 4 4
3 3 9233933 27238
9222 375C1535.Ç556
3475^ h61b3b5 7687072757

1

77

C^

^

11 3
3211
32111

3211 1
11

322 22

171716 1

77.2
77.3
77.4
77.6
77.7
77.B
78.0
7B.1
78.2
7B.4

73.B 5600 L
74. 0 1 1 1 1 1
74.1 000000
74.2 000000
74.4 60(i0000
74.5 000000
7 4. 6 0 0 0 d( i 0
74.8 000001
74.9 0 n 0 0 0. 1
7 5. 0 7 0 1 1 1 1 1
75. 2 1 1 2 2 2 2
75.3 151819201B 7
75.4 5725 L"
7 5. 6 1 1 2 2 2 2
7 5. 7 8 0 1 1 1 1 1
75.8 000001
7b.0 OOOnnO
76.1 000000
76.2 000000
76.4 9 0 0 0 000
76.5 000000
76.6 0000n0
76.B 0C1O,C10n
7 6. 9 0 1 1 1 0 1
7 7. 0 10 1 2 2 1 1 1

0

1 21
1 32
212
317323

5
2 2 3 3 4101316253
1 1 1 1 2 2 3 3 7 2 2
"1111111231
1111111124
000111112
000111112
000111112
00011112420
00111234193
1 1 1 1 2 315223451
1 1 1 1 42136445159
1 1 1 326374450566

------------------------------
16202017 2 1 1 1 1 33140465 ,, b063b` 86972 .^7475767879BC^8081B283B484
19242421 2 2 2 2 31532394 851545 ,,96162 656b67bB6910717112737474747

46474 0515252535455565656575858585B
4151 6181B19191920212122222223232323

3333334444444444
11112222222222222

111111111111111111
11111111111IIit111

1111111111111111111
0111111111111111111

5 8 7 5 L 2273
1222122222

11011111111
00000000
0000000
000000
00000

12 0 0 0 n
0
0

8 7

0000
0000
00000
po00t)
0000
1111

1
00

000
000
On0

,141515

1111
0111
1111
122
2 4141
5253B4

293 4449535761
T84 505558616

25659626
5255586
2454954

437404
4 91

1122
111
11
0

0

6

1

5725 LEVEL

CONVERGENCE PIN LOCATIONS

n 000
000
011

2

2

4

5 4 3 58-40 STOPE

CONVERGENCE PIN LOCATIONS

Fig. 20 Non-linear NFOLD model convergence prior to destressing.

61616111
2

11
11

112
224
21530

2231737,
2 2.2 319

3 2 1

0 0 0 0 0 on n 1 111 1 4
1 0 0 0 n 0 0^ 0 112 1 I
11 Ot00C10011311
1 1 1 0 n n 1 1 115 2 1
1 1111 111217161

2 2 Z 21 1 1 1 2 21917 1 5
--- --- ----------------

6

7

0



73.0 
73.2 
73.3 
73.4 
73.6 
73.7 

73.8 
74.0 
74.1 
74.2 
74.4 
74.5 
74.6 
74.8 
74.9 
75.0 
75.2 
75.3 
75.4 
75.6 
75.7 
75.8 
76.0 
76.1 
76.2 
76.4 
76.5 
76.6 
76.8 
76.9 
77.0 

5600 L ■ 
111111 
00000 1 

6 Ô 8 (C)1 gr)) 8 (()) 0 
0 	

g (I)\ 
0\s\‘  

0 0 0 0 0 1 
0 0 0 0 0 1 1 	

I 
1 1 

0 0 0 0 0 1 1 1 
0 0 0 0 0 1 1 21 3 

701  I 1  11 1 32 
1 2 2 2 2 2 21333 

151920201911 418344 
5725 L 

1 1 

0 

3 

8 

\r, 
0000  
0000 
0 0 0 0 0 

1 1 1 

0000  
0 001 

3 

2 
4 
1 

.515151 
1112 1 
1 1 1.1 1 
1 I 1 1 I 
1 1 1 I 1 

2 	3 3 41225 
22 2 42'; 
1 1 2 311 
1 1 2 2 E 
1 1 2 3 5 
I  12 31; 
123  82E 
23 6233 
41725385E 

212243947546: 
32939475359g 

000  NtO 
000.  
i,\Ot,  0 0 

1 1 
1\1 11 

0 0 0 

3 

11100 	poo 
1 	110 	000 
III 	1000 
1 1 	.1 1 0 0 0. 

1 1  1/1  1 1 1 1 
2 2 	22 2 2 17 1 

2 1 

0 Oit 1 111 
0,60 112 1 

1 113 1 
0  I 1 115 2 
1 1 1 21716 
1 1 2 21918 

4 

5 

1 7 

1 2 

10 9 

4 0 0 0\0 0 
000  
000  
0 0 0 0 
0000 

 5 1 1 1 

8 0 1 1 1 1 1 1 
0 0 0 0 0 1 I. 
0 0 0 0 0 1 1 
0 0 0 0 0 0 1 
0 0 0 0 0 0 0 

900  0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 1 
0 0 0 0 0 1 1 
0 1 1 1 0 1 1 

10 1 2 2 1 1 1 1 

1 2 2 2 2 2 2 3 3 410131520304 

00 
00 
00 

0 
1\1 1 

94n 
?503 
1.475 

123  3 4 12643373 
3 41620241.41555859 

2640465056a666971 
465256616 • . . : 

351162667(7. 77981 
0 5963677 75 :8082 

)3 1 549556 .7. 4  )72 

5725 LEVEL 

7 6 CONVERGENCE PIN LOCATIONS 	5 	_4 

161718f 
2 2 31 

\1 \ 2 320\ 

3153221 
2 4241 

7 5  5559646'737.78U 

 tk 
00 0 
0 0 

0 0 0 
\12  1 I 

2 2 2 
I 1 1 I 
2 
1 

7 
75 
737 

7 

264 
747 
152 
25965 
8677 
57 780B 

47881 
07376 

798185 
808286 
7880838 

)72747 

1 

0 0 0 0 0 0 0 0 0 0 1  11 112  4254555616669717273727067. 5B 
0 I I 1 1 1 1 I I 1 1 1 1 I 2 319415362687274767675726 1.355 
\\\ 0 1  11 1 1 1 1 1 1 1 1 1 2 2 3102540596772757676757 .  . 5941 

1 	1 1 1 1 1 1 1 1 1 2 2 2 2 	2 3 4133154647073757473 '645532 
1 1 1 1 1 1 1 1 2 2 3 3 3 4 4 4 4 412254460677071716656052 7  
2 2 	2 2 2 2 3 3 91720222323221717203042566163646 .258544 .9 

58-40 CR MIN P 	AR 	--- - 

57055302719161413 
379695438292523 1 

• 08782715650464 1 
9795928780767 269 
*11199969390 

818181G 
3222  
3 222  

3333  
110101211I1 
;3. 34363943 

I 4767880838 
163656771 

273 
384B 

8789 
8788 

82840 

98 

8192124293543485153 
3 310173253616567 

2\2 3 5183761697476 
412285069778284 

5571818092969 
29496870848991 

84909598*** 
,82969 

jIJ 730993 9811 
4B 89295979 111 

93959799*1* * 
919395979899111 

78890919394959697 

9I'LÇ 

gr: 

rIP 

*Ulf 

WB5139 3 1 
6355463 3 2 1 
59412 6 3 2 I 
5532 • 

 
3211  

52 7  11 3 2 IA 
4 .918 3 2 Y2 

n 

2 

1616151 16181916 1 

	

17 2 2 	2 	216 2 	I 

	

3 17 2 1 	215 1 	0 

	

13 19 2 I 	114 1 	0 

	

7 26 15 2 I 	114 1 	0 6  

	

0343521 3 2 	114 1 	0 

	

4 2 4 442 3114 2 	211 1 	0 

	

4 6505047 4028 3 	215 1 	0 

	

1111111 ii*979418E • 47070. 4822 	2 2 2 320 2 51 5 451 50 4223 3 	2, 215 2 	1 
*1 

	

Illiff lill19"5920 1 85797 603917 4 2 2 2 4 45535756524320 3 	2 	317 2 	1 7 

	

**111 ****** 4 	A95918::377.95835 	4 3 3 41 .849565857534422 4 	3 32121 3 	1 
Ill 111111 689078.

1
77 64553 21161414 7423853575755514326161317252412 2 1 

4) 9'194959918478714;10514 	3838383 ED1652555552104436322724242322201713 

	

2 	1S4613504 , 2B2320 819314136,84954544333231813 9 4 	3 3 2 2 2 	2 1 

	

64656769741 8050302.1610 5 4 41021403431395152362212 7 4 3 2 	2 2 1 I 1 	1 8 
626466707 •868057362 , 13 6 4 3 3 82340302226395243292014 7 4 3 3 2 1 1 1 
6467707 

 
1'908463433''113 4 3 3 82340302225395058484035302515 8 3 2 2 1 

72758.969589696041,93015 4 4 92543342731445967676562575138272113 3 1 
•• ****999585767(.3512710 411274745444757697677767470655952443312 2 

991***1111119993878 72603314 613305260646774798284848278746962523915 2 
1***********197928.77653818 915335666727781858890908885827669573012 3 2 

* ***********99958'116842221217345767737984889193939289868172593110 3 2 
*** *********99959i137146281519355662677382089294959492888375623311 3 2 
***If *******97938937460362121345052536376869194959593908577653714 4 2 
9090989iQ96949209B 07362392321344844435571838992939392898679684522 8 3 210 

0,6582n 
96939(64 

-504643424147505253 J25047 4034 
662483720252525252 423211 1513 9 

505253' J25047 4034272 
25252 423211 1513 9 4 
1413 II 9 7 4 1 3 3 2 

Jr/  

23 1191715 	8 4 3 2 
4 139373 312620 9 	2 
269676 157514326 	2 

858280 736962544 IB 3 
9390 848075685 722 4d 

1 

722 

2 
2 
3 
4 

1,18171 

1 1 V 

fl81717 6161616 
2 2 2 	2 2 2 2 
1 I 

 
1111   

1 	1 1 1 1 2 
1 	1  122 

 1 2 3121 
1 2 21631; 
2 2 3173 

7 

0Y3 yy******1 
7899092969: 1**1111 
9091939690* 1*****

11  60889929496'798 
79810385871099 

HSO505254511 . , 6..71970717273747570 
124041434546474951535556586062636465676974 
38363639404143444749515354565860626466707 

735373940414345485052545759626467707 
B363940414243465053565861646772758( 
140424145464547a56166871147 

5153515452i/ 

*111111111 
111111111 

111111 
2939 

111979 
1119 

IffIlf 
11/111 

94959 

1337Z 

92 

991* Miff 
III*** *Ili 

f Miff if 
111 ****11 

9697 9090989 

9 	
cx 

47187980811338485068687808989;'8989888::.840279756960392423311743415268$1879091919089868274603617 8 3 
069707172737475767677713787871 87878777. 73716863574229284049484755657682B5868787868583786850352616 
354555656585859596061616162616 .161616059 156545148441243485355555864717780807978798081807567504834 

820202121222323242424252525252525 525242423 212018171821354842333330536866625251536270817974675640 
3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 • 4 4 4 4 4 • 4 4 4 4 825423222212536536452414044536982827871604311 

1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 4213929191720284562504040456077868682756145 
r1111111 1 t 1 1 1 111 1 1 1 2 2 2 	2 2 2 2 2 • 2 2 3173632211719274463534446517186918986786747 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 	1 1 1 1 1 2 ' 2 3 82740292022304766625962728493959388816848 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA 1 1 1 1 1 1 1 	1 1 1 1 1 2 • 2 42140362828385571762381899599999691827049 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 	1 1 1 1 2 2 	3153448404353676873809298mm999384715012 

5 	4 	3 	58-40 STOPE 

CONVERGENCE PIN LOCAT IONS 

Fig. 21 	Convergence after non-linear NFOLD destress simulation. 

77.2 	17202118 2 1 1 1 2123443495.J863666' 1737 
77.3 	19242421 3 2 2 2 3173441..J053576 0 .264656 
77.4 	5875L 	'23293.639424 •748505, 
77.6 	1222  2 2 2 2 2 2 . 4 0101 	416171 
77.7 11 0  1111  1111 	122  2 	3331 

 77.8 	0 0  0 0 0 0 0 0 	1111 	I 11 
78.0 	0000000 0 0011 	111 

 78.1 	0000  0 0 ! 0 0 00 ' 11 1 
78.2 	00000 0 00001000Q 
78.4 120000 ' 0000 	0000 



, 

- 	- —A- --A- ---A---A---A---Alt- 	---- • 	er 

4\ .\  

4 	
e 

, 	

•

_,  Ài\\ 	 • . 	 • 	• 
_ 	 .11À.  

.. 	  

_ 	  

À 	ACTUAL 	MEASUIEME NTS 

0 	NFCLD MODE L PREDICTIOIS 

_ 	  

1 	2 	3 	4 	5 	 1 	2 	3 	4 	5 	6 	7 	8 	9 	10 

a 	50 

100 

C
O

N
V

E
R

G
E

N
C

E
 60 

70 

80 

90 

10 

E 1
0

2- 
 E 

0-  

(7) 	10 

cc 
1-" 	20 

ca 
30 

0 

40 

CLOSURE MEASURE.AIENT 5840 STOPE WALL CLOSURE IN 5725' L.E'VEL 

PIN 	LOCATIONS 

Fig. 22 - Comparisons between the NFOLD predicted convergence versus actual measurements as of July 30/86. 



50 

DISCUSSION OF RESULTS 

CORRELATION  OF COMPUTER SIMULATION, CONVERGENCE AND MICROSEISMIC  ACTIVITY 

1) Tape convergence measurements indicated the destress blast resulted in the 

maximum convergence occurring in the western part of the upper 58-40 stope 

suggesting adequate fracturing of the 58-40 pillar in this vicinity. Much 

less convergence was measured on the eastern side of this crown pillar. 

Microseismic activity also indicated a clustering of seismic events 

more heavily populated on the western side of the 58-40 pillar with only a 

few events on the eastern one-third. Most of the events were contained 

within, or very near to the ore seam, suggesting an immediate fracturing 

and local disturbance. 

Destress simulation using the NFOLD model did not suggest as large a 

discrepancy in differential convergence as was suggested by the underground 

measurements. The assumption was that if the destress was successful, all 

elements within the crown pillar would have failed. 

The three methods together verified that considerable fracturing of the 

western portion of the 58-40 crown pillar occurred, but raised the 

suspicion as to whether or not the eastern portion of the pillar as well as 

that immediately below the 5725 level had been adequately destressed. 

2) Very little differential convergence was measured from pin installations on 

the 5725 level directly above the 58-40 crown pillar as a result of the 

destress blast. 

The top portion of the 5840 crown pillar was generally void of 

microseismic activity as a result of the destress blast. This was true for 

all source location algorithms evaluated. 

The NFOLD computer mining simulation model indicated that the top 

portion of the 58-40 crown pillar was in a failed state prior to the 
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destress blast. Examination of diamond drill cores also indicated a

fractured zone engulfing an intact central pillar core. Differential

convergence predicted by the model destress simulation was somewhat more

pronounced that that actually measured on the 5725 level, possibly

indicating a greater zone thickness having failed than simulated by the

NFOLD model prior to destressing.

The other possibility is that of the assumed upper fractured zone being

actually intact and unfractured with high stress loading. The destress

blast by design did not fracture this zone, but the presence of a reduced

actual powder factor relative to that designed could also have been

responsible for a reduction in blast fracturing and induced yielding.

Recent measurements from the convergence stations now seem to support this

concept.

3) Most of the microseismic activity following the destress blast was

contained within the 58-40 crown pillar with isolated events occurring in

the east and west 58-40 stope abutments, and for some source location

algorithms there was some scatter down to the 57-40 stope and buttressing

pillar below the 5875 level.

Destress simulation using the NFOLD model resulted in increased failure

mainly within the 58-40 crown pillar with only a few additional elements

failing within the 36-waste pillar, western 58-40 stope outline, and

eastern 57-40 crown pillar buttress.

Convergence measurements were not available over this large an area.

The computer modelling and microseismic results show that sufficient

buttressing pillars were present and the level of extraction low enough

that the disturbance of the destress blast was restricted to the immediate

area of the 58-40 crown pillar. For the mine geometry that was present the

effects of the blast were minimal.
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MINING TO DATE 

Further verification of the success of the 58-40 crown pillar destress 

would involve the return to actual mining within the pillar with minimal 

difficulty. 

Two separate longwall blasts, the first on July 30, 1986, and the 

second on September 20, 1986, had widely varying effects. 

When the July 30, 1986 longwall blast occurred, the Electro-Lab MP-250 

microseismic system was still operational. Source locations following the 

first production blast (after 02:45 a.m.) using the USBM 'Least Squares', 

Block and Simplex methods were determined in order to evaluate the 

effectiveness of the former destress blast. Some clustering of events, 

Appendix B, occurred near the longwall blast location, but in general the 58- 

40 crown pillar was void of events. 

More event location scatter occurred for this production blast compared 

to the destress blast. Transverse and longitudinal mine plans demonstrated a 

large number of off-seam locations suggesting an alignment along a cross-

cutting structure to the ore seam. Two such structures could be identified 

(section 43+00 and section 39+00) with reasonable confidence as all source 

location methods produced the same pattern. 

One hundred and forty events were examined (Figure 23) with the event 

size categories by percent frequency population as folrows: 

Event Classification 	% Frequency 

Small 	 18.6 
Intermediate 	 70.0 
Large 	 11.4 
Gould (WFR) 	 N/A 
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The microseismic results indicated that: 

1) Most of the 58-40 crown pillar had been successfully destressed; 

2) There was a much greater scatter of event source locations than for 

the destress blast; 

3) Cross-cutting features were suggested (faults, dykes) as some alignment 

to the events was observed. 

The second longwall blast consisted of nineteen 2.4 m long blastholes 

(horizontal) initiated near the earlier No. 1 destress blast hole that was not 

loaded. 	Shortly after, a low energy burst resulted in a considerable 

deformation of stulls and rock boltheads in the stope. 	Differential 

convergence of 33 mm occurred at convergence pin 58.1 where earlier (destress 

blast) minimal convergence had been measured. The earlier suspicions had been 

confirmed, but now the feeling that the pillar was fully destressed seemed a 

more likely possibility. No microseismic event locations were obtainable as 

the system had been removed. 

As a safety measure for the remaining longwall mining, it was decided 

that three 7.6 m long destress holes would be drilled regularly in advance of 

the longwall face. This destressing measure would be continued if further 

convergence occurred as mining of the longwall progressed westwards. Little 

differential convergence would suggest adequate destressing and convergence 

had already taken place, and these additional destress holes would be 

discontinued. 

FUTURE  MINING CONSIDERATIONS  

Destress blasting was reasonably successful on the 58-40 crown pillar, 

but assessing the correct moment to destress is not always a simple matter. 

The three different methods used in analyzing the effectiveness of the 

destress blast, underground convergence measurements, microseismic source 

location, and computer mining simulation, proved that none of the individual 
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methods were foolproof. Together, however, they provide an excellent set of 

tools for the mining staff to fully comprehend the ground conditions under 

burst potential situations. Visual observation by the critical eye provides a 

further means of verification whether results from the three methods seemed to 

represent actual conditions. 

Of the three methods, only the computer mining simulation model, if 

adequately calibrated, can provide clues regarding future mining layouts, 

future burst potential pillars, and whether a future destress blast will 

create a safer environment or initialize a rapid succession of rockbursts over 

a large mining area. 

In some mines where the ore extraction ratio is much higher than in the 

vicinity of No. 3 shaft at Macassa, factors of safety (pillar strength/pillar 

stress) may be only slightly greater than 1.0 for several crown pillars. This 

means that the good intentions of a destress blast, even though well designed, 

could still result in an incremental stress transfer to these extremely meta-

stable areas. The generation of multiple rockbursts within a short time 

period would be likely. 

It is important to examine various mining scenarios through modelling 

and choose the best extraction sequencing. This is not an easy task, but a 

necessary one to devote considerable time to, as once a method of attack is 

decided on it is very difficult to implement another. 

CONCLUSIONS 

1) The Macassa Mine generally experiences its larger rockbursts associated 

with the mining of crown pillars. Three documented rockbursts along with 

considerable ground deterioration suggested that the 58-40 crown pillar 

required destressing. 

2) Bursting potential arises, not only because of high stress conditions 
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within a crown pillar, but is also very dependent on the ore seam material 

stiffness being greater than the hanging wall/footwall mine stiffness. 

3) It is advisable that adequate instrumentation is in place prior to an area 

experiencing rockbursts. This instrumentation should consist of both 

convergence and stress measuring devices for local monitoring, and a 

microseismic data acquisition system for mine-wide monitoring. 	The 

presence of instrumentation results in easier calibration of computer 

mining simulation models so that 'predicted' equals 'observed'. 

4) The actual blast implemented compared to the actual blast design conceived 

resulted in a much lower powder factor, and yet a fairly successful 

destressing took place as witnessed by the convergence results and 

microseismic source location plots. 

Further analysis using the NFOLD computer model revealed that the 

actual intact core of the 58-40 crown pillar was smaller than at first 

thought in the western section, and a mismatch in differential convergence 

(after destressing) predicted in the eastern section by the model versus 

actual convergence measured, suggested that it was not successfully 

destressed there. 

Where lower stressed crown pillars are to be conditioned the suggestion 

is that a much higher powder factor would be used to generate full pillar 

failure. 

5) The three engineering tools, tape convergence measurements, microseismic 

event locations, and computer mining simulation were all necessary to get a 

full understanding of the success of the destress blast, and together they 

provided the following: 

- bursting was essentially confined to the 58-40 crown pillar after 

destressing; 

- some areas (eastern section) of the 58-40 crown pillar did not fail and 
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would require further destressing; 

- little additional convergence or seismic activity occurred after 

destressing if an area was designated as already having failed prior to 

the blast. 

6) Future burst potential geometries can be evaluated using the NFOLD model 

before the actual mine extraction occurs, and future destress simulations 

attempted to determine the correct timing of a destress blast. If multiple 

crown pillar bursting is suggested as a result of the simulation then 

multiple destress blasts might be necessary to transfer stress away from 

the crown pillars to the abutments. Simultaneous destress blasting would 

be a desirable feature in this case. 

7) The mining method used in destressed ground must be flexible to allow the 

drilling and initiation of further destress holes if required in advance of 

the face. The longwall method incorporates this procedure so that the 

working environment is less hazardous. 
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APPENDIX A 

MICROSEISMIC SOURCE LOCATION PLOTS 

AS A RESULT OF THE DESTRESS BLAST 
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APPENDIX B 

MICROSEISMIC SOURCE LOCATION PLOTS 

FIRST PRODUCTION BLAST 58-40 CROWN PILLAR 
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