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CALIBRATION OF THE NFOLD DISPLACEMENT DISCONTINUITY MODEL 

OF THE "A" ZONE AT CAMPBELL RED LAKE MINE 

by 

D.S.G. Hanson* 

ABSTRACT 

The Campbell Red Lake "A" zone has experienced rockburst activity for 

approximately the last twenty years. Previous NFOLD modelling completed by 

Golder Associates on the "F" and "F-2" zones suggested calibration of the 

NFOLD model to the "A" zone. Visual observations documented since 1965 and 

microseismic observations are combined with elastic and non-elastic yielding 

applications of NFOLD to the present "A" zone geometry. Analyses are 

completed with and without the presence of backfi 1 1 to verify the 

model/predictions versus actual failure conditions observed by mine personnel. 

The calibrated NFOLD model indicates two failure growth patterns 

observed in the mine, displays a similar extent of failure to that observed 

underground, and in some cases demonstrates the stabilizing effect of backfill 

on boxhole/sill pillars. Stress levels of about 100 MPa appear to be critical 

for the boxhole pillars with successively higher critical stresses necessary 

for more confined portions of sill pillars and abutments. Many of the 

boxhole/sill pillars reveal a high extraction geometry, and are extremely 

meta-stable, indicating the possibility of an on-going chain reaction 

propagation of failure. Vertical pillars appear generally quite stable. 

Keywords NuMerical modelling; Model calibration; Failure patterns. 

*GroUnd Control Engineer, Elliot: Lake Laboratory, CANMET, Energy, Mines and 
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111 1 gal 
3 2329 00056242 6 



11

ETAZ.ŒNAGE DU MMÈLE NPŒD DU DÉPLAGEMENP DE LA

DISOL^NTINUITÉ DE LA ZCQtE A DE LA MINE CAMPBELL RED ?,AKF!

D.S.G. H'asison

RESUMÉ

Depuis les vingt dernières années des coups de toit se produisent

dans la zone "A" de Campbel7. RRed. Iake. Au cours des travaux réalisés par

Golder Associates sur la modélisation NFnM des zones "F." et "F-2", on a

proposé d'effectuer l'étalonnage du modèle NFCLD de la zone "A". Les données

recueillies à partir d'observations visuelles depuis 1965 et celles des

observations microsismi.ques ont été cœbinées aux données du modèle NF= des

applications de l'affaisement élastique et non élastio de la géométrie

actuelle de la zone "A". On a en outre effectué des analyses avec et sans la

présence de remblais afin de vérifier les prédictions du modèle par rapport

aux conditions réeles de rupture observées par le personnel de la mine.

Le modèle NF= étalonné a montré deux modèles d'effondrement en

développement déjà observé dans la mine, a illustré aussi l'étendue de

l'effondrement tel que remarqué lors des observations souterraines, et dans

certains cas a démontré l'effet stabilisateur du remblai sur les piliers de

point de soutirage et les piliers de fond. Les niveaux de tension s'élevant à

environ 100 MPa semblent critiques pour les piliers de point de soutirage et

des tensions critiques progressivement plus elevées sont nécessaires pour les

parties confinées des piliers de fond et des centreforts. Plusieurs piliers

de point de soutirage et de fond révèlent une géométrie d'extraction élevée et

sont extrêmement meta-stable, indiquant la possibilité d'une réaction de

propagation de l'effondrement à la chaîne. Les piliers verticaux s'avèrent

généralement assez stable.

MMS-C7.ÉS : Modélisation numérique, étalonnage de modèle, configuration de
l'effondrement.

* Ingénieur de contrôle du sol, Laboratoire d'E7.liot Lake, CAWŒT, Énergie,
Mines et Ressources Ckmda, FI 1 lot Iake, Ontario.
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INTRODUCTION 

This report describes the set-up and initial results of the computer 

stress models using Golder Associates NFOLD computer program for the Campbell 

Red Lake Mines in Ontario. Models of the "A" and "A-1" zones were completed 

during June 1986 at the Elliot Lake Mining Research Laboratory. 

PURPOSE OF WORK 

The intent of this report is to be supplementary to the work carried 

out at Campbell Red Lake Mines (1), and Golder Associates (2) during September 

1985. 

This report goes somewhat further in attempting to calibrate the NFOLD 

model to the "A" and "A-1" zones incorporating the presence of backfill in the 

mining stopes. 

DESCRIPTION OF THE A, A-1 ZONES AND ROCKBURST HISTORY 

The "A" and "A-1" zones are two of several ore zones present within the 

Campbell deposit. These zones strike northwest and dip 75-80 0  to the 

southwest, and are contained within the mafic-ultramafic meta-volcanics. 

Within the "A" zone mining by overhead shrinkage down to the 1002 level was 

followed by the cut-and-fill method below using hydraulically placed mine 

tailings. More recent mining of the "A-1" zone has involved the same cut-and-

fill method. 

Most of the early rockburst activity occurred in the shrinkage stopes 

while attempting to recover the sill pillars. Those events have been 

reasonably well documented since 1965, both through visual observation and 

later through microseismic source location. 

Those events of a violent failure occurred when the "A" zone geometry 
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was much different from today. A sequential account is shown in both Table 1 

and Figure 1. 

The occurrence of these bursts was due to the high degree of extraction 

in the Campbell Red Lake "A" zone, and possibly the presence of the mine 

workings in the adjacent Dickenson Mine (Figure 1). 

For the most part the following observations can be made: 

a) the rockbursts were nearly exclusively confined to the boxhole pillars; 

b) two types of failure sequences were observed: (i) the west and east 

extremities of a boxhole/sill pillar combination failed first 

sequentially migrating towards the centre, or (ii) the rockburst failure 

migrated from east to west along a boxhole/sill pillar; 

Examination of the high degree of extraction when looking at a 

longitudinal section of the mine suggests the possibility of pillar bursting, 

especially as the host rock has been described as being extremely brittle. 

DESCRIPTION OF THE NFOLD PROGRAM 

NFOLD is a three-dimensional displacement discontinuity, stress and 

displacement analytical method. It is more advanced than the similar DZTAB 

program in that it can incbrporate not only elastic, but post-failure 

properties as well. 

In the modelling completed on the "A" and "A-1" zones the individual 

elements were rectangular rather than square as was the case of older NFOLD 

program models. 

For the elements incorporated in the model, the loading modulus, peak 

strength, unloading modulus, and residual strengths are specified according to 

the extent of confinement. Those elements near the immediate stope opening 

are assigned lower strengths compared to those further into the rock mass. 

Failure is simulated as the strength of a particular element is 
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. Table 1 - Previous rockbursts at Campbell Red Lake Mine - "A" zone 

Location Year 	 Date 	 Sequence 

502E Crown 
/I 

602E Sill 
902E Sill 
1002E Sill 

602E Sill 
602 702E Sills 

1002E Sill 
702E Sill 
1002E Sill 

802E Sill 
802E Sill 
802E Sill 

702,802E Crown 
802E Sill 
802E Sill 
1002E Sill 
802E Sill 
802E Sill 

702E Sill 
702E Sill 

1002E Sill 

10C2E Sill 
1002E Sill 

802E Crown 
702E Sill 
702E Sill 

1002E Sill 

1002E Sill 

1002E Sill 

902E Drift 
1002E Drift 
802E Drift 
1002E Drift 
902E Drift 
1002E Drift 
1002E Drift 
902E Drift 
502E Drift 
702E Drift 
902E Drift 
902E Drift 
1002E Drift  

1965 	 Feb. 7 	 1 

	

Feb. 16 	 2 

	

April 28 	 3 

	

June 19 	 4 
July 2 	 5 

1966 	 Sept. 27 	 6 

	

Nov. 1-3 	 7 

1967 	 April 28 	 8 

	

June 24 	 9 

	

July 11 	 10 

1970 	 April 20 	 11 

	

May 15 	 12 

	

Nov. 18 	 13 

1971 	 Jan. 9-10-11 	 14 
Jan. 15 	 15 
Jan. 19 	 16 
Jan. 26 	 17 
Feb. 4 	 18 

Feb. 8-9 	 19 

1972 	 April 3 	 20 
June 19 	 21 

1975 	 Mar. 11 	 22 

1976 	 Feb. 7 	 23 
June 17-30,Aug. 23 	 24 

1977 	 May 19 	 25 

	

Sept. 15 	 26 
Nov. 2 	 27 

1978 	 Nov. 28 	 28 

1980 	. May 7-12 	 29 

1981 	 May 14 	 30 

1986 	 March 29 	 31 

	

March 29 	 32 

	

March 29 	 33 

	

March 29 	 34 

	

March 29 	 35 

	

March 29 	 36 

	

March 29 	 37 

	

March 29 	 38 

	

March 29 	 39 

	

March 29 	 40 

	

March 30 	 41 

	

March 30 	 42 

	

March 31 	 43 

Cont. overleaf 
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Table 1 — Continued 

Location 	 Year 	 Date 	 Sequence 

	

602E Drift 	 1986 	 April 1 	 44 

	

602E Drift 	 April 1 	 45 

	

902E Drift 	 April 7 	 46 

	

802E Drift 	 April 7 	 47 

	

902E Drift 	 May 4 	 48 

	

702E Drift 	 May 26 	 49 

	

702E Drift 	 May 26 	 50 

	

1002E Drift 	 June 5 	 51 

	

702E Drift 	 July 30 	 52 

	

902E Drift 	 July 30 	 53 

	

702E Drift 	 July 30 	 54 

	

802E Drift 	 July 30 	 55 

	

402E Drift 	 July 30 	 56 

	

702E Drift 	 July 31 	 57 

	

602E Drift 	 August 2 	 58 

	

602E Drift 	 August 3 	 59 

	

602E Drift 	 August 3 	 60 

	

602E Drift 	 August 3 	 61 

	

602E Drift 	 August 15 	 62 

	

602E Drift 	 August 15 	 63 

	

402E  Drift 	 August 15 	 64 

	

402E Drift 	 August 15 	 65 

	

602E Drift 	 August 20 	 66 

	

502E Drift 	 August 20 	• 	 67 

	

602E Drift 	 August 20 	 68 

	

602E Drift 	 August 22 	 69 

	

402E Drift 	 August 23 	 70 

	

302E Drift 	 August 23 	 71 
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Fig. 1 - Former sequential rockburst locations at the Campbell 
Red Lake Mine - "A" zone. 



exceeded, resulting in stress transfer to the more competent elements which 

have not failed. Failure growth can, therefore, be simulated as well. The 

model is said to be calibrated when the degree of failure predicted for a 

mining geometry is in reasonable agreement with the actual degree of failure 

witnessed at the mine for the same geometry. 

The procedure in general is to model a particular mining geometry using 

elastic propertiewassigned to the model elements representing the unmined 

portions of the rock mass, until the onset of failure. A small degree of 

mining from this point on will therefore result in more failure. These stress 

conditions are used as an estimate of the failure strength of elements in, or 

near, the known failed areas. 

Post failure elements are then incorporated in the mined geometry at 

the onset of failure with various load-deformational properties assigned 

according to their degree of confinement. Here the weaker elements fail and 

transfer stress over to the stronger . elements (having higher confining 

stress). 

Adjustments in the assigned element peak strengths are carried out 

until the observed and predicted results agree favourably. This exercise is 

known as calibrating or 'fine tuning' the model for future mining strategy. 

As a result future mining 'scenarios' can be evaluated effectively once the 

model's predictability has been verified. 

INPUT PARAMETERS - NFOLD 

The in situ field stress measurements were taken by CANMET's Elliot 

Lake Laboratory (3). Table 2 shows the results of the Campbell Red Lake data 

in relation to a percentage differential with other Northern Ontario data. 

The following input data was used in the NFOLD model: 

Modulus of deformation 69000 MPa 



0Ha=47 

 aHa/av=1.4 

34 	55 	1.6 

6% 	17% 	14% 

Table 2 - Evaluation of field stresses, Campbell Red Lake Mine. 
(B. Arjang) 

Depth 	 Field Stresses (in MPa), CRL Mine 	 Northern 

Below 	Test No. 	al 	 az 	a3 	av 	aHa 	aHa/av 	Ontario Data* 

Surface 	 Brg./Dip 	Brg./Dip 	Brg./Dip 	% Diff. x 	% Diff. 	% Diff. 	(MPa) 

625 m 	CRL T1-2 	23 	15 	10 	14 	19 	1 .4 	av=16, alien 

(14 	CRL T1-3 	0600 /40 0 	214 ° /33 ° 	134 ° /33 ° 	122 	42% 	6% 	alla/av=1.5 

combined 

990 m 	3 test 	53 	24 	12 	25 	38 	1.5 	av=26, a11a=44 

(22 L) 	combined 	087 ° /16 ° 	322 ° /57 ° 	185 ° /26 ° 	4% 	13% 	7% 	aHa/av=1.4 

	

1220 m 	CRL T3-2 	70 	41 	31 

	

(27 L) 	CRL T3-3 	230 0 /10 0 	0200 /76 0 	140 ° /07 °  
combined 

Differences of vertical (av), average horizontal ( . 011a) stresses and stress ratio (uHa/uv)  with 
Northern Ontario data. 

* Northern Ontario data, obtained from stress gradients in the Canadian Shield (7,8) defined as: 

av  = 0.027 MPa/m (obtained from overburden weight). 

aHa = 

aHa = 33.41 MPa + 0.0111 MPa/m (900-2200 m depth below surface). 

alla/av = 251.68 + 1.14 
depth m 

9.86 MPa + 0.0371 MPa/m (0-900 m depth below surface). 
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Poisson's.Ratio 0.2

For the primitive stress components in relation to the orebody the

assignments were:

BXX (horizontal stress perpendicular) = 0.046 MPa/m depth

BYY (horizontal stress parallel) = 0.027 MPa/m depth

BZZ (vertical stress) = 0.027 MPa/m depth

The shear stresses BXY, BXZ, and BYZ were assigned zero values as the

in situ field stress measurements recorded near zero strain values.

As no stress measurements had been taken near surface, the following

stress components representing the intercept at surface were assigned zero

values.

AXX = AYY = AZZ = 0.0 and AXY = AYZ = AZX = 0.0

where, 6XX = AXX + BXX.Z

vyy = AYY + BYY.Z

6ZZ ° AZZ + BZZ.Z

axy = AXY + BXY. Z

clYZ = AYZ + BYZ.Z

I"XZ = AXZ + BXZ.Z

Previous NFOLD models completed by Golder Associates, Vancouver did

assume the same values for the Z = 0(depth below surface) intercept.

The stress measurements were taken from the "F", "G" and "L" zones at

Campbell Red Lake Mines.

In order to compare the former modelling results with the current,

input parameters were changed only if the new data suggested considerable

differences.

DESCRIPTION OF THE COARSE NFOLD MINE MODEL

it

The NFOLD model was considered appropriate for modelling the "A-1" and
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"A" zones as both are tabular orebodies of reasonably consistent strike, dip 

and thickness. In particular, the zone thicknesses are small in relation to 

their other orebody dimensions. The capability of the model to include 

multiple folds allowed the superimposition of the "A-1" hanging wall zone on 

the main "A" zone. 

Analysis of the "A" and "A-1" zones involved a series of various 

modelling runs using the following format: 

a) The "A" and "A-1" zones were modelled elastically covering an areal 

expanse as shown in Figures 2 and 3. The mining pattern, perpendicular 

stress and convergence output files were examined. 

b) A windowed portion of the "A" zone through the "SOALNF" option (Figure 

2) was completed, and again an elastic analysis involving inspection of 

mining pattern, perpendicular stress and convergence output files. 

c) Analysis of the 'window' on the "A" zone using yielding elements to 

account for post-failure behaviour was completed, and observations 

concerning mining pattern, failure areas, perpendicular stress, 

convergence, and factors of safety examined. 

d) The above three routines were followed through once more incorporating 

the effects of backfill as a stabilizing medium in improving the general 

ground conditions in the mine. 

The initial coarse mine model was established as shown in Figure 2 and 

3. This resulted in 14 joints being created on strike for the "A" and "A-1" 

zones, 30 limbs down dip for the "A" zone, and 17 limbs down dip for the "A-1" 

zone. The above structure resulted in a total of (14 x 47 x 25) 16,450 

elements having dimensions of 12.18 m on strike and 6.10 m down dip. An 

earlier coarse run failed to execute as it had exceeded the 50 combined limb 

limit now assigned to the current NFOLD program capability. 

The dip of the orebody was assumed to be  800  with a thickness of 2.0 m 
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measured from hanging wall to footwall. 

RESULTS  OF ANALYSES  - COARSE  MODEL 

The coarseness of scale of the large 12.18 by 6.10 m elements did not 

allow accurate modelling of the boxhole pillars on each level so these pillars 

were modelled as solid crown pillars, as had been done in the past "F" zone 

models. As the element dimensions were smaller in the down dip direction than 

horizontally, the printer plots for all output are stretched which distorts 

the vertical dimensioning of the mine geometry. 

Figures 4 and  $ show the perpendicular stress levels for the elastic 

analysis of the "A" and "A-1" zones. The stress levels reflect elastic 

unmined portions where failure was not allowed to occur. Consequently, some 

stress levels are very high, and in actual fact would have failed. 

The effect of the previously mined "A" zone on the perpendicular stress 

levels experienced in the "A-1" zone is evident by the stress shadowing in 

Figure 5. Stress levels are maintained at, or are slightly higher than, the 

virgin perpendicular values for the same depth along the barrier pillar (Joint 

10, limbs 31-45), but on either side of the pillar there is compressive stress 

reduction. The reduction seems more prevalent opposite those areas (1402-1, 

1206-1106, 13-1355, 8-1552 stopes) where the areal exposure is greatest. If 

any future stopes ("A-1" zone) were to be considered in the reduced stressed 

regions, these future stoping blocks would benefit as normal stresses would 

probably be fairly low with reduced stress related problems. 

For the "A" zone, the only sill pillar that appears to be highly 

stressed is the 806E pillar (Figure 4). Stresses are reasonably high in the 

east end of the 1106, 1206 sills, and western portions of the Dickenson Mine 

appear to be extremely highly stressed due mainly to the high degree of 

extraction. 

The presence of the small "A-1" stope above the 804 level has reduced 
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Fig. 4 - Elastic conditions, no backfill - normal stresses, "A" zone. 
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MMLMWSS 	 FACTM. mmo 	mœrrmmezumn.n.loo 

	

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 
12.2 	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 1 1 1 1 1 1 1 1 	1 1 	1 2 2 1 1 1 	 11  
12.4 	1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 	1 	1 2 2 2 1 1 1 
12.7 	1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1  11 	1222  1  11  
13.0 	1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 1 1 	1 2 2 2 2 1 1 
13.2 31 	1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 1 1 	1 2 2 2 2 1 1 
13.5 	1111  2 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 2 1 1 1 1 2 2 2 2 2 2 2 2 2 2  111 	1 2 2 2 2 1 1 
13.8 	1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 	1 1 1 1 1 	1 2 2 2 2 1 1 	 1 

, 	HA 	1112221111111111111111111 	 11111 	122221111111 	11 	1 
8041, 	MA 	22222221111111111111111111 	 11111 	12222111111111111 	11 

HA  3222222222111111111111111111 	 111111 	1122211111111111111 1 1 
14.9 	2222222211111112221111111122222222 	111111 	112221111111111111 111  
15.2 	2222222211222222221111 	11112222222 	1111111 	112221111222222111111 
MA 	2 222222211222222222111 	11111112221 1111111 	11222222[222222[11112 
15.7 	2222222211222222221111111111111111 	1111111 	112222222222222211122 
MA M2222222211222222221111111111111111 1111111 112222222222222211222 
MA 	2222222211222222221111111111111111 1111111 112222222222222111122 
MA 	2222222222222222221111111111111111 1111111 122222222222222111222 
MA 	2222222222222222222111122222222222 2222222 222222222222222211222 
17.1 	2222222222222222222222222222222222222222222222222222222222221222 
MA  342222222222222222222222222222222222222222222222222222222222221  222  
17.6 	2222222222222222222222222222222222222222222222222222222222221222 
17.9 	2222222222222222222222222222222222222222222222222222222222221222 na 	2222222222222222222222222222222222222222222222222222222122221122 
MA 	2222222222222222222222222222222222222222222222222222222 122221112  
10.7 332222222222222222222222222222222222222222222222222 122222222221111  
CA 	222222222222222222222222222222222222222222222232212222222222 1112  
19.3 	2222222222222222222122221222222222222222222222322122222222221112 
MA 	2222222222222222211111111222222222222222222222322122222222111112 
PA 	22222222222222222111111 11122221122222222222222322112222111111112  
MA  362222222222222222211! 11111222221122222211111222322112221111111122  
20.3 	2222222222222222221122222222222222222211111222332112222111111122 
MA 	2222222222222222222222222222222222222211111222332112222111111122 
MA 	2. 222222222222222222222222222222222222211111223332112222212111122 
ma 	2222222222222222222222222222222222232211111223332112222222211223 
MA  37222222222222222222222222222222222222221 1111123332112222222221223  

21.7 	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 1 1 1 1 1 1 2 2 3 3 2 1 1 2 2 2 2 1 2 2 2 2 2 2 2 3 3 2 2 2 2 2 
22.0 	2 2 2 2 2 2 2 2 2 2 2 2 2 2 g 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 2 2 3 3 2 1 1 1 2 2 1 1 1 2 2 2 2 2 2 3 3 2 2 2 2 2 
22.3 	2 2 2 2 2 2 2 2 2 2 3 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 1 1 1 1 1 1 2 2 3 3 2 1 1 1 2 1 1 1 1 2 2 3 2 2 2 3 3 2 2 2 2 2 
22.5 	2 2 2 2 2 2 2 2 2 2 3 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 1 1 1 2 2 3 3 2 1111111 1 2 2 3 2 2 3 3 3 2 2 2 2 2 
22.8 Zli 2 2 2 2 2 2 2 2 2 2 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 3 3 2 1 1 1 1 1 1 1 1 2 2 3 2 2 3 3 3 3 2 2 2 238 
23.1 	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 3 3 3 2 2 1 1 1 1 1 1 1 1 2 3 2 2 3 3 3 3 2 2 2 2 
23.3 	2 2 2 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 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 3 3 2 1 1 1 1 1 1 1 1 2 3 3 3 3 3 3 3 3 3 3 2 
23.6 	2 2 2 2 2 3 3 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 3 3 3 3 3 3 3 3 3 2 2 3 3 3 3 3 2 1 1 1 1 1 1 1 1 2 3 3 3 3 3 3 3 3 3 3 3 
23.9 	2 2 2 2 2 3 3 2 2 2 2 2 2 3 3 3 2 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 2 2 1 1 1 1 1 1 1 1 2 3 3 3 3 3 3 3 3 3 3 3 
24.2 39 2 2 2 2 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 3 3 3 2 1 1 1 1 1 1 1 1 1 2 3 3 3 3 3 3 3 3 3 3 339 
24.4 	3 3 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 4 5 6 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 1 I 1 2 3 3 3 2 1 1 1 1 1 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 
24.7 	3  333  3 3 3 3 2 2 2  22  3 3 3 3  44 	7 6 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 1 1 1 1 2 2  33  2 1 1 1 2 2  21  2 2 2  33  3 3 3 3 3 3 3 3 3 
25.0 	3 5 3 3 3 3 3 3 2 2 2 2 3 3 4 4 4 4 5 	4 3 3 3 3 3 3 3 3 3  33  3  33  3 2 1  11  1 1 2 3 3 2 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 
25.3 	3 3 3 3 3 3 3 3 3 2 2 2 3 5 6 6 7 7 8 	5 4 3 3 3 3 3 3 3 3 1 3 3 3 3 2 2 1 1 1 1 1 2 3 3 2 1 1 2 3 3 3 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 
25.5 40 3 3 3 3 3 3 3 3 3 3 3 3 5 	 7 6 4 3 3 3 3 3 3 3 3 3 3 3 3 2 2 1 1 1 1 1 2 3 3 2 1 2 2 3 3 3 2 2 233 333 333 3 3 3 340 
25.8 	3 3 3 3 3 3 3 3 3 3 3 3 	 5 3 3 3 3 3 3 3 1 3 3 3 3 2 1 1 1 1 1 1 2 3 3 2 1 2 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 
26.1 	3 3 3 3 3 3 3 3 3 3 3 4 	 3 3 3 3 3 3 3 .1 3 3 3 3 2 1  111  1 1 2 3 3 2 1 2 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 
26.3 	3 3 3 3 3 3 3 3 3 3 3 4 	 4 3 3 3 3 3 3 3 3 3 3 3 2 2 1 1 1 1 2 2 3 3 2 1 2 2 3 2 2 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 
26.6 	3 3 3 3 3 3 3 3 3 3 3 4 	 5 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 3 3 2 2 1 2 2 2 2 1 1 2 2 3 3  3  3 3 3 3 3 3 3 3 3 
26.9 41 3 3 3 3 3 3 3 3 3 3 3 4 	 4 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 3 3 2 1 1 1 2 2 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 341 

, 	27.2 	3 3 3 3 3 3 3 3 3 3 3 3 5 6 7 7 7 788 8 7 7 6 6 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2111111 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 
1404 L 	27.4 	3 3 3 3 3 3 3 3 3 3 3 3 4 4 5 5 5 5 6 6 5 5 5 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2  11 11  1 1.1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 

27.7 	3 3 3 3 3 3 3 3 3 3 3 3 4 4 5 4 5 7 7 8 7 7 6 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 2 1 1 1 1 1 1 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 
28.0 	3 3 3 3 3 3 3 3 3 3 3 5 6 6 6 5 5 	5 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 2 2 1 1 1 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 
28.3 42 3 3 3 3 3 3 3 3 3 3 3 	78 	7 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 .3 2 1 1 1 1 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 342 
28.5 	3 3 3 3 3 3 3 3 3 3 4 	 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 2 2 1 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
28.8 	3 3 3 3 3 3 3 3 3 3 4 	 5 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
27.1 	3 3 3 3 3 3 3 3 3 3 4 	5 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

1504L 	29.4 	333333333469101111121MMeMMW*5433333333333333333344443332223333333333333333 
29.6 43 3333333334 	 643333333333333333334444433323333443333333333343 
e.9 	3333333334 	 433333333333333333444444332223334443333333333 ma 	3333333334 	110 MPa 	433333333333333444444444432223334443333333333 
MA 	3333333334 	 7433333333333333444444444432233344433333333333 
30.7 	3333333334 	 5433333333333333444434444432233344433333333333 
MA 443333333334 	 5 4 3  3333  3 3 3 3 3 3 3 3 3 4 4 4 4 3 3 4 4 4 3 3 2  233 4  4 4 3 3 3 2 3 3  33 33  3 344 

	

31.3 	3 3 3 3 3 3 3 3 3 4 6 7 7 8 8 8 8 8 8 8 8 8 7 6 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 3 3 3 3 4 4 3 3 2 2 2 3 3 4 4 3 3 2 2 2 3 3 3 3 3 3 3 

	

31.5 	3 3 3 3 3 3 3 3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 3 3 3 3 4 4 3 3 2 2 2 3 3 4 3 3 3 2 2 2 3 3 3 3 3 3 3 

	

31.8 	3 3 3 3 3 3 3 3 3  44  4 4 4 4 5 5 5 5 5 5 5 4 4 4 3 3 3 3 3 3 3 3 3 3  44  4 3 3 3 4 3 3 3 2 3 3 4 3 3 2 2 2 3 3 4 3 3 2 2 2  23  3 3 3 3 3 3 

	

32.1 	3'3 3 3 3 3 3 3 3 4 4 4 4 5 5  57 777  7 6 4 4 4  33 33  3 3 3  333  4 4  33 333  3  32  2  33  4 3 3 2 2  334  4  3322  2 2 3 3 3 3  333 

	

 
32.4 45 3 3 3 3 3 3 3 3 3 4 5 6 6 6 6 7 	5 4 4 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 3 3 2 2 2 3 3 4 4 3 3 3 3 3 4 4 3 2 2 2 2 3 3 4 3 3 3 3 345 

	

32.6 	3 3 3 3 3 3 3 3 3 4 	 6 4 4 3 3 3 3 3 3 3 3 3 4 4 4 3 3 2 2 2 2 2 2 2 3 3 4 4 3 3 3 3 3 4 3 3 2 2 2 2 3 3 4 3 3 3 3 3 

	

32.9 	3 3 3 3 3 3 3 3 3 4 	 4 4 3 3 3 3 3 3 3 4 4 4 4 4 3 3 2 2 2 2 2 2 2 3 3 4 4 3 3 3 3 4 4 3 3 2 2 2 2 3 3 4 3 3 3 3 3 

	

33.2 	3 3 3 3 3 3 3 3 3 4 	 4 4 4 3 3 3 3 4 4 4 4 4 4 4 3 2 2 1 1 1 1 2 2 3 4 4 4 4 4 4 4 4 4 4 3 3 2 2 3 3 4 4 3 3 3 3 3 

	

33.4 	3 3  33  3 3 3 3 4 4 5 6 6 6 6 6 7 7 7 7 7 6 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 2 2  1111  2 2 3 4 4 4 4 4 4 4 4 4 4 3 3  23  3 3 4  44  3 3 3 3 
33.7 46 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 2 2 1 1 1 1 2 3 3 4 4 4 4 4 4 4 4 4 3 3 3 2 3 3 3 4 4 4 4 3 3 346 

	

34.0 	3 3 3 3 3  33  3 4 4 4 4 4 4  444  4 4 4 4  44  4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 2  111  2 2 3 4 4 4 4 4 4 4 4 4 4 3 3 2 2 2 3  3444  4  33  3 

	

34.3 	1 3 3 3 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 4 4 4 4 4 4 4 3 2 2 2 2 2 3 3 4 4 4 4 4 4 4 4 4 4 3 3 2 2 2 3 3 4 4 4 4 4 4 4 

	

34.5 	3 3 3 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 4 4 4 4 4 4 4 4 3 2 2 2 2 3 3 4 4 4 4 4 4 4 4 4 4 4 3 3 2 2 2 3 3 4 4 4 4 4 4 4 

	

34.8 	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 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 2 3 3 3 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3 3 3 4 4 4 4 4 4 4 4 
15.1  47 4  4  444  4 4 4 4 4 4 4 4 4  444  4 4 4 4 4 4  44 444  4 4 4 4  444  4 4 4  333  3 3 3 4 4 4  44  4.4 4  44  4  44 3 333  3 4 4 4  44  4 4 447 

1 	2 	3 	4 	5 	6 	7 	B 	9 	10 	11 	12 	13 	14 
MOLMRPSSCCIATES 	CAMPBELL RED tie A i A-1 IOW..5 ELASTIC 	 ii05[861706:19:1:: 

Fig. 5 - Elastic conditions, no backfill - normal stresses,  1tA-1" zone. 
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stresses within the central core of the 806E pillar in the "A" zone, but has 

streamlined stresses around its east and west extremities to increase the 

perpendicular stresses to both east and west ends of the 806E sill pillar. 

The stress reduction, however, has only been slight. 

The 806E pillar stress response does not reflect the mine sequencing 

history of the 806E pillar in relation to the overall mine geometry. In 

actual fact, the perpendicular stresses in the central core were probably 

higher than indicated, and the east and west extremities somewhat lower, as 

the "A" zone had been mined out years before the "A-1" zone geometry's 

influence in this immediate area. 

The 1502 sill in the "A-1" zone appears to have high enough stresses to 

suggest that pillar failure could occur. In other sills the ore is much too 

wide at the moment to be experiencing failure. 

Figures 6 and 7 reveal the type of convergence expected assuming no 

fill is present in the stopes. Convergence is incorporated into the analysis 

as the source of rock bursting is due, not only to the stress levels within 
: 

the unmined elements within the ore seam, but the potential energy of the wall 

rocks as well. Also, in order to compare the positive effects of the presence 

of backfill in the stopes in providing confinement to the stope walls, it is 

necessary to examine the convergence of the walls of stopes first without 

backfill and then with backfill to see the net effect. 

Figure 7 also shows that some divergence in the areas of the 

reduced perpendicular stress shadows has occurred. The influence of the "A" 

zone on the "A-1" zone has caused stress reductions in several locations, but 

the reverse is not true. A possible explanation is that the "A-1" zone's 

limited areal extent results in a much reduced influence on the "A" zone. The 

convergence results support this relationship. 
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Fig. 6 - Elastic conditions, no backfill - convergence, "A" zone. 

011111111113 

16 
46111 • 	1.1014 	1.0110 slugU11111 • 12.01/ 

3 	6 	2 	4 	 8 
00 III @@@@@@ 000000000000o0o00000 OOOOOOOOOO 
00000000060000000000000000000000000000000o 
00000000111222212233 444444444 3111720000m 
000000012227231144555 4444444 3555031222710o 
00000001227233340564/7777777766/1431331200 
0000061222331101547 44444 44444 771141004300 
000000122272213 4444444 01004101001811531441020 
0000000000000000171110411411409117500145410 
000000000000014457144400012124409175110055530 
000042221133155668101411111114e017000313540 
00000312 44444 564711104044144011121047000455540 
00004310041141661110120004515001211047060015540 
00002333331014551671115M411110 444444 140440 
0000000 444444 0000011204M1411408798000000040 
00013 3000 4 3 00011 1 1 1 113016110111415111 19040 0 000 0 4 0 
0 000 1 5 414 5 4 0017 77191014141711081114151211910 80054 0 OSO 
o 004 511 5545 007 0101011121341718111818171511 1 11010910 4 é 0220 
0 0 0 433  I 5 6 5 5 0 11011121314130111116011171512 4 1101110 1 6 7 7 Cl 40 
0 0 38 0 4 54 6 00  8111213101117111/0204411171511 8 811121110 1 7 é 7410  

0 0000 000 0 000012111011140111162820111714;111011171211 44444 7 0 
o 000 0 00000 0 101121114151718010202810110131010121712111014 11010 
0 0045115450 0 4101213101501120202121/117131 11012121212100010 8 0 
00 54 7 7 7 7 400  701211141516112021212120101713 1 71015 61111 0 0 411  4 0 
000547 8117 c 0 7 010111131111471212120101412 0 1 1,1010900411 10 
O  004 54711 7 0 8 4 7 1 1 01012127071712120114n 04 7 167 8 700 IMO 0 
o 00000 6 7 7 é 11001111 1 117702121212C015 100:101110011211 0 
0 000 0 011III0IIIIII11770212I201,1/14I0 0 000 0 1111111411 0 
00 420 é 7 8 11111 1 01010:2177067201181613 0 0 0 0 00111012121515i2 0 
38 7 1 7 0 110101111111111212111311111010017161411 00  1 I 1 1121611717171713 0 
4 7 44444 114121212111311131111160181117131211 40 0101117111714202020201814 0 

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 0 
6 71811001011111111112121311314151115110 4 8 110121711127211125121214 1 
5 66 745  7 1118199 01010111101111111110 91171310202771112027772420221i 1 
o0o001111111111111111111111101111 121201114121271:10 t 
000007 8 70006011111111111111112111741111030071162117 
000001010011101010101011111111100011520225271103131311702317 1 
0000121111018100121313131314110140131111 1111021177111132123120216311 1 
0 0 0 0 0 91111 01111112131418141115:515144141412 11111271017432111131116714 I 
00000110101011111112131113141411010104101112 1117111241771111117113115 1 
000004118 0 0110t01011111111111111101110 1 11113141614213114143111111511 0 
00000 000111111 1 1 1 1 11111 11111111 Z77373400320 2 110 
0000 0 0001 1 III 1 11111110101 1 1 1 1 112271234/1221 2110 
0000 000001011111212121121212171047 11113131115161,2837141110211711 
00000000111415151411416144161512  61 115171118191021142123130143717131711 
0000000111111612171118181818111611 1 112171920201122271111214301330217311 
0000000 11316171717111111111111116 III 1214181427717227272577723932340412302120 
00000001011151516100171717171114 1111140111002021212141171141015112021 
0 0 7 0 0 0 0 111111212121313131313114 1111311111411151514101741920211.300343073 
000 0 001 1 111111111111111111111111112 17107153124 
000007 91011111111111111514111111111117 7373111363321 
0 o 0 o 0 112012012111241314101511 1102121111716161041617171118207731371373470 
o0o00013151515161414171118191607175732410121217121•eue034242931373/31.121 
co0000131116460017i1111197123242126/012717422212474701207131341713113à29 
olo000121011:5111516417112120272220313021111/42124207021247(0111336181343121 
00000091112121112121211141024292.I377231277421122.737123240117130133130377223 
occo001111111111121303734113:21281/011191072021=747710171321 
0 o00004t148440104 124311=1421 7 2 2 2 2 2 2 2 7 2 2 2 2 2 71:817300 
00000 01111 01860000 121313414323321217026707171217172 -12/320111173474 
0000001212 0 000000015753133301412177267615216620212627111311117363377 
o o o 0 012:2 0 0 0 0 0 0 11826307331111103121117277171211171113031323433.3172110 

PO H 	II 	II 	04 

0000000 0o006006010106110 
000000000000000000000041 
000 000000000000000000000 
0 000000000000000000000001 
000000000000000000000006 
000006000000000000000006 
000000000000000000000006 
713127700000000000000000 
1300113000000000000000001 
3 44444 300000000000000000 
445030300000000000000000 
341544300000000000000006 
134443000000000 , 00000004 
00000000000000000000000111 
004410000000000000000004 
00144000000000000000000o 
004.00000000000000006000 
006150000000000000000006 
0011410000000020000000004 
007170000000005400000000 
00117000000005450 000cO0e 
051986000004677500000000 
0511110414000787400000000 
0011105550011470000000001 
001170554001167000000000 
006760000004771000000006 
00000000000ii1,0000000000 
000000000007010000000000 
11$1111000114000000000004 

0 1072323140401414242144373234112516 0 0 6 010 
0 123313411404041010140003837143124130000 
0 1751224013/2191440404031313731107110000 
11474111111173737373718314371634747210016 
11161337.134341404343531300132211 10004 
12024111030307174291031123331312411 1 004  III 
002471711122712121211253110217115 70006 
11922 21 2 2 2 2 2 2 2 2 11212•20 1 0 0 o 0 
11120 121111/1111111310721111115 1 0 0  806 
11017 119101914111121124 211000000 
1 11111417111111114211 1 1 1 00000 Oil 

11011121212140 8 0 0 0171113  8000  0 000 et 
111416170i6161411 0 0 1144101 0 o 0 00 0 00 0 o 
1317110202601711 0 01016171510o0o000opo 
1511717117211015 t 013111814 600 0 0 0 0004  
161111242024211010 7 110107616  I 0 0 0 4 0 0 o 0 é 1 
14222126262624214 1 11111117 I 000  6 7 1 0 0 
1223212111272127141 12024210 1 0 0 01010800o 
1722271241202113 11422727120 1 0 0 01111 4000 
16212701112M 1 1107511272111 0 0 0111210 0 0 o 
13122171203014 1 12127202035171 0 01111 / 0 0 0 1 
1121113170 721  7213031112121 1 4 11010 1 0 0 1 
121713132303121217243213133020 1 1 1 1 1 I 0 0 0 
121213131123021214121312112271116151412 4 0  00 
121283131143.M711115143710410216:21191510 0 0 
12027111113215143417 7741717112116 4 0 0 0 4 
114711434107 	 "' 	1171006 
11 7232711171111004041 	3474 o.. . 
113172232373140114141421241401.0113025110000 	14 () mrn 
011231123141411120242101313613126110000 

MA 

7.5 

902L  57.4 Ii 
OA 
MI 
M1 
nA 
MA g 
CA 
0.5 
OA 
284 
1.1 
78.6 

21.4 

ik; 4 
 22.2 

773 
22.11 
73.1 17 
25. 3 
23.4 
714 
24.2 
74.4 II 

00000011400000 0 0 11477283030361371776721111782112007003170312307720 
000000100000 0 0 01111112026761716101171525732524211427•10u,4277520 
000000000000 0 0 01115170701001111019111919119110202026212121212120110 
0 0 00000000000001 12 2 2111111111111111111222111 4 
011000000000000012131511151 111111111111111111111114 
000000011 0000000141417 1171 1141 10171 lllll 191919191919111919141919110 
000000017170000 0 015 118 II/ 1161115 1181232074742024172163125112121212421 
0000000121700010116 116112111212214 110101262160202411020272727712162521 
000000142000 0 0141150201721733721 11022.21/..21211616.-.1-11-12024202170.2120 
0000000g 9000001111131711818191622 1161821171212001000.0m6ume0m1116 
000000700000 0 01122 2 2 2 7 713112 7 22211111112217 2 2 
0 0 0000 0 0000000141110/1121212111117 1172021210 21117 2 2 2 2 2 72017 
op0000000o000002e212520272717711711 1711517171621202021122374202424212421 
o07400co0000012070262778111191267217777797/32/42027111111112307923 
0000coo0000001121147117112121121777112410241177717113137.131341113 
000000000000015207124/112164262D1011074/.16425/1130360447416131122 
O 00000 0 000 000121111111111191110101111 1111011,1119111212517424540411211111 
0 0 0000 0 00000611s111111111111111111113013444641 3 2 1 
0000000000 0 000111111111:11111111111 114401474121 2 1 

ôôôÔôôô  0 	0131511 	5 	 'I _3740444714 
0000070000011707223217121712424202124712124:4242474741042831374745464401077 
O 00000000001721:12.7023212.0617-1111.125212076262à26281412311420430016211 
00000000000110/1212313210242074222/1723102474242 117126113114374040383477 
l0000000000131417171718181111110111118411811:111101,14191/071212127343534110 
0000 0000 01 115111111 I 111111111111111U424252314 
0 0 0 000 1 1 II 1 0 0 0 0 0 0 000 0 0 00000 0 000 0 0011112 2 2 2 1 
000 000131401715  000  0 0 0 0 000 0 0 0000 000 0 0 0 0 0 0 01 122721 
00000172172219 0 o o 0 o 0 0 000 0 0 o000 0 0 0 0 00040011126772721 1 
o000o011212042100000000000000000000000 061131637343= 

11112111114 114710171111 7 0 0 4 0 é 
1111144151161,1811272111161310000 

17141$181111181111106174261171111000000 
111717100161116171111M1111000006 
131511 117117 7 7 127121 10 0 0000413 

1 1 111 I  011003030282855 I 1 1  I 0 0 0 0 
1411 1 1151773267675242425:8 11412 o  I  0 • 
71217 110021712114/121.4.4429150c0ff 
222832  120 2242479720 221712216 o 0 0 o 
24325 III  207720  2 2 21021721114 000060 
2530271424••.À.4/1767237130/71 I 0 0 0 f 
74371 1317 7 2 2 Zer 320321 1 0 0 0 8 6 
271330 1612124Z2027343027012117 0 44444 
211432 2221137323143117111724 1   
19363474 2301107113139141224 100001 042 
9973730 2303517113/003110311,I000000 
30363913 7212117313719113071 20000000 
3110013119212271161016313477110000001 
32411234 2 2 3 334 1171122220000 000 0 

ii147 111337 233.Ve0V32?120012111 ô ô 

	

33414741241445424211-111e00004 	 
17434147314700101274 Ir121 1   
1202490049571351473é1 1=0 000 0 0 060 
7140495323512,53074 2 16118 0 0 0 0 0 0 0 017 
2411415.04.50711.500125141514 0 0 0 0 0 0 • é 
2 440601/0163514130 1 1 I 0000 0 0 0 6 

2134505085451715514412I 401f00 000 
314712421145714504032 1 8 0 0 0 0 0 0 0 0 
34413741115:305210473I 1 6000 00000•11 

1.2 	00000001 111420 0 0 0 00o0oottoocto00oortoo00001721431114648434 1341M47431112177701 0000000400 
21.5 	0004000001/400000oc0000000,0000000000115041.00015 064413273121000000000o, 
74.554 000 0 000001191000000wo o coocloct0000001113745495741035 13/148701 2 2 1126110 0 0 00o 0000 10 
MA 	0000000000000000000000o0o0oo00000000121110548408415 10(.8.52 1271142810004000 000 
30.3 mo00000014000000000o00000000000000001343407461.14 242410273411341110•0000000011 
21.6 	coo  0 0o0 00015000000000000 0 0o00 00000000073541422471132 27151141 3 1147474232100000000060 
ZIA 	0000 000 0 0 015 0 0 0 0000 o 000 000000 0  00  0 0 0 o 015733t3410174.319 34051111174851404331 100 0 0000 000 
VA  X 	00 00000 0 0;2 0 0 0 000 0 000 000000 0 0 000 0 0 01411725762026111 144045000520110413010 0 0 000 o 000 ea 
71.4 	00 00000001 100000000oc000000000000000i 11 I  I I 1 11 340515450.155000.10412410000000000 
27.7 	000 0 6 000011 15 0 0000000000000o00000000000001 I I ti 	107171721107114/111 200 0 0,0o0 o 00 
P.O 	00 0 000000110o0coo0 0 o 000 o o 0000 o o 0 000000000000 3347503031045724000.31 0000000000  
70.7 	 00 0 0000 0 02010 0 0 0 000 0 0 000 0 0 0000 0 0 000000 0 0 0 0 0 0 0 0 0 31412101104104321000 o oo 0000 

 28.5 11 00 0 00000Crerg 000000 0 0 0000 0 0000 0 0 0 000 0 000 0 0 0 0 0 oo 2541505111154401474 goo o 000000 1, 
1.1 	oo o  0000c01117o0000000000000000000o0et00 o 0 ol ! I Vo 0 234450517104420 2 100000000008e 
el 	00 0 000 0 0 01.13 0 0 0 000 0 0 0000 00000 0 0 0 000 000 0 0121112 0 00 11114111104131 21 1 100 0000 0 000 0 
30_ 3 	00 0 000 0 0 0 0 0 00000000   0000  0000 0 0 0 000 0 0 0 0 012171200 0 	12:211.1113S43.17,1101110,0 0000 0 000 é 

1502L 21122 888U888888:8888=888:888n8W088888:W08:: 01223032211000000000O1I22120262510100 00 
30.0 0000000011400000000000000000000;70000000000000 oo 120323232212100000000030200 
01A 	000000001120000000000000 0oo000000000000000000 001203117131800000000000000 

00000000004000000000100000000000000c000000000 0001117261100000110000m 
tA 	00000000011100000000000000000000000000000000000 001114210000010000000oo 
1.2 1 000000000000000000000000000000000000000000011 011 136372 1 000011277300000009 
31.3 	0000000000000000000000000000000000000000001611 0110110712000012717211000000 
21.8 	000000000000000000000040oo000000000o0o017001271 0411711011012111111000000 
22.1 	0000000000000000000080000020000 ,2000000oll1132332110120173407741o12101m2220:000oso 
MA 	(o02005.00200000000 3 o 0 o00008802(1000281122272222.181282233242080151m 543127 i002000 
DA M 00000000100600000000000000000000000606 10M030303214030  1 0 120272417  I 88 1 17104012200000161 

32.1 	000000000006000000000000000000006100015404134454232100111 1 80113431WD 10000040 
117 	0.080008.00080ornooso80000000.50o 000 t 2110e 444444 4147m10000066,1240m0/1040006. 

1702L 	=4 	00000000tIct000ttootto00000000.7000006011172443153102.744171 100006000 0112 e7732 I0O rn ee MA 	000000000000000000000000000000000000114856110317120000000000223710000cOoo 
31.0  21 	0000000000000oc000 0000 o 0 oactoo 000000131485.1550014427100000 ■0000417213t 000000 001 
10.2 	000000000000000000000000000000000 o 0 o 13•47151521113/ 20000000000117371431210000006 o 
MA 	00000000ort0000000 ,7000;70000000w000013405416400733 10000001000 1115103232 000p0p4 • 
MA 	o 000oo000op0000oo000000000oo0000000c111144121i0700o0000012074131400000000 
35.1 	o 000ooe00o0000oc000o00000oo0000oo0011211211210000000000007511100o0000011 
74.334 	00000000cto0000oo000o00400000000oo000t221211 00000000000001312it 000000011 
1.6 	o 000oo0000000000000000000000000000001117771110000000000t700t110000000006 
641 	00000000o0 000000000000000000000000001111141100000000000000000000000006 
LA 	000 0o0000000000000000000000011000oo014712383423100000o00000o000000000120000 
LA 	o 0o00000coo000000000000000000c00000532401471100000coo0000000000000000006 
30.7 	000000600000 000000 0 0000 00000000 00000746417.3310000 00000 0 0000 0 040 000 0 0 004 CV 
MA 	000000000000000000000000000000000001017004724I000000000000000000000000000 
77.3 	0 0 0 0000000000000000000000000000 05t24Z-A38 20o0o0p0000g000000octooctoo0000 
MA 	000000000000000000000000000060001 1711054411 etoclocoopoo0000000o 0000000006 
27.0 	000o00000000000o00000000000101111 2314115417 1 000000000000000000 0000000008 
7.1 211 000000000000000000001 1 11 II 111217321210310252:51347 210000000oc000000pooé00000ctoocall 
18.1 	0 000e00000000000000002117373/1170 1711131400111544274 0o00000000000000000000000000 
1.6 	0 0 00000000 0 0 0 000000193772,1424242422 113137143437541211301 000000000000000000 0000000006 
11.4 	00 00;70 00000000000c01377212930011 01111317404540001412510o00000000000000000000000000 
71.1 	000 00 000000000000000072111.172132260 12121772831391431215 1000000000007000(1000 	 7000 000 
PA n 0000000 000000000000o111111110IIII 2111113016 1 000000oo00000000000 000000000071 

060000000000000000o0 0000 44444 0000117211000000000o000000000oopo0000000 
409 	000000000000000000000000000020000001100000000000000000000000700000000 
MA 	000000000 ,700000000000000000000010000000000000 00000000000000100000o000 
UA 	000000000 0000cc000000000000000000000000000000000000000000000000000000 
el  X 00000000000000000000000000000000006001000000000000000000000 	  

1 	2 	3 O 	5 	j 	7 	4 	I 	12 	11 	17 	13 	14 
MUNI 	 C229•2.1. 1113 UM L C 94 DO LIRE 	 WIIIIMIP ■ 11141418 

00oo000171112121000000000oc000c000p00000171170101161179 
000000c11411474100000000oo0or70000000000001301047464117 

70.7 oomoolrcurni00000000000080(000.0000enn20103828820 12MO22105251 2041473020 i 0008000001 
BA 00000001411/4/0006000000000000c0000(700013e01044411 13415754744414171110000000006 

2002L 



12.2 
12.4 
12.7 
13.0 
13.2 31 
13.5 
13.8 
14.1 
14.3 
14.4 32 
14.7 
15.2 
15.4 
15.7 
16.0 A 
16.3 
16.5 
16.8 
17.1 
17.3 34 
17.6 
17.9 
18.2 
18.4 
18.7 35 
19.0 
19.3 
19.5 
19.8 
20.1 36 
20.3 
20.6 
20.9 
21.2 
21.4 37 

17 

commea mnm. 	0.010 	aserr STRIKE LEW,' • 12.190 

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	Il 	12 	13 	14 
00000000000000 000000080000000000000000000000000000008000000000000000 
00000000000000000000000000000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000000000000 00000080000000000 
00000000000000000000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000000000000031 
00000000000000000000000000000000000000000000000000000000000000 000000 
000000000000000000100000000000000000000000000. 00000000000000000000000 
0000000000000000000000005566666500000000000000000000000000 0000000000 

 00000000000000000000000056777776000000000.000000000000000000000000000  

8 888 8 8888 888 8 88888888888 VdttU 8 8 88888888888 8 8 8 8 8 88888888NrVagg: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
00000000000000p0000000000000000000000000eo  00000000000000000000000000 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 033 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
00 04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 034 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0000000000000000000000000000000000000000000000000000000000000000000035 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0000000000000000000000000000000000000000000000000000000000000000000 036 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0000  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 037 

21.7 
22.0 
22.3 
22.5 
22.8 38 
23.1 
23.3 
23.6 
23.9 
24.2 39 
24.4 
24.7 
25.0 
25.3 
25.5 40 
25.8 
26.1 
26.3 
26.6 
26.9 41 

1404L 27 • 2  27.4 
27.7 
28.0 
28.3 42 
28.5 
28.8 
29.1 

1504L gl u 
29.9 
30.2 
30.4 
30.7 
31.0 44 

00000000000000000000000000000000000p000000000000000000000000000p0000 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
00000000000000000000 0 0000000000000000000000000000000000000000000000 038 
00000000000000000000000000000000000000000000000000000-100000000000000 
00000000000000000000000000000000000000000000000 0 0 0 0 0 0-1 00000000000000 
000000000000000000000000000000000000000000000000000-1 0-1000000000000 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 039 
00 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
000000000000000 0 11719  11 0 0 0 0 00000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00000 000 0 0000 0 0000 
0000000000000001 124272218 I 0000000000000000000000000000000000000000000000 
00000000000 1 1 1 1 1 :27323024 10 0 0 0 000000000000000000000000000000 0  00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 1172021222325Z326242,  II  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 040 
0 0 0 0 0 0 0 0 0 015227282/3032:63736322217 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 019273032:234=781737,282213 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0  00  02127107:224:5'4 1A15Z3292414  0000  000 0 0 0 0 0 0 0 0 0 0 0 000  000 000  0 0 0000  0000 000 0  000 
000000000019212829303131323231292722100000000000000000000000000000000000000000000 
0 0 0 0 0 0 0 0 0 0151/21222221232424=22017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 041 
0 0 0 0 0 0 0 0 0 011111111111 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 I 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1-1-1-1-1 0 0 0 0 0 e o o o o o o o o o 
o o o o o o o o o o o 01011 1 1 I 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1-1-1-1 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0000000 0 0 1 1 1 1 1 1202324232219 1 000 0 0 000 0000000000000 0 0 0 0 0-1-1-1-10000000000000000 
0 0 0 0 0 0 0 0 0141!2019 1 1273031312925 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 042 
0 0 0 0 0 0 0 0 01824262622223133:34=2281811 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 020252921272931333133312822 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0000  0 000 011222424242527272827262419  1 00  000 000  0 0 00 0 0 0 0 0  0000  000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0000  
0000  00 00 1  22 2233  3 3 3 3 3 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0  00  01722.211272229292,2029292126. 0 0 0 0 0 0 0 0 0 OM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 043 
0 0 0 0 0 0 0  02228323 o10173737373635322'  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 024313537283940404021393735. 	• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000000002330343729393939:93978373421100. 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OCO 0 0 0 0 0 0 
0 0 0 0 0 0 0 0=731=434==34332025 1 0 0 0 0 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000000001721252425202626262625242319000000 16 nun 00000000000000000000000000000000044 

	

31.3 	0 0 0 0 0 0 0001 1 11111 1 111 11 10000000 0 000 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0000000 0 0 00000 0000 

	

31.5 	0 0 0 0 0 0 0 0 0 0 0 0 011111111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

	

31.8 	000 0 0 0 0 0 000 0 000 I 1 1 1 1 000000000000000000000000000000000000000000000000  O.  

	

32.1 	000 0 0 0 0 0 0  00 0001 I 1 11 110  00 0000  0 0 000 0 0 0 0 0 00 00 0 0 0 0 0 0 00000  0 0 0 0 0 0 0 0 0 0  00  0000 
32.4 45 0  00 0 00 0 0 0111111202121212018 000  000 0 0 000  0 0 0 0 0 0 000 00 0 0 0 0 0 0 000000  0 00 000 000  0 000045 

	

32.6 	0 0 0 0 0 0 0 0 0151718181820252626262522 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

	

32.9 	0 0 0 0 0 0 0 0 017202121222325262626252215 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 

	

33.2 	0 0 0 0 0 0 0 0 015171818181920212121201814 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1-1-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

	

33.4 	0 0 0 0 0 0 0 0 01111111 1 11111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1-1-1-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
33.7 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1-1-1-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 046 

	

34.0 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1-1-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

	

34.3 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

	

34.5 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

	

34.8 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
35.1 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 047 

1 	2 	3 	4 	5 	à 	7 	8 	9 	10 	11 	12 	13 	14 
WOŒR AUX All5 	COlfEELL RED UM A é Ar1 11X5 ELASTIC 	 0605/1617:0609:: 

Fig. 7 - Elastic conditions, no backfill - convergence, "A-1" zone. 
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INTERPRETATION  OF RESULTS - COARSE NFOLD MODEL 

Since the coarse mine model was run elastically it does not produce 

failure conditions. It does, however, allow one to examine the areas where 

failure has occurred in the mine and the stresses that correspond to a purely 

elastic situation. In this way an approximate value of yield strength is 

provided. 

Stress shadowing results when one ore seam is mined prior to the other. 

The amount of perpendicular stress reduction in overlapping ore seams is 

directly proportional to the degree of extraction of one seam versus the 

other, or the amount of overlapping that occurs. However, the degree of 

stress reductions for the two seams is not mutually  exclusive. 

For the same depth below surface the vertical pillars are more stable 

than their horizontal counterparts. In most cases the vertical pillar strike 

length exceeds the sill pillar dip width. 

For sill and crown pillars that are isolated from the rock mass (island 

effect), both the east and west extremities are the highest stressed. For 

those sill and crowns that are linked to neighbouring vertical pillars, or to 

the west abutment the stresses are generally higher next to the Dickenson 

boundary. The above effects seem logical to what one would expect. 

On either side of the boundary pillar separating Campbell Red Lake 

Mines and Dickenson Mines small sill pillar remnants are very highly stressed 

and probably have failed. 

The coarseness of the model does not allow adequate modelling of the 

boxhole pillars as the individual element size reduces its sensitivity to 

intricate mine geometry. 

The importance of examining convergence is not that apparent at this 

stage of the analysis, but is something that must be considered when 

accounting for the stabilizing effect of backfill. 
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DESCRIPTION OF THE NFOLD 'WINDOW' MODEL - ELASTIC CONDITIONS

Figures 2 and 3 reveal from a longitudinal and transverse view the

areal extent of the window.

Figure 2 shows that the window consists of 14 joints on strike and 24

limbs down dip resulting in a total of (14 x 24 x 25) 8400 elements with

individual element dimensions of 6.09 m on strike and 3.05 m down dip which is

also the smallest pillar size that can be modelled.

The boxhole pillars are slightly larger than this with an average

dimension of 5.5 m on strike and 4.6 m down dip. This would mean that the

actual stresses indicated by the model would be'about 20-25% higher than the

actual stresses experienced by the boxhole pillars themselves. In actual

fact, at stresses near the yield value of a pillar the actual intact area

(unspalled portion) may very well correspond to the actual model element

dimensions. Consequently, the simulated boxhole pillar stresses indicated

with the elastic analysis in an area at, or near, yield (as observed at the

same location by mine staff) were used at their face value for an estimate of

their yield strength. Also, the mined portion between boxholes was 6.09 m

which is a somewhat greater span than actual.

RESULTS OF ANALYSES - ELASTIC WINDOW

Examination of the actual boxhole pillars that had failed violently for

a given horizontal pillar was used to obtain the estimate of failure strength

of an element. Close inspection suggested that for the unconfined boxhole

pillar a value of 100 MPa approximated very well to its failure strength.

Figure 8 indicates that on the 602 and 702 levels on the eastern

extremity there are high stress conditions at, or near, yield.

The 806E pillar shows possible yield values exceeded at the west and

east extremities.
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Fig. 8 - Elastic conditions, no backfill - normal stress, window "A" zone. 
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The 906E pillar shows the boxhole pillars at the eastern end at, or 

approaching the 100 MPa criterion, and the 1003E pillar indicating a possible 

yield condition throughout. The 1006E pillar reveals near yield conditions at 

its west and east extremities with some suggestion of yield at the east end of 

the 1106 crown pillar as well. 

The 1106E sill and crown pillar at the eastern extremity where attached 

to the vertical barrier pillar has perpendicular stress values at the west end 

exceeding 100 MPA, but the larger pillar further to the west does not indicate 

a similar response. 

The 1202-1E crown pillar above the 1402-1 backfilled stope is also 

showing signs of high perpendicular stresses. 

The convergence values (Figure 9) for the window reflect the same 

magnitudes as for the coarse run (Figure 6). 

INTERPRETATION  OF RESULTS  - ELASTIC WINDOW 

From 602E level through to the 1202E level several boxhole pillars 

(Figure 8) have perpendicular stresses that are equal to, or exceed, 100 MPA. 

Where vertical rib pillars intersect the horizontal crown or sill 

pillars the stress conditions are reduced within these sill areas. 

Most vertical pillars are more stable than their horizontal 

counterparts as the vertical pillar strike length exceeds the sill pillar dip 

width in most cases. 

High stress conditions equal to or exceeding 100 MPa are present , not 

only within the boxhole pillars at the east and west extremities, but also 

within the crown portions of these same pillars. 

Based on perpendicular stress levels alone it appears that the two 

historically recorded failure patterns mentioned previously are suggested. 

For example, thin sill (boxhole) and crown pillars completely isolated from 

the parent rock mass (Figure 8, 806E) suggest the first failure growth pattern 
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Fig. 9 -  Elastic conditions, no backfill - convergence window, "A" zone. 
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(i), while those sill and crown pillars attached to the parent rock mass at 

their west end (Figure 8, 706E) and intersected by vertical pillars, suggest 

the second failure pattern (ii). 

The boundary pillar in general is experiencing fairly low stress 

conditions except where local protuberances act as stress risers. 

Convergence results for the elastic window (Figure 7) agree closely 

with the previous results for the former coarser mine model (Figure 6). 

DESCRIPTION OF THE NFOLD 'WINDOW' MODEL - YIELDING CONDITIONS 

The same window mentioned in the previous section, of 14 joints on 

strike and 24 limbs down dip has now been modified to include the effects of 

confinement both on the yield strength and the residual strength of the 

individual elements (6.04 m on strike, 3.05 m down dip). The logic behind the 

load-deformation properties assigned to the elements with varying confinement 

(lateral confining stress) is demonstrated in Figure 10. 

Elements defining the individual boxhole pillars were considered to 

have the lowest strength (material reference No. 12), followed by those 

elements forming the immediate stope back representing the bottom of the crown 

pillar (material reference No. 22). Those elements confined on three sides by 

neighbouring elements directly below the mined element between boxholes 

(material reference No. 32) were considered the next strongest. Elements with 

further confinement (material reference Nos. 42 and 52, etc.) were assigned 

higher values yet. For those elements which were confined to an even higher 

degree these were assigned linearly elastic properties which would suggest 

intact rock conditions. 

Table 3 gives the seam material thickness and properties along with the 

more detailed unmined, or partially 'mined' seam material average properties. 

No contribution effects of backfill were included for some of the lower 
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stopes containing fill (below the 1002 level). 

Figure 11 shows the perpendicular stresses and mining pattern layout 

incorporating the yielding elements. 

RESULTS  OF THE ANALYSES  - YIELDING WINDOW 

Figure 12 reveals both the mining pattern layout, factor of safety, 

and the failed elements within the defined window. 

As suggested previously some failure of the eastern extremity of the 

606, 706E sill pillars is noted. The easte .rn half of the 806E sill and 

boxhole pillar geometry has failed with some initiated failure starting in the 

western extremity. The 906E boxhole pillars on the eastern half have failed. 

The 1002E sill and boxhole pillars and a good Majority of the 1006E boxhole 

and sill pillar geometry has failed except for a confined core which is highly 

stressed. The 1106E sill has failed elements both at the eastern extremity 

and the protuberance west of the boundary rib pillar. The 120271E sill above 

the 1402-1E stope has some failed elements present as well. 

Examination of Figure 11 shows that for all failed elements the 

residual stress conditions are present. 

Comparisons between Figures 9 and 13 show that incorporating post 

failure elements representing the actual boxhole pillars versus elastic 

elements resulted only in a slightly greater convergence in those areas where 

no failure (of boxholes) takes place. Examples are the 806E and 906E boxholes 

where 12mm to 13 mm represented convergence between boxhole pillars using post 

failure elements versus 11 mm and 12 mm using elastic elements. 

Where failure has taken place the relative convergence change has been 

somewhat more dramatic. Again as an example the 906E failed boxhole pillars 

produced an average convergence of 14 mm and 16-17 mm between pillars. This 

compares with the elastic results of 2 mm for the boxhole pillars and 13 mm 

for the span between the pillars. The indication is that only a marginal 
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Table 3 - Load/deformation properties - "A" and "A-1" zone (backfill included) 
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PLI E 0 	U 	0 M 	..,-1 	e.d 	P 	 •..-/ e 	-  

14 ,--4 	...e e 	re e 	 m 	P 4 	0 4 	 4-1 	 .....• 	 ....., 4.4 	 1+4 
4 0 0 	1-4 0 	• ■--1 0 	 0 	0 u 	> •.--1 	 ,--4 4-1 	 es. 	 4-4 	Cs4 4-1 
CO 4-1 "1:1 	0 $-1 	CO P 	,e 	4.m 	e 0 	r..., -.-4 	P.  P4 	(Nil •r-I  
O W 0 	.r4 4 	W4-) 	0 	e P 	0-4 	H 41 	W W 	.--1 4.J 	 E--i 4 
P-1 PI 	>4  m 	P4 m 	V 	1-1 r.y. 	UI 4 	 Cfl Cn 	C.11 U 	O C) 	U) C/)  

	

2 	2.0 	69000 	0.2 

	

3 	2.0 	69000 	0.2 

	

12 	2.0 	69000 	0.2 	23000 	100 	25.0 	50 	60 

	

22 	2.0 	69000 	0.2 	23000 	110 	27.5 	50 	60 

	

37 	2.0 	69000 	0.2 	23000 	125 	31.25 	50 	60 

	

42 	2.0 	69000 	0.2 	23000 	135 	33.75 	50 	60 

	

52 	2.0 	69000 	0.2 	23000 	150 	37.50 	50 	60 

	

-1 	(fill element "A" zone) 

	

-5 	(fill element "A-1" zone) 

à 	 . 
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Mt 511EM 	 MICR . MOW 	ELDEXT STRUT 1.E46111 . 6.090 

	

2 	3 	4 	5 	6 	7 	8 	9 	M 	11 	12 	13 

	

8.9 	 4223 

	

 
502L  9.1 	5 5 5 5 5 5 5 5 4 4 4 5 	 4223 

	

9.2 	34343434344434343433344 	 4224 

	

9.3 	33333333333333333333334 	 4224 

	

9.5 2 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 3 4 	 4224 	2 

	

9.6 	 34 	 4224 

	

9.8 	 34 	 4324 

	

9.9 	 34 	 4334 
WA 	 34 	

, 
4334  

Na 3 	 34 	 4 334 	3 

	

10.3 	 44 	 4334 

	

 
20.4 	 44 	 4334 

	

 
20.6 	 44 	 3334  
Iv.] 	 34 	 3233 

	

 
:0.8 4 	 33 	 3223 	4 

	

602L  11.0 	5 5 5 5 5 5 5 5 5 5 33 6 7 7 8 3 	 10 8 7 6 5 4 3 2 2 3 5 7 

	

11.1 	4 4  44 4 4 4 4 4 4 4 3 4 34 3 4 34 34 334  454 6 5 6 5 810 	 8 55 4 4 33 2 2335 

	

 
11.1 	44 4 4 4 443  1 3 3 4 3 3 3 3 3 3 3 3 4 3 4 4 4 4 4 555  5 610 	 9 6 5 4 43 3 3 2 3 3 5 

	

11.4 	5 5 5 5 5 5 5 5 5 5 4 4 4 4 3 3 3 4 5 5 5 5 5 6 6 6 6 6 7 7 7 9 2 	 3 9 7 6 4 3 3 3 3 3 3 5 

	

11.5  5 	 33 	 5 4 3 3 3 3 3 5 	5 

	

11.7 	 34 	 8 6 5 5 3 3 3 5 

	

11.8 	 434 	 3335 

	

11. 9 	 5336 	 4335 

	

12.1 	 5  435 	 4335 

	

12.2 6 	 54 54 	 4335 	6 

	

12.3 	 645 	6 	 5335 

	

 
12.5 	 44 	 5334 

	

 
12 .6 	 44 	 5334 

	

 
12.8 	 44 	 5334 

	

 
12.9 7 	 4 4 	 (706E) 	 s 3 3 4 	7 

	

13.0 	 4 4 	 5 3 3 4 

	

702L 13.2 	7 7 6 6 4 4 7 7 7 7 7 7 7 8 8 8 9 9 10 3 3 	 5 3 3 3 5 6 7 

	

13.3 	5 4 5 4 5 4 5 4 4 3 4 7 7 8 7 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 7 6 7 6 8 7 9 912 3 	 5 3 3 3 3 4 4 

	

13.4 	444  4 444  3 3 4 5 	5 5 5 5 5 5 5 553  5 55 5 5 5 5 5 6 66 6 7 811 3 	 6 3 3 3 3 3 4 

	

13.6 8 6 6 6 6 6 6 5 4 4 5 7 	8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 9 911 3 3 	 6 4 3 3 3 3 1 8 

	

13.7 	 44 	 6 4 3 3 3 3 3 

	

13.8 	 55 	 9 4 3 3 3 3 4 

	

14.0 	 66 	 5 3 3 3 3 4 

	

14. 1 	 99 	 7 4 3 3 4 6 

	

14.4 9 	 433 4  9 

	

14.4 	 5334 

	

 
14.5 	 5335 

	

 
14.7 	 5335 

	

 
14.8 	 (806E) 	 5 4 3 5 

	

14.9 10 	 5 4 3 5 M 

	

802L 15 . 1 	7 9 	 3 3 9 9 9 9 9 M 8 1 3 3 3 3 3 	 6445 

	

 
15.2 	467 	3 313 9 7 8 7 8 6 8 7 8 7 8 815-3 5 3 3 3 3 3 3 3 3 3 3 3 3 	 64 4 5 

	

 
15.4 	446 	3 3 310 9 9 9 9 9 9 9 9 9 911-1 2 4 2 3 3 3 3 3 3 4 3 3 3 3 	 6445 

	

 
15.5 	346 	 6445 

	

15.6 11 3 4 8 	 6445  11 

	

15.8 	36 	 6445 

	

 
15.9 	4 	 7444 

	

 
6.0 	4 	 9844 

	

 
16.2 	5 	 445 

	

 
16.3  125 	 5 4 M2 

16.4 	5 	 544 
 16.6 	7 	 344 

 16.7 	 544 
 16.9 	 5 4 5 

17.0 13 	 (906E) 	 5423 
 17.1 	 5 5 902L uj 	6 8 8  9999  9 9 9 9 10 10 2 2 2 3 2 2 2 2 2 2 2 2 2 30 

17.4 	5 6 5 7 6 7 6 7 6 7 6 7 6 7 6 7 6 7 6 7 6 8 6 8 7 8 B 9 9 9 9 9 9 9 910 910 910 910 910 910 910 910 9 9 9 9 	53 
I 7.5 	6 6 6 7 6 6 6 7 7 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 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 8 	55 
17.7 14 	 5 4 5 5 7 7 5 4 4 5 7 8 8 8 9 9 9 9 9 9 9101010 9 9101010101010101010101010101010 9 9 9 910 	54 14 
17.8 	 77 	6558 	6545 	 546 

 17.9 	 77 	668 	8645 	 644 
 18.1 	78 	99 	99 	56 	 644 
 18.2 	66 	32 	33 	56 	 644 
 18.4 15  67 	 66 	 6 4 415 

18.5 	910 	 86 	 644 
 18.6 	 68 	 644 

 18.8 	 76 	 844 
 18.9 	 76 	 (1006E) 	644 

 19.0 16 	 76 	 5 4 416 1002L 19.2 	2 3 3 3 3 3 3 3 	96 2 3 3 3 3 3 1 3 3 3 2 2 2 2 3 3 3 2 20 5 4 4 
19.3 	4 3 3 3 3 3 ., 4 3 3 3 3 3 1 3 - .3 8 8 9 3 3 3 3 3 3 3 3 3 4 1 8-41611101010101011111111111112111213 3 3 3 3 310 5 4 4 
19.4 	 67 	 3 2 5-313 8 8 8111011111111111112121213 3 3 	644 

 19.6 	 67 	 3 3 2 3-1121111-1 4 2 3 3 3 3 3 3 3 3 3 3 	644 
 19.7 17 	 67 	 6 4 417 

19.9 	 67 	 844  
20.0 	 77 	 755  
20.1 	 77 	 735 

 20.3 	 77 	 755 
 20.4 18 	 77 	 7 5 518 

20.5 	 77 	 755 
 20.7 	 88 	 755 

 20.8 	 655 
 0.9 	 655  

1102L 	1988 8  88 8 8 8889 9 8 888 8 7 7 6 6 7 8 889 9 9 9 9 9 9 9 9 9 9 910-22 2 	 3 3 3 3 310 5 5 519 
'1.2 	5 5 5 5 5 5 5 5 5 5 5 5  5 5 5 555  5 4 4 53 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 912 3 	 3 3 33 3 85 5 5 
51.4 	4 4 4 4 4 4 4 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 6 7 9 3 	 3 3 310 6 5 5 
21.5 	4 4 4 4 4 4 4 4 4 4 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4555555 5 555 5 5 6 6 9 3 	 3655 

 21.6 	5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 711 3 	 735 
 21.8 20 8 8888 8 8888 8 888 8 8 8 8 8 8 8 8 8888 8 8 8888 8889 9 911 3 3 	 7 5 520 

;..1.9 	 755  , .7 	 733 
 55.2 	 755 
 "'•3 	 753 

 55.4 21 	 7 5 521 
22.6 7 5 5 - 

755  
22.9 	 755 

53 ..Î 22 

	

12021, 23.3 	7 7 7 7 7 7 7 7 7 7 8 	8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 9 9 91011 3 3 3
( 1 202- 1E) i

6
i 
in 

	

23.4 	5 5 5 5 5 5 5 5 5 5 5 7 7 7 7 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 911 3 	 655 

	

 
23.5 	4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 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 5 5 5 5 6 710 3 3 3 3 3 3 311 9 8 5 5 5 

	

23.7 	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 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 6 710111111111110 7 6 6 5 5 5 
23 1 3 3 3 3 1 3 3 3 3 3 4 4 4 4 3 3 3 3 3 3 1 3 3 1 3 1 3 3 3 3 3 3 3 3 4 4 44444 4 5 5 7 7 8 8 9 9 9 8 8 7 6 5 5 5 523 

2 	3 	4 	5 	6 	7 	0 	9 	10 	11 	12 	13 

20 MPa 

Fig. 11 - Yielding conditions, no backfill - normal stresses, window "A" zone. 
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Fig.12- Yielding conditions, no backfill - factor of safety, window, 
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1 12111113121213111111313131113131313111212121211 9 
1 121311131414141111'41414111414141414141413131311 9 
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Fig. 13 - Yielding conditions, no backfill - convergence window "A" zone. 
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increase in convergence between pillars occurs, while a much more dramatic 

convergence increase occurs at the boxhole pillar locations (2 mm versus 

14 mm). 

At the midspans of the former mined out stopes the presence of post 

failure elements has caused only marginal increase in convergence. The 

following are location comparisons: 

602E (Joint 2.5, Limb 3.5) 	 15 	 15 

902E (Joint 7.0, Limb 12.5) 	28 	 31 

1102E (Joint 3.0, Limb 17.5) 	28 	 34 

1102L (Joint 10.5, Limb 19.5) 	44 	 50 

In general where fairly extensive failure has occurred there has been a 

substantial increase in convergence, both locally and at the midspans of the 

stopes as well. The increase in general has an order of magnitude of 10% or 

greater where failure of boxholes and/or sill pillars has taken place. 

Figure 12 reveals that for most boxhole pillars below the 702 level, 

only a marginal factor of safety is generally present. The suggestion is that 

once failure occurs in a particular boxhole pillar the propagation of failure 

is an 'on-going' one. It also suggests that continued mining of a small 

tonnage of ore could also instigate an extensive propagation of failure 

mechanism. The sill, crown, or boxhole pillars within the 'window' area have 

much lower factors of safety than the vertical pillars. 

Failure is indicated by the model for the western end of the 1002E sill 

pillar boxhole area even though the historical records to date have not shown 
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this area as having failed violently. The NFOLD model does not differentiate 

between violent and non-violent pillar failure so it is believed that the 

NFOLD model even though if adequately calibrated might always indicate a more 

extensive degree of failure than witnessed by mine personnel. 

INTERPRETATION  OF RESULTS  - YIELDING WINDOW 

The historical failure patterns described previously have been somewhat 

reproduced if one examines Figure 12. The 806E pillar suggests the one common 

failure mechanism where the east and west extremities fail first followed by 

the central core. This appears to be the case for the 1006E pillar as well 

east of the small vertical rib pillar intersection where the sill pillar is 

quite thin. 

The other failure mechanism of initial failure of the east extremity 

followed by a propagation to the west holds true for those crown pillars 

(906E, 706E, 606E 1106E) that are attached to the west abutment. 

The model indicates that in generai the boxhole-crown pillars are in a 

meta-stable condition, and that initiation of failure caused by mine 

extraction even in a minute sense, or the time decay yielding of a boxhole 

pillar could instigate a propagation of failure that would more than likely be 

quite instantaneous.. This has been somewhat verified by the rockbursts 

documented during 1986. Events 31-38 and 51-56 have occurred in reasonably 

rapid succession. The window geometry also suggests that stress transfers up 

dip to yet failed crown pillars may be sufficient to generate further failure 

as these pillars are approaching yield, and a greater number of events have 

occurred in the upper levels of the mine in 1986 (Figure 1). 

The presence of yielding elements versus elastic elements results in 

only marginal increases in convergence in mined areas where failure is not 

observed. Where failure is observed fairly substantial convergence is noted 

both in the immediate vicinity of the failure, and at further away midspans 
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of previously mined stopes. This suggests that not only can the boxhole 

pillars fail instantly, but that it is possible that a fairly rapid change in 

potential energy of the wall rocks could be generated simultaneously as well. 

DESCRIPTION OF THE COARSE NFOLD MINE MODEL AND WINDOW 
INCORPORATING BACKFILL 

Examination of Figure 2 shows the overall areal extent of the coarse 

mine model with backfill elements included in the mined stoping blocks. 

The procedure in incorporating backfill involved initially replacing 

the mined elements below the 1002 level in the previous elastic coarse mine 

model data file with backfill elements. Any elastic analysis carried out at 

this time would be insensitive to loading within backfill. 

A window within the coarse elastic backfill model was then created with 

again no response accountable for the presence of backfill. 

Post failure characteristics were then assigned to unmined elements 

within the window along with the previous load-deformational characteristics 

of the backfill elements. The 'window' of the backfill model was not 

identical to the former but was some two limbs longer down dip so that it 

included a greater portion of the 1402-1 cut and fill stope. 

The various elements used in the 'window' numerical analyses are 

described (Figure 10, Table 3). The unmined yielding load-deformatiOnal 

behaviour of ore elements is shown along with a proposed response of the 

backfill elements as stope wall closure occurs. Properties of the backfill 

were taken from the literature (4). 

RESULTS  OF THE ANALYSES  - WINDOW 

Post failure elements form the mining pattern layouts shown in Figures 

14, 15 and 16 containing backfilled elements and reflecting the slightly 

larger window ln the down dip direction. 
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Fig. 15 - Yielding conditions with backfill - normal stresses, window "A" zone. 
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Fig. 16 - Yielding conditions with backfill - factor of safety, window "A" zone. 
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Although, in general, the yield area patterns for backfil led window 

versus the window containing no backfill are similar (Figure 12 versus Figure 

16) there are some subtle differences: 

a) the eastern extremity of the 706E pillar shows 6 more elements having 

failed than the previous case where backfill was not included. 

b) the 806E boxhole and crown pillar also shows considerably more elements 

having failed than the previous case with no backfill. 

c) the 1006E sill pillar has several more unmined elements intact than in 

the previous case where no backfill was present. 

d) for the 1106E sill pillar the backfill has only provided a very slight 

increase in stabilization. 

e) the 1402-1 crown pillar appears to have slightly more failed elements for 

the backfilled case than without the presence of backfill. 

The normal stress printouts (Figures 15 and 11) also indicate à greater 

presence of residual stresses in the 706E and 806E pillar areas, a greater 

presence of intact but near yield stresses for 1006E pillar and very little 

change in stress results for the 1102 pillar. The 1402-1E crown pillar shows 

a slightly greater presence of residual stress conditions for the backfilled 

case than that without fill which is questionable. 

Figure 16 shows that the factor of safety for unmined elements in 706E 

and 806E pillars near the indicated failure areas are near unity. As more 

iterations were run in the backfill model than the model without fill it is 

likely that more failure was generated due to this fact alone. 

Comparisons of convergence of the 'window' with and without backfi 1 1 

with the fill properties used, generally indicate very little, if no, 

influence on the closure between walls. In the model, mass filling was used 

(as well as mass mining to the present geometry) so the incremental effect of 

filling was not truly accounted for, even though the load-deformational 
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backfill response used was that actually measured in a Coeur d'Alene mine. 

Figure 17 in comparison with Figure 13 did incorporate post failure properties 

for the highly stressed elements, and with backfil I present should have 

• resulted in reduced convergence of the walls in those areas. With fill the 

convergence near the failed elements in small sill pillars was considerably 

less than the same locations without. This suggests that in nearly failed 

areas that the fill has played a more constrained role absorbing some wall 

closure. The 1006E sill pillar near its bottom'extremity (mined out elements 

just below) demonstrates this. 

Examination of the 1006E sill pillar in Figures 12 and 16 show the 

positive contribution of backfill confinement. Nt  only are there less failed 

elements, but the factors of safety for the elastic pre-yield elements are 

slightly higher with backfill than without. The increase is anywhere from 

zero to 50% depending on the location. Where the degree of failure at other 

locations is less extensive very littlè increase in the factor of safety 

occurs for the elastic pre-yield elements. 

INTERPRETATION  OF THE RESULTS  FOR MODELS INCORPORATING BACKFILL  

Examination of. the "A" zone geomefry with, and without, backfill 

indicates that near the centres of the spans of mined-out openings very little 

reduction in closure occurs with stopes containing backfill versus no 

backfill. This can only be verified if yielding load-deformational properties 

are assigned to unmined elements. 

There are some reductions in closures with backfill elements near 

failed pillars versus the same locations without fill. The reduction in 

closure, however, is not that dramatic. 

The presence of fill has no effect on stress conditions in unmined 

elements if an elastic analysis is considered as these elements are not 
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Fig. 17 - Yielding conditions with backfill - convergence, window "A" zone. 
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allowed to fail. However, it appears that when post-failure elements are used 

in the analysis, the backfill in combination with failed elements provides 

sufficient confinement to strengthen some elements in a pillar that would 

normally fail without backfill. With less elements failing with backfill 

present, there are more elastic pre-yield elements to bear the mining induced 

stresses resulting in increased factors of safety. Consequently, there could 

be more elastic pre-yield high stress elements in a pillar with backfill 

present versus less without fill. 

In many sill pillar locations a marginal factor of safety (slightly 

greater than 1.0) for many elements is present. This indicates for the most 

part an extremely meta-stable condition where failure of one element in a 

series due to a local burst, drilling and scaling, or a small development 

blast, might cause a chain reaction of bursting to occur throughout the 

pillar. 

An unexpected development incorporating backfill within the 'window' 

area was a greater failure pattern generated in the 706E and 806E sill and 

boxhole pillars. It is suspected that as more iterations were run in the 

backfill case than that without fill, that a greater readjustment of stresses 

took place causing more unmined elements to fail. Again, with a great number 

of unmined elements having a factor of safety near unity, even a small 

increase in iterations could cause this effect. 

MINE STIFFNESS 

• 	 Another factor to consider is the overall mine stiffness of the "A" 

zone. In the literature (5) O'Hearn (1968), and others (6), have indicated 

that as the extraction ratio increases the hanging wall/footwall mine 

stiffness is reduced considerably (the negative slope of the hanging 

wall/footwall load deformation curve becomes flatter). With the high 
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extraction observed above the 1102 level it would appear that the "A" zone 

probably has a low mine stiffness. This factor combined with the brittle 

response of a steeply inclined post failure curve of an unconfined boxhole 

pillar will generally result in violent pillar failure. The areas that will 

exhibit this behaviour probably will display factors of safety near unity. A 

correlation is that of a uniaxial compression testing apparatus where the 

boxhole represents the uniaxial unconfined sample, and the loading press is 

represented by the hanging wal l/footwal 1 rock mass. With a low stiffness 

press excess energy is stored within its frame and at sample yielding,•

explosive failure results. This occurs as the rate of load reduction during 

post failure is not sufficient so that the load applied by the press still 

exceeds the load required by the sample to fail. The excess energy stored by 

the loading system can be somewhat quantified by the amount of surface area 

between the post deformation curve of the sample and load-deformation curve - of 

the loading system. In the "A" zone and orebodies like it where the ore 

modulus is fairly high and where extraction is high rockbursts are common as a 

result. 

A coincident factor is the time decay failure in a incremental minewide 

sense. Even though no mining may take place, every time a boxhole pillar 

fails the mine stiffness is reduced, and stress transfers to the stronger 

pillars occur. If the factors of safety for these stronger pillars is near 

• unity the fact that the mine stiffness will continue to reduce almost 

guarantees the possibility of further pillar bursting. EventuallY, when all 

low strength remnants have failed and the stresses have transferred to the 

abutments, then the mine geometry is once again stable. 
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CONCLUSIONS 

1. The NFOLD numerical method is a reasonably accurate model in simulating 

mining induced stresses transferred to yet unmlned remnants. This is 

particularly true where the ore seam to be modelled is thin in relation to 

its other dimensions. 

2. The NFOLD numerical results suggest that the two main failure patterns 

(Figure 12, i.e., 806E versus 906E, 1106E, 606E, etc.) witnessed in the "A" 

zone in the past are for the most part implied by the model. Most areas 

predicted by the model as having failed have failed, but there are other 

areas predicted where no yielding has been observed by mine personnel in a 

'violent rockburst' sense. 

It is possible in this case, that non-violent failure may have occurred and 

gone unnoticed. Failure growth in a mine-wide sense was not verified as_ 

successive mining steps were not introduced to attempt to initiate failure 

at a particular location and let it proceed from there. Choosing the 

initial location would be difficult. 

3. Both elastic runs on the coarse mine model and yielding load-deformational 

behaviour on the 'window' model suggest that several sill and boxhole 

pillar combinations are highly stressed, and are in a meta-stable 

condition. This is true for both the Campbell "A" zone as well as the very 

small sill remnants on the Dickenson Mine side of the vertical boundary 

pillar. This suggests possible chain reaction effects and an affinity for 

rockbursts to occur in fairly rapid succession along these pillars. 

4. The boundary pillar separating Campbell Red Lake "A" zone from the 

Dickenson Mine appears to remain in an intact state (no failure) throughout 

its length except where local protruberances act as stress risers. The 

vertical pil inrs in general are rairl 	Ale compared with horizontal 
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pillars. 

5. The inclusion of the "A-1" zone with the "A" zone in the NFOLD model did 

show reduced normal stress shadowing within the "A-1" seam to the east of 

its presently active stopes. 

6. When comparing elastic and yielding convergence results for the same 

geometry containing no backfi 1 1, the increased convergence is more 

spectacular in the vicinities of failed pillars than at the midspans of 

stopes separating these pillars. 	This infers that convergence is 

controlled by span where the relative span change for the stope.  is 

insignificant but the span change between boxholes is very dominant when a 

boxhole pillar fails. 

7. Only when post-failure load-deformation properties are assigned to unmined 

elements can any backfill contribution be evaluated. It appears that the 

presence of fill provides confinement to those portions of pillars that 

have excellent potential for failure, and may prevent pillar convergence to 

the degree that allows failure to occur. This effect, however, is observed 

only in a very few cases, and for most other areas backfill does not seem 

to provide an increased stabilizing effect. 

8. Less convergence occurs near boxho 1 e-crown pillar combinations with 

backfill present than without, but the degree of convergence reduction is 

very slight at midspans of stopes. The above effect is most likely due to 

span dependancy, and the fact that the fill stiffness used in the model, 

although equivalent to field values, may not be high enough for the NFOLD 

model to adequately account for its restraint. 

9. The presence of backfill providing confinement to the peripheral portions 

of some horizontal pillars results in higher pre-yield stresses being borne 

by these regions which consequently result in lower stresses in the central 

core of the pillar. 
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10. The NFOLD model appears to be reasonably well calibrated as its predictive 

failed regions agree well with observed failure in the mine and it implies 

a failure growth pattern that has also been observed to exist in the mine. 

If there is a shortcoming of the NFOLD model it is that it does not account 

for the time decay of pillars under high stresses where the factors of 

safety are near unity for many pillar locations throughout the mine. If 

the mine geometry indicates this to be the case, picking the degree of 

pillar failure observed at a point in time as a method of calibrating the 

model could be quite inaccurate. Some overdesign could be implemented by 

indicating failure at stresses less than the optimum which match the 

observed failure conditions to compensate for this shortcoming. 

11. The NFOLD model can now be used to examine various mining scenarios for the 

unmined portions of A and A-1 zones. 
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