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enable statistical discrimination between scope performance data groups that are reasonably accurate. For 

such cases, the best option of analysis is to establish transition boundaries using the data. The boundaries 

should then be optimized to account for misclassification costs. Statistical procedures as shown in 

Chapters 3 of this thesis can be applied. 
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Figure 6.29 Data in Figure 6.28 re-plotted with boundaries as redefined in the thesis. on a log-log scale 

In Chapter 3, a method for determining the viability of statistically discriminating between data subgroups 

was discussed. A parameter for determining data discriminability was presented in Section 3.5.2 of 

Chapter 3. and is defined as the ratio of the distance between the mean vectors of the data subgroups. to the 

data subgroups pooled covariance (Equation 6.1 ). The higher the discriminability index the more viable is 

the application of a classification procedure. 

6.1 

where, 

s·1 = Inverse pooled covariance of the subgroups 

X1 = Mean vector of data subgroup 1 

X2 = Mean vector of data subgroup 2 

The discriminability indices for the calibration database data, the Kidd Mine conventional stability graph 

database, and the corrected Kidd Mine database, are given in Table 6.13. The calibration database 

discriminability indices are included as a basis for comparison. The boundaries between the data 

subgroups in the calibration database were defined statistically. 



Table 6.13 Data discriminability indices as a measure of data overlap 

Data sub groups 

Calibration database - Stable/Unstable 
Calibration database - Stable/Cave 

Kidd conventional database -
stable/unstable 

Kidd corrected (for faults) database -
stable/unstable 

Discriminability 
index u 

0.62 
0.75 

0.23 

0.69 

Comment 

Good separation. small overlap 
Good separation. see Chapter 3. little 

overlap 
High overlap. Very poor separation. 

see Figure 6.28 and Figure 6.29 
Good separation. see Figure 6.35b and 

Fiaure 6.36 
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The discriminability index is a measure of how well data zone out into groups of similar performance. It is 

a measure of data separability. Therefore. like the apparent error rate APER. the data separability or 

disciminatability index can be used as a measure of improvement to the quality of data in a database. for 

reliable prediction of stope performance. Improvement in this sense refers to a reduction in overlap of the 

data groups. A small discriminability index such as 0.23 implies high overlap of data groups while a high 

discriminability index means small overlap of the data groups. When the data discriminability index is 

used together with the stability graph boundaries, improvement in data zoning according to stope 

performance can be assessed. The apparent error rate APER discusseJ in Chapter 3 gives a direct 

assessment of how points in the stability graph are well located in the correct zones. 

Many of the open stopes at Kidd Mine in the study area are affected by faults. The effects of weak zones 

such as faults on the stability graph have not been accounted for in the stability graph. Figure 6.30 

illustrates the problem. The three stope surfaces in Figure 6.30 plot as transition points between stable and 

unstable cases, but these stopes caved. The conventional stability graph could not capture the effect of the 

soft zones. Procedures for correcting for faults in the stability graph were developed in Chapter 5. and a 

fault factor chart established. In the next section the fault factor is applied to the Kidd database. 
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Figure 6.30 Modified stability graph showing three case histories of back failure where soft inclusions of 
weak material were present (after Potvin and Milne. 1992) 

6. 7 Application of Fault Factor 

Nine typical case examples of stopes with faults are shown in Figure 6.31. Details of the stope surfaces and 

faults are given in Appendix C. The stability graphs, for these stope surfaces without any corrections. are 

presented in Figure 6.32. 

The fault factors developed in Chapter 5 are determined for the given faults and stope geometries and 

estimated K-ratio for the 9 cases in Figure 6.31. When the fault factor is known. the stability number N' is 

given by: 

N'=Q'•B•C•Fw 6.2 
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Figure 6.31 Sections of stopes with faults close to or intersecting hangingwalls and or footwalls (cont. next 
page) 



/Co01eoc1fts 

S,gM,ccrir 
0\/eltl(e<lJ< 

/ 

/ /Ccaeoott 

~ 
~ ' ', ------

' 

Gouge Fout 
Splay 

GClugeFaurr 

/ 

, 

Figure 6.31 (cont.) 

Gouge faull 
splay 

194 



... 
GI 
.a 
E 
:, 
C 

~ :a 
II 

iii 

... 
GI 
.a 
E 
:, 
C 

~ :a 
II 

iii 

I Stable zone I 

10 

Hydraulic radius (m) 

Supported 
transition 

zone 

o Depth of failure =1m , 

• Depth of failure= 3m,i 

■ Depth of failure= Sm,1 

■ Depth of failure= 6m 1: 

.A. Depth of failure= 8m,1 

(a) Potvin and Nickson defined transition zones (log-log scale) 

l Stable zone I 

Hydraulic radius (m) 

U,stable/cave 
boundary 

10 

o Depth of failure =1m 1 

• Depth of failure= 3m i 
■ Depth of failure= Sm1/ 

I 

■ Depth of failure= 6m1! 

.A. Depth of failure= 8m1: 

195 

(b) Boundaries and transition zone as defined in the thesis (log-log scale) (Detail of Figure 6.28 and Figure 
6.29) 

Figure 6.32 Conventional stability graphs without fault factor corrections for the nine stope surfaces 

The same problem as shown in Figure 6.30 is shown in Figure 6.32. Caved stopes plot as supportable in 

stopes both cases. 

The stability numbers for the nine stopes are corrected for fault effects using the fault factor graphs 

presented in Chapter 5. The fault factors detennined for the nine slope surfaces are given in Appendix C. 

The stability graphs for the stability numbers corrected for faults are shown in Figure 6.33. 
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Figure 6.33 Re-plotted stability graph for the nine stope surfaces corrected for fault effects 
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Figure 6.33 shows a marked improvement in the data zoning. The supported (unstable \ cave) boundary 

defined by Nickson is over estimated. Using this boundary, caved stopes plot as stable if supported, but 

which are actually not supportable. Figure 6.33b tends to be better in separating the stopes into their 

correct performance zones and is less conservative, compared to Figure 6.33a. In particular. it separates 

unstable and caved stopes better. However, adjustment for faults must be made before plotting a stope. 

For the same stopes. the depths of failures were estimated from the corresponding curves in the ELOS1chart 

in Chapter 5. The results are shown in Table 6.14. All 9 slopes except 56-755-NE and 56-735-NE slopes 

were supported with cablebolts, and yet they caved. The table shows a comparison of overbreaks in stopes 

as determined from cavity survey profiles with predicted ELOS1 values from the ELOS1 curves from the 

procedure that was presented in Chapter 5. 



Table 6.14 Comparison of measured average overbreak with predicted ELOS1 

Stope surface Measured average overbreak Predicted ELOSr 

51-705-NE 
56-755-NE 
60-725-NE 
60-755-NE 
47-725-NE 
48-725-NE 
56-735-NE 
53-735-NE 
54-735-NE 

- £LOS (m) (ml 
l 4 
3 l.5 
3 4.5 
3 1.5 
5 5.2 
5 6 
5 8.1 
6 3.3 
8 8.1 
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Sloughage of 54-735 NE stope surface is a well-known case at Kidd Mine because it resulted in dilution of 

approximately 30%, with an average depth of failure of 8 m. The distance of the fault to the stope surface 

as determined using procedures in Appendix B. is 7 m. The predicted overbreak from ELOS1 chart as 

shown in Table 15 is 8.lm, with a fault factor of 0.08. The overbreak occurred to a depth approximately 

equal to the distance of the fault from the stope surface, and terminated at the fault. Therefore. the 

procedures presented in Chapter 5 can be applied to predict fault related overbreak. and to the stability 

graph. but may require further calibration. 

The procedure developed for determining the fault factor F., can be applied to specific cases. However. the 

fault factor chart presented in Chapter 5, is applied in a generic form to the Kidd Mine database. 

Guidelines for general application of the fault factor chart are as follows: 

• Determine the included angle; between the fault and stope surface using procedures in Appendix B; 

• Determine the distanced between the fault and the stope surface from procedures in Appendix B; 

• Determine the stope aspect ratio A,; 

• Estimate the in situ stress ratio K; 

• If the fault intersects the stope surface, use the stope aspect ratio A,. K-ratio. and fault friction angle ¢, 

to seiect appropriate curve in fault factor chart. Using the included angle ; determine the fault factor 

F., from the selected curve; 

• If the fault does not intersect the stope surface, determine the normalized fault distance d/h from the 

scope surface. If the included angle is ;<30°, use curve for non-intersecting faults to determine fault 

factor F.,. An included angle ;<30° is considered sufficiently small for the stope surface and fault to 

be assumed approximately parallel. 

• When the included angle ~0°, use A,, K. and ¢, to select curve from fault factor chart. Using the 

included angle, determine fault factor F.., from selected curve. 

• In most cases the stope aspect ratio A, is sufficient in selecting the appropriate curve when the fault 

intersects the stope surface, or when the included angle ~0° for non-intersecting faults. 
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• However. an intersecting fault may fall entirely within the ore rock that is mined (Figure 6.34 ). and 

therefore does not affect the stability of the stope surface. ln this case the fault factor should be set to 

one. Stope plans and sections are useful in checking cases of this type. 

This procedure has been found to be adequate in assessing the fault factor in a general manner from the 

fault factor chart in Chapter 5. 

49-705 

• <:alllal>olls 

Figure 6.34 Stope section showing fault intersecting stope surface but lying entirely in ore that is mined, 
and therefore does not affect stability of stope surface - F ,.;= l 

Considering the significant improvement gained by application of the fault factor showed in the specific 

cases in Figure 6.32a and b, the procedure was applied to the entire Kidd Mine database (Appendix C). 

The results are shown in Figure 6.35 and Figure 6.36 for both the uncorrected and corrected data. 
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Figure 6.35 Modified stability graph for (a) uncorrected stability numbers for fault effects (b) corrected 
stability numbers for fault effects, with boundaries as defined by Potvin ( 1988) and Nickson ( 1992) 

The better separation of stope performances into their correct zones in the stability graph in Figure 6.36. 

compared with Figure 6.35b is qualitatively obvious, particularly between unstable and cave slopes. 
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From Table 6.13. the fault factor has improved the data separability by 67Cfc on the basis of Equation 6.1. 

This implies that the separation of slope surface performances is improved by 67C"/c. compared to the 

uncorrected data. 
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defined in Chapter 3 of thesis 

Performance of the classification criteria defined by Potvin and Nickson can be compared with those 

defined in Chapter 3 of the thesis using Apparent Error Rate APER method (Table 6.15). The size of 

boundary between stable and unstable scopes in Potvin-Nickson is much larger than thesis boundary. The 

fact that the Potvin-Nickson boundary for "supported scopes .. (unstable\cave boundary) over predicts the 

range of supportable scopes is significant for open scope design. Scopes supported in the overpredicted 

range of supportable scopes still cave. 

Table 6.15 Comparison of performances of scope performance classification criteria 

Case Performance prediction errors(%) Remarks 
Potvin/Nickson This thesis 

P(StablelU nstable) 11 11 No difference 
P(U nstablelStable) 58 51 Thesis approach better 
P(UnstablelCave) 14 14 No difference 
P(CavelUnstable) 57 29 Thesis approach predicts caving 

much better 
APER 47 40 Thesis method better overall 

In Chapter 2 of the thesis, it was shown that plots of the stability graph using hydraulic radius and modified 

span were similar. Figure 6.37 is a plot of modified span versus the re-defined stability index. mine 

excavation stability index, MESI. The mine excavation stability index is defined as: 
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MESl=Q,,.•B•C•F-
6.3 

where. Q'm = rockmass quality taking into account any soft zones (see Chapter 7) or the other parameters 

are as defined earlier. For discrete faults as found in Kidd mine. Q ·m = Q •. 

Span in the context of this thesis is the modified span or equivalent dimension of the stope surface 

analyzed. 
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Figure 6.37 shows a similarity to the stability graph when plotted on a log-log scale with hydraulic radius 

as vertical axis and stability number as horizontal axis. Figure 6.37 can be used for the design of open 

slopes, and has the advantage of giving specific stope dimensions such as strike lengths and spans of 

endwalls in ore or waste rock. The Q-D, support boundaries (Barton et al .. 1974) are superimposed on the 

plot. Again, there is a large difference between mine environment support limit. and civil engineering 

excavations support limit as depicted by the Barton Q-D, graph is evident in this graph. Reasons for the 

large difference in supportable limits are attributed to relaxation (Kaiser et al. 1997). Another reason is that 

in civil engineering a wide range of supports are available while in mining only a limited range of supports 

are used. Furthermore, the data plotted in Figure 6.37, suggests that ground with MES/Sl. cannot be 

effectively stabilized with support (cablebolts) at standard support densities (cablebolt spacing). 

Another alternative method of presenting the stability graph is in terms of multiple design curves using 

likelihood ratio A The procedure was proposed and verified in Chapter 3. The likelihood ratio is a 
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measure of the risk of stability against instability under given conditions. Figure 6.38 is a plot of the 

likelihood ratios calculated from the corrected Kidd database using Equation 3.31. against average depth of 

failure from overbreaks from cavity surveys. The figure shows that the higher the likelihood ratio the 

smaller the depth of overbreak. Most stopes are stable for likelihood ratios greater than one. Stopes with 

likelihood ratios less than one are prone to large overbreaks. Therefore. the likelihood ratio can be used to 

predict stope performance. 
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The distribution of data in Figure 6.35 and Figure 6.36 show significant overlaps. implying that the 

application of the likelihood ratio concept to the Kidd data should be useful. since stability in this case is 

not absolute but probable. Figure 6.39 is a re-plot of the database as a multiple design-curve stability 

graph. The Mine Engineer can choose a design curve in Figure 6.39 based on acceptable risk in terms of 

stope performance. 
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Figure 6.39 offers the additional advantage that a mine only has to decide which curve it wishes to use for a 

given ground condition. Therefore, Figure 6.39 is a dynamic design-curve stability graph that may be used 

for on-the-spot design. An alternative likelihood-based multiple design curves using modified span is 

presented in Figure 6.40. 
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The statistical concepts used in the thesis to develop the boundaries between the different classes of stope 

performance are used to optimize the boundaries. and to determine risk cost of misclassification or wrong 

predictions. 

6.8 Optimization of Stability Graph Boundaries and Risk Cost 

A Mine Engineer can make two types of errors in the stability graph when used as a stope performance 

prediction tool. A stable stope can be misclassified as a failed or unstable stope. and a failed or unstable 

stope may be classified as a stable stope. Both errors imply cost to the mine. We need to know the relative 

cost of these two errors, in order to account for it in the stability graph. The objective is to minimize the 

probability of misclassification so that for example the prediction of a stope surface performance in design 

is reliable. 

The database is divided into only stable and unstable or failed stopes. The general equation for classifying 

a stope as stable. as against unstable or failed was derived in Chapter 3. The optimization equation is: 

HR= 10[o4905-Zlog(A)-+-2log(,;)+0.3738log(N)"j 

The following is the scenario: 

Large span stopes are designed based on the ..1Ssumption that they will be stable to optimize profit. 

However. experiences with these stope sizes show unacceptable dilution levels. and future stopes must be 

cablebolted. This is the P(StablelUnstable) situation. An alternative design is smaller stopes to avoid 

support cost, assuming that such slopes will be self-supporting. This is the P(UnstablelStable) case. 

P(StablelUnstable) - A large slope is considered to be one that is at least +2HR from the design curve (e.g. 

50,000) tons). This puts the stope in the caving zone of the modified stability graph. No cables are 

installed because of the assumption that failure will not occur. The hangingwall caves and gives dilution 

costing $300,000 ( 1998 $). Tannant and Diederichs ( 1997) estimate average dilution at Kidd around this 

value. 

P(UnstablelStable) - For this scenario cablebolts are installed at a cost of $24.000 since likely failure was 

assumed. However, in service, the stope remains stable. Only acceptable dilution occurs because of 

irregular orebody geometry, at a cost of $150,000. 

The misclassification cost matrix for the scenario for the example case is given below: 



Table 6. 16 Cost matrix for misclassification risk cost determination 

Actual membership Predicted stable Predicted unstable 
Stable 

Unstable 

The relative cost factor ;, for Kidd then becomes: 

0 
300000.0 

174000.0 
0 

c(unstablejSrable) 24000+ 150000 ;r = --,-------,.= -----= 0.58 
C(SrablejUnstable) 300000 

The confusion matrix for the classification rule is given as: 

Table 6.17 Confusion matrix for Kidd Mine database 

Actual Predicted membership Total 
membership Stable Unstable number of 

casescases 
Stable 46 31 77 

Unstable 6 29 35 

The following are the corresponding probabilities: 

P(Stable)=77/l 12 

P(Unstable)=35/l 12 

P(StablelU nstable )=6/35 

P(Unstable1Stable)=3 tn7 
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The total expected cost of misclassification ECM is given by the product of the off-diagonal entries in the 

cost matrix and their respective probabilities of occurrence: 

£CM=6/35*300000-77/112+3ln7*39000*35/112=$40263 

The misclassification cost is significant, and points out the importance of having unbiased and ambiguous 

boundaries between the stope performance zones of the stability graph. 

The misclassification risk cost ratio ;, is 0.58. giving a risk cost factor,; of 0.90. The general boundary 

between stable and unstable stopes can thus be optimized to account for misclassification cost for Kidd. 

Figure 6.41 shows the shift in the boundary. 

The optimized boundary gives a misclassification risk cost of $23060. The optimization, thus, would save 

the mine an amount of$ I 7203 per stope. 



:z: 
Gi 

J:3 
E 
~ 
C 

~ :s 
G 

tn 

1000.0 r-------------------------

100.0 

10.0 

1.0 

0 

Optirrized boundary 

0 

■ 

------~I General boundary I 

00 
0 
0 

0 0 

io 

• 0.1 _.___,oc:;;.-..;;. ________________ -.1.------' 

1.0 10.0 

Hydraulic radius (m) 

Figure 6.41 Optimized boundary between stable and unstable slopes 

o Stable 

■ Lnstable , ; 

•Cave 

206 

The procedure can be applied to the boundaries with upper and lower limits as well. including all 

boundaries. If desired. the cost associated with each likelihood ratio design curve in Figure 6.39 can be 

determined and superimposed on the curves. The graph then becomes mine specific. since cost and other 

conditions vary from mine to mine. Finally. as more data is collected, this procedure can be utilized to 

further fine-tune the design curves. 

6.9 Summary 

Mathematical formulae developed in Chapter 5 for calculation of stope surface dimensions. dip and dip 

directions, distance of faults to stope surfaces. and included angles between faults and slope surfaces have 

been applied to Kidd Mine. These equations can be applied at any other mine that uses AMINE. 

DAT AMINE. VULCAN and GEM COM for mine planning and design purposes to determine slope surface 

geometries and distances of faults to stope surfaces. 

A discriminability index was applied to the Kidd database and found to give a good description of the 

behaviour of the data. The data discrirninability index is a useful parameter for determining data overlap, 

and for assessing data improvement from variation of input parameters when used with the stability graph 

boundaries. 

Statistical discriminant analysis was used together with the calibration database to determine boundaries 

between the stable\unstable, and unstable\cave data groups, using from the unsupported stopes. The zone 

between these boundaries is defined as the transition zone. The boundaries are superimposed on the Kidd 

data and found to perform better compared to the conventional boundaries of Potvin ( 1988) and Nickson 
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( 1992) boundaries. in separating supportable from unsupponable slopes. The boundary between unstable 

and cave stopes is particularly better defined. and effectively separates caving and unstable stopes. 

The Potvin-Nickson boundaries appear to over estimate the performance of slopes in the transition zone. 

particularly. their supported transition zone between unstable and cave stopes. Supponed slopes in the 

Kidd database have caved with overbreaks in excess of 5 m. but plotted as supponable compared to the 

Nickson ( 1992) supportable stope boundary. The Clark and Pakalnis ( 1997) £LOS stability graph also over 

estimates of the Potvin-Nickson boundaries by showing all overbreaks in excess of 5 m (caved stopes) in 

the transition zone. and therefore supports this conclusion. 

A fault factor was developed in Chapter 5 and applied to the Kidd Mine database with 67% relative 

improvement to the separability of the data. Figure 6.32 and Figure 6.33 show that the fault factor graphs 

developed in Chapter 5 can be applied to the modified stability graph to obtain better prediction of scope 

performance when faults are present. 

The ELOS1 chart developed from modelling stopes with faults has shown good promise as a means of 

predicting overbreak in open scopes when faults are close to or intersect the stope surface. The ELOS1 chart 

has been applied to predict overbreak in the nine selected stopes in the Kidd database with about 60% 

correlation. Further calibration is required to improve the successful prediction rate. 

The issue of using the calibration database stability graph at specific mines as against those mines 

developing their own stability graph with their own boundaries depends on the variability or dispersion of 

the data. The general modified stability graph scope performance boundaries become useful when data is 

limited to only a narrow range. Optimizing the general boundaries according to specific mine costs is an 

economic and viable method. The statistical procedures developed should be applied to define design 

boundaries for the particular mine, when data are sufficiently dispersed. separability high. and variances of 

data subgroups well above zero. 

Misclassification risk cost has been introduced into the stability graph. This is significant for planning of 

open stope mines. 



CHAPTER7 

EVALUATION OF ASHANTI OPEN STOPE PERFORMANCE 

7 .1 Introduction 

In the past few years, Ashanti Goldfields Mine embarked on a mine-wide expansion program to boost 

production. The main objective of the mine was to produce one million ounces of gold per annum by 

February l 997. 

With the fast depletion of high-grade ore, a suitable mining method was required to produce a high tonnage 

to meet the management target. Open stope and mechanized cut-and-fill mining methods were compared 

for their cost effectiveness. Average cost of underground mining at Ashanti is US$45.00 per ton. The 

study revealed that average cost of open stope mining including backfill is USS l 2.00. compared to 

US$28.00 for mechanized cut-and-fill mining (Amponsah, per comm.). Hence. open stope mining was 

adopted as the preferred mining method. 

Preparations for open stope mining in Ashanti started in March l 99 l, with production from open scopes 

beginning in December l 992. Stope sizes of l 5 m strike length by IO to 30 m widths with 24 m-sublevels 

were based on the recommendations of a team of mining engineers. after touring mining companies 

practicing open stope mining in Canada and Australia (Craig, per. Comm). 

The orebody at Ashanti is divided into mining blocks (Figure 7. l ), and the details of the stoping procedure 

differ from block to block. In this research, Blocks 2 (Kwesi Mensah Shaft - KMS), 7 (Kwesi Mensah 

Shaft - KMS), 8 (George Cappendell Shaft - GCS) and Eaton Turner Shaft (ETS) shaft pillar were studied. 

These blocks span a good length of the Ashanti ore body (Figure 7. l ). 
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Figure 7 .1 Longitudinal section of part of Ashanti Goldfields mine at Obuasi showing the blocks studied 
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7 .2 Objectives 

The stability graph method for open stope design is largely based on Canadian underground mines with 

relatively competent rocks at depths below 1.000 m. In the Ashanti Goldfields mine. the rocks classify as 

poor to good in the Q-system (Q' is between 0.9 and 20). 

The objectives of the investigation are: 

• To investigate the applicability of the stability graph method at Ashanti. and 

• To investigate the effectiveness of incorporating a correction for the presence of faults. fissures and 

shears into the stability graph method. 

The procedures for achieving the objectives consist of data collection at the mine and developing a 

correction method in the stability number of the modified stability graph for soft zones. In Chapter 5. a 

procedure for correcting for discrete faults was presented. It was stated that where faults are wide the 

gouge material quality is important. as any caving is likely to involve the gouge material. The fault factor 

concept will therefore be extended to cover the soft fault gouges in wide faults. The graphitic shear zones 

at Ashanti are an excellent case for the application of this theory. The procedure is discussed in Section 

7. IO of this chapter and applied to the Ashanti database. 

7.3 Geology 

7.3.1 General geology 

Ashanti Goldfields Company is located at Obuasi in the Ashanti Region of Ghana. The mine is situated on 

the main gold belt stretching from south of Prestea in the south to beyond Konongo in the north. along a 

NE-SW trend. Figure 7 .2 shows the geology of Ghana, and the location of the mine. 

Numbers on the map are explained below: 

• Ntubia-Sunyani-Bombiri-Nangodi zone. 

• 2 Siwum-Bibiani North-Chichiwere zone. 

• 3 Akanko-Prestea-Bogoso-Obuasi-Obuom-Konongo-Agogo zone. 

• 4 Mangoadze-Kibi-Begoro zone. and 

• 5 Akoko-Kanyankaw-Nkawkaw-Obemeng zone. 

The auriferous reef system in the Obuasi area has a proven lateral extent of over 7 .6-km distance. and is 

persistent at depth to the lower explored level of 1.6 km below surface. 
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The Ashanti orebodies are located in extensive shear zones characteristically associated with carbonaceous 

schists and phyllites. Two major shears are well known at the mine. They are the steeply dipping Obuasi 

Fissure. and the flatter dipping Cote d'Or Fissure (Figure 7.3). The two zones join at depth on a southerly 

pitching intersection to form the Main Reef Fissure. A third prominent fissure is the Ashanti Spur. which 

occurs at the north of the mine, branching off at the Obuasi Fissure. The fissures are the sources of the ore. 

having served as channels of the mineralizing solutions that formed the orebody. 

The major rock units at the mine are Birimian phyllites, siltstones. greywacke, homstones and 

metavolcanics. Greywackes, phyllites and schists are the most prominent. 

Jointing is prevalent in the mine especially in the more competent meta-greywackes and meta-volcanics. 

Sinclare et al. (1978) identified two sets of joints with strikes and dips of 310°n5°SW and 290°n2°NE 

respectively. and classified them as shear joints. 
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Adansi shaft 

-SOO m 

meta-volcanics 

-1000 m 

Figure 7 .3 Main fissures and shears at Ashanti as observed near Adansi shaft (after Amanor and Gyapong, 
1988) 

The site-specific geology of the mine blocks often controls the stability of open slopes, depending on the 

abundance of graphite. The site-specific geology of Blocks 2. 7, and ETS shaft pillar are presented in the 

following sections. 

7.3.2 Geology of Blocks 2 and 7 - Kwesi Mensah Shaft (KMS) 

Block 2 is located at the central section of the Ashanti mine between 175/176 and 188/199 mine grids from 

35 to 39 levels. Block 2 is part of the Anyinam Lower South Orebody. 

Gyapong (1993) presents the geology of Block 2. The description includes Block 7, which is above Block 

2, from 26 level to 34 level. The orebodies of Block 2 consist of quartz lenses within the Obuasi Fissure, 

and disseminated footwall sulphides closely associated with the Obuasi Shear. 
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The quartz orebody is generally sheared and exhibits banded structure. It is commonly associated with 

graphitic schist at the contacts, and partings within the quartz. The rich quartz orebodies are mined out 

below (39 to 41 levels) by cut and fill mining. Block 2 is thus undercut. Disseminated sulphides have 

become the principal ore-type of the block after the rich quartz orebodies got mined out. The sulphides are 

largely associated with a lenticular meta-volcanic body. at the footwall side of the Obuasi shear. and the 

meta-sediments. Sandwiched between the quartz body and the meta-volcanic sulphides at several localities 

is a carbonaceous sheared pelitic zone that is low grade to barren. 

Located to the east of the ore zone is the Cote d'Or Fissure. This fissure is characterized by carbonaceous 

to graphitic schist gouge. The fissure is between a few metres to 75 m from the orebody. The Cote d'Or 

Fissure is thus likely to constitute a considerable weakness in the footwall of the orebody (Gyapong. 1993). 

particularly at the north section where it is very close to the Obuasi system. 

The orebodies in the Block 2 area have a general strike of N30°E with dips ranging from 65° to sub­

vertical. to the West. 

Limited joint surveys (Gyapong. 1993) suggests two major sets, one trending 145° and dipping 78°W. The 

second joint set is more steeply dipping and trends 170°. 

The zone of mineralization in Block 7 lies between the Obuasi Fissure and the 12/74 Fissure. Both fissures 

are distinctively lined with graphitic gouge ranging in thickness from a few centimetres to metres. This 

block lies above Block 2 from 26 level to 34 level and has similar characteristics to that block. In Block 7, 

the dips of both the Obuasi andl2/74 fissures are approximately 70°W and 55°W respectively. The quartz 

and meta-volcanic sulphides dip between 60° to 80° to the east, with a reversal of dip occurring between 34 

and 36 Levels. 

7.3.3 ETS shaft pillar geology 

This summary is based on a discussion with the sectional geologists in charge of ETS. The ETS pillar 

extents vertically from 7.62 m above 32 level to 36 level. and has an average strike length and width of 

62.7 m and 4.0 m respectively. 

The orebody consists of main reef quartz. It is white to grey in colour. banded and strongly fractured with 

abundant visible gold (Kumi, per.comm.). On both footwall and hangingwall contacts with the orebody are 

strong graphitic shears varying in thickness from 0.5 m to 2.5 m. 

The main reef body is steeply dipping, with an average dip of about 75° W, and continuous along strike and 

dip. However, on 32 level, the main reef body bifurcates into the Main and Hangingwall Shears from 32N 

20W crosscut striking southwest to about the 15 crosscut position. The hangingwall has an average dip of 
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about 72° W. To the east of the footwall graphitic shear lies the meta-volcanics with occasional lenses of 

meta-sediments. West of the reef is the meta-sedimentary sequence. constituting the country rock. 

Current developments further west into the meta-sediments. by a ramp access from 35 level has exposed a 

strongly sheared graphitic meta-sedimentary sequence dipping west. and averaging in thickness of about 

12.0 m. 

7 .4 Implications of Geologic Structure to Open Stope Mining 

The Ashanti Goldfields mine orebodies are associated with fissures. shear zones and faults. These 

structures often contain very weak graphitic and carbonaceous gouge. The orebodies also bifurcate with 

intercalating pelitic and graphitic units. 

The graphite should be an important consideration in any investigation related to stability of open stopes. 

The graphitic and carbonaceous materials deteriorate quickly with moisture on exposure and tend to run 

(Suorineni and Tidzi, 1990). The graphite and carbonaceous rocks are also known to have very low 

compressive strengths in the range of 5 to 100 MPa. 

Both the orebodies and host rocks are strongly fractured and jointed. Joints in the orebody are generally 

filled with the graphitic material. Major faults and shears run close to the orebodies and affect stability of 

stope surfaces in their proximity. 

Bifurcation of orebodies into two or more lenses with intercalating soft materials is another source of 

instability, particularly in stope crowns. The variation in orebody dip with depth also seems to constitute 

an instability problem. These characteristics of the orebodies and host rocks should form the basis for 

stability assessment of open stopes in the blocks under study. 

7 .5 Mining Methods 

Mireku-Gyimah and Suglo ~ 1993) discussed underground mmmg methods practiced in the various 

underground mines in Ghana. Table 7. l is a summary of current mining methods at Ashanti Goldfields 

mine in Obuasi. 
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Table 7 .1 Summary of mining methods at Ashanti Goldfields Company underground mines (after Mireku­
Gyimah and Suglo, ( 1993) 

Mining method 

Cut and fill (Hydraulic fill 
- hydrafill ) 

Cut and fill (waste rock 
fill) 

Square-set sloping 
Sub-level caving 
Shrinkage sloping 

*Unmechanized cut and fill stopes. 
••Mechanized cut and fill stopes 
•stoping efficiency when stoping 

Sloping 
efficiency. 
t/man shift 

6-8 

8-10* 
30-32** 

l.5-5 
30-40 
5-8♦ 

25-30++ 

-stoping efficiency when drawing ore from stopes 

Recovery Dilution Proportion of 
(%) (%) mine 

eroduction I% I 
80-90 5-10 10-15 

80-90 5-10 25-35 

80-90 5-10 8-12 
70-80 20-30 -+5-55 
80-90 10-15 2-5 

Open sloping has only been recently introduced and is targeted to become the major method of ore 

extraction at the mine. Longitudinal open stoping is the common practice, at Ashanti Goldfields mine. The 

slopes are designed for IO to 20 thousand tons of ore. Each stope is designed to be depleted and filled 

within three months. Filling is immediate. with waste rock or cemented waste rock fill. Figure 7 .4 is a 

typical stope design for Block 8 ofGCS. 

The open sloping method practiced in Block 8 of GCS is different from the other blocks as shown in Figure 

7 .5. and deviates from normal open stope design. Figure 7.5 shows a longitudinal section of a typical open 

stope layout in Block 8. Seven-metre pillars are left on both sides of a stope to prevent dilution from 

inflow of waste rock fill from adjacent mined and filled slopes (Decker. per. comm.). Waste rock fill is the 

main source of fill in Block 8 to help dispose of the large volume of waste rock from developments. 
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Figure 7.4 Open scope design at Ashanti for GCS Block 8. showing a plan view of blast rings 

\ 

Figure 7.5 Longitudinal section showing open stope design in Block 8 ofGCS 
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The disadvantage of the practice of leaving pillars is that in the case of high-grade ore the practice becomes 

expensive, if for some reason pillar recovery is not possible at some later date. 

The ore body at ETS shaft pillar is given in Figure 7.6. Figure 7.7 shows scope sequencing at ETS shaft 

pillar. The plan view of the orebody in relation to the shaft is shown in Figure 7 .8. 
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Figure 7 .6 3D-wire frame of ETS shaft pillar orebody viewed along strike. with ramp and main levels 
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Figure 7.7 Longitudinal section showing stope sequence at ETS shaft pillar. 
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In Block 2, development drifts are located in the hangingwall because of the ground weakening effects of 

Cote d'Or Fissure in the footwall (Craig, per. comm.). Also, because of the ground weakening effects of 

the Cote d'Or Fissure on the footwall, longitudinal scoping was chosen rather than transverse stoping 

(Craig, per. comm.). However, due to poor performance of the first four slopes (39L-39S/l - slopes l, 2, 3 

and 4), mined by the longitudinal method, transverse scoping was adopted. Stope 2 reef drive failed before 

mining could start. It was not mined. 

7 .6 Rock Properties 

The following data were collected for assessing intact rock properties. rockmass quality determination and 

in situ stresses in the study areas: 

• Intact rock and rockmass properties as used by the mine, and 

• Discontinuity data - Self-verifying underground geotechnical discontinuity mapping was conducted. 

Management and technical staff was also interviewed for their views on the open stope mining method. 

7.6.1 Rock material and rockmass properties 

The mechanical properties of Ashanti Goldfields mine rock materials and rockmasses are summarized in 

Table 7.2. 



Table 7 .2 Summary of rock material and rockmass properties 

Rock type ucs Friction 
(MPa) angle (0 ) 

Meta-greywacke 90 54 
Carbonaceous 67 22 

phyllite 
Graphitic schist 92 20 

Graphite 5-IO 0-10 
Meta-volcanic 168 26 

(dolerite) 
Meta-volcanic 58 15 

(Green dyke with 
quartz) 

Hangingwall ** 80-150 

Graphite/quartz* 15-150 
* 

Schist/dyke** 60-150 

Footwall** 80-150 

Quartz 50-100 
Graphite 5-15 

Meta-sediments 100 
Meta-volcanics 150 

*MRMR - Mining Rock Mass Rating 
**Block 2 data 
·nRMS - Design Rockmass strength 

Cohesion 
c (MPa) 

30 
15 

27 

0 
45 

45 

RMR Q Source 

36 -41 l.7-2.4 Suorineni (1990) 
Suorineni and Borsah 

< 1993) 
Suorineni and Borsah 

( 1993) 

Suorineni and Borsah 
(1993) 

55 Anon. (1993) 
(34*.3 

4) 
34 

(22*.I 
n 
60 

(41 *.-1 
2, 
55 

(36*.3 
r> 

Anon. (1993) 

Anon. ( 1993) 

Anon. (1993) 

Udo ( 1996) 
Udo (1996) 
Udo (1996) 
Udo (1996) 
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Triaxial tests were used to determine rock cohesion and friction angles. All tests were conducted in 

accordance with the ISRM Suggested Methods for Rock Testing (Brown. 1981). Confining pressures of 

between 0 and 25 MPa were used. 

7 .6.2 Geotechnical discontinuity mapping 

Limited records on geotechnical discontinuity surveys were available from the Geotechnical Department of 

the Mine. Discontinuity survey results for Block 2 were obtained from the Geotechnical Department. A 

summary of the results is included in Appendix D. The results are based on a small number of joint 

measurements from the geologists (Agongo, per. comm.). and restricted to Block 2. 

Because of the small quantity of data, the restricted areal coverage with respect to the four blocks, and the 

mine in general, and the uncertainty of the geotechnical relevance of the data, an independent discontinuity 

survey was conducted by the author in Blocks 2 and 7. Block 8 and the ETS shaft pillar were also covered, 

but not in detail. 
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7.6.2.1 Block2 

Figure 7.9 and Figure 7. IO compare results for Block 2 orebody as obtained from the verification mapping 

and the mine. There is significant difference in the discontinuity structure from the 2 independent surveys. 

Therefore. the verification mapping was justified. The mine used 53 data points. and the verification data 

points are 149. 
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Figure 7.9 Contour plot of discontinuity poles and major planes showing discontinuity structure in KMS 
Block 2 orebody as obtained from verification survey 
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Figure 7. l O Contour plots of discontinuity poles and major planes showing discontinuity structure in KMS 
Block 2 orebody (after Udo. 1996) as obtained from mine 

The discontinuity structures of the hangingwall and footwall of the Block 2 orebody are shown in Figure 

7.11 and Figure 7.12 respectively, and the discontinuity patterns in KMS Block 2 are summarized in Table 

7.3. 
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Figure 7 .11 Contour plots of discontinuity poles showing discontinuity structure in KMS Block 2 
hangingwall 
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Figure 7 .12 Contour plot of discontinuity poles showing discontinuity structure in KMS Block 2 footwall 

Table 7.3 Summary of KMS Block 2 rock.masses discontinuity characteristics 

Stope surface 

Hangingwall 

Orebody 

Footwall 

Discontinuity characteristics 

l discontinuity set parallel 
to orebody dipping between 
56° - 90°. 2 discontinuity 
sets perpendicular to 
orebody. l discontinuity set 
oblique to ore body. 
Discontinuities are moderate 
to steeply dipping 
l discontinuity set sub­
parallel to orebody and near 
horizontal l discontinuity 
set sub-perpendicular to 
orebody. 
l discontinuity set oblique 
to orebody and subvertical. 
3 discontinuities sets are 
sub-vertical, 2 discontinuity 
sets parallel to orebody 2 
discontinuity sets oblique to 
orebody and l discontinuity 
set perpendicular to 
orebody. Discontinuity dips 
are moderate to subvertical. 

Number of joint 
sets 

4 discontinuity sets 
plus random 

3 discontinuity sets 
plus random 

5 discontinuity sets 
plus random 

Comments 

One very prominent set, 
which is perpendicular to 
the ore body. has a low dip 
of 40°. 

Orebody strikes N30°E 
and dips at 65° to sub­
vertical to the west 
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7.6.2.2 Block 7 

The following figures give the discontinuity structures of the orebody. hangingwall and footwall of Block 

7. 
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Figure 7 .13 Contour plot of discontinuity poles showing discontinuity structure in KMS Block 7 orebody 
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Figure 7 .14 Contour plot of discontinuity poles in KMS Block 7 hangingwall 
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Figure 7 .15 Contour plot of discontinuity poles showing discontinuity structure in KMS Block 7 footwall 



7.6.2.3 

Table 7.4 Summary of discontinuity characteristics of KMS Block 7 rock units 

Stope 
surface 

Hangingwall 

Orebody 

Footwall 

Block8 

Discontinuity 
characteristics 

sub-vertical 
discontinuity set parallel 
to orebody. 

sub-horizontal 
discontinuity set parallel 
lO lhe ore body. 3 
discontinuity sets are 
parallel lo lhe orebody. 2 
discontinuity sets 
perpendicular to orebody. 
3 sub-vertical 
discontinuity sets. 
2 discontinuity sets 
parallel to orebody, and I 
discontinuity set 
perpendicular to it I 
discontinuity set is 
oblique to lhe orebody. I 
discontinuity set is near 
horizonlal and I is 
vertical. I discontinuity 
set is oblique lo lhe 
orebod . 

Number of joint 
sets 

Assume 4 
discontinuity sets 
plus random. 

5 discontinuity 
sets plus random 

4 discontinuity 
sets plus random 

Comments 

Limited data. low 
confidence 
h is justified to assume 
same discontinuity sets 
ior Block 2 hangingwall 
for Block 7 
hangingwall. 
Orebody attitude as for 
Block 7 

The following figures show lhe discontinuity structure in GCS Block 8 hangingwall and footwall. 
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Figure 7 .16 Contour plot of discontinuity poles in GCS Block 8 hangingwall 
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Figure 7 .17 Contour plot of discontinuity poles showing discontinuity structure in GCS Block 8 footwall 

Table 7.5 Summary of discontinuity characteristics of GCS Block 8 rock units 

Stope surface 

Hangingwall 

Footwall 

Discontinuity characteristics 

I discontinuity set sub-parallel 
to orebody. Idiscontinuity set 
perpendicular to orebody. 2 
discontinuity set oblique to 
orebody. 3 sub-vertical 
discontinuity sets. The 4111 

discontinuity set is moderately 
dipping. 
2 sub-vertical discontinuity sets 

7 .6.3 Implications of discontinuity patterns 

Number of 
·oint sets 
4 
discontinuit 
y sets plus 
random 

2 sets plus 
random 

Comments 

Limited data due to lack of 
sufficient exposure of 
hangingwall. low confidence 

Small number of data points 
but reflects ground 
condition. Ground is 
generally competent in this 
area. 

Discontinuity patterns are as important as discontinuity intensity with reference to mining practice. The 

stereonets of discontinuities in the orebodies show at least one set parallel and one perpendicular to the 

orebody. Joints sub parallel to the orebody and dipping in the same direction will cause orebody slabbing if 

blasting rings are parallel to orebody (Figure 7.4). Slabbing of ore is one problem in Block 2 (Craig, per. 

comm.) 

Sub-horizontal and sub-vertical joints characterize the rockmasses in the study areas. Discontinuity 

patterns of this type favour rock caving (Mahtab and Dixon, 1976; McMahon and Kendrick, 1969; 

Cummings et al., 1982; Ferguson 1993 ). There is strong evidence of rock caving in all the sites visited as 

seen in Figure 7 .23, and Figure 7 .24. 
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It follows on the basis of the rockmass structure at Block 2 and Block 7, that it may be difficult to use open 

sloping mining method at these locations. 

7.6.4 Rock quality designation RQD 

RQD measurements are not routinely carried out at mines in Ghana. even though RQD is one of the most 

useful parameters for engineering rockmass characterization for mining purposes (Suorineni. 1988). Some 

small quantity of RQD data were obtained from 2 locations. ETS 42L-14NW bypass and GCS 26L-303E 

and 26S 305E. The RQD values give a rough guide as to the general trend of RQD values on the mine. 

Figure 7.18 shows a histogram of the RQD values from ETS (North of mine) compared with those from 

GCS (South of mine). 
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Figure 7 .18 Comparison of GCS (South) and ETS (North) RQD values 

Figure 7 .18 supports the view held at the mine that the ground condition improves from North towards the 

South of the mine. Median RQD for GCS is 78% and for ETS, is 64%. Low RQD values represent shears. 

faults and orebodies. 

The RQDs used in this analysis were estimated from fracture frequencies FF measured during mapping. 

The relationship by Priest and Hudson (1976) was used to convert the fracture frequencies to RQDs. 

The RQD values obtained from the mine for ETS and GCS had corresponding fracture frequencies. 

Analysis of the fracture frequencies and RQD values give somewhat different results (Figure 7 .19), when 

compared with Priest and Hudson (1976). 
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It is evident from Figure 7 .19 that the Priest and Hudson equations do not fit the Ashanti data, but generally 

provide an upper limit for RQD at the Ashanti mine. Equation 7. I was fitted to the data and compared with 

the Priest and Hudson (1976) equation (Equation 7.2). with the Ashanti fitted equation somehow 

approaching more realistic values at the centre of the graph than the Priest and Hudson ( 1976) equation. 

RQD = -28.6 ln(FF )+ 119.4 

RQD = IOOe-O. 1).,(0.IA+I) 

Equation 7. I was used to estimate RQDs for ETS. 

Table 7 .6 Estimated RQDs from fracture frequencies 

Block 

KMS Block 2 

KMS Block 7 

GCS Block 8 

ETS shaft pillar 

Stope 
surface/rock 

t e 
Hangingwall 

Ore 
Footwall 

Hangingwall 
Ore 

Footwall 
Hangingwall 

Ore 
Footwall 

Hangingwall 
Ore 

Footwall 

Fracture 
frequency FF 

12 
21 
13 
13 
20 
10 
11 
8 
10 

:?2 
33 
23 

Estimated 
RQD 

65 
40 
60 
60 
40 
70 
70 
80 
70 

30 
20 
30 

Remarks 

Fissured 
and sheared 

Fissured and 
sheared 
Stress 

fractured 
Generally 

good 
some 

graphite 

Extremely 
poor­

graphitic 

7.1 

7.2 
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7.6.5 Modified rockmass quality Q' 

The modified rockmass quality Q', is the rockmass property required as input for calculating the modified 

stability number N' that is used in the stability graph for open stope stability assessment. Considering the 

discontinuity structure discussed in Section 7.6.2. and the RQD values in Table 7.6. the modified rockmass 

qualities at Ashanti Goldfields mine are summarized in Table 7.7. 

Table 7.7 Modified rockmass qualities Q' at Ashanti Goldfields mine 

Block Stope RQD Joint set Joint Joint Modified 
surface/rock (%) number ln roughness alteration rockmass 

type J, number la quality Q' 
Hangingwall 65 15 1.5 4 1.6 

2-KMS Orebody 40 12 l.5 4 1.3 
Footwall 60 15 1.5 2 3 

Hangingwall 60 15 1.5 4 1.5 
7-KMS Orebody 40 15 1.5 4 I 

Footwall 70 15 1.5 2 3.5 
Hangingwall 70 15 1.5 2 3.5 

8-GCS Orebody 80 6 3 2 20 
Footwall 70 6 1.5 2 8.8 

Hangingwall 30 12 1.5 4 0.9 
ETS Shaft Orebody 20 15 3 2 2 

Pillar 
Footwall 30 15 1.5 2 1.5 

Graphite IO 20 I 4 0.1 

Table 7 .7 shows that the rocks at Ashanti Goldfields mine classify as poor to good, depending on the 

mining block. Good rockrnass qualities are found in block 8 of GCS. Ignoring rockmass qualities in Block 

8, the rockmass qualities in Blocks 2, 7, and ETS shaft pillar classify as poor with Q • between I and 3.5. 

The rockmass qualities are further reduced when the graphite zones intersecting the stope surfaces are 

considered. This is discussed in Section 7.10. l. 

7. 7 Shape Factors 

Slope surface shape factors are the hydraulic radii and spans. The radius factor (Milne, 1997) and 

volumetric index (Germain et al., 1996) are not considered in this analysis because open stope surfaces at 

Ashanti mine are relatively simple. 

Geometric information on stopes was collected from the mine for use in estimating the shape factors of the 

stope surfaces. Table 7.8 is a summary of the data. Shape factors of the stope surfaces are required as 

input for the development of the stability graph. The stope geometric data in Table 7 .8 are cross checked 

with stope and geologic sections from the mine. and where appropriate, corrected values are used rather 

than the mine value, which are rather more global block wise. 
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Table 7.8 Geometric information on slopes as obtained from the mine 

Block Panel Bonam Top level Width Width Average Stope Stope Orebody 
level at stope at width height length dip at 

bouom slope (m) (m) (m) slope 
Cm) top position 

(m) (0) 

Stope I 39L 39#1S/L 12.4 16.8 14.6 24 15.2 70 
Stope 2 39L 39#1S/L 15.5 29.2 22.4 24 18.2 70 
Stope 3 39L 39#1S/L 7.8 28.3 18.1 24 15.2 70 
Stooe 4 39L 39#1S/L 21 15.6 18.3 24 15.2 70 

Block Stope 5 39L 39#1S/L 12.7 17.3 15 24 15.2 70 
2 

Pillar 7 39L 39#1S/L 19 15.9 17.5 24 15.2 70 
Pillar 8 39L 39#1S/L 16.6 32.2 24.4 24 15.2 70 
Pillar 7 39#1S/ 38#1S/L 15.9 18.9 17.4 24 15.2 70 

L 
Slope 2 39#1S/ 38#1S/L 29.2 12.7 21 24 15.2 70 

L 
Stooe I 28L 27L 18.2 31.9 25.1 30 21 70 
Pillar l 28L 27L 15.2 27.4 21.3 30 21.3 70 
Slope 2 28L 27L 9.1 22.8 16 30 18.8 70 
Pillar 2 28L 27L 9.1 15.2 12.2 30 15.5 70 
Stooe 3 28L 27L 13.7 15.2 14.4 30 27.4 70 
Pillar 3 28L 27L 12.2 16.7 14.4 30 17 70 
Slope 4 28L 27L 12.2 19.8 16 30 27.1 70 

Block Pillar 4 28L 27L 13.7 18.2 16 30 24.3 70 
7 

Slope 5 28L 27L I0.6 13.7 12.2 30 24.3 70 
Pillar 5 28L 27L 9.1 12.2 I0.6 30 26.4 70 
Stooe 6 28L 27L 9.1 9.1 9.1 30 16.7 70 
Stope 7 28L 27L 24.9 29.9 27.4 30 26.4 70 
Pillar 7 28L 27L 23.9 IO 16.9 30 15 70 
Stooe 8 28L 27L 23.9 IO 17 30 15 70 

ETS 35L 35#1S/L 7.5 5.5 6 15 IO 70 
shaft 
pillar 
Block Slope I 30L 29L 5 l l.4 8.2 17.8 15.5 85 

8 
Stooe 2 30L 29L IO 9 9.5 20 25 85 

The hydraulic radii and spans are included in the summary sheet for the development of the stability graph, 

and are given in Appendix D. 

7 .8 In situ Stresses 

There has been only one location in the mine. and the first in Ghana, where in situ stresses have been 

measured. An Australian mining consultant (Anon., 1993) used the overcoring method of in situ stress 

measurement on the 26 Level 333 crosscut of the mine to determine the in situ stresses. Three separate 

measurements were made on the 26 Level. The results are summarized in Table 7.9. 
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Table 7.9 Summary ofin situ stress measurement results 

Test# Principal stress Magnitude Dip (0 ) Bearing (0 ) 

(MPa) 
Major 34.7 24 279 

Intermediate 27.7 25 021 
Minor 20.9 55 152 
Major 46.I 10 279 

2 Intermediate 37.9 36 017 
Minor 26.2 52 176 
Major 46.4 10 303 

3 Intermediate 19.5 36 040 
Minor l l.8 53 200 

Combined Major 39.1 21 292 
results Intermediate 28.3 l l 026 

Minor 20.8 66 142 
Dip is positive downwards; Bearings are positive clockwise from Mine North 

The Ashanti mine in situ stress data are superimposed in the general world in situ stress measurement 

graphs (Hoek and Brown. 1980) as shown in Figure 7.20 and Figure 7.21. The depth below surface at 

which the stress measurements were conducted at Ashanti is the 2600 Level that is 792.5 m below surface. 

According to the world stress map (Zoback. 1992). Ghana falls in a region of strike-slip faulting stress 

regime in which crhmax >av>O'hmin• The in situ stress measurement results at Ashanti puts Ghana in a region 

of thrust faulting stress regime in which crhmax>O'hmu,>O'v-

If the rock unit weight at Ashanti is assumed to be 0.027 MN/m3• the vertical stress at the depth of stress 

measurement is 21 .4 MPa. which compares favourably with the average of 20.8 MPa obtained from the in 

situ stress measurements. 

The ratio of the in situ measured average horizontal stresses to the in situ measured vertical stress is 1 .62. 

It is consistent with worldwide observations collected by Hoek and Brown ( 1980) as shown in Figure 7 .21. 
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Figure 7 .20 Plot of vertical stresses against depth below surface (after Hoek and Brown, 1980) with 
Ashanti data superimposed 
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It is concluded from the above comparisons that the single in situ stress measurement result is acceptable 

and constitutes the best available information of the in situ stress state at Ashanti. The following graph is 

used in estimating in situ stresses at Ashanti at shallow depths (!:. 1000 m). It is not applicable for greater 

depths where all three stresses tend to equalize rather than diverge as indicated in Figure 7 .22. Figure 7 .22 

is generated using the in situ principal stress relationships in Equation 7 .3 based on the vertical stress O'v-

CJ .=0.027 D MPa 

CJ~ = l.330'. MPa 

er H = l.820" .MPa 

7.3 
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Figure 7 .21 Plot of variation of ratio of average horizontal stress to vertical stress with depth below surface 
(after Hoek and Brown, 1980), with Ashanti data superimposed 

Stress (MPa) 

0 20 40 60 80 
0 

200 

400 

! 
.r. 600 a. 
ID 
0 

800 

1000 

1200 

Figure 7 .22 Graph for estimating in situ stresses at upper levels in Ashanti 
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7 .9 Stope Performance 

The following data were collected for evaluating the performance of the stopes: 

• Geological sections and vertical projections. 

• Blast design layouts. 

• Cablebolt design layouts. 

• Cavity survey profiles, and 

• Groundfall records detailing extents of falls and approximate dates. 

Block 2 has been observed as being problematic. Stope end walls and crowns have failed in almost all the 

mined stopes. End walls fail progressively. shrinking adjacent pillars. Figure 7.23 shows progressive 

failure in a stope crown. Sidewall failure was also observed in the 39 Level - 39S/Level stope (Pillar 7) 

(Figure 7 .24) connecting to the adjacent stope. 

;;,,.e_,.,,,.,,,.,g 
•c.,lure ---1-r-::1 

StoPe 

Cc.v,-::y 
survey 

,f 

Cc.c,ec:::,-:s 

Figure 7.23 Section showing progressive stope failure in pillar 7 of Block 2 Kwesi Mensah Shaft 
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Figure 7.24 Venical projection. showing sidewall failure in Pillar 7 - 158 pillar breached 

Poor performance of stopes in Block 2 is attributed to the following: 

• Undercutting by previous mining at the lower levels. 

• Delayed mining - developments had being standing for about l O years before start of mining. 

• Rocks classify as poor (Q' is between 1.3 and 3). the rockmass quality is further lowered by the 

graphitic zones that are not considered in the classification system. 

• Presence of graphitic fissures and shears. and 

• Bifurcation of the orebody. 

One stope had been mined at the ETS pillar block at the time of the visit. A stope of IO m-length by 5.5 m 

to 7 m-width and a venical height of 15 m was designed. The stope caved in the crown including the 

hangingwall. to a venicaJ depth of approximately 20 m involving a complete stope above it. immediately 

following blasting of the fourth blast ring (Figure 7 .25). A strike length of 6 m had been achieved at the 

time of failure. Consequently. the mine now plans 8-m strike lengths instead of IO m. 
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Figure 7 .25 ETS shaft pillar stope I failure 

Block 8 stopes in GCS generally perform better compared with stopes in the other blocks. Some failures 

still occur in this block if extraction is delayed for more than three months and or when graphite is 

encountered. Figure 7.26 shows tension fracturing in stope 1 position hangingwall in Block 8. 

Figure 7 .26 Tension fractures as observed in stope 1 position hangingwall 
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Figure 7 .27 Cablebolted back of stope 2 in Block 8, and part of stop I hangingwall (left) - GCS 

Bifurcation seems related to crown failures. The effect of orebody bifurcation on stope stability is 

summarized in Table 7.10. 

Block 

KMS 
Block 2 

KMS 
Block 7 

ETS shaft 
illar 

GCS Block 
8 

Table 7. IO Bifurcation in stopes and association with crown stability 

Stope/pillar Structure of orebody Comments 
Stope I No bifurcation Crown and endwalls caved 
Stope 2 Bifurcation within stope Self collapse - not mined 

Crown failure - Bad method of 
Stope 3 Bifurcation at crown dealing with bifurcation in crown 

(Figure). 
Stope 4 No bifurcation Satisfactory crown performance -
Stope 5 Bifurcation at crown Good way to deal with crown 

bifurcation 
Pillar7 (39L-39S/l) Bifurcation within stope Crown failure - slope undercut 

by previous mining 
Pillar 8 No bifurcation Hangingwall undercut by 

previous mining 
Pillar 7 (39S/l-38S/l) No bifurcation Schist and quartz parallel 

Stope I No bifurcation Several parallel lenses 
Stope 2 Bifurcation Unstable 
Stope 3 Bifurcation unstable 
Pillar 3 Bifurcation in crown Crown failure 
Stope 4 Severe bifurcation Unstable 
Pillar 4 Bifurcation Unstable 
Stope 5 Bifurcation Deep seated crown failure 
Pillar 5 No bifurcation Unstable 
Stope 6 No bifurcation Unstable 
Stope 7 Bifurcation Caved 
Stope 8 No bifurcation Unstable 
Stope I Bifurcation Deep seated crown failure 

Stope I No bifurcation Stable 
Stope 2 No bifurcation Stable 

Details of stope failures, and geometries at the research sites are included in Appendix D. 



7.10 Fault Gouge Rockmass Quality Correction 

7.10.1 Fault gouge rockmass correction factor Q' m 
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When a soft fault gouge is exposed in a stope surface. it affects the overall quality of the surface rockmass 

and its stability. Among the limitations of the stability graph method is the fact that it does not account for 

such soft zones in the stope surface (Potvin and Milne. 1992). 

Some researchers (Quesnel and Ley, 1991; Speight. 1992) have shown that current rockmass classification 

systems do not apply when soft zones are encountered. They developed different in-house rockmass rating 

procedures to account for the soft zones. 

L0set ( 1990) proposed the following equation to account for soft zones in the Q-system: 

Tlog(Q:) + log(Q.,) 
Q= T+l 

7.4 

where. T = Thickness of soft zone in metres. Q= = Rockmass quality of thickness zone, Q., = Rockmass 

quality of adjacent competent rockmass. and Q = Resultant surface rockmass quality. 

Equation 7.4 does not relate the soft zone thickness to the excavation surface. The ratio of the soft zone 

thickness to the stope surface thickness (defined below, Figure 7.28) is a measure of the severity of slough 

in the stope surface due to the soft zone. In this thesis, it is hypothesized that the rockmass quality of a 

stope surface in which a soft zone is exposed should be related to the adjacent rockmass quality in the stope 

surface. the soft zone rockmass quality, the stope surface width. and the width of the soft zone. Equation 

7.4 is rewritten to include the width of the intersected stope surface: 

7.5 

a.I+( 

where, Q'm = adjusted rockmass quality, CJJ = Ratio of soft zone thickness to stope surface width, Q '..,=Soft 

zone gouge quality, and Q' .. = Quality of adjacent rockmass. 

Figure 7 .28 is drawn to illustrate the concept, and shows the various scenarios of soft zones intersecting 

different stope surfaces, and the determination of CJJ. Notice that the minimum length for surface lb is used 

in calculating w, since this gives the worst case. The figure shows the relationship between the soft zone in 

a fault and stope surface. 

Terzaghi (1946) observed that the loose rock load (dead weight) on roof support is only a small fraction of 

the weight of the rock located above the tunnel due to arching or silo effect. Arching is effective when the 

adjacent rockmass is competent and provides rigid abutments. Therefore, arching can enhance the stability 
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of a soft zone between relatively competent rock when the width of the soft zone is less than the width of 

the stope surface. 
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Figure 7.28 Illustration of soft zones (black band) in faults, in various stope surfaces and the calculation of 

0) 

Whether or not the soft zone rockmass quality will have a significant impact on Q'm, is dependent on a>. 

For a weakness zone rockmass quality of Qw' = 0.02 and adjacent rockmass quality Q' a = 2. Figure 7 .29 

shows the limits when Q'w or Q'a is dominant, and when Q'm should be applied. In general, for ro <=0.15 

Q'm = Q., and for ro ~ 20, Q'm = Q_ In between these values Q'm should be determined and used in place of 

Q' for the assumed values. 
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Figure 7 .29 Effect of weakness zone gouge quality on adjacent rockmass quality 

Equation 7 .5 is applied to the Ashanti database to correct for the presence of graphite in the stope surfaces. 

7.10.2 Estimation of fault gouge (graphite) thickness 

Field observations revealed that failures at Ashanti are related to the thickness of the graphitic zones in the 

stope surfaces (Figure 7 .30 and Figure 7 .31 ). 

Figure 7.30 Graphite (dark) in crown with quartz (light) 
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Figure 7 .31 Gravity related failure due to graphite 

38 _ 

39 :;! 
-~----:-£__-

39 _ 

Figure 7 .32 Longitudinal section of pillar 8 showing graphite in hangingwall 
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The failure in ETS shaft pillar stope 1 that occurred. seems graphite related. Figure 7 .33 shows graphite 

occurrence with the orebody of stope 1 in the ETS shaft pillar, and the failure that occurred. 

790 
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Figure 7.33 Longitudinal section of stope I at ETS shaft pillar showing graphite in hangingwall and 
footwall. and the failure that occurred 

The effective thicknesses of graphite in various stope surfaces were determined in field studies and from 

geological sections and plans obtained from the mine. The thickness of the graphite zone in each stope 

surface is used to determine a correction factor to the stope surfaces· rockmass quality. Table 7 .11 shows 

the thicknesses of graphite in the various stope surfaces. 



242 

Table 7.11 Estimated effective graphite thicknesses (m) in stope surfaces 

Block Stope / pillar HW graphite FW End walls Crown 
thickness ( m) graphite graphite graphite 

thickness thickness< m) thickness 
(m) (m) 

Stopel Nil nil Nil nil 
Stope2 Nil nil Nil nil 
Stope3 1.2 2.4 3.6 3.6 
Stope 4 30% graphite 

KMS Stope 5 3.6 nil 3.6 3.6 
Block 2 Pillar 7 (39L- nil nil nil nil 

39S/L 
Pillar 8 nil nil 3.5 3.5 

Pillar 7 (39S/l- nil nil 2.4 2.4 
-38S/I) 
Stope l 2.4 1.2 3.6 3.6 
Pillar l not mined 
Stope 2 1.2 1.2 3.6 3.6 
Pillar 2 not mined 
Stope 3 3.6 1.2 4.8 4.8 
Pillar 3 2.4 1.2 3.6 3.6 
Stope 4 1.2 1.2 2.4 2.4 

KMS Pillar 4 2.4 nil 2.4 2.4 
Block 7 Stope 5 3.6 nil 3.6 3.6 

Pillar5 1.2 1.2 2.4 2.4 
Stope 6 1.2 1.2 2.4 2.4 
Stope 7 1.2 2.4 3.6 3.6 
Pillar 7 not mined 
Stope 8 1.2 2.4 3.6 3.6 

ETS shaft Stope l 2.5 0.5 3 3 
pillar 
GCS Stope l No information 

Block 8 Stope 2 Nil 3.5 3.5 3.5 

7.11 Ashanti Stability Graph 

In this section, the stability graph for Ashanti is presented for a case where the soft graphite zones 

intersecting slope surfaces are not taken into account in the rockrnass quality assessment. and for a case 

where the soft graphite zones are considered by applying Equation 7.5. The rockmass qualities at Ashanti 

were presented in Section 7 .6.5. The modified rockrnass qualities Q' for Ashanti rocks range between I 

and 20, with the majority of rockmasses in the range 0.9 to 3.5. When the soft zones in the slope surfaces 

are taken into account, the rockrnass qualities Q • decrease to between 0.7 and 20. with a majority of the 

rockrnasses in the range 0.7 to 1.6. 

The stress factor in this study is set to I because stope walls are typically in relaxed ground conditions. 
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Slope surface geometries as obtained from Ashanti mine documents. are included in Appendix D. together 

with the complete table of data used for the deve'.opment of the stability graphs. The stope surface 

hydraulic radii were presented in Section 7.7. and range between 2.4 and 7.8. 

The joint orientation factor B and gravity factor C were determined from the joint characteristics of the 

Ashanti rocks and stope orientation data presented in Sections 7.6.2. and 7.7 respectively. 

Figure 7.34 is the modified stability graph without correction for graphite zones. The boundaries 

separating stable unsupported stopes from unstable stopes. and unstable from caved slopes are those 

developed with lhe statistical tools discussed in Chapter 3 using the unsupported calibration database. The 

two boundaries define the transition zone, and are shown in the plot. 
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Figure 7 .34 Conventional stability graph for Ashanti (with transition zone statistically defined using the 
unsupported calibration database) on a log-log scale - no correction for graphite 

Figure 7 .34 shows lhal all but one unstable and one caved stope fall below the transition zone. 

Open slopes in Ashanti are cablebolted before mining. Many (almost halt) of the stable stopes fall above 

N' = I, and plot below the transition zone for unsupported stopes. This suggests that the cablebolting at 

Ashanti is effective for N' > I, when HR is less than 8. 

The boundary between stable and failed stopes. based on the Ashanti data alone, seems to be a horizontal 

line, and fall near N' = I, suggesting that the conventional stability graph boundaries may not be applicable 

to Ashanti, and therefore that the stability graph and for that matter open stope mining may not be 

applicable. The author does not subscribe to this interpretation, and suggests that it is an artifact due to lack 

of stable small stopes in poor ground (N'<l ). Furthermore, it is interpreted as an indirect support of the 
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fault factor concept; i.e .. if soft zones in wide faults have little effect. stability can be assessed by the 

stability graph. and conditions that are supportable can be properly identified. However, if soft zones in 

wide faults dominate, stopes become quickly unstable or cave. 

The fault factor concept was applied to Ashanti to correct for the soft graphite zones intersecting stopes. 

Only the unstable and caved points are re-plotted in Figure 7 .35 after applying the correction procedure. 

The correction procedure takes into account the thickness of the graphite. the stope surface width. the 

rockmass qualities of the graphite zone, and the adjacent rockmass. The lines connecting to the data points 

show the movement of the points from their original positions downwards to the final position indicated by 

the corresponding symbol. Even though the points moved in the right direction. it seems that the amount of 

movement is still insufficient to plot caved stopes in the caved zone. and they still plot in the transition 

zone. 
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Figure 7 .35 Stability graph showing examples of movement of points after correcting for graphitic zones in 
stope surfaces 

Because of the combined effects of faults and relatively poor ground, the results of corrections for soft 

zones (graphitic zones) using the approach presented in the thesis is minor. However, the method removes 

outliers from the stable data zone. Thus the thesis approach to accounting for soft zone influences is 

confirmed. 

Figure 7 .35 clearly demonstrates that (a) an N' = I threshold would not properly identify unstable or caving 

conditions, (b) the general transition zone seems to be applicable, and (c) that the unstable and caved cases 

could not be controlled by the applied rock support systems. 
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The graphite zone correction criterion applied to obtain Figure 7 .35. was applied to the whole database and 

Figure 7 .36 presents the stability graph after correcting for the graphite zones m the stope surfaces. 
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Figure 7 .36 Ashanti stability graph after correcting for graphite zones 

Again. the boundaries between unsupported stable and unstable stopes. unstable and caved stopes are the 

same as for Figure 7 .35. The boundary between stable and failed stopes still appears to be horizontal even 

after correcting for the soft graphite zones, suggesting either that other factors such as time. blasting and 

water may be affecting stope stability but are not accounted for in the plot or that conditions involving 

faults in ground with N'::; l are not supportable (at least with support type adopted at Ashanti). 

Whereas there may be insufficient data to conclusively justify the following conclusion. the stability graph 

presented in Figure 7.36 strongly suggests that scopes are unsupportable if graphicic shears exist and results 

in ground with N' < l. Hence the stability graph boundaries shown in Figure 7.37 are recommended for 

verification at Ashanti. 
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To operate unsupported stopes at Ashanti, one would have to use stopes with hydraulic radii of less than 4. 

This range of hydraulic radii should only be applicable at locations where N' is at least one. taJcing into 

account corrections for graphite. Support seems effective up to hydraulic radius of 8 if N' is greater than 

one. 

The zone identified as Unsupportable in Figure 7.37 implies that at Ashanti. when N'<I no open stopes can 

be mined even with support. 

The modified span concept has been shown in this thesis to be applicable to open stope design. and is 

applied to the Ashanti database. Figure 7 .38 is a plot of the Ashanti data using the modified span or 

equivalent dimension and the mine excavation stability index MESI (with Q ·m for soft zones but with F., = 

l for discrete faults). 

MESI =Q., •B•C• F .. 
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Figure 7.38 Plot of modified span versus mine excavation stability index MESI. 

Figure 7 .38 can be used as an alternative to the stability graph for open scope design. and has the advantage 

of giving specific stope dimensions such as strike lengths and endwall widths in the orebody. Hydraulic 

radius does not give specific stope surface dimensions, and often require further analysis for the specific 

stope surface dimensions. Figure 7.38 also has the advantage over the traditional Q-D, graph because it 

accounts for gravity, joint orientation and faults and soft zones. For Ashanti, MESI less than one defines 

conditions that are difficult to support, as discussed in previous section. 

7.12 Evaluation of Mining Methods in Ashanti 

7 .12.1 Accounting for bifurcations in design 

A bifurcation of the orebody creates a potential wedge problem, and is most critical when associated with 

graphite in stope backs (Figure 7.39). 
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Figure 7 .39 is based on field observation of failures and analysis of bifurcation cases, and qualitatively 

shows the difference between bad and good stope design when orebody bifurcates. When stopes terminate 

with their crowns at the "V" or inverted "V" nodes of bifurcation shown as bad mining practice, such 

crowns were noted to cave more frequently compared to cases where the bifurcation occurred within the 

stope called good mining practice. Also, when the stope crown is at some distance from the "V" junction 

or inverted "V" nodes (good mining practice) such crowns were observed to perform satisfactorily. 

7 .12.2 Alternative mining methods for Ashanti 

The previous chapters demonstrated that the applicability of the stability graph at Ashanti appears to be 

limited, and that use of the open stope mining method at the mine seems not to be the right mining method, 
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particularly where N'<l. This section examines alternative mining methods for the sites studied at Ashanti 

based only on geomechanics constraints. 

In Sections 7.6.5 and 7.7 both rockmass characteristics and orebody geometries at the research sites were 

discussed. It seemed that the structure of the rockmasses does not favour the use of open stope mining at 

least for Blocks 2, 7 and ETS shaft pillar. Much improved support would be required for the open stopes of 

current sizes to be stable, particularly if MESI is less than one. Smaller stope sizes with hydraulic radii 

between 2.5 and 4 for MESI of at least I are required if they were to be unsupported. Such sizes would 

most likely be uneconomic. Other mining methods are examined as alternatives that could be used at 

increased profit without increased risk. 

Dips of orebodies, even though critical for mining method selection, are still inadequately classified. Table 

7 .12 is an attempt to classify orebody dips with reference to mining demands. Table 7 .12 presents the 

results of a literature survey including Cummins and Givens (1973). Stress factor A in the Table 7.12 is 

taken as I. 

Table 7 .12 Classification of dips oforebodies and discontinuities for mining method selection and stability 
considerations - stress factor A = 1 

Dip a 0 of orebody Classification 
or discontinuity 

0-15 Flat 

15-35 Low 

35-55 Moderate 

55-75 Steep 

75-90 Very steep 

Remarks 

Optimum performance of mining equipment. Power 
shovels and scrapers required to move ore. Stability of 
walls not affected by discontinuities in this dip range, but 
are critical for crown stability. 
Critical for ore flow. Scrapers may be required to move 
ore. Range for angles of internal friction of most rock 
joints. Failure in walls by sliding is critical for joints with 
dips in this range. 
Above critical angle for ore flow. Ore flows but may 
require use of scrapers. Joints in this dip range may cause 
sliding failure in walls. Crowns may fail. 
Scrapers are not required. Stability of walls improved, 
failure may be by buckling. Some sliding is possible. 
Ore flows under total gravity or nearly so. No scrapers 
required. Stability of walls optimum. Crowns without flat 
to low dipping joints will be stable. 

Table 7 .12 is related to mining methods in Figure 7.40, which gives a relationship between ore body dip and 

mining methods. 



250 

lllnlng mathods Variations Dip of orebody 

claAlflcatlan Types of method Flat Low Moderate Sleep i V.atNp 

Sublevel stcp,ng -
Ver11C81 crater 1'81raat - - -

OpenatopU Flat 

Room-and-ptllar Inclined 

Step 

Cut-and-fill Prma,y -r 1 - - - -Pillar racove<y 

Undercut-and-till !"""" - -
Shnnkage 

Sublevel cav,ng ~ - - ~ - - - r-
Artificially Block cav,ng Natural 

i aupporleel lnduCIJon 

atopn l.a'lgwalt mining 

Shonwaft m,mng 

Flat slicing 

ToP slicing Honz.s1oong 

Ind. slicing 

Squar•sel - -
Dip (a") 0 1sl 35) ssi 75( 90 

Symbol Meanaig 

ElleCIJVe dip range for Cll)bmlZll'lg melhod 

"""- - - - Method applied under spec,al orcurnstances 

Figure 7 .40 Relationship between orebody dips and mining methods 

Figure 7.41 presents the relationship between rockmass quality and mmmg methods. Figure 7.41 is 

developed from published case histories including those in Hustrulid (1985). Cummins and Givens (1973) 

and Hudson (1993). Used together, Figure 7.40 and Figure 7.41 can effectively assist in selecting a suitable 

mining method for a given situation based on geomechanical requirements only. 
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Orebodies at Ashanti typically dip between 60c and 80°. Possible mining methods. based on orebody dip, 

for this orebody dip range are: 

• Sub-level stoping, 

• Vertical crater retreat, 

• Cut and fill . 

• Shrinkage . 

• Square set . 

• Block caving, 

• Sub-level caving, 

• Top slicing. and 

• Undercut and fill. 

Rockrnass qualities in the study areas at Ashanti range from Q' of0.9 to 20 (RMR between 45 and 88). and 

classify as very poor to good rocks (not considering graphite). Good quality rocks are generally found in 

Block 8 of GCS. For Blocks 2, 7 and ETS shaft pillar, rockrnass quality Q' is between 1 and 3.5 (RMR 

between 46 and 61 ). When the soft zones are considered Q 'm is lower for the rockmasses. Thus the 

rockrnasses classify as poor in Q-system in Blocks 2. 7 and ETS shaft pillar. This range is reduced further 

when the thickness of graphite in the shear or fault zones is taken into account. Possible mining methods. 

based on rockrnass quality. for this class of rockmasses as shown in Figure 7.41 are: 

• Cut and fill . 

• Undercut and fill . 

• Block caving, 

• Top slicing . 

• Square set, and 

• Shrinkage . 

The final alternative mining methods. considering both rockrnass quality and orebody geometry are: 

• Block caving, 

• Cut and fill . 

• Square set, 

• Shrinkage. and 

• Top slicing . 

A review of the mining methods at Ashanti (Section 7.5) shows that in the Ashanti practices. cut and fill 

(cut and fill. undercut and fill), shrinkage, square set, and sub-level caving, which agrees well with the 

methods identified with the procedure discussed in this thesis. They only recently introduced open stope 

mining. and this analysis has shown that it is not an appropriate mining method for the sites studied. 
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Indeed. the bottom part of Block 2 was mined by cut and fill before management decided to opt for open 

sloping. because of large tonnage and lower production cost requirements. It would appear that on the 

basis of geomechanics with good mining practice. block caving and cut and fill are the most promising 

mining methods for Blocks 2. 7 and the ETS shaft pillar. 

7.13 Summary 

Rockmasses at Ashanti are highly jointed. and classify as poor to good with Q • between 0.9 and 20. The 

good quality rockmasses are in Blocr 8 of GCS. Ignoring GCS, rockmasses in Blocks 2. 7 and ETS shaft 

pillar classify as poor with Q' between l and 3.5. Rockmass quality is further lowered when the graphite 

layers intersecting the stope surfaces are considered in Q', and the stability index MESI is further reduced. 

The orebody contains discontinuities that are sub-parallel and perpendicular to it. Blast rings parallel to the 

discontinuity patterns are the cause of blast ring slabbing, as experienced in Block 2. 

The stability graph method's applicability is limited for ground conditions encountered at Ashanti. The 

conventional stability graph boundaries do not fit the Ashanti data when N'<l. Hydraulic radii less than 4 

for N' greater than or equal to one are required, only stopes with hydraulic radii less than 8 for N' greater 

than one are supportable. 

At the study sites in Ashanti, open stopes are not recommended at locations where N'<l. 

A procedure is presented and applied to case histories to account for the presence of soft gouge zones in 

wide faults and shear zones intersecting stope surfaces. The procedure relates the stope surface rockmass 

quality to the thickness of fault gouge, stope surface width, adjacent rockmass quality and gouge rockmass 

quality. The resultant stability graph shows less overlap by about 12% and thus is slightly improved. 

The orebody at Ashanti bifurcates with intercalating graphitic bands. Birfurcation adversely affects the 

stability of open stope backs. Crown stability is correlated with orebody bifurcation. Stope crowns cave 

progressively due to the presence of low and high dipping graphite filled discontinuities in the orebody. 

When orebody bifurcates. stope design should be such that stope backs do not terminate at bifurcation 

nodes. 

Stope stability is strongly influenced by the amount of graphite and the thickness of graphitic shears. Stope 

crown caving is aggravated by the presence of graphite in bifurcation zones. 

Block caving and cut and fill mining seem more appropriate for Ashanti mine Blocks 2, 7, and ETS. 

Charts are presented for quick determination of mining methods on the basis of geomechanics requirements 

and orebody geometry. 



CHAPTERS 

CONCLUSIONS AND RECOMMENDATIONS 

8.1 Conclusions 

The thesis is focused on evaluating the effects of faults on the stability of open stopes. Faults are often the 

source of open stope overbreak and dilution. How faults affect stope stability was not well understood. 

This thesis identifies and evaluates the fault characteristics that adversely affect stope stability. The 

modified stability graph method (Mathews et al. 1980, Potvin 1988) was developed in Canada as an 

empirical design tool for stope design and is now used throughout the world. However, this design method 

does not include a factor to account for the presence of faults or soft zones on excavation stability. 

Substantial effort was devoted in this thesis to improve the applicability of the stability graph method by 

accounting for the destabilizing effects associated with faults. 

When stopes are intersected by a fault, or near such a weakness zone. this thesis shows that modifications 

to the conventional stability number yield better empirical design results for open stopes. To determine the 

modified stability number. a decision is made whether the fault is a discrete structure or a wide zone. 

When the fault is a wide zone. then a weighted rockmass quality Q',,, that captures the lower rockmass 

quality of the gouge is used. For discrete faults. the Q • of the host rockmass quality is used. For all faults, 

a fault factor is introduced to account for the de-stabilizing effects of these faults. The fault factor is a 

function of stope geometry. fault characteristics and the in situ stress state. The stability number modified 

for the influence of faults is then used in a similar manner as for the conventional stability graph method. 

The empirical design of stopes without faults is unchanged. 
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255 

8.1.1 Fault effects 

First a methodology was developed for determining overbreak or ELOS1 (equivalent linear sloughage) due 

to faults near stopes. The approach is based on the theory that a fault near a stope increases the zone of low 

stress. When the stresses fall below some critical value. which is on the order of I 00 kPa or near zero, 

unravelling possibly leading to caving occurs. Two-dimensional finite element simulations using PHASE2 

was used to demonstrate that the presence of a fault increases the volume or area of low stress. For 2-

dimensional modelling, ELOS1 is given by the increase in the area of low stress divided by the height of the 

stope. when the stope is modelled with a fault compared to a slope modelled without a fault. This 

methodology is applicable to excavations in discontinuous (jointed or blocky) rockmasses and can be used 

lo analyze other scenarios beyond those presented in this thesis. 

Numerical modelling, analytical methods and an observational approach. have shown that the following 

fault characteristics have greatest influence on stope stability: 

• Included angle between the stope surface and the fault. 

• Location of fault intersection on a stope wall. 

• Distance of the fault from the stope surface. for non-intersecting faults. 

• Fault shear strength. and 

• Rockrnass quality of the gouge, for wide faults and shear zones. 

The shape and extent of the zone of low stress also depend on: 

• The stope geometry (slope surface dip and stope aspect ratio), and. for stress levels below the yield 

point of the host rock. 

For example, the importance of included angle and fault position on ELOS1 is illustrated in Figure 8.1. If 

the assumptions for the creation of this graph are applicable. it can be used to estimate the support length 

and capacity requirements. 
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Figure 8.1 Effect of included angle and location of fault (bottom. middle and top) on ELOSt= K = 2.1, ip• = 
20°, a= 72°, Ar= 0.4 

An important contribution of this thesis was to identify that the lack of a correction factor for faults was a 

deficiency in the stability graph method. A procedure was developed for determining a fault factor for 

incorporation into the stability number N'. The procedure combines the predicted ELOS1 from the 

numerical modelling with the empirical £LOS contours plotted on the stability graph by Clark and Pakalnis 

( 1997). ELOS1 values from O to 0.5 m are considered to represent stable stope conditions. and the £LOS = 

0.5 m-contour is used as the basis for calculating a fault factor F.,. The fault factor is given by the stability 

number N1 corresponding to ELOS1 divided by the stability number N0 corresponding £LOS = 0.5 m­

contour for a given stope geometry (hydraulic radii) and fault condition. The fault factor graph for 

conditions corresponding to those in Figure 8.1 is presented as an example in Figure 

The fault factor can reduce the stability number N. by one to about three orders of magnitude. compared to 

the effects of the stress factor A, joint orientation defect factor B and gravity factor C. A. B and C affect N' 

by a maximum of one order of magnitude. Therefore, when faults are near stopes they control the stability 

of the stope surface. 

When a wide fault or shear zone with soft gouge intersects the stope surface. the rockmass quality of the 

soft zone is important for the stability of the stope surface. The effect of the poor rockmass quality in the 

fault can be accounted for by using a weighted rockmass quality, which is based on the rockmass qualities 

of the soft zone, the adjacent rockmass, and the relative thickness of the fault to the stope surface. 
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Figure 8.2 Example fault factor graph for conditions corresponding to those in Figure 8.1 

8.1.2 Case histories 

Kidd Mine in Timmins. Canada. is one of the research case study sites. The mine uses the open stope 

mining method and has experienced significant dilution from hangingwalls (Tannant et al.. 1997). The 

orebodies at the mine are associated with major and minor faults. The major faults are the Gouge Fault and 

Gouge Fault Splay. A total of 48 stopes were studied in #3 mine resulting in I 12 stope wall stability 

assessments. Sixty-nine percent of the stope walls analyzed were associated with either a major or a minor 

fault. 

Application of the conventional stability graph method was unable to adequately differentiate between 

stable and caved stopes. because it did not account for the adverse effects of faults. Cavity surveys were 

used to assess the performance of the stopes. and to quantify overbreak. A detailed review of geological 

sections and stope designs was undertaken to characterize the locations and orientations of faults relative to 

each scope surface. Using this information fault factors were calculated and applied to the database. With 

the stability number modified to account for the presence of faults. the stability graph method was able to 

better differentiate stable and caved slopes (with a data separability index of 67%). Based on this evidence. 

the use of a fault factor to revise the conventional stability number N' is recommended. 

Ashanti Goldfields mine in Ghana was the second case study site for the research. Data were collected 

from the mine to develop a database consisting of 130 cases of stope walls. Ashanti Goldfields mine rocks 

are characterized by many shear zones filled with graphite. Faults or large shear zones containing soft 

gouge often intersect stope surfaces. The soft gouge largely controls slope back stability. 

The quality of the rockmass containing a soft zone in a stope surface is adjusted by taken into account the 

rockmass quality of the soft zone. the adjacent rockmass quality. the width of the stope surface intersected, 
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and the thickness of the soft zone. The method is applied to the case histories at Ashanti. and was found to 

slightly improve the differentiation between stable and caved cases. It is recommended that where wide 

soft zones intersect stope surfaces. this method be used. It is shown that the fault factor approach removes 

outliers from the stable data zone. 

It is concluded from the Ashanti stability graphs that the general transition zone developed using statistics 

and the calibration database are applicable. but that unstable and caving cases below N' = I could not be 

controlled by the applied rock support systems at Ashanti. Hence. for locations at Ashanti. where N'< 1. 

open stopes are not recommended. 

To operate unsupported slopes. Ashanti would have to use stopes with hydraulic radii of less than 4. and 

only where N' is at least one, taking into account corrections for graphite. Support seems effective up to a 

hydraulic radius of 8 if N' is greater than one. The stability graph method that accounts for wide fault 

zones presented in the thesis, suggests that stopes are unsupportable if graphitic shears exist and result in 

ground with N' < I. 

8.1.3 Stability graph and applications of statistics 

It is often recommended that individual mines calibrate their own stability graphs. The distribution of 

points in the zones of the stability graph, and boundaries between stable \ unstable. and unstable \ cave, are 

amenable to statistical treatment. Potvin (I 988) recommended use of statistics to define the boundaries 

between stable and caved stopes. Application of statistics to the stability graph has several advantages as 

discussed in the thesis. The implication of the location of a point on the stability graph. and the relationship 

between zones of the stability graph, have statistical and physical significance. The thesis presents 

statistical tools relevant to the interpretation of empirical data. and applicable to the stability graph method. 

The likelihood ratio was found to provide an excellent statistical tool for use in interpreting the stability 

graph. The likelihood method can be used to optimally define the boundaries between zones in the stability 

graph based on misclassification risk cost and inequality in data subgroups. 

The stable, unstable and cave zones of the stability graph overlap. An index for determining the amount of 

overlap is defined as the separability index. It can be used to determine the improvement to the stability 

graph when a new parameter is introduced, or when an existing parameter in the stability graph parameters 

is modified, as is the case in the fault factor development. 

There is a transition zone in the stability graph, defined by the boundary between stable and unstable 

stopes, and the boundary between unstable and caved slopes. In the transition zone. stable, unstable, and 

caved stopes are all possibilities. Unstable stopes in the transition zone are supportable. 
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It was found that the use of statistics to define boundaries for the zones in the stability graph for an 

individual mine is difficult, if not impossible. because of the restricted dispersion of data. Individual mines 

have unique rockmass qualities and stope sizes that often restrict variability in the data. 

The boundaries defined by statistical methods using the calibration database are applicable to individual 

mines. and if required. should bP. optimized to individual mine conditions depending on cost and difference 

between number of stable and unstable cases. 

8.1.4 Alternative stability graphs 

The likelihood-based stability graph and the stability graph method that uses the stability number and a 

critical span. are useful alternative open stope design tools to the conventional stability graph method. The 

revised stability index - modified span graph includes rockmass parameters not included in the 

conventional stability graph. 

A likelihood-based stability graph with multiple design curves is presented. Based on the experiences of a 

mine. a specific likelihood ratio curve can be selected according to a desired level of risk. The graph is 

ideal for making on the spot design decisions based on exposed ground conditions. and for new mines that 

intend to use open stope mining but have little data. 

A modified stability number N' taking into account fault factors provides an improved rockmass quality 

rating when compared to the Q - D, method of underground excavation design or the conventional stability 

graph method. Rock defect orientation and gravity are better accounted for. 

The stress factor A is set to unity because hangingwalls are typically located in relaxed ground in open 

stope mining. For the investigated mine sites. 70% of the cases in the calibration database are in relaxed 

stress conditions. 

Mathematical equations are presented in the Appendix for determining stope surface and fault geometries. 

The geometry of stopes and faults are required for determining fault-related overbreak. the fault factor, and 

stope surface hydraulic radius. The equations are verified with the Kidd database. and are recommended 

for mine design and planning purposes. 

8.2 Recommendations For Future Research 

Factors affecting the stability of open stopes are many. Faults and stress are only some of the factors that 

affect open stope stability. This research contributed to the understanding fault effects and stress on open 

stope design. The work can be further advanced to improve open stope stability by researching some of the 

following. 
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• More parametric studies are required to determine the effects of faults on squat stopes. 

• The effect of non-intersecting and non-parallel faults, utilizing 3-dimensional models on open should 

be investigated. 

• A gravity factor that takes into account both stope surface rockmass quality and stope surface 

orientation is more realistic than one that considers only stope surface orientation as in the stability 

number N' or only rockmass quality as in the Q-system. Funher work is required in this direction. 

• The Q-system shows that larger spans can be supported than implied by the stability graph method. 

A possibility of exploiting this advantage for mining applications requires further investigation. 

• Field evidence and numerical modelling are required to define critical span for use in open stope 

design. It is shown that modified span and hydraulic radius. could both be used for open stope 

design. Stress may be an important factor in defining critical span. 

• Effect of stope life span on its performance relative to the rockmass stand-up time. is an important 

area of further study. A good starting point is the span stand-up time graph. It is recognized that 

planned stope lives are rarely achieved in practice. It is important to adjust stope sizes to account for 

dilution due to time effects from delays in mining. 



APPENDIX A 

STATISTICAL MODELS FOR EMPIRICAL DATA 
INTERPRETATION 

A.I Bayes' theorem and the likelihood statistic 

The principle of likelihood in discriminant analysis can be related to Bayes· theorem. Bayes· theorem is an 

extension of Bayes' rule which states that "assign the object to the group (unstable or stable) with the 

highest conditional probability". The Bayes· classification rule is defined in terms of discriminant functions 

or discriminant scores of the data groups concerned. The ratio of the conditional probabilities of the data 

groups treated is the likelihood ratio. The theory of Bayes' classification rule in terms of the likelihood 

ratio is presented below for application to the interpretation of the open stopes' stability graph database. 

The theory of the likelihood ratio approach to data classification is developed as follows: 

Let 

P(UIX) = probability that a stope is truly unstable in X data collected is true la posteriori probability) 

P(SIX) = probability that the stope is truly stable in X data collected is true (a posteriori probability) 

P(XIU) = conditional probability that X data is observed if the stope is unstable (a priori probability) 

P(XIS) = conditional probability that X data is observed if the stope is stable (a priori probability) 

P(U) = probability of stope being selected from the database is unstable (a priori probability) 

P(S) = probability of stope being selected from the database is stable (a priori probability) 

Bayes' rule is expressed mathematically as: 
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P(UIX) > P(SIX) A.l 

Equation A. l implies assign the stope surface to the unstable stopes cluster if its a posteriori probability of 

being unstable is greater than its a posteriori probability of its being stable. 

From probability calculus. 

P(U,X) = P(U)P(XIU) = P(X)P(UIX) 

P(U,X) is the probability that instability is true and X stopes is observed. From Equation A.2. 

( I ) 
P(U)P(XIU) 

PUX =---'--­

P(X) 

A.2 

A.3 

If the whole database consisting of stable and failed (failed stopes = unstable plus caved stopes) stopes is 

represented by the space n. then: 

P(.!2IX) = 1 

P(.Q)P(Xl.!2) = l 
P(X) 

P(X) = P(.Q)P(Xl.!2) 

A.4 

The probability that U stopes are unstable given that X stopes are studied. and the probability that S stopes 

are stable given that X are observed. are given by Equations A.2 and A.3 given that for the whole database, 

P(UIX) = _P(_x_1u...,...)P_(u_) 
P(.Q)P(Xl.!2) 

P(SIX) = _P-'-(X_IS.;._}P_(S_) 
P(.Q)P(Xl.!2} 

A.5 

A.6 

Bayes' classification rule is now related to a priori probability and conditional probability in Bayes' 

theorem by dividing Equation A.5 by Equation A.6 as follows: 

P(UIX} = [P(U)IP(XIU}l 
P(SIX} P(S) P(XIS} 

A.7 
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Equation A.7 is the Bayes' classification theorem. and relates a posteriori probabilities to a priori 

probabilities and conditional probabilities. It allows a priori probabilities or odds to be corrected on the 

basis of a new observation X to obtain a posteriori probabilities. 

The term on the left of Equation A. 7 is the ratio of a posteriori probabilities. The first term on the right is 

the ratio of a priori probabilities. and the second term is the ratio of conditional probabilities known as the 

likelihood ratio. 

The likelihood ratio is often expressed as a logarithm. Equation A.7 is rewritten as in Equation A.8: 

[
P(UIX)l [P(U)] log ( . =log -- +log(/\) 
p SIX) P(S) 

A.8 

The likelihood functions for the stable f,(HR.N') and unstable f.,(HR.N') classes are of the general form: 

I 
J(HR,N)=----;:::::=== 

2:rra HRu N' ✓1 - P 
HRN' 

Where PHR.N' is the product moment correlation coefficient given by: 

The expression in the square bracket in Equation A.9 is rewritten as: 

Where X is a row vector given by. 

X = (HR N') 

And 

X-X = (HR-HR N'-N') 

A.9 

A.I I 

A.I2 

A.I3 
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When the within variance-covariance matrices for the stable and unstable classes are different. each 

distribution is unique in its own right. The normal density functions for the unstable and stable classes are 

then given in Equations A.14 and A. 15 in terms of discriminant functions. 

A.14 

A.15 

Where. Su and S, are the class within variance-covariance matrices for the stable and stable classes 

respectively. 

If the within subgroups variance-covariance matrices are equal. i.e .. 

A.16 

The likelihood ratio is also equal to the ratio of the bivariate normal density functions or likelihoods 

(Equations A.14 and A.15) as shown in Equation A.17. 

fu(HR. N') P{XIU) 
---- - --,--- - A 
f5 (HR. N') - P{XIS) -

A.17 

The subscripts u and s in Equation A.17 stand for unstable and stable respectively. 

Therefore. by definition the likelihood ratio A is given by, 

A.18 

Talcing logarithms of both sides of Equation A.18, substituting for f,,(X). f,(X), and simplifying gives 

Equation A.19 as follows: 

A.19 

Where. d is the mean difference vector given by: 

d = Xu-Xs A.20 
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Equation A.19 is an important equation. It is the Bayes' rule related to the general likelihood ratio. It is a 

practical fonn of Bayes· rule in that all the parameters in the equation are known. When the likelihood ratio 

is l, implying equal conditional probabilities. Equation A.21 becomes: 

A.21 

Equation A.21 is a special case of the likelihood ratio criterion ~ommonly referred to as Mahalanobis 

distance criterion. The Mahalanobis distance criterion is discussed in section A.2 

Equation A.19 has another significant implication. It shows that the likelihood functions for the two or 

more groups of data are equal. i.e .. 

f,,(X) = f,.(X) A.22 

This means that an object with this characteristic can neither be assigned to the unstable or the stable group. 

A curve defining all such objects is the discriminating curve between the stable and unstable clusters. 

Above this curve the likelihood of having a stable stope surface increases. and below it the possibility of an 

unstable stope increases. 

The analysis to this point assumes that a priori probabilities for stable and unstable stopes (equal numbers 

of stable and unstable stopes in the database) are equal. Therefore. the likelihood ratio is equal to the ratio 

of a posteriori probabilities. When a priori probabilities are not equal. •.hen the likelihood ratio is given 

by Equation A.23: 

J\ =-P(_S) __ P-'-(u_1x-'-) 
P(U) P(SIX) 

A.23 

Another meaningful inference from Equation A.19 is that the discriminating curve will pass through the 

intersection of the equiprobability contours of the data groups as explained in the following section. 

A.2 Mahalanobis Distance Method 

The Mahalanobis distance method is a special case of the likelihood ratio discriminant function. The 

Mahalanobis method is a corrected version of the Euclidean distance approach when the variables are 

correlated. If there is no correlation between the variables the Mahalanobis and Euclidean distance methods 

give identical results. Also. for uncorrelated variables. discriminant scores methods and the distance 

methods give similar results. 
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In defining the Mahalanobis distance lets consider two groups of data. Let Xu and X, be vectors of 

coordinates for two points in a sampling space n. and let the coordinates of the whole set of points in the 

sampling space have a variance-covariance matrix S. Then by definition. the square Mahalanobis distance 

is given by: 

A.24 

The classical squared distance between two points Y, and Y1 is given by: 

A.25 

The Mahalanobis' rule states that a vector X; will be assigned to the first subgroup if it's squared 

Mahalanobis distance to the first subgroup average is smaller than it's squared Mahalanobis distance to the 

second subgroup average. This statement is exrressed as: 

A.26 

Expanding Equation A.26 and rearranging gives Equation A.27: 

A.27 

Equation A.21 compares well with Equation A.27. and is only a special case of the more general form of 

Bayes' classification rule. 



A.3 Calibration database 

Tahle A. I Summary of the unsupported calibration database 

Stress Crlt. Strike Shear Slldlng F-fall Gravity Hydra. Span/3 

Mine# Case# Plane RQD/Jn factor Dip dltt. dltt. Jr/Ja Crlt.jt.dlp s-surf.dlp Factor rad. (S) Pert. Q' A B N' 
3 3 wall 6.0 comp. 5.0 0.0 1.0 85.0 90.0 2.5 7.7 8.9 cave 6.0 0.1 0.2 0.3 
9 16 back 25.0 comp. 70.0 0.0 0.3 70.0 0.0 2.0 5.8 6.7 cave 6.3 0.1 0.9 1.1 

28 159 back 8.0 comp. 0.0 0.0 2.0 0.0 0.0 2.0 7.6 8.7 cave 16.0 0.1 0.2 0.6 
30 164 back 14.0 comp. 60.0 0.0 1.5 60.0 0.0 2.0 8.6 9.9 cave 21.0 0.1 0.8 3.3 
17 47 back 9.0 comp. 90.0 0.0 2.0 90.0 0.0 2.0 7.3 8.4 cave 18.0 0.3 1.0 11.0 
17 50 back 9.0 comp. 90.0 0.0 2.0 90.0 0.0 2.0 6.8 7.8 cave 18.0 0.4 1.0 14.0 
27 151 back 15.0 comp. 10.0 0.0 2.0 10.0 0.0 2.0 10.0 11.5 cave 30.0 0.4 0.2 4.8 
16 43 back 14.0 comp. 0.0 0.0 1.3 0.0 0.0 2.0 15.2 17.5 cave 18.2 0.5 0.3 5.5 
19 54 back 29.0 comp. 10.0 0.0 1.5 10.0 0.0 2.0 6.8 7.8 cave 43.5 0.5 0.2 8.8 
19 55 back 29.0 comp. 10.0 0.0 1.5 10.0 0.0 2.0 8.0 9.2 cave 43.5 0.5 0.2 8.8 

34 204 back comp. 1.0 15.2 17.5 cave 20.0 0.5 0.5 5.1 

15 35 back 6.0 comp. 0.0 0.0 1.5 20.0 20.0 2.3 10.5 12.1 cave 9.0 0.6 0.3 3.9 
34 206 back comp. 1.0 17.4 20.0 cave 13.0 0.7 0.5 4.7 

35 207 back comp. 1.0 9.9 11.4 cave 10.3 1.0 1.0 10.3 

23 150 hw 5.0 comp. 0.0 0.0 0.1 70.0 70.0 6.0 11.3 13.0 cave 0.5 1.0 0.2 0.8 
29 161 wall 3.0 comp. 20.0 0.0 1.0 70.0 90.0 8.0 20.0 23.0 cave 3.0 1.0 0.2 4.8 
17 49 back 9.0 comp. 90.0 0.0 2.0 90.0 0.0 2.0 9.9 11.4 cave 18.0 1.0 1.0 36.0 
31 170 back 18.0 comp. 35.0 60.0 1.5 65.0 30.0 2.8 12.5 14.4 cave 27.0 1.0 0.8 60.0 
31 171 back 18.0 comp. 35.0 60.0 1.5 65.0 30.0 2.8 15.0 17.2 cave 27.0 1.0 0.8 60.0 
31 172 back 18.0 comp. 35.0 60.0 1.5 65.0 30.0 28 15.9 18.3 cave 27.0 1.0 0.8 60.0 
13 24 back 17.0 comp. 30.0 0.0 2.0 30.0 0.0 2.0 10.5 12.1 cave 34.0 1.0 0.2 14.0 
13 25 back 17.0 comp. 30.0 0.0 2.0 30.0 0.0 2.0 11.3 13.0 cave 34.0 1.0 0.2 14.0 
13 26 back 17.0 comp. 30.0 0.0 2.0 30.0 0.0 2.0 12.2 14.0 cave 34.0 1.0 0.2 14.0 
21 72 hw 1.0 relax 0.0 0.0 0.3 75.0 75.0 6.5 16.0 18.4 cave 0.3 1.0 0.3 0.5 
21 80 hw 1.0 relax 0.0 0.0 0.3 75.0 75.0 6.5 11.0 12.6 cave 0.3 1.0 0.3 0.5 
21 96 hw 1.0 relax 0.0 0.0 0.3 78.0 78.0 7.0 8.0 9.2 cave 0.3 1.0 0.3 0.5 

21 98 hw 1.0 relax 0.0 0.0 0.3 90.0 90.0 8.0 5.0 5.7 cave 0.3 1.0 0.3 0.6 

21 119 hw 1.0 relax 0.0 0.0 0.3 76.0 76.0 6.5 9.0 10.3 cave 0.3 1.0 0.3 0.5 

21 122 hw 1.0 relax 0.0 0.0 0.3 60.0 60.0 5.0 13.0 14.9 cave 0.3 1.0 0.3 0.4 
1-) 
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21 124 hw 1.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 10.0 11.5 cave 0.3 1.0 0.3 0.4 
21 127 hw 1.0 relax 0.0 0.0 0.3 71.0 71.0 6.0 13.0 14.9 cave 0.3 1.0 0.3 0.5 
23 149 hw 5.0 relax 0.0 0.0 0.1 70.0 70.0 6.0 9.0 10.3 cave 0.5 1.0 0.2 0.8 

21 77 hw 3.0 relax 0.0 0.0 0.3 90.0 90.0 8.0 14.0 16.1 cave 0.8 1.0 0.3 1.8 
21 78 hw 3.0 relax 0.0 0.0 0.3 80.0 80.0 7.0 6.0 6.9 cave 0.8 1.0 0.3 1.6 
21 79 hw 3.0 relax 0.0 0.0 0.3 80.0 80.0 7.0 10.0 11.5 cave 0.8 1.0 0.3 1.6 

21 91 hw 3.0 relax 0.0 0.0 0.3 52.0 52.0 4.0 11.0 12.6 cave 0.8 1.0 0.3 0.9 

21 93 hw 3.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 7.0 8.0 cave 0.8 1.0 0.3 1.2 
21 94 hw 3.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 9.0 10.3 cave 0.8 1.0 0.3 1.2 
21 95 hw 3.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 16.0 18.4 cave 0.8 1.0 0.3 1.2 
21 113 hw 2.0 relax 0.0 0.0 0.5 72.0 72.0 6.0 14.0 16.1 cave 1.0 1.0 0.3 1.8 

21 105 hw 6.0 relax 0.0 0.0 0.3 63.0 63.0 5.5 13.0 14.9 cave 1.5 1.0 0.3 2.5 

21 107 hw 2.0 relax 0.0 0.0 0.8 80.0 80.0 7.0 4.0 4.6 cave 1.6 1.0 0.3 3.4 

21 108 hw 2.0 relax 0.0 0.0 0.8 80.0 80.0 7.0 10.0 11.5 cave 1.6 1.0 0.3 3.4 

19 56 wall 4.0 relax 0.0 0.0 0.5 90.0 90.0 8.0 19.0 21.8 cave 2.0 1.0 0.3 5.2 

21 83 hw 1.5 relax 0.0 0.0 1.5 62.0 62.0 5.0 13.0 14.9 cave 2.3 1.0 0.3 3.4 

21 68 hw 3.0 relax 0.0 0.0 0.8 82.0 82.0 7.0 12.0 13.8 cave 2.4 1.0 0.3 5.0 
21 102 hw 3.0 relax 0.0 0.0 1.0 60.0 60.0 5.0 14.0 16.1 cave 3.0 1.0 0.3 4.5 
21 110 hw 3.0 relax 0.0 0.0 1.0 60.0 60.0 5.0 12.0 13.8 cave 3.0 1.0 0.3 4.5 

8 14 hw 9.0 relax 6.0 0.0 0.5 78.0 72.0 6.0 8.8 10.1 cave 4.5 1.0 0.2 5.4 

8 15 hw 9.0 relax 0.0 0.0 0.5 78.0 78.0 7.0 8.8 10.1 cave 4.5 1.0 0.3 9.5 

21 71 hw 6.0 relax 0.0 0.0 0.8 90.0 90.0 8.0 8.0 9.2 cave 4.8 1.0 0.3 12.0 

21 65 hw 4.0 relax 0.0 0.0 1.5 65.0 65.0 5.5 12.0 13.8 cave 6.0 1.0 0.3 10.0 

33 185 back comp. 2.0 6.2 7.1 caved 13.3 0.1 0.2 0.5 

33 186 back Comp. 2.0 5.2 6.0 caved 13.3 0.1 0.2 0.5 

33 187 hw Relax 5.0 10.3 11.8 caved 10.0 1.0 0.3 15.0 

33 188 hw Relax :5.5 16.4 18.9 caved 5.9 1.0 0.2 6.5 

33 195 hw Relax 5 () 5.9 6.8 caved 7.2 1.0 0.2 7.2 
22 146 back 8.0 Comp. 10.0 0.0 1.0 10.0 0.0 2.0 2.1 2.4 unstable 8.0 0.1 0.2 0.3 
22 147 back 8.0 Comp. 10.0 0.0 1.0 10.0 0.0 2.0 2.3 2.6 unstable 8.0 0.1 0.2 0.3 
17 48 back 9.0 Comp. 90.0 0.0 2.0 90.0 0.0 2.0 5.0 5.7 unstable 18.0 0.1 1.0 3.6 

11 19 back 30.0 Comp. 40.0 0.0 1.0 40.0 0.0 2.0 3.5 4.0 unstable 30.0 0.1 0.4 2.4 
28 154 back 16.0 Comp. 0.0 0.0 2.0 0.0 0.0 2.0 5.2 6.0 unstable 32.0 0.1 0.3 1.9 

3 2 wall 6.0 Comp. 5.0 0.0 1.0 85.0 90.0 2.5 8.9 10.2 unstable 6.0 0.2 0.3 0.7 

34 205 back Comp. 1.0 6.4 7.4 unstable 20.0 0.3 0.5 2.7 

6 10 end 4.0 Comp. 15.0 0.0 0.8 75.0 90.0 3.5 4.7 5.4 unstable 3.2 0.3 0.2 0.7 

16 44 back 14.0 Comp. 0.0 0.0 1.3 0.0 0.0 2.0 6.4 7.4 unstable 18.2 0.3 0.3 3.3 1-J 
a.. 
00 



16 38 back 45.0 Comp. 90.0 0.0 2.7 90.0 0.0 2.0 6.1 7.0 unstable 121.5 0.4 1.0 97.0 
34 203 back Comp. 1.0 6.1 7.0 unstable 20.0 0.5 0.5 4.9 
16 42 back 14.0 Comp. 0.0 0.0 1.3 0.0 0.0 2.0 6.1 7.0 unstable 18.2 0.5 0.3 5.5 
31 175 wall 18.0 Comp. 20.0 25.0 1.5 70.0 90.0 8.0 11.6 13.3 unstable 27.0 0.5 0.3 32.0 

31 178 back 18.0 Comp. 45.0 60.0 1.5 65.0 20.0 2.5 11.1 12.8 unstable 27.0 0.5 0.9 29.0 
34 201 back Comp. 1.0 8.8 10.1 unstable 40.0 0.5 1.0 21.6 
34 202 back Comp. 1.0 13.4 15.4 unstable 40.0 0.6 1.0 21.6 
34 200 back Comp. 1.0 7.6 8.7 unstable 100.0 0.6 1.0 60.0 
16 41 back 15.0 Comp. 90.0 0.0 2.6 90.0 0.0 2.0 13.4 15.4 unstable 39.0 0.6 1.0 47.0 
16 39 back 45.0 Comp. 90.0 0.0 2.7 90.0 0.0 2.0 7.6 8.7 unstable 121.5 0.6 1.0 146.0 

32 180 hw 6.0 Comp. 0.0 0.0 1.0 70.0 70.0 6.0 6.9 7.9 unstable 6.0 1.0 0.3 10.0 
22 141 hw 8.0 Comp. 0.0 0.0 1.0 70.0 70.0 6.0 8.1 9.3 unstable 8.0 1.0 0.3 15.0 
21 97 hw 1.0 Relax 0.0 0.0 0.3 90.0 90.0 8.0 3.0 3.4 unstable 0.3 1.0 0.3 0.6 
21 118 hw 1.0 Relax 0.0 0.0 0.3 76.0 76.0 6.5 6.0 6.9 unstable 0.3 1.0 0.3 0.5 
21 121 hw 1.0 Relax 0.0 0.0 0.3 60.0 60.0 5.0 2.0 2.3 unstable 0.3 1.0 0.3 0.4 
21 123 hw 1.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 6.0 6.9 unstable 0.3 1.0 0.3 0.4 
21 126 hw 1.0 relax 0.0 0.0 0.3 71.0 71.0 6.0 2.0 2.3 unstable 0.3 1.0 0.3 0.5 
21 130 hw 1.0 relax 0.0 0.0 0.3 60.0 60.0 5.0 4.0 4.6 unstable 0.3 1.0 0.3 0.4 
21 131 hw 1.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 3.0 3.4 unstable 0.3 1.0 0.3 0.4 
21 112 hw 2.0 relax 0.0 0.0 0.5 72.0 72.0 6.0 8.0 9.2 unstable 1.0 1.0 0.3 1.8 
21 104 hw 6.0 relax 0.0 0.0 0.3 63.0 63.0 5.5 8.0 9.2 unstable 1.5 1.0 0.3 2.5 
21 129 hw 6.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 12.0 13.8 unstable 1.5 1.0 0.3 2.5 
21 67 hw 3.0 relax 0.0 O,C, 0.8 82.0 82.0 7.0 9.0 10.3 unstable 2.4 1.0 0.3 5.0 
21 82 hw 3.0 relax 0.0 0.0 0.8 65.0 65.0 5.5 6.0 6.9 unstable 2.4 1.0 0.3 4.0 
21 115 hw 3.0 relax 0.0 0.0 0.8 65.0 65.0 5.5 8.0 9.2 unstable 2.4 1.0 0.3 4.0 
21 116 hw 3.0 relax 0.0 0.0 0.8 65.0 65.0 5.5 10.0 11.5 unstable 2.4 1.0 0.3 4.0 
21 101 hw 3.0 relax 0.0 0.0 1.0 60.0 60.0 5.0 6.0 6.9 unstable 3.0 1.0 0.3 4.5 
21 109 hw 3.0 relax 0.0 0.0 1.0 60.0 60.0 5.0 6.0 6.9 unstable 3.0 1.0 0.3 4.5 
7 12 hw 7.0 relax 0.0 0.0 0.6 75.0 75.0 6.5 9.1 10.5 unstable 4.2 1.0 0.2 5.5 

21 70 hw 6.0 relax 0.0 0.0 0.8 90.0 90.0 8.0 5.0 5.7 unstable 4.8 1.0 0.3 12.0 
4 4 hw 7.0 relax 15.0 0.0 1.5 30.0 45.0 3.7 7.1 8.2 unstable 10.5 1.0 0.2 7.8 
30 166 1w 9.0 relax 10.0 0.0 1.5 80.0 90.0 3.0 9.9 11.4 unstable 13.5 1.0 0.2 8.3 
21 69 hw 18.0 relax 0.0 0.0 3.0 55.0 55.0 4.5 16.0 18.4 unstable 54.0 1.0 0.3 73.0 
21 87 hw 20.0 relax 0.0 0.0 3.0 66.0 66.0 4.5 12.0 13.8 unstable 60.0 1.0 0.3 81.0 

33 197 hw relax 6.0 4.9 5.6 unstable 3.1 1.0 0.3 5.6 
22 134 back 5.0 comp. 30.0 0.0 1.0 30.0 0.0 2.0 1.9 2.2 stable 5.0 0.1 0.2 0.2 
9 17 back 25.0 comp. 70.0 0.0 0.3 70.0 0.0 2.0 4.2 4.8 stable 6.3 0.1 0.9 1.1 N 
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22 144 back 8.0 comp. 10.0 0.0 1.0 10.0 0.0 2.0 1.9 2.2 stable 8.0 0.1 0.2 0.3 

32 179 back 15.0 comp. 70.0 0.0 1.5 70.0 0.0 2.0 4.1 4.7 stable 22.5 0.1 0.9 3.8 

32 181 back 15.0 comp. 70.0 0.0 1.5 70.0 0.0 2.0 4.0 4.6 stable 22.5 0.1 0.9 3.8 

32 183 wall 16.0 comp. 0.0 0.0 1.5 90.0 90.0 8.0 4.9 5.6 stable 24.0 0.1 0.3 5.8 

28 158 back 10.0 comp. 20.0 0.0 2.5 20.0 0.0 2.0 3.4 3.9 stable 25.0 0.1 0.2 1.0 

28 156 end 16.0 comp. 10.0 75.0 2.0 80.0 90.0 3.0 5.6 6.4 stable 32.0 0.1 1.0 10.0 

14 32 back 90.0 comp. 90.0 n/a 1.0 n/a 0.0 2.0 4.0 4.6 stable 90.0 0.1 1.0 18.0 

33 191 back comp. 2.0 1.3 1.5 stable 15.8 0.1 0.2 0.6 

33 193 back comp. 2.0 1.e 2.1 stable 15.8 0.1 0.2 0.6 

36 210 back comp. 1.0 5.0 5.7 stable 85.0 0.2 0.5 6.4 

36 209 back comp. 1.0 8.4 9.7 stable 85.0 0.2 0.5 6.8 

19 57 back 29.0 comp. 10.0 0.0 1.5 10.0 0.0 2.0 3.7 4.3 stable 43.5 0.2 0.2 3.5 

36 208 back comp. 1.0 7.0 8.0 stable 85.0 0.2 0.5 9.4 

6 9 wall 12.0 comp. 10.0 0.0 2.0 80.0 90.0 8.0 4.7 5.4 stable 24.0 0.3 0.2 12.0 

22 145 back 8.0 comp. 10.0 0.0 1.0 10.0 0.0 2.0 1.8 2.1 stable 8.0 0.3 0.2 1.0 

30 169 back 15.0 comp. 0.0 0.0 1.5 0.0 0,0 2.0 5.0 5.7 stable 22.5 0.3 0.3 4.1 

22 139 back 13.0 comp. 50.0 0.0 2.0 50.0 0.0 2.0 3.0 3.4 stable 26.0 0.3 0.6 10.0 

22 137 back 13.0 comp. 50.0 0.0 2.0 50.0 0,0 2.0 2.9 3.3 stable 26.0 0.4 0.6 13.0 

22 138 back 13.0 comp. 50.0 0.0 2.0 50.0 0.0 2.0 3.1 3.6 stable 26.0 0.4 0,6 13.0 

14 34 back 90.0 comp. 90.0 n/a 1.0 n/a 0.0 2.0 10.7 12.3 stable 90.0 0.4 1.0 72.0 

16 37 back 45.0 comp. 90.0 0.0 2.7 90.0 0.0 2.0 2.7 3.1 stable 121.5 0.4 1.0 97.0 

22 136 back 13.0 comp. 50.0 0.0 2.0 50.0 0,0 2.0 2.4 2.8 stable 26.0 0,5 0.6 16.0 

31 176 back 18.0 comp. 45.0 60.0 1.5 65.0 20.0 2.5 7.3 8,4 stable 27.0 0,5 0.9 29.0 

31 177 back 18.0 comp. 45.0 60.0 1.5 65.0 20.0 2.5 9.9 11.4 stable 27.0 0.5 0.9 29.0 

19 53 back 29.0 comp. 10.0 0.0 1.5 10.0 0.0 2.0 2.4 2.8 stable 43.5 0.5 0.2 8.8 

22 135 back 13.0 comp. 50.0 0.0 2.0 50.0 0.0 2.0 2.1 2.4 stable 26.0 0.6 0.6 19.0 

23 148 back 11.0 comp. 0.0 0.0 2.0 0.0 0.0 2.0 5.0 5.7 stable 22.0 0.7 0.2 5.9 

15 36 hw 6.0 comp. 20.0 25.0 1.5 80.0 60.0 51) 9,0 10.3 stable 9.0 0.9 0.3 13.0 

5 7 hw 40.0 comp. 15.0 90.0 1.0 90,0 75.0 6.5 5.2 6.0 stable 40.0 1.0 1.0 260.0 

19 59 wall 4.0 comp. 0.0 0.0 0.5 90.0 90.0 8.0 4.5 5.2 stable 2.0 1.0 0,3 5.2 

22 133 hw 6.0 comp. 10.0 20.0 1.0 80.0 90.0 8.0 6.7 7.7 stable 6.0 1.0 0.2 9.4 

32 184 hw 6.0 comp. 0.0 0.0 1.0 80.0 80.0 7.0 6.7 7.7 stable 6.0 1.0 0.3 12.0 

22 140 hw 8.0 comp. 0.0 0.0 1.0 70.0 70.0 6.0 7.5 8,6 stable 8.0 1.0 0,3 15.0 

22 142 hw 8.0 comp. 4.0 0,0 1.0 70.0 66.0 5.5 5.3 6.1 stable 8.0 1.0 0.2 S.2 

22 143 hw 8.0 comp. 7.0 0.0 1.0 70.0 63.0 5.5 5.7 6.6 stable 8.0 1.0 0.2 9.2 

28 157 fw 9.0 comp. 10.0 25.0 1.8 80.0 90.0 8.0 8,4 9.7 stable 16.2 1.0 0.2 26.0 

12 20 back 11.0 comp. 20.0 0.0 1.5 20.0 0.0 2.0 1.8 2.1 stable 16.5 1.0 0.2 6.6 '" --J 
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12 23 back 11.0 comp. 20.0 0.0 1.5 20.0 0.0 2.0 2.1 2.4 stable 16.5 1.0 0.2 6.6 
20 61 hw 17.0 comp. 0.0 0.0 1.5 70.0 70.0 6.0 7.5 8.6 stable 25.5 1.0 0.3 45.0 
20 62 fw 17.0 comp. 0.0 0.0 1.5 70.0 70.0 4.0 7.5 8.6 stable 25.5 1.0 0,3 30.0 
31 173 back 18.0 comp. 35.0 60.0 1.5 65.0 30.0 2.8 7.7 8.9 stable 27.0 1.0 0,8 60.0 

31 174 back 18.0 comp. 35.0 60.0 1.5 65.0 30.0 2.8 5.4 6.2 stable 27.0 1.0 0.8 60.0 
27 152 back 15.0 comp. 10.0 0.0 2.0 10.0 0.0 2.0 6.7 7.7 stable 30.0 1.0 0.2 12.0 
13 27 back 17.0 comp. 30.0 0.0 2.0 30.0 0.0 2.0 4.1 4.7 stable 34.0 1.0 0.2 14.0 
19 58 wall 29.0 comp. 80.0 90.0 1.5 8.0 90.0 8.0 8.4 9.7 stable 43.5 1.0 1.0 352.0 
1 1 hw 18.0 comp. 45.0 35.0 3.0 45.0 90.0 6.5 5.0 5.7 stable 54.0 1.0 0.7 228.0 

21 120 hw 1.0 relax 0.0 0.0 0.3 60.0 60.0 5.0 1.0 1.1 stable 0.3 1.0 0.3 0.4 
21 125 hw 1.0 relax 0.0 0.0 0.3 71.0 71.0 6.0 1.0 1.1 stable 0.3 1.0 0,3 0.5 
21 90 hw 3.0 relax 0,0 0.0 0.3 52.0 52.0 4.0 3.0 3.4 stable 0.8 1.0 0.3 0.9 
21 92 hw 3.0 relax 0.0 0.0 0.3 65.0 65.0 5.5 2.0 2.3 stable 0.8 1.0 0.3 1.2 
21 111 hw 2.0 relax 0.0 0.0 0.5 72.0 72.0 6.0 3.0 3.4 stable 1.0 1.0 0.3 1.8 
21 103 hw 6.0 relax 0.0 0.0 0.3 63.0 63.0 5.5 3.0 3.4 stable 1.5 1.0 0.3 2.5 
21 66 hw 3,0 relax 0.0 0.0 0.8 82.0 82.0 7.0 3.0 3.4 stable 2.4 1.0 0.3 5.0 
21 114 hw 3.0 relax 0.0 0.0 0.8 65.0 65.0 5.5 2.0 2.3 stable 2.4 1.0 0.3 4.0 
21 100 hw 3.0 relax 0.0 0.0 1.0 60.0 60.0 5.0 3.0 3.4 stable 3.0 1.0 0.3 4.5 
7 11 hw 5.0 relax 10.0 0.0 0.6 70.0 80.0 7.0 7.9 9.1 stable 3.0 1.0 0.2 4.2 
22 132 hw 6.0 relax 10.0 20.0 1.0 80.0 90.0 8.0 5.6 6.4 stable 6.0 1.0 0.2 10.0 
21· 64 hw 4.0 relax 0.0 0.0 1.5 65.0 65.0 6.0 6.0 6.9 stable 6.0 1.0 0,3 10.0 
21 117 hw 4.0 relax 0,0 0.0 1.5 65.0 65.0 5.5 10.0 11.5 stable 6.0 1.0 0.3 10.0 
6 8 hw 6.0 relax 30.0 30.0 1.5 60.0 90.0 5.0 8.5 9.8 stable 9.0 1.0 0,4 18.0 

21 128 hw 12.0 relax 0.0 0.0 0.8 65.0 65.0 4.5 7.0 8.0 stable 9.6 1.0 0.3 13.0 
13 28 wall 8.0 relax 0.0 10.0 1.5 90.0 90.0 2.0 7.6 8.7 stable 12.0 1.0 0.3 6.9 
21 74 hw 8.0 relax 0.0 0,0 1.5 55.0 55.0 4.5 2.0 2.3 stable 12.0 1.0 0.3 16.0 
21 75 hw 8.0 relax 0.0 0.0 1.5 55.0 55.0 4.5 11.0 12.6 stable 12.0 1.0 0.3 16.0 

30 167 hw 9.0 relax 20.0 0.0 1.5 70.0 90.0 8.Q 7.8 9.0 stable 13.5 1.0 0.2 22.0 

21 BB hw 20.0 relax 0.0 0.0 0.8 90.0 90.0 8.0 4.0 4.6 stable 16.0 1.0 0.3 38.0 
21 89 hw 20.0 relax 0.0 0.0 0.8 90.0 90,0 8.0 11.0 12.6 stable 16.0 1.0 0.3 38.0 
21 99 hw 8.0 relax 0.0 0.0 2.0 65.0 65.0 5.5 3.0 3.4 stable 16.0 1.0 0.3 26.0 
12 21 hw 11.0 relax 10.0 0.0 1.5 65.0 55.0 4.5 4.7 5.4 stable 16.5 1.0 0.2 15.0 
12 22 hw 11.0 relax 10.0 0.0 1.5 65.0 55.0 4.5 8.8 10.1 stable 16.5 1.0 0.2 15.0 
30 165 hw 14.0 relax 0.0 0.0 1.5 90.0 90.0 8.0 9.9 11.4 stable 21.0 1.0 0.2 33.0 
21 85 hw 7.0 relax 0.0 0.0 3.0 65.0 65.0 5.5 4.0 4.6 stable 21.0 1.0 0.3 35.0 
30 168 hw 15.0 relax 20.0 0.0 1.5 70.0 90.0 8.0 6.0 6.9 stable 22.5 1.0 0.2 36.0 

32 182 hw 15.0 relax 0.0 0.0 1.5 90.0 90.0 8.0 4.9 5.6 stable 22.5 1.0 0.3 54.0 N 
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6 13 hw 15.0 relax 0.0 0.0 2.0 60.0 60.0 7.0 6.3 9.5 stable 30.0 1.0 0.2 42.0 
11 16 hw 30.0 relax 50.0 0.0 1.0 40.0 90.0 6.0 6.6 10.1 stable 30.0 1.0 0.6 144.0 
27 153 wall 15.0 relax 0.0 45.0 2.0 90.0 90.0 8.0 18.0 20.7 stable 30.0 1.0 0.5 120.0 
21 106 hw 15.0 relax 0.0 0.0 2.0 70.0 70.0 6.0 10.0 11.5 stable 30.0 1.0 0.3 54.0 

26 155 hw 16.0 relax 10.0 15.0 2.0 60.0 90.0 3.0 9.7 11.1 stable 32.0 1.0 0.2 19.0 

13 29 wall 17.0 relax 10.0 10.0 2.0 80.0 90.0 3.0 7.6 8.7 stable 34.0 1.0 0.2 20.0 

13 30 hw 17.0 relax 20.0 10.0 2.0 80.0 60.0 5.0 9.0 10.3 stable 34.0 1.0 0.2 34.0 

16 46 hw 30.0 relax 0.0 0.0 1.3 90.0 90.0 8.0 13.1 15.1 stable 39.0 1.0 0.3 94.0 

5 5 hw 40.0 relax 0.0 90.0 1.0 90.0 90.0 8.0 14.0 16.1 stable 40.0 1.0 1.0 320.0 
5 6 hw 40.0 relax 0.0 90.0 1.0 90.0 90.0 6.0 11.0 12.6 stable 40.0 1.0 1.0 320.0 

21 73 hw 16.0 relax 0.0 0.0 3.0 90.0 90.0 6.0 7.0 6.0 stable 46.0 1.0 0.3 115.0 
21 76 hw 18.0 relax 0.0 0.0 3.0 60.0 60.0 5.0 5.0 5.7 stable 54.0 1.0 0.3 81.0 

21 61 hw 18.0 relax 0.0 0.0 3.0 60.0 60.0 5.0 9.0 10.3 stable 54.0 1.0 0.3 61.0 

21 84 hw 16.0 relax 0.0 0.0 3.0 55.0 55.0 4.5 10.0 11.5 stable 54.0 1.0 0.3 73.0 
21 86 hw 20.0 relax 0.0 0.0 3.0 66.0 66.0 4.5 1.0 1.1 stable 60.0 1.0 0.3 81.0 

14 31 hw 90.0 relax 90.0 n/a 1.0 n/a 90.0 8.0 16.6 19.1 stable 90.0 1.0 1.0 720.0 
14 33 hw 90.0 relax 90.0 n/a 1.0 n/a 90.0 8.0 23.0 26.4 stable 90.0 1.0 1.0 720.0 

33 169 hw relax 8.0 7.0 8.0 stable 13.1 1.0 0.2 21.0 

33 190 hw relax 5.0 5.2 6.0 stable 7.2 1.0 0.2 7.2 

33 192 hw relax 6.0 6.1 7.0 stable 21.5 1.0 0.3 36.7 

33 196 hw relax 5.0 10.4 12.0 stable 6.3 1.0 0.3 12.5 
34 196 wall relax 6.0 13.1 15.1 stable 40.0 1.0 0.5 160.0 
36 211 wall relax 6.6 16.1 16.5 stable 85.0 1.0 0.5 269.0 

36 222 fw relax 6.6 21.3 24.5 stable 85.0 1.0 0.5 289.0 
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Table A.2 Summary of supported case histories database 

Stress Crlt.Jt. Crlt.Jt. Block Sliding Fall/b'kllng 
dip strk Crlt.Jt. 

Mine Case# Plane RQD/Jn state dlff. dlff. shape Jr/Ja dip S.pl-dlp HR Assess. A B C Q' N' 
1 251 Back 25 Comp 20 0 Blocky 0.75 20 0 8.4 Cave 0.25 0.2 2 40 1.9 
1 252 Back 25 Comp 20 0 Blocky 0.75 20 0 8.4 Cave 0.50 0.2 2 18.75 3.8 
2 262 Back 14 Comp 40 0 Blocky 0.5 40 25 16 Cave 0.10 0.4 2.6 7 0.7 
2 266 Back 6 Comp 22 0 Blocky 0.7 22 20 14.8 Cave 0.77 0.2 2.4 4.2 1 6 
2 267 Back 4 Comp 66 0 Blocky 0.2 66 0 7.8 Cave 0.10 0.85 2 0.8 0.1 
7 279 Back 4 Comp 20 0 Blocky 0.8 20 0 7.5 Cave 0.20 0.2 2 3.2 0.3 
15 290 Back 6 Comp 0 0 Blocky 1.5 20 20 11.4 Cave 0.60 0.3 2.4 9 3.9 
15 292 Back 6 Comp 0 0 Blocky 1.5 20 20 20 Cave 1.00 0.3 2.4 9 6.5 
22 301 Back 9 Comp 10 0 Foliated 1.8 10 0 7.7 Cave 0.10 0.2 2 16.2 0.6 
26 305 Back 2 Comp 20 0 Blocky 1 20 0 14 Cave 1.00 0.2 2 2 0.8 
26 307 Back Comp 20 0 Blocky 1 20 0 12.7 Cave 1.00 0.2 2 1 0.4 
26 312 Back 5 Comp 20 0 Blocky 20 0 13.7 Cave 0.70 0.2 2 5 1.4 
93 366 end comp 10.5 cave 0.35 0.5 8 5.3 7.4 
97 370 back comp 6.7 cave 0.35 0.3 5.3 0.56 
19 294 Wall 4 Relax 0 0 Blocky 0.5 90 90 19 Cave 1.00 0.3 8 2 4.8 
92 365 hw relax 11.9 cave 1.00 0.5 0.5 5.3 13.3 
95 368 hw relax 10.2 cave 1.00 0.5 5 5.3 13.3 
57 341 Back 13.3 Comp 70 6.4 Caved 0.10 0.2 2 13.3 0.53 

25 back 13.3 comp 6.4 caved 0.10 0.2 2 13.3 0.53 
33 319 HW 11.7 Relax 74 10 Caved 1.00 0.2 6 11.7 14 
36 322 HW 6.7 Relax 0.38 80 19.1 Caved 1.00 0.3 7.5 2.5 5.6 
38 324 HW 13.7 Relax 2 82 17.1 Caved 1.00 0.3 7.5 27.3 61.4 
48 334 Back 2.5 Relax 0.38 35 11.2 Caved 1.00 0.3 3 0.5 0.45 
49 335 Back 1.67 Relax 0.38 35 8.6 Caved 1.00 0.2 2 0.6 0.24 
52 338 HW 15.8 Relax 1 62 12.4 Caved 1.00 0.2 5 15.8 15.8 
82 357 HW 8.3 Relax 0.38 62 17 Caved 1.00 0.3 4.7 3.1 4.4 

1 hw 11.7 relax 10 caved 1.00 0.2 6 11.7 14 
4 hw 6.7 Relax 19.1 caved 1.00 0.3 7.5 2.5 5.6 
6 hw 13.7 relax 17.1 caved 1.00 0.3 7.5 27.3 61.4 
16 back 2.5 relax 11.2 caved 1.00 0.3 3 0.5 0.45 
17 back 1.67 relax 8.6 caved 1.00 0.2 2 0.6 0.24 
20 hw 15.8 relax 12.4 caved 1.00 0,2 5 15.8 15,8 
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50 hw 8.3 relax 17 caved 1.01 0.3 4.7 3.1 4.4 

10 285 Back 8 Comp 15 0 Blocky 0.75 15 0 6.3 Unstable 0.50 0.2 2 6 1.2 

26 306 Back 5 Comp 20 0 Blocky 1 20 0 9.3 Unstable 1.00 0.2 2 5 2 

30 317 Back 14 Comp 60 0 Blocky 1.5 60 0 8.6 Unstable 0.10 0.8 2 21 3.4 

51 337 Back 13.3 Comp 70 5.2 Unstable 0.10 0.3 2 13.3 0.8 

66 348 Back 4.7 Comp 1.79 90 5.1 Unstable 0.10 0.2 2 8.3 0.33 

19 back 13.3 comp 5.2 Unstable 0.10 0.3 2 13.3 0.8 

34 back 4.7 comp 5.1 Unstable 0.10 0.2 2 8.3 0.33 

39 325 HW 6.7 Relax 0.38 85 10.9 Unstable 1.00 0.2 7.5 2.5 3.8 

40 326 HW 6.7 Relax 0.38 84 12.7 Unstable 1.00 0.3 7.5 2.5 5.6 

7 hw 6.7 relax 10.9 Unstable 1.01 0.2 7.5 2.5 3.8 

8 hw 6.7 relax 12.7 Unstable 1.00 0.3 7.5 2.5 5.6 

1 253 Back 25 Comp 20 0 Blocky 0.75 20 0 5.3 Stable 0.25 0.2 2 18.75 1.9 

1 254 Back 18 Comp 20 0 Blocky 3 20 0 6.4 Stable 0.10 0.2 2 54 2.2 
256 Back 18 Comp 20 0 Blocky 3 20 0 5.9 Stable 0.10 0.2 2 54 2.2 
257 Back 18 Comp 20 0 Blocky 3 20 0 6.7 Stable 0.10 0.2 2 54 2.2 

258 Back 18 Comp 20 0 Blocky 3 20 0 7.1 Stable 0.10 0.2 2 54 2.2 

259 Back 18 Comp 20 0 Blocky 3 20 0 4.6 Stable 0.10 0.2 2 54 2.2 

260 Back 18 Comp 20 0 Blocky 3 20 0 5 Stable 0.10 0.2 2 54 2.2 

2 261 Back 14 Comp 40 0 Blocky 0.5 40 25 13.9 Stable 0.10 0.4 2.6 7 0.7 

2 263 Back 6 Comp 22 0 Blocky 0.7 22 20 7.3 Stable 0.36 0.2 2.4 4.2 0.7 
2 264 Back 4 Comp 42 0 Blocky 0.2 42 0 6 Stable 0.10 0.4 2 0.8 0.1 
2 265 Back 6 Comp 22 0 Blocky 0.7 22 20 8 Stable 0.35 0.2 2.4 4.2 0.7 

3 269 Back 6 Comp 24 0 Blocky 1 24 0 4.4 Stable 0.20 0.2 2 6 0.5 

3 270 Back 6 Comp 24 0 Blocky 1 24 0 5.3 Stable 0.10 0.2 2 6 0.2 

4 271 Back 7 Comp 45 0 Foliated 1.5 45 0 5.3 Stable 0.10 0.5 2 10.5 1.1 

5 272 Back 40 Comp 90 0 Blocky 1 90 0 6.2 Stable 0.10 1 2 40 8 

6 273 Back 6 Comp 20 0 Blocky 1.5 20 0 2.6 Stable 0.10 0.2 2 9 0.4 

6 274 Back 6 Comp 20 0 Blocky 1.5 20 0 4.2 Stable 0.10 0.2 2 9 0.4 

6 275 End 6 Comp 30 30 Foliated 1.5 30 90 4.7 Stable 0.10 0.4 5 9 1.8 

6 276 End 6 Comp 5 0 Foliated 1.5 5 55 6.1 Stable 0.23 0.25 4.6 9 2.4 
6 277 Back 6 Comp 20 0 Blocky 1.5 20 0 5.2 Stable 0.10 0.2 2 9 0.4 

7 278 Back 4 Comp 20 0 Blocky 0.8 20 0 2.5 Stable 0.10 0.2 2 3.2 0.1 

8 280 Back 15 Comp 20 0 Blocky 2 20 0 2.7 Stable 0.60 0.2 2 30 7.2 

8 281 Back 15 Comp 20 0 Blocky 2 20 0 3.6 Stable 0.80 0.2 2 30 9.6 

9 282 Back 25 Comp 70 0 Blocky 0.25 70 0 4.1 Stable 0.10 0.9 2 6.25 1.1 

13 289 Back 17 Comp 20 0 Blocky 2 20 0 6.2 Stable 1.00 0.2 2 34 14 IJ 
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15 291 Back 6 Comp 0 0 Blocky 1.5 20 20 8 Stable 1.00 0.3 2.4 9 6.5 

15 293 Back 6 Comp 0 0 Blocky 1.5 20 20 9.2 Stable 1.00 0.3 2.4 9 6.5 

19 295 Back 29 Comp 0 0 Blocky 1.5 0 0 3.7 Stable 0.20 0.3 2 43.5 5.2 

20 296 Back 17 Comp 20 0 Foliated 1.5 20 0 5.3 Stable 0.10 0.2 2 25.5 1 

20 297 Back 25 Comp 20 0 Foliated 2 20 0 9 Stable 0.30 0.2 2 50 6 

20 298 Back 25 Comp 20 0 Foliated 2 20 0 3.9 Stable 0.10 0.2 2 50 2 

20 299 Back 17 Comp 70 0 Foliated 1.5 70 0 8 Stable 0.30 0.9 2 25.5 11 

22 300 Back 9 Comp 10 0 Foliated 1.8 10 0 4.7 Stable 0.10 0.2 2 16.2 0.6 
26 302 Back 2 Comp 20 0 Blocky 20 0 5.6 Stable 1.00 0.2 2 2 0.8 
26 303 Back 10 Comp 20 0 Blocky 20 0 4.3 Stable 1.00 0.2 2 10 4 
26 304 Back 5 Comp 70 0 Blocky 70 0 2.7 Stable 1.00 0.9 2 5 9 

26 308 Back 8 Comp 20 0 Blocky 20 0 14.6 Stable 1.00 0.2 2 8 3,2 

26 309 Back 15 Comp 20 0 Blocky 20 0 7.1 Stable 0.70 0.2 2 15 4.2 

26 310 Back 25 Comp 20 0 Blocky 20 0 8 Stable 0.70 0.2 2 25 7 

26 311 Back 20 Comp 20 0 Blocky 20 0 7.4 Stable 0.70 0.2 2 20 5,6 

26 313 Back 10 Comp 20 0 Blocky 20 0 10 Stable 0.70 0.2 2 10 2.8 

26 314 Back 20 Comp 20 0 Blocky 20 0 5.3 Stable 0.50 0,2 2 20 4 

26 315 Back 20 Comp 20 0 Blocky 1 20 0 6.9 Stable 0.50 0.2 2 20 4 

32 318 Back 13 Comp 70 0 Blocky 1.8 70 0 5.9 Stable 0.10 0.9 2 23.4 4.2 

42 328 Back 12.5 Comp 1.5 85 5 Stable 0.20 0.3 2 18.8 2.3 

44 330 Back 12.5 Comp 1.5 0 1.6 Stable 0.10 0.2 2 18.8 0,75 

50 336 Back 13.3 Comp 68 4.2 Stable 0.10 0.3 2 13.3 0.8 

55 340 Back 13.3 Comp 69 5.2 Stable 0.10 0.2 2 13.3 0.53 

61 344 Back 2.5 Comp 0.38 70 2.1 Stable 0.10 0.8 2 0.9 0.14 
62 345 Back 6.6 Comp 1.77 60 2 Stable 0.10 0.2 2 11.6 0.46 

65 347 Back 8.9 Comp 1 0 1.7 Stable 0.10 0.4 2 8.9 0.71 

69 350 Back 5.8 Comp 2.1 54 2.3 Stable 0.10 0.2 2 12.3 0.49 
75 351 Back 6.25 Comp 1.77 56 2.4 Stable 0.10 0.2 2 11.1 0.44 
77 352 Back 9.8 Comp 2.67 33 3.6 Stable 0.10 0.3 2 26.1 1.6 
78 353 Back 10.8 Comp 0.5 68 5 Stable 0.10 0.2 2 5.4 0.22 

79 354 Back 10.8 Comp 0.5 75 5.1 Stable 0.10 0.2 2 5.4 0.22 

80 355 Back 16.7 Comp 1.5 75 5 Stable 0.40 0.2 2 25 4 

84 358 Back 15.5 Comp 60 5.2 Stable 0.10 0.2 2 15.5 0.62 

85 359 Back 10.8 Comp 0.5 60 3.8 Stable 0.10 0.2 2 5.4 0.22 

87 361 Back 16.7 Comp 1.5 60 6.2 Stable 0.20 0.2 2 25 2 

89 363 Back 10.8 Comp 0.5 70 5.4 Stable 0.10 0.2 2 5.4 0.22 

91 364 Back 12.9 Comp 2.1 20 5.6 Stable 0.40 0.3 2.2 25 6,6 tJ 
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94 367 back comp 6 stable 0.35 0.3 5.3 0.56 
96 369 end comp 9.9 stable 0.35 0.5 8 5.3 7.4 

99 372 end comp 9.9 stable 0.35 0.5 8 5.3 7.4 

100 373 back comp 5.7 stable 0.35 0.3 5.3 0.56 

101 374 back comp 6 stable 0.25 0.3 7.8 0.59 

103 376 end comp 8.6 stable 0.25 0.5 8 7.8 7.8 

104 3n end comp 8.2 stable 0.17 0.5 8 7.8 5.3 

105 378 back comp 4.6 stable 0.25 0.3 1 7.8 0.59 

107 380 end comp 7.1 stable 0.25 0,5 8 7.8 7.8 

108 381 back comp 8.9 stable 0.17 0.3 7.8 0.4 

10 back 12.5 comp 5 stable 0.20 0.3 2 18.8 2.3 

12 back 12.5 comp 1.6 stable 0.10 0.2 2 18.8 0.75 
18 back 13.3 comp 4.2 stable 0.10 0.3 2 13.3 0.8 

23 back 13.3 comp 5.2 stable 0.10 0.2 2 13.3 0.53 

29 back 2.5 comp 2.1 stable 0.10 0.8 2 0.9 0.14 

30 back 6.6 comp 2 stable 0.10 0.2 2 11.6 0.46 

33 back 8.9 comp 1.7 stable 0.10 0.4 2 8,9 0.71 

37 back 5.8 comp 2.3 stable 0.10 0.2 2 12.3 0.49 

43 back 6.25 comp 2.4 stable 0.10 0.2 2 11.1 0.44 

45 back 9.8 comp 3.6 stable 0.10 0.3 2 26.1 1.6 

46 back 10.8 comp 5 stable 0.10 0.2 2 5.4 0.22 

47 back 10.8 comp 5.1 stable 0.10 0.2 2 5.4 0.22 

48 back 16.7 comp 5 stable 0.40 0.2 2 25 4 
52 back 15.5 comp 5,2 stable 0.10 0.2 2 15.5 0.62 
53 back 10.8 comp 3.8 stable 0.10 0.2 2 5.4 0.22 
55 back 16.7 comp 6.2 stable 0.20 0.2 2 25 2 

57 back 10.8 comp 5.4 stable 0,10 0.2 2 5.4 0.22 

59 back 12.9 comp 5.6 stable 0.40 0.3 2.2 25 6.6 

255 HW 25 Relax 20 0 Foliated 0.75 20 90 5 Stable 1.00 0.2 8 18.75 30 

3 268 Wall 6 Relax 15 0 Blocky 15 90 8.9 Stable 1.00 0.2 3.5 6 4.2 

9 284 HW 9 Relax 0 0 Blocky 0.5 0 70 7.5 Stable 0.45 0.3 6 4.5 3.6 

10 286 HW B Relax 0 0 Foliated 0.75 70 70 10 Stable 1.00 0.3 6 6 11 

11 287 HW 30 Relax 0 0 Foliated 90 90 19.7 Stable 1.00 0.3 B 30 72 

28 316 HW 9 Relax 15 0 Blocky 1.8 BO 65 8.4 Stable 1.00 0.2 5.5 16.2 18 

34 320 Back 11.7 Relax 1 0 2.3 Stable 1.00 0.2 2 11.7 4.7 

35 321 HW 6.7 Relax 0.38 BO 11.7 Stable 1.00 0.3 7.5 2.5 5.6 

37 323 Back 11.7 Relax 76 2.6 Stable 1.00 0.2 2 11.7 4.7 1-.l 
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41 327 HW 11.8 Relax 

43 329 HW 15 Relax 

45 331 Back 11.7 Relax 

46 332 Back 1.67 Relax 

47 333 Back 2.5 Relax 

53 339 HW 15.8 Relax 

58 342 back 15.8 Relax 

59 343 HW 15.8 Relax 

64 346 HW 6.9 Relax 

68 349 Back 11.1 Relax 

81 356 HW 13.1 Relax 

86 360 HW 8.3 Relax 

88 362 HW 8.3 Relax 
98 371 hw relax 
102 375 hw relax 
106 379 hw relax 
109 382 hw relax 

2 back 11.7 relax 

3 hw 6.7 relax 

89,93 5 back 11.7 relax 

9 hw 11.8 relax 

11 hw 15 relax 

13 back 11.7 relax 

14 back 1.67 relax 

15 back 2.5 relax 

21 hw 15.8 relax 

26 hw 15.8 relax 

27 hw 15.8 relax 

32 hw 6.9 relax 

36 back 11.1 relax 

49 hw 13.1 relax 
54 hw 8.3 relax 
56 hw 8.3 relax 

2 87 13.2 Stable 1.00 

2 85 10.8 Stable 1.00 

84 3.6 Stable 1.00 

0.38 15 4.3 Stable 1.00 

0.38 35 7.6 Stable 1.00 

72 10.8 Stable 1.00 

79 11.5 Stable 1.00 

74 10.7 Stable 1.00 

1.5 83 4.9 Stable 1.00 

2.63 0 1.8 Stable 1.00 

0.75 62 15.5 Stable 1.00 

0.38 60 7.9 Stable 1.00 

0.38 60 10.9 Stable 1.00 

9.2 stable 1.00 

7.3 stable 1.00 

5.9 stable 1.00 

9.5 stable 1.00 

2.3 stable 1.00 

11.7 stable 1.00 

2.6 stable 1.00 

13.2 stable 1.00 

10.8 stable 1.00 

3.6 stable 1.00 

4.3 stable 1.00 

7.6 stable 1.00 

10.8 stable 1.00 

11.5 stable 1.00 

10.7 stable 1.00 

4.9 stable 1.00 

1.8 stable 1.00 

15.5 stable 1.00 

7.9 stable 1.01 

10.9 stable 1.01 

0.3 8 23.7 

0.3 7.5 30 

0.2 2 11.7 

0.4 2 0.6 

0.3 3 0.5 

0.3 6 15.8 

0.3 7 15.8 

0.3 6.5 15.8 

0.2 5 10.4 

0.5 2 29.2 

0.3 4.7 9.9 

0.3 5 3.1 

0.3 5 3.1 

0.5 5 5.3 

0.5 5 6.8 

0.5 5 6.8 

0.5 5 6.8 

0.2 2 11.7 

0.3 7.5 2.5 

0.2 2 11.7 

0.3 8 23.7 

0.3 7.5 30 

0.2 2 11.7 

0.4 2 0.6 

0.3 3 0.5 

0.3 6 15.8 

0.3 7 15.8 

0.3 6.5 15.8 

0.2 5 10.4 

0.5 2 29.2 

0.3 4.7 9.9 

0.3 5 3.1 

0.3 5 3.1 

56.9 

67.5 

4.7 

0.48 

0.45 

28.4 

33.2 

30.8 

10.4 

29.2 

14 

4.7 

4.7 

13.3 

17.9 

17 

17 

4.7 

5.6 

4.7 

56.9 

67.5 

4.7 

0.48 

0.45 

28.4 

33.2 

30.8 

10.4 

29.2 

14 

4.7 

4.7 
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A.4 Verification of the bivariate normality assumption 

Two procedures are used to verify the bivariate normal distribution assumption. Quantile plots are special 

plots applicable to both univariate and bivariate distributions to assess normality. For univariate normality 

the quantile plot is a plot of sample values against their respective quantiles. For normality the plot has an 

·•s" shape. 

Bivariate normality is justified when quantiles of one variable plotted against quantiles of the second 

variable form a straight line. Quantile - quantile plots for the logarithmic (base 10) transformed variables 

for the stable, unstable and caving classes are made with SYST AT (Wilkinson. I 990a.b ). a statistical 

package. The plots are shown in Figure A. I to Figure A.6 for the stable. unstable and caving classes 

respectively. The plots for all three classes approximate straight-lines. and the normality assumption is 

justified. 

A second procedure typically for investigating multivariate normality is the chi-square plot. When the 

number of observations n. and the number of variables p is such that n - p is greater than 25, each of the 

squared distances d/ defined in Equation A.28. behave as a chi-square variable. A plot of the ordered 

distances versus chi-square should approximate a straight line for bivariate normality. Points deviating 

from the straight line are outliers. and normally merit further investigation. 

A.28 

Where i = l. 2, 3, etc. 

Chi-square plots for the stable, unstable. and caving data groups are presented in Figure A.4 to Figure A.6, 

respectively. 
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Figure A. I Quantile-quantile plot for the stable class in the calibration database 
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Figure A.2 Quantile-quantile plot for the unstable class in the calibration database 
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Figure A.3 Quantile-quantile plot for the caving class in the calibration database 
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Figure A.4 Chi-square plot for the stable class of data 
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Figure A.5 Chi-square plot for the unstable class of data 
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Figure A.6 Chi-square plot for the caving class of data 
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APPENDIXB 

OVERBREAK AND FAULT FACTOR 

B.1 Influence of Fault Shear Strength on Fault Effect on Stope 
Stability 

B.1.1 Fault friction angle is 15° - Shear strength (i) 

Model out puts for strength effects on the influence of faults on stope stability for a fault with friction angle 

of 15°. 
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Figure B. l Effect of fault with friction angle 15° on stope stability: Stress ratio K=2. l, Stope aspect ratio 
A,.=0.4, fault friction angle ¢=15°, stope dip et=72° 

8.1.2 Fault friction is 20° - Shear strength (ii) 

See Figure 7. l O in main text for model outputs for a fault with friction angle of 20°. 

8.1.3 Fault friction is 30° - Shear strength (iii) 

Model outputs for a fault with a friction angle of 30°. 
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Figure B .2 Effect of fault with friction angle 30° on stope stability: Stress ratio K= 1.8, Stope aspect ratio 
A,=0.4, fault friction angle ¢=30°, stope dip ~72° 



B.2 Influence of stope aspect ratio on fault effect on stope stability 

8.2.1 Effect of Ar = 0.4 

The modelling results for this stope aspect ratio are given in Figure B.2 in the main text 

8.2.2 Effect of Ar = 0.8 

Figure B .3 pictorially shows the effect of a fault on a stope with an aspect ratio A, of 0.8. 
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Figure B.3 Effect of stope aspect ratio Ar =0.8 on the influence of faults on stope stability: Stress ratio 
K=2. l, stope aspect ratio A,=0.8, fault friction angle tp::20°; stope dip a;::.72° 



8.2.3 Effect of Ar = 1.5 

Graphical model results are given in Figure 8.3 below: 
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Figure B .4 Effect of stope aspect ratio Ar = 1.5 on the influence of faults on stope stability: Stress ratio 
K=2.l, stope aspect ratio A,=l.5, fault friction q,:=20°; stope dip c,;::.72° 
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Figure B.5 shows the modelling results in graphic form. 
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{h) Fault distance from stope surface = 25m 

Figure B.5 Effect of fault distance to stope on the influence of the fault on stope stability: Stress ratio 
K=2. l, stope aspect ratio A,=0.4, fault friction angle tf)::::20°: stope dip a:72° 



B.2.4 Effect of Ar=0.2 
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Figure B.6 Influence of stope aspect ratio Ar on fault effect on stope stability: K=2. l, fault friction angle 
lf)=20°. stope dip a;:72° 



B.3 Analytical procedures for Fault and Stope Geometry 
Determination 
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To determine the included angles between planes and the distance between planes. the equations of the two 

planes must be known. Various methods are given below for the determination of the equations of given 

stope and discrete discontinuity surfaces depending on the data available. 

8.3.1 Method 1: Using three coordinates on the plane 

Many mining companies now use DataMine, Vulcan and AutoCAD for grade control stope design and other 

mine planning procedures. Wire-frame models in these programs represent the planned stope geometry in 

three-dimensional space. The coordinates defining the stope model can be used to determine the geometry 

of the stope surfaces. 

The general form of the equation of a plane is: 

ax + by + c:: + k = 0 B.I 

Where a, b, c, and k are constants. 

Three points on a plane can be used to uniquely define the plane. Three points (0, A, and 8) on the stope 

wall are selected to determine the equation of a plane representing the wall. The point O is taken as the 

average between two comers coordinates while A and B are the two other coordinates (Figure 8.7). From 

these three known points on the plane, the constants a, b. c. and k in Equation i can be determined. 

Lower width 
A B 

I 
I \ 

I \ 
!Height ' \ ' 

I Stopc face j \ 
I 
I ! I 

\. D· 
I C 

Bottom width 0 

Figure 8.7 Plane representing stope face showing geometry (left) and three points (right) for determination 
of stope plane equation 

The equation of a plane passing through three points A= (x,, y1• zJ). 8 = (xi, Yi, ::2), and O = (x1, YJ, ::1) is 

given by: 

I
Y2 -Yi 

YJ -Yi 
·- .1(:-::i}=O \', - \' I 
Y3 -yl 

8.2 
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Where 

IY2 -Yi 
a= 

Y3 -Yi 

8.3 

And 

8.4 

8.3.2 Method 2: When dip and dip direction of the plane are known 

The orientation of a plane is defined in terms of the normal vector to the plane. Figure 8.8 shows the 

direction cosines of the normal to a plane. 

• Elevation 

c·' 

Unit normal vector 

~ 
y , 

b' 

Nonhing 

I Northing 

a· t 
/ 

/~ting 

Figure B.8 Normal vector to plane showing direction cosines (left) and dip and dip direction of a plane 
(right) 

These direction cosines can be expressed in the form: 

a 
cos a=-;::=======-= a' .J ., , ., 

a· +b· +c· 

8.5 

b 
cos /3 = --;:::===== b' .J ., , ., 

a· +b· +c· 

C 
cos r = --;::====:::;::--- = c' .Ja 2 +b 2 +c 
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Where a ',b • and c • are as defined in Equation 8 .3 

Given the direction cosines it is easy to calculate the dip and dip direction of the plane or conversely 

determine the direction cosines from known values of dip and dip direction. This method is particularly 

useful in determining the equation of a fault or joint. where the dip and dip direction can be obtained from 

geological maps or in the field. The coordinate of one point on the fault plane is also needed to fully define 

the equation of the plane. In Figure 8.8. 8 and 'If are the dip and dip direction of a fault respectively. shown 

relative to the unit vector normal to the fault. The right-hand coordinate system used in Figure 8.8 is based 

on x = easting, y = northing. and : = elevation. The parameters defining the equation of the plane 

representing a fault or other planar features are then determined from the following equations: 

. 0 . a sm sm 1/f = , , , 
.Ja-+b-+c-

a' 

• 0 b b' cos 1/f sm = --;::===== = 
.Ja-:. +b 2 +c 2 

C 
cos 0 = --;:===== = c' I ., ., ., 

"-Ja-+b-+c-

k 
ax1 +bv1 +c:1 =--;======k' ,., I ., , , 

"la- +b- +c-

8.6 

Where. for example, (x.,. Yfi :.1) are known coordinates on the fault plane. Therefore. the dip and dip 

direction of the plane are: 

And 

d • d" • -i(a) -i( a') "f >O d b>O ,p ,rectwn = tan b = tan lb' 1 a _ an _ 

dipdirecrion=90+tan-1(:)=90+tan-1(::) if a~O and b<O 

dip direction= 180+ tan-1(:) = 180+ tan-1( ::) if a< 0 and b < 0 

dip direction= 360- tan-1(:) = 360- tan - 1( ::) if a< 0 and b ~ 0 

8.7 

8.8 
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The convention for dip direction is that positive angles are measured clockwise from north. Note that the 

direction cosine between the normal vector and the positive z-direction (elevation) is equivalent to the dip 

of the plane as measured downwards from a horizontal plane. 

8.3.3 Method 3: Cross product of two vectors in the plane 

This method is similar to method one except vectors are used. If OA and OB are vectors in the plane with 

local coordinates in the plane zeroed at point 0. then the vector to the plane is given by the cross product of 

these two vectors (Figure 8.9). 

A 
"i r B 

\ I \ 

OA\ OB 

o._ ____________ , C 

0 

Figure 8.9 Two vectors on a slope plane for defining normal vector to plane 

The normal vector or cross product is given by: 

Where 

N=OAxOB 

OA = A,i + A,.j + A:k 

OB= B,i+BJ+B:k 

With known coordinates at 0, A. and 8, Equation 8.10 is fully written as: 

A ... ,. ,A ... 
J+ 8 B... , 

A,., ·k 
8,. 

And 

8.9 

8.10 

8.11 

8.12 

The coordinate system convention is: i = easting. j = northing, and k = elevation. The three components of 

normal vector N to the plane can be used to define dip and dip direction of the plane as follows: 
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8.13 

And 

8.14 

8.3.4 Included Angle Between Fault or Joint Set and a Stope Surface 

In order to determine the fault factor Fw the included angle .; between the fault plane and the stope surface is 

required. The included angle is also needed to determine the critical joint orientation factor B in the 

determination of the stability number N'. Hutchinson and Diederichs (1996) noted that the included angle 

is not the difference between the dips of the critical joint and slope surface planes. From the equations of 

the planes representing the stope surface and a fault or critical joint. the included angle is given by: 

8.15 

The subscripts "s" and "f' refer to the stope face and fault plane respectively. Note that k, and k1 are not 

needed in order to determine the angles between planes. 

8.3.5 Distance Between a Fault and a Point on a Stope Surface 

Determination of the fault factor demands that the distance of the fault to the stope surface be known. The 

following procedure can be used to compute the distance of a fault from specific points on a stope surface. 

The procedure uses the stope surface coordinates and the equation of the fault plane. The distance dr 

(Figure B.10) from an arbitrary point Q (x,. y, . .:,) on the slope surface to the fault plane measured 

perpendicular to the fault plane is given by: 

8.16 
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Figure B.10 Determination of distance of fault to a point on a stope surface 
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A number of points (for example: Q, R, S. T. U. V. W, X. and Y) are selected on the slope surface and their 

distances to the fault plane computed. The computed distances are then sorted to find the shortest distance. 

If more than one fault is present, the fault making the smallest included angle with the stope surface should 

be used in determining the fault distance. This is because the fault making the smallest included angle with 

the stope surface is the most critical fault. 

The fault-stope distance can be used in determining suitable cablebolt lengths. in order to adequately anchor 

the wedge between a stope surface and a fault. ln this case the longest distance determined might be more 

useful. 

lt is important to note that the distance d1 in Equation B.16 may be positive or negative. A series of 

distances from a given stope surface to a fault plane may be all positive. all negative or a mixture of 

positives and negatives. A mixture of positive and negative distances implies intersection of the fault 

surface to the stope surface, while all positive or all negative distances imply non-intersection. 
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'° Ul APPENDIX C 

DETAILS OF STOPES AND FAULTS IN KIDD DATABASE 

T.tble C. I Slope surfa1.:e dimensions and orientations 

Stopa Easting Northing Elevation X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

47-630-ST 65763.2 65568.6 1902.5 WL 583 346 104 686 81 59 NE 154.4 1075.8 58.2 18.0 7.0 3.2 

47-630-ST 65778.1 65557.4 1902.5 EL 636 -124 64 651 84 101 SE 130.2 412.3 57.8 6.9 3.2 8.3 

47-630-ST 65776.0 65555.3 1902.5 SL -447 -994 ·193 1107 100 204 SW 154.8 1097.2 58.6 18.4 7.1 3.2 

47·630·ST 65777.1 65582.5 1902.5 NL ·772 772 0 1091 90 315 NW 157.5 1112.0 59.4 19.3 7.1 3.1 

47-630-ST 65752.9 65558.3 1960.0 WU 

47-630-ST 65772.3 65561.6 1960.0 EU 

47-630-ST 65770.1 65550.5 1960.0 SU 

47•630-ST 65766.3 65571.7 1960,0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

47-845-ST 65761.5 65582.8 1902.3 WL 657 549 302 908 71 50 NE 154.4 825.1 84.4 12.8 5.3 5.0 

47-845-ST 66779.2 66684.6 1902.3 EL 493 .493 0 698 90 135 SE 154.8 848.1 63.4 14.0 6.6 4.6 

47-645-ST 66767.5 65573.0 1902.3 SL ·756 ·450 -221 907 104 239 SW 151.4 817.1 62.6 13.1 5.4 4.8 



47-645-ST 65772.9 65594.3 1902.3 NL -395 395 ·25 559 93 315 NW 152.6 771.7 63.5 12.7 5.1 5.0 
47-645-ST 65748.9 65574.2 1963,0 WU 

47-645-ST 65764.5 65569.9 1963.0 EU 

47-645-ST 65756.4 65561.8 1963.0 SU 
47·645-ST 65755.4 65580.7 1963.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/l 

47·690A·ST 65723.7 65602.3 1935.7 WL 320 246 -110 416 105 52 NE 65.5 416.9 27.7 15.0 4.9 1.8 
47-690A-ST 65737.6 65595.0 1935.7 EL 390 -390 0 552 90 135 SE 61.1 337.3 26.7 12.6 4.2 2.1 
47·690A·ST 65734.3 65591.7 1935.7 SL ·232 -232 ·119 349 110 225 SW 64,2 367.2 26.4 13.6 4.6 2.1 
47-690A-ST 65727.0 65605,6 1935.7 NL ·476 376 29 609 67 306 NW 63.9 366.0 26.7 13.7 4.4 2.0 
47·690A·ST 65718.8 65593.5 1962.3 WU 
47-690A-ST 65742.1 65599.5 1962.3 EU 
47·690A-ST 65727.5 65584.9 1962.3 SU 
47-690A·ST 65732.9 65611.5 1962.3 NU 
47-690-ST X y z X y z L s-face-dlp s-face-D,dlr S.Face per. Area S_Hgt. L HR H/L 
47-690-ST 65727.3 65605.9 1905.2 WL 524 335 265 676 67 57 NE 116.9 671.6 44.2 15.2 5.7 2.9 
47-690-ST 65759.2 65616.6 1905.2 EL 117 ·117 0 166 90 135 SE 125.2 779.4 40.6 19.2 6.2 2.1 
47-690-ST 65734.9 65592.3 1905.2 SL -430 -430 149 626 76 225 SW 114.1 637.6 41.7 15.1 5,6 2.8 
47-690-ST 65750.0 65628.6 1905.2 NL ·212 212 0 300 90 315 NW 124.6 601.9 40.6 19.6 6.4 2.1 
47-690-ST 65732.8 65611.4 1945,7 WU 
47-690-ST 65746.3 65603.7 1945.7 EU 
47-690-ST 65743.4 65600.8 1945.7 SU 

47-690-ST 65738.0 65616.6 1945.7 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S __ Hgt. L HR H/L 
47-725-ST 65719.7 65652.0 1899.9 WL 1233 1143 642 1600 69 47 NE 165.6 1691.5 67.9 24.6 9.1 2.7 
47-725-ST 65741.1 65640.9 1699.9 EL 269 -269 0 360 90 135 SE 159.5 624.0 66.4 13.0 5.2 5.1 
47·725-ST 65727.0 65626,8 1899.9 SL ·1300 ·1076 ·479 1754 106 230 SW 165.1 1741.4 65.9 25.9 9.4 2.5 
47-725-ST 65721.8 65654.2 1899,9 NL -202 202 ·16 266 93 315 NW 142.1 236.2 67.3 3.6 1.7 17.9 
47-725-ST 65701.0 65638.3 1963.3 WU 
47-725-ST 65722.2 65622.0 1963.3 EU 
47-725-ST 65718.0 65617.8 1963.3 SU 
47·725-ST 65704.2 65641.4 1963,3 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/l 
46-635-ST 65776.3 65581.4 1860.6 WL 310 310 197 460 66 45 NE 99.3 499.8 35.5 14.0 5.0 2.5 
48-635-ST 65794.6 65579.4 1860.6 EL 163 -163 7 259 69 135 SE 66.1 312.6 34.4 9.6 3.5 3.6 
46-635-ST 65766.6 65571.4 1860.6 SL -310 -310 ·132 457 107 225 SW 95.6 471.5 33.6 13.9 4.9 2.4 
46-635-ST 65786.4 65591.5 1860.6 NL -163 163 0 259 90 315 NW 92.2 361.3 34.6 11.2 3.9 3.1 N 

'° °' 



48-635-ST 65769.5 65574.6 1893.0 WU 
48-635-ST 65784.7 65570.7 1893.0 EU 

48-635-ST 65779.0 65565.0 1893.0 SU 

48-635-ST 65775.1 65580.2 1893.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
48-645-ST 65769.0 65590.2 1860.7 WL 409 262 157 510 72 57 NE 111.0 510.1 43.8 11.7 4.6 3.8 
48-645-ST 65789.3 65594.4 1860.7 EL 520 -520 0 736 90 135 SE 122.9 733.9 43.8 17.6 6.0 2.5 
48-645-ST 65776.9 65582.0 1860.7 SL -530 -140 -122 562 102 255 SW 110.7 526.4 42.9 11.9 4.8 3.6 
48-645-ST 65783.0 65604.2 1860.7 NL -399 399 0 564 90 315 NW 119.4 693.9 42.9 16.7 5.8 2.6 
48·645-ST 65763.7 65584.9 1902.3 WU 

48-645-ST 65779.6 65584.7 1902.3 EU 
48-645-ST 65767.1 65572.2 1902.3 SU 
48-645-ST 65773.3 65594.5 1902.3 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
48·690-ST 65744.5 65623.1 1862.0 WL 312 286 183 461 67 47 NE 91.5 461.2 30.7 15.0 5.0 2.0 
48-690-ST 65770.9 65628.3 1862.0 EL 514 -514 0 727 90 135 SE 111.3 678.0 31.6 24.0 6.1 1.3 
48-690-ST 65755.2 65612.5 1862.0 SL ·299 -299 ·240 486 120 225 SW 94.9 486.5 32.4 15.0 5.1 2.2 
48·690-ST 65760.3 65638.9 1862.0 NL -527 527 0 745 90 315 NW 111.7 687.1 31.5 24.3 6.1 1.3 
48-690-ST 65733.2 65611.8 1890.2 WU 
48·690-ST 65762.1 65619.5 1890.2 EU 
48-690-ST 65743.9 65601.2 1890.2 SU 
48-690-ST 65751.9 65630.5 1890.2 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
48-725-ST 65723.1 65639.2 1859.0 WL 434 434 179 639 74 45 NE 115.2 639.3 42.6 15.0 5.5 2.8 
48-725-ST 65749.6 65649.3 1859.0 EL 578 ·578 0 818 90 135 SE 125.5 826.0 42.5 20.2 6.6 2.1 
48-725-ST 65735.1 65634.9 1859.0 SL .737 -130 -71 752 95 260 SW 114.8 647.3 41.1 13.5 5.6 3.0 
48-725-ST 65739.0 65660.0 1859.0 NL ·275 275 ·17 389 92 315 NW 119.7 732.0 41.1 17.8 6.1 2.3 
48-725-ST 65723.8 65644.8 1899.9 WU 
48•725-ST 65741.1 65640.9 1899.9 EU 
48-725-ST 65727.0 65626.8 1899.9 SU 
48-725-ST 65730.5 65651.6 1899.9 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S Hgt. L HR H/L 
48-821-ST 65688.8 65758.3 1858.6 WL 434 434 110 623 80 45 NE 114.0 496.2 46.2 10.8 4.4 4.3 
48-821-ST 65718.5 65766.8 1858.6 EL 738 .739 -102 1049 96 135 SE 141.3 1117.9 46.1 24.5 7.9 1.9 
48-821-ST 65700.1 65748.4 1858.6 SL -626 -626 -93 890 96 225 SW 126.0 787.7 45.7 17.2 6.3 2.7 
48·821-ST 65712.6 65772.2 1858.6 NL ·546 931 24 1080 89 330 NW 143.1 1166.0 45.8 25.7 8.2 1.8 
48-821-ST 65685.7 65755.3 1904.0 WU 
48-821-ST 65715.8 65757.8 1904.0 EU 

'"' 10 
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48-821-ST 65699.5 65741.5 1904.0 SU 

48-821-ST 65706.2 65767.3 1904.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

49-635-ST 65788.1 65594.3 1822.0 WL 495 331 189 625 72 56 NE 106.8 502.3 40.9 12.4 4.7 3.3 
49-635-ST 65799.5 65593.0 1822.0 EL 308 -308 -69 442 99 135 SE 99.8 264.3 42.9 6.8 2.6 6.3 
49-635-ST 65798.0 65591.4 1822.0 SL -416 -410 -298 656 117 225 SW 112.7 550.0 43.5 12.3 4.9 3.5 

49-635-ST 65795.2 65601.4 1822.0 NL -388 388 0 548 90 315 NW 107.2 467.0 41.4 12.1 4.4 3.4 
49-635-ST 65775.9 65582.1 1860.6 WU 

49-635-ST 65794.6 65579.4 1860.6 EU 

49-635-ST 65786.6 65571.4 1860.6 SU 

49-635-ST 65786.0 65592.2 1860.6 NU X y z L s-face-dlp a-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

49-645-ST 65m.3 65601.9 1819.7 WL 377 377 201 570 69 45 NE 113.7 569.7 43.8 13.0 5.0 3.4 
49-645-ST 65800.2 65606.4 1819.7 EL 536 -536 0 758 90 135 SE 125.3 779.0 43.7 19.0 6.2 2.3 
49-645-ST 65786.5 65592.7 1819.7 SL -377 -377 -188 565 109 225 SW 113.0 565.4 43.5 13.0 5.0 3.3 
49-645-ST 65791.1 65615.6 1819.7 NL -536 536 0 758 90 315 NW 125.3 778.9 43.7 19.0 6.2 2.3 
49-645-ST 65767.0 65591.6 1860.7 WU 

49-645-ST 65789.3 65595.5 1860.7 EU 

49-645-ST 65776.2 65582.4 1860.7 SU 
49-645-ST 65780.1 65604.7 1860.7 NU X y z L a-face-dip a-face-D.dlr S.Face per. Area S Hgt. L HR H/L 

49-665-ST 65764.9 65622.2 1819.5 WL 913 540 258 1092 76 59 NE 138.2 1074.4 45.4 23.5 7.8 1.9 
49-665-ST 65791.9 65616.4 1819.5 EL 218 -218 0 308 90 135 SE 118.2 616.0 44.6 14.0 5.2 3.2 
49-665-ST 65777.0 65601.6 1819.5 SL -733 .733 -71 1040 94 225 SW 135.9 1050.1 44.1 23.6 7.7 1.9 
49-665-ST 65775.5 65632.8 1819.5 NL -398 411 -2 572 90 316 NW 117.1 616.1 44.6 14.0 5.3 3.2 
49-665-ST 65760.3 65618.3 1863.5 WU 

49-665-ST 65782.0 65606.5 1863.5 EU 

49-665-ST 65777.0 65601.6 1863.5 SU 

49-665-ST 65769.7 65627.3 1863.5 NU X y z L a-face-dip s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
49-690-ST 65754.5 65633.1 1820.7 WL 438 438 91 626 82 45 NE 113.7 630.1 41.8 15.0 5.5 2.8 
49-690-ST 65774.4 65631.8 1820.7 EL 652 -651 0 921 90 135 SE 120.9 739.5 42.4 17.9 6.1 2.4 
49-690-ST 65764.8 65622.2 1820.7 SL -438 -438 -208 654 109 225 SW 117.2 653.8 43.6 15.0 5.6 2.9 
49-690-ST 65765.4 65644.0 1820.7 NL -651 652 0 921 90 315 NW 123.4 780.7 42.7 18.9 6.3 2.3 
49-690-ST 65744.5 65623.1 1862.0 WU 
49-690-ST 65770.9 65628.3 1862.0 EU 

49-690-ST 65755.2 65612.5 1862.0 SU 

49-690-ST 65760.3 65638.9 1862.0 NU X y z L s-face-dlp a-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 1-..J 
IO 
00 



49-705-ST 65737.1 65636.8 1819.6 WL 407 407 151 595 75 45 NE 109.8 598.6 39.9 15.0 5.4 2.7 
49-705-ST 65766.0 65644.6 1819.6 EL 601 -601 0 849 90 135 SE 122.5 829.7 39.8 21.5 6.8 1.8 

49-705-ST 65751.2 65629.8 1819.6 SL -476 -339 -93 591 99 235 SW 109.4 605.7 39.1 15.0 5.5 2.6 
49-705-ST 65757.0 65656.7 1819.6 NL -532 532 0 753 90 315 NW 126.6 920.6 39.2 23.9 7.3 1.6 
49-705-ST 65735.3 65635.0 1858.2 WU 

49-705-ST 65759.7 65638.3 1858.2 EU 

49-705-ST 65744.1 65622.7 1858.2 SU 

49-705-ST 65749.1 65648.8 1858.2 NU X y z L a-face-dip s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

49-720-ST 65726.3 65647.2 1820.0 WL 303 414 BB 520 80 36 NE 113.3 666.1 39.7 16.B 5,9 2.4 
49-720-ST 65755.6 65655.3 1820.0 EL 800 -800 0 1131 90 135 SE 135.5 1082.4 40.0 27.B 8.0 1.4 
49-720-ST 65736.9 65636.6 1820.0 SL -276 -276 -100 403 104 225 SW 105.B 503.3 40.3 12.5 4.8 3.2 

49-720-ST 65738.3 65666.3 1820.0 NL -827 662 140 1069 82 309 NW 130.2 977.0 40.2 24.B 7.5 1.6 
49-720-ST 65722.7 65636.6 1859.0 WU 

49-720-ST 65750.3 65650.0 1859.0 EU 

49-720-ST 65729.8 65629.5 1859.0 SU 

49-720-ST 65739.7 65657.8 1859.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_ Hgt. L HR H/L 

49-731-ST 65745.7 65688.1 1823.2 WL 419 419 235 637 68 45 NE 115.5 646.9 42.5 15.1 5.6 2.8 

49-731-ST 65783.6 65704.8 1823.2 EL 807 -807 ·6 1142 90 135 SE 144.6 1228.7 41.1 31.1 8.5 1.3 
49-731-ST 65760.0 65681.2 1823.2 SL -419 -419 -100 601 100 225 SW 111.2 620.0 40.1 15.2 5.6 2.6 
49-731-ST 65775.7 65718.1 1823.2 NL -807 807 6 1142 90 315 NW 154.3 1410.1 40.9 35.7 9.1 1.1 
49-731-ST 65743.0 65685.1 1862.7 WU 

49-731-ST 65774.0 65694.9 1862.7 EU 

49-731-ST 65753.6 65674.5 1862.7 SU 

49-731-ST 65763.4 65705.5 1862.7 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
49-782-ST 65743.2 65749.1 1822.5 WL 397 397 123 574 78 45 NE 106.6 574.2 38.3 15.0 5.4 2.6 
49-782-ST 65770.1 65754.8 1822.5 EL 597 .597 0 845 90 135 SE 122.1 852.6 38.2 22.8 7.0 1.7 

49-782-ST 65753.8 65738.5 1822.5 SL -397 -397 -117 573 102 225 SW 106.4 573.0 38.2 15.0 5.4 2.5 
49-782-ST 65759.5 65765.4 1822.5 NL .597 597 0 845 90 315 NW 122.1 852.4 38.2 22.B 7.0 1.7 

49-782-ST 65737.7 65743.6 1859.9 WU 

49-782-ST 65764.3 65749.0 1859.9 EU 

49-782-ST 65748.3 65733.0 1859.9 SU 

49-782-ST 65753.7 65759.6 1859.9 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

49-821-ST 65696.2 65765.7 1821.0 WL 383 415 50 567 85 43 NE 105.5 566.5 37.7 15.0 5.4 2.5 

49·821-ST 65720.6 65768.9 1821.0 EL 691 -691 0 978 90 135 SE 122.0 855.4 38.1 22.8 7.0 1.7 N 
10 
10 



49·821-ST 65706.8 65755.1 1821.0 SL ·372 ·426 ·151 585 105 221 SW 107.9 5B4.6 38.9 15.0 5.4 2.6 

49·821-ST 65710.0 65779.5 1821.0 NL ·702 702 0 993 90 315 NW 122.7 863.0 38.3 23.0 7.0 1.7 

49·821-ST 65688.8 65758.3 1858.6 WU 
49·821-ST 65718.5 65766.8 1858.6 EU 
49·821·ST 65700.1 65748.4 1858.6 SU 
49·821-ST 65707.4 65777.0 1858.6 NU X y z L a-face-dip s-face-D.dlr S.Face per. Area S Hgt. L HR H/L 
51·645-ST 65782.9 65608.3 1779.7 WL 283 283 21 401 87 45 NE 108.4 551.9 40.1 13.2 5.1 3.0 
51·645-ST 65799.5 65604.4 1779.7 EL 566 ·311 55 648 85 119 SE 99.4 350.1 40.3 8.7 3.5 4.6 

51·645-ST 65798.6 65603.5 1779.7 SL ·254 ·566 ·150 638 104 204 SW 114.6 657.1 41.3 16.0 5.7 2.6 

51·645-ST 65796.2 65621.6 1779.7 NL .594 594 0 840 90 315 NW 121.5 796.1 40.8 19.9 6.6 2.1 
51-645-ST 65776.4 65601.8 1819.7 WU 

51·645-ST 65798.3 65609.5 1819.7 EU 

51-645-ST 65790.5 65595.4 1819.7 SU 

51-645-ST 65791.2 65616.6 1819.7 NU X y z L a-face-dip s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51·665-ST 65771.5 65613.4 1780.5 WL 328 316 81 462 80 46 NE 102.6 462.2 39.6 11.7 4.5 3.4 

51·665-ST 65796.2 65621.6 1780.5 EL 579 .579 0 819 90 135 SE 119.5 7762 39.8 19.9 6.5 2.0 

51·665-ST 65782.9 65608.3 1780.5 SL ·631 ·12 ·16 631 91 269 SW 108.2 565.9 39.0 12.2 5.2 3.2 

51·665-ST 65788.0 65629.9 1780.5 NL ·276 276 0 390 90 315 NW 112.4 649.4 39.0 16.7 5.8 2.3 
51·665-ST 65776.0 65617.9 1819.5 WU 

51·665-ST 65791.2 65616.6 1819.5 EU 

51-665-ST 65776.4 65601.8 1819.5 SU 

51·665-ST 65783.1 65625.0 1819.5 NU X y z L a-face-dip s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51·675-SLF 65769.4 65626.8 1800.0 WL 97 223 54 249 77 24 NE 66.0 245.8 21.3 11.0 3.7 1.9 
51·675-SLF 65777.2 65619.1 1800.0 EL 86 ·86 0 122 90 135 SE 48.7 61.1 21.2 3.0 1.3 7.2 
51-675-SLF 65777.2 65619.1 1800.0 SL ·160 ·160 ·82 241 110 225 SW 65.9 241.0 22.0 10.9 3.7 2.0 
51-675-SLF 65771.1 65628.5 1800.0 NL ·24 24 0 33 90 315 NW 48.2 40.7 22.1 2.0 0.8 11.2 
51-675-SLF 65764.1 65621.5 1820.7 WU 

51·675-SLF 65776.0 65617.9 1820.7 EU 

51·675-SLF 65771.9 65613.8 1820.7 SU 

51-675-SLF 65765.3 65622.6 1820.7 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51-675-ST 65767.3 65624.7 1777.7 WL 327 308 90 458 79 47 NE 106.3 462.3 41.8 11.1 4.4 3.8 

51-675-ST 65788.0 65629.9 1780.5 EL 276 ·276 0 390 90 135 SE 112.4 649.4 39.0 16.7 5.8 2.3 
51-675-ST 65771.5 65613.4 1780.5 SL ·191 .443 19 483 88 203 SW 106.8 491.0 41.0 11.0 4.6 3.7 
51-675-ST 65782.2 65639.5 1777.7 NL ·438 437 0 619 90 315 NW 122.5 760.7 43.4 17.7 6.2 2.5 w 
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51-675-ST 65765.3 65622.6 1820.7 WU 

51-675-ST 65783.1 65625.0 1819.5 EU 

51-675-ST 65776.0 65617.9 1819.5 SU 

51-675-ST 65775.4 65632.8 1820.7 NU X V z L s-face-dlp s-face-O.dlr S.Face per. Area S_Hgt. L HR H/L 
51-690-ST 65761.2 65639.8 1777.7 WL 526 385 138 667 78 54 NE 118.2 664.6 43.9 15.0 5.6 2.9 

51-690-ST 65782.2 65639.5 1m.1 EL 410 -410 0 580 90 135 SE 123.3 771.9 43.5 18.0 6.3 2.4 

51-690-ST 65766.3 65623.7 1777.7 SL -466 -446 -BB 651 98 226 SW 119.0 693.5 43.4 15.5 5.8 2.8 

51-690-ST 65770.6 65649.2 1777.7 NL -471 471 0 666 90 315 NW 116.4 617.3 43.B 14.4 5.3 3.0 

51-690-ST 65754.5 65633.1 1820.7 WU 

51-690-ST 65774.4 65631.8 1820.7 EU 

51-690-ST 65764.8 65622.2 1820.7 SU 

51-690-ST 65765.4 65644.0 1820.7 NU X V z L s-face-dlp s-face-O.dlr S.Face per. Area S_Hgt. L HR H/L 

51-705-ST 65749.3 65643.3 1780.0 WL 337 271 61 437 82 51 NE 102.0 439.2 40.0 11.0 4.3 3.6 

51-705-ST 65772.0 65650.6 1780.0 EL 639 -639 0 903 90 135 SE 124.2 871.8 40.1 22.0 7.0 1.8 

51-705-ST 65757.0 65635.6 1780.0 SL -304 .304 -74 436 100 225 SW 102.1 436.5 40.2 10.9 4.3 3.7 

51-705-ST 65765.8 65659.7 1780.0 NL ·672 672 0 950 90 315 NW 127.4 934.7 40.1 23.6 7.3 1.7 

51-705-ST 65744.5 65638.5 1819.6 WU 

51-705-ST 65768.4 65646.9 1819.6 EU 

51-705-ST 65752.2 65630.8 1819.6 SU 

51-705-ST 65761.5 65655.5 1819.6 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

51-725-ST 65736.7 65647.3 1780.0 WL 301 359 102 479 78 40 NE 105.5 493.2 40.5 11.9 4.7 3.4 

51-725-ST 65765.8 65659.7 1780.0 EL 672 ·672 0 950 90 135 SE 127.4 934.7 40.1 23.6 7.3 1.7 
51-725-ST 65749.3 65643.3 1780.0 SL ·82 ·578 ·96 591 99 188 SW 108.9 563.1 40.4 14.0 5.2 2.9 

51-725-ST 65760.4 65671.0 1780,0 NL -891 891 0 1260 90 315 NW 147.3 1294.1 40.9 32.7 8.8 1.3 

51-725-ST 65730.0 65640.6 1819.6 WU 

51-725-ST 65761.5 65655.5 1819.6 EU 

51-725-ST 65744.5 65638.5 1819,6 SU 

51-725-ST 65752.5 65663.1 1819.6 NU X y z L s-face-dlp s-face-O.dlr S.Face per. Area S Hgt. L HR H/L 
51-731-ST 65760.9 65703.3 1783.2 WL 534 314 151 638 76 60 NE 113.5 635.0 41.3 15.0 5.6 2.7 

51-731-ST 65793.0 65714.2 1783.2 EL 942 -942 0 1332 90 135 SE 146.B 1195.9 43.4 29.9 8.1 1.5 

51-731-ST 65774.3 65695.5 1783.2 SL -274 .574 ·313 709 116 206 SW 121.7 702.2 45.1 15.7 5.8 2.9 

51·731-ST 65780.5 65722.9 1783.2 NL -1202 1202 0 1700 90 315 NW 156.3 1406.0 42.4 35.2 9.0 1.2 

51-731-ST 65745.7 65688.1 1823.2 WU 

51-731-ST 65783.6 65704.8 1823.2 EU vJ 
0 



51-731-ST 65760.0 65681.2 1823.2 SU 

51-731-ST 65775.7 65718.1 1823.2 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51-735-ST 65730.0 65668.8 1778.5 WL 150 396 103 436 76 21 NE 121.8 748.4 42.8 17.5 6.1 2.4 
51-735-ST 65760.7 65671.3 1778.5 EL 933 .933 0 1320 90 135 SE 151.2 1357.1 42.9 32.7 9.0 1.3 
51-735-ST 65737.0 65647.6 1778.5 SL ·414 -27 -47 417 96 266 SW 120.5 681.0 43.6 16.1 5.7 2.7 
51-735-ST 65737.0 65678.7 1778.5 NL -669 564 248 909 74 310 NW 122.3 715.7 44.3 16.6 5.9 2.7 
51-735-ST 65729.2 65650.5 1820.0 WU 

51-735-ST 65752.4 65663.0 1820.0 EU 
51-735-ST 65729.9 65640.5 1820,0 SU 

51-735-ST 65742.8 65666.6 1820.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51-781-ST 65766.8 65772.9 1781.0 WL 362 507 0 623 90 36 NE 112.4 623.4 41.0 15.2 5.5 2.7 
51-781-ST 65795.0 65779.9 1781.0 EL 722 -722 0 1021 90 135 SE 131.8 1021.1 41.0 24.9 7.7 1.6 
51-781-ST 65777.4 65762.3 1781.0 SL -435 -435 0 615 90 225 SW 112,0 614.9 41.0 15.0 5.5 2.7 
51-781-ST 65782.6 65788.8 1781.0 NL -649 649 0 918 90 315 NW 126.8 918.4 41.0 22.4 7.2 1.8 
51-781-ST 65766.8 65772.9 1822.0 WU 

51-781-ST 65795.0 65779.9 1822.0 EU 

51-781-ST 65777.4 65762.3 1822.0 SU 

51-781-ST 65782.6 65788.8 1822.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51-782-SLF 65753.4 65766.2 1783.0 WL 138 137 27 196 82 45 NE 89,6 196.3 39.9 4.9 2.2 8.1 
51-782-SLF 65762.9 65768.8 1783.0 EL 293 -293 0 415 90 135 SE 99.1 375.2 40.0 9.5 3.8 4.2 
51-782-SLF 65756.8 65762.8 1783.0 SL ·138 -137 .37 198 101 225 SW 90,3 197.9 40.2 4.9 2.2 8.2 
51-782-SLF 65759.5 65772.3 1783.0 NL ·293 293 0 415 90 315 NW 99,2 377.2 40.0 9.5 3.8 4.2 
51-782-SLF 65748.1 65760.9 1822.5 WU 

51-782-SLF 65759.0 65764.9 1822.5 EU 
51-782-SLF 65751.5 65757.5 1822.5 SU 

51-782-SLF 65755.5 65768.4 1822.5 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51·782-ST 65750.8 65756.7 1783.0 WL 419 419 83 598 82 45 NE 109.8 598.1 39.9 15.0 5.4 2.7 
51-782-ST 65773.5 65758.2 1783.0 EL 545 .545 0 770 90 135 SE 116.7 720.9 40.1 18.3 6.2 2.2 
51-782-ST 65761.4 65746.1 1783.0 SL ·419 -419 ·120 604 101 225 SW 110.6 604.5 40.3 15.0 5.5 2.7 

51-782-ST 65762.9 65768.8 1783,0 NL -545 545 0 770 90 315 NW 116.7 720.9 40.1 18.3 6.2 2.2 
51-782-ST 65745.2 65751.1 1822.5 WU 

51-782-ST 65769.6 65754.3 1822.5 EU 

51-782-ST 65755.8 65740.5 1822,5 SU 

51-782-ST 65759.0 65764.9 1822.5 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L l.u 
0 
N 



51·811-ST 65707.4 65755.7 1783.8 WL 426 426 79 608 83 45 NE 112.4 636.0 40.3 15.4 5.7 2.6 
51-811-ST 65743.8 65770.8 1783.8 EL 736 -736 0 1040 90 135 SE 143.5 1250.2 40.1 31.3 8.7 1.3 
51-811-ST 65718.0 65745.0 1783.8 SL ·426 -426 30 603 87 225 SW 110.2 603.3 40.0 15.1 5.5 2.7 
51-811-ST 65728.6 65776.9 1783.8 NL .735 736 0 1040 90 315 NW 136.1 1120.1 40.0 28.0 8.2 1.4 
51·811-ST 65708.8 65757.1 1823.8 WU 
51·811-ST 65737.8 65764.8 1823.8 EU 
51-811-ST 65719.4 65746.4 1823.8 SU 
51-811-ST 65727.2 65775.5 1823.8 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 
51-821-ST 65699.1 65768.6 1791.4 WL 314 314 9 444 89 45 NE 89.7 450.8 29.6 15.1 5,0 2.0 
51-821-ST 65719,8 65768.1 1791.4 EL 408 -408 0 577 90 135 SE 93.2 499.9 29.6 16.9 5.4 1.8 
51-821-ST 65709.7 65758.0 1791.4 SL -314 -314 ·60 448 98 225 SW 89.7 447.7 29.8 15.0 5.0 2.0 
51-821-ST 65711.7 65781.2 1791.4 NL -408 408 0 577 90 315 NW 96.9 553.0 29.7 18.7 5.7 1.6 
51-821-ST 65696.2 65765.7 1821.0 WU 
51-821-ST 65720.6 65768.9 1821.0 EU 
51-821-ST 65706.8 65755.1 1821.0 SU 
51-821-ST 65710.0 65779.5 1821.0 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 
53-695-ST 65763.3 65641.9 1708.4 WL 670 801 142 1054 82 40 NE 170.2 1056.5 70.0 15.0 6.2 4.7 
53·695-ST 65787.7 65645.1 1708.4 EL 890 ·884 0 1255 90 135 SE 177.0 1303.5 69.7 18.8 7.4 3.7 
53-695-ST 65773.9 65631.3 1708.4 SL -911 -566 -70 1075 94 238 SW 169.5 1058.8 69.5 15.1 6.2 4.6 
53-695-ST 65778.5 65657.1 1708.4 NL -649 649 0 918 90 315 NW 174.4 1204.2 69.7 17.4 6.9 4.0 
53-695-ST 65761.2 65639.8 1777.7 WU 
53-695-ST 65782.2 65639.5 1777.7 EU 
53-695-ST 65769.4 65626.7 1777.7 SU 
53-695-ST 65770.6 65649.2 1777.7 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 
53-735-ST 65736.6 65679.0 1711.0 WL 209 1176 185 1208 81 10 NE 171.1 1135.5 68.7 15.1 6.6 4.5 
53-735-ST 65758.5 65679.7 1711.0 EL 1357 ·1357 0 1920 90 135 SE 184.6 1611.4 68.3 23.9 8.7 2.9 
53-735-ST 65744.9 65666.1 1711.0 SL -898 ·296 -159 959 100 252 SW 167.1 1006.9 68.8 14.6 6.0 4.7 
53-735-ST 65750.4 65692.8 1711.0 NL -668 477 ·13 821 91 306 NW 170.5 1068.8 69.3 15.8 6.3 4.4 
53-735-ST 65730.0 65668.8 1778.5 WU 
53-735-ST 65754.4 65675.7 1778.5 EU 

53-735-ST 65734.3 65655.5 1778.5 SU 

53-735-ST 65737.0 65678.7 1778.5 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 
54-695-ST 65776.4 65655.0 1672.0 WL 437 334 245 602 66 53 NE 105.0 501.0 39.8 12.6 4.8 3.2 

54-695-ST 65799.3 65656.7 1672.0 EL 502 -502 0 709 90 135 SE 121.1 772.9 39.2 21.3 6.4 1.8 l,J 
0 
l,J 



54-695-ST 65783.1 65640.5 1672.0 SL -386 -386 -236 594 113 225 SW 110.4 611.7 39.6 15.3 5.5 2.6 
54-695-ST 65793.0 65664.5 1672.0 NL -553 553 .54 784 94 315 NW 121.3 739.5 40.2 20.2 6.1 2.0 
54-695-ST 65763.3 65641.9 1708.4 WU 
54·695-ST 65787.7 65645.1 1708.4 EU 

54-695-ST 65773.9 65631.3 1708.4 SU 

54-695-ST 65778.5 65657.1 1708.4 NU X y z L stp-face- stp-face-dlp- Sip.Face perlmete Area Height Length HR H/l 
dip dlr r 

54-735-ST 65739.3 65681.8 1671.2 WL 521 324 111 623 80 58 NE 111.5 615.9 40.5 15.1 5.5 2.7 
54-735-ST 65765.1 65686.4 1671.2 EL 543 .543 0 768 90 135 SE 120.2 762.2 40.9 19,2 6.3 2.1 
54-735-ST 65751.7 65672.9 1671.2 SL -515 ·329 -102 620 99 237 SW 111.5 618.2 40.4 15.0 5.5 2.7 
54-735-ST 65754.2 65696.6 1671.2 NL .549 549 0 776 90 315 NW 120.7 806.0 40.1 20.3 6.7 2.0 
54-735-ST 65736.6 65679.0 1711.0 WU 
54-735-ST 65758.5 65679.7 1711.0 EU 
54-735-ST 65744.9 65666.1 1711.0 SU 
54-735-ST 65750.4 65692.8 1711.0 NU X y z L stp-face- stp-face-dlp- Sip.Face perlmete Area s .. Helg Length HR H/l 

dip dlr r ht 
54·781-ST 65765.9 65771.7 1674.5 WL 419 419 157 613 75 45 NE 111.7 613.0 40,9 15.0 5.5 2.7 
54-781-ST 65793.1 65777.7 1674.5 EL 363 ·363 0 513 90 135 SE 116.9 720.9 39.8 18.3 6.2 2.2 
54-781-ST 65776.5 65761.1 1674.5 SL -419 -419 0 593 90 225 SW 109.0 592.7 39.5 15.0 5.4 2.6 
54-781-ST 65782.5 65788.3 1674.5 NL -363 363 0 514 90 315 NW 116.9 720.9 39.8 18.3 6.2 2.2 
54-781-ST 65765.9 65771.7 1714.0 WU 
54-781-ST 65785.7 65770.3 1714.0 EU 
54-781-ST 65776.5 65761.1 1714.0 SU 
54-781-ST 65775.1 65780.9 1714.0 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S Hgt. L HR H/L 
54-821-ST 65725.8 65795.5 1674.0 WL 420 420 98 602 81 45 NE 110.3 602.0 40.1 15.0 5.5 2.7 
54-821-ST 65752.3 65800.8 1674.0 EL 1078 ·1078 0 1524 90 135 SE 146.7 1207.7 42.2 30.5 8.2 1.4 
54-821-ST 65736.4 65784.9 1674.0 SL -420 -420 -338 683 120 225 SW 121.1 683.4 45.5 15.0 5.6 3.0 
54-821-ST 65741.7 65811.4 1674.0 NL ·1078 1078 0 1525 90 315 NW 146.7 1207.8 42.2 30.5 8.2 1.4 

54·821-ST 65709.9 65779.6 1713,6 WU 

54-821-ST 65747.7 65796.2 1713.6 EU 
54-821-ST 65720.5 65769,0 1713.6 SU 

54-821-ST 65737.1 65806.8 1713.6 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
56·695-ST 65774.8 65653.4 1630.0 WL 374 517 271 693 67 36 NE 121.8 693.4 45.7 15.2 5.7 3.0 
56·695-ST 65812.2 65669.6 1630.0 EL 665 -665 0 941 90 135 SE 146.6 1232.6 43.5 29.3 8.4 1.5 
56·695·ST 65786.5 65643.9 1630.0 SL .594 ·297 ·14 664 91 243 SW 115.2 650.5 42.0 15.1 5.6 2.8 l...i 

i 



56-695-ST 65799.8 65678.4 1630.0 NL -446 446 0 630 90 315 NW 138.1 1056.4 42.7 25.2 7.7 1.7 
56-695-ST 65776.5 65655.1 1672.0 WU 

56-695-ST 65799.4 65656.8 1672.0 EU 

56-695-ST 65783.5 65640.9 1672.0 SU 

56-695-ST 65787.1 65665.7 1672.0 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 

56-705-ST 65773.0 65672.8 1629.0 WL 426 486 292 709 66 41 NE 124.5 708.8 47.2 Hi.O 5.7 3.1 
56-705-ST 65801.3 65679.9 1629.0 EL 639 -639 0 903 90 135 SE 140.6 1053.2 45.7 24.5 7.5 1.9 
56-705-ST 65781.5 65660.1 1629.0 SL -456 -456 -203 676 107 225 SW 120.5 682.5 45.1 15.1 5.7 3.0 
56-705-ST 65790.7 65690.5 1629.0 NL ·608 608 0 860 90 315 NW 138.0 967.7 46.4 22.5 7.0 2.1 

56-705-ST 65762.4 65662.2 1672.0 WU 

56-705-ST 65787.9 65666.5 1672.0 EU 

56-705-ST 65773.0 65651.6 1672.0 SU 

56-705-ST 65776.5 65676.4 1672.0 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 
56-735-ST 65747.1 65689.5 1628.0 WL 443 473 330 727 63 43 NE 127.0 727.5 48.5 15.0 5.7 3.2 

56-735-ST 65780.4 65701.6 1628.0 EL 581 -580 0 821 90 135 SE 147.8 1214.1 45.0 28.1 8.2 1.6 
56-735-ST 65754.1 65675.3 1628.0 SL -382 -535 -108 666 99 216 SW 119.0 681.7 43.8 15.1 5.7 2.9 

56-735-ST 65770.0 65712.4 1628.0 NL -642 642 0 907 90 315 NW 146.6 1153.5 46.3 26.7 7.9 1.7 
56-735-ST 65739.3 65681.8 1671.2 WU 

56-735-ST 65765.1 65686.4 1671.2 EU 

56-735-ST 65751.7 65672.9 1671.2 SU 

56-735-ST 65754.2 65696.6 1671.2 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 

56-781-ST 65764.4 65770.2 1630.0 WL 472 472 0 667 90 45 NE 119.0 667.4 44.5 15.0 5.6 3.0 

56-781-ST 65792.1 65776.7 1630.0 EL 635 -887 0 1091 90 144 SE 138.1 1091.4 44.5 24.5 7.9 1.8 
56-781-ST 65772.2 65762.4 1630.0 SL -346 -346 0 490 90 225 SW 111.0 489.6 44.5 11.0 4.4 4.0 

56-781-ST 65781.5 65787.3 1630.0 NL -761 762 0 1077 90 315 NW 137.4 1077.1 44.5 24.2 7.8 1.8 

56-781-ST 65764.4 65770.2 1674.5 WU 

56-781-ST 65792.1 65776.7 1674.5 EU 
56-781-ST 65772.2 65762.4 1674.5 SU 

56-781-ST 65781.5 65787.3 1674.5 NU X y z L s-tace-dlp s-tace-D.dlr S.Face per. Area S_Hgt. L HR H/L 
58-695-ST 65801.1 65679.7 1552.5 WL 488 349 241 646 68 54 NE 109.2 486.2 43.0 11.4 4.5 3.8 
58-695-ST 65827.9 65695.9 1552.5 EL 837 -837 ·112 1189 95 135 SE 147.3 1209.8 43.2 30.1 8.2 1.4 

58·695-ST 65812.2 65669.6 1552.5 SL .349 -488 -273 659 115 216 SW 117.1 655.9 43.4 15.1 5.6 2.9 

58-695-ST 65823.9 65702.5 1552.5 NL -976 976 0 1380 90 315 NW 153.7 1325.1 43.2 33.6 8.6 1.3 
58·695-ST 65787.6 65666.2 1591.9 WU l.,J 

0 
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58·695-ST 65821.2 65678.6 1591.9 EU 

58-695-ST 65800.0 65657.4 1591.9 SU 

58-695-ST 65812.3 65690.9 1591.9 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
60-695-ST 65813.6 65692.2 1511.6 WL 268 165 43 318 82 58 NE 108.5 520.1 41.4 12.6 4.8 3.3 
60·695-ST 65837.0 65691.6 1511.6 EL 1105 -372 227 1188 79 109 SE 123.6 718.0 43.1 16.3 5,8 2.6 
60-695-ST 65832.0 65689.3 1511.6 SL .444 -721 ·431 951 117 212 SW 131.3 894.4 45.9 19.3 6.8 2.4 
60-695-ST 65828.1 65706.7 1511.6 NL -929 929 0 1314 90 315 NW 138.5 1075.6 42.5 26.4 7.8 1.6 
60-695-ST 65801.1 65679.7 1552.5 WU 
60-695-ST 65827.9 65695,9 1552.5 EU 

60-695-ST 65818.8 65668.8 1552.5 SU 
60-695-ST 65823,9 65702.5 1552.5 NU X y z L a-face-dip s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
60·725-ST 65804.5 65718.1 1510.1 WL 277 507 177 604 73 29 NE 108.4 594.2 38.B 15.2 5.5 2.6 
60-725-ST 65834.0 65733.8 1510.1 EL 675 ·675 ·68 957 94 135 SE 133.9 1083.7 37.7 29.0 8.1 1.3 
60-725-ST 65807.7 65715.0 1510.1 SL .393 .393 -52 558 95 225 SW 94.6 362.6 37.2 9.8 3.8 3.8 
60-725-ST 65823.4 65744.5 1510.1 NL ·560 560 ·56 794 94 315 NW 130.9 1000.2 38.1 26.8 7.6 1.4 
60-725-ST 65798.4 65719.4 1547.1 WU 
60-725-ST 65827.2 65727.1 1547.1 EU 
60-725-ST 65809.0 65708.8 1547.1 SU 
60·725-ST 65813.5 65734,6 1547.1 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
60-755-ST 65777.4 65740.9 1511.7 WL 404 461 274 671 66 41 NE 119.6 674.4 44.7 15.1 5.6 3.0 
60-755-ST 65809.5 65751.8 1511.7 EL 375 .375 0 530 90 135 SE 129.1 884.2 42.0 21.7 6.8 1.9 
60-755-ST 65788.0 65730.3 1511.7 SL -432 ·432 ·24 612 92 225 SW 111.6 611.B 40.B 15.0 5.5 2.7 
60-755-ST 65797.1 65760.6 1511.7 NL -346 346 0 489 90 315 NW 125.1 813.2 41.9 20.0 6.5 2.1 
60-755-ST 65776.3 65739.7 1552.5 WU 

60·755-ST 65796.1 65738.3 1552.5 EU 
60-755-ST 65786.9 65729.1 1552.5 SU 

60-755-ST 65784.8 65748.2 1552.5 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 
60·756-ST 65763,5 65727.0 1510.5 WL 435 435 20 616 BB 45 NE 112.1 615.4 41.0 15.0 5.5 2.7 
60-756-ST 65787.9 65730.1 1510.5 EL 713 -716 0 1010 90 135 SE 132.6 1037.5 41.0 25.3 7.8 1.6 
60-756-ST 65769.5 65711.8 1510.5 SL .435 .435 .49 617 95 225 SW 113.9 646.1 41.1 15.3 5.7 2.7 
60-756-ST 65777.3 65740.7 1510.5 NL ·713 716 0 1010 90 315 NW 126.6 904.0 41.2 22.0 7.1 1.9 
60-756-ST 65758.9 65722.4 1551.5 WU 

60-756-ST 65787.0 65729.2 1551.5 EU 

60-756-ST 65769.5 65711.8 1551.5 SU l.,J 

~ 



60-756-ST 65n6.4 65739.8 1551.5 NU X y z L s-face-dlp s-face-D.dlr S.Face per. Area S_Hgt. L HR H/L 

60-791-ST 65767.0 65794.2 1511.3 WL 435 435 240 660 69 45 NE 118.0 660.1 44.0 15.0 5.6 2.9 

60-791-ST 65794.6 65800.6 1511.3 EL 554 -554 0 783 90 135 SE 129.7 885.4 43.2 21.6 6.8 2.0 

60-791-ST 657n.6 65783.6 1511.3 SL -435 -435 ·165 637 105 225 SW 114.9 636.7 42.5 15.0 5,5 2.8 

60-791-ST 65784.0 65811.2 1511.3 NL -554 554 0 783 90 315 NW 129.7 885.7 43.2 21.6 6.8 2.0 

60-791-ST 65759.2 65786.4 1552.3 WU 
60-791-ST 65783.3 65789.3 1552.3 EU 

60-791-ST 65769.8 65n5.8 1552.3 SU 

60-791-ST 65n2.1 65799.9 1552.3 NU 



Tahle C.2 Summary of fault datahase relating fault to stope surface 

STOPE X y z Poln F-faults Faull-dip Dlp_Dlrect. Alpha L_Left 
t 

L_Mld L_Rlght Mld_right Mld_Left Mld_Mld LI-Right U_mld U_lelt Crlt._Dlst. 

47-630-ST 65763.2 65568.6 1902.5 WL NE wall 62 49 22 -38.0 -31.1 -24.2 -17.4 -25.2 -21.3 -10.6 -11.5 -12.5 10.6 
47-630-ST 65778.1 65557.4 1902.5 EL SE wall 

47-630-ST 65776.0 65555.3 1902.5 SL SW wall 30 245 77 -29.2 -30.7 -32.2 -5.5 -0.9 -3.2 21.3 24.4 27.5 Intersect 
47-630-ST 65777.1 65582.5 1902.5 NL NW wall 30 245 80 -38.4 -33.8 -29.2 -0.9 -9.9 -5.4 27.5 23.0 18.5 Intersect 
47-630-ST 65752.9 65558.3 1960.0 WU 

47-630-ST 65772.3 65561.6 1960.0 EU 

47-630-ST 65770.1 65550.5 1960.0 SU 

47-630-ST 65766.3 65571.7 1960.0 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_right Mld_Left Mld_Mld LI-Right U_mld U_left Crit._Dlst. 
47-645-ST 65761.5 65582.8 1902.3 WL NE wall 62 50 9 -10.1 -9.4 -8.8 -4.3 -5.0 -4.6 0.2 0.2 0.1 Intersect 
47·645-ST 65779.2 65584.6 1902.3 EL SE wall 62 20 112 -14.9 -11.8 -8.7 -2.8 -9.0 -5.9 3.2 0.1 -3.0 Intersect 
47-645-ST 65767.5 65573.0 1902.3 SL SW wall 30 257 75 -3.7 -4.6 -5.6 24.1 26.1 25.1 53.7 54.8 55.9 Intersect 
47-645-ST 65772.9 65594.3 1902.3 NL NW wall 

47-645-ST 65748.9 65574.2 1963.0 WU 

47-645-ST 65764.5 65569.9 1963.0 EU 

47-645-ST 65756.4 65561.8 1963.0 SU 

47-645-ST 65755.4 65580.7 1963.0 NU F-faulls Fault-dip Dlp_Dlrect. Alpha L_Left L_ Mid L_Rlght Mld_rlght Mld_Left Mld_Mld LI-Right U_mid U_left Crit._Dlst. 
47-690-ST 65727.3 65605.9 1905.2 WL NE wall 65 52 5 -0.4 -0.3 -0.2 0,7 -0.1 0.3 1.6 0.9 0.3 Intersect 
47-690-ST 65759.2 65616.6 1905.2 EL NE wall 70 41 16 -10.3 -8.9 -7.5 -8.5 -12.0 -10.3 -9.6 -11.6 -13.6 7.5 
47-690-ST 65734.9 65592.3 1905.2 SL SE wall 

47-690-ST 65750.0 65628.6 1905.2 NL SW wall 

47-690-ST 65732.8 65611.4 1945.7 WU NW wall 

47-690-ST 65746.3 65603.7 1945.7 EU 

47-690-ST 65743.4 65600.8 1945.7 SU 

47-690-ST 65738.0 65616.6 1945.7 NU F-faulls Faull-dip Dip Direct. Alpha LLeft L Mid L _Right Mid _right Mld_Left Mid Mid LI-Right U mid U left Cut. Dist. 
47-725-ST 65719.7 65652.0 1899.9 WL NE wall 75 39 10 -61.9 -62.8 -63.7 -65.7 56.6 -66.1 -67.6 -69.4 -71.2 62.8 
47-725-ST 65741.1 65640.9 1899.9 EL NE wall 60 39 12 -6.8 -7.7 23.2 ·1.7 -2.5 -2.1 5.0 3.4 1.8 Intersect 
47-725-ST 65727.0 65626.8 1899.9 SL SE wall 52 39 19 -19.1 -4.2 14.0 6.3 5.6 5.9 17.6 16.1 9,9 Intersect 
47-725-ST 65721.8 65654.2 1899.9 NL SW wall 

47-725-ST 65701.0 65638.3 1963.3 WU NW wall 

47-725-ST 65722.2 65622.0 1963.3 EU 

47-725-ST 65718.0 65617.8 1963.3 SU \.,,I 
0 
00 



47-725-ST 65704.2 65641.4 1963.3 NU F-laulls Fault-dip Dip_Direct. Alpha L_Lelt L_Mld L_Rlght Mid_rlght Mid_Lelt Mid_Mid U-Right U_mid U_lelt Crit._Dist. 

47-725-ST 65720 65652 1900 WL 

47-725-ST 65741 65641 1900 EL 

47-725-ST 65727 65627 1900 SL SW wall 75 39 169 9.4 2.1 -5.2 -3.1 6.7 1.8 -1.0 1.5 4.0 intersect 

47-725-ST 65722 65654 1900 NL NWwall 75 39 85 12.2 10.8 9.4 6.7 10.3 8.5 4.0 6.2 8.4 4.0 

47-725-ST 65701 65638 1963 WU 

47-725-ST 65722 65622 1963 EU 

47-725-ST 65718 65618 1963 SU 

47-725-ST 65704 65641 1963 NU 

47-821-ST 65685 65754 1904 WL F-laults Fault-dip Dip_Direct. Alpha L_Lelt L_Mid L_Rlght Mld_rlght Mid_Lelt Mld_Mld U-Rlght U_mld U_lelt Crlt._Dlst. 

47-821-ST 65713 65761 1904 EL SE wall 88 20 65 8.1 18.4 28.6 29.7 7.1 18.4 30.7 18.4 6.1 6.1 

47-821-ST 65695 65744 1904 SL SEwall 65 45 90 55.3 54.0 52.7 65.3 42.7 54.0 77.9 54.0 30.1 30.1 

47-821-ST 65703 65772 1904 NL NW wall 50 29 78 -14.3 -23.5 -32.7 -13.6 4.8 -4.4 5.5 14.7 23.9 intersect 

47-821-ST 65685 65754 1964 WU NW wall 75 30 75 -10.4 ·14.1 ·6.1 -18.1 5.2 -6.4 ·10.4 1.3 ·25.8 Intersect 

47-821-ST 65713 65761 1964 EU NW wall 85 197 118 11.9 10.9 28.8 24.4 2.5 13.4 27.0 16.0 6.7 2.5 

47-821-ST 65695 65744 1964 SU NWwall 88 205 110 16.2 ·2.7 ·14.4 10.0 ·13.4 ·1.7 11.1 -0.6 14.1 intersect 

47-821-ST 65703 65772 1964 NU F-laulls 88 20 65 30.7 17.4 8.1 7.1 29.7 18.4 8.1 19.4 28.6 7.1 

47-821-ST 65685 65754 1904 WL NWwall 70 35 80 -29.5 ·18.0 11.6 ·19.4 3.7 -7.8 ·9.2 2.4 -92 intersect 

47-821-ST 65713 65761 1904 EL SE wall 50 29 102 -36.0 ·26.8 ·17.6 1.5 ·16.9 -7.7 20.7 11.4 2.2 Intersect 

47-821-ST 65695 65744 1904 SL SE wall 75 30 104 ·2.9 -18.2 -29.9 1.2 -22.2 ·10.5 8.9 ·2.8 12.5 intersect 

47-821-ST 65703 65772 1904 NL SE wall 88 205 70 11.1 2.3 -14.4 ·8.4 15.1 3.3 -7.4 4.4 48.3 Intersect 

47-821-ST 65685 65754 1964 WU SE wall 88 20 115 24.6 11.2 8.1 23.6 0.8 12.2 24.6 13.2 ·45.2 Intersect 

47-821-ST 65713 65761 1964 EU SE wall 85 197 62 33.9 17.7 11.9 9.3 31.4 20.3 11.9 22.9 71.3 9.3 

47-821-ST 65695 65744 1964 SU SE wall 70 35 99 25.8 -8.4 0.3 13.3 -9.9 1.7 23.5 11.9 -95.4 Intersect 

47-821-ST 65703 65772 1964 NU F-laults Fault-dip Dlp_Dlrect. Alpha L_Lelt L_Mid L_Right Mid.right Mid.Left MId_Mid U-Right U_mid U_ left Cril. Dist. 

48-690-ST 65744.5 65623.1 1862.0 WL NE wall 75 32 17 -10.2 -8.5 -6.9 -8.8 ·12.4 ·10.6 -10.8 ·12.7 -14.6 6.9 

48-690-ST 65770.9 65628.3 1862.0 EL NE wall 65 41 6 ·15.3 ·14.8 ·2.4 ·13.8 -15.0 ·14.4 ·13.2 ·13.9 ·14.7 2.4 

48-690-ST 65755.2 65612.5 1862.0 SL NE wall 64 56 8 0.6 ·0.7 ·2.0 ·1.0 1.3 0.1 -0.1 0.9 1.9 Intersect 

48-690-ST 65760.3 65638.9 1862.0 NL SE wall 

48-690-ST 65733.2 65611.8 1890.2 WU SW wall 

48-690-ST 65762.1 65619.5 1890.2 EU NW wall 

48-690-ST 65743.9 65601.2 1890.2 SU 

48-690-ST 65751.9 65630.5 1890.2 NU F-laults Faull-dip Dlp_Direct. Alpha L .. Lelt L_ Mid L_Right Mld_rlght Mid. Left Mid_Mld LI-Right U_mld U. left Crit. __ Dlst. 

48-725-ST 65723.1 65639.2 1859.0 WL NE wall 75 31 14 -6.6 -4.8 ·3.0 -3.3 -6.8 -5.1 -3.6 .5.4 -7.1 3.0 ..... 
0 
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48·725-ST 65749.6 65649.3 1859.0 EL NE wall 55 41 19 • 11.1 ·10.6 13.3 ·3.3 ·4.2 ·3.7 3.5 3.1 2.7 Intersect 

48-725-ST 65735.1 65634.9 1859.0 SL SE wall 

48-725-ST 65739.0 65660.0 1859.0 NL SW wall 

48-725-ST 65723.B 65644.B 1899.9 WU NW wall 

48-725-ST 65741.1 65640.9 1899.9 EU 

48-725-ST 65727.0 65626.B 1899.9 SU 

48-725-ST 65730.5 65651.6 1899.9 NU F-faults Faull-dip Dlp_Dlrect. Alpha L_Lef1 L_Mld L_Rlghl Mld_rlghl Mld_Lef1 Mld_Mld U-Rlghl U_mld U_Jeft 

48·782-ST 65751 65757 1905 NU NEwall 80 175 128 -5.2 ·13.9 6.1 ·14.5 ·3.2 ·8.9 ·9.6 -3.9 2.5 Intersect 

48-782-ST 65738 65744 1860 WL NE wall 65 357 51 ·11.5 ·6.4 ·1.4 7.1 ·3.0 2.1 15.6 10.6 5.5 Intersect 

48·782-ST 65764 65749 1860 EL NE wall BO 175 128 6.1 ·13.9 2.5 ·14.5 ·3.2 ·B.9 ·9.6 -3.9 13.B Intersect 

48-782-ST 65748 65733 1860 SL SW wall 55 61 103 39.7 20.2 36.3 34,9 31.5 33.2 47.9 46.2 62.B 20.2 

48-782-ST 65754 65760 1860 NL SW wall 70 68 112 26.4 23.6 36.4 34.2 28.7 31.4 41.9 39.2 41.9 23.6 

48-782-ST 65738 65744 1905 WU NWwall 70 25 71 8.1 -1.9 ·11.9 ·4.1 14.3 5.1 3.7 12.1 20.5 Intersect 

48·7B2·ST 65762 65747 1905 EU 

48-782-ST 65748 65733 1905 SU 

48-782-ST 65751 65757 1905 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_ Lett L _Mid L. Righi Mid_rlghl Mid Left Mid Mid U-Right Umid Uleft Crlt Dist. 

48-821-ST 65688.B 65758.3 1858.6 WL SE wall 50 29 106 14.5 ·4.4 10.3 16.2 ·1.8 7.2 27.3 18.B -99.6 Intersect 

48·821-ST 65718.5 65766.B 1858.6 EL SE wall 75 30 106 -6.1 ·4.5 ·10.9 9.1 ·13.B -2.4 10.5 -0.2 -101.0 Intersect 

4B·B21·ST 65700.1 65748.4 1858.6 SL NW wall 50 29 66 6.8 -2.3 -11.4 1.6 18.5 10.1 14.6 22.5 30.3 Intersect 

4B·B21·ST 65712.6 65772.2 1858.6 NL NW wall 75 30 61 9.7 ·1.8 ·13.4 -9.5 12.0 1.2 -5.7 4.3 14.3 Intersect 

48·821-ST 65685.7 65755.3 1904.0 WU NW wall 85 197 132 ·1 .3 8.8 18.9 22.7 3.9 13.3 26.6 17.9 9.1 Intersect 

48-821-ST 65715.B 65757.B 1904.0 EU 

48-821-ST 65699.5 65741.5 1904.0 SU 

48-821-ST 65706.2 65767.3 1904.0 NU F-faults Fault-dip Dip_ Direct. Alpha L_Left L_Mld L_Rlght Mld_rlght Mld_Left Mid_Mid U-Rlght U _mid U _left Crit._Dist. 

48-82l•ST 65689 65758 1859 WL NE wall 

48-821-ST 65718 65767 1859 EL SE wall 

4B·B21•ST 65700 65748 1859 SL SW wall 88 20 155 11.7 9.0 6.3 3.7 10.6 7.1 1.2 5.3 9.4 1.2 

48·821-ST 65713 65772 1859 NL NW wall 65 45 161 62.9 38.9 62.6 46.5 46.1 46.3 53.7 53.7 74.6 38.9 
48·821-ST 65686 65755 1904 WU 

48·821·ST 65716 65758 1904 EU 

48·821-ST 65699 65742 1904 SU 

48·821-ST 65706 65767 1904 NU F•laults Fault-dip Olp_Dlrect. Alpha L_Left L_ Mid L_Rlght Mld_rlghl Mld_Left Mld __ Mld U•Rlght u ... mid U _left Crit. __ Olst. 

49·665-ST 65764.9 65622.2 1819.5 WL NE wall 64 55 13 ·2.4 ·4.2 ·6.0 0.0 1.0 0.5 6.1 5.3 4.5 Intersect 

49·665-ST 65791.9 65616.4 1819.5 EL NE wall 65 41 21 ·17.8 ·17.1 ·16.3 ·10.6 ·14.8 ·12.7 -5.0 -8.4 ·11.9 5.0 yJ -0 



49-665-ST 65777.0 65601.6 1819.5 SL SE wall 

49-665-ST 65775.5 65632.8 1819.5 NL SW wall 

49-665-ST 65760.3 65618.3 1863.5 WU NW wall 

49-665-ST 65782.0 65606.5 1863.5 EU 

49-665-ST 65777.0 65601.6 1863.5 SU 

49-665-ST 65769.7 65627.3 1863.5 NU F-faults Faull-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_mld U_left Cril._Dlst. 
49-690-ST 65754.5 65633.1 1820.7 WL NE wall 65 45 17 -17.2 ·16.1 -15.0 -9.6 -10.6 -10.1 ·4.1 ·4.1 -4.1 4.1 
49-690-ST 65774.4 65631.8 1820.7 EL NE wall 65 45 17 -25.3 -24.3 -5.8 ·17.8 -18.8 -18.3 -12.3 ·12.3 ·12.3 5.8 
49-690-ST 65764.8 65622.2 1820.7 SL NE wall 64 50 18 -5.9 -5.5 -5.0 0.8 1.0 0.9 6.6 7.2 7.8 Intersect 
49-690-ST 65765.4 65644.0 1820.7 NL SE wall 

49-690-ST 65744.5 65623.1 1862.0 WU SW wall 

49-690-ST 65770.9 65628.3 1862.0 EU NW wall 

49-690-ST 65755.2 65612.5 1862.0 SU 

49-690-ST 65760.3 65638.9 1862.0 NU F-faults Fault-dip Dlp_Dlrecl. Alpha L_Lef1 L_Mld L_Rlghl Mld_right Mld_Lef1 Mld __ Mld U-Rlght U_mld U_lef1 Crll._Dlst. 

49-705-ST 65737.1 65636.8 1819.6 WL NE wall 65 45 10 ·14.3 ·13.3 ·12.3 ·9.2 ·10.2 ·9.7 ·6.1 ·6.1 ·6.1 6.1 
49-705-ST 65766.0 65644.6 1819.6 EL NE wall 65 42 11 -22.7 -21.3 -3.6 -16.9 ·18.6 ·17.7 ·13.8 ·14.1 ·14.5 3.6 
49-705-ST 65751.2 65629.8 1819.6 SL NE wall 65 45 10 ·20.8 -19.8 -18.8 -15.7 ·16.7 ·16.2 -12.7 -12.7 ·12.7 12.7 
49-705-ST 65757.0 65656.7 1819.6 NL SE wall 

49-705-ST 65735.3 65635.0 1858.2 WU SW wall 70 45 70 57.5 57.5 57.5 83.4 81.6 82.5 109.3 107.5 105.6 57.5 
49-705-ST 65759.7 65638.3 1858.2 EU NW wall 

49-705-ST 65744.1 65622.7 1858.2 SU 

49-705-ST 65749.1 65648.8 1858.2 NU F-faults Fault-dip Dlp_Dlrecl. Alpha L_Left L_Mld L_Rlght Mid_rlght Mld_Lef1 Mld_Mld U·Rlght U_mld U_left Crll._Dist. 
49-705-ST 65737 65637 1820 WL NE wall 

49-705-ST 65766 65645 1820 EL SE wall 

49-705-ST 65751 65630 1820 SL SW wall 70 45 166 28.3 30.7 33.1 35.0 33.8 34 4 36.8 38.0 39.2 28.3 
49-705-ST 65757 65657 1820 NL NW wall 

49-705-ST 65735 65635 1858 WU 

49-705-ST 65760 65638 1858 EU 

49-705-ST 65744 65623 1858 SU 

49-705-ST 65749 65649 1858 NU F-faulls Faull-dip Dlp_Dlrect. Alpha L_Lelt L_Mld L_Rlght Mld _ _rlght Mid_Left Mld_Mld U-Rlghl U_mid U Jett Crll._Dlst. 

49-720-ST 65726.3 65647.2 1820.0 WL NE wall 65 45 17 ·3.2 -5.3 -7.3 ·1.3 1.6 0.1 4.6 5.5 6.4 Intersect 
49-720-ST 65755.6 65655.3 1820.0 EL NE wall 65 42 16 ·13.2 ·14.7 0.2 ·10.5 ·8.3 -9.4 ·4.7 ·4.1 ·3.5 Intersect 

49-720-ST 65736.9 65636.6 1820.0 SL NE wall 65 45 17 ·22.6 ·24.7 ·26.7 ·20.8 ·17.8 ·19.3 ·14.8 ·13.9 -13.0 13.0 
49-720-ST 65738.3 65666.3 1820.0 NL SE wall 

l.,J 



49-720-ST 65722.7 65636.6 1859.0 WU SW wall 

49-720-ST 65750.3 65650.0 1859.0 EU NW wall 

49-720-ST 65729.8 65629.5 1859.0 SU 

49-720-ST 65739.7 65657.8 1859.0 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mid L_Rlght Mld_rlght Mld_Left Mld_Mid U-Rlght U_mld U_Jeft Crlt._Dlst. 

49-720-ST 65726 65647 1820 WL 

49-720-ST 65756 65655 1820 EL 

49-720-ST 65737 65637 1820 SL SW wall 71 49 174 2.3 2.8 3.3 5.0 4.1 4.6 6.6 6.3 5.9 2.3 

49-720-ST 65738 65666 1820 NL 

49-720-ST 65723 65637 1859 WU 

49-720-ST 65750 65650 1859 EU 

49-720-ST 65730 65630 1859 SU 

49-720-ST 65740 65658 1859 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L _Mid L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_mld U_left Crlt._Dlst. 

49-731-ST 65745.7 65688.1 1823.2 WL NE wall 65 42 4 36.3 38.4 40.6 40.9 38.5 39.7 41.3 41.0 40.6 36.3 

49-731-ST 65783.6 65704.8 1823.2 EL SE wall 71 42 93 -34.1 -18.4 ·2.7 -2.7 -32.1 -17.4 -2.8 -16.4 -30.1 2.7 

49-731-ST 65760.0 65681.2 1823.2 SL SW wall 66 45 166 -45.0 -42.6 -40.2 -36.4 -38.8 -37.6 -32.6 -32.6 -32.6 32.6 

49-731-ST 65775.7 65718.1 1823.2 NL SW wall 67 45 167 -25.4 -23.0 -20.6 -17.1 -19.6 -18.3 -13.7 -13.7 -13.7 13.7 

49-731-ST 65743.0 65685.1 1862.7 WU SW wall 

49-731-ST 65774.0 65694.9 1862.7 EU NW wall 

49-731-ST 65753.6 65674.5 1862.7 SU 

49-731-ST 65763.4 65705.5 1862.7 NU F-faults Fault-dip Dlp_Direct. Alpha L_Lelt L_Mid L_Rlght Mld_rlght Mid _Left Mld __ Mld U-Alght U_mld U_ left Crlt._Dlst. 

49-731-ST 65746 65688 1823 WL 

49-731-ST 65784 65705 1823 EL 

49-731-ST 65760 65681 1823 SL 

49-731-ST 65776 65718 1823 NL NWwall 71 42 87 1.7 -18.3 -38.4 -33.9 -0.1 -17.0 -29.3 -15.7 -2.0 0.1 

49-731-ST 65743 65685 1863 WU 

49-731-ST 65774 65695 1863 EU 

49-731-ST 65754 65675 1863 SU 

49-731-ST 65763 65706 1863 NU F-faults Fault-dip Dlp_Direct. Alpha L _Left L_Mld L .. Rlght Mld_rlght Mid_ Left Mid.Mid U-Right U mid U_left Cril ... Dist. 

49-782-ST 65743.2 65749.1 1822.5 WL NE wall 70 45 8 -33.0 -33.0 -33.0 -30.5 -30.5 -30.5 -28.0 -28.0 -28.0 28.0 
49-782-ST 65770.1 65754.8 1822.5 EL SE wall 

49-782-ST 65753.8 65738.5 1822.5 SL SW wall 

49-782-ST 65759.5 65765.4 1822.5 NL NW wall 

49-782-ST 65737.7 65743.6 1859.9 WU 

49-782-ST 65764.3 65749.0 1859.9 EU 1.,,1 -IJ 



49-782-ST 65748.3 65733.0 1859.9 SU 

49-782-ST 65753.7 65759.6 1859.9 NU F-faults Fault-dip Dip_Direct. Alpha L_Lef1 L_Mld L_Rlght Mid_rtght Mld_Lef1 Mld_Mid U·Rlght U_mid U_lef1 Crlt._Dlst. 

49-821-ST 65696.2 65765.7 1821.0 WL NE wall 65 45 20 ·21.9 ·32.7 -21.9 -61.4 -61.9 -61.6 -90.5 ·90.5 -8.7 8.7 

49-821-ST 65720.6 65768.9 1821.0 EL SE wall 25 221 88 4.0 42.1 42.1 25.5 25.3 25.4 8.9 8.7 42.1 4.0 

49·821-ST 65706.8 65755.1 1821.0 SL SW wall 88 20 155 58.8 55.6 52.5 48.8 54.7 51.8 45.2 47.9 50.6 45.2 

49-821-ST 65710.0 65779.5 1821.0 NL SW wall 70 45 174 18.7 18.7 18.7 20.6 20.2 20.4 22.6 22.1 21.6 18.7 

49-821-ST 65688.8 65758.3 1858.6 WU NWwall 

49·821-ST 65718.5 65766.8 1858.6 EU 

49-821-ST 65700.1 65748.4 1858.6 SU 

49-821-ST 65707.4 65777.0 1858.6 NU F·faults Fault-dip Dip_Dlrect. Alpha L_Lef1 L_Mld L_Rlght Mid_rtght Mid_Lef1 Mid_Mld U-Right U_mld u Jett Crit. __ Dist. 

49-821-ST 65696 65766 1821 WL NEwall 65 45 20 ·21.9 ·21.9 ·21.9 -15.6 ·15.3 ·15.4 ·9.3 -9.0 -8.7 8.7 

49-821-ST 65721 65769 1821 EL SEwall 

49-821-ST 65707 65755 1821 SL SWwall 

49-821-ST 65710 65780 1821 NL NWwall 50 17 69 21.0 14.4 7.8 16.4 31.9 24.1 24.9 33.8 42.7 7.8 

49-821-ST 65689 65758 1859 WU NWwall 75 30 75 9.3 18.5 23.9 9.4 30.8 20.1 9.3 21.6 -85.5 Intersect 

49-821-ST 65718 65767 1859 EU 70 35 70 32.7 16.1 4.6 8.6 29.8 19.2 10.2 22.4 -61.9 Intersect 

49-821-ST 65700 65740 1859 SU 

49·821-ST 65707 65777 1859 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Lef1 L_Mld L_Rlght Mld_rtght Mld_Lef1 Mld_Mld U·Rlght U_mld U_lef1 Crlt._Dlst. 

51-645-ST 65782.9 65608.3 1779.7 WL NE wall 

51-645-ST 65799.5 65604.4 1779.7 EL SE wall 

51-645-ST 65798.6 65603.5 1779.7 SL SW wall 

51-645-ST 65796.2 65621.6 1779.7 NL NW wall 

51·645-ST 65776.4 65601.8 1819.7 WU 

51-645-ST 65798.3 65609.5 1819.7 EU 

51-645-ST 65790.5 65595.4 1819.7 SU 

51-645-ST 65791.2 65616.6 1819.7 NU F-faults Fault-dip Dip Direct. Alpha L_Lef1 L_Mld L_Rlght Mid _ _right Mid_Lef1 Mid_Mld U-Right U mid U left Crlt._Dist. 

51-665-ST 65771.5 65613.4 1780.5 WL NE wall 65 45 15 -26.6 -26.5 -26.5 -21.4 -21.5 -21.4 -16.3 -16.3 -16.4 16.3 

51-665-ST 65796.2 65621.6 1780.5 EL SE wall 

51-665-ST 65782.9 65608.3 1780.5 SL SW wall 

51-665-ST 65788.0 65629.9 1780.5 NL NW wall 

51-665-ST 65776.0 65617.9 1819.5 WU 

51-665-ST 65791.2 65616.6 1819.5 EU 

51·665-ST 65776.4 65601.8 1819.5 SU 

51-665-ST 65783.1 65625.0 1819.5 NU F-faults Fault-dip Dip_ Direct. Alpha L_Lef1 L_Mld L __ Rlght Mld_right Mid_Lef1 Mld_Mid U-Rlght U_mid U_left Crlt._Dlst. l.,.I 

l..,J 



51-675-SLF 65769.4 65626.8 1800.0 WL NE wall 

51-675-SLF 65777.2 65619.1 1800.0 EL SE wall 

51-675-SLF 65777.2 65619.1 1800.0 SL SW wall 

51-675-SLF 65771.1 65628.5 1800.0 NL NW wall 

51-675-SLF 65764.1 65621.5 1820.7 WU F-faults Fault-dip Dlp __ Dlrecl. Alpha L_Lef1 L_Mld L_Rlghl Mld_rlghl Mld_Lef1 Mld __ Mld U·Rlghl U_mld U_lef1 Crll._Dlsl. 

51-675-SLF 65776.0 65617.9 1820.7 EU NE wall 25 217 105 -1.5 -5.3 5.3 16.7 17.3 17.0 38.9 39.3 5.7 Intersect 

51-675-SLF 65771.9 65613.8 1820.7 SU NE wall 

51-675-SLF 65765.3 65622.6 1820.7 NU NE wall 

51-675-ST 65767.3 65624.7 1777.7 WL NE wall 65 45 14 -17.0 -16.3 -15.7 -10.9 -11.9 -11.4 -6.2 -6.5 -6.8 6.2 

51-675-ST 65788.0 65629.9 1780.5 EL NEwall 64 47 88 -28.0 -6.6 -8.8 -1.0 -1.6 -1.3 4.1 4.0 -5.1 Intersect 

51-675-ST 65771.5 65613.4 1780.5 SL SWwall 

51-675-ST 65782.2 65639.5 1777.7 NL NW wall 64 47 92 -6.2 ·15.6 -25.1 -16.9 -1.0 -9.0 -8.8 -2.4 4.1 Intersect 

51-675-ST 65765.3 65622.6 1820.7 WU 

51-675-ST 65783.1 65625.0 1819.5 EU 

51-675-ST 65776.0 65617.9 1819.5 SU 

51-675-ST 65775.4 65632.8 1820.7 NU F-faulls Faull-dip Dip_ Direct. Alpha L_Lef1 L_ Mid L _Right Mid_rlght Mld_Lef1 Mid Mid U-Aighl U_mld u_ lell Crll._Dlsl. 

51-675-ST 65767 65625 1778 WL NEwall 

51-675-ST 65788 65630 1781 EL SEwall 64 47 88 -28.0 -17.5 -7.1 -1.6 -16.6 -9.1 3.8 -0.6 -5.1 Intersect 

51-675-ST 65772 65613 1781 SL SWwall 58 78 62 -15.0 -21.0 -27.0 -14.4 -7.0 -10.7 -1.8 -0.4 1.0 Intersect 

51-675-ST 65782 65640 1778 NL NWwall 

51-675-ST 65765 65623 1821 WU 

51-675-ST 65783 65625 1820 EU 

51-675-ST 65776 65618 1820 SU 

51-675-ST 65775 65633 1821 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Lef1 L_Mld L Righi Mld_rlght Mld_Left Mid.Mid U-Righl U_mld U_lef1 Crit. __ Dlst. 

51-690-ST 65761.2 65639.8 1777.7 WL NE wall 25 310 85 -6.6 -3.4 -0.2 19.4 13.1 16.2 39.0 35.9 32.7 Intersect 

51-690-ST 65782.2 65639.5 1777.7 EL SE wall 25 310 115 -5.8 -6.2 -6.6 13.1 13.7 13.4 32.7 33.0 33.2 Intersect 

51-690-ST 65766.3 65623.7 1777.7 SL SW wall 25 310 94 0.2 -2.8 -5.8 13.7 19.9 16 8 33.2 36.4 39.5 Intersect 

51-690-ST 65770.6 65649.2 1777.7 NL NW wall 25 310 65 -0.2 0.0 0.2 19.9 19.4 19.6 39.5 39.3 39.0 Intersect 

51-690-ST 65754.5 65633.1 1820.7 WU 

51-690-ST 65774.4 65631.8 1820.7 EU 

51-690-ST 65764.8 65622.2 1820.7 SU 

51-690-ST 65765.4 65644.0 1820.7 NU F-faults Fault-dip Dip_Dlrecl. Alpha L_Lef1 L_Mld L_Rlght Mid_rlghl Mld_Lell Mid_Mld U-Rlght U_mld U_left Cril._Dlsl. 

51-705-ST 65749.3 65643.3 1780.0 WL NE wall 65 50 17 -10.9 -10.5 -10.0 -4.3 -4.9 -4.6 1.3 1.2 1. t Intersect 

51-705-ST 65772.0 65650.6 1780.0 EL SE wall 88 53 6 -12.4 8.8 -19.3 6.7 6.7 6.7 4.4 4.6 -17.8 Intersect vJ 

.i,. 



51-705-ST 65757.0 65635.6 1780.0 SL SW wall 

51-705-ST 65765.8 65659.7 1780.0 NL NW wall 

51-705-ST 65744.5 65638.5 1819.6 WU 

51-705-ST 65768.4 65646.9 1819.6 EU 

51-705-ST 65752.2 65630.8 1819.6 SU 

51-705-ST 65761.5 65655.5 1819.6 NU F-faulls Faull-dip Dlp_Dlrect. Alpha L_Lef1 L_Mld L_Rlght Mld_rlght Mld_Lef1 Mld_Mld U-Rlght U_mld U_lef1 Crlt._Dlst. 

51-725-ST 65736.7 65647.3 1780.0 WL NE wall 65 50 16 -7.5 -6.0 -4.6 -1.3 -1.8 -1.6 2.0 2.9 3.8 Intersect 

51-725-ST 65765.8 65659.7 1780.0 EL SE wall 62 40 94 -1.3 8.9 19.1 25.8 5.0 15.4 32.4 21.9 11.3 Intersect 

51-725-ST 65749.3 65643.3 1780.0 SL SE wall 74 37 98 24.5 7.9 -3.2 21.5 -1.0 10.3 24.1 12.7 24.7 Intersect 

51-725-ST 65760.4 65671.0 1780.0 NL SE wall 65 37 97 5.9 12.2 27.8 28.2 7.1 17.6 33.9 23.1 -7.6 Intersect 

51-725-ST 65730.0 65640.6 1819.6 WU SE wall 80 40 95 26.4 14.0 -4.8 25.9 2.7 14.3 26.4 14.6 15.9 Intersect 

51-725-ST 65761.5 65655.5 1819.6 EU SE wall 76 88 49 3.8 7.2 20.8 18.1 1.4 9.7 20.8 12.3 30.4 1.4 

51-725-ST 65744.5 65638.5 1819.6 SU 

51-725-ST 65752.5 65663.1 1819.6 NU F-faults Faull-dip Dlp_Dlrect. Alpha L_Lef1 L_Mld L_Rlght Mld_rlght Mld_Lef1 Mld_Mld U-Rlght U_mld U_left Crlt._Dlst. 

51-725-ST 65737 65647 1780 WL 

51-725-ST 65766 65660 1780 EL 

51-725-ST 65749 65643 1780 SL SW wall 80 45 144 1.4 4.4 7.4 7.5 0.1 3.8 7.6 3.2 -1.1 Intersect 

51-725-ST 65760 65671 1780 NL NW wall 62 40 86 23.7 9.0 -5.8 -0.7 28.1 13.7 4.4 18.4 32.4 Intersect 

51-725-ST 65730 65641 1820 WU NW wall 74 37 82 -5.6 8.5 18.9 -6.5 24.6 9.0 -5.6 9.5 4.8 Intersect 

51-725-ST 65762 65655 1820 EU NW wall 65 37 83 33.9 12.8 1.7 1.8 31.2 16.5 5.9 20.2 27.6 1.7 

51-725-ST 65745 65638 1820 SU 

51-725-ST 65752 65663 1820 NU F-faults Faull-dip Dlp_Dlrect. Alpha L_Left L_Mld L _Right Mld_rlght Mld_Left Mid.Mid U-Rlght U_mld u _left Crlt._Dlst. 

51-731-ST 65760.9 65703.3 1783.2 WL NE wall 60 42 93 -6.1 -11.0 -3.3 -3.9 -6.1 -5.0 1.8 1.0 ·4.6 Intersect 

51-731-ST 65793.0 65714.2 1783.2 EL SE wall 60 41 93 45.4 13.7 43.9 20.8 18.5 19.7 26.6 25.7 53.8 13.7 

51-731-ST 65774.3 65695.5 1783.2 SL SW wall 60 42 165 ·6.1 -4.7 -3.3 ·2.0 -5.3 -3.7 -0.7 -2.7 -4.6 0.7 

51-731-ST 65780.5 65722.9 1783.2 NL SW wall 60 41 166 19.9 21.2 22.5 23.7 20.6 22.2 25.0 23.2 21.3 19.9 

51-731-ST 65745.7 65688.1 1823.2 WU NW wall 65 16 64 20.8 1.5 25.2 0.2 3.1 1.7 0.7 1.9 27.1 0.2 

51-731-ST 65783.6 65704.8 1823.2 EU 

51-731-ST 65760.0 65681.2 1823.2 SU 

51-731-ST 65775.7 65718.1 1823.2 NU F-faulls Faull-dip Dlp_Dlrect. Alpha L_Left L_MId L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_mld Ulefl Crit._Dlst. 

51-731-ST 65761 65703 1783 WL NE wall 35 271 106 4.8 8.4 12.1 29.8 23.9 26.8 47.5 45.2 42.9 4.8 

51-731-ST 65793 65714 1783 EL SE wall 

51-731-ST 65774 65696 1783 SL SW wall 

51-731-ST 65781 65723 1783 NL NW wall 60 39 85 21.8 9.8 ·2.2 -1.4 28.8 13.7 -0.7 17.6 35.9 Intersect l.,J 

Vl 



51-731-ST 65746 65688 1823 WU NW wall 60 39 85 -0.1 10.3 23.3 -0.9 29.4 14.3 -0.1 18.2 -54.1 Intersect 

51-731-ST 65784 65705 1823 EU NW wall 65 16 64 27.1 14.2 -0.2 3.1 31.0 17.1 3.1 19.9 -34.9 Intersect 

51-731-ST 65760 65681 1823 SU 

51-731-ST 65776 65718 1823 NU Face Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_mld U_left Crlt._Dlst. 
faults 

51-735-ST 65730.0 65668.8 1778.5 WL NE wall 70 45 24 -2.1 -7.5 -12.9 -7.9 -0.6 -4.2 -3.0 -1.0 1.0 Intersect 

51-735-ST 65760.7 65671.3 1778.5 EL NE wall 70 355 136 -25.8 -1.1 -8.3 4.5 -2.0 1.3 5.7 3.6 -17.7 Intersect 

51-735-ST 65737.0 65647.6 1778.5 SL NE wall 70 351 87 1.4 -3.8 -1.3 2.4 -5.1 -1.4 3.5 1.1 3.5 Intersect 

51-735-ST 65737.0 65678.7 1778.5 NL NW wall 

51-735-ST 65729.2 65650.5 1820.0 WU 

51-735-ST 65752.4 65663.0 1820.0 EU 

51-735-ST 65729.9 65640.5 1820.0 SU 

51-735-ST 65742.8 65666,6 1820.0 NU F-faults Faull-dip Dip_Dlrect. Alpha L_Left L_Mld L_Rlghl Mld __ rlght Mld_Left Mld_Mld U-Rlghl U_mld U_left Cril._Dlsl. 

51-735-ST 65730 65669 1779 WL 

51-735-ST 65761 65671 1779 EL SEwall 62 40 94 -6.2 8.6 23.4 27.9 -0.8 13.6 32.5 18.5 4.5 intersect 

51-735-ST 65737 65648 1779 SL SEwall 74 37 98 16.5 8.5 -7.5 24.6 -6.5 9.0 24.7 9.6 21.9 Intersect 

51-735-ST 65737 65679 1779 NL SEwall 65 37 97 12.9 12.5 20.0 31.1 1.7 16.4 34.5 20.3 9.0 1.7 

51-735-ST 65729 65650 1820 WU SEwall 75 85 52 24.0 9,6 0.7 23.0 -1.2 10.9 24.0 12.3 22.0 Intersect 

51-735-ST 65752 65663 1820 EU NW wall 69 292 18 -4.3 -2.9 -1.6 2.9 -1.5 0.7 7.4 4.4 1.3 Intersect 

51-735-ST 65730 65640 1820 SU NW wall 85 148 153 -0.8 1.5 3.8 13.2 7.7 10.4 22.6 19.4 16.1 Intersect 

51-735-ST 65743 65667 1820 NU NW wall 70 134 144 4.3 5.1 5.9 18.8 17.3 18.0 31.7 31.0 30.3 4.3 

51-735-ST 65730 65669 1779 WL NW wall 65 70 109 10.7 6.2 1.6 7,3 20.1 13.7 12.9 21.2 29.4 1.6 

51-735-ST 65761 65671 1779 EL NW wall 70 65 107 12.1 7.1 2.2 5.3 19.3 12.3 8.5 17.4 26.4 2.2 

51-735-ST 65737 65648 1779 SL NW wall 75 67 110 18.0 13.0 7.9 9.5 23.6 16.6 11.1 20.2 29.3 7.9 

51-735-ST 65737 65679 1779 NL NW wall 75 140 148 3.6 5.1 6.6 18.5 15.3 16.9 30.5 28.7 27.0 3.6 

51-781-ST 65766.8 65772.9 1781.0 WL NE wall 

51-781-ST 65795.0 65779.9 1781 .0 EL SE wall 

51-781-ST 65777.4 65762.3 1781.0 SL SW wall 65 45 155 42.8 42.8 42,8 51.5 51.5 51.5 60.1 60.1 60.1 42.8 

51-781-ST 65782.6 65788.8 1781.0 NL NW wall 

51-781-ST 65766.8 65772.9 1822.0 WU 

51-781-ST 65795.0 65779.9 1822.0 EU 

51-781-ST 65777.4 65762.3 1822.0 SU 

51-781-ST 65782.6 65788.8 1822.0 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L _Righi Mid_rlghl Mid_ Left Mid_Mid U-Rlght U_mld U_left Cril. __ Dlst. 

51-782-ST 65750.8 65756.7 1783.0 WL NE wall 70 35 15 -14.1 -12.8 -11.6 -7.4 -9.9 -8.6 -3.2 -4.4 -5.6 3.2 

51-782-ST 65773.5 65758.2 1783.0 EL NE wall 65 45 17 -33.3 -17.9 -23.9 -12.0 -12.0 -12.0 -6.2 -6.2 -23.9 6.2 l.,J 

°' 



51-782-ST 65761.4 65746.1 1783.0 SL SW wall 70 34 166 36.7 35.4 34.0 37.1 39.8 38.5 40.2 41.5 42.9 34.0 
51-782-ST 65762.9 65768.8 1783.0 NL NW wall 

51-782-ST 65745.2 65751.1 1822.5 WU 

51-782-ST 65769.6 65754.3 1822.5 EU 

51-782-ST 65755.8 65740.5 1822.5 SU 

51-782-ST 65759.0 65764.9 1822.5 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_mld U_Jeft Crlt._Dlst. 

51-811-ST 65707.4 65755.7 1783.8 WL NE wall 65 45 152 -10.4 -13.3 -16.3 -8.7 -5.8 -7.2 -1.2 -1.2 -1.2 1.2 
51-811-ST 65743.8 65770.8 1783.8 EL SE wall 

51-811-ST 65718.0 65745.0 1783.8 SL SE wall 

51-811-ST 65728.6 65776.9 1783.8 NL SW wall 63 48 150 15.0 15.4 15.7 25.7 25.0 25.3 35.7 35.3 35.0 15.0 
51-811-ST 65708.8 65757.1 1823.8 WU SW wall 66 45 153 16.2 16.2 16.2 25.3 25.3 25.3 34.3 34.3 34.3 16.2 

51-811-ST 65737.8 65764.8 1823.8 EU NW wall 

51-811-ST 65719.4 65746.4 1823.8 SU NW wall 

51-811-ST 65727.2 65775.5 1823.8 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_right Mld_Left Mld_Mid U-Rlght U_mld U_left Crlt._Dlst. 
51-821-ST 65699.1 65768.6 1791.4 WL NE wall 65 45 24 -18.5 -16.9 -15.3 -10.1 -11.8 ·10.9 -5.0 -5.0 -5.0 5.0 
51-821-ST 65719.8 65768.1 1791.4 EL SE wall 

51-821-ST 65709.7 65758.0 1791.4 SL SW wall 55 44 153 3.2 3.1 3.0 9.9 10.1 10.0 16.7 16.8 16.9 3.0 
51-821-ST 65711.7 65781.2 1791.4 NL NW wall 

51-821-ST 65696.2 65765.7 1821.0 WU 

51-821-ST 65720.6 65768.9 1821.0 EU 

51-821-ST 65706.8 65755.1 1821.0 SU 

51-821-ST 65710.0 65779.5 1821.0 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L _Right Mld _ _rlght Mld_Left Mld_Mld U-Rlght U_ mid U_left Crit._Dlst. 
53-695-ST 65763.3 65641.9 1708.4 WL NE wall 80 75 35 4.5 1.6 ·1.2 0.0 7.1 3.6 1.3 5.6 9.8 Intersect 
53-695-ST 65787.7 65645.1 1708.4 EL SE wall 70 80 41 -6.3 5.5 7.2 9.8 17.6 13.7 17.3 21.9 12.6 Intersect 
53-695-ST 65773.9 65631.3 1708.4 SL SW wall 70 10 130 14.2 10.2 6.1 15.5 25.0 20.2 24.9 30.3 35.7 6.1 
53-695-ST 65778.5 65657.1 1708.4 NL NW wall 

53-695-ST 65761.2 65639.8 1777.7 WU 

53-695-ST 65782.2 65639.5 1777.7 EU 

53-695-ST 65769.4 65626.7 1777.7 SU 

53-695-ST 65770.6 65649.2 1777.7 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L _Mid L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_rnld U_left Crlt._Dlst. 
53-735-ST 65736.6 65679.0 1711.0 WL NE wall 65 45 37 -4.2 -2.6 -1.0 4.5 7.5 6.0 100 14.6 19.2 Intersect 
53-735-ST 65758.5 65679.7 1711.0 EL NE wall 70 62 51 -20.5 -3.6 -8.5 ·1.2 5.8 2.3 1.7 8.2 -10.8 Intersect 
53-735-ST 65744.9 65666.1 1711.0 SL NE wall 58 2 24 -75.3 -80.7 -53.9 -63.5 -70.0 -66.8 -51.8 -52.9 -51.8 51.8 
53-735-ST 65750.4 65692.8 1711.0 NL NW wall 58 2 63 9.5 3.4 -2.6 10.9 21.2 16.0 24.3 28.6 32.9 Intersect vJ 

-.J 



53·735-ST 65730.0 65668.8 1778.5 WU NW wall 72 37 72 4.7 4.6 8.5 0.1 15.0 7.6 4.7 10.5 ·13.2 Intersect 

53-735-ST 65754.4 65675.7 1778.5 EU SE wall 72 37 98 ·9.7 ·0.6 8.5 16.2 -6.3 5.0 23.9 10.5 ·2.8 Intersect 

53-735-ST 65734.3 65655.5 1778.5 SU SW wall 72 37 145 ·4.6 ·7.1 ·9.7 -6.3 0.1 -3.1 -2.8 1.0 4.7 Intersect 

53-735-ST 65737.0 65678.7 1778.5 NU F-faulls Fault-dip Dlp_Dlrect. Alpha L_Lelt L_Mld L_Rlght Mld_right Mld_Lelt Mld __ Mld U-Rlght U_mld U_lelt Crll._Dlst. 

54-695-ST 65776.4 65655.0 1672.0 WL NE wall 65 45 7 -1.9 -1.4 -1.0 -0.3 -1.7 -1.0 0.3 -0.6 -1.5 Intersect 

54-695-ST 65799.3 65656.7 1672.0 EL SE wall 

54-695-ST 65783.1 65640.5 1672.0 SL SW wall 70 9 146 56.6 50.4 44.1 45.4 55.8 50.6 46.7 50.8 55.0 44.1 

54-695-ST 65793.0 65664.5 1672.0 NL NW wall 

54-695-ST 65763.3 65641.9 1708.4 WU 
54-695-ST 65787.7 65645.1 1708.4 EU 

54-695-ST 65773.9 65631.3 1708.4 SU 

54-695-ST 65778.5 65657.1 1708.4 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Lelt L_Mld L_Rlght Mld_right Mld_Lelt Mld_Mld U-Rlght U_mld U_lelt Crll._Dlst. 

54-735-ST 65739.3 65681.8 1671.2 WL NE wall 60 45 23 -21.5 -21.8 -22.0 -14.4 -15.7 -15.0 -6.7 -8.2 -9.8 6.7 

54-735-ST 65765.1 65686.4 1671.2 EL SE wall 80 84 25 -25.7 -16.0 -33.0 -19.4 -11.3 -15.4 -18.0 -14.7 -26.2 11.3 

54-735-ST 65751.7 65672.9 1671.2 SL SW wall 68 37 157 -32.5 -32.3 -32.2 -29.2 -26.9 -28.0 -26.2 -23.7 -21.2 21.2 

54-735-ST 65754.2 65696.6 1671.2 NL NW wall 80 30 153 -12.2 ·29.5 ·8.8 ·31.4 ·27.2 ·29.3 -32.5 ·29.1 ·14.2 8.8 

54-735-ST 65736.6 65679.0 1711.0 WU 82 270 37 14.9 21.0 35.4 21.0 31.2 26.1 27.2 31.3 27.2 14.9 

54-735-ST 65758.5 65679.7 1711.0 EU 

54-735-ST 65744.9 65666.1 1711.0 SU 

54-735-ST 65750.4 65692.8 1711.0 NU F-faults Faull-dip Dlp_Dlrect. Alpha L_Lelt L_Mid L_Rlght Mld_rlght Mld_Lelt Mld_Mld U-Rlght U_mld U_left Crll._Dlst. 

54-735-ST 65739 65682 1671 WL SEwall 80 30 28 -12.2 ·21.2 -28.8 -13.2 -31.4 ·22.3 ·14.2 -23.4 ·14.2 13.2 

54·735-ST 65765 65686 1671 EL SEwall 80 84 25 -25.7 -18.4 ·11.2 ·11.3 -25.9 -18.6 -11.4 ·18.8 -26.2 11.2 

54-735-ST 65752 65673 1671 SL SEwall 68 37 23 -13.2 -23.4 -32.2 ·11.6 -29.2 -20.4 -8.4 ·17.3 ·3.3 3.3 

54-735-ST 65754 65697 1671 NL NWwall 82 270 46 12.4 19.8 27.1 31.2 17.1 24.2 35.4 28.5 21.7 12.4 

54-735-ST 65737 65679 1711 WU NWwall 80 30 75 -25.6 -18.8 -12.2 -27.2 -7.9 -17.6 -25.6 -16.3 6.1 Intersect 

54-735-ST 65759 65680 1711 EU 

54-735-ST 65745 65666 1711 SU 

54-735-ST 65750 65693 1711 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Lelt L _Mid L_Right Mld_rlght Mld_Lelt Mid Mid LI-Righi U mid U_lelt Crit._Dlst. 

54-781-ST 65765.9 65771.7 1674.5 WL SE wall 65 18 114 -5.5 4.0 13.4 17.6 2.8 10.2 21.7 16.4 11.2 Intersect 

54-781-ST 65793.1 65777.7 1674.5 EL SE wall 65 129 1.1 8.8 16.4 21.4 9.5 15.4 26.3 22.0 17.8 1.1 

54-781-ST 65776.5 65761.1 1674.5 SL SW wall 65 18 144 ·2.1 -5.2 ·8.3 0.0 6.2 3.1 8.4 11.5 14.5 Intersect 

54-781-ST 65782.5 65788.3 1674.5 NL SW wall 65 29 151 5.2 3.3 1.4 9.8 13.5 11.6 18.1 20.0 21.9 1.4 

54-781-ST 65765.9 65771.7 1714.0 WU SW wall 65 29 151 13.2 11.3 9.4 17.8 21.5 19.6 26.1 28.0 29.8 9.4 

54-781-ST 65785.7 65770.3 1714.0 EU NW wall 65 45 90 16.2 13.9 -5.1 19.8 -2.0 8.9 23.4 3.9 -15.7 Intersect uJ 

00 



54-781-ST 65776.5 65761.1 1714.0 SU NW wall 65 45 90 25.8 23.5 4.5 29.4 7.5 18.4 33.0 13.4 -6.2 Intersect 

54-781-ST 65775.1 65780.9 1714.0 NU NE wall 65 38 96 -9.1 -8.2 -7.4 -3.8 -5.4 -4.6 -0.2 -1.0 -1.8 0.2 

54-821-ST 65725.B 65795.5 1674.0 WL NE wall 65 40 16 6.2 6.8 7.4 12.8 11.6 12.2 18.3 17.7 17.1 6.2 

54-821-ST 65752.3 65800.8 1674.0 EL NE wall 65 30 21 22.0 23.7 42.2 31.0 27.5 29.3 36.5 34.8 33.0 22.0 

54-821-ST 65736.4 65784.9 1674.0 SL SE wall 65 40 25 7.8 17.9 28.1 33.5 6.0 19.8 39,0 21.6 4.2 4.2 

54-821-ST 65741.7 65811.4 1674.0 NL SE wall 65 30 29 -11.5 -1.6 8.2 13.7 -13.0 0.4 19.2 2.4 -14.4 intersect 

54-821-ST 65709.9 65779.6 1713.6 WU NW wall 65 40 85 17.2 1.6 ·13.9 ·15.7 ·22.3 ·19.0 -17.5 -39.7 -61.B Intersect 

54-821-ST 65747.7 65796.2 1713.6 EU NW wall 65 30 76 33.7 18.3 3.0 1.5 -14.2 -6.4 0.0 -31.1 -62.2 Intersect 

54-821-ST 65720.5 65769.0 1713.6 SU SWwall 65 40 174 -13.0 -13.6 -14.2 ·16.0 -14.B -15.4 -17.7 -17.1 -16.6 13.6 

54-821-ST 65737.1 65806.B 1713.6 NU SWwall 65 30 166 5.7 4.0 2.2 0.7 4.2 2.5 -0.B 1.0 2.8 Intersect 

54-821-ST 65726 65796 1674 WL 

54-821-ST 65752 65801 1674 EL F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_right Mld_Left Mld_Mld U-Rlght U_mld U__left Crll._Dlst. 

54·821-ST 65736 65785 1674 SL SW wall 65 40 174 -13.0 -13.6 ·14.2 ·16.0 ·14.B -15.4 ·17.7 ·17.1 ·16.6 13.6 

54-821-ST 65742 65811 1674 NL SW wall 65 30 166 21.9 4.0 25.4 0.7 4.2 2.5 -0.B 1.0 32.9 Intersect 

54-821-ST 65710 65780 1714 WU 

54-821-ST 65748 65796 1714 EU 

54-821-ST 65721 65769 1714 SU 

54-821-ST 65737 65807 1714 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_right Mid_ Left Mld_Mld U-Rlght U_mid U_left Cril._Dist. 

56-695-ST 65774.B 65653.4 1630.0 WL NE wall BO 348 48 -9.6 -4.0 1.5 0.3 ·10.B -5.2 -0.9 -6.4 -12.0 Intersect 

56-695-ST 65812.2 65669.6 1630.0 EL SE wall 

56-695-ST 65786.5 65643.9 1630.0 SL SW wall 

56-695-ST 65799.B 65678.4 1630.0 NL NW wall BO 348 34 1.5 -8,0 -17.5 -13.2 0.3 -6.4 -8.9 -4.9 -0.9 Intersect 

56·695-ST 65776.5 65655.1 1672.0 WU NW wall 65 0 50 19.1 11.1 14.4 9.4 25.6 17.5 19.1 23.9 105,7 9.4 

56-695-ST 65799.4 65656.B 1672.0 EU NW wall 70 0 48 20.6 14.8 -5.9 11.0 27.8 19.4 19.0 24.0 118.9 Intersect 

56-695-ST 65783.5 65640.9 1672.0 SU NW wall 68 0 49 7.7 15.1 26.7 12.2 28.7 20.4 20.8 25.7 104.6 7.7 

56-695-ST 65787.1 65665.7 1672.0 NU F-faults Fault-dip Dlp __ Dlrect. Alpha L_Left L_Mld L_Right Mld_rlght Mld __ Left Mld_Mld U-Right U_mld U_left Crit._Dlst. 

56-695-ST 65775 65653 1630 WL 

56-695-ST 65812 65670 1630 EL 

56-695-ST 65787 65644 1630 SL SW wall 65 0 114 -0.2 ·4.5 -8.8 -1.3 9.4 4.1 6.2 12.7 19.1 Intersect 

56-695-ST 65800 65678 1630 NL SW wall 70 0 115 18.2 146.7 26.6 141.0 151.0 146,0 140.3 145.3 20.6 18.2 

56-695-ST 65776 65655 1672 WU SW wall 68 0 115 ·5.3 146.9 20.8 142.0 151.8 146.9 142.0 147.0 7.7 Intersect 

56-695-ST 65799 65657 1672 EU 

56-695-ST 65784 65641 1672 SU 

56-695-ST 65787 65666 1672 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_rlght Mld_Left Mld_Mld U-Rlght U_mld U_left Cril._Dlst. t.,J -'° 



56-705-ST 65773.0 65672.8 1629.0 WL NE wall BO 342 58 2.8 9.4 16.0 15.3 2.3 8.8 14.5 8.2 1.8 1.8 
56-705-ST 65801.3 65679.9 1629.0 EL SE wall 

56-705-ST 65781.5 65660.1 1629.0 SL SW wall 

56-705-ST 65790.7 65690.5 1629.0 NL NW wall 

56-705-ST 65762.4 65662.2 1672.0 WU 

56-705-ST 65787.9 65666.5 1672.0 EU 

56-705-ST 65773.0 65651.6 1672.0 SU 

56-705-ST 65776.5 65676.4 1672.0 NU F-faults Fault-dip Dlp_Direct. Alpha L_Left L_Mld L_Rlghl Mid_rlght Mid_Left Mid_Mld LI-Righi U_rnid U_left Cril._Dlst. 
56-735-ST 65747.1 65689.5 1628.0 WL NE wall 65 45 3 -9.7 -9.6 -9.4 -10.4 -10.4 -10.4 -11.5 -11.2 -11.0 9.4 
56-735-ST 65780.4 65701.6 1628.0 EL SE wall 80 79 57 3.7 26.0 -4.3 19.4 24.9 22.2 15.0 18.4 -6.5 Intersect 
56-735-ST 65754.1 65675.3 1628.0 SL SWwall 68 47 163 -24.6 -26.7 -28.9 -22.3 -21.6 -22.0 -15.8 -17.2 -18.6 15.8 
56-735-ST 65770.0 65712.4 1628.0 NL SWwall 82 263 50 -12.8 18.B -3.9 20.5 28.7 24.6 24.9 30.4 10.0 Intersect 
56-735-ST 65739.3 65681.8 1671.2 WU SWwall BO 26 171 -27.8 -23.1 -21.0 -25.7 -19.7 -22.7 -23.5 -22.3 -23.5 19.7 
56-735-ST 65765.1 65686.4 1671.2 EU NWwall 82 263 52 -1.0 11.6 24.3 31.6 10.7 21.1 38.9 30.7 22.5 Intersect 
56-735-ST 65751.7 65672.9 1671.2 SU NWwall 68 47 92 3.2 -11.8 -26.8 -23.B 0.9 -11.5 -20.8 -11.1 -1.4 Intersect 
56-735-ST 65754.2 65696.6 1671.2 NU F-faulls Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_Rlght Mld_rlght Mid_ Left Mid_Mld LI-Right U_rnld U left Crlt. Dist. 
56-755-ST 65724.1 65687.3 1670.0 WL NE wall 65 45 34 -34.6 -34.0 -33.4 -16.9 -20.7 -18.B -0.4 -3.5 -6.7 0.4 
56-755-ST 65754.2 65697.0 1670.0 EL SE wall 82 270 134 9.7 20.4 18.B 36.3 28.7 32.5 49.2 44.7 25.3 9.7 
56-755-ST 65732.8 65675.7 1670.0 SL SW wall BO 30 105 -40.6 -52.5 -13.0 -54.7 -59.7 -57.2 -59.6 -61.9 -22.4 13.0 
56-755-ST 65745.0 65708.2 1670.0 NL NW wall 55 45 90 -2.3 80.2 37.2 89.6 88.1 88.9 98.0 97.5 42.9 Intersect 
56-755-ST 65730.0 65693.4 1750.0 WU SWwall 75 39 146 -8.7 -10.5 -12.2 0.3 5.7 3.0 12.9 16.5 20.1 Intersect 
56-755-ST 65749.6 65692.5 1750.0 EU SWwall 55 45 135 ·3.4 -27.3 -2.3 -3.3 0.0 -1.7 21.5 23.9 37.2 Intersect 
56-755-ST 65736.0 65678.9 1750.0 SU NE wall 65 45 26 -18.8 -18.7 -18.6 -18.1 -18.3 -18.2 -17.5 ·17.7 ·17.8 17.5 
56-755-ST 65744.3 65707.6 1750.0 NU 

56-781-ST 65764.4 65770.2 1630.0 WL NE wall 65 29 29 -9.0 -7.1 -5.2 4.2 0.4 2.3 13.6 11.7 9.8 Intersect 
56-781-ST 65792.1 65776.7 1630.0 EL SE wall 55 0 132 -11.1 -5.3 0.6 13.3 1.6 7.5 26.1 20.3 14.4 Intersect 
56-781-ST 65772.2 65762.4 1630.0 SL SW wall 65 45 155 2.1 2.1 2.1 11.5 11.5 11.5 20.9 20.9 20.9 2.1 
56-781-ST 65781.5 65787.3 1630.0 NL NW wall 

56-781-ST 65764.4 65770.2 1674.5 WU 

56-781-ST 65792.1 65776.7 1674.5 EU 

56-781-ST 65772.2 65762.4 1674.5 SU 

56-781-ST 65781.5 65787.3 1674.5 NU F-faults Fault-dip Dlp_Dlrect. Alpha L_Left L_Mld L_ Right Mid.right Mid_Left Mld_Mld LI-Right U_rnld U_left Crlt. __ Oist. 
58-695-ST 65801.1 65679.7 1552.5 WL NE wall 65 45 9 -16.4 -15.6 -14.8 ·13.9 ·15.8 ·14.8 -12.9 ·14.0 ·15.2 12.9 
58-695-ST 65827.9 65695.9 1552.5 EL SE wall 63 20 40 ·5.5 7.9 21.3 21.9 -3.6 9.2 22.6 10.5 -1.6 Intersect l,J 

N 
0 



58-695-ST 65812.2 65669.6 1552.5 SL SW wall 63 20 166 -0.5 ·3.0 -5.5 ·3.6 0.8 ·1.4 ·1.6 0.2 2.0 Intersect 
58-695-ST 65823.9 65702.5 1552.5 NL SW wall 58 55 161 18.8 ·6.3 19.2 ·1.7 ·5.2 -3,5 1.5 ·0,6 26.6 Intersect 
58-695-ST 65787.6 65666.2 1591.9 WU SW wall 83 3 144 -0,5 4.2 -0.4 ·4,5 4.3 -0,1 -8.5 .4.4 ·8.5 Intersect 
58-695-ST 65821.2 65678,6 1591.9 EU 

58-695-ST 65800.0 65657.4 1591.9 SU 

58-695-ST 65812.3 65690.9 1591.9 NU F-faults Fault-dip Dlp_Oirect. Alpha L_Lett L_Mid L_Right Mld_rtght Mid_Lett Mld_Mld U·Alght U_mid U_lelt Crlt._Dlst. 
60·725-ST 65804.5 65718.1 1510.1 WL NE wall 65 20 11 ·12.1 ·28.1 -6.3 ·0.4 -30.9 -15.7 19.0 -3,3 -4,3 Intersect 
60-725-ST 65834.0 65733.8 1510.1 EL SE wall 65 24 111 ·49.2 ·36.5 ·23.9 ·20.1 -43.7 ·31.9 -16.4 ·27.3 ·38.2 16.4 
60-725-ST 65807.7 65715.0 1510.1 SL SW wall 

60-725-ST 65823.4 65744.5 1510.1 NL NW wall 65 24 73 ·19.0 ·33.4 ·47.7 ·40.5 ·17.1 ·28.8 -33.3 -24.3 ·15.2 15,2 
60-725-ST 65798.4 65719.4 1547.1 WU 

60·725-ST 65827.2 65727.1 1547.1 EU 

60-725-ST 65809.0 65708.8 1547.1 SU 

60·725-ST 65813.5 65734.6 1547.1 NU F-laults Fault-dip Dlp_Dlrect. Alpha L_Lett L_Mld L_Rlght Mld_right Mld_Lett Mid_Mid U-Rlght U mid U_lett Crit. __ Olst. 
60-755-ST 65777.4 65740.9 1511.7 WL NE wall 65 45 4 ·17.2 ·18.3 ·19.5 ·18.8 ·17.2 ·18.0 -18.1 -17.6 ·17.2 17.2 
60-755-ST 65809.5 65751.8 1511.7 EL SE wall 

60-755-ST 65788.0 65730.3 1511.7 SL SW wall 

60-755-ST 65797.1 65760.6 1511.7 NL NW wall 

60-755-ST 65776.3 65739.7 1552.5 WU 

60-755-ST 65796.1 65738,3 1552.5 EU 

60-755-ST 65786.9 65729.1 1552.5 SU 

60·755-ST 65784.8 65748.2 1552.5 NU F-laulls Fault-dip Dlp_Dlrect. Alpha L_Lett L_Mld L_Aight Mld_rtght Mid_Lett Mld_Mid LI-Right U mid U_lelt Crit._Dlst. 
60-756-ST 65763.5 65727.0 1510.5 WL NE wall 

60·756-ST 65787.9 65730.1 1510.5 EL SE wall 

60-756-ST 65769.5 65711.8 1510.5 SL SW wall 85 225 10 ·20.5 ·17.3 ·14.1 ·12.3 -15,5 ·13.9 ·10,5 -10.5 ·10.5 105 
60·756-ST 65777.3 65740.7 1510.5 NL NW wall 

60-756-ST 65758.9 65722.4 1551.5 WU 

60-756-ST 65787.0 65729.2 1551,5 EU 

60-756-ST 65769.5 65711.8 1551.5 SU 

60-756-ST 65776.4 65739.8 1551,5 NU F-laults Fault-dip Dlp_Dlrect. Alpha L_Lett L_Mld L_Aight Mld_rlght Mld_Lelt Mid.Mid U·Alght LI.mid U_ left Crit._Dlst. 
60-791-ST 65767.0 65794.2 1511.3 WL NE wall 65 45 4 27.3 16.4 5.4 9, 1 28.7 18.9 12.8 21.4 30,1 5.4 
60-791-ST 65794.6 65800,6 1511.3 EL SE wall 

60-791-ST 65777.6 65783.6 1511.3 SL SW wall 65 46 170 ·24.2 -24.0 ·23.9 ·20.2 -20.5 ·20.4 ·16.6 -16.7 ·16.8 16.6 
60-791-ST 65784.0 65811,2 1511,3 NL SW wall 65 45 170 15.4 -6.4 15.4 ·2.7 •2,7 ·2.7 1.0 1.0 18.3 Intersect l,J 

t-J 



60-791-ST 65759.2 65786.4 1552.3 WU 

60-791-ST 65783.3 65789.3 1552.3 EU 

60-791-ST 65769.8 65775.8 1552.3 SU 

60-791-ST 65772.7 65799.9 1552.3 NU 

l.,J 
1-..l 
1-..l 



Tahlc C.3 Kidd Mine stahility graph datahasc 

Slope Face dip dlp-dlr Ar span/3 HR Rock RQD Jn Jr Ja Q' A B crit jnt C N' Perform. O-break In- Flt Dist DlsVh Fw N' delta 

47-645 NW 93 315 0.2 

47-725 NW 93 315 0.1 

47-725 SE 90 135 0.2 

47-821 NW 90 135 0.4 
47-821 SE 90 225 0.2 

47-821 SW 90 315 0.4 

48-725 NW 92 315 0.4 

4.2 

1.3 

4.3 

8.3 

5.1 sulphide 

1.7 breccla 

5.2 sulphide 

B.B stringer 

4.9 5.9 stringer 
B.3 8.8 breccla 

5.9 6.1 rhyollte 

93 

BO 

SB 

70 

6 1 1 

12 1.5 2 

6 

12 1.5 2 
70 12 1.5 2 

85 12 1.5 2 

73 12 1.5 2 

15 1.0 0.3 

5 1.0 0.3 

10 1.0 0.3 

4 1.0 0.3 
4 

5 

5 

1.0 0.4 

1.0 0.3 

1.0 0.2 

85 

83 

85 

83 
79 

83 

82 

2.5 10.7 

2.7 3.6 

8.0 19.2 

8.0 9.3 
8.0 14.9 
8.0 11.7 

2.8 2.6 

stable 

stable 

stable 

stable 

stable 
stable 

stable 
48-725 SE 90 135 0.5 6.7 6.6 sulphide 93 6 15 1.0 0.3 85 8.0 30.B stable 
48-725 SW 95 260 0.3 

48-782 NW 90 315 0.5 

48-782 SE 90 135 0.5 

48-821 NE BO 45 0.2 

48-821 NW 89 330 0.6 

48-821 SE 96 135 0.5 

49-705 NE 75 45 0.4 

49-705 SW 99 235 0.4 

49-720 SE 90 135 0.7 

49-731 NE 68 45 0.3 

49-731 NW 90 315 0.9 
49-731 SW 100 225 0.4 

49-821 NE 85 43 0.4 

49-821 SE 90 135 0.6 

49-821 SW 105 221 0.4 
51-665 NE 80 46 0.3 

51-665 SW 91 269 0.3 

51-731 NE 76 60 0.4 

51-731 SE 90 135 0.7 

51-782 NW 90 315 0.5 

51-782 SE 90 135 0.5 

51-782 SW 101 225 0.4 

51-811 NE 83 45 0.4 

51-811 SE 90 135 0.8 

4.5 5.6 sulphide 60 

6.9 7.1 sulphide BS 

6.9 7.1 sulphide 97 

6 

6 

6 
3.6 4.4 breccla 

8.6 8.2 stringer 

8.2 7.9 stringer 

85 12 1.5 2 

80 12 1.5 2 

60 12 1.5 2 

60 12 1.5 2 

10 1.0 0.7 

14 1.0 0.3 

16 1.0 0.3 

5 

5 

4 

4 

1.0 0.4 

1.0 0.2 

1.0 0.3 

1.0 0.2 5.0 5.4 rhyollle 

5.0 5.5 sulphide 

9.3 8.0 sulphide 

5.0 5.6 breccla 

11.9 9.1 stringer 

5.1 5.6 stringer 

5.0 5.4 breccla 

7.6 7.0 stringer 
5.0 5.4 breccla 
3.9 4.5 rhyolite 
4.1 5.2 sulphide 

5.0 5.6 breccla 

10.0 8.1 stringer 

90 

89 
95 

85 

45 

80 

90 

85 
90 
90 

90 

90 

85 

BO 

90 

90 

80 

6 1 15 1.0 0.9 

15 1.0 0.2 

6.1 6.2 stringer 

6.1 6.2 stringer 

5.0 5.5 breccla 

5.1 5.7 breccla 

10.4 8.7 stringer 

6 1 

12 1.5 2 

12 1.5 2 

6 

5 
12 1.5 2 3 

1.0 0.4 

1.0 0.3 

1.0 0.4 

1.0 0.4 12 1.5 2 5 

12 1.5 2 

12 1.5 2 
12 1.5 2 

6 1 1 

12 1.5 2 

12 1.5 2 
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12 1.5 2 

6 1.0 0.3 

5 1.0 0.3 
6 1.0 0.2 
15 1.0 0.5 

6 1.0 0.4 

6 

5 
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6 1.0 0.4 
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G 1.0 0.3 

85 

85 

85 

79 

87 

83 

75 

B 

85 

79 

83 

79 

79 

83 
79 
65 
85 

83 

83 

83 

83 

79 

79 

83 

2.5 17.5 

2.5 9.0 

8.0 32.4 

6.9 14.2 

7.9 7.9 

2.7 3.1 

6.5 4.9 

7.9 110.7 

2.5 9.3 

5.8 13.5 

8.0 11.6 

3.1 3.4 

7.5 13.3 

8.0 12.3 

3.1 5.2 
6.9 7.8 
2.5 19.8 

6.6 16.4 

2.7 4.2 

8.0 11.6 

8.0 10.9 

3.1 6.8 

7.2 15.9 

8.0 10.9 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 
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stable 

stable 

stable 

stable 

stable 

stable 

stable 

stable 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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62 
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4 
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0 

13 
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36 

0 

32 
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0 
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1.0 19.2 

0.5 4.2 

1.2 
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0.8 
0.16 0.7 10.4 1.1 
0.10 0.5 5.9 0.8 

1.0 2.6 0.8 

1.0 30.8 1.3 

1.0 17.5 1.3 

0.00 0.6 5.4 0.9 

1.0 32.4 1.3 
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0.9 

0.8 

0.9 

0.00 1.0 7.9 
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0.31 0.7 3.4 

0.71 
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0.23 

0.50 
0.40 

0.09 

0.00 

0.83 

1.0 110.7 1.8 

1.0 9.3 0.9 

1.0 13.5 1.2 

1.0 11.6 0.9 

1.0 3.4 0.9 

0.2 2.4 0.9 

1.0 12.3 

1.0 5.2 
1.0 7.8 

1.0 19.8 

0.7 11.5 

1.0 4.2 

1.0 11.6 

1.0 10.9 

1.0 6.8 

1.0 15.9 

1.0 10.9 

1.1 

1.0 
1.2 

1.3 
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0.8 

1.1 

1.1 

1.1 

1.2 

0.9 vJ 
N 
vJ 



51·811 SW 87 225 0.4 

53·695 NW 90 315 0.2 

53·695 SE 90 135 0.3 

5.0 5.5 stringer 

5.8 6.9 sulphide 

6.3 7.4 sulphide 

85 12 1.5 2 

90 6 

90 6 

5 1.0 0.4 79 7.7 18.1 

15 1.0 0.2 85 8.0 30.0 

15 1.0 0.2 85 2.5 9.5 
Slope Face dip dlp·dlr Ar span/3 HR Rock ROD Jn Jr Ja Q' A B crltjnl C N' 

53-695 SW 94 238 0.2 5.0 6.2 sulphide 80 6 13 1.0 0.9 85 2.5 30.7 
53.735 NW 91 

53-735 SE 90 

306 0.2 

135 0.3 
54.735 NW 
54.735 SE 

54·735 SW 

54·755 NW 

90 315 0.5 

90 135 0.5 

99 237 0.4 

90 315 0.6 
54.755 SW 82 247 0.4 

54-781 NE 75 45 0.4 

54-781 NW 90 315 0.5 

54-781 SE 90 135 0.5 

54·781 SW 90 225 0.4 

54·821 NW 90 315 0.7 

54-821 SE 90 135 0.7 

56·695 NW 90 315 0.6 

56·695 SE 

56-695 SW 

56-705 NE 

90 135 0.7 

91 243 0.4 

66 41 0.3 

56-705 SW 107 225 0.3 

56-735 NW 90 315 0.6 

56-735 SE 

56·735 SW 

90 135 0.6 

99 216 0.3 

56-755 SW 112 223 0.3 

56-781 NW 90 315 0.5 

56-781 SW 90 225 0.2 

58-695 NW 90 315 0.8 

58-695 SW 115 216 0.3 

60-725 SW 95 225 0.3 

60-755 NW 90 315 0.5 

60-756 NW 90 315 0.5 

60-756 SE 90 135 0.6 

5.3 

8.0 

6.8 

6.4 

5.0 

8.3 

6.3 sulphide 

B. 7 sulphide 

6.7 sulphide 

6.3 sulphide 

5.5 rhyollte 

7.7 sulphide 

70 

85 
90 

90 

65 

90 

6 

6 

6 

6 

12 1.5 2 

6 1 

12 1.0 0.2 

14 1.0 0.2 

15 1.0 0.2 

15 1.0 0.2 

4 1.0 0.2 

15 1.0 0.3 
5.0 5.5 rhyollte 

5.0 5.5 rhyollte 

6.1 6.2 stringer 

90 12 1.5 2 

80 12 1.5 2 

40 12 1.5 2 

6 

5 

3 

1.0 0.2 

1.0 0.2 

1.0 0.3 
6.1 6.2 sulphide 

5.0 5.4 stringer 

10.2 8.2 stringer 

10.2 8.2 stringer 

8.4 7.7 sulphide 

9.8 

5.0 

5.0 

8.4 sulphide 

5.6 rhyollte 

5.7 rhyollte 

25 

65 

30 

20 

90 

90 

90 

90 

5.0 5.7 sulphide 70 

8.9 7.9 sulphide 90 

9.4 8.2 sulphide 80 

5.0 5.7 sulphide 90 

5.1 5.8 fragmental 

8.1 7.8 stringer 70 

3.7 4.4 stringer 78 
11.2 8.6 sulphide 

5.0 5.6 rhyollte 

3.3 3.8 sulphide 

85 

80 

BO 
6.7 6.5 sulphide 90 

7.3 7.1 sulphide 90 

8.4 7.8 sulphide 90 

6 1 

12 1.5 2 

12 1.5 2 

12 1.5 2 

6 1 1 

6 1 1 

12 1.5 2 

12 1.5 2 

4 1.0 0.2 

4 1.0 0.4 

2 1.0 0.3 

1 1.0 0.3 

15 1.0 0.2 

15 1.0 0.3 

6 1.0 0.2 

6 1.0 0.2 

6 12 1.0 0.9 

6 15 1.0 0.3 

6 13 1.0 0.3 

6 15 1.0 0.9 

12 1.5 2 6 1.0 0.2 

12 1.5 2 4 1.0 0.3 

12 1.5 2 5 1.0 0.4 
6 1 1 

12 1.5 2 

6 1 

6 

6 

6 

14 1.0 0.3 

5 1.0 0.2 

13 1.0 1.0 

15 1.0 0.3 

15 1.0 0.2 

15 1.0 0.2 

85 
85 
85 
85 
85 
85 
85 

75 

83 

85 

79 

83 

83 

85 
85 

85 

75 

8 

85 

85 

8 

65 

83 

79 
85 

75 

B 

85 

85 

85 

2.5 

2.5 

5.9 

8.9 

8.0 30.0 

2.5 9.5 

2.5 2.0 

2.5 9.5 
7.1 8.0 

6.5 6.5 

8.0 5.5 

2.5 2.6 

8.0 13.8 

8.0 4.1 

8.0 2.7 

8.0 30.0 

8.0 30.0 

2.5 2.8 

5.5 6.2 

7.9 81.8 

2.5 9.5 

8.0 26.7 

7.9 112.6 

4.5 5.1 

8.0 9.6 

3.1 6.5 
2.5 8.9 

3.6 3.6 

7.9 102.0 

2.5 9.5 

8.0 30.0 

2.5 9.5 

stable 0.0 

stable 0.0 

stable 0.0 

Perfonn. O-break 
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stable 
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stable 
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stable 
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In· 
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50 

63 

82 

46 

25 

23 

84 

90 

90 

25 

76 

76 

46 

65 

58 

52 

57 

9 

16 0.40 1.0 18.1 1.3 

1.3 

1.0 

1.0 30.0 

1.0 9.5 

Flt Dist DlsVh Fw N' delta 
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1.0 9.5 
1.0 8.0 
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1.0 2.6 

0.3 4.1 

1.0 4.1 

1.0 2.7 

1.0 30.0 

1.0 30.0 

0.5 1.4 

1.0 6.2 

1 .1 

1.1 

1.0 

0.8 

1.0 

0.8 

0.7 

1 .2 
1.1 

0.8 

1.0 

1.0 81.8 1.7 

1.0 9.5 1.0 

1.0 26.7 1.1 

1.0 112.6 1.8 

1.0 5.1 1.0 

1.0 9.6 1.0 

1.0 6.5 1.2 
1.0 8.9 0.9 

1 0 3.6 0.9 

1.0 102.0 2.1 

1.0 9.5 1.0 

1.0 30.0 1.2 

1.0 9.5 1.0 



60-756 SW 95 225 0.4 

60-791 NW 90 315 0.5 

60-791 SE 90 135 0.5 

5.1 5.7 sulphide 

7.2 6.8 stringer 

7.2 6.8 stringer 

48-821 SW 96 225 0.4 5.7 6.3 breccla 

90 

60 

75 

60 

6 

12 1.5 2 

12 1.5 2 

12 1.5 2 

15 1.0 1.0 

4 1.0 0.3 

5 1.0 0.3 

4 1.0 0.4 

8 

83 

83 

79 

7.9 115.3 

8.0 8.2 

8.0 10.2 

3.1 4.7 

stable 0.0 

stable 0.0 

stable 0.0 

known 0.5 
failure 

Slope Face dip dlp-dlr Ar span/3 HR Rock ROD Jn Jr Ja Q' A B crltjnt C N' Perfonn. O-break 

49-720 NW 

49-731 SE 

82 309 0.6 8.3 7.5 sulphide 

90 135 0.8 10.4 8.5 stringer 

85 

90 

6 1 14 

12 1.5 2 6 

1.0 0.2 

1.0 0.3 

49-782 SW 102 225 0.4 

54-821 SW 120 225 0.3 

60-725 NW 94 315 0.7 

60·725 SE 94 135 0.8 

60-755 SE 90 135 0.5 

5.0 5.4 stringer 85 12 1.5 2 5 1.0 0.4 

5.0 5.6 stringer 15 12 1 5 2 1.0 0.4 

8.9 7.6 sulphide 80 6 13 1.0 0.3 

9.7 8.1 sulphide 85 6 14 1.0 0.2 

7 .2 6.8 sulphide 70 6 12 1.0 0.3 

85 

83 

79 

79 

85 

85 

85 

7.2 20.4 

2.7 4.2 

3.1 6.4 

3.1 1.3 

2.5 9.8 

2.5 7.5 

8.0 23.3 

known 
failure 
known 
failure 
known 
failure 
check 

known 
failure 
known 
failure 
known 
failure 

47-821 NE 90 45 0.2 4.9 5.9 breccla 80 12 1.5 2 5 1.0 0.4 79 8.0 16.8 known 
failure 

48-782 SW 90 225 0.3 5.0 5.6 rhyollte 90 12 1.5 2 6 1.0 0.2 65 8.0 10.6 known 
failure 

51-675 SE 90 135 0.4 5.6 5.8 sulphide 80 6 13 1.0 0.2 85 2.5 8.4 known 
failure 

51-705 NE 82 51 0.3 3.7 4.3 fragment 65 12 1.5 2 4 1.0 0.2 65 7.2 6.0 known 
al failure 

51-731 SW 116 206 0.3 5.2 5.8 breccla 45 12 1.5 2 3 1.0 0.2 79 3.1 1.8 known 
failure 

51-782 NE 82 45 0.4 5.0 5.4 breccla 80 12 1.5 2 5 1.0 0.4 79 7.2 14.0 known 
failure 

54-821 NE 81 45 0.4 5.0 5.5 rhyollte 70 12 1.5 2 4 1.0 0.2 75 7.0 6.1 check 
56-705 NW 90 315 0.5 7.5 7.0 sulphide BO 6 1 13 1.0 0.2 85 B.O 26.7 known 

failure 
60-791 NE 69 45 0.3 5.0 5.6 breccla 90 12 1.5 2 6 1.0 0.4 79 5.8 12.9 known 

failure 
60-791 SW 105 225 0.3 5.0 5.5 stringer 78 12 1.5 2 5 1.0 0.4 79 3.1 5.8 known 

failure 
47-645 SW 104 239 0.2 4.4 5.4 rhyollte 73 12 1.5 2 5 1.0 0.2 85 2.5 2.3 known 

failure 
49-821 NW 90 315 0.6 7.7 7.0 stringer 85 12 1.5 2 5 1.0 0.3 83 8.0 11.6 known 

failure 
51-731 NW 90 315 0.8 11.7 9.0 stringer 80 12 1.5 2 5 1.0 0.3 83 8.0 10.9 known 
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Flt Dist DlsVh Fw N' delta 
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0.39 1.0 9.8 1.0 

0.42 1.0 7.5 0.9 

1.0 23.3 1.2 

0.00 1.0 16.8 1.2 

0.45 0.4 3.7 

0.00 0.4 3.4 

0.00 0.1 0.5 

0.40 1.0 1.8 

0.9 

0.9 

0.8 

0.8 

0.08 0.2 2.1 0.9 

0.15 0.1 0.5 0.7 
1.0 26.7 1.2 

0.11 0.1 1.3 0.8 

0.00 0.1 0.8 0.7 

0.00 1.0 2.3 0.9 

0.20 1.0 11.6 1.0 

0.00 1.0 10.9 0.9 



56-695 NE 67 36 0.3 5.1 5. 7 rhyollte 90 12 1.5 2 6 1.0 0.2 75 5. 7 6.4 known 
failure 

47-725 SW 106 230 0.4 8.6 9.4 rhyollle 78 12 1.5 2 5 1.0 0.2 65 4.5 4.4 known 
failure 

48-782 NE 86 45 0.3 5.0 5.6 rhyollte 93 12 1.5 2 6 1.0 0.2 65 7.5 8.8 known 
failure 

1.5 

2.0 

2.0 

51-735 SE 90 135 0.8 10.9 9.0 sulphide 90 6 15 1.0 0.2 85 2.5 9.5 known 2.0 
failure 

Slope Face dip dlp·dlr Ar span/3 HR Rock ROD Jn Jr Ja Q' A B crlt jnt C N' Pertorm. O-break 

53-735 SW 100 252 0.2 4.9 6.0 rhyollte 90 12 1.5 2 6 1.0 0.2 85 2.5 2.9 

8.7 

9.5 

7.6 

4.2 

2.5 

7.6 

7.0 

known 2.0 
failure 

56-781 NE 90 45 0.3 5.0 5.6 rhyollte 75 12 1.5 2 5 1.0 0.2 65 8.0 known 2.0 
failure 

51-725 SE 90 135 0.6 7.9 7.3 sulphide 90 6 15 1.0 0.2 85 2.5 known 2.5 
failure 

49-782 NE 78 45 0.4 5.0 5.4 breccla 48 12 1.5 2 3 1.0 0.4 79 6.7 known 3.0 
failure 

56-755 NE 66 46 0.3 5.0 5.7 rhyollte 60 12 1.5 2 4 1.0 0.2 65 5.6 known 3.0 
failure 

56-781 SE 90 144 0.6 8.2 7.9 stringer 80 12 1.5 2 5 1.0 0.2 87 2.3 known 3.0 
failure 

58-695 SE 95 135 0.7 10.0 8.2 sulphide 90 6 15 1.0 0.2 85 2.5 known 3.0 
failure 

60-725 NE 73 29 0.4 5.1 5.5 breccla 90 12 1.5 2 6 1.0 0.2 79 6.2 known 3.0 
failure 

60-755 NE 66 41 0.3 5.0 5.6 rhyollte 60 12 1.5 2 4 1.0 0.2 75 5.6 4.2 known 
failure 

47-645 NE 71 50 0.2 4.3 5.3 rhyollte 90 12 1.5 2 6 1.0 0.2 65 6.0 6.8 known 
failure 

47-725 NE 69 47 0.3 8.3 9.1 breccla 30 12 1.5 2 2 1.0 0.4 79 5.9 4.7 known 
failure 

48-725 NE 74 45 0.3 5.0 5.5 rhyollte 78 12 1.5 2 5 1.0 0.2 75 6.3 6.1 known 
failure 

56-735 NE 63 43 0.3 5.0 5.7 rhyollte 80 12 1.5 2 5 1.0 0.2 75 5.3 5.3 known 
failure 

53-735 NE 81 10 0.2 5.0 6.6 rhyollte 10 12 1.5 2 1.0 0.2 65 7.1 0.9 known 
failure 

58·695 NE 68 54 0.2 3.8 4.5 rhyollle 90 12 1.5 2 6 1.0 0.2 85 5.8 6.5 known 
failure 

53-695 NE 82 40 0.2 5.0 6.2 rhyollte 90 12 1.5 2 6 1.0 0.2 75 7.2 8.1 known 
failure 

54-755 NE 85 71 0.4 5.0 5.6 breccla 40 12 1.5 2 3 1.0 0.2 83 7.5 4.2 known 
failure 

54-735 NE 80 58 0.4 5.0 5.5 rhyollte 90 12 1.5 2 6 1.0 0.2 85 6.9 7.8 known 
failure 
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...J APPENDIXD 

ASHANTI GOLDFIELDS CORPORATION (GHANA) LTD. 
GEOTECHNICAL ENGINEERING DEPARTMENT 

LAUBSCHER'S ROCK MASS CLASSIFICATION SYSTEM 
Location: Block 2: Date: 7 December 1993 

Table D. I A Rock Muss Rating 

Uescrip1ion Locnlion Intact rock stren~th Fracture frequencv per metre 
nnd Mox. Min. % Fuc1ur Ave Raring Nu. Lcng1h Fnc1or FF/111 Ruling A% 

length ucs ucs Wenk % (Ml'n) fruelun: (111) 

s 
lfangingwnll 38,39 150 80 IO 89 134 14 82 5 1.5 to.9 10 95 

level 
Ornnhitc 38 level 150 15 10 48 72 8 150 s 1.5 20.0 5 90 

Schisl 38,39 150 60 5 91 137 14 50 s 1.5 6.7 12 95 
level 

Foo1w11II 38 lcvel ISO l!O 10 89 134 14 1!2 5 I.S I0.9 10 95 

Joint Condition RMR 
B% C% I> ')I. Tnlal 'Jf, Ruling Tnlal 

RS l!Xl 1)5 76.7 JI 55 

70 l!Xl RS 5Hi JI 34 
90 100 l!Xl 85.S 34 50 

115 IIXI 95 76.7 31 55 



Description Location 
and RMR Weathering 

length total 
Hungingwull 38,39 ss 92 

Graphite 38 level 34 88 

Schist 38,39 60 94 

Footwall 38 level 55 92 

Description Location 
Ratin2 

Hangingwall 38,39 55 
level 

Graphite 38 level 34 
Schist 38,39 60 

level 
Footwull 38 level 55 

Table D.2 A Rock Mass Rating Adjustments 

Minin~ Rock Mass Ratin2 Rock Mass Strength 
Joint Mining Blasting Total M.R.M.R. I.RS. Ave R.M.S.(M 
dip. stress % % rntin2 I.R.S. Pa) 
7S 100 90 62.1 34 14 134 S4 
80 100 90 63.4 22 8 72 10 
80 100 90 67.7 41 14 137 63 
80 100 90 66.2 36 14 134 54 

Table D.3 A Mining Rock Mass Rating 

RMR MRMR Comments 
Clu.~s Roting Class Rating Descriotion 

3A 34 4A Poor Blocky 
hnn2in2w11II 

4A 22 4B Poor Graphile/qullJtz 
3A 41 3B Fair Schist/dyke 

3A 36 4A Poor footwall 

Design Rock Mass Strength 
Weather Joint Blasting Tolal 

ing orient. % fuc1or 
94 7S 90 63.5 

88 80 90 63.4 

92 80 90 66.2 

95 80 90 68.4 

D.R.M.S 
(MPu) 

34 
12 

42 

37 

vJ 
N 
00 



Mine Panel Block Botto 
m 

(Shah) Name name Level 

KMS Slope 1 Block 2 39L 

KMS Slope 2 Block 2 39L 

KMS Slope 3 Block 2 39L 

KMS Slope 4 Block 2 39L 

KMS Slope 5 Block 2 39L 

KMS Pillar7 Block 2 39L 

KMS Pillar 8 Block 2 39L 

KMS Pillar7 Block 2 39#1 

KMS Stopa 2 Block 2 39# 1 

KMS Slope 1 Block 7 28L, 

KMS PIiiar 1 Block 7 28L 

KMS Slope 2 Block 7 28L 

KMS Pillar 2 Block 7 28L 

KMS Slope 3 Block 7 28L 

KMS Pillar 3 Block 7 28L 

KMS Slope 4 Block 7 28L 

KMS Pillar 4 Block 7 28L 

KMS Slope 5 Block 7 28L 

KMS Pillar 5 Block 7 28L 

KMS Slope 6 Block 7 28L 

KMS Slope 7 Block 7 28L 

KMS Pillar 7 Block 7 2BL 

KMS Slope B Block 7 2BL 

ETS Slope 1 PIiiar 35L 
GCS Stop1 Block B 30L 
GCS Stope2 Block 8 30L 

Table D.4A. Summary of slope geometry and performance data collected from Ashanti 

Top Stopa Width (m) Average Height Length Local dip Period of 

Level Bottom Top Width (m) (m) ore dip mining Status 

39#1 S/L 12.4 16.8 14.6 24 15.2 62 23/2-26/4/96 Mined &filled 

39#1 SIL 15.5 29.2 22.4 24 18.2 71 ? Mined &filled 

39#1 SIL 7.8 28.3 18.1 24 15.2 65 ? Mined &filled 

39#1 SIL 21 15.6 18.3 24 15.2 58 23/11-2/1/97 Mined &filled 

39#1 SIL 12.7 17.3 15.0 24 15.2 70 4/2-13/2/97 Mined &filled 

39#1 SIL 19 15.9 17.5 24 15.2 69 4/4-18/4/97 Mined &filled 

39#1 SIL 16.6 32.2 24.4 24 15.2 85 24/5-25/5/97 Mined &filled 

38#1 SIL 15.9 18.9 17.4 24 15.2 80 Mined/filling 

38#1 S/L 29.2 12.7 21.0 24 15.2 64 Active 

27L 18.2 31.9 25.1 30 21.0 70 6/2-20/8/93 Mined&fllled 

27L 15.2 27.4 21.3 30 21.3 70 . Intact 

27L 9.1 22.8 16.0 30 18.8 70 27 /3/94-16/4/95 Mlned&fllled 

27L 9.1 15.2 12.2 30 15.5 70 . Intact 

27L 13.7 15.2 14.4 30 27.4 70 3/12/93/15/4/94 Mlned&filled 

27L 12.2 16.7 14.4 30 17.0 70 29/5/96-13/6/96 Mined 

27L 12.2 19.8 16.0 30 27.1 70 16/10/94-9/2/95 Mlned&filled 

27L 13.7 18.2 16.0 30 24.3 70 Mar-96 Mined 

27L 10.6 13.7 12.2 30 24.3 70 28/4-22/9/94 Mined&filled 

27L 9.1 12.2 10.6 30 26.4 70 14/8-28/8/95 Mined 

27L 9.1 9.1 9.1 30 16.7 70 25/4/96· Mined 

27L 24.9 29.9 27.4 30 26.4 70 19/10/96-5/2/97 Mlned&lilled 

27L 23.9 10.0 16.9 30 15.0 70 . Intact 

27L 23.9 10.0 17.0 30 15.0 70 14/3/97 Mined 

35#1 6 mlned&fllled 
29L 5 11.4 8.2 17.8 15.5 Mlned&lllled 
29L 10 9 9.5 20 25 Mined/filling 

Slope 
performance 
H/\N-crown failure up to 38#1 L, across 
to 162 X-cut 
? 
Connected to a.m slope 1 
failure 
Crown failure Up to 38L 

? 

Crown failure up to 38 L and 

Crown failure up to 38 L, cutting to 
connect 159 void. 
Crown failure above 38# 1 L 

Ground slightly fractured, exposure 

Failed from 28No. 1 to 27No. 1 In July 
1996 

Crown failed from 27L to 27No.1 In 
September 1994. 

Crown failure Including hanglngwall 

Stable 
unstable lootwall 

l.,J 
IJ 
10 



Table D.5A Ashanti Goldfields Company open slope database 

Block Botto Top Panel slope Surface Thickness of Om' Depth Status 
m ol 

name Level Level Name surface Dip HR ROD o· graphite(m) Corrected. B C A N' Span/ N'corr failure 
m 3 

Sh-pillar 35L 35#1 Slope 1 NW-wall 72 3.1 30 0.9 0.9 0.21 6.1 1.0 1.2 3.3 1.2 0 stable 

Sh-pillar 35L 35#1 Slope 1 SE-wall 70 3.1 30 1.5 0.5 1.3 0.20 8.0 1.0 2.4 3.3 2.1 0 stable 

Sh-pillar 35L 35#1 Slope 1 NE-wall 90 2.4 20 2.0 3 0.8 0.29 8,0 1.0 4.6 2.3 1.9 0 stable 

Sh-pillar 35L 35#1 Slope 1 SW-wall 90 2.4 20 2.0 3 0.8 0.29 8.0 1.0 4.6 2.3 1.9 0 stable 

Sh-pillar 35L 35#1 Stopa 1 SE-wall" 70 3.9 30 1.5 1.5 0.20 8.0 1.0 2.4 3.3 2.4 0 stable 

Sh-pillar 35L 35#1 Slope 1 NE-wall' 90 2.9 20 2.0 3 0.8 0.29 8.0 1.0 4.6 2.3 1.9 0 stable 

Sh-pillar 35L 35#1 Slope 1 SW-wall' 90 2.9 20 2.0 3 0.8 0.29 8.0 1.0 4.6 2.3 1.9 0 stable 

Block 8 30L 29L Stope1 SW-wall 79 4.2 80 20.0 3.5 5.8 0.22 8,0 1.0 34.9 5.0 10.0 0 stable 

Block 8 30L 29L Stope1 SE-wail 85 2.7 70 8.8 8.8 0.20 7.5 1.0 13.1 3.7 13.1 0 stable 

Block 8 30L 29L Stope1 NW-wall 85 2.7 70 3.5 3.5 0.20 7.5 1.0 5.2 3.7 5.2 0 stable 

Block 8 30L 29L Stope1 crown 0 1.9 80 20.0 20.0 0.20 2.0 1.0 8.0 5.0 8.0 0 stable 

Block 8 30L 29L Stope2 SE-wall 85 5.0 70 8.8 2.5 5.8 0.20 7.5 1.0 13.1 3.0 8.7 0 stable 

Block 8 30L 29L Stope2 NW-wall 85 4.6 70 3.5 3.5 0.20 7.5 1.0 5.2 3,0 5.2 0 stable 

Block 8 30L 29L Stope2 crown 0 3.3 60 15.0 3.5 3.7 0.20 2.0 1.0 6.0 8.3 1.5 0 stable 

Block 8 30L 29L Stope1 NE-wall 74 4.2 80 8.0 8.0 0.22 8.0 1.0 14.0 5.0 14.0 0 stable 

Block 2 39L 39#1 Slope 1 NW-wall 66 4.8 65 1.6 1.6 0.30 5.6 1.0 2.7 5.1 2.7 0 stable 
S/L 

Block 2 39L 39#1 Slope 1 SE-wall 66 4.8 60 3,0 3.0 0.30 3.8 1.0 3.4 5.1 3.4 0 stable 
SIL 

Block 2 39L 39#1 Stopa 3 NE-wall 90 4.7 40 1,3 3.6 0.9 0.20 8 1.0 2.0 9.4 1.5 0 stable 
SIL 

Block 2 39L 39#1 Stopa 3 SW-wall 90 4.7 40 1.3 3.6 0.9 0.20 8 1.0 2.0 9.4 1.5 0 stable 
SIL 

Block 2 39L 39#1 Stopa 3 SE-wall 54 5.0 60 3.0 2.4 1.9 0.20 3.8 1.0 2.3 5.1 1.4 0 stable 
S/L 

Block 2 39L 39#1 Stopa 3 NW-wall 63 4.9 65 1.6 1.2 1.3 0.29 5.3 1.0 2.5 5.1 2.1 0 stable 
S/L 

Block 2 39L 39#1 Slope 4 NE-wall 90 4.9 40 1.3 1.3 0.20 8 1.0 2.0 5.2 2.0 0 stable 
SIL 

Block 2 39L 39#1 Stope4 SW-wall 90 4.9 40 1.3 1.3 0.20 8 1.0 2.0 5.2 2.0 0 stable 
S/L 

Block 2 39L 39#1 Stope4 SE-wall 70 4.8 60 3.0 3.0 0.20 8.2 1.0 4.9 5.1 4.9 0 stable 
1.,,1 

SIL 1.,,1 
0 



Block 2 39L 39#1 Slope 4 NW-wall 60 4.9 65 1.6 1.6 0.29 5 1.0 2.4 5.1 2.4 0 stable 
S/L 

Block 2 39L 39#1 Slope 5 SW-wall 90 4.2 40 1.3 3.6 0.8 0.20 8 1.0 2.0 5,8 1.3 0 stable 
SIL 

Block 2 39L 39#1 Slope 5 SE-wall 54 5.0 60 3.0 3.0 0.20 3.8 1.0 2.3 5.1 2.3 0 stable 
SIL 

Block 2 39L 39#1 Slope 5 NW-wall 63 4.9 65 1.6 3.6 1.0 0.27 5.3 1.0 2.4 5.1 1.4 0 stable 
SIL 

Block 2 39L 39#1 Plllar7 NE-wall 90 4.8 40 1.3 1.3 0.20 8.0 1.0 2.0 5.3 2.0 0 stable 
S/L 

Block 2 39L 39#1 Pillar 7 SW-wall 90 4.8 40 1.3 1.3 0.20 8,0 1.0 2.0 5.3 2.0 0 stable 
S/L 

Block 2 39L 39#1 Pillar 7 SE-wall 63 4.9 60 3.0 3,0 0.20 3.8 1.0 2.3 5.1 2.3 0 stable 
SIL 

Block 2 39L 39#1 Plllar7 NW-wall 72 4.8 65 1.6 1.6 0.20 6.1 1.0 2.0 5.1 2.0 0 stable 
S/L 

Block 2 39L 39#1 Plllar7 NE-wall' 90 4.9 40 1.3 1.3 0.20 8 1.0 2.0 5.8 2.0 0 stable 
S/L 

Block 2 39L 39#1 Plllar7 SW-wall' 90 4.9 40 1.3 1.3 0.20 8 1.0 2.0 5.8 2.0 0 stable 
S/L 

Block 2 39L 39#1 Pillar 7 SE-wall' 63 4.8 60 3.0 3,0 0.20 3.8 1.0 2.3 5.1 2.3 0 stable 
S/L 

Block 2 39L 39#1 Pillar 7 NW-wall' 72 4.8 65 1.6 1.6 0.20 6.1 1.0 2.0 5.1 2.0 0 stable 
S/L 

Block 2 39L 39#1 Pillar 7 NE- 90 5.0 40 1.3 1.3 0.20 8 1.0 2.0 4.2 2.0 0 stable 
S/L wall" 

Block 2 39L 39#1 Pillar 7 SW- 90 5.0 40 1.3 1.3 0.20 8 1.0 2.0 4.2 2.0 0 stable 
S/L wall" 

Block 2 39L 39#1 Pillar 7 SE- 63 5.5 60 3.0 3.0 0.20 3,8 1.0 2.3 5.1 2.3 0 stable 
S/L wall'" 

Block 2 39L 39#1 Pillar 7 NW- 72 5.5 65 1.6 1.6 0.20 6.1 1.0 2.0 5.1 2.0 0 stable 
S/L wall" 

Block 2 39L 39#1 Pillars NE-wall 90 5.8 40 1,3 2.4 1.0 0.20 8 1.0 2.0 10.7 1.7 0 stable 
S/L 

Block 2 39L 39#1 Pillar 8 SE-wall 66 4.8 60 3.0 3,0 0.27 3.8 1.0 3.1 5.1 3 1 0 stable 
SIL 

Block 2 39L 39#1 Pillar 8 NW-wall 71 4.8 65 1.6 1.6 0.29 6.0 1.0 2.8 5.1 2.8 0 stable 
S/L 

Block 2 39L 39#1 Pillar 8 NE-wall' 90 5.0 40 1.3 2.4 1.0 0.20 8 1.0 2.0 10.7 1.7 0 stable 
SIL 

Block 2 39L 39#1 Plllar8 SE-wall' 66 7.8 60 3,0 3.0 0.27 3,8 1.0 3.1 10.0 3.1 0 stable 
S/L 

Block 2 39L 39#1 Pillar 8 NW-wall' 71 7.7 65 1.6 1.6 0.29 6,0 1.0 2.8 10.0 2.8 0 stable 
SIL 

Block 2 39#1 38#1 PIiiar 7 NE-wall 90 4.8 40 1.3 2.4 0.9 0.20 8 1.0 2.0 6.3 1.5 0 stable 
SIL vJ 

vJ 



Block 2 39#1 38#1 Plllar7 SW-wall 90 4.8 40 1.3 1.3 0.20 8 1.0 2.0 6.3 2.0 0 stable 
Sil 

Block 2 39#1 38#1 Pillar7 SE-wall 63 4.9 60 3.0 3,0 0.20 3.8 1.0 2.3 5.1 2.3 0 stable 
SIL 

Block 2 39#1 38#1 Pillar 7 NW-wall 72 4.8 65 1.6 1.6 0.20 6.1 1.0 2.0 5.1 2.0 0 stable 
SIL 

Block 2 39#1 38#1 PIiiar 7 NE-wall 90 5.9 40 1.3 2.4 0.9 0.20 8 1.0 2.0 6.3 1.5 0 stable 
Sil 

Block 2 39#1 38#1 Pillar 7 SW-wall 90 5.9 40 1.3 2.4 0.9 0.20 8 1.0 2.0 6.3 1.5 0 stable 
Sil 

Block 2 39#1 38#1 Pillar7 SE-wall 63 5.9 60 3.0 3.0 0.20 3.8 1.0 2.3 5.1 2.3 0 stable 
SIL 

Block2 39#1 38#1 Pillar7 NW-wall 72 5.8 65 1.6 1.6 0.20 6.1 1.0 2.0 5.1 2.0 0 stable 
Sil 

Block 7 28L, 27L Slope 1 NE-wall 90 6.7 40 1.0 3.6 0.7 0.34 8.0 1.0 2.7 6.7 1.9 0 stable 

Block 7 28L, 27L Slope 1 SW-wall 90 6.7 40 1.0 3.6 0.7 0.34 8.0 1.0 2.7 6.7 1.9 0 stable 

Block 7 28L, 27L Slope 1 SE-wall 64 6.5 90 4.5 1.2 3.7 0.20 5.7 1.0 5.1 7.1 4.2 0 stable 

Block 7 28L, 27L Slope 1 NW-wall 73 6.3 60 1.5 2.4 1.1 0.20 6.2 1.0 1.9 7.1 1.4 0 stable 

Block 7 2BL, 27L Slope 1 crown 0 5.2 40 1.0 3.6 0.7 0.34 2 1.0 0.7 7.1 0.5 0 stable 

Block 7 28L 27L Slope 2 NE-wall 90 4.7 40 1.0 3.6 0.7 0.34 8 1.0 2.7 3.0 2.0 0 stable 

Block 7 28L 27L Stopa 2 SW-wall 90 4.7 40 1.0 3.6 0.7 0.34 8 1.0 2.7 3.0 2.0 0 stable 

Block 7 28L 27L Stopa 2 SE-wall 58 5.7 90 4.5 1.2 3.6 0.24 5.7 1.0 6.1 4.5 4.9 0 stable 

Block 7 28L 27L Stope2 NW-wall 63 5.6 60 1.5 1.2 1.3 0.20 5.3 1.0 1.6 4.5 1.3 0 stable 

Block 7 28L 27L Stopa 3 NE-wall 90 4.3 40 1.0 4.8 0.6 0.34 8 1.0 2.7 4.6 1.6 0 stable 

Block 7 28L 27L Stopa 3 SW-wall 90 4.3 40 1.0 4.8 0.6 0.34 8 1.0 2.7 4.6 1.6 0 stable 

Block 7 28L 27L Slope 3 SE-wall 54 5.8 70 3.5 1.2 2.8 0.24 5.7 1.0 4.9 5.7 3.8 0 stable 

Block 7 28L 27L Slope 3 NW-wall 60 5.7 60 1.5 3.6 0,9 0.20 5 1.0 1.5 5.7 0.9 0 stable 
Block 7 28L 27L Pillar3 NE-wall 90 4.4 40 1.0 3.6 0.7 0.34 8 1.0 2.7 4.1 1.8 0 stable 

Block 7 28L 27L Pillar 3 SW-wall 90 4.4 40 1.0 3.6 0.7 0.34 8 1.0 2.7 4.1 1.8 0 stable 

Block 7 28L 27L Pillar 3 SE-wall 56 7.7 75 3.8 1 2 3.0 0.23 5.7 1.0 4.9 9.0 3.9 0 stable 

Block 7 28L 27L Plllar3 NW-wall 67 7.4 60 1.5 2.4 1.1 0.26 5.7 1.0 2.2 9.0 1.6 0 stable 

Block 7 28L 27L Slope 4 NE-wall 90 4.8 40 1.0 2.4 0.8 0.34 8.0 1.0 2.7 4.1 2.1 0 stable 

Block 7 28L 27L Stope4 SW-wall 90 4.8 40 1.0 2.4 0.8 0.34 8.0 1.0 2.7 4.1 2.1 0 stable 

Block 7 28L 27L Slope 4 SE-wall 60 7.1 70 3.5 1.2 3.0 0.30 5.7 1.0 6.0 8.1 5.1 0 stable 

Block 7 28L 27L Slope 4 NW-wall 62 7.1 60 1.5 1.2 1.3 0.20 5.2 1.0 1.6 8.1 1.4 0 stable 

Block 7 28L 27L Plllar4 NE-wall 90 5.0 40 1.0 2.4 0.8 0.34 8 1.0 2.7 4.6 2.1 0 stable 

Block 7 28L 27L Plllar4 SW-wall 90 5.0 40 1.0 2.4 0.8 0.34 8 1.0 2.7 4.6 2.1 0 stable 

Block 7 28L 27L Plllar4 SE-wall 66 7.0 70 3.5 3.5 0.26 5.7 1.0 5.2 8.1 5.2 0 stable l.;J 
l.;J 
f,J 



Block 7 2BL 27L Pillar4 NW-wall 70 6.9 60 1.5 2.4 1.2 0.37 5.9 1.0 3.3 8.1 2.6 0 stable 

Block 7 2BL 27L Stopa 5 NE-wall 90 4.1 40 1.0 3.6 0.6 0.34 8.0 1.0 2.7 2.4 1.7 0 stable 

Block 7 28L 27L Slope 5 SW-wall 90 4.1 40 1.0 3.6 0.6 0.34 8.0 1.0 2.7 2.4 1.7 0 stable 

Block 7 2BL 27L Stopa 5 SE-wall 61 7.7 70 3.5 3.5 0.21 5.7 1.0 4.2 9.3 4.2 0 stable 

Block 7 28L 27L Slope 5 NW-wall 76 7.3 60 1.5 3.6 1.1 0.44 6.5 1.0 4.3 9.3 3.0 0 stable 

Block 7 28L 27L Pillar 5 NE-wall 90 3.5 40 1.0 2.4 0.7 0.34 8.0 1.0 2.7 2.4 1.9 0 stable 

Block 7 28L 27L PIiiars SW-wall 90 3.5 40 1.0 2.4 0.7 0.34 8.0 1.0 2.7 2.4 1.9 0 stable 

Block 7 2BL 27L PIiiar 5 SE-wall 65 5.1 70 3.5 1.2 3.0 0.20 5.7 1.0 4.0 4.9 3.4 0 stable 

Block 7 28L 27L PIiiar 5 NW-wall 76 5.0 60 1.5 1.2 1.3 0.41 6.5 1.0 4.1 4.9 3.6 0 stable 

Block 7 28L 27L Stopa 6 NE-wall 90 3.3 40 1.0 2.4 0.6 0.34 8.0 1.0 2.7 3.0 1.7 0 stable 

Block 7 2BL 27L Slope 6 SW-wall 90 3.3 40 1.0 2.4 0.6 0.34 8.0 1.0 2.7 3.0 1.7 0 stable 

Block 7 28L 27L Slope 6 SE-wall 66 7.3 70 3.5 1.2 2,8 0.20 5.7 1.0 4.0 8.8 3.1 0 stable 

Block 7 2BL 27L Stopa 6 NW-wall 68 7.3 60 1.5 1.2 1.3 0.28 5.8 1.0 2.4 8.8 2.0 0 stable 

Block 7 28L 27L Stopa 7 NE-wall 90 6.8 40 1.0 3.6 0.8 0.34 8 1.0 2.7 8.3 2.1 0 stable 

Block 7 2BL 27L Slope 7 SW-wall 90 6.8 40 1.0 3.6 0,8 0.34 B 1.0 2.7 8.3 2.1 0 stable 

Block 7 2BL 27L Slope 7 SE-wall 60 5.2 70 3,5 2.4 2.6 0.20 5.7 1.0 4.0 5.0 3.0 0 stable 

Block 7 28L 27L Stopa 7 NW-wall 70 5.1 60 1.5 1.2 1.3 0.28 5.9 1.0 2.5 5.0 2.2 0 stable 

Block 7 28L 27L Slope B NE-wall 90 5,0 40 1.0 3.6 0.5 0.34 8.0 1.0 2.7 8,0 1.5 0 stable 

Block 7 28L 27L Slope B SW-wall 90 5.0 40 1.0 3.6 0.5 0.34 8.0 1.0 2.7 8.0 1.5 0 stable 

Block 7 2BL 27L Slope B SE-wall 58 5,3 70 3.5 2.4 2.1 0.21 5.7 1.0 4.1 5,0 2.5 0 stable 

Block 7 28L 27L Slope B NW-wall 70 5.1 60 1.5 1.2 1.2 0.27 5.9 1.0 2.4 5.0 2.0 0 stable 

Block 7 2BL 27L Slope 3 crown 0 3.8 40 1.0 4.8 0.5 0.20 2 1.0 0.4 4.6 0.2 1.5 unstable 
? 

Sh-pillar 35L 35#1 Slope 1 crown' 0 2.1 20 2.0 3 0.8 0.40 2.0 1.0 1.6 3.3 0.7 1.5 unstable 

Block 7 2BL 27L Stopa 2 crown 0 2.7 40 1.0 3.6 0.5 0,20 2 1.0 0.4 3.0 0.2 1.5 unstable 

Block 7 28L 27L Stopa 4 crown 0 4.1 40 1.0 2.4 0.7 0.20 2 1.0 0.4 4.1 0.3 1.5 unstable 

Block 7 28L 27L Pillar4 crown 0 4.4 40 1.0 2.4 0,7 0.20 2.0 1.0 0.4 4.6 0.3 1.5 unstable 
Block 7 28L 27L Slope 5 crown 0 2.9 40 1.0 3.6 0.5 0.20 2.0 1.0 0,4 2.4 0.2 1.5 unstable 

Block 7 2BL 27L PIiiar 5 crown 0 2.4 40 1.0 2.4 0,6 0.20 2.0 1.0 0.4 2.4 0.2 1.5 unstable 

Block 7 28L 27L Stopa 6 crown 0 3.4 40 1.0 2.4 0.6 0.20 2 1.0 0.4 3.0 0,2 1.5 unstable 

Block 7 28L 27L Slope 8 crown 0 4.6 40 1.0 3.6 0.6 0.20 2.0 1.0 0.4 8.0 0.3 1.5 unstable 

Sh-pillar 35L 35#1 Slope 1 NW-wall' 72 3.9 30 0.6 2.5 0.4 0.21 6.1 1.0 0.8 3.3 0.5 3.5 caved 

Block 8 30L 29L Stope2 NE-wall 65 6.9 BO 8.0 3.5 4.7 0.20 5,5 1.0 8,7 8.3 5.1 5 caved 

Block 7 2BL 27L Slope 7 crown 0 4.7 40 1.0 3.6 0.7 0.20 2.0 1.0 0.4 5,0 0.3 5 caved 

Block 2 39L 39#1 Stopa 5 crown 0 4.0 40 1.3 3.6 0.8 0.20 2.0 1.0 0,5 5.1 0.3 6 caved ..,.. 
t.,.) 
t.,.) 



S/L 

Block Botto Top Panel slope Surface Thickness of 
m 

name Level Level Name surface Dip HA ROD O' graphlte(m) 
(m) 

Block 2 39L 39#1 Slope 1 SW-wall 90 4.3 40 1.3 
S/L 

Block 2 39L 39#1 Slope 5 NE-wall 90 4.2 40 1.3 3.6 
S/L 

Block2 39L 39#1 PIiiar 8 SW-wall* 90 5.0 40 1.3 2.4 
SIL 

Block2 39L 39#1 Slope 3 crown 0 4.9 40 1.3 3.6 
S/L 

Block 2 39L 39#1 Slope 1 NE-wall 90 4.3 40 1.3 
S/L 

Block 2 39L 39#1 PIiiar 8 crown 0 5.2 40 1.3 3.5 
S/L 

Block 2 39L 39#1 Slope 4 crown 0 3.8 40 1.3 
S/L 

Block 8 30L 29L Stope2 SE-wall 79 6.6 BO 4.0 3.5 

Block 2 39L 39#1 Pillar 8 SW-wall 90 5,8 40 1.3 2.4 
S/L 

Block 2 39L 39#1 PIiiar? crown 0 3.9 40 1.3 
S/L 

Block 2 39L 39#1 PIiiar 7 crown· 0 4.1 40 1.3 
SIL 

Block 2 39#1 38#1 PIiiar? crown 0 4.2 40 1.3 2.4 
S/L 

Block 2 39L 39#1 PIiiar 8 crown· 0 7.8 40 1.3 3.5 
S/L 

Sh-pillar 35L 35#1 Slope 1 crown 0 2.1 20 2.0 2 

Block 2 39#1 38#1 PIiiar 7 crown 0 4.2 40 1.3 2.4 
S/L 

Block 2 39L 39#1 Slope 1 crown 0 4.0 40 1.3 
S/L 

Block 2 39L 39#1 PIiiar 7 crown•• 0 3.4 40 1.3 
S/L 

Block 7 28L 27L Pillar 3 crown 0 4.2 40 1.0 3.6 

Om' 

Corrected. B C A N' 

1.3 0.20 B 1.0 2.0 

0.8 0.20 B 1.0 2.0 

1.0 0.20 B 1.0 2.0 

0.8 0.20 2 1.0 0.5 

1.3 0.20 B 1.0 2.0 

0.8 0.20 2 1.0 0.5 

1.3 0.20 2 1.0 0.5 

2.5 0.20 6.3 1.0 5.1 

0.9 0.20 B 1.0 2.0 

1.3 0.20 2 1.0 0.5 

1.3 0.34 2 1.0 0.9 

0.9 0.20 2.0 1.0 0.5 

1.0 0.20 2 1.0 0.5 

1.0 0.20 2.0 1.0 0.8 

0.9 0.20 2 1.0 0.5 

1.3 0.20 2 1.0 0.5 

1.3 0.20 2 1.0 0.5 

0.6 0.20 2.0 1.0 0.4 

Span/ N'corr 
3 

5.6 2.0 

5.8 1.3 

10.7 1.7 

5.1 0.3 

5.6 2.0 

5.1 0.3 

5.1 0.5 

8.3 3.2 

10.7 1.4 

5.1 0.5 

5.1 0.9 

5.1 0.4 

10.0 0.4 

3.3 0.4 

5.1 0.4 

5.1 0.5 

5.1 0.5 

9,0 0.2 

Depth 
of 

failure 

6 

6 

6 

7 

9 

9 

9.5 

11 

11 

12 

12 

12 

15 

20 

21 

24 

25.B 

45 

Status 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

caved 

1.,.1 
1.,.1 
~ 
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