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SUMMARY

This report describes the geotechnical investigation and analysis carried out
for the proposed open pit mine at the Vangorda Deposit. The analyses were
based on the structural geology characteristics of the deposit with considera-
tion given to a range of mechanical properties and groundwater conditions.

The study consisted of:

1) Preparation of representative design sections using a cumulative
sums technique and structural information from Vangorda diamond
drill hole logs.

2) Establishment of structural domains and design sectors.

3) Compilation of mechanical properties and groundwater data.
4) Slope stability analyses using the design sections and subsequent
creation of design charts for overall slope design and bench design.

Foliation is considered to be the most prominent discontinuity affecting slope
stability. Joints and faults may also affect stability but insufficient ‘?
information on these discontinuities has 1imited their significance in this
analysis. ' |

Different pit wall orientations require basically different design considera-
tions, therefore, the proposed pit was divided into two design sectors -
Design Sector A encompassing the N.E. wall, and Design Sector B encompassing
the S.W. wall.



The recommended slope design angles are summarized in the following table:

Design Recommended Overall* Bench Design
Sector Slope Angle Batter Face Angle Bench Height
i 70° 12 m
A_ 40° "
60° 17 m
B 45° 65°-70° 12-24 m

* Overall Slope Angle is from top pit crest in rock to pit bottom toe with

benches but not including haul roads in Design Sector A.
Pit, Slope Height - 100 m, Cohesion - 20 p.s.i.

assume a fully dewatered slope.

- The overburden slopes should be designed with a 32°-36° slope angle. Detailed
analysis of varying overburden conditions and related slope angles is included

in this report.

The above recommendations represent the results of analysis done at the feas-
ibility stage of the Vangorda Pit development.
necessary, as more information becomes available, up to and including the mine

operating stage.

ii

Continued re-analysis will be

Assumes Phase 3
The slope angles do not
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SECTION 1 - INTRODUCTION

The main purpose of this report is to describe the geotechnical studies carried
out on the Vangorda deposit and to provide geotechnical recommendations for the
initial pit design.

This geotechnical study has been prepared by the Faro Engineering staff using
the extensive information collected by the Cyprus Anvil Exploration and
Feasibility & Development Groups. Additional information has come from
previods geotechnical reports on the Faro and Grum deposits prepared by Piteau,
Gadsby, Macleod Ltd. and Montreal Engineering, respectively.

The objectives of this report are:

- To identify the important geotechnical features of the Vangorda
deposit.

- To establish rock properties and hydrogeology conditions pertaining
to slope design. A

- To present stability analyses in the form of design charts for use
in pit planning considerations.

The stability analyses presented in this report were limited by several
important factors:

- Un-orientated drill core.
- No drillholes in area of proposed ultimate pit walls.
- No joint and fault orientation data.

- Lack of groundwater information.



—

2.1

SECTION 2 - GEOLOGY

REGIONAL GEOLOGY AND SURFICIAL GEOLOGY:

The Vangorda deposit 1ies within the Anvil Range, which is located along
the south western margin of the Selwyn Fold Basin, northeast of the
Tintina Trench. The deposit is regionally stratabound between the lower
Paleozoic units of the Vangorda formation ahd the Mt. Mye formation.
Meta volcanic rocks, though rare in the immediate vicinity of the
deposit, are regionally common throughout the Vangorda formation.

The stratigraphy in the Vangorda pit area generally consists of a glacial
till of varying thickness (2-30 m) overlying phyllite bedrock. The
glacial till is relatively consistent across the site and it i$_primari1y
composed of sandy silt with some clay and gravel.

Permafrost has not been encountered in any test pits or drill hd%es, and
is not considered a factor in the Vangorda pit design.



2.2 BEDROCK GEOLOGY:

'Regionally stratabound between lower Paleozoic units, the deposit is
spatially associated with a graphitic phyllite that occurs at a broad
vertical facies change between calcareous pelitic phyllites of the
Vangorda formation above and non-calcareous pelitic phyllites of the Mt.
Mye formation below.

The sulfide horizon consists of the following principal strataform
lithologies from stratigraphic top to bottom:

a) Sulfide bearing graphitic meta-chert, generally pyrite bearing,
locally base metal bearing.

b) Barite bearing massive pyritic sulfides, base metal bearing.

c) Massive pyritic sulfides, variably base metal bearing, varjab]y
., calcareous. ~

d) Pyritic meta-chert, generally base metal deficient.

The deposit is generally underlain by a sulfide beéring, sericite altera-
tion assemblage of variable thickness.

The Vangorda su]fidé horizons and host rocks have been deformed by four
phases of folding and segmented by one phase of faulting. An axial plane
cleavage, produced during the second phase (D2) of folding, is the.
dominant fabric in the host rocks. The average orientation for this S2
foliation is 130°/28° SW but locally it is broadly warped and/or kinked
by post-D2 events.
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" 3.1

SECTION 3 - STRUCTURAL GEOLOGY

GENERAL :

—

Ensuring stability of the pit walls is a necessary part of the Vangorda
mine design. The rock slope stability will be predominantly governed by
the occurrence and properties of critically oriented discontinuities such
as foliation, joints and faults. The objective of a structural geology
investigation is to identify structural domains followed by the delin-
eation of design sectors for which orientations of slope faces, rock
types and discontinuities are similar. Areas of similar geologic
structure are called structural domains. |

In previous slope stability studies done on the Faro and Grum deposits,
the orientation of foliation was considered to be the most significant
single factor affecting pit stability. From structural information
obtained to date, the S2 foliation is the most important feature affect-
ing the Vangorda pit stability as well. The orientation of foliation has
been used to delineate the structural domain boundaries - two structural
domains were considered for evaluation of oVera]] pit STopes. One domain
encompasses the N.E. half of the proposed Vangorda pit and the other

covers the S.W. half of the pit as shown in Figure 6.
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3.2 FOLIATION:

A1l foliation data used in this study was obtained from S2 measurements
taken from the Vangorda diamond drill core. The diamond drill data used
came from holes drilled in the 1979 re-drilling program. The drill hole
deflections were measured but no core orientations relative to the drill
hole were obtained. This is significant because only the average S2
strike of 130° azimuth is then used in the structural model; with no
knowledge of the variability of the strike available at this time. The
assumption of one average foliation strike for all the Vangorda deposit
is a limiting factor in the accuracy of the stability analysis.

Structural data obtained from the Faro Open Pit and the adit at the Grum
indicates that the foliation strike appears to be quite variable. A re-
evaluation of the stability analysis will have to be done when more
detailed foTiation strike data is obtained from oriented core measurements
and pit mapping.

The stereographic projections of the foliation data in Figure 7 and 8
indicate an average foliation orientation of 220°/27° SW (dip direction/
dip) on the NE side of the pit and 220°/23° SW on the SW side of the pit.
These two average foliation trends were used to establish the two
structural domains mentioned previously. The fo]iationbdips'into the

pit on the NE wall and it dips into the wall on the SW wall. Whenever
the foliation dips toward the pit, it constitutes a major discontinuity
set along which instability may develop. Therefore, a detailed analysis
of foliation was done on the NE side of the pit using the Cumulative Sums

technique.] '



FIGURE 7
STEREOGRAPHIC PROJECTION OF FOLIATION IN DESIGN SECTOR A - NE WALL
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FIGURE 8
STEREOGRAPHIC PROJECTION OF FOLIATION IN DESIGN SECTOR B - SW WALL
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Figure 8
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Analysis of Data from Drill Core by the Cumulative Sums Techm‘que:2

The cumulative sums technique provides a rapid and precise method
of determining major trends above or below a particular reference
value which is selected. It also ascertains both the magnitude and
location of these variations. A "cusums" analysis has been done on
the Vangorda foliation data for the following reasons:

a) To determine a reliable estimate of the mean dip of the
foliation in each drill hole.

b) To detect general changes in current mean foliation dip.
above and below the mean level of the foliation data.

c) To predict the average dip of foliation between drill
holes on section and also in parts of the rock mass
where drill hole structural data is not available. |

d) To construct graphical geological sections from which
the overall mean foliation dip can be determined as well
as the degree of waviness of the foliation, both of
which are values that are required’in the slope stability
analysis.

The cusums method consists of subtracting a constant quantity, K,
which is the mean foliation dip in the drill hole, from each value
of S2 dip measured in the drill hole. The random spacing of the
S2 measurements recorded presents'no problem, so long as the
position, not the distance, in the sequence is used. It does not
matter if the interval between observations changes. Successive -
accumulated differences are designated the cumulative sums of the
original sequence of foliation data. The cumulative sums are then
plotted on a graph (see Appendix A for example) called the cusums
plot. The structural interpretation is based on the average slope
of the cusums plot. The current foliation dip (X) over an
interval of the cumulative sum plot is given by:



=11 -

X = K + change in the cumulative sum

change in n
n = position in sequence of S2 value

A template was constructed so that the slope of the cusums curve,
-which gives the actual deviation of foliation from the mean,
could be read directly from the template.

Jim Marlon-Lambert of ICAS Software Services Inc. wrote a computer
program to calculate the cumulative sums in each drill hole using
the Vangorda S2 data contained in Cyprus Anvil's computer drill-
hole data handling system.

Thé computer converted the recorded S2 dip from an apparent dip
to a true dip based on the deflection of the drill hole. The
strike of foliation was assumed to be a constant in each drill
hole. ‘ : &

The original and converted S2 dips, as well as the cumulative
sums for each drill hole used in the design sections, are compiled
in Appendix A. '

The results of the cusums analysis are summarized in Table 1.
The current mean dips of foliation in selected drill holes were
used to construct design sections (Appendix B) which are approx-
imately normal to the strike of the foliation. By interpolating
foliation dip between drill holes on the design sections, a good
approximation of the foliation dip can be determined. This
foliation can then be incorporated into slope stébi]ity analyses
for the purposes of slope design. '
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TABLE 1
MEAN DIP AND CURRENT MEAN DIP OF FOLIATION IN SELECTED DRILLHOLES

BASED ON CUMULATIVE SUMS ANALYSIS

Drillhole|Mean Depth Current |Drillhole|Mean Current
Number |Dip |Interval (m) |Mean Dip| Number |Dip |Interval (m) [|Mean Dip
V-15R  |25.24| 10.1- 17.4 | 18.3¢ | v-115R |30.66| 3.8- 20.7 | 32.06

17.4- 28.9 | 47.24 20.7- 52.7 | 47.66
28.9- 38.3 | 17.44 52.7- 95.4 | 27.66
38.3- 52.4 | 45.24 95.4-121.0 | 15.16
52.4- 78.3 | 20.44 121.0-143.6 | 31.96
18.3-123.1 | 13.B% ¥y s |17.78] 16.2- 40,7 | 25.58
V-28R  |28.63| 22.6- 78.9 | 26.77 49.7- 78.6 | 18.48
78.9-132.3 | 31.68 78.6-165.8 | 12.13
V-30R  [39.29| 17.4- 49.7 | 22.29 | v-133R |[22.59| 9.8- 48.2 |17.79
49.7- 72.5 | 33.29 48.2- 71.6 |11.84
72.5-133.2 | 52.79 71.6- 99.8 | 16.39
V-35R  |20.40| 19.2- 52.1 | 18.00 59,8-185.9 - 1 3689
52.1- 96.6 | 14.70 |v-309 |30.53| 38.1- 72.8 | 39.53
9.6-138.4 | 27.10 72.8- 9.3 | 22.68
138.4-171.3 | 13.60 96.3-120.7 | 37.33
V-47R  [24.39] 34.1- 54.3 | 20.99 Jelui—1A2 0 13,50
54.3-106.1 |12.89 |v-313 |[38.25]| 21.0- 51.2 | 20.25
106.1-139.6 | 22.59 51.2-108.2 | 46.45
139,6-176.8 {3200 lyse |26.22] 6.6-75.0 |3
V-49R  [27.31] 41.5- 75.1 | 20.86 25.0- 67.1 |20.92
75.1- 96.3 | 49.31 | 67.1- 93.6 | 23.02
9.3-114.6 | 30.16 | 93.6-121.0 |37.22
114.6-126.9 | 18.91 121.0-142.0 | 20.82
126.3-166.7 12151 lyse  |os.ee] 17.0- 63,1 , | 2259
V-63R  [27.65 | 32.6- 78.3 |24.85 63.1-103.9 | 33.64
78.3-123.1 |31.15 103.9-121.0 |18.94
123.1-133.2 | 22.65 121.0-147.2 | 23.14°
V-94R  [23.13|25.5- 57.0 |17.63 |v-322 [32.90| 35.1- 60.0 |35.90
57.0- 84.7 |28.13 60.0- 76.8 | 27.60
84.7-115.2 |18.93 76.8-114.9 | 36.70
115.2-132.9  |28.13
132.9-157.9  |21.13
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3.3 JOINTS:

No information on the joints in the Vangorda deposit has been collected
as yet. In discussion with Exploration personnel, they indicated that
joints were tough to measure in the drill core as most of the breakage
was along S2. Joint orientation would be difficult to determine in the
drill core because the core is not oriented and the joint measurements
would then have to be related to the average foliation strike of 130°.
In the Faro pit slope study by Piteau, core orientation joint data was
inconclusive and, therefore, joint data from core was not used in the
structural analysis. Joint data was also not used in the stability
analysis done by Montreal Engineering on the Grum deposit. A1l this
does not mean that joint data is not important in s1ope stability
analyses. Past slope failures in the Faro Pit indicate that unfavour-
able joint orientations have provided the planes along which sliding
occurred. ’

In the Faro Pit, joints have been the primary discontinuities along which
bench failures have occurred, rather than foliation planes.

If joint sets are found in the Vangorda pit parallel or sub-parallel to
foliation, then compound translational failure. planes can develop. Cross
joints in combination with foliation can provide the suitable geometry
for wedge failures. | '

Joint data should be collected from pit mapping as the Vangorda pit
develops and be used in further slope stability analyses to determine
its effect on wall stability. In this study joint data will not be
available but foliation is still the main discontinuity affecting over-
all wall stability and should be adequate for initial wall design.
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3.4 FAULTS:

As was the case with joints, fault orientations have not been measured in
the drill core but indications of fault and shear zones have been recorded.
Several inferred faults have been indicated on the sections of the
Vangorda geological model and these faults can be analysed to see if they
could possibly have geotechnical importance.
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SECTION 4 - HYDROGEOLOGY

4.1 SURFACE WATER:

The most significant surface water in the proposed Vangorda pit area is
Vangorda Creek. This creek will be diverted around the open pit. An
engineering study has already been done on the proposed diversion of
Vangorda Creek by Golder Associates. The diversion should be planned

so that no major seepage of creek water enters the open pit or recharges
the local groundwater regime around the pit. The proposed diversion
ditch alignment has been located 100 feet back from the North end of the
pit. This alignment may be too close and will certainly have to be re-
investigated if the pit Timits are extended. '

Experience at the Faro Pit has shown that unlined diversion ditches can
cause problems, especially if the overburden-bedrock contact is near the
“base of the ditch. The possibility of 1ining the Vangorda Creek diversion
ditch should be given serious consideration as in all likelyhood the ditch

will be relatively close to the pit Timits.

Intermittent streams and local runoff should be contained by small drain-
age trenches located around the perimeter of the pit.
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4.2 GROUNDWATER:

Local groundwater conditions have been investigated by using P100 piezo-
meters installed in two drillholes; V-307 and V-33R. Readings from the
piezometers are shown in Table 2. Not enough readings have been
obtained to establish seasonal groundwater trends but the groundwater
table is indicated as being close to the ground surface in both holes.

| Both piezometer holes are located in the Vangorda Creek valley, and as
this is a local discharge area, it follows that the groundwater table
should be high. Drill hole V-322, on Section 12E on the east slope
above Vangorda Creek, has been making water ever since it was drilled.
‘The artesian conditions exhibited here could be the results of an
impermeable boundary (i.e., fault) between the hole and the creek or a
confined perched water table.

The Timited groundwater information available to date suggests the

. possibility of high groundwater in the area of the proposed Vangorda
pit. For this reason, the stability analyses have been done using high
groundwater, "WET" conditions, as well as low groundwater, "DRY"
conditions. Thé wet conditions assume a phreatic surface within the
rock mass that will intersect the slope face at a point at least half
way up the slope above the pit bottom. The dry conditions assume that
no groundwater pressures are generated in the slope or along the failure
plane.

More groundwater information on the Vangorda is needed, especially if
any dewatering methods are attempted.
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TABLE 2

VANGORDA PIEZOMETER READINGS

2

- Hole Elevation of Reading |Piezometric Head
Date Number|Piezometer (ft.) |P.S.I. |Elevation (ft.)

September 5, 1979 | V-33R 86.0 34.0 78.5
V-307 243.0 106.0 244 .9

October 25, 1979 | V-33R 86.0 33.0 76.2
V-307 243.0 102.0 235.6

IMay 20, 1979 V-33R 86.0 31.0 71.6
V-307 243.0 102.0 235.6

June 24, 1980 V-33R 86.0 35.0 80.8
V-307 243.0 104.0 240.2

September 9, 1980 | V-33R 86.0 33.5 77.4
V-307 243.0 101.0 233.3

1 Relative to ground surface

2 Relates to an approximate groundwater elevation of 3,712 ft.
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SECTION 5 - SLOPE STABILITY ANALYSES AND SLOPE DESIGN

PIT PLAN:

—

The phases and ultimate pit limits used in this study are those derived
from the initial Vangorda feasibility study done in December, 1979
(Figure 9).

To generate those 1limits, the Mintec Medsystem cone mining, or "Dipper"
technique, was applied to the Vangorda preliminary model.

This initial feasibility design was based on data available at the time
and is subject to modifications that will arise as further engineering
studies are carried out.



March 1980 P.T. /c.lc.

VANGORDA DEPOSIT
D.D.H. PLAN

OPEN PIT OUTLINE
Figure 9
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5.2 DESIGN SECTORS:

After dividing the Vangorda pit into structural domains, design sectors
had to be designated. The main consideration in determining individual
design sectors is the overall orientation of the final pit wall.
Different pit wall orientations require basically different design
considerations. Therefore, design sectors are zones of the proposed
pit which contain one structural domain and one general pit slope
orientation.

The Vangorda pit has been divided into only two design sectors at this
stage. Design Sector A encompasses the NE wall and Design Sector B the
SW wall (see Figure 6). When more structural information is obtained,

a further sub-division of the design sectors may be necessary.
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5.3 ROCK STRENGTH PARAMETERS:

The rock strength parameters used in this study were adopted from values
obtained from the Faro and Grum deposits, as limited mechanical testing
has been performed on Vangorda rock. When Montreal Engineering collected
samples fo;‘laboratory testing for the Grum geotechnical study, they
obtained some core from Hole V-27-R of the Vangorda deposit. A suffi-
cient amount of fresh Grum core was not available at the time and,
therefore, core was selected from the Vangorda hole because it was
similar to the predominant rock types at the Grum deposit. '

Rock strength parameters used in the Faro and Grum studies were estab-
lished by means of direct shear and triaxial laboratory tests. The two
basic shear strength parameters used in the analysis are angle of -
friction, or shearing resistance - ¢ - and cohesion - C. The residual
angle of friction - ¢r, is generally used in stability analysis and in
many cases a geometric component, i, is added to the value of ¢k.m>The
compdnent, i, represents the surface roughness and geometric irregular-
ities found along the failure surface. This roughness inhibits sliding
and, therefore, must be added to the friction angle in the analysis.

The rock shear strength characteristics are summarized in Table 3.
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TABLE 3
ROCK SHEAR STRENGTH CHARACTERISTICS

Faro ‘ Grum Vangorda*
Discontinuity Faults sub-parallel| Joints parallel Foliation
to foliation to foliation
Angle of Friction [¢r = 21° and 24° ¢ = 19.5° ¢r = 25° and 21°
i=6°
¢ + 1 =25.5°
Apparent ’ Low - 720 psf 850 psf Low -
Cohesion C d 864 pSf =6 ps.i
High - 2,880 psf High -
2,880 psf, 20 psi

* Assumed Vangorda characteristics would be more similar to Grum than Faro.
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5.4 SLOPE STABILITY ANALYSES:

The calculation of the stability of slopes is progressively more difficult
and Tess accurate when one goes from existing slopes that are failing
(eg., Faro Pit) to planned pit slopes that do not exist yet, as is the
case with the Vangorda deposit. An allowable factor of safety of 1.2 was
considered to be acceptable for design of the Faro pit slopes but due to

a larger degree of uncertainty of the complexity of Vangorda pit geology
at this point, a factor of safety of 1.3 will be regarded as the minimum
acceptable value. |

Stability analysis should be no more complex than the knowledge of the
slope permits. Because there are many variables and many assumptions
involved in these analyses, they were kept as simple as possible at this
stage. Emphasis was placed on the design of the overall slope and the
individual benches with respect to failure on foliation. A detailed
look at the NE pit wall, using four constructed design sections, was the
main focus of the analysis. More Timited analyses were carried out for
the design of the SW pit wall and overburden slopes.

In rock slopes, instability is not Tikely to occur through intact rock
but rather along discontinuities such as foliation, joints and faults.
Therefore, slope stability analyses were done by assuming the shape of
the potential failure planes using geological discontinuities, mainly
foliation. Different types of slope failures were considered for each
design sector of the pit based on the failure modes that were judged to

" be kinematically possible.

Plane failure along foliation daylighting on the pit face was the main
failure mode considered for the NE pit wall.  Wedge failures bounded by
faults and foliation were also considered on the NE wall. On the SW pit
wall, foliation dips into the wall which is favourable in terms of wall
stability. Faults dip toward the pit on the SW wall but are too steeply
dipping to allow for plane failure. The possibility of toppling failure
was also evaluated.
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5.4.1 Plane Failure:

Plane failure along foliation is the most significant failure mode
in Design Sector A. Plane failure analyses were carried out

using a limit equilibrium method of analysis detailed in Figure
10. A plane failure is basically analysed as a two-dimensional
slope problem. This simple failure mode is particularly useful
for demonstrating the sensitivity of the slope to change in shear
strength and groundwater conditions. These changes are less
obvious when analysing the more complex mechanics of a three-
dimensional slope failure.

The following assumptions were used in the plane failure analysis:

1. Both the failure plane and associated tension crack
strike parallel to the slope face.

2. There are no moments which would tend to cause
rotation of the failure b}ock and, therefore, failure
is by sliding only.

3. Except in the case of a dry s]opé, hydrostatic water
pressure conditions will be assumed to exist in the
tension crack and along the base of the failure plane.

4. The shear strength properties of the sliding surface
are defined by:

C + (o-u) TAN (o+ i)
= shear stress

where
= cohesion

= normal stress

= water pressure

= angle of friction along discontinuity

- e C QaQ O 4 A
|

= geometrical component of friction related
to surface asperities
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Summary of Forces:

3 : 1. Weight of Block, W:
/ .
- \/ W= r W (1 - 1) - ¢xy® tane

7Y : ® 7 2 (tan B tan ) 2

| \ - : FIGURE 10
~
hc: Uc 1 // / §
|

\ Where ¥ = Unit Weight of Rock = 170 1b./ft.>
\ 2. Normal Water Pressure, Un

Uh = Ywhe a +!u(hm+ hC)b

Z )
\ -
\ Where ¥ w = Unit Weight of Water = 62.4 1b./ft.”

\ 3. Crack Water Pressure, Uc:

\
/ \ Uc = Y uw hC2
2
\ ; \
Ljn I1. Resolution of Forces:
1. Forces Along the Failure Plane:
¥ Force due to W = W sin g

HEIGHT OF SLOPE H

Normal force due
Normal force due

\\\ i Force due to Uc
":Ey/////// ?‘ 2. Forces Normal to the Failure Plane:
" N Normal force due to W W cos B

to Un
to Uc

= = Uy

1. Disturbing Forces = I Forces along the Failure Plane
= W sin g + Uc cos 8

2. Resisting Forces = [I Normal Forces] tan ¢ + (2)(c)
= [Wcos 8 - Up - Uc sin g) tan ¢ +

3. F = [Wcos B -Uy-Uc sin 8] tan ¢+(a + b)(c)
W sin g + Uc cos g

Figure‘lo

(a + b)(c)
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5. A slice of unit thickness is considered and it is
assumed that release surfaces are present so that
there is no resistance to sliding at the Tateral
boundaries of the failure.

The analyses were carried out for varying groundwater conditions,
i.e., dry slopes and high groundwater. The average dip of the
failure plane was assumed to be the approximate average foliation
dip as determined from the design sections in Appendix B. The
location and average dip of the foliation was used to calculate
the weight of the failure block and the length of the failure
plane. The geometric relationship of the failure planes for each
design section are shown in Figure 11.

Factor of safety for different overall slope angles for the
various slope conditions are given in Section 5.5 - Design Charts.

Wedge Failure:

Wedge failure could be a possible failure mode in Design Sector A,
NE wall, with sfiding along the intersection of faults and
foliation or joints and foliation. With virtually no structural
orientations available for faults and joints, a comprehensive

. wedge failure analysis could not be done.

Experience from the Faro Pit indicates that wedge failures are
common on a bench scale, especially involving joint sets.
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Wedge failure analysis involving an inferred fault orientation

of 245/80° N and foliation on the NE wall was performed on a 20 m
bench height to determine stability. Bray's short solution (Hoek
and Bray, 1977, Appendix 2)3 was used to determine the possibility
of wedge sliding. The analysis indicated that the wedge formed by
the fault and foliation was stable. -

When more structural information is obtained on the Vangorda
deposit, wedge failure analysis is important because plane failure
analysis usually provides a lower bound and is conservative. When
structural features, which are likely to control stability, are
not paka]]e] to the slope face, the stability analysis should be
carried out using three-dimensional methods, i.e., wedge failure

analysis.

Toppling Failure:

In Design Sector B, the foliation dips into the pit wall, render-
ing plane failure on these discontinuities kinemdtica]]y
impossible. Toppling is a possible failure mode in this design
sector if a set of sub-parallel discontinuities exist that dip
into the wall. Generally, a steeply dipping discontinuity set is
involved in toppling failure. The average foliation dip of 23°
in Design Sector B is too shallow to represent a likely possibil-
ity for toppling.

The conditions for toppling failure are:
1. A discontinuity set dipping into the wall with its

strike parallel or sub-parallel to the trend of the
wall (no more than + 20° variance).
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2. Space must exist for toppling to occur into.

Figure 12 illustrates the kinematic conditions for toppling that
were used in the Grum geotechnical study by Montreal Engineering.

The same criteria can be applied to the Vangorda study. The graph
indicates that at a friction angle, ¢, of 25°, a 45° slope would

not have a risk of toppling failure for any discontinuity set
dipping shallower than 70°. Some steeply dipping faults of orienta-
tion 245/80 N have been inferred in the Vangorda structural inter-
pretation. These faults would only sub-parallel the trend of the
pit wall at the narrow N.W. and S.E. ends of the pit and they would
not dip in the proper direction to cause toppling at these locations.

None of the structural information collected to date suggests the
possibility of toppling failure. As more information on dis-
continuity sets is obtained, the possibility of toppling can be
further assessed.

2

5.4.4 Circular Failure in Overburden:

Stability analysis of the overburden portion of the pit slopes must
be approached differently than the stability of the rock slopes.

In overburden, failure usually occurs along a surface which
approaches a circular shape and thus a circular failure analysis
has been used to determine overburden slope angles. '

Extensive knowledge of the overburden depth is only known in the
area of influence of the diamond drill holes. Unfortunately, the
depth of the overburden along the proposed pit limits is not well
defined and this is where the stability of any overburden slope is.
of the most concern. Using the drill logs and sections, it appears
that the overburden is shallow in the N.E. corner of the pit

(~ 10 m) and that it increases in depth to the S.W. (30 m+).
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The approach to overburden analysis adopted in this study was to
use the slope stability charts for circular failure developed by
Hoek and Bray.3 These charts enable a check to be made on the
factor of safety of a slope or upon the sensitivity of the, factor
of safety to change in groundwater conditions or slope profile.

The following assumptions were used in the analysis:
1. The overburden is assumed to be homogeneous, i.e., its
mechanical properties do not vary with direction of

loading.

2. Shear strength properties are defined by the equation
t= C+ o TAN 4.

3. Failure occurs on a circular failure plane which passes
through the toe of the overburden slope.

4. A tension crack is assumed to occur in the upper surface
of the slope.

The parameters used in the circular failure analysis are:
Case 1:

H = 30m = 098 ft.

¥ = 120 1b./ft.3

C = 720 1b./ft.2

¢ = 30°

Surface water source 200 ft. behind the toe of the slope.

Use Chart No. 4 - Figure 14.
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C = 0.106
¥H. TAN ¢

*. from chart for a 32° slope

C = 0.048
¥ HF

F = 1.28

If completely saturated, the slope can stand at 28°. If fully
drained, the slope can stand at 36°.

Case 2:

H = 50 ft.

¥ = 120 1b./ft.3
C = 720 1b./ft.3
¢ = 30°

Surface water source 200 ft. behind the toe of the slope.
Use Chart No. 3 - Figure 13

C = 0.208
¥H . TAN ¢

*. from chart for a 36° slope

C = 0.076

If completely staurated, the slope can stand at 34°. If fully
drained, the slope can stand at 40°.
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The circular analysis indicates that for a partially saturated
overburden slope 100 ft. high, the slope should be designed at 32°.
For an overburden slope partially saturated but only 50 ft. high,
a 36° slope would be stable. The slope angles will increase or
decrease, as indicated in Table 4, if the slope is fully drained
or completely saturated.

TABLE 4
OVERBURDEN SLOPE ANGLES

Height (Feet) Groundwater Conditions Slope Angle
100 Completely Saturated 28°
l 100 Partially Saturated | 32°
100 Fully Drained 365
50 , Completely Saturated 34°
50 Partially Saturated 36°
50 Fully Drained 40°
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FIGURE 13

CIRCULAR FAILURE CHART NUMBER 3
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5.5 DESIGN CHARTS:

Design charts have been produced for both overall slope stability and

bench stability. The effect of varying the input parameters in the

stability analysis is reflected in the design charts. Cohesion is the

parameter whose dispersion is the most influential in the analysis with

water pressure and slope height affecting the critical slope angle to a

lesser degree.

BBl

Overall Slope Design:

The design charts for the overall slope angles are only intended
for use for designing rock slopes. The overburden portion of any
pit wall must be designed separately. Figures 15 thru 20 are
design charts for Design Sector A. No design charts were produced
for Design Sector B. The parameters used in each design chart are

as follows:
Figure 15:
Phase 2
Slope Height H = 200 ft.
Cohesion C = 6 p.s.i. (low cohesion)

Friction Angle ¢ = 25° for Failure Planes g = 27° and 32°

Assuming the Tow cohesion, flattening the slope has only a
gradual effect on the factor of safety. A dry slope at 37° -
38° would be stable under these conditions.
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Figure 16:

Phase 3

Slope Height H = 315 ft.
Cohesion C = 6 p.s.i.

—

Friction Angle ¢ = 21° for g = 23° and ¢ = 25° for g = 27.5°

The slope is not judged stable under these conditions. In this
analysis only the weight component, W, was altered by the
reduction in slope angle and because the uplift force of ground-
water pressure was greater than the cohesive force, the factor
of safety did not change significantly.

Figure 17:

Phase 2

H = 200 ft.

C = 10 p.s.i. :
$ = 25°

g = 27° and 32°

The slope is stable at 38° under wet conditions and at 42° under
dry conditions. This chart well illustrates the stability
advantage gained by slope dewatering.

Figure 18:

Phase 3

H = 315 ft.

C = 10 p.s.i

¢ = 21° and 25°

g = 23° and 27.5°

Only a dry slope at 39° slope angle would have an adequate
factor of safety at this slope height and lTow-moderate cohesion.
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Figure 19:

Phase 2

H = 200 ft.

C = 20 p.s.i. (high cohesion)
¢ = 25°

B = 27° and 32°

This chart best illustrates the large increase in factor of
safety when a relatively high cohesion value is used in the
analysis. Slopes under these conditions should stand at +45°.

Figure 20:

Phase 3

H = 315 ft.

C = 20 p.s.i.

¢ = 21° and 25°
B = 23° and 27.5°

With good cohesion, this slope will be safe at 38° - 40° slope
angle even under wet conditions. Dewatering can increase the

safe slope angle to 43°+.



FACTOR OF SAFETY,F

-39 -

—_— e e e e e e m—n S e o

25°
27°

m-e-_csj
<

25°
32"

=
n <

™ e O

/
™ e =
)
TR

25°
N 27°
09 —+ N
N
~
S
~
e Wet
— —_— ¢ = 250
0.8 + g = 32°
0.7 t + } —+ 1 }
36 38 40 42 44 46

OVERALL WALL ANGLE, ©

Fig. 15 Stability Analysis for Design Sector A
Phase 2 H = 200 ft. Cohesion = 6 p.s.i.



- 40 -
1.5 +
1.4 +
3+r—-—— - - - - — - — — — — — — — — — — — = —
.2 t
I8
> LI T
E Dry 250
¢ =
o g = 27.5°
b — —— Dry
o ¢ = 21°
€ 10T g = 23°
I,_
(&)
&
0.9 t
— Wet
e ¢ = 21°
—_— — - B = 230
0.8 +
Wet
¢ = 25°
B = 27.5°
0.7 t t 1 + t t
36 39 40 42 44 46

OVERALL SLOPE ANGLE, ©

Fig. 16 Stability Analysis for Design Sector A
Phase 3 Pit H = 315 ft. Cohesion = 6 p.s.i.



FACTOR OF SAFETY, F

o

LO +

0.9

- 4] -

1
! } ] T

0.8

36 38 40 42

OVERALL SLOPE ANGLE, 6

Fig. 17 Stability Analysis for Design Sector A
Phase 2 H = 200 ft. Cohesion = 10 p.s.i.

44

46




FACTOR OF SAFETY, F

161

o
i

08+

0.8 +

0.7

36

Fig.

=

megmec
N < <

=
o
prs
N
-
o

N
w
o

I e+

-+

OVERALL SLOPE ANGLE, ©

Stability Analysis for Design Sector A

Phase 3 Pit H = 315 ft. 10 paSale



FACTOR OF SAFETY, F

2.1 T+
20 +
1.9 +
1.8 —+
.7
1.6 T
1.5 +
1.4 1 N 4 = 250
g = 32°
33— —= — — —
1.2 + + } } } t
36 38 40 42 44 46
OVERALL SLOPEANGLE, ©
Fig. 19 Stability Analysis for Design Sector A

Phase 2 H = 200 ft. Cohesion = 20 p.s.i.




FAGTOR OF SAFETY, F

N

0.91

0.8

36

Fig.

™ e =

™ e =
e+

OVERALL SLOPE ANGLE, ©

Stability Analysis for Design Sector A

Phase 3 H = 315 ft. 20 p.S.is



- 45 -

5.5.2 Bench Design:

Stability analyses for bench design were carried out using the same
approach as for overall slope design. The main possible modes of
bench failure are plane failure on foliation or joints, wedge
failure involving a combination of joints, faults and foliation,
and toppling failure on steeply dipping joints or faults.

At the Faro open pit the main type of bench failure is plane or
wedge failure involving joints. No joint data is yet available for
the Vangorda deposit so the bench failure analysis was done by
analyzing plane failure on foliation.

For purposes of bench design, the following parameters were used:

1. Using the design sections, Figures 1-4, three relatively
steep foliation dips were chosen for bench stability
analysis, i.e., 47°, 40° and 36°.

2. A low effective cohesion of 6 p.s.i. was used because of
effects of blasting damage.

3. High groundwater conditions were not assumed in the
analysis because benches are generally well drained due
to an increased amount of open fractures as a result of
blasting and unloading. Normal groundwater (water break-
out point is at toe of bench) and dry conditions were
used.

4, A factor of safety of 1.2 should be the minimum for bench

design.

D Bétter face angles of 60°, 65° and 70° were used in the

analysis.
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Figures 21-23 are the charts for bench design. In most cases the
bench height can exceed 40 ft. and stability is retained up to a
bench height of 55 ft.
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Fig. 21

Bench Height - H

Plane Failure on Foliation - Foliation Dip 36°
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Bench Height - H

Plane Failure on Foliation - Foliation Dip 40°
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SECTION 6 - RECOMMENDATIONS

This study was carried out for the purpose of providing recommendations on
geotechnical factors affecting the design of the proposed Vangorda open pit.

6.1

SLOPE DESIGN:

Foliation is considered to be the most prominent discontinuity affecting
slope stability. Whenever foliation dips toward the pit it constitutes

a major discontinuity set along which instability may develop. On the
N.E. wall of the proposed pit the foliation dips into the pit, establish-
ing this as the most critical area. Emphasis was placed on the analysis
of plane failure on foliation as the potential failure mode on the N.E.

wall. >

Unless major discontinuities (faults and joints) are found dipping into
the S.W. side of the pit, stability of the S.W. wall is expected to be
good.

The recommended slope design angles are summarized in the following
table:
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TABLE 5

RECOMMENDED SLOPE DESIGN PARAMETERS

Design Recommended Overall* _ Bench Design
Sector S]qpe Angle Batter Face Angle Bench Height
A 40° 70° 12 m
l60° 17 m
B 45° 65°-70° 12-24 m

* Overall Slope Angle is from top pit crest in rock to pit bottom toe with

benches but not including haul roads in Design Sector A.
Pit, Slope Height - 100 m, Cohesion - 20 p.s.i.

assume a fully dewatered slope.

Assumes Phase 3
The slope angles do not

The overburden slopes should be designed at 32°-36° depending on slope height.
See Table 4 for details, Section 5.4.4.
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6.2 STRUCTURAL GEOLOGY:

The structural geology investigation for this study basically concentrated
on S2 foliation measurements. The S2 measurements were obtained from
unoriented drill core and only an average strike direction was assumed for
all foliation in the Vangorda Deposit. The lack of knowledge of the
amount of deviation from this average orientation is a limiting factor in
the accuracy of the stability analysis. If the drill core could be
oriented when future drilling is done, important knowledge would be gained
on discontinuity orientations.

Fault and joint orientations have not been measured on the Vangorda drill
core. Several major faults have been inferred but the nature, extent and
relative significance of these faults on the stability of the pit slopes
are not well known. |

Geologic structural mapping should be carried out as mining procedes.

Line mapping techniques on the bench faces should be used to obtain
information for a continually updated geologic structural map. Definition
of joint sets and confirmation of foliation strike and dip on the N.E.
wall are particularly important. '

New structural information will be used in a re-evaluation of the initial
slope stability analysis.
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6.3 DEWATERING:

The stability analysis clearly illustrates that a reduction in ground-
water pressures can increase slope stability significantly. The
recommended slope angles in Table 5 did not assume a fully dewatered pit
wall but analysis should be done, when more groundwater data is available,
to.determine if there is a significant cost benefit to dewatering the
Vangorda pit.

More piezometers are needed in the vicinity of the pit 1imits to monitor
groundwater pressures during mining and to assess the performance of any
dewatering systems that may be introduced.

Limited groundwater data collected to date indicates the possibility of
high groundwater pressures in the pit area. This possibility must be
investigated, especially in the N.E. wall.

Pump tests may prove valuable to define the viability of dewatering ore
and/or waste. This option will become easier to assess after pump
testing has been performed on the Faro deposit.

A11 surface drainage should be diverted away from the pit so that water
does not seep in behind the pit walls or drain into the pit. Room
should be left on benches at the overburden-bedrock contact to allow for
collector ditches.
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6.4 CONTROL BLASTING:

Control blasting techniques should be tested when mine production begins.
If successful, control blasting will increase the stability of the slope,
especially the bench stability. "Control blasting can reduce the loss of
cohesion on joint and foliation surfaces and this is very important
because cohesion is the most significant variable in the slope stability
analysis. The recommended overall slope angle assumes a relatively high
cohesion of 20 p.s.i. and control blasting will be necessary to maintain
this cohesion. Experience gained at the Faro Deposit will, hopefully,
define a successful control blasting system.
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6.5 SLOPE MONITORING:

A1l slopes should be monitored as mining progresses to detect slope dis-
placements before they become critical. An initial monitoring phase
using surveying techniques will be adequate unless serious instabilities
start to develop.

Monitoring will take place during the mine operating stage but advanced
planning is necessary during the mine design stage to decide the nature
and location of monitors.
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6.6 FUTURE CONSIDERATIONS:

A11 the above recommendations have been brief, but extensive studies, not
intended in the scope of this report, should be conducted on groundwater,
blasting and monitoring control. '
During the feasibility stage the following geotechnical work should be
considered:

1. Diamond drilling located in the area of the proposed pit Timits.
The drillholes could be used for core orientation, groundwater

investigation, structural interpretation and overburden depth.

2. Confirm the location of Vangorda Creek diversion and investigate
the possibilities of lining the ditch.

3. Determine the nature and extent of the overburden in the pit area.
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APPENDIX A

STRUCTURAL DATA AND CUMULATIVE SUMS
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8a,! 84,1 2ud -8 R 82, 220, A, 220, 0, 0, 8, 81,93
90,5 90,5 2.4 -9 2 78, 220, 13, 220, 15 4o, 13 69,69

L9247 92.4 2.5 -.9 73220, el 16 0. 18 G2..HS
99,7 99,6 2,8 el,! 76, 220, 13, 220, 1, uo, 18 50,21
105,68 105,7 3,8 e, 75, 220, 1%, 220, 14, 40, 15, 39,97
108,8 . 108,47 3ot 1,3 s S N BB eensmnss S s B OE) iz Ve 2t D s 196 o wonggo R92T25
114,9 11a,8 3,8 «l,b 18 @220, 17, 220, 1b, 4o, 17, 21,4H
121,0 120,9 4,3 -l ,9 T4, 220, 15, 220, Oy 04 1Y, 11,24

L1241 124,40 4,5 2,0 ] 15 s @ 0. LU 220 0 0. .14 0o

3 WK e S 6 e e 05 e e —y o —— G G 5 R 3o pw e




ANALYSED STRUCTURAL DATA FOR DDH3 V=28ek

CAREARCAAAR R A RARARARA R AR ARARARRARRARRAARR

CUMULATIVE

NOnNeHOLE TRUE meeea(FFSETSaemae SyMm FEAT, RECORDED=S2 CONVERSIONe1 CONVERSION=2  82«01P
neEPTH DEPTH EASTING NURTHING CA OLIR DIP DOIR 0IP DDIR USED SUM
22,6 22,6 -1 N 73, 220, 19, 220, 15, 4o, 195 9,63
29,9 29,9 .3 1,1 c 68, 220, a4, 220, 20, uo, au, “{u,26
35.17 35,6 .5 1,6 C 69, 220, .. @3, ..220, 18, _ 40, 23, =19,H49
a1 A 41,7 -8 2l P 58, 220, 34, 220, 30, 4o, 3u, 14,53
4n,0 47,9 1,1 2.7 P 86, 220, 25, 220, 21, 40, 25, =18,16
B T TS U $3.9 =1.5 3.3 P 63, 220, 28, 220, 25. 40, el =)86.79
80,0 59,8 1,9 3,8 P 73, 220, 17, 220, 1a, uo, 175 30,42
56,1 ' 65,9 2,4 '] P 65, 220, 25, 220, 23, 40, 5% «34,05
12,8 72,5 3,0 Sl R .52, 220, 38, 220,.....36,~ 40, 38, 24,68
78,9 78,5 -3,7 Sl ¢ 57+ 200; 33, 220, 3. 4o, 34 =20,32
84,7 84,2 4,4 6,4 ] S6, 220, 33, 220, 32, 4o, 33, =15,95
A9, 2 88,7 =5.0 7.0 S 72,220, \4, 220, 0. 0. 14. =30,5R
95,1 94,5 =5,8 s B u8, 220, ay, 220, 0, O qal, 18,21
101,2 100,4 6,8 8,6 P 58, 220, 30, 220, 0, 0, 30. T el6,B4
107,0 106,6 *1.9 9,6 P ___ .. .._.54, 220, ____ 34, 220, ___ 33, 4o, sq, =-11,47
113,7 112.0 =8,9 10,6 ¢C 58, 220, 30, 220, 27, a0, 50, “-10,11
119,.8 118,4 10,1 11,8 C 64, 220, 23, 220, 19, 4o, 23, 15,74
1260,5 124,9 =11,3 13.2 bd 50,220 40,220, 34 40.. 4o, =437
132,3 130,4 12,4 14,5 M 56, 220, 33, 220, 21, 4o, 58, .00




ANALYSED STRUCTURAL DATA FDOR DDht Ve30=R

ARAAAARRARANARRNEAARARANAANAAARARAAARARARAR

NOwNeHOLE TRUE  «ew=eQFF3t]Seweean SYM FEAT, RECORDEO=S2 CONVERSION=1 CONVERSION=2  82=DIP  CUMULATIVE
NEPTH DEPTH EASTING NORTHING CA  DDIR DIP DODIR DIP ODIR USED SUM
17,4 17,4 o1 .3 C 69, 220, 23, 220, 19, 4o, 23, 16,29

21,0 21,6 .2 -4 0 82, 220, 10, 220, 6, 40, 10, 45,57
20,1 2747 W5 .. =46 € . . 81, 220, ___ 25, 220, 20, __ 40, . 25, .. =59,B6
31,8 33,8 .9 -7 C 15, 220, 17, 220, . 13, 40, 17 82,14
39,0 39,0 1,2 e84 C 70, 220, 21, 220, 18, 40, 2% 100,43
_ 44,8 4,7 1.6 -9 __ ¢ 6%, 220, 28, 220, 2. 40, 24, =J11.71
49,7 49,6 1.9 1,0 E 65, 220, 20, 220, 24, 4o, 2b. =125,00
54,9 54,8 2.2 -1,2 € 30, 220, 61, 220, 59, 40, 61, -103,29
62,5 . 62,4 . 8,9 L3 . A S— 61, . 2204 .. ..@89.. 2200 @8y 00, - =113,57
03,3 68,2 2.8 -1,5 P 54, 220, 36, 220, 35, 40, 36, =116,86
12.5 72,4 3,0 1,6 P S8, 220, 33, 220, 31, 40, 33 123,14
_R2,6 82,5 3.4 =17 P 525020 40,_.2R0., 36040, ug =122.43
47,8 87,7 3,7 1,7 ] 1, 2eo, 55, 220, 51, 40, 55, 106,71
91,6 93,5 4,0 “l,b P 43, 220, 49, 220, 4s, 4o, 49, «97,00
9A,8 94,7 _obg2 “1.5. P . . 37. 220, . . Sb,. 220,..... 50, 40, 56, =80,29
105,2 105,1 4,5 -l,4 P 28, 220, 65y 220, 59, 40, 65, “54,57
111,3 11,2 4,7 “l,l P 8, 220, 85, 220, 79, 4o, 85, ~H, Bb

. 117,8 117.0 4.9 L) R 0, C Y [ (ORISR | J— 54, 5.86
121,9 121,7 4,9 -6 P 61, 220, 32, 220, 26, 40, 52, 1,43
128,0 127.8 5,0 -2 P 62, 220, s51, 220, 25, 4o, 31, 9,71
1332 S 133,0 S0 Wl P Wb, 220, W9, 220, ... U3,. 40, ... 49, . .00




ANALYSED STRUCTURAL DATA FOR DDH: VelSer

AN AAMANARRAARNANAARARRAARARRARARARARARARAN

D0wNeHOLE TRUE  wewee(FFSETSewees SYM FEAT, KRECORDED=32 CONVERSION~! CONVERSION=2  82=DIP  CUMULATIVE

NEPTH DEPTH EASTING NORTHING CA DDIR DIP DDIR DIP DDIR USED SUM
19,2 19,2 A ¢ 2 63, 220, 29, 220, 25, 40, 29, R.60
23,5 21,5 .5 P 70, 220, 22, 220, 18, 40, 22, 10,20
27,4 27,4 o § P R 80, 220, . 13, 2204 _ . V.. _u0, 18, . . 2,80
32,9 32,9 1,0 P M 83, 220, 10, 220, a, 40, 10, 7,60
35,7 35,7 1,2 ¢C 70, 220, 23, 220, 16, 40, 235, «5,00
_ 33,7 38,7 Lo Gl TS, R, . - 19, 220, 1l 40, 19, =H U0
a2, 42,1 1.7 C b4 av, 220, 14, 220, b, 4o, 1u, 12,80
46,9 46,8 FI 70, 220, 25, 220, 15, 40, 25, 8,20
§2,1 52,0 2,5 79, 220, . .. 19,220, ... 10,. 40, 19, =9,60
60,4 60,3 3,1 60, 220, 35, 220, 25, 40, s5, 5,00

69,2 69,1 1, 3.7 85, 220, 9, 210, te 30, axa NO VALUES USED
75.0 74,8 Lo 4, 80, 220, 4. 220, & uo, 14, =100
RO,Q 80,7 = 4,5 R 8, 220, 16, 220, By uo, 106, =-5,80
82,0 81,8 1, 4,5 P 0 80, 220, 14, 220, 6, 40, 14, 12,20
82,9 . 82.1. Ao U6 P S .83, 220, ... 11, 2204 .. 3, .. 40, s 21,60
46,3 86,1 1. 4,8 P z 1%, 220, 20, 220, 10, 40, eu, =22.00

83,9 88,7 ~ 2. 5,0 P R 45, 220, 10, 217, 0, 37. waa NO VALUES USED
oI 9202 PR SR P W A 200, . 19, 220, 5 40, 154 =27,40
96,6 96,4 2,5 9,5 P as, 220, 10, 220, 0, 4o, 10, =37,80
100,2 100,0 2.7 5,7 P R 10, 220, 25, 220, 15, 40, 25, =33,20
105,8 105,55 1. 3,0 . bl P e 0y 000 25,2204 15,.. 40, 25, -28,60
11,9 111,06 3. 6,5 Cc S 70, 220, 26, 220, 14, 40, 2b, -23,00
118,0 117,17 3,9 6,9 P 65, 220, 31, 220, 19, uo, 31 4 =12.,40
120,17 120,4 4,1 Tal__ P h5.__220, 31,220, 19 40, 31 =1,80
127,1 126,7 4.8 7, P 70, 220, 26, 220, 13, 40, 26, 31,80
130,1 129,7 Sl 7.6 P 72, 220, 24, 220, 11, 40, 24, 7,40
134,4 137.9 6,2 . Bel P70, 220426y 2204 . . 13,.. 40, 26, 13,00
145,4 144, 8 -T41 8,4 P 82, 220, 1, 220, 14, 220, 14, 6,60
148 .4 147 ,8 7.6 8,5 P 8a, 220, 4, 220, 11, 220, 110 2,80

151,58 150.9 8.0 B.6__ P BSa _ RR0a Uy 256a_ \Hae 256 wnxx_NO_VALUES_USED
160,06 159,.9 9.5 8,9 P A0, 220, 16, 220, , 4o, 16, 7,20
166,7 165,9 10,5 9,1 P 15, 220, 21, 220, 6, U0, 2l =6,60
171.3 170,4 11,3 9,0 P P 70, 220, 27, . 2204, 11, ... 40, s .00

A R

\




ANALYSED STRUCTURAL DATA FOR DOMp VedTeR

CARAANRABARAANRRAARRARRRARARRAKAARANARARARAR

~

N0wNnewHOLE TRUE evwea(fF§ETSevan= SYM FEAT, RECURDED=S2 CONVERSION=1 CONVERSION=2 §2=0]P CUMUL ATIVE
CEPTH DEPTH EASTING NURTHING CA ODIR 0IP DDIR DIP DODIR VSED SumM
34,1 34,1 ol oA P 20, 220, 71, 220, 69, 40, T1. 46,61
36,3 3643 ol 4P 35, 220, S6, 220, Su, 40, So, 78,21
40,5 L80,S W2 WS P2 .. 60, 220, 32, 220, 28, 40, ... 32, . .. . 85,82
45,1 45,1 o3 o7 70, 220, 22, 220, 18, 40, rim 83,43
5% 51,2 S 8 73, 220, 19, 220, 15, 40, 19 78,04
54,3 54,3 o8 K 70, 220, 22, 220, 18, 4o, 22, 75,64
60,4 60,4 b 1,1 75, 220, 17, 220, 18 40, 17, HbH,25
63,4 63,4 o7 1,1 83, eeo0, 9. 220, S uo, 9, 52,86
7,9 71,9 8 Vel A0, 220, P2, 220, 18, W0, ... 22, 50,46
78,6 8.6 1.0 1.5 75, 220, 17, 220, 13, 40, 17, 43,07
84,7 84,7 1.1 1,6 80, 220, 12, 220, 8, 4o, 12, 30,68
90,8 90,8 1,3 1,7 80, 220, 12, 220, 8, 4o, 12, 18,29
93,3 93,3 1.4 1.8 80, 220, 12, 220, 8, uo, 12, 5.89
96,4 - 96,4 1.5 1.8 C s A0, 220, 11, 220, 8, 4o, 1. =7.50
101,0 101,0 1,6 1,8 C M 75, 220, ___ 16, 220, _ V4, 40, _ _ lb.__ 15,89
106,! : 100,1 1.8 1.8 c 80, r20, 12, 220, 8, 4o, 12, 28,29
109,1 . 109,1 2,0 1,8 C 70, 220, 22, 220, 18, 40, 22, «30,68
12,2 112,2 2,1 1,9__ ¢ 10, 220, 23, 220, 17,40, 23, =32,07
114,9 118,8 245 2,0 c 80, 220, 15, 220, b, o, 13, =U3 4o
124,4 124,3 3.0 eal (4 M 80, 220, 14, 220, - 4o, 14, «531,86
130,95 130,4 3,5 2.2 C S 53, 220, 42, 220, 32, 40, . 42, =34,25 _
130,6 136,48 4,2 2,3 p T 80, 220, 1u,” 220, 4, 4o, 14, U6, b4
139,06 139,4 4,06 2.4 P 65, 220, 30, 220, 19, 40, 30, 43,04
a2, 142,4 5,0 2,4 P bU, 220, 31,220, 20, 4o, 31, 34,43
1un, 4 148,1 iy 8 r% P 70, 220, 25, 220, 14, 4o, 2, 33,682
151,48 15135 6,3 2,6 P P 85, 220, 3, 263, 13, 263, Aran NO VALUFS USED
154,5  154.2 Byl 2,6 P _ S 10, 220, 25,220, . . 13, 40, 25, -33,2)
160,9 ' 160,95 1.6 21 4 50, <220, 4o, 220, 13, a0, b, 11,61
176,8 176,2 10,4 3,0 60, 220, 3o, 220, 23, uo, 36, .00




ANALYSED STRUCTURAL DATA FOR DDH:

ML AR AR AR ARAGRCARARRARARARANARRAARRAR AR

Vel9eR

OCateHNLE TRUE wmeea(FFStTSemwea SyM FEAT, RFCORDEDN-S2 CONVERSION=1 CONVERSION=2 8§2=DIP CUMULATIVE
NEPTH DEPTH EASTING NURTHING CA ODIR DIP  ODIR DIP DDIR USED SUM
41,5 41,5 9 1,4 P 68, 220, 27, 220, T a0, 27, -,31
46,0 40,5 1,2 1.7 (3 5%, 220, 4o, 220, 3n, 40, 4o, 12,39
97,9 S 1.5 1,9 P B2, 220, 13, 220, __ 3, a0, 13, =-1,92
S3,9 53,8 Yoil 2,0 42, 22u, 15, 220, e uo, 135, =16,22
57,0 . 56,9 1,9 2.2 T4, 220, 2lq 2204 G ao, el, 22,53
63,1 03,0 2,4 2.5 68, 220, 27, 220, 17, 40, 27, =P2,H3
L) 6R,7 2.9 2,8 15, 220, en, 220, % un, ‘0, «30,14
.9 11,7 3,1 3.0 K2, 220, 13, 220, ' 2s ao, 13, =lhn, 4y
75.1 74.9 T 3.4 L PRI 70, 220, 25, 220, A4, o, 25, =u6,75
19.2 79,0 3.8 33 55. 220, ao, 220, 29, 4o, an, -5u 06
HO B 80,6 3.9 3.0 8o, 220, 15, 220, u, uo, 155 =l6,36
. Ba 83,9 4,2 3.0 50, 220, Ub, 220, 3, 4o, 4b, LAY
81,5 87,2 o6 3,7 P R 3s, 220, ol, 22u, 09, uo, 61, 6,03
89,3 A9,0 4.8 3,6 P a3y, 220, 53, 220, ay, uo, 54 31,72
92,0 L I Se0__ 3,9 P 2 55,220, 4, 220, . . 29, 4o, ar, _us,ne
96,3 96,0 5.5 U, P 45, 220, 51, 220, 39, qn, 91, 69,11
99,1 94,8 5.8 4,2 P 75, 220, 20, 220, 9, o, 20, 61,81
1021 101,7 6,2 4,3 © 65, 220, 33, pfa, 19, un, 8, h9, 50
105,2 104,8 0,5 [ P 67, 220, 29, 220, 16, 40, 9, 07,19
100,17 106,3 6,7 4,5 P R 65, 220, 3, @20, 18, 40, 5. 70,89
111,83 110,9 _ 7,3 4,7 P S 65, 220, 31, 220, 1A, 4o, 31, 74,58
114,06 114,1 7.8 4,b P 68, 220, 28, 220, IS, 40, e, 75.28
17,7 117,2 8,2 4,9 P 80, 220, 16, 220,  HR 40, 16, 63,97
119,2 118,7 8.4 5,0 P R 17, 220, 19, 220, 5. uo, 19, 55.67
123,9 125,3 9,2 S.2 P R 7a, 220, 23, 220, 7, 4o, 23, 51.36
126,9 126,3 9.7 53 P 68, 220, 29, 220, 13 4o, 29, 53,06
128 ,8 1268,1 10,0 5,3 C___S8 _ 70, 220, _ 27, _2eo0, 11, un, 2T 52,75
132,9 A32,2 10,7 5.5 P R 16, 220, 21, 220, 4, 40, 21 46,44
134,1 133,4 10,9 5.5 C S 70, 220, 27, 220, 1, uao, 27, 06,14
e 138,7 137,9 11,8 9.7 R 80, 220, 2, 220, 15, 220, 15, 33,83
139,3 138,5 11,9 5,7 S 77, 220, 19, 220, 24 ao, 19 25,53
11,7 140,8 12,4 S.H P 2 B4, 220, 0, 0, 0, 0, aan NO VALUES USED
145,4 144,84 13,1 5,9 .75, 220, _ 22, 220, __ 4, uo, 22, 20,22
147,5 146,5 13,0 5.9 R 68, 220, 3o, 220, 11, uo, 30, 22,92
1515 150,4 14,4 6,0 P 70, 220, e?, 20, L u0, 2l. f2.61
157,6 150,3 15,8 6,2 85, 220, 0, 0, 0, 0, Asa NO_VALUES_USED
160,06 1992 16,5 6,2 8o, 220, % 220, 1, 220, 11, b3
106,17 165,2 18,0 6,3 R 1%, 220, 21, 220, {9 40, 21, 00




ANALYSED STRUCTURAL DATA FOR DDHi VebleR

BARMARAARANAARRARAAARRARARANRARARARAARNAARARA

D0WNeHOLE TRUE  eee==0FFSET1Se=eaee SyMm FEAT, RECORDED=S2 CONVERSION=1 CONVERSION=2  S$2=DIP  CyUMULATIVE

nEPTH _DEPTH EASTING NORTHING CA  ODIR D1P DDIR DIP DODIR USED SUM
32,6 32,6 .3 .3 55, 220, 35, 220, 35, 40, 35, 7.35
u1,8 41,8 , =t .4 82, 220, 8, 220, 0. 0, 8, -12,30
80,1 66,1 -5 5 P R 78, 220, ... 14, _220, . ___ 10, _. 40, 14, -25,95
09,2 09,2 o 5P s 65, 220, 27, 220, 23, 40, 27, “26,60
70,1 70,1 -.u .5 P 2 68, 220, 24, 220, 19, 4o, 24, “30,25

— 11,9 71.9 =.3 Wb P S 60, 2P0, 33, 220, 27 40. 33. =24,90
78,3 78,3 -l g 70, 220, 2%, 220, 16, 40, 23, ~29,55
84,4 84,4 2 9 P 2 08, 220, 26, 220, 18, 4o, 26, -31,20
a7,5% 87,5 ~.3 1,0 P 2 _____bb, 220, . _ .28, 220, ... .20, uo, 28, «30,R5
92,0 92,0 b 1,8 p 55, 220, 40, 220, 30, 4o, 4o, -18,50
98,5 98,4 .9 1,7 » 2 60, 220, 35, 220, 25, 4o, 35, -11,15
1027 102,86 L2 2,0__ P S_ 13, _R20,.___ 23.__2R0, e 40, RS =15.R0
106,1 106,0 1.6 2.2 P 0 50, 220, 3, 220, 24, w0, 36, TS
107,06 107.5 1.7 2.3 P s 65, 220, 31, 220, 19, 4o, 31, -u,10
110,0 .110,5 _' 2.0 2,4 P ... .61, 220, ... 29, .220,._...16,. 40, 9, “2.75
115.5 115,3 2,7 2.6 P 65, 220, 31, 220, 18, 40, 3. .60
118,6 118,4 3,1 2,1 » z 65, 220, 31, 220, 18, 40, 3, 3.95
123, 122.8 3.8 2.8__P 62, 2P0 33.__220. 2la__40, 33, 9.30
126,0 127,71 u,b 2.7 P 70, 220, 23, 220, 13, 40, 23, 4,65
133,2 132,8 5,5 2,6 P R 70, 220, 23, 220, 13, 4o, 23, .00




ANALYSED STRUCTURAL NDATA FOR DDH: V=094=R
AAAGAARRARRARRARARAARRRARARRARRRAARARARARAR

D0aN=HOLE TRUE meene(FFSETSe=ea=a SYM FEAT, RECORDED=S2 CONVERSTON=1 CONVERSION=2  82«DI1P CUMULATIVE
DEPTH DEPTH EASTING NORTHING CA  DODIR 0IP DOIR OIP ODIR USED SUM
25,5 29549 ol o3 P 75. 220, 14, 220, 14, 40, 16, 7,13
30,8 * 30,8 ’ P L o4 P 12, 220, 19, 220, 17, 40, 19, =11,26
36,6 36,6 .2 5 C 5, 220, ... .17, 220, . _\3,_ . 40, 17, “17,39 : ,
42,7 42,7 o3 al C 15, e20, 17, 220, | 7 40, 17, -23,52
47,9 47,9 & 9 ¢ 33, 220, 59, 220, 55, 4o, 59, 12,35 .
_5%,9 53.9 a9 1y P 70,220, 22, 220, 18, 40, 22. 1,22
57,0 57,0 9 1,2 P 15 229, 19, 220, 15, 40, 19, 7.09
66,8 66,8 o7 1.6 c 80, 220, 13, 220, Te 40, 13, 3,04
72,5 72,5 ) .9 1,9_ P _ .. 65, 220, . .28, _220, _ 22,. uo, 28, 1,83
78,0 78,6 i 1.0 2.2 P 65, 220, 28, 220, 22, 40, 28, 6.70
84,7 84,6 1.3 248 c 65, 220, 29, 220, &y 4o, 29, 12.57
90,8 90,7 L 2,8___¢ 82, 220, 1Pa__220, C PR 124 1,43
9,9 96,8 1.9 3.1 C 80, 220, 14, 220, b, 40, 14, =7.70
103,0 102.9 242 343 [ 70, 220, 24, 220, 16, a0, 24, wb,83
109,1 109,0 247 . 346 € e 80, 220, 15,2204 ... S5, .40, 15, 14,96
115,2 115,0 3,2 3.9 c 72, 220, 23, 220, 124 4o, 23, =15,09
121,3 121.1 3,17 4,2 C 58, 220, 38, 220, 26, 4o, L1 -.22
_ 127,44 127,.2 4,4 4,5__C 70, 220, 26,220, 14 40, eb. 2.65
132,9 132,06 5,0 u,? [= 67, 220, 29, 220, 16, 40, 29, R,52
139,0 138,17 5.8 5.0 c 7TH, 220, 18, 220, 4, 40, 1H, .39
145,5 . 145,1 6,7 _ . 5.,3_.C_ - 75,..220, .21, . 2204 ... 1. uo, 21, 1.206
150,9 150,4 7.5 5.5 c 7%, 220, 21, 220, 7, 40, 21, -, 87
152,99 157,.3 8,6 S.7 c 72, 220, 24, 220, 10, a0, eu, 00




ANALYSED STRUCTURAL DATA FOR DDHt Vell1S5eR
AN AANNARRARAARARRARARARAAARARARRARARRARR

DOaNerOLE TRUE meeew)FFSE]Semmea SYM FEAT, RECORDED=S2 CONVERSION=1 CONVERSION=2 82=01P CUMULATIVE
DEPTN DEPIH EASTING NURTHING CA VDIR DIP ODOIR DIP DDIR USED SuM
3.8 3.8 , 0, 0, P 2 15, 220, 16, 220, 14, 40, 16, © oeld4,66
T} 7.3 0, 1 P 68, 220, 24, 220, 20, 40, 24, 21,31
11,06 11,6 . . . =2 P 60, 220, 32, 220, _ _ 28, 40, 32, .. ®19,97
14,6 14,0 o3 -3 P 62y 220, 30, 220, 26, 40, 30, =20,62
17,7 17,7 o5 =4 P 60, 220, e, 220, 28, 4o, 32, -19,28 i
20,7 20,7 al - 4___ P M 60, 220, 32,220, 28, 40, 524 =17,93 .
23,8 23,8 9 -4 P S0, 220, ue, 220, 18, 40, ue, “6,59
26,5 . 26,5 1.1 -5 P 40, 220, 52, 220, us8, 4o, 52, 14,76
29,3 29,3 1.4 =5 P ... 48, 220, _ 44, 220, 39, 4O, 44, . e8,10
32,6 32,5 1.6 -5 P z 55, @20, 371, 220, 38s 40, 37. 34,45
38,1 38,0 2,1 .6 4 55, @220, 3, 220, 32, 4o, 36, 41,79
_ar 4140 2,4 2-0__5—__..__?5,._?20-__._55;_2204____"2..__“0- 64, 79.14 g
47,2 a7,.1 2,9 -,b 98 220, 38, 220, 31, 4o, 34, A6,48
%2.1 52,6 3.5 =0 58, 220, 35, 220, 28, 40, 35, 90,83
58,8 ... 58,6 4,1 "0 2 il T 70, 220, 23, 2e0, 16, o, 23, 83,17
64,9 64,7 4,7 -7 62, 220, 31, 220, 24, 40, 31, 83,52
69,5 69,3 S.! -7 68, 220, 2%, 220, 18, 40, 25, 77.H6
73,3 1340 5.5 =.8 60.__220, 334220, @l H04 33 “0,21 B
95,4 95,0 7.6 -1,2 c Z 10, 220, ed, 220, 17, 4o, 22, 71.55
101,5 101,1 8,2 ), 4 G 15, 220, 16, 220, 12, 40, 16, 56,90
106,1 .. 105,7 8.0 ) 50, QN S——— | e Iy [ [} [RPONI, U | RO 10, . 36,24
109,1 108,7 8,9 1,06 G 15, 220, le, 220, 12, 4o, 1o, © 21,59
115,2 114,8 9.5 e]1,8 c 72, 220, 19, 220, 15, 40, 19, 9,93
_121,0 120,5 10,1 2.1 P 74,220 17 220 12 40 17 =3,72
127, 126,5 10,9 2,4 P 60, 220, 32, 220, 2b, 40, 32, =-2.38
130,95 129,9 11,4 =2,5 P 60, 220, 32, 220, 26, 40, 32, . 1,03
135,0 . .134,4 | i O (R Y [ S m— (\ [OSON-.[ | (RSN} e | [ m—— 18 «80e = el, =10,69
137,2 136,5 12,4 2,9 P 50, 220, 43, 220, 36, 40, 4s, 1.66
143,0 142,8 13,5 «3,3 P 63, 220, 29, 220, r 3 4o, 29, .00




ANALYSED STRUCTURAL DATA FOR DOH: v=126=R

AARARASARARAARARNARATARARARAARRARARARBARARA A

DOwN=HOLE TRUE  wweea(fFSElSe=wes SYM FEAT, RECORDED=S2  CONVERSION=1 CONVERSION=2  82=01P  CUMULATIVE
DEPTH DERTH EASTING NOKTHING CA  OLIR DIP ODIR 0IP WLDIR USED SUM
19,8 19,8 % | -2 o 67, 220, 24, 220, 22, 40, 24, 6,22
25,9 25,9 o2 -4 C 5, 220, 17, 220, 13, 4o, 17, 5,43
32,0 32,0 N -5 ¢ . b4, 220, .27, ,220, __. _.25,._. .40, 27, 14,65
38,1 38,1 .t -7 C o8, 220, 23, 220, 21, 4o, 23, 19,87
4a,2 44,2 9 -9 C 571, 220, 33, 220, 0, 0, 3%, 35,09
49,7 49,7 . 1.1 =1,0 C J6.__ 220, \Ua 220, 0. 0. 14, 31.30
S6,.4 S6,.4 1,3 1,3 ¢ 70, 220, 19, 220, 21, 4o, 19, 32.52
60,4 60,3 1.9 “l,b P 70, 220, 18, 220, 21 40, 14, 32,74
67,1 .. 61,0 1,6 =-1,9 € L .._.b8, 220, . 20, 220, _.. 24, . 40, _ _ 20, 34,96
15,3 13,2 1.7 2,3 3 12, 220, 15, 220, 21, 4o, 15, 32,17
78,8 78,5 1,7 2,7 € 46, 220, 41, 220, a7, 0o, 4y, 55,39
84,7 84,6 1.0 =3, C 61, 220, 19,220, 21 40, 19, Sh,bl
90,8 . 90,7 1,4 3,6 [« 12, 220, 13, 220, 23, 40, 13, S51.43
96,9 96,7 1 | =ty [4 13, 220, 11, 220, 23, a0, 11, 45,04
103,0 __ 102,8 b “8,6 C - .58, 220, 25, 220, 39, _uo, 25, 52.26
109,1 108,9 0, 5,1 C 17, 22v, S, 220, 20, 40, Se 39,48
115,2 114,9 -,8 -5,4 C 70, 220, 12, 220, 27, a0, 12, 33,70
121.3 120,9 el.7 N R - E—— -\ ] Ja 220, 21 . 40, 1a 22,91
127.4 126,9 2,8 «5,7 [ 77, 220, 4, 220, 16, 40, 4, 9,13
133,5 132,9 «3,9 5,5 € b4, 220, 20, 220, 28, 40, 20, 11,35
139,6 . 138,9 . ____=5,0 _ 4,9 . C____ VIR R — Opooeece O ... %&kx NO YALUES USED
145,7 144,8 =5,9 4,0 € 75, 220, 1, 220, b, 40, 1o 4,57
151,8 150,8 ®b,b 2,8 C 78, 220, S, 220, 9, 220, 9, 4,22
Y8769, 150.7 6.9 =1.3 C oo e oo Ko 220, 0. 0.0 0 O ans_NO_VALUES_USED.
165,8 104,4 «7,0 & i€ 15, 220, 22, 220, 1 a0, 22, .00

.




ANALYSED STRUCTURAL DATA FOR DDH: ve=133=R

BAAGARRARARRNSARARAARARAARARAARARAARARARARA N
DCwNenOLE TRUE emaea(fFSElSemee= SyM FEAT, RECORDED=S2 CONVERSION=1 CONVERSION=2 82=DIP  CUMULATIVE
EPTH DEPTH EASTING NURTHING CA ODIR OIP DOODIR DIP DOIR UStD SuM
9,8 9,8 0, all C 70, 220, 21, 220, 19, 4o, 2%, 1,59
152 15,2 0. o! (g 67, 220, 24, 220, 22, 4o, 2u, -, 18
21,0 21,6 il & €. _ 63, 220, 28, 220, ____ 2b, uo, 28, 5,23
217,17 21,7 <3 3 € 12, 220, 20, 220, 16, 40, 20, 2.64
33,8 33,8 o9 ] c 5, 220, 17, 220, 135 4o, 17, =2,95
19,9 39,9 o1 W6 C 75,220, 18, 220, 1R 4o, 18, =7.5%
48,2 48,2 1.1 B C 16, 220, 17, 220, o 4o, 17s 13,14
Sa,6 S4,6 1.5 1.0 c 83, 220, 11, 220, 3, 40, 115 -24,73
59,7 .. 59,6 1,9 12 C . B1, 220, _ 13, 220, .. . 4, wo,. ... 13, o =34,32
65,8 65,7 2.4 1.4 C 82, 220, 12, 220, 3% 4o, 12. =uu4,91
71,6 71,5 2,8 U6 € 12, 220, 23, 220, 13, 4o, 23, 44,50
_11,7 17.6 a3 1.9 3 17, 220, 17, 2RQ0. B8, 40, 174 =50.09
83,2 83,0 357 2,1 t 15, 220, 19, 220, 10, ao, 19, 53,6l
89,3 89,1 4,2 2,8 ¢C a2, 220, 12, 220, 3, 4o, 15 -64,27
93,9 93,7 4,6 - ] ¢ _ 80, 220, ___ 15, 220, _—— 40, 15, «71.86
100,0 99,8 51 2.8 ¢C 15, 220, 20, 220, 9, 4o, 20, =74 ,4Y
505,59 105,2 Se7 . 3.1 C 60, 220, 36, 220, fu, 40, 36, 61,05
_ 11,0 1113 6.3 Sl e O P00 Al 200, 30, 40, 4a, =39.64
118,9 118,5 7.2 3.9 S 67, 220, 31, 220, 15, uo, 31 =31,23
125,9 125,.4 8,3 4,4 S 55, 220, u4, 220, 2s, 4. 4u, -9,82
132,3 131,7 . 9,4 - 5,0 | k.16, 220, e, 220, ... . 2, . . HO, . .. .24, =f8,41
136,6 135,9 10,2 S.4 C 70, 220, 51, 220, 7, 40, 31, .00




g

ANALYSED STRUCTURAL DATA FOR DDH: V=309

ARRRAARRAARAAARAARARARARARARAARRARARRRRRA

DO#N=HOLE TRUE  wee=eQFFSETSewe=e SyM FEAT, RECORDED=S2 CONVERSION=1 CONVERSION=2  82=DIP  CUMULATIVE
NLPTH DEPTH EASTING NURTHING CA  DODIR DIP ODIR DIP DODIR USED _ Sum
38,1 38,1 -1 1,2 P 59, 220, 33, 220, 28, 40, 33, 2,47
46,9 46,9 0, T P 80, 220, 12, 220, 1 40, 12, 16,06
51,0 $3,0 0,7 7T .. 1.9 P . 52, 220, ___ 40, _22Q¢___ . _3b6s _ 40¢.._....40,. _ . _ ®b,59_
59,4 9,3 o1 2,2 P 49, 220, u3, 220, 39, 40, u3, 5,88
a7,4 67,3 ' " | %) c 53, 220, 39, 220, 39, 4o, 39. 14,35
12,8 1257 WU 2.7 (o 98, 220, 35, 220, 29. 40, 35. JR B2
72,0 18,5 b 2.9 C 71, 220, 22, 220, 16, 0. 2y 10,29
84,1 A4,0 o9 3.1 o 75, 220, 19, 220, £ "o, 19, =-1,24
90,2 90,1 __ . 1,3 v 3,4_C 69, 220, 26, 220, ____lb, . U0, ... 26, 5,76 _
96,3 96,2 L7 3.7 C 62, 220, 33, 220, 23, 40, 53, »3.,29
102,48 , 102,2 2,3 4,0 € b6, 220, 29, 220, 18, 40, 29, -4,82
107.9 1074\, 2.8 4,2 C 63, 220, 33,220, 21 40, 3. =2.35
14,0 114,4 3.6 4,6 E 59, =220, 38, 20, | 24, 4o, 38, 5.12
120,7 120,4 4,4 4,9 ¢ 59, 220, 38, 220, 2u, 4o, 38, 12,59
127,7 127,3 o S8 o S 3 k6B, 220, . 29...220, _.__ V4, _ WO, .. 29......_11.006
134,7 134,2 6,4 S,6 M 15, 220, 23, 220, 6, 40, 23, 3e 53
140,8 140,2 7.4 6,0 [ 71, 220, 27, 220, 10, qo0, 27, .00
143,9 143,3 7.9 6.2 P 89. 220, 94291 19.. 251, Anx NO _VALUES_USED,




ANALYSED STRUCTURAL DATA FOR DDHg ve313
AARRARARRRRAAAARAARRRNARAARARAARARARARRRR

DUWN=HOLE TRUE weece)FFStTSesmwe SYM FEAT, RECORDED=S2 CONVERSION=]1 CONVERSION=2 §2=01P CUMULATIVE

nePTH DEPTH EASTING NOURTHING CA ODIR 0IP DOIR OIP DODIR uSe0 SumM

21,0 21,0 0, o2 c 45, 220, 46, 220, uq, 40, 46, 7.75

25,9 25,9 ol 3 c 46, 220, 45, 220, 43, 40, 4s, 14,50

32,0 32,6 Y- Gl e s Nomsaimrse D0 B Ol b ] dsl @0 oo Ve W0 « Bls =12,7%

38,17 38,7 4 b c 65, 220, 27, 220, 23, 40, e« 24,00

4s,3 45,3 o4 o7 c 17, 220, 15, 220, 1t 40, 15, 47,25 .
Y 5.2 ) a9 C 69, 220, 23, 220, 1. 40, 23 =62,90

3 " $7,3 ) 1.2 C 52, 220, 40, 220, 36, 40, 40, 60,75

63,7 63,7 o7 1,4 P 47, ea2o0, 4s, 220, 41, 4o, us, «Su,00

69,8 69,8 o7 te7  C.__ .. 56, 220, ____ 36,__220, _____ 32, uo, b, . =56,25 .

15,9 75.9 & 2.0 P 48, 220, a4, 220, 4o, 40, 44, =50,50

81,4 . 81,4 o7 2.3 P 42, 220, S0, 220, 4s, 40, 50, =38,75

87,0 86,9 ) 2 P 30,220, 624220, 87 40, 62, =159,00 s

9,7 91,06 S 3.1 P 72, 220, 20, 220, 15, 40, 20, =33,25

97,5 97.4 «3 3.5 P 33, 220, 59, 220, 554 4o, 59, =12,50
103,0 . __102,9 csm wn mg w WOl P .50, 220, ... #42,_.220.. ... 3b6,. . .40, i RN TS | —
108,2 108,0 -3 4,5 P us, 220, 47, 220, a3, 40, 47. 0,




ANALYSED STRUCTURAL DATA FOR DDH: V=31A8
N NAARNARRANNARRARRRRRARARARARRARAARRARANR

MULATIVE

00wN=HOLE TRUE epama(fF3tTSnwewe SYM FEAT, RECORDED~S2 CONVERSION=1 CONVERSION=2 82=01P cu
DEPTH DEPTH EASTING NORTHING CA DODIR olp DOIR DIP ODIR USED SUM
6,6 6,6 0, ol S4, 220, 37, 220, 35, 4o, 37. 10,78
11,0 11,0 0, 2 c 5S, 220, 37, 220, 33, 40, 3l 21,56
14,5 18,5 o1 W3__C C] 63, 220, 30,220, 24, __u0, S0, L 25,34
19,0 19,0 - - @ +9 c M 60, 220, 34, 220, 26, 40, 3u, 33,13
21,9 2149 o3 o7 P 66, 220, 28, 220, 20, 40, ed, 34,91
25,0 25,0 .5 9 (4 S 65, 220, 30,220, 20, 40, 50, 38,69
29,3 29,3 o | 1.2 40, 220, 15, 220, S 4o, 155 27,47
34,1 34,0 1.1 145 P 71, 220, 23, 220, | & o 4o, 23, 24,2%
34,7 38,6 _leb6 __V,8__C___ 70, 220, __ 26, 220, _ __ 13, __ U0, ... 2be____. . Pu,03
41,8 41,7 1,9 1.9 c S 70, 220, 20, 220, T uo, 20, 17.81
47,9 47,7 2,8 2,2 () 1%, 220, 21, 220, i 40, 21, 12,959
52,4 52,2 3.4 2,4 C 75,220, £ls 220, Ta 40, 2l 7.38
S7,6 57,3 4,1 2.6 C ] 15, 240, 21, 220, 8, 4o, 21 2.16
61,9 L6l.6 4,0 2,8 P 75, 220, 21, 220, 8, 4o, 21, «3,06
65,8 65,4 Sel ... 360 C___ S 82, 2204 ____ 13,2204 ... lq_._H40,._ 13, . “l6,28
67,1 66,7 53 3.0 £ z 18, 220, 18, 220, S o, 18, 24,50
12,2 71,8 S.9 3,2 (] 75, 220, 2t, 220, 8, a0, 21, 29,72
78,3 7.8 6,6 345 70,220, 26,220, | 26, 29,94
81,4 80,9 v 7.0 3.0 12y 220, 24, 220, 18, 40, 2y, =352,16
87,5 87,0 7.7 3.8 73, 220, 23, 220, 1) 40, 23, =35,38
93,6 93,0 8,4 U, 72, 220, 24, 2230, ... 124 U0, .. 24, . =37,59
98,1 97,5 8,9 4,2 R 63, 220, 33, 220, 21, 4o, 33, 40,81
104,2 103,5 9,6 4,5 P P 70, 220, 26, 220, 14, 4o, 26 31,03
. 108,8 108,1 10,1 4,6 P 65, 220, 31,220, 19. 40, 31, =26,25
111,9 11,2 10,5 4,7 ¢ 60, 220, "36, 220, 24, uo, 3b, 16,47
115,2 114,5 10,9 4,9 ¢ s 53, 220, 43, 220, 31, 4o, u3, .31
121,0 12042 _ 11,5 Se2 P . . .60, 220, 36, 220, 23, 40, _ 36, 10,09
124,1 123,3 11,8 s,4 P 12, 220, 24, 220, 11, uo, 24, 7.68
127,1 126,3 12,2 5.5 P 78, 220, 18, 220, S. 4o, 18, =34
133,2 132,3 12,8 5.9 P 11, 220, 20, 220, bo 40, 20, =6,56__
136,2 135,3 13,1 6,2 P 75, 220, 22, 220, 8, 40, 22, =10,78
142,0 141,1 13,7 6,6 P P 60, 220, 37, 220, 3. uo, 37, 0,




ANALYSED STRUCTURAL DATA FOR DDHi Ve319
ASRAARNRRARAARARARNARAANRRRRARARAARARARRARR

DOwN=nOLE TRUE emeeafFSETSemeea SYM FEAT, RECORDED=S2 CONVERSIONe]l CONVERSION=2 82=DJP CUMULATIVE
NEPTH DEPTH EASTING NOKTHING CA ODIR 01P DODIR DIP DNDIR UStL SUM
17,4 17,4 ol o3 P 65, 220, 27, 220, 23, 40, 21, 1.36
23,2 23,2 o2 5 P P 8o, 220, 12, 220, 8, 40, 12, 12,27
27,4 27,4 W4 .6 P 2 r2,__ 220, 21, 220, 1S, __ 40, _ L@l =16,9) .
3042 30,2 .S o7 P S 15, &20, 14, 220, 12, 40, 18, 24,55
32,0 32,6 b 8 P 70, 220, 23, 220, 16, 40, 23, =27.16
e 38,7 35,7 il 9 P 65, 220, 29, 220, 21, 40, 29, =23,82
3n,? 38,7 9 1.0 P 68, 220, 26, 220, 18, 40, 26, =23,4%
44,5 44,4 1,4 1,2 P P 15, 220, 19, 220, 18 40, 19, «30,09
48,5 N (50 S, - R (. - 4 71332806 .. 21, 280 oo 130 04 oo RV o3l T3
S1.2 St.1 2,0 1,3 65, 220, 29, 220, 21, 4o, 29, =31,%06
So,! 56,0 2,5 1.4 S 68, 220, 26, 220, 17, 40, 2b, =31,00
ST.6 579 r) 1,4 2 80, 220, 14, 220, L IP— 14, =ip, b4
63,1 62,9 3.3 1,5 70, 220, 2%, 220, 14, 40, 25, -43,27
66,1 65,9 3,17 1,6 50, 220, 46, 220, 34, 4o, 46, =22.,91
69,2 _ 69,0 ey Y 15, R20, 21, 220, B, 40, . 21, =27,5%
72,2 12,0 4,5 1,7 s, 220, 4, 258, 14, 258, *xx NO VALUES USED
15,3 75,0 5.0 1,8 80, 220, 16, 220, £ 4o, 1o, =37,18
1816 78,3 5.5 2,0 b0, 220, 37. 220, 22, _uo, 37, =25, 62
LY ] 84,0 6,5 2,2 50, 220, us, 220, 3es 40, 4y, 3,45
87,5 87,0 1.1 es3 S 65, 220, 32, 220, 16, 40, 32 2.1
90,5 90,0 T8 Lol . oM 70, 220, 27, 2204 _ M1, WO, . 27, 4,27
93,3 92,7 85l 2.4 P 55, 220, 4e~ 220, 27, uo, ue, 20,64
98,1 97,4 9.0 2.5 P 60, 220, 36, 220, 21, 4o, 36, 31,00
__.1o1,2 100,5 9.7 2,5 ___P T4,__220, 21, 220, 6, uo, 21, Pb,.36
103,9 103,1 10,2 2.9 P M 60, 220, 36, 220, ee, 4o, 36, 36,73
10A,8 107,9 11,2 2.4 P 72, 220, 22, 220, 8, 40, 22, 33,09
11,9 _ 111,40 1.8 2,4 P .18, 220, 18, 220, 4, 40, 18, 25,45
116,4 115.4 12,8 238 P 3 185, 220, 18, 220, 4, 40, 18, 17.82
121,0 119.8 13.8 2sl P 1S, 220, 17, 220, Bis 4o, 17, 9,18
rea,t 122,8 14,5 2,0 P 68, 220, 26, 220, 1. 40, 26, 9,55
124,0 126,06 15,9 1.9 P P 10, 220, eu, 220, 8, 4o, eu, 7.91
133,2 131,06 16,8 o J P 65, 220, 30, 220, 13, 40, 350, 12,27
136,2 134,5 Y146 onn w100 P 79, 220, .. 2,._220, _ _ 16, _.220, 16, 2,64
144,55 142,95 20,0 143 P 17, 220, 0, 0, 0, 0, axs NO VALUES USED
147,2 145,1 20,7 1.2 P S 70, 220, 23, 220, Se 4o, 23, .00




ANALYSED STRUCTURAL DATA FOR DDH3 vel22

RAARARARRARARARARAARRRRARAAARAAARARRARAARAS

DUWN=HOLE TRUE eneae()FfFSETSemena SYM FEAT, RECORDED=S2 CONVERSION=1 CONVERSIONe2 82«DIP CUMULATIVE
QEPTH DEPTH EASTING NURTHING CA ODIR DIP DOIR 01P ODIR USED SUM
35,1 35.1 I § 1,4 65, 220, 29, 220, 2!, 40, 29, =3,90
38,1 38,1 3 1,6 70, 220, 24, 220, 15, 4o, 24, 12,81
45,1 .__.__.._“500 g . b _ 2,2 .___._.__,..bou._-azon__.__-}b'__,.2200._..._...,?“..‘...“00___. e g -9,71
47,9 47,8 @l 2.5 50, 220, 4o, 220, 34, “o, us, 3,38
50,9 50,8 .8 2,8 R 70, 220, 26, 220, 14, 4o, 26, =3,52
53,0 52,9 .9 3,0 ] 60, 220, 36, 220, 24, 4o, 36, - U3
50,0 59,8 1.2 3,8 P S o4, 220, 33, 220, 19, 40, 33, -,33
02,2 62,0 163 4,1 P Z 65, 220, 32, 220, 18, 40, 3e. =1.24

68,3 68,1 1,6 4,8 P 7 70,__220, 204 220, _ 13, U0, . 27, .. .. =T,14
71,0 70,7 1.7 5.2 P 8 70, 220, 271, 220, 12, 4o, 27, 13,05
13,8 73,5 1.8 5.5 P 68, 220, 29, 220, 14, 40, 29, 16,95
16,8 76,45 2.0 5.9 P 70, 220, 21220, 12, 40, 27, =P2.Rh
79,9 19.5 2.1 6,4 P 58, 220, 4o, 220, 2, 4o, 4o, =15,.76
84,4 84,0 2.4 7,0 P S 66, 220, 33, 220, 1S, 4o, 33, =15,67
86,0 89,8 2.5 7.2 _ P S ___ . .60, 220, ____39, 220, _ 21,... 4o, 39, =9,57
92,0 91,5 3,0 b1 P S 65, 220, 3s, 220, 15, 4o, 35, =7.48
96,0 96,0 3.4 8,7 P $8, 220, 45, 220 25, 40, 45, 4,62
o127 102,0 4,1 9,5 __ P 72, 220, 28, 220, B 4o, 28, =.29
108,2 107.4 4,9 10,2 P 67, 220, 34, 220, 124 40, 3u, .81
11,9 11,1 5,5 10,6 P T4, 220, 27, 220, S, 4o, el, . 5.10
114,9 L 1145,0 9.9 . 11,0__ P P 63, 220,___ 38, __220,. ... . 16, 40, 3n, N0

STOP ALL CUSUMS FINISHED
SRU'S194,.2
___JOFF

'USAGE ON 08713780 AT 16339145
SR1'8399,.4 ELAPSED TIMEs 00303:3S
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