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S U M M A R Y

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:

l) 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 "E
information on these discontinuities has limited their significance in this"

analysis.
'

in

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 recomended slope design angles are summarized in the following table:

Design Recommendedoveraw
Sector Slo-e Anile Batter Face An-le Bench Height

T.

E

* 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. Assumes Phase 3

Pit, Slope Height - l00 m, Cohesion - 20 p.s.i. The slope angles do not

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. Continued re-analysis will be

necessary, as more information becomes available, up to_and including the mine

operating stage.

ii
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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

previous 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.
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SECTION 2 - GEOLOGY

. REGIONAL GEOLOGY AND SURFICIAL GEOLOGY:

The Vangorda deposit lies 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 and 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 isfprimarily
composed of sandy silt with some clay and gravel.

Permafrost has not been encountered in any test pits or drill holes, and

is not considered a factor in the Vangorda pit design.
'



2.2 BEDROCK GEOLOGYi

‘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 Q

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, variably
w calcareous. \

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

The deposit is generally underlain by a sulfide bearing, sericite altera-

tion assemblage of variable thickness.

The Vangorda sulfide 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 l30°/28° SW but locally it is broadly warped and/or kinked

by post-D2 events.
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SECTION 3 - STRUCTURAL GEOLOGY

'

. GENERAL:
1

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.
V

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 overall pit slopes. 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:

All 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 l979 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 l30° 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 foliation 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 directionl

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 foliation dips 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.1
T



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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Analysis of Data from Drill Core by the Cumulative Sums Techniguezz

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.

S2 measurements recorded presents no problem, so long as the

The random spacing of the

position, not the distance, in the sequence is used5_ 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.

of the cusums plot.

The structural interpretation is based on the average slope

The current foliation dip (7) over an

interval of the.cumulative sum plot is given by:
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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.

The 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.
V

The results of the cusums analysis are summarized in Table l.

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 stability 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

V-115R 30.66 3.8- 20.7

20.7— 52.7

52.7- 95.4

95.4-121.0

V-15R 25.24 10.1- 17.4

17.4- 28.9

28.9- 38.3

38.3- 52.4

52.4- 78.3 121.0—143.6

78.3—124.1
V—126R 17.78 19.8- 49.7 25.58

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

49.7- 72.5 33.29 48.2- 71.6

72.5-133.2 52.79 71.6— 99.8

99.8—135.9
V-35R 20.40 ,19.2- 52.1

’52.1- 96.6 V-309 30.53 38.1- 72.8
'

96.6-138.4 72.8- 96.3

138.4-171.3 A 96.3—120.7

V-47R 24.39 34.1- 54.3

54.3—106.1 8
’

106.1-139.6

139.6-176.8

120.7-143.9

V-313 3 .25 21.0- 51.2 20.25

51.2-108.2 46.45

V-318 26.22 6.6- 25.0

V-49R 27.31 41.5- 75.1 25.0— 67.1

75.1- 96.3 67.1- 93.6

96.3-114.6 93.6-121.0

114.6-126.9

126.9-166.7

121.0-142.0

V—319 25.64 17.4- 63.1

V-63R 27.65 32.6— 78.3 24.85 63.1—103.9

78.3-123.1 31.15 103.9—121.0

123.1-133.2 22.65 121.0—147.2

V—94R 23.13 25.5- 57.0 ;V—322 32.90 35.1— 60.0

57.0— 84.7 ' 60.0- 76.8

84.7—115.2
A

76.8-114.9

15.2—132.9

32.9-157.9 ;

Dri11ho1e Mean Depth Current 1Dri11ho1e Mean Current

I

Number Dip Interva‘l (m) Mean Dip Number Dip Intervai (rn) Mean Dip
1
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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 l30°.

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. All this

does not mean that joint data is not important in slope stability

analyses. Past slope failures in the Faro Pit indicate that unfavour-

able joint orientations have provided the planes along which sliding

occurred.
i

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 dri11 core but indications of fauit and shear zones have been recorded.

Severai inferred faults have been indicated on the sections of the

Vangorda geoiogicai mode1 and these fauits can be anaiysed to see if they

cou1d possibiy have geotechnicai 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 limits 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 lining the Vangorda Creek diversion

ditch should be given serious consideration as in all likelyhood the ditch

will be relatively close to the pit limits.

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.
I

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 l2E 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 limited 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, "NET" conditions, as well as low groundwater, "DRY"

conditions; The 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

I Ho1e E1evation of] Reading
Date Number Piezometer (ft.) P.S.I.

V-33R 86.0 34.0
V-307 243.0 106.0

86.0

243.0

86.0

243.0

2
Piezometric Head

Elevation (ft.)

September 5, 1979

October 25, 1979 V-33R

V-307

May 20, 1979 V-33R

V-307

June 24, 1980 V-33R

V-307

September 9, 1980

1
Re1ative to ground surface

2
Re1ates to an approximate groundwater e1evation of 3,712 ft.
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SECTION 5 — SLOPE STABILITY ANALYSES AND SLOPE DESIGN

5.1 PIT PLAN:
-

The phases and ultimate pit limits used in this study are those derived

from the initial Vangorda feasibility study done in December, l979

(Figure 9).

To generate those limits, 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.l
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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.



-2]-

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 for 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 ¢r._ The

component, 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

Discontinuity Faults sub-para11eT Joints para11e1 Fo1iation

to foliation to foiiation

Angie of Friction ¢r
= 21° and 24° ¢r

= 25° and 21°

Apparent
’

Low - 720 psf ,Low -

Cohesion C .

864 psf 2 6 psi

High — 2,880 psf

A

High —

2,880 psf, 20 psi

* Assumed Vangorda characteristies wouid be more simi1ar 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 less 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 l.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 l.3 will be regarded as the minimum

acceptable value.

I

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 limited analyses were carried out for

the design of the SW pit wall and overburden slopes.

In rock slopes, instability is not likely 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.



5.4.1

_ 24 _

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.
'

slope problem.

A plane failure is basically analysed as a two-dimensional

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:

l. 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 block and, therefore, failure

is by sliding only.

3. Except in the case of a dry slope, 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 (¢+ i)

shear stressllwhere

cohesion

normal stress

water pressure

angle of friction along discontinuity

-‘-9-

C

Q

(5

-l

0-1

II

II

geometrical component of friction related

to surface asperities
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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 lateral

boundaries of the failure.

The analyses were carried out for varying groundwater conditions,

The average dip of the

failure plane was assumed to be the approximate average foliation

The

location and average dip of the foliation was used to calculate

the weight of the failure block and the length of the failure

The geometric relationship of the failure planes for each

i.e., dry slopes and high groundwater.

dip as determined from the design sections in Appendix B.

plane.

design section are shown in Figure ll.

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 sliding 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, l977,_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.

I

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 parallel to the slope face, the stability analysis should be

carried out using three—dimensional methods, i.e., wedge failure

analysis.

5.4.3 Toppling Failure:

In Design Sector B, the foliation dips into the pit wall, render-

ing plane failure on these discontinuities kinematically

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:

l. 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 l2 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.

)

Circular Failure in Overburdenz

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.
V

Extensive knowledge of the overburden depth is only known in the

Unfortunately, the

depth of the overburden along the proposed pit limits is not well

area of influence of the diamond drill holes.

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

(N l0 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
3

These charts enable a check to be made on theHoek and Bray.

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:

l. 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

1
= C + o TAN ¢.

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 l:

H = 30m = 98 ft.

is’ = l2Olb./ft.3
c = 72Olb./ft.2
¢

= 30°

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

Use Chart No. 4 - Figure l4.
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_:C_.___
X H . TAN ¢

0.106

'._from chart for a 32° siope

C = 0.048

5 HF

F = 1.23

If compieteiy saturated, the slope can stand at 28°. If fuiiy

drained, the siope can stand at 36°.

Case 2:

H = 50ft.

K = 1201b./ft.3
c = 7201b./ft.3
¢

= 30°

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

Use Chart No. 3 - Figure 13

C = 0.208

2rH.TAN¢

'. from chart for a 36° siope

C = 0.076

X'HF

If compieteiy staurated, the siope can stand at 34°. ff fuiiy

drained, the siope can stand at 40°.
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The circular analysis indicates that for a partially saturated

overburden slope l00 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

Groundwater Conditions Slope AngleHeioht (Feet)

Completely Saturated

Partially Saturated

Fully Drained

Completely Saturated

Partially Saturated

28°

C

32°

35?

34°

36°

40°Fully Drained
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FIGURE 13

CiRCULAR FAILURE CHART NUMBER 3
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FIGURE 14

CIRCULAR FAILURE CHART NUMBER4
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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.

5.5.1 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 l5 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 l5:

Phase 2

Slope Height H = 200 ft.

Cohesion C = 6 p.s.i. (low cohesion)

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

Assuming the low 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 l6:

Phase 3

Slope Height H = 315 ft.

Cohesion C = 6 p.s.i.
(

Friction Angle ¢
= 2l° for 3

= 23° and ¢
= 25° for 3

= 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 l7:

Phase 2

H = "200 ft.

C = l0 p.s.i.

¢
é 25°

8 = 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 l8:

Phase 3

= 3l5 ft.

= l0 p.s.i.
= 2l° and 25°

= 23° and 27.5°'OD‘9-('33:
Only a dry slope at 39° slope angle would have an adequate

factor of safety at this slope height and low—moderate cohesion.
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Figure l9:

Phase 2

H = 200 ft.

C = 20 p.s;i. (high cohesion)

¢
= 25°

3 = 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°

3_
= 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°+.
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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:

l. Using the design sections, Figures l—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 l.2 should be the minimum for bench

design.

5. Batter 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 stabiiity is retained up to a

bench height of 55 ft.
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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 l. 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. w

Unless major discontinuities (faults and joints) are found dipping into

the s.w. side of the pit, stability of the S.N. 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

.60° 17 m_—
E
* 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. Asgumes Phgse 3

Pit, Slope Height e l0Q m, Cohesion - 20 p.s.i. The slope angles do not

assume a fully dewatered slope.

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 $2 foliation measurements. The 52 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.

I

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 limits 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.

All 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 overburdenébedrock 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:

All 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, shou1d be conducted on groundwater,

b1asting and monitoring contro1.
.;

During the feasibi1ity stage the fo11owing geotechnica1 work shou1d be

considered:

1. Diamond dri11ing 1ocated in the area of the proposed pit 1imits.

The dri11ho1es cou1d be used for core orientation, groundwater

investigation, structura1 interpretation and overburden depth.

2. Confirm the 1ocation of Vangorda Creek diversion and investigate

the possibi1ities of 1ining 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



-_____________________________________.._______________________.________________J_____._____._______._._______._______—_.__.__-_~_.

ANALVSEO SYIIUCVUIML OAVA FOR 0014! V-I5-N
IIIfinQIlllllIIIIllIIIIIIIIIIIIIQIIIIIIIUC

 _,

123.bb____-«_________.__.

6Z-H5._.___________..___-“

ou--4-noLE mu: -----0F1=s£1s----- svu FEAT. neconoso-aa CONVERSION-I couvcnavrm-2 52-MP CUHULAYIVE
DEPYH 0691.1 Eunuc. NUHVHING CA 0019 019 00111 019 90111 usiu an»

10.1 10.1 0. 0. C 70. 220. 20. 220. 0. 0. 20. -5.20
10.0 11.0 0. -.1 C 75. 220. 15. 220. 0. 0. 15. -15.06
11.0 11.11 ______ 0.

1 -.1 c __z _ ..o9.___220.______.22.____. 220._______20._____u0. _ 22. ,_ _._..__-1n.72_
21.0 21.0 .1 -.1 c 50. 220. M1. 220. 39, 00. H1. -2.97
22.0 22.0 .1 -.2 c 23. 220. 011. 320. be, 110. 1:6. 39.79
2" I

u 2". u.“..______A.L______ ' u 2,... .__??.9....._.__¢2.l_.____I:‘.?.9.._._____5‘.’..__.“ 0 I_____.
5 1

21.1 21.11 .1 -.2 c s an. 220. 143. 220. 111. no. M3. 93.31

26.9 25.9 .1 -.3 c H 50. 220. 01. 220. 39, 00. H1. 109.07
31.1 31.1 ,2 -.3 c ___. _._______,1o._ 220._____ 21.___.a2o.,___._,,19.,_ uo. _ 21. , 1011.113 ,

35.1
'

35.1 .3 -.u c 11. 220. 1-1. 220, 12. 110. 141. 93.59
3A.} 38.} .3 -.0 C S 15. 220. 17. 220. 13. 00. 17. 85.3“

___"‘n5 n'aa_...._..._.._¢9..___...2u5 —

07.9 u1.9 .0 -.5 P 09. 220. M3. 220. 39, no. H3. 129.80 1

50.9 50.9 .1 -.0 05. 220. 21. 220. 23. Ho. 21. 131.02
52.9 52.0 _ ,_ .0 -.0, W- -R.___-"00. 220. -,u.32._.220. _ 28. no. 52. 138.35.
51.0 51.0 .9 -.0 10. 220. 21. 220. 111, 00. 21. 1311.10
01.1 03.1 1.2 -.0 10. 220. 21. 220. 15. no. 21. 129.90

_ ...o°.2 09.2 1.5 -..7________.___.7?.__2?0..____.1.9._220.__.._1.7..__N0..___._1°.-
12.2 1212 1.0 -.1 115. 220. 0, ,0. 0. 0. Ma ~10 v/«Luis usED

1n,3 70.3 1.9 -.1 15. 220. 10. 220. 1a. 00. 10. 1111.111
51.“ 81.1 2.0 _. -.8_,_,__,_,____mfl0.H_2?0.,_""_10. .2?0. "____0.,,_,0.,, 10. 90.17
511.1 011.1 2.3 -.0 R :12. 220. I1. 220. 0. 0. a. 111.93
90.5 90.5 2.41 -.9 2 70. 220. 13. 220. 11. no. 13. 09.09

_._92.7 92.0 2.5 -.9_______________J3.__220.____.1a.._220._____J0..__H0.______Lv.
99.1 99.0 2.0 -1.1 111. 220. 13. 220. 11. 110. 13. 50.21

105.6 105.7 1.2 -1.2 75. 220. 15. 220. 10. H0. 15. 39.97
105.8 108.1 3.0 -1.3 .-.*. .,_"_1S.._220.____ 15.“.220.._---13... H0... 15..

..
29.72.

114.9 1141.11 3.11 -1.0 73. 220. 11. 220. 111. 00. 11. 21.1111

121.0 120.9 , 1.3 -1.9 7». 220. 15. 220. 0. 0.
_

15. 11.?"

____1zu.1.___._32u.o_______4.5 :2.0________E_____J§.._220._____L9.__2i0.___...0~__..0-__._._1"..._—___——»00____—_



A~aALvsED svaucvu-u; OAYA FOR DOM v.25-R

IIIllIIIIIIIlfllillIIIIIIIIIIIIIIQIIIIIIII

no-~«-NOLE mu: -----OFFs£YS----- svn FEAY. Rficonoso-s2 CONVERSION-1 convensxon-2 S2-DIP
navvn nun.-q EASIING nuurwmc ca ooue D19 DDIR 019 mun usao sun

22.5 22.6
>

-.1 .7 c 73. 220. 19. 220. 15. no. 19. -9.5}
29.9 27.‘? -.3 1.1 c as. 220. M. 220. 30. no. zu. -1u.2e
35.7 35.5 -.5 1.o c (:9. 220. .__23.__ 22n.,_”__,l8._,,_u0. _ 23. ,,, -19.n9
u1.a 411.7 -.2» 2.1 9 56. 220. 3a. 220. 30. no. M. -111.53

45.0 417.9 -1.1 2.7 P oh. 220. 25. 220. 21. 110. 25. -16.16

._W.l_____.$3.°__:1.S 3.3._.P o3.._?20.___2n.__22o._._.25.._uo..____2zs..______:w..7°
¢.o,o s¢.a -1.9 3.8 9 73. 220. 17. 220. 10. no. 17. -30.14?

545.1
‘

55.9 -2.1: u,u P as. 220. 25. 220.
V

23. 440. 25. - -341.05

72.8 12.5 -3.0 5.1 R
M 52. 220. _,_____38. 220. __,_.__3e.~ ao. _ 38. -214.58

7a.° 78.5 -3.7 5.7 c 57. 220. 35. 220. 31. I10. 35. -20.32

au.7 au.2 -44.»: 5.1: P So. 220. 33. 220. 32. no. 53. -15.95

fi°.2_____8fi.7____:5.0_____7.<,>_________§ 72.___220,._____.LlI.__220.._______0,____0...___1.4..____.:30.5F__.__,______.______
95.1 911.5 -5.8 7.7 .P 4:8. 220. Ht. 220. 0. 0. 4|. -UL?!

ln1.Z 100.11 -6.5 8.6 P 58. 220. 30. 220. 0. 0. 30. -1e,hu

1a7.o 105.5 -7.9 9,b____P___ , ___5u. 22o.”___;su.-_22o..__,,33.. an. M. -H.a7

113.7 n2.o -an 10.6 c SH. 220. 30. 220. 27. no. 50. -10.11

H9.5 118.“ -10.1 11.8 c cu. P20. 2}. 220. I9. 00. 25. -15.714

‘2o.5 1?".° .-.11.3__.l3..2___L__50.__.2£0._j.4.0;_2204___.3‘I._._‘40...___‘40......._...:‘I.37
152.5 130.0 -x2.u - \u.s M so. 220. 35. 220. 27. no. 55. .oo

CUMULATIVE.



ANALVSED 3YRUC7U5)AL DAYA FOR ODNI V-S0-R
nncanQnIInllnahtannnnnanlnannntnAninflliat

Douw-NOLE YHUE -----0FFsE!S----- SYN FEAT. RECORDED-S2 CONVERSION-1 CoNVER8!0N-2 S?-DIP CUHULATIVE
rssprn 0591-c casnnc. nonrnxuc. CA ODIR DIP oom DIP onIR USED sun

17.! _l7.fl .x -.3 c M7. 220. 23. 220. 19. no. 23. -16.29
21.0 21.0 .2 -.0 0 H2. 220. 10. 220. 6. no. 10. -M5.57
21,1 27.1

_O__ .5 _. -.2. c
_. _o7, 2ao._.___»_ 2s._.a2o.______2o._____uo.__.H___ as. _. -59,“

NJ 33.6 .¢ -.7 c 75. 220. 17. 220. . 13. H0. 17. -82.lu
3¢.0 39.0 1.2 -.fi c 70. 220. 21. 220. 18. H0. 21. -100.03

.. aura. uun.7_.,:._._L|° '.I.9__...c.____j:_95o___.22on_.____28:?220._|..___._a5,A_._...“0I...__.......__2"u._......!.,..‘.‘5.7‘
u¢,7 09.6 1.9 -1.0 E 65. 220. Bo. 220. PH. U0. Eb. -125.00
5n_9 5h.B 2.2 -1.? C 30. 220. bl. 220. 5?, no. 0). -103.29

92.5 bZ.n 2.5 -1.0 , .,_”ZA____bI. _220._v _‘29._.220.,_"_,2fl.“,,U0. , 29. -113.57

u5.5 06.2 2.5 -1.5 P SM, 220. 30. 220. 35. 00. 5b. -1lh.Hb

72.5 72.4 3.0 -l.b P 55. 220. 33. 220. 3!. M0. 33. -123.10

_,ne.o_______a2.s____3.q_____;|,.7 P__52.__£?0. u0.__.ZZO_._._____}6.__'40...__._“0.___..:J22.!43.....___..._...__..__-..
11,6 87.7 3.7 -1.7 l 57. 220. 5'5. 220. 51. no. '55. -l0h.7l
93.6 93.5 u.o -1.6 P H}. 220. 09. 220. U5. H0. #9. -97.00
<M.a . ¢a.1 _ 14.2 -I.S_ P .37. 220., . 5b.. 220..--.. 50,, 00. 56. -80.29

105.2 105.1 H.5 -1.0 P 28. 220. 65: 220. S9, 00. 65. -50.57

Il1.5 lll.2 “.7 -1.1 P 6. 220. 85. 220. 79. U0. 55. -H.flb

_l17.8 u7.o 4.9_‘_____-_.Hj_:L__.}9._..220. 5‘4._.22,0;__.‘Hi._.‘I0._____5‘I.._____5.EH:...__.._._Z_._.
‘

1213 121.7 14.9 -,5 P 6!. 2:0. 52. 220. 21>. no. 52. -1.145

125.0 127.6 5.0 -.2 P be. 220. $1. 220. 25. no. 3!. -9.7!

153.2 ,13}.o 5.0 .1. P._,_A,,____ ._lUI. 220.....- ., I49.._-220.___._._.,U3..- II0..... 109. .00



ANALVSED SYRUCVUEAL DAYA FOR DDH: V035-H
IIII00!tllifllflliIIIIIIQIIIIfllflflltllllfifllfl

00-u-MOLE tau: -----oFFsE1s----- svn FEAT. HEcoROEo-s2 CONVERSION-1 CONVERSION-2 52-DIP CUMULATIVE
Otnvn 0291» EASYING ~on1n1~G CA 0010 010 9010 010 001R USED sun

11.2 19.2 o. .11 c 2 .3. ??°- 29. 220. 25. no. 29. 11.1.0
25.5 23.5 .1 .5 P 70. 220. 22. 220. la, no. 22. 10.20

27.4 21.11
,_ .1 .7 P R 110, 220.______,_1.$.,_ 22o.___,____7.____uo. , 15._,__,, 2.110

32.9 32.0 .2 1.0 0 n as. 220. 10. 220. u. no. 10. -7.uo

35.7 35.7 .2 1.2 c 70. 220, 25. 220. 16. 110. 25. -5.00 .

_ 35a7...j__>8I7._.....?_.a3 ‘.lu

02.1 «2.1 ".3 1.7 c 2 no. 220. 1a. 220. o. no. 1a. -12.50

“6.° . 46.8 .5 3.1 70. E20. 25.. 220. 15. 00. 25. -5.20
52.1 _ 52.0 .6. ?.'5 75. .220... 19.,,.2Z0. ,.....-10., I10. 19.

'

-9.60

00.0 no.3 .9 3.1 no. 220. 35. 220. 25. no. 35. 5.00

50.2 o9.1 1.2 3.7 as. 220. 9. 210. 1. 30. In: no VALUES USED

_ 75. °,_.___—__.7“ .5_,___._..J.._9:___‘’..l 80 “ 5:311 .a° ____..___,._..._._...

00.9 00.7
"‘

1.7 0.5 R 78. 220. 1c. 220. A, no. lo. -5.00

52.0 81.6 1.7 -0.5 P o no. 220. 1a. 220. o. 00. 14. -12.20
32.9 ...___ 52.7_..__,-.1.8 .. ".0 9 5 .-..-..01. ??0....-....11._..220.-..._ _. 3.. .. 00. 11. -21.00

no.3 no.1 1.9 u.u P z 75. 220. 20. 220. 10. no. 20. -22.00

116.9 58.7
_

2.1 5.0 P R H5. 220. 10. 217. 0. 37. -‘M N0 VALUES USED

._92 . 11.._....._92-2_._;___2.2...__5 .2.__P_._H_______»1 o .__220..___.1.S.._.22 0..?.5...__u o.____._15._____._:2 7 .11 0

9o,6 9e.u 2.5 5.5 P as. 220. 10. 220. p. 00. 10. -37.00

100.2 100.0
_ 2.7 5.7 P R 70. 220. 25. 220. 15. no. 25. -33.20

105.5 --_. 105.5 .. 3.0. -.. 6.1 P-.. - . -_..70. 23°....._.._25..._?20.__.-._.15...... 00. 25. . . -25.60

111.9 111.4: 3.11 15.5 c 8 70. 220. 26. 220. 111. no.
_

21.. -23.00

118.0 117.7 3.0 5.0 P 1:5. 220. 31. 220. 19. a0. 31. -12.00

.120.7_____.120.0..____.11.1___.__7. 1:” hS_.__2Z0,__.____3_1..___2Z0._19.__00.___.3 1.__..___._-1.B0_______._______.___

127.1 1211.7 0.6 7.5 P 70. 220._ 20. 220. 11. 00. 215. 3.150

130.1 129.7 5.1 7.0 9 72. 220. 20. 220. 11. 00. 20. 7.00

131.0 137.9 _M, 0.2. . 0.1. .P._fl._,m-,_,70. 220.w___.2b...220. .... ,1}.-. 00. 26. 13.00

105.0 140.6 «- 7.1 5.4 P 52. 220. 1. 220. 1a. 220. 1a, o.oo

1ua.n 107.0 7.» 6.5 2 an. 220. u. 220. 11. 220. 11. -2.50
. 151.5________,150.‘l_‘___.J1.0 F1.6.__P H5.._._22.0._.._.£4...__25.b.......__1.H.__25b.___n~_u0._VALULS-,USE0__.

1u0.n 150.9 9,5 u.0 0 no. 220. 1a. 220. 1. no. lo. -7.20

1150.7
,

105.‘? 10.5 9.1 P 75. 220. 21. 220. 6. 00. 21. -0.60

171.3‘ 170.0 11.3 0.2 P P 70. 220. . .27.. 220....._,..11.._._ 00. .. 27. .00

.. _.________._-_*. -_-..

\



ANALVSEO SVRUCTURAL DATA FOR DON: V-H7-R
V

~

IlllltlllllililllhIfllfihllfllfiihlllllilllll

OONN-HOLE YRUE -~---OFFsE1S----- SYM FEAT. RECURDZD-32 CONVERSION-1 CONVERSION-2 SE-DIP CUNUIAYIVE

DEFYW DEPYN EASYING NUHTHING CA DDIR DIP DD!R DIP ODIN USED SUN

30.1 34.1 .1 .4 P 20. 220. 71. 220. 69, no. 71. 46.61

35.3 36.5 .1 .0 P 35. 220. So. 220. SM. 00. S6. 7H.21
“O95 . ,u°IS,._._._.__...I2._._._.-_. .05», p,_____._Z__...-......b°I-_22Oc......._....3a|_,.._2a°v,___,_.__.25n..._..,a°.0..,._....._..32c....-_......,.. 55¢“?
45.1 #5.! .3 .7 70. 220. 22. 220. 15. HO. 2?. 83.43

51.3 51.2 ..,,M .8 73. 220. 1?, 220. 15. H0. 19. 78,0fl

. _. ._

9 '4
- 3____5 ‘kn,3_.__.___._L .9_a_?.?_°4_____3_?.._._.??.9..__,____.1_L._..9 0.:.____.3 ?.¢._.__...__.7 54.‘>.“._.__._.__._.__....___.._-

00,0 no.4 .0 1.1 75. 220. 17. 320, 13. H0. 17. bH.25
63.0 63.0 .7 1.1 83. 220. 9. 220. 5. M0. 9. 52.86

71.‘? .. 711° .3
.. _

1-" _.____...._.__--__.__.7“.. 33°.._......_?3..._.3?°-_...._.. 15...--. "0c...........,._?€. 5".“h..
78.5 7u.o 1.0 1.5 75. 220. 17. 220. 13. 00. 17. u3.o7

5a.? 8a.? 1.1 1.6 H0. 220. 12. 220. 8. R0. 12. 30.68

_ V0.5,_______9Q.§_______JJ}_____,_1.] 3QL__£?94______L§L__33§;_______§‘___flQ;___,___L?.________lQ.Zi_____________________
93,5 91.3 "1.fl 1.8 60. 220. 12. 220. 8. H0. 12. 5.89

95.0
«

95.0 1.5 1.6 C 8 R0. 220. 11. P29. 8. H0. 11. -7.50

101.0
_

101.0 __.1.6_" 1.8___CH_”)‘m__‘~75...220.____¢1b.~_?20,__“u_lu,_wmN0.lu‘M lu._” -15.59“.
100.1

‘

100.1 1.6 1.8 C 50. 220. 12. 220. 8. M0. 12. -28.29
“‘ 109,1

__
100.1 2.0 1.8 C 70. 220. 22. 220. 15, ~40. 22.

‘

-30.65

, __ 1

1 1 ?
. 3______1_1_? 9,? 3,1, l______1_- ‘7____C 7 °_¢,_? 3 ° -____,_3}.p_..? 7 °.;._____1_7..___" 0.o____.__? 5.a_____'. 3 3 ..‘’,..7._____,._.._______._.__

116.9 116.8 2.5 2.0 C 80. 230. 13. 220. 5. H0. 15. -03.46

124.“ 120.3 1.0 2.1 C M 60. 220. 10. 220. 5. MO. 10. -53.Hb
' 130.5 I3o,u

_ _‘3.S _ P.?_ C .__S_w___.53.,¢120, fl2.__320. ~32. _____U0.__“_h U2,_"‘V’-3h,25 W

1322.5 13...»: 14.2 2.3 P 80. 220. nu. 220. u. no. 14. -uo,bu

13¢.b 139.“ a.o 2.0 P 65. 220. 30. 220. 19. 40. 30. '"1.0h

, ___1 H 2
.

6 1,“ ?;_9 ~ 5_._O ?_,_“___F{ 6}L.,__? 3 9_._____3_l_.____?_?.9_.___i19..____“ ,9..___.3.1 .____:_3 ‘I. ‘.1 L__.__..___.___.__.___._...
lud,4 1Qfi.1 *S.6 2.5 P 70. 220. 25. 220. 11. M0. 25. -33.5?

151.6 15115 0.3 2.6 P P 65. 220. 3. 253. 13. 263. an: M0 VALUFS USED

15u.5
H

15".?
___ o.7_ _’

2.6 P
N VS _ _H

70. 2?0..__””25,__220.‘”“_‘I3,_ H0._‘ ’
25. -53.21

1o0.9
'

160.5 7.6 2.7 P 50. £20. “b. 220. 33. 00. Rb. -11.b1

170.5 176.? 10.1 3.0 60. 220. 36. 220. 23. H0. 36. .00

.

, . _.._.—__-..—»..*_... .... ......_....................._.



ANALVSED SYRHCIURAL OAYA FOR non: V-M9-R

--u-nunananonanan-Iona-nlnnnnahnnannnnnan

DC-~-HHLE YRUE -----nFF5t1s----- SVM FEAY. RFCOHDED-82 CONVERSION-1 CONVERSION-Z 82-D1P cuMuLAY1VE
0EP1n DEPYN EASYING ~uu1n1~c CA 001R DIP DDIR DIP QDIR USED SUN

41.5 91.5 .9 1.0 P 68. 220. 27. 220. 17. no. 27. -.31
no.0 no.5 1.2 1.7 V 55. 220. no. 220. 30. no. No. 12.39
51.9 5-1.71 ______1.5 _1.9_-s> _a2. _z2u,______1s,_‘zao,_ .3,__Hun._ _15. -1,92
55.9 53.6 1.7 2.0 H2. 220. 13. 220. 3. no. 13. -lb.??
57.0 .5b.9 1.9 2.? 7a. 220. 21. 220. 11. no. 21. -22,53

____n,1 os.«_1 2 a 2.5 99, ago, 2], ago, 17, a_o_, 2]_, -23,11}
oH.9 63.7 2.9 2.fl 75. 220. 20. 220. 9, un. 20. -3n.1u

71.9 71.7 3.1 3.0 H2. 220. 13. 220, 1 2. no. 13. -uu_uu

15.1
_ _

741.9
__ 3.a____ 1.1

_. ____ 7o,_~2ao,__ 25. __2?o,__ _1u,___,uo. ._ .25.- -ue.,7s
79.2 79.0 3.8 3.3 55. 220. an. 320. 29. uo. an. -su.nb

no.5 80.6 -

3,9 3.u H0, 220. 15. 220. 0. 00. 15. -uo.3n

_ “.1 *1_3;_°:__"_.£___.____3_L° ‘>9.._.Z?9..___4L*1.__a§‘_.._.....JJL._._'4.0.,___.£'.bJ____i7..1=_7
57.5 67.2 u.o 3.7 P R 35. 220, o1. zau. a9, no. bl. 5.03

A9,! 39.0 4.5 3.b P 03. 220. S3. 220. H1. H0. 55. 31.7?

¢2,o w_91,7__ S.o_-_M W3,9___P_v _z" 55.__??o._ _u1._”z20,_____»P9,_,,un. u1.
_ u€.n2

96.5 9o.o 5.5 «.1 P us. :20. 51. 220. 39. an. 51. h9.11

9q.1 95.8 5.6 0.2 P 75. 220. B0. 220, 9, no. 20. 51.81

__| 0 P .
1

'

1 '1 L._7__..34?___._..“.._3___" 05 ?_£_1L.._._.3L|_._?.?.94___._‘_9..__"_‘L____? I4:_____h.i=. S 9
105.2 10u.d 0.5 u.u P 67. 220. 29. 280. 16. no. 39. n7.19

10u.7 10b.3 6.7 fl.5 P R 65. 220. 51. 220. 13. H0. 51. 70.69

111.5 110.9 _____7.3_____Hfl.7 ,

P _S bS.__220. 31.__2ao.__”_.1n._"_ao. 31. 70.58 ”_

110.0 110.1 7.5 u.h P 66. 220. 28. 220. 15. no. :6. 75.28

117.7 (17.2 6.2 u.9 P 80. 220. lb. 220. 1. H0. 16. 63.97

1 1 °
.

3 19...? IL.“ §J_9___.P 1? 7 7 . 2 2.0 1..9 .__.?_2_9. 'u._!‘.0...__.__1 9..____._5.5. .6]
125.9 125.3 9.2 5.2 P 9 7a. 220. 23. 220. 7. no. 23. 51.35

125,9 125.3 9.7 5.3 P on. 220. 29. 220. 13. H0. 29. 53.00

12a.n
_

126.1
‘ _

10.0
_. V5.3 _"c ___3~_ 70.__220._"“ 27._fl?20. .11._ U0._ 27. 52.75

132,9 _132.2 10.1 5.5 P R 76, 220. 21. 220. N. no. 21. ub,uu

11fl.1 133.0 10.9 5.5 C 8 70. 220. 27, 220. 11. U0. 87. ub.1a

_. V138,] 1‘3_7_ 9 11 B 5_._7 R 6_9J______220 2_,__Z_?.(_7_,______1_E_'v_,____2_?Q_, 15_._________33_,l13____
139.3 138.5 11.9 5.7 S 77. 220. 19. 220. 2. no. 19. 25.53

1771.7 1110.11 12.74 5.11 P 2 H11. 220. 0. 0. 0. 0. an N0 VALUES USED

1a5.u 14u.a_ 13.1 5.9 _____f75, 22o.__ 22, __A22o.___._“ u.__ no. 22. 20.22

1u7.5 1no.5 11,. 5.9 R be. 220, 30. 220. 11. no. 30. 22.92

151,5 15o.a 1u.u 3.0 P 70. 220. 27. 220. 9. no. 27. ?z.n1

15795 15°!‘ ‘5JQ______942 Q5L__?22J QL____9L______94____fiA____“5‘}.N9-¥‘L“E5-U§£D..
150.0 159.2 1o.5 6.: 80. 220. 9. 220. 11. 220. 11. 5.31

159,7 1o5.2 15.0 5.3 R 7:. aeo. 21. 220. 1. no. :1. .00



ANALVSED SVRUCTUIIAL DAYA FDR DDHI V-63-R

IllonIIIIIII!filthllllfllfillllifillhlllflflill

00-W--«OLE mu: ---°-0FF3El5----- svu FEA1. RECORDED-82 co~v£Rs1o~-1 CONVERSION-2 3?-our cunuuuvt
n£P1~ ,oEP1u EASYING NURYHING CA DDIR DIP DDIR DIP DDIR USED SUM

32.0 32.6 ‘-.3 .3 55. 220. 35. 220. 35. H0. 55. 1.35
111.5 01.5 ,;.e .1! 82. 220, u. 220. o. o. 8. -12.30
55.1 65.1 , -.5 .5 P R 711,. 22o._,_..1u. .220. M... 1o.____ no. 117. -25.95
u°.2 o9.2 -.u .5 P s «:5. 220. 27. 220. 23. no. 27. -25.00
70.1 70.1 -.u .5 P 2 68. 220. Eu. 220. 19. no. N. -30.25

._.
71 .

° ____T I . 9..____:.J_____. b___.P_._5_.___b 0._220 .._____33.__2?0......___2J._I1 o.__,___3 3.._._____:2a .9 o____..
711.: 7-9.3 -.1 .7 v 70. 220. as. 220. 10. no. as. -29.55

1971.1: 571.4: .2 .9 P 2 06. 220. 26. 220. 18. no. 21.. -31.20
5705 . 8705 .l _o3 100 P

-. Z......__..°bn....22°u...._-.._ 2"|..._22°l.........2°n .,.
"on . .. 25: '3noA5

¢2.0 92.0 .6 1.3 P 55. 220. no. 220. 30. no. 00. -15.50

¢5.S 95.4 .9 1.1 P 2 60. 220. 15. 220. 25. H0. 55. -11.15
“In? . 7___._l_!)i’.<2__.__1..2...__...? . °..._..P,_5._ 7.3..__2E0,.._.2.L__220;__l,1.____.40 ..___.___25 .________- 15 .“0_..-.—~.__

1%.! 1119.0 1.o 2.2 P D 60. 220. lb. 220. Bu. 00. 56. -7.445

107.1: 101.5 1.1 2.3 P 3 es. 220. 31. 220. 19. no. 51. -11.10

110.0 .110.5 ._._' 2.0 _ 2." P._.._,Z_ ,_.,b7. ?20._--_ 29.....220....-..l6.. 410. 29. -2.75

115.5 115.3 2.7 2.6 P 65. 220. 31. 220. 13. H0. 31. .60

116.6 110.0 1.1 2.7 P 2 65. 220. 31. 220. 16. 410. 51. 3.95

__12}.1___L22.a____}.a 2.8._P 62._.2?0...__;3._.220.__?l.___«o.____._33..__j9.1~o
125.0 127.7 14.5 2.7 P 70. azu. 23. 220. 13. I40. 23. 11.65

115.2 132.8 5.5 2.0 P R 70. 220. 23. 220. 13. H0. 83. .00

,

.
, ..,._.._.....,..._. .. .... ...._. . .._..

-..j_.._.__.. . __;._;_:._}. . ..... -.



ANALVSED STRUCYUPAL DATA FOR DDN8 V-090-R

IIIIIIIO.llIIDI§IIIIllQlIIIfiIOIIIfilfilfifilk

?.(>5___.__.._.___..__..___._ .

DOAN-HOLE YRUE -'0‘-OFFSh15-““ SVH FEIY. REC0R0ED'32 c0NVER510N'1 CONVER310N'2_ S2-01p CUHULA11VE
OEPYH DEPVN EASTING NUR1HING CA 0019 D19 D01" 01P UDIR USED SUM

25.5 25.5 .1 .3 P 75. 220. 16. 220. 14. U0. 1b. '7,13
50,5

'

30.5
'

,1 .0 P 7?. 220. 19. 220. 17. H0. 19. -11.26
30.6 36.0 .2 .5 C 75. 92°. "w,m17. 2?0.____13.“H_U0. 17. '17.39
02.7 02.7 .3 .7 C 75. E20. 17. 220. 13. H0. 17. '?3.5?
37.9 47.9 ..I .9 C 33. 320. 59. 220. 55. U0. 59. 12.35

., _

5 3 . 9...._.____5..3..3______.5_______1 .,!_.__,P 79...? 3.9.a_:3.?...?Z.§A0_n.___1_5..._...J‘ 04...? 2 ._____U . 2 3
57.0 57.0 .5 1.2 P 75. 220. 19. 220. 15. Q0. 19. 7.09
66.3 66.8 .7 1.6 C 30. 220. 13. 220. 7. "0. 13. -3.00
72.5 72.5

V .9 1.9__ P __.65. 3?0._w _23. F220. __ 2Z.__ Q0. 28. 1.33
75.0 75.6 ‘ 1.0 2.2 P 65. 230. 23. 220. 32. N0. 35. 6.70

80.7 50.6 1.} 2.5 C b5. 220. 29. 220. 31. 00.. 39. 12.57
. ".5 9°.7._____...L.5 3u5_._C_______§fl?.._220_.__jL3..._3?‘0.__.___9.__._40.._.____J.Z.______._L..43
90.9 95.5 1.9 3.1 C 80. 230. 1“. 220. 6. 40. 1“. ’7.70

103.0 102.9 2.2 3.3 C 70. 220. 2“. 22°. 16. "0. EU. -6.3}
109.1 109.0 3.7 , 3.6 C

, _ 50.‘ ?30o....._..15u...23°o..........5. J10: 15. ‘V3.96
115.? 115.0 3.2 3.9 C 72. 220. 25. 220. 12. 0°. 35. '15.09
121.3 121.1

""

3.7 “:2 C 589 22°: 550 2209 25. not 550 ‘.22
__,.127 . “_______1?7. 3__..__.....‘L_‘L......._...!‘_. 5_._..C__:_.__.7 °.._3 3.0 .._._.3 5..._230.-._........‘L‘{.._.._.‘l 0 ..__._:€6 .

132.9 132.0 5.0 fl,7 C 07. 220. 29. 220. 16. H0. 29. 3.5?
139.0 133.7 5.5 5.0 C 73. 220. 15. 220. U. Q0. 15. 3.3¢

105.5 ,,. 195.1 5.7 ____,_5.5____C_ ,.__..._. 75o...2a°u-......_ 21. . 320......... 7. "0: 3|. 1.30

150.9 159.5 7.5 5.5 C 75. 220. 21. 220. 7, N0. 21. ‘.37

157.9 157.3 6.6 5.7 C 73. 220. 2". 220. 10. N0. 24. .00

\



‘V‘LV3ED SVRUCVURAL DATA FOR OOH! V-||5-R

cannon-an-1Innnan:nnnnnalnannnnnantnnnn1n

nu-~-«OLE tau: -----0FFsElS--~-- svn FEAT. Reconoeo-52 couvensxou-1 convsnsxou-2 cunuLA11vE
DEPYH DEPIH EASTING uunvnxuc CA uoxn DIP DOIR 019 001K USED sun

3.6 3.8 , 0. o. P z 15. 220. 15. 220. 1a. uo. 13. -10.33
7.3 7.3 0. -.1 P on. 220. aa. 220. 20. no. 2u. -21.31

11.9 11.3 .2..H_ -.2 P 30. 22o._ mm 32.~ 22o.__“_ 2a."_ an... 32. _-19_07
1u.b 1u.o .3 -.3 P 02. 220. 30. 220. 23. no. 30. -20.32
17.7 17.7 .5 -.0 P 3 no. 220. 32. 220. 28. no. 32. -1¢.2B

,

20 . 7_______2037._____.J__._-_ . ‘|__'’ H b0_..__2..?0....._J? -._.2?.03..__._s?.lL__._4I0..____5.?..__::17..‘73 -

21.6 23.5 .9 -.u P 50. 220. Hz. 220. 36. no. ua. -0.59

23.5 .2a.s 1.1 -.5 P no. 220. 52. 220. us. no. 52. 1u,7o
2903 2903 "cu . ‘IS. F

-.,,..,._..., "80 2200, - “"0 _2?°o........3qo "OI
..

Hue 26.10
32.3 32.5 1.0 -.5 P z 55. 220. 37. 220. 32. no. 37. 3u.u5

35.1 3Q.0 2.1 -.6 P 55. 220. 36. 220. 32. 00. lb. a1.79

._01.1_______£1.Q_______2.u______s.b___§__________2$.__}20..____b6.__220._____h2.___fl0. bu. 79.3fl___.-_.___._“__.._
17.2 a7.1 2.9 -.0 55. 220. 30. 220. 31, no. 35. flo.u8

52.7 52.0 5.5 -.0 56. 220. 35. 220. 28. no. 35. 90.83

60.5 , M 53.3 «.1 -.3 ,H,_,--_ 70. 220. 23. 220. 10. no. 23. 53.17

ou.9 6a.? 0.7 -.7 62. 220. 31. 220. Eu. a0. 31. 83.52

e¢.S 39.3 5.1 -.7 b8. 220. 25. 220. 10. no. 25. 77.Nb

73.5______.73.o_______5.5 2.B~_____________.b0.__220. 33.._220. Z7..__fl0. J3. H0.21___.._.__.._.,.__.3
93.“ 95.0 7.3 -1.2 c z 70. 220. 221 220. 17. no. 22. 71.55

101.5 101.1 3.2 -1.0 c 75. 220. 10. 220. 12. no. 10. 55.90
100.1 .._ 105.7 _.6.0 _.-1.5 ..C.__“______W 80.~"220. ,_”_10.__220. .-_-u 7., _u0..- . 10. . 3b.2a

109.1 103.7 3.9 -1.3 c 75. 220. In. 220. 12. no. 10. -21.99

115.2 11u.0 9.5 -1.8 c 72. 220. 19. 220. 15. no. 19. 0.93

”._121.0______12o.5______L0.L____.:2.L.__°__________.J4.__220...__.J7.__22o._____12.___u0-___.__17. -3.72

127.1 120.5 10.9 -2.u P b0. 220. 32. 220. 20. no. 32. -2.18

130.5 129.9 11.0 -2.5 P 00. 220. 32. 220. 2b. uo. 32. -1.03

135.0 ..13n.u 12.1 .2“ -2.6 .2P-._”Jm”3.._70.”.220.-----21.-”22o._-"M.15.- no. 21. -10.09

137.2 130.5 12.0 -2.0 P so. 220. 03. 220. 33. no. a3. 1.03

1n3.o 1u2.5 13.5 -3.3 P 03. 220. av. 220. 22. no. 29. .00

_. 3-_..-................_.....-......_......_...j._...._............._...._...... .. . .

82-DIP



‘*lLV3EO SVRUCYURAL DAY! FOR DDNI V-I26-P

IllItIOIIt!Ilfllllflhlltllflllliflllflilfllllin

DOVV-“OLE VRUE -----DFFSElso---- SYN FEA7. RECORDED-52 CONVERSION-1 CONVERSION-Z 82-DIP CUMULATIVE
DEPYN DEPVH EASYING NONINING CA 001R DIP ODIR DIP DDIR USED SUN

19.8 19.6 .1 -.2 c 67. 220. 20. 220. 22. 1:0. etc. 6.2?
25.9 25.9 ,2 -,0 c 75. 220. 17. 220. 13. no. 17. 5.03

32.0 52.0 .0 -.5 C . .4 _ b‘1.».220. ...-_ 27.. .220. __,____2S.____ao. 27. 10.65

35.1 35.1 .o -.7 c on. 220. 23. 220. 21. no. 23. 19,57

un.2 nu,2 .9 -.9 c 57. 220. 33. 220. 0. O. 53. 35.09

-.._..__
'3 Q

I 1__._._.9 '.‘ J 0__C__...____._._l5_._2.i'.0¢_.____1.".....??.O,n...._.._.0_...__0.-_.._._...1 Q 0

56.0 56.0 1.3 -1.3 C 70. 220. 19. 220. 21. H0. 19. 32.52

60.fl 60.3 1.5 -1.6 P 70. 220. 18. 220. 21. #0. 16. 32.70

°7c‘ . 67:0 ‘:6 ‘liq C
. .... _- 689.. 220o......-....a°|....?a°Q.............2uo.... “°o,. . . 200 .. 30.96,.

15.3 13.2 1.7 -2.3 3 72. 220. 15. 220. 21. H0. 15. 32.17

15.5 13.5 1.7 -2.7 c 116. 220. 41. 220. 47. no. us. 55.39
8 u I

1 B," I 6 LuQ__._._L 3 I.‘__c__j.___§_7.nj2...2_(.’.A__..__.....1.".I:2.A._._q.°.I?_:l.q a S 5; .5 1

90.8
'

90.7 1.0 -3.6 C 72. 220. 11, 220. 2}. H0. 13. 51.fi3

96.9 96.7 1.1 -".1 C 73. 220. 11. B20. 23. 00. 11. 05.0“

101.0 102.5 __ .5 -11.6 c
" __._5a, 220. A 25., 22o..,__, 39. _ao. 25. 52.26

109.1 105.9 0. -5.1 C 77. 220. 5. 220. 20. 40. 5. 39.08

115.2 11l.9 -.5
~

-5.H C 70. 220. 12. 220. 27. 40. 12. 33.70
1 2 1 . 36120..9____.___:1_.J._.:5.§_C_.____7.5..__? R 9J____.74_.2 ?.0_.___i1_.._4.0..______L__..__2 P .

9 1

121.14 125.9 -2.3 -5.7 77. 220. u. 220. 16. no. u. 9.13

113.5 112.9 -3.9 -5.5 C 6". 220. 20. 220. 28. 40. 20. 11.35

139.6 _ 138.9. _.__-5.0. .. -0.9- _ C ~_- 7b...220.___-,_____7.__.__4I0..._._._ 0...... 0. _ _

tn N0 VALUES USED

1us.1 1uu.a -5.9 -0.0 c 75. 220. 11. 220. 6. H0. 11. 11.57

151.5 150.3 -6.6 -2.8 C 78. 220. 5. 220. 9. 220. 9. -".22

.15 1.¢______,15a..L____.-_6.9 -1.3 C.__.__.____J.1 L._.aeo,_____.__.o.__o.._____.o.____o.__...__- A -_._ND_1LALuE3_UStD

1o5.5 164.0 -7.0 .6 C 75. 220. 22. 220. 1. H0. 22. .00



on-~..uoa.£ mus .-.--orrsus----- svu sen. nscouoeo-32 couvznsxon-1 CONVERSION-Z :2-ow cunuuulve
'3E"Y"‘ DEPYH EASLING NUHIHING CA DDIR DIP DDIR DIP DDIR USU) SUM

9.8 °.a o. .I c 70. 220. 21. 220. 19. no. 21. -4.59
15.2 15.2 0. .1 C 51. 220. Z“, 220. 22. 00. ZN. -.18
?1o° 31-6 .1 .2 C

v w bl. 220. 28. _220. _W 26, H0, 28, 5.23
21.7 27.1 .3 .3 C 72. 220. 20. 220. lb, 00. 20. 2.6a
53.5 33.6 .5‘ .4 C 15. 220, I7. 220. 15. #0. II. -2.95

_

“ ‘°n°_._:39IQ .J....___._..6____C 7..5 u.__.32°A....._..__‘,.a 0.I__:__lBn -_].5S____________ , ,

“an? “ace l.1 .5 C 70. 220. 17. 220. ll. 40. 17. '13.!“

5fl.e 50.6 1.5 |.0 C 83. 220. ll. 220. 3, H0. ll. -2fl,13
5°u7 , .5qI° _.,.-‘I9 102 C _,_,,___.._._.._..__a‘I .. .. 15:... 2200......" “I. “OL. .._ _,_ ‘$1 . '30-}?
oS.B oS.7 2.a 1.u C 82. 220. I2. 220. 3, no. 12. -uu.91

11.o 11.5 2.8’ 1.1: c 12. 220. 23. 220. I}. no. 23. -140.50

77:,j___],7n§_._._....}¢J ‘u3:.__:_.}, 7,a.__22°5_..___‘].n._._2£°.n_...,.._.5.¢_.“°u lJ.n....._....__.:S0.."9_.___-,___
83.2 53.0 3.7 2.1 L 75. 220, 19, 220. I0. 00. 19. -53.hfl

89,5 8“.! 0.2 ?.5 C 52. 220. I2. 220. 3. 00. 12. -bfl,?7
#5.‘? 93'.7 u.o— 2.5 c

7 _ H0. 220. _______t5.,..2ao, 5. do. _ )5. -71.30
I00_0 99.5 5.1 2.8 C 75. 220. 20. 220. 9, 40. 20. -7u,u5

!05.5 !05.Z 5.7_ 3.1 C 60. 220. 3b. 220. 20, H0. 36. -61.05

_

‘ ‘ I .°_.__Ll_1 3 3.n.._??.°4._......_.‘“‘ 0.I___........uu o;——_5..‘9.;°.“
116,9 110. 7.32 1.9 3 b7. 220. 31, 220. I5. 00. 51. -3|.?1

125.9 125.14 a,3 u.u s 55. 220. an. 220. 25. no. nu. -o,n2
M2,: 131.7 ___ mu. 5.0 ‘ _ E_____ 7o, 22o_ . 2a._.22o....-,, 2.. .uo._,___,__‘,2u. -a,u|

|$0.° 135.9 j0.Z 9.4 C 70. 220. 51. 320. 7. H0. 51. .00

-_- \ -- ,

7,.
.- -__,__________._,_ . . -.__.._,..______.--__- _.. ...._ -.

ANALVSED :!nuc!uRAL oA!A FOR non; V-1};-H

IllICIIICICIIIIIIIIIIIOQIIIIIIOIIIOQQIIII



IVILVSE

DO1N-NO

Ogflrn

9o.3

107.9

1lu,n

120.7

127.7
ISfl.1
l40,5
ln}.Q

.____.? ...
—..

D SVPUCVUQAL DATA FOR DOM: V-309

nnnnnaqnunanan-nnnangngntnnnnnttnn

LE VQUE -'-¢-0FF3EYS----- SVH FEAT. RECORD§D°S? CONVERSION-I CONVERSION-Z 92'DlP QUNULAYIVE
DEPYH EASYING NURIHING CA DDIR DIP DDIR DIP 9019 U3tD SUM

35.1 -.1 1.2 P 59. 220. 33. 220. 26, 00. 33. 2.07
flo,Q 0, 1.7 P 30. 220. I2. 220. 7. H0. 13. 'Ib.06

53:0 on: ‘O9 P..._...___._.__..5aI._.22°I..._...._.u0|.__e2°0 ._,3bg__...u°a.,_.-.....“oo .

-...,
"hu59-..

59.3 .1 2.? P 49. 220. M5, 220. 39. U0. "3. 5.85

67.3 .3 2.5 C 53. 220. 39, 220. 35. H0. 39. 10.35
7 P . 7_..___.!.__.? J__;_..___.____5 6.__.'{?_0.:_3.5;_22£b_:23‘;L0...___...3S.._:.._.L8.H 2

76.5 .6 2.9 C 71. 220. 22. 220. I6. 40. 22. 10.29
flfl,0 ,9 3.1 C 75. 220. 19. 220. 11, 00. [9, -!,2H

90.1 _ ,I,3 L_ 3,H__C b9.__?20.____2b.__220.____Jb.w_ 00. "H" ,?b., -5,7b__
96.2 1.7 3.7 C 6?. 220. 33. 220. 33. “On 53. -3.39

_
l02.Z 2.] “.0 C 66. 220. 29. 220. 18, H0. 39. 'fl.52

..__..___1 | n____.__o‘ 5.: '2.} 5

11u,u 5.5 «.5 E 59. 220, 36. 220. 20. no. 38. 5.12

120,0 14,4: u.9 c 59. 220. 36. 220. an. no. 38. 12.50
127.3 __ 5.“ ,_, 5.3._, ,____._l...__.__,. b5._.??0..__....?9._..2?0.,_,..._.1‘|. _ ‘J0. ’.. P9..- . .- H.0b
130.2 0.0 5.5 N 75. £20. 23. 220. 6, M0. 23. 3.55
100.2 7.B 6.0 C 71. 220. 27. 220. I0. 40. 27. .00

...__.1€‘ } . 3 ‘.9 bI 2.9...___.....5..._..25 L.__...._..L5 5 L._____'.!.-.Jl0__V.ALUt3._lI Sf.0_.



ANALVSED SYWUCYUHAL DATA FOR DON! V-SI!
IllOICOIIIII.IQIOIQIQCIIICCQIOIIIIIIQQICI

OOIIN-HOLE ‘RUE -'-“0FFSE750"" SYN FEIY. RECORDEO'32 CONVERSION-1 CONVER3!0N'3 3?‘DlP CU"ULAYYVE
OEFYN DEPYH EASTING NURYHIN5 CA ODIN DH’ 00“? DIP D01" USLD SUN

Zl.0 21.0 0. .2 C 05. 220. Nb. 220. Ma, U0. U6. 7.75
25.9 25.9 .1 .3 C 06. 220. H5. 220. 43. U0. 45. 10.50
325° . 32-6 _.__.___._M.Z.._.. .. In ‘. ..._._.E._...._._.a°n...22°I_._.......)‘u....220t...._... 9u.......uol . ‘it ., -12.75
35.7 33.7 .2 .6 C 65. 220. 27. 230. 23, “O. 27. -20.00
65.} 45.3

.

.H .7 C 77. 220. 15. 220. ll. 40. 15. -47.25 .

- ._

5 1 ; Z___:__._5 ‘.0 3.I_...___..:h?4 S 0

57.3 , 57.3 .0 1.2 C 52. 220. “O. 220. 36. N0. "0. -60.75
03.7 63.7 .7 I.“ 9 ‘I7. 220. ‘O5. 220. 41. N0. '35. ‘5U.00
5°38 .... °9Ia ..-. . :7 ‘-7 c.,,_,~____...5bI_..22°l.._.....}6I_._220I 32u.-,. “oi . 550 . ‘$6.25 ..

75,9 75.9 .7 2.0 P "8. 220. IHI, 220. ‘I0. 00. ‘Hi. "$0.50
5!.“ _ UK.‘ .7 2.5 9 ‘I2. 220. 50. 230. ‘lb. ‘I0. 50. ‘$5.75
5 7 n

o 53.5.9 L._____? a°.n___..Q2.A__Z?..°.n_j5J.oi_".°.:..—.__.b ’ 5-00 1

91.7 91.6 ,5 3.] P
'

73. 220. 20. 220. 15, ‘I0. 20. "$3.25
97.5 97.4 .3 3.5 P 33. 220. 59. 220. 55. 00. 59. -12.50

l03.0 _____|02.9 , “,0. .. fl..“o°..»P- —~§0. Z20.,w_” “2._d2?°.-__”"3fl...“fl0. ‘ “Z. w.....'8.75.H_

105.2 105.0 ‘.3 “.5 P ‘45. 220. I17. 220. ‘I3. "0. 47. 0.



‘“‘LV3ED SYRUCVUVIL DAYA FOR OUR! V-315

anna-nun:-4canna--nun-unnnnnnnnnannnnnapa

52-DIP CUMULAYIVE00-N-HOLE YRUE -r---0FFst13----- SYN FEAY. RECORDED-82 CONVERSION-1 CONVER5!0N-2
DEF!» OEPVH EASYING NDRYHXNG CA 001R 01» 001R DIP DDIR USED SUM

°.b 6.6 0. .1 50. 220.‘ 31. 220. 35. no. 37. 10.78 -

11.0 11.0 0. .2 C 55. 220. 37. 220. 33. M0. 37. 21.56
111.5

__
111.5

‘,7 .____ .1_______._3___c s o1.__22o_. 3o..___a2o. ?u,_____11o. so.” _, 2s,3u_._”
17.0 19.0» — .2 .5 C 11 b0. 220. 311, 220. 25, no. 311. 33.13
21.9 - 21.11 .3 .1 P be. 220. 214. 220. 20, no. 21:. 311.91

Z5.°______.?5.9________;§_______;3___Q____§______fi5.__?EO._____}94__339._____£Q._;_£94______}0._______}fl.&2________________;
29.3 29.3 .7 1.2 110. 220. 15. 220. 5. no. 15. . 21.117
3".‘ 3“.0 1.1 1.5 P 73. 220. 23. 220. 11. M0. 25. zu.?5

3‘-7 35-6 1.6 _*__ 1.l--fi____ 7°.,-??°.___w_2b4_~2?0. l3.___"0u.“h",?b.v-_.._ ?".03..
01.5 51.7 1.9 1.9 C 8 7a. 2:0. 20. 220. 7. 00. 20. 17.81
01.? 47.1 2.8 2.2 C 75. 220. 21. 220. 1. a0. 21. 12.59

___.._5?.£._______§i.2_______}.! 2.! C___________l5.__3ZQL____.iL.__Z294_.____l;___.104______2JJ_________J.3B
57.6 57.3 4.1 ?.b C 8 75. 2:0. 21. 220. 8, no. 21. 2.15
a1.°

_
91.6 51.1: 2.8 P 75. 220. 21. 220. 8. a0. 21. -3.011

55:6 . 650“ 5.1...__.-...3.°._.C._.__3 ....___..a2c._.-e20u..___.._..‘}p_.Za°o............1u.-....aoo ,_ 13. _ '15.?“
07.1 06.7 5.3 3.0 C 2 7H. 220. 18. 220. S. no. 15. -2u.50
12.2 71.5 5.9 3.2 c 75. 220. 21. 220. . 5. no. 21. -29.12

- 7 F‘ J 7 7 .
'1 6 .6_____.5.. 5 7 0.._?'é0 .____2.b.._.22.0.....__1J4.___.".0 ._.___Zb...______-.-.29 .

9“
.....__._

81.“ 80.9 I 7.0 3.a 72. 220. 24. 220. 12. 00. Zn. -59.16
87.5 67.0 7.7 3.8 73. 220. 23. 220. 11. H0. ‘ES. -35.38

93:6 93:0 _...__.. 8:“ __..._... uc ‘. ._._.._--._.72o_, 220.,_.__._.?“._..2?0...__.____.12....-Jl0....._ . 2“: .. ‘$7.59
¢6.1 01.5 6.9 fl.2 P 6}. 220. 35. 220. 21. H0. 55. -3n.n1

104.2 103.5 9.6 «.5 P P 70. 220. 26, 220. 10. 00. 26. -31.03

..._
‘ 0 5

I a._j1.9.§.|_1____._.L uméjp ‘.u.___.____f ? 6.: 2 5
_

111.9 111.2 10.5 11.7 c no, 220. '31:, 220. 211. 110. so. -15.41?

115.2 11fl.5 10.9 fl.9 C S 53. 220. “J. 220. 31. #0. H5. .31

121.0 1ao.2_ _-____11,s ____5.2 1=__ _ ___ “so. _,z2o,_ :1o.__a2o._,___,_23. _,__uo. _
31.. 1o.o-1

1241.1 125.3 11.0 5.11 P 72. 220, 211. 220. 11, no. 241. 7.55

127.1 120.3 12.2 5.5 P 78. 220, 15. 220. 5. 410. 111. -.34

1.3.34.3 L3?..3 L3_...8 5.3 P 7.J._.?..?.9 20 20 6 "0... .. 20. -_¢>...Sl2
136.2 135.3 13.1 5.2 P 75. 220. 22. 220. 6, 00. 22. -10.73

1112.0 1n1.1 13.7 5.1: P P 60. 220. 37. 220. 25. 110. 57. o.



‘NKLVSED SYRUCYURILVDAYA FOR 00”! V-319
lllllillfilllOIIIIIIliflllflfilfllllflillilllflfi

no-9-»0LE YRUE -----0FF3£1S----- SYN FEAY. RECORDED-S2 CONVERSION-1 CONVERSION-2 82-DIP CuHULAT1V£
069711 059711 Ensnnc 110111141141; 1:11 00111 019 00111 019 011111 ustu sun

17.9 17.9 .1 .3 P as. 220. 27. 220. 23. 110. 27. 1.36

21.2 23.2 .2 .5 p 1= 50. 220. 12. 220. e. no. 12. -12.27
27.9 _ 27.9

___.~_ __,_.11______ __.e, _P 2 _72.___22o. 21.__22n._______,15._____ao._. , ,21.__,__. -115.91.
30.2 30.2 .5 .7 1» s 75. 220. 111. 220. 12. 110. 111. -211.55
32.9 32.0 .0 .6 P 70. 220. 23. 220. lb. 110. 23. -27.15

.. 45 I7 1.9 P 9_1_j__2,.‘_;j‘.‘,9_|__j_2 q,nj____:Z 3; 5? :_
35.7 38.7 .9 1.0 P £18. 220. 28. 220. 18. 110. 21:. -23.05

1111.5 911.11 1.11 1.2 P P 75. 220. 19. 220. 11. 00. 19. -30.09

118.5 _______ae.a__*__,.1.7 ,__ _1.3____ 2 73._220._____21._._220.______13._____I1o.,_,______21..,,,_ ., -34.73
51.2 51.1 2.0 1.3 05. 220. 29. 220. 21. 110. 29. -31.36

50.1 50.0 2.5 1.9 8 88. 220. 26. 220. 17. 90. 2b. -31.00

.._____5 7 . °_;___..§J_.5_____._2. 9 1_._‘1______Z_.__“ °4__.3. 2, Q4__.._1.‘h___2 ?_0.-._.___‘J..___.‘*.0..1_____.1 9..______,-J1? .6 L4

63.1 02.9 3.3 1.5 70. 220. 25. 220. 1a. 40. 25. -u3.27

06.1 05.9 3.7 1.6 50. 220. no. 220. 39. ac. ab. -22.91

69.2 ___
09.0 ___H.1 _ _‘l.7________m_M___JS._~220.‘___“21.__220.______B,__ fl0._~__“ 21. -27.55

72.2 72.0 9.5 1.7 B5. 220. M. 256. 1a. 258. nun N0 VALUES USED

75.3 75.0 5.0 1.8 80. 220. 16. 220. 1. 110. 11;. -37.111

_ ._

7 8
. b_____7_3.. .1____5_. 5___?_._°_j______b_9.._? 3 1?..____3.?..__2?,9_.____23_.__‘! Q..____5 7..:_-.2 5.11 .P._....._..___..__.__._,

1111.9 011.0 0.5 2.2 50. 220. 1111. 220. 32. I10. 4111. -3.115

87.5 87.0 7.1 2.3 3 05. 220. 32. 220. lb. 90. 32. 2.91

90.5 _ _

90.0 7.0 2.11 _ ____11__ '70. 220, .___.__27._, 22o.________11.‘_. ao._ _ 27. 11,27
93,} 92.7 8.1 2.9 P 55. 220. M2. 220. 27. no. 92. 20.bfl

98.1 97‘.11 9.0 2.5 P 1:0. 220. 35‘. 220. 21. 110. 3o. 31.00

_,1o1.2._,_____1_119..S 9.7 ?,._5____13_____].!4.__??.9.____2,1,__229,.___.__1:..__.1t0.__.__?1.__:?q.3b____j____
'

103.9 103.1 10.2 2.5 1» 11 no, 220. 30. 220. 22. 110. 31.. 35.73

1o1\,e 107.9 11.2 2.11 P 72. 220. 22. 220. 11. 110. 22. 33.09

111.9- .-111.0 ,11.B ___m?.“_ .P.. _ _....-75.._??0-. M18... 220- 11.2.90-. .
111. 25.115

110.0 115.0 12.8 2.2 P 3 75. 220. 18. 220. 4. 90. 18. 17.82

121.0 119.8 13.8 2.1 P 75. 220. 17. 220. 3. H0. 17. 9.18

...__12u.l__._..1?2.6 1.9.5 ?..°.___P 611.__.?20.__29._.2.20..___L1.._."0.-;_.__.__.?h.____.._.°.55.._-._._..1
1211.0 1221.1. 15.5 1.9 1» P 70. £20. 211. 220. 8. H0. 211. 7.91

133.2 131.0 111.5 1.7 P 05. 220. 30. 220. 13. 110. 30. 12.27

116.2 134.5
. 17.6 1.6 P

_ 75. 330. ‘?.._.220. .19.... 220.
_

16. 2.6"

11111.5 1112.5 2o,o 1.3 9 77. 220. o. 0. 0. 0. an 90 VALUES ustu

197.2 195.1 -20.7 1.2 P 5 70. 220. 23. 220. 5. M0. 23. .00

.. .. ;___—._..&:%._.__ ._._..___..



INALVSED s1nuc1uRAL DAYA Fan OOH! v-322

IllllllllfllllllIiiIIIIIIIIIIIIIAIIIIIIRII

Dun»-n0LE YRUE -----0FF3E15----- svn FEAT. RECORDED-S2 CONVERSION-1 CONVERSION-2 32-DIP cuNULAT1vE
DEF!» 0£P1u EASYING NURIHXNG CA onln DIP DDIR DIP DDIR USED sun

35.1 35.1 .3 1.0 65. 220. 29. 220. 21. no. 29. -3.90
38.1 38.1 .3 1.5 70. 220. 24. 220. 15. no. 20. -12.81

“Sn! .._...as-° :5
_. .202... ... ..___..._..._...b°I.__22°I._..__-.35c._...22°0._.._....?“o.,...“°o___, _.,,..3°I-....... '9-71

41,0 07.8 .7 2.5 50. 220. no. 220. 30, no. 06. 3,38

50.9 50.0 .8 2.8 R 70. 220. 26. 220. 10. 00. 26. -3.52

.__._5 3 . °_____.5? J .9 3...° 5 e.0_.__._?§_°_.___J o..__a_2.o_..___2_u.___«.9 .___._._3.6 .._.____._
-

. 41.3 ..

'

00.0 59.8 1.2 3.8 P s on. 220. 33. 220. 19. 00. 33. -.33
02.? 02.0 1.3 0.1 P 2 05. E20. 32. 220. 18, 00. 52. -1.20

55.3 _"‘____b6.l_____ 1.o
___ u,a““ P

_ Z-__~__70.__22O._____37J__2?0.___”“13, _ uo.M"“_ _27.H"__P~"-7.1u_H
71.0 70.7 1.7 5.2 P 5 70. 220. 27. 220. 12. a0. 27. -13.05

73.5 73.5 1.0 5.5 P be. 220. 29. 220. 10. no. 29. -10.95

. . ._.._7 5 aQ 5.: 5_.._____Z;0,__._54.9._° 7 °_L__._._‘.z_;ju °.oj..2J_n_.__._'1?.2; .5 ‘L__>__._._._..._______..__-
79,9 70.5 2.1 5.0 v 58. 220. no. 220. 20, no. no.

'

-15.76

50.0 50.0 2.u 7.0 P 3 ca. 220. 33. 220. 15. no. 33. -15.57

ao.0 _W___ 65.6 2.5 7.2 _

P
_ S___“_b0._ 220._____}9.__220. _A, 21.“_ no. 39. -9.57

92.0 91.5 3.0 0.1 P 5 05. 220. 35. 220. 15. no. 35. -7.08

¢o.e 96.0 3.0 8.7 P 55. 220. RS. 220. 25. H0. H5. u.b2

. ...J 02 u an °___:_a cl 9.: 5._....P 7.? I._.?2Q l9.AT_“.&~“ 0.I..____2 5

108.2 107.0 0.9 10.2 P 67. 220. 30. 220. 12. M0. 30. .51

111.° 111.1 5.5 10.6 P 70. 220. 27. 220. 5. H0. 27._ -5.10

110.0 ,,114.0 5.9 _ 11.0___P__. P_ __.b3. 220.,,~_~3B.__220.._~ _1b._ 00. 35. .00

570? ALL CUSUHS F1N13MEO

5flU‘5z°¢.2

__,10F_E _-
USAGE on o0/13150 AT 10:39:05

swu's:v9.u ELAPSEO rlntt 00:03:35
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APPENDIX B

DESIGN SECTIONS



Design Section 2w



Design Section 2E



Design Section 6E



Design Section 12E










