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Abstract
As partial fulfilment of the requirements for a M.Sc. Degree
in Mining Engineering, a sipgpe stability analysis and rock
testing program was conducted on Luscar Sterce (1977) Ltd.'s
Coal Valley Property. The analysis wgs completed wusing, two
different 1imit equilibrium mode s, namely the .
Morgenste#n~Price'and Simplified Janbu Method. The séme
géSTechnical/geOlogical data Base was applied to each method
in order to eva]uafe the application of Janbu's simp]ified‘
model to slope stability analysis for mine slope design at

A

Coal Valley. i’

4

An  additional objective of this study was to evaluate

-

- the National Coal Board's (NCE! Cone Indenter as a quick

index test for determining-the uniaxial compressive strength
of the soft rocks cHaracteristic of Coal Valley strata. Test
results from the one Indenter were caﬁpared to uniaxial
compression tests bonducfed on siﬁilar speciqens. L third
goal of the research was the construction aEd preliminary.
testing of brush platens which, if successful, will permit
uniaxial compressive strength testing of cy11ndrica1
specimens with unit length to diameter ratios less than the
standard 2:1 value.

Results of phe limit . equi]ibrium’ aﬁa1yses indicated
that the additiona]iexpense of the Morgenstern-Price method
can not be jusfified for slope design gifCoal Valley. It was
also found from the limited number 5f tests obtained with

the NCB Cone Indenter and brush platens, that ~uniaxial

iv



compressive strength values correlated reasonably well with
those obtaiged by conventional tes&ing me thods .
Additionally, the NCB Cone Indenter provides a useful index
test for a wvariety of other mining applications. such as

rock cuttability, drillability, and blastability indexing.
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1. Introduction

Mining of Pit 13 at the Coal Valley mine is tentatively
scheduled for sugpmer 1383, Egst experience of Luscar Sterco
Qﬂ977), Ltd. in Coal Valley has revealed that the pit wall
stability is largely dependent upon the structural geology.
Due to loéél varijations in the geoloéy over relatively short
distances, it is not possible to predict the pAt wall
stabiiity of Pit 13 entirely upon ééotechnica] information
gathered from previously mined pits in the same area.
Consequently, it was thought that"a separate‘stab11ity
analysis was required for Pit 13.

Work began on the'cénaﬂysis in May 1978, Preliminary
investigation of the area invdlved the collection and
compi]atién " of the existing geological inférmation
pertaining to the project. A preliminary geq{ogica]
interpretation for the Pit 1§'area was developed based upon
aerial photo 1nterpretation: geophysical log interpretation,
and drillhole log correlation.

After completion of = the tentative = geologic
interpretation, a drilling and mapping program was initiated
and completed. The field program Qas directed towards
further delineation of geological structure and the
provision of récK samples for a laboratory tgsfing program.
The testing program was designed to provide values of zach
major lithological unit’'s intact strength prdperties anc tc
provide a basis on which the rock mass strength pérameters

could be estimated. The ]aborétory program was augmented

1



with quantitative strength es{imates derived from back
analyses of s}opé failures in previously mined areas in
similar lithologies.

Tﬁe geologic structure and strength parameters of the
Pit 13 wall rock were used as a data base for two different
limit equilibrium stability models, the Simplified danbu and
Morgenstern-Price. The‘overall factors of safety determined
from these two slope sfability methods were compared and
their ease of application; accuracy, and cost contrasfed.

/

4
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2. Site Description

‘2.1 Location

The Coal Valley ,Ehermal coal mine is situated on the
eastern edge of the Foothills of the Rocky Mountains. some
85 kilometers (52 miles) south of Edso%, Alberta (Figure 1),
and comprises four major mining zones: the Val D'Or,
Silkstone, Mynheer A, and Mynheer B (Figure 2.

For the purposes of this study, work was limited to the
propdsed Pit 13 area located in the cehtrél portion of the
Mynheer A-mining region. The pit is bounded by the local
grid lines 76200f to 80000F and 370001 to 41000N.

2.2 Surficial Aspects

2.2.1 Topography

The topographic relief is the most prominant surficial
feature in the Pit 13 area (Photo 1). The mining zone is
located onnthe south slope of a”northWést strihing ridge.
The peak elevation of the ridge is approximately 1460 m
(4800 ft), dipping to the southwest at an angle of about 25
degrees. Sftuated‘ at the proposed mining site are twé old
surface mines. The bottom elevation of the olid mines is
roughly '13f0 m (4500 ft), giving an overall topographic
relief of about 90 m (300 ft). Aymore detailed description:

of these mines is given in Sections 2.6 and 2.8.

3
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PHOTO 1

PIT 13 AREA

facing north, illustrating the central ridge
~ground, water filled old mine workings in
.nd.  Note condition of lower slopes excav-
b~ 30 vears J. :



2.2.2 Soils

| The soils in the Coal Valley region have been
considerably disturbed by the early open pit and underground
mining operations. The natural soil profile hgs been
excavated or covered with fill in several areas of Pit 13.
The original soils are generally classified as degraded
Eutric Brunisols of the.Maskuta Association (Dumanski et.
al. 1972). They are sandy and well drained, characteristic
of the calcareous sa;;;tone from which they originated. The
soils are shallow near the crest of the ridge but have been
transported downslope to form deeper colluvial depos%ts near
the toe. The exact thickness of the soils is somewhat

variable, but generally ranges from 1 m (3 ft) near tlie

ridge to 3 m (10 ft) at .the bottom.

2.2.3 Vegetation

Fioral Acompésition of’ the Pit 13 area is dictated by
the relatively dry conditions and the sandy, well drained
soils. Slopes of 20 to 25 degrees on the southwest facing
ridge retain liftle mofg?ure, résu]ting in the development
of a lodgepole p{ne - aspen poplar association. Underétory

[ : '
veget_tion consists of wild  rose, creeping juniper, and

Q"“‘

bearberry, with interspersed grasses and forbs (Acott 1981).



2.3 Climate

The Coal Val]ey area geherally experiences a subhumid,
continental climate with ldng, cold winters and moderately
mild summeré. Winds are predgminantly from the west and are
most prominant in the months of Maréh through June. Chinook
winds are common in the winter months (Hillman et. al.
1878 . | |

-+

: Precipitation data from the Lovett Fire Tower indicate
an average annual precipitation of approximately 64 cm (25
in}. Thé mean ﬁong term average for  the months of May
through September is 47 cm (f8.5 in). The largest amounts of
precipitation occurs in June and July (Environment Canada
1975). .

Temperatures in the Coai Valley region have a high
seasonal! wvariation. Thes highest monthly mean témperature
occurs in Uu]y and averages 13.3°C. The lowest monthly mean

temperature is -18.3°C and occurs in January (Environment

Canada 1975).

.-

2.4 Genegs1 Geo]ogyvof the Coal Valley Area

Thé\ Coal Valley mining , area -occurs in a region of
shallow, Xortheast striking thru;t faults. It lies between
the sbutﬁerly dipping (60-8055 Beaverdam Thrust to the
southwest Lnd the easterly dipping Lovett Thrugt to the

- = ..
northeast./ Also located in the Coal Valley area is a series

/

of.steeply dipping to vertical northeast striking faults,

/

L4

g



[

b

1

namely the Reco Fault and Reco fault Extension (Internal
Luscar Ltd. Report, 1978 ). .

The Lovett River Syncline is the major fold in the
region. It is Jlocated southwest of the mining area, and
trends at approximatei? 135° plunging 5° to the south. This
structure extends as far south as the Beaverdam Thrust
(Alexander, 18977) and is offset by the Reco Fault. The Coal
Valley M%ne is located on the northern limb of the Lovet t

River Syncline whose beds dip at 15 to 18 degrees to the

southwest.

2.5 Stratigraphy

The strata encountered in the Coal Va]ley‘ area are’
generally referred to ‘as the Coalspur Coal M;;sures
(Llexander, 1977) and are part -of the thick post-Wapiabi
non-marine sediments of the Saunders Formation. The exac
age of the Coalspur Coa® Measures is unsure but considerec

by. Alexander (1977) to be Paleocene in agé. The coal

.. measures consist of a monotonous sequence of arenaceous and

argillaceous strata - with few marker beds énd fossils.
"Consequently, their exact stratigraphy and total thickness
have not been determined (Internal Luscar Ltd. Report,

1978) .



2.6 History

The eastern end of Pit 13 was previously mined by Coal
Valley Mining Ltd.. The extraction method is uncertain, but
consisted either of a truck-shovel or dragline operation.
The company later joined with Sterling Collieries Ltd. and
mined the western end of Pit 13 in a similar fashion. A
central ridge, some 245 m (800 ft} long and 90 m (300 ft)
high, resulted from the two operations. The Sterling Coal
Valley mine remained in operation until 1954,

In July 1978, Luséér vSterco Ltd. developed a 2.27
million tonne (2.5 million ton]), clesn coal surface
operation on the Coal Valley site. The surface Mine
presentﬁy comprises a stripping operation in the Val D’'Or
region with open pit mining in the Mynheer A region. At this
time, Pits 14'and 15 are the only areas being mined in the
Mynheer A zone.

1

2.7 Mining Methods | | f -

The mining method for Pit 13 will be. similar to that
used - fn‘ the Pit 14 area (Photo 2). Rock will be excavated
using a truék-shovel operation. The' rock is blasted and
general]y‘ removed one bench at a time. Previous mining by
Luscar Sterco (1877) Ltd. in- the 'Mynheer A region has
involved 10 m (33 foot) bench heights at approximately 60

degree to 65 degree face angles. The overall slope angle in

the Pit 14 overburden will be 33 degrees.



PHOTO 2

PIT 14 NORTH WALL

Horth wall excavated in sandstones, siltstones, and
interbedded mudstones at.overall angle of approxi-
mately 33°. Loading equipment working on top of coal
pod. Slope has subsequept1y failed about 1 yea:
after photo was taken.



The truck-shovel operation removes rock to the top of
the coal, while the coal will be primarily excavated by a
Marion 7450 walking dragline (Photo 3). The dragline has a
61 m (200 ft) boom and 10.7 m® (14 yd3) coal bucket. The
dragline will be located on top of the coal, which will notA
have to be blasted prior to excavation. The coal is either
stockpiled and loaded by a front end loader or placed
directly into the tru.ns by the dragline. The coal is

extracted by the dgagline located on a bench on top of the

coal, therefore, no safety benches are required in the coal
‘cut. Excavation of the coal face will be stéepened to 559,
The overall slope of the ultimate pit wall is variable

depending on the thickness of the coal, but generally ranges
from 35 to 38 degrees. Maximum wall heights over the 1160 m
(3600 ft) l;ng pit vary between 90 to 107 meters (300 to 500
ft). The average width of the proposed Pit 13 i%
approximately 365 m (1200 ft).

The extraction method has several geotechnical

implications., including slope gecww-tr. and life span of the

pit p‘jxca\/a’(ion. Because the dragiine will mine the coal in

one ¢35 the time required for any one area of the pit to
remain open will be minimized. The slope geometry will be
such that the steeper excavation will be in the Jlower

portion of the slope. This is favourable since no men or
eguipment will be operating below the steeper section of the
wall. Bench scale failures may result from the overburden

blasting, however, the overall mining approach is generally



MARION 7450

PHOTO 3

WALKING DRAGLINE

Pit 13 area in background.

13



favourable from a geotechnical viewpoint.

5 . t

2.8 Slope Stability in Earlier Mining Operations

Although very little 1§\Known about the previous mining -

activities in the Pit 13 \%rea, some information can be
gained from the - remnant workings. Recent drilling has
revealed a small failure near Section 78400E on the north

wall of the old workings (Figure 3). It appears that it is a

transition zone between the fairly steep wall to the west

(319) and the shallower cut to the east (20°). The present
walls of the old mine opeqétions appear to be fairly stable,
>however. weather ing has/?educed the exterior faces of the
walls to a soil-like mass. Very shallow cich]ar fai]ufes
have occurred in the soil material, especially in - the west
end of the Pit 13 area. |

Backfillipg of the old pits and the collection of water
has concealed much of the geotechnical information which
could have been obtained from ‘the prvious workKings. The
“water and fill material make drilling conditions and

-geological mapping very difficult, obscuring the exact

outline of the old pit walls.
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3. Site Investigation and Detailed Geology of the Pit 13

Area

3.1 Field Program

In preparation for a slope stability analysis of the
walls of Pit 13>3n the Mynheer A _area, a fairly extensive
geological study was carried out over the broposed site.
Since the nporth wall of'Pii 13 wac suspected, on the basis
of overall geologic structure and face orientation, to be
potentially the most unstable, most of the investigation was

concentrated over that area.

3.1.1 Sources of Data

Orill logs . from existing drill holes as well 'gs
bofehole geophysical logs were interpreted to provide the
best estimate of the local geofogy. This data was augmented
Awifh information obtained from the 1978 Geotechnical

:Drilling Program, which consisted of- faur wvertical

coreholes, totalling 450 m (1475 ft), drilled in June and .

July of 1878 (Table 1). Geological information of Bit 13 was
also derived from a field mapp ing pfogram conducted on the
walls of the Qﬂd-mine workings and other exposures in -he
area.

As stated earlier in Section 2.8, most of the old
surface mine workings have filled with wateb_ or havé been

used as waste dumps. Consequent1y, the depth of fill and the

m i et e in
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o
location of the old pit boundaries were determined or
inferred from either the Kenting Exploration Services Ltd.
Pit .Bottom Sufvey conducted in 18977 or frém‘sections and

topographic maps of the Sterling-Coal Valley Mine.

[
|
!

3.1.2 Corehole Prdgram

During a two week period, from June 23 through July 8
1979, four geotechnical coreﬁoies were completed in ,tHe
Mynheer A Pit 13 area (Figure 3. The coreholes were
numbered successively from 2191 through 2194. Their 1ocationu
and total depth is given in Table 1. V

On-site drilling suberviéﬁon was provided to monitor
drill hole water levels, to collect rock samples, aﬁd to box
the core which was(subsequent]y taken to q‘ temporary_ core
shack where it was geologically logged and photograp?ed.
‘Bore hole iogs and Geo]ograph records (récbrding drilling
rates) were compiled for each hole.- Geophysiéé] logs,
including Single Point Resistivity, .Focussed Gamma-Gamm§
Density, Natural Gamma, and Motorized Arm Caliper were run
immediaté]y upon completion of each ho]el

 Coreholes (CH) 2f91, 2182, and 2193 weré drilled to a

depth of 17 m {55 ft) using mud” and a 22 cm (8-3/4 in)
~rotary bit. CH2184 was drilled in the same manner to a depth
of 11.5 m (38 ft). After drilling with the large bit, a 20
cm (8 in) steel casing was 1hsta11ed before coring began.

CH2191 was cored to 40 m (130 ft) with‘a 14.3 cm (5-5/8

in) carbide insert bit and an air-water‘mixture for drilling

bt e et e Ao A

- . -
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TABLE 1

GEOTECHNICAL COREHOLE PROGRAM

(

Corehole _ Location Elevation Total Dépfh Attitude
.Number* Northing Easting m ft m | ft

2191 39037 78129 1422 4664 1186 380 Vertical -
2192 39659 78189 1458 4784 120 393 Yerti?gﬁf
2193 39851 78218 1454 4771 108 354 Vert{caﬁ“ 
2194 - 39865 79700. ‘1425'4676 166v

348 Vertical

bt exeii s abedeientfa A
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fluid. At this depth the bit was replaced by an annular
discharge diamond bit. At a depth of 70.p (223 ft), mud was
used for drilling fluid in order to imprqve circulation.

 CH2192 was cored to a depth of 48 m (157 ft) using an
| air-water drilling f];id and the carbide insert bit. At this
point the diamond bit was installed and the hole was
completed.

.CH2193 was cored entirely wjth air-water and the
carbideibit.

CH2184 was cored to 23 m (74 ft) using air-water and

the carbide bit, then completed with the diamond bit.

3.1.3 Drilling Rig and Core Barrel

The coring rig used for the geotechnical coring program

was a Fai]ing.1250‘mounted on a 3000 Ford diesel truck. It -

was equipped with an air-water-injector system with .a 650
cfm, 250 psi compressor.

The core barrel was a 3 m° (10 ft) Christiansen, triple
tube consisting of an outer core bBarrel with a back end
latching system. A 3 5 (10 ft) length of 7.6 cm (3 in) Poly
Vinlyl Chloride (PVC) tubing was‘.inﬁghﬁed into the inner
barrel so that upon completion of a core run, the core could
be removed intact encgsed in the plastic tubing. Each core
run was usually kept to a maximum of‘2.75 m (8 ft), to allow

for axial swelling of the core.

e ke e e e s

O e T
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3.1.4.Geophysica1 Logging .

.The Geophysical Logging System was built for Lexco
Testing Ltd.k by Canadian Arctic Survey Systems using
components produced ’by éomprobe Inc.. The receivers,
recorder, and winch are contained ina 1.5 m (5 ft) by 2.75
m (9 ft) stee]-framed shed which can be mounted on either a
CF-60 trdcked vehicle or a four wheel dr1ve veh1c1e

~The \]ogs produced include a Natural Gamma Focussed
Gamma-Gamma Density, Single-Point Res1stance and a Motor1zed
Arm Caliper. The downho]e tool is 5 4 cm (2-1/8 in) in
diameter by 2.75 m (9 ft) long. A four. conductor cable
allows gs to be nun simultaneously.

Although each geophysical log  would produce . only

limited results if used separateTy; they pecome extremely

useful for 1itho]Qgic delineation 'anq) stratigraphic'

correlation when used in combination with the others. The

Gamma-Gamma Density is used primarily for delineation of

coal seams, while the Natural Gamma provides a useful method

of determining. the cﬁay content of the Coal Valley strata.

The Motorized Anm 'Caliper» provides an indicator of shear

zones, due to the tendancy of the sheared rock to collapse
~and  form what the drillers refer to as a "washout". The
final log, the Single Point Resi;>bnce, is used primarily
for detecting the water 1evei in the borehole, although some
Wonk has been done on identification of water.béaring zones

using this tool.

FHIEPTN (S
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3.1.5 Geological Mapping ‘ . _ |
Mapping of the Pit 13 area was"’ comp-ised of Area

Mapping, which entailed the walking of the exposed faces and

recoraing dip and dip direction of the bedding, fault plaqes‘

and pre?ominant joints. Wooden stakes were placed .at majgr

bedding contacts and structural features. These were lléter

surveyed °~ in order to determine their coordinates )and

elevation. ’ . , +
The mapping was éoncentrated in three particular

loqationg of the pit due to the Tlimited amount of rock

exposures (Figure 3). The first area was near the east end

of Pit 13 on Section 79700E from 39740N to 38550N. The

second location was on the walls of the test pit‘from 39400N

to 38650N and from 78300E to 78700F. Finally, the western

edge of Pit 13 was mapped along Section 77500E from 396,,00!\3~

to 39850N.

3.1.6 Data Limitations
Due to the topographic and structural features of the
north wall, it is thought that it is potentially the most
unstable slope in the p;oposed pit. The face contains
several adverse geological “structures, s geologically S
complex, and will have the maximum ultimate slope height in .
the pit. For these reasons, ‘thé corehole drill program, v

field mapping, and joint surveys were concentrated in this

area. Three of the four holes were situated there (Figure

.3). The need to direct most activity towards the north wall
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limited the amoua; of geological data which could be
collected for the other slopes in the proposed pit.

Although the sfructure of both the west and east ends
of the pit appears to.Be simpler thén‘thaf of the central
portion, geological data is scarce. In order to adéquately
resolve both the wall geology and the geometry of the coal

deposit in the areas, further drilling is required.

.'HI

3.2 Geology of the Pit 13 Area

Pit 13 is situated on the northern Timb of Lovett

River Syncline, just west of the Reco Fault Exte-sio . The

mean orientation of the bedding planes s 1:5 508

&, .

 {Strike/Dip). . | =
| | In the proposed pit area, ~and Mynheer A zone
general, the dbminant geologic ‘structure is a slightly

undulating anticlinal structure. The Upper Mynheer coal has

beer squeezed into the crest of this fd]d, forming a three

dimensional pod. Mov%ng down strike in the Pit 13 area, the
coal transforms from a shallow 1ying: elongated Weage to a
~high, narrow triangular structure and back to an elongated
wedge. | |

The present geological interprétation. of the Pit 713
area indicated that jo{ﬁting patterns and lithologies are

similar to those encountered in adjacent mining areas.
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3.2.1 Geology of #he South Wall
The lithology of the south wall consists of interbedded
s?ndstOnes, siltstones, and mydstopes. Exact ’stratigraphic
Corre1ations from geophysica1- logging techniques are
difficult to determine. since the wall i; comprised  of
\ massive sandstones. Since contiguous marker beds such as the
'\ Lower Mynheer and Bourne seams are presentu it can be
\inferred that the strétjgraphic sequence has not. been
terfuptea laterally b; faulting or folding. Bedding planes
in the south wall tend to dip géntfy into the wall at
;pproximate1y 5 to 20 degreec . a1thougﬁl immediately above

the 1imb of the Upper Mynheer coal pod, dips increase to 45

degrees. Near the crest of the coal pod, bedding. is

. g’considerabfy disturbed. Vertically dipping strata and
overturning are common in this ‘pégion, with random minor

thrust faulting (Figure 8).

3.2.2 Geology of the North Wal)

~ Although the Tlithologic units are very much similar to
the south wall, the geology of the north wall s
structurally more complex. In most areas, a ér@ss section
through the north wall can be categorized on the bassis of
stucture into thhee units. Not rafl ~units are present
throughodt' the entire wall as fhe'upper units have been

~eroded in some areas.
The " lowermost wunit rises approxfmate]y 46 m (150 ft)

above pit bottom, and is present along the entire length of

Lo e e

[T SR P T
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the wa11. It consists of relatively uniform strata dipping
into the propésed pit at 12 to 18 degrees. Thé top of this
unit is bounded by a low angle (<10°) .thrust fauli, above
which lies a 30 m (100 ft) thick unit which has undergone
varying degrees of deformation. Bedding‘dips of these 'strata
range  from | horizontal to 10 degrees intb the pit.
Correlation of the beds is véry difficult in th;s unit since
many bf. the beds have been displaced by minor faults.
Immediately above these relatively flat 1yihg strata lies
the uppermost unit. Mapping indicates the strata‘ are
severely folded and faulted and have undergone intense
weathering. This wunit is only found east of Section 78200F

and above elevation 4730 (Figure 3).

3.2.3 Coal Stratigrephy
In the Coal Valley ane ,thefe are four major coal
seams, .the Mynheer, SilKstone, Arbour, and Val D'Or. The
Mynheer has been divided into agbUpper*and Lower seam while
the Silkstone is comprised of the Wee and Boqrne seams. The
séams are separated by 'interbedded sandstones, siltstones,
and mudstones of various thicknesges. Both the Silkstone and
Mynheer seams .gre found in the Pit 13 area but only the
Upper Mynheer wWill be mined fn the near future. In
undisturbed areas the Upper Mynheer is normally between 3 to
9 meters (10 to 30 ft) thick and comprises high volatile

Bituminous C coal, interbedded with some minor thin

laminations of mudstones and clay. In the Pit 13 area, it

.
Tt e M e ———— o —
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has been tectonically deformed into a 60 to 75 meter (200 to
250 ft} thick pod. The northern edge of the pod is truncated
byma steeply dipping reverse fault. Evidence of this fault
is obscure in some areas, especially in the eastern section
of the pit.

Below the Upper Mynheer lies a 3 to 6 meter (10 to 20
ftl thick series of interbedded coals, carbonaceous
mudstones, and clays. This sequénce,js Known as the Lower
Mynheer and is very wuseful as a marker for geological

correlation because of its lateral persistence and

characteristic Natural Gamma and Focussed Gamma-Gamma

Density properties. The Lower Mynheer has not undergone the
same thigphqing process as the Upper Mynheer, but it has
been 'féulted in some areas. The faulting seems to have no
discernible influence upon the top of the Upper Mynheer coal
pod, but has displaced the bottom of the pod and the Lower
Mgnheer by as much as 30 m (100 ft). The Lower Mynheer is
also affecfed by the steeply dipping reverse fault which
determines the northern edge of the Upper Mynhger coal pod.
This fault does not dis?upt ﬁhe Lower Mynheer east of
Section 783800E. An approximate outline of the pit boundaries
and a structure contour ‘map of the Lower Mynheer are

RSN

illustrated in Figure 4.

s
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3:2.4 Marker Beds

The most persistent and readily identifiable marker
beds in the Pit 13 area are the coal seams. Of these, ihe
Lower Mynhe@r 1s the most prominent because'of 1ts  lateral
continuity and characteristic geophysical signature.

Located in the south wall approximately 75 m (250 ft)
above the Lowar Mynheer, is the Lower Silkstone or éourne
seam. It is also a useful marker bed but is of limited value
for correlation purposes since the seam is not present in
the north wall.

A1 to 3 meter (3 to 10 ft! thick conglomerate found in
the north wall may also be useful for correlation purposes.
It dips gently to the east at about 12¢, outcropping at
Section 777008 in the west and Section :78700F in ﬁhe east.
The wunit is not easily identified by geophysicaﬂ me thods,

but is usually recorded in the Drillers’ logs.

]

'I
V!
W
A joint survey was carried out in the uppermost unit of

3.2.5 Joint Sets of the North Wall

the north wall of Pit 13 near Section 78400F (Figuﬁe 3. A
lack of exposures in the lower units and diffiéulty of ~
access in-other sectors limited the joint survey to this

particulaﬁ region. Detailed mapping prczedures. such as the

Line Method which permits statistical analysis and
. <
corrections for bias, were not wused owing to the

e
considerable time reguirements of such methods . Instead, a

random Area'Mapping teChnique,was used by:mapping accessible

T
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areas with a Clar Compass. This type of mapping is
susceptible to sampling bias, which may result from joints
which strike alémi: parallel to faée being observed less
frequenf]y than those perpendicular to the face. This was
hopefully minimized by using a visual selection process in
aH effort to take a representative sample of the jointing
system. Directional bias was also reduced by mapping two

mutually perpendicular faces.

A_ stereographic projection of the poles to the joint

planes was compiled from 160 dip and dip- direction wvalues.

The jointing data were sUbsequeqtly contoured on Luscar
Ltd.’s Hew1et£ Paékérd 3000 Computer system u: .g the One
Percent Area Method to determine the predominant jointing
systems. The computer printout of thé contour plot is shown
in Figure 54} and indicates 3 major joint sets. Their mean

orientations ade listed in Table 2.

Of the three major joint sets, J-1 appears to be the

"most significant with respect to slope stability. AT1though

the spacing “ (0.5 to 1.0 m) is slightly greater than the

~other two joint sets, they also appear to be more

continuous. * Joint planes in the J-1 jointing system

exhibiting lengths of 3.0 m (10 ft) are common. The mean

"orientation of the J-1 system 1is adverse to pit wall
Stabi]ity, forming a possible weakness plane along the back

- of a'potential failure block.

Calcite infilling was observed on many of the joints in

all three of the joint sets, but was genéra]]y discontinuous
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TABLE 2

JOINT SETS OF THE NORTH WALL

Joint Set Dip Dip Direction
BT D 770 2410
J-2 | 470 2880:
J-3 230 ' 1o1e
Bedding 280 7 1980



and is unlikely to have a significant affect on stability of
the pit walls. Owing to'a lack of accessible exposures, no

information is available on joint sets of the south wall.

3.2.6 Faulting in the Pit 13 Area

There are two major faults in the Pit 13 region. The
first is a laterally persistent, northeast dipping thrust
fault which truncates the top of the Upper Mynheer coal pod
‘F' on Figure 8). The fault daylights east of Section
78500E, but re-appears in the adjacent Pit 14 area. Near
Section 77400E, exboSed portions of the coal pod éxhibit an
overturning of the bedding towards the southwest 1mmediaﬁely
below the fault. This overturning indicates that the
direction of movement of the éverlying beds was up-dip and
towards the southwest. Such a displacement is wunusual for
the Mynheer A region of the mine (Figure 2) as movement
a]o;é other low ang]é thrust faults in the area is normally
towards the northeast. Ffrom the direction and amount of
movement, it is deduced that the overlying beds are
stratigraphically lower than the coal pod. The displacement
along the fault must be in the range of several hundred
meters because there is no correlation between the
over-riding bedé and those located in the soufh-wa]1.

Associated with the\Tow angle fault is .a carbonaceous
gouge varyfng from 0 to 30 .cm 10 to 12 in) in thickness. The
gouge is generally a dark grey to dirty black bentonitié

material composed predominantly fine grained, friable coal

L
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X
interﬁixed with sanay clays derived from‘degraded mfuds tones
and sandstones. Cohesion of the material 1is low and is
therefore seldom preserved in core samples due to its
changing thickness and variable-composition. The variable
thickness and 'composition of the.'goUge also makes it
difficult to recognize in geophysical logs. Exahination of
éhe‘%aterial is thereby limited to relatively few exposures
in the old mine wérkings; | )

?‘ The second major fault in the Pit 13 area 1is a
northwest striking, steeply: dﬁ;bing reverse fault (F2 on
Figures 4, 7 and 8). It delineates the northern edge of the
Upper Mynheer and 1is truncated- by the overlying thrust
fault. West of Section 78500E, fhe fault displaces the Lower
Mynheer usually in the order of 15 to 30 meters (50 to 100
ft). East of this section, the Lower Mynheer 1is no Jlonger
affected by the fault. The eastern extent of the fault is
not Known, since earlier mining acfiVitieg have obscured the
pod outliine by excavating the coal and by waste dumping;

In addition to the two major féqlts, there s q&so a
series of northeast striking faults which penetrate the
Lower Mynheer and lower poriion of the Upper Mynheer coal
pod but dissipate within the coal. There is no evidence of
these faults a]éng the fop of the pod, thus maRing their
exaét“ location and orientation‘difficult to determine. The
geometry of this faulting, shown in Figure 4, was

interpolated from the structure contour map of the Lower

Mynheer.

N
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3.2.7 Effects of Weathering
The strata in the Pit 13 mining zone are very
susceptible to weathering proceéses. Exposure to the
elements causes visible degradation of the sandstones
siltstones, and mudstones, especially in fOCKs with h{gher
carbonate or benﬁoq&te contents. ngr a period of just a few
months, the breakdown of ‘he -anustone into a cohesion]ess
sand mass has been observed ‘n submera = -ore sampﬂes. More
significantly from a geotechnical standpoint, is $he effect
" of weathering‘upon the bentonitic mudstones,‘as‘water tends
td reduce the mudstones to soft clays. The colour of the
clays will lighten in accordance with the bentonite content
of the original mudstone. Evidence of this weathering
process has been observed both in the pit walls and in core
samples. Mudstone outcrops in the old mine workings have
degraded {o a depth of about 45 cm (18 inches), grading with
distance into the wall from a soft clay to a fractured
mudstone to é Qohesive hudstone. Over the last 3 years,
recent exposures caused by erosion or gu]iying during spring
runoffs have weathered to a depth of approximately 10 em (4
in), while the original structure of the mudstone is still
visible in the c1éy..Angular fragments and. planar jointing
are still present in the material which can, however, bé
easily molded and formed.
| Inspeétion of old core samples, stored routdoors for
several years has revealed similar é%fects. Al to 2 cm (1/2

to 3/4 in) ring of clay is present around the perimeter of

&



the core, while the central portion of the core is composed

of a relatively cohesive mudstone.

3.3 Pit 13 Structural Sectors

For design burposes Pit 13 has been divided into four
geologically distinct séctors primarily on “thg basis of
differénces in‘structure. The division into séctors a]oﬁg
the. nornth wall was also founded on thé qhmbeF of the
" structurally distinct units as described in Sectipn 3.2.2.
As a result of differen* al erosion, not all of these

structural units are preser* earh of the sectors along

8]

the‘ north wall. A plan v £ the pit area énd‘the

individual sectors is shown 1n Figure 8.

3.3.1 Sector A |

Sector A cerrs the entire south wal] of the pit from
76200E to 80000E, a distance of 1160 m (3800 ft)(Figure 6.
The geologic structure of Sector A was descrfbéd previously

in Section 3.2.1.

3.3.2 Sector B .

Sector B.is situated ir the northwest coln@r of Pit-13;
covering the area between sections 76200E and 77600E (Figure
6). Slope heights in the proposed pit wall in this sector
“range from 90 to‘107 meters 1300 to 350 . ft). The eastern
boundary = is an anifrary one based on a gradual 1ncfeasé in

r-d
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thickness of the coél pod and structural changes in the
overburden.

From the very limited data available, it appears that
oh]y the strata below the Low"éngle thrust fault are
present. For the most part, bedding dips at an angle of 120
to 169 into the pit. Local stratigraphic units, including
the Lower Mynheer, are displaced about 15 m (50 ft) by the
steeply dipping reverse fault which truncates the northern
edge of the coal pod. The fault displacement increases
considerably towards section 77400F to a maximum of 60 m
{200 ft). A cross section through this sector is provided in
Figure 7.A

The Lower Mynheer and lower portian of the Upper
Mynheer coal pod . are also disruptea by a series - faults: .
striking at abproximately 45 dégrees azimuth. Ev -~o of
these faults appears at the western edge of the sector.

In Sector B the Upper Mynheer coal forms a slightly
thickened wedge, with a.maximum thickness of 60 m (200 ft)
»at the northern edge. The wedge gradually pinches out to the

south, over a distance of 245 m (800 ft).

3.3.3 Sector C

Sector C constitutes the central portion _f the north
wall from 77600E to 78500E (Figure 6). The - i~te. .. poundary,
similar to that of the west, is an arSitrahy ~hoice based on
a' gradual chaage in the shape of the coal pod. This sector

contains the most complex geological structures of the pit.
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Theré is severe folding and faulting in-the upper portion of
the wall as well as frequent jointing.and'fracturing in the
lower strata.

All three of the structural units discussed in Section
3.2:2.. are present 1in this sector (Figuré 8). The beds in
the lowest unit dip at éppréximately 18° into the pit and
comprise interbedded siltstones, mudstones, and sandstones.
vThe sandstones are generally calcareous ;and contain coaly
inclusions. The Lower Mynheer is located near the bottom of
this unit. Displacement along the steeply dipping reverse
fault is similar touthat in Sector B.'approximately 15 m (50
ft). Borehole information is more plentiful here than in any
of the other sectors, thus permitting a fairly accurate
determination of the location of the fault and the amount of
disp]acement. The fault 1is truncated by a gently dipping
reverse fault (F' on Figure 8], whiéh also truncates the top
of the coal pod. This fau}t has been reméved by erosion in

Sectors B and D,‘but evidenhce of it is found further east 5n

adjacent mining areas.

The second unit above the reverse fault consist of - -

intermixed sandstones, siltstones, and mudstones which dip -
at approximately 10° into the north wall. The sandstones are..
either severely fractured and weathered tabular déposfts or
randomly jbinted massive sandstones. Also included in this
sequence, is an 2.5 m (8 ft) thick conglomerate containing

rounded to sub-rounded siJiceous clasts.
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The wuppermost wunit, located abové elevation 4730, is
geo]ogica{ly very complex, Thqfstrata. comprised primarily
df sandstones and siltstones, are extremely weathered,
intensely fréttured by joints and faults, and frequently
overturned or drag folded. /

Relative to the other two sectors in the north wall,
the Upper Mynheer coal pod in Sector C has a greatly
increased th;cKness. reaching a maximum of 90 m (300 ft).
The flanks of the pod steepen to a maximum of 70 degrees and
60 degrees on the north and south sides respectively, while
the overall width of the pod decreases to a_ minimum of 107 m
(250 Ft) near Section 78500E.

o >
3.3.4 Sector D

Sector D is located in the northégst corner of the pit,

from 785008 to 80000E (Figure 6). The maximum height of the

proposed pit wall in this region is 75 m (250 ft). General
characteristics of this sector include an elongated coal pod -
with 17 *le deformation of the surrounding strata (Figure
9):

The geological structure of Sector D is fhé simplest of
any sector in the north wall. There appears to be little, if
any, displacement of the Lower Mynheer duewto either the
northeast trendihg fault system or the nor-hwest striking
reverse fault. The strata are predominantily composed of
mudstones and‘ siltstones. with inter]ayered - calcareous

sandstones. 0Only the lowermost structural unit remains in
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Sector D as the upper units have been eroded. Bedding planes
tend to dip relatively consistantly into the pit at 11 to 13'
degrees.

Towards the eastern edge of the pit the Lower Mynheer
outcrops, revealing a 0.3 m (1 ft) thick clean coal seam
undérlain by a bentonitic mudstone and a dirty coal seam. A
recent pit bottom survey indicates the old mine operations
simply followed the Lower Mynheer down dip, and removed the
overlying Upper Mynheer coal pod. 0

In Sector D the Upper Mynheer forms an elongated wedge.
The extent and thickness of the northern edge is difficult
to determine because of the old mine workings but it appears
that the original pod reached a thickness of approximately
45 m (150 ft) and wés about 150 m (500 ft) wide. Because of
the water which collected in khe abandoned mine workings,
drilling has not been carried out in this sector to

—

de]iheate the remaining coal deposit.
p ,

3.4 Groundwater

Single open standpipes were installed in each of
coreho1és 2192, 2183 and 2154 (Figure 3). The standpipes
consisted. of 3.8 cm (1.5 inches) diameter (0.D.} PVC tubi- | .
with glue-on couplings. The perforated sectiohs of the
standpipe consisted of a 3 m (10 ft) length of standard PVC
tubing in which 0.25 cm (0.1 inches) wide by 5 gm fé inches)

long sliots had been cut.
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Installation of the standpipes began by placing an end
cap on on a 3m (10 ft) length of standard tubing. The
slotted section was connected to the top of the capped
length and successive lengths of tubing were added to the
screening until it reached the desired depth (Table 3). The
bottom, capped piece of tubing provides a sump to collect
sediments and minimize plugging of the | :rforated sectioh.
During assembly, the piezometer is held by the couplers with
a metal slip. As each length is added to the standpipe, the
slip *+ removed and the tubing is Jlowered 1into the hole.
Upon completion of the standpipe. washed pea grave1‘was
placed in the hole around the circumference of the tubing.”;
The' piezometers were designed for measurement of tﬁe local
groundwater level and were not sealed at any particular
intervals with packers. bentonite, etc.

Immediately after installation, the water level in each
of the ‘piezometers was measured with a direct sensing
electric probe. However, subsequent monitoring of thé three
standpipes has been wvery irregular. Data from these
piezometers and from holes drilled in the adjacent Pit 14
area suggest thatr_Lbe groundwater table elevation is
seasonably variab]e and Rgnges from 18 m to 30 m "0 to 100
ft) below grade.

A hydrogeological study was completed 1in the eastern
=nd of Tt 14 in May 1879. The relevance of this data to the
Pit 1: area is wuncertain, however, a visual examination of

the region would indicate that a number of the conclusions



" TABLE 3

STANDPIPE PIEZOMETER INSTALLATIONS

Corehole Depth of Lithology of

Number Screened Interval Screened Interval
m ft
2192 61-64  200-210 Aphanitic Mudstone
2193 30-33 100-110 Silty Mudstone

21384 87-90 285-285 Silty Mudstone
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for the study will prove valid for Pit 13 as well:

1.

the direction of the local groundwater flow is southwést
from the nor fhwest striking ridge.

the permeability of the rock discontinuities is greater
than that of the intac% rock.

groundwater flow is highly dependent upon the geologic

structure of the rock mass, especially attitude and

spacing of joint and bedding planes.

4
Hydrologic characteristics of Pit 13, .such as rock

permeabilities, are not known.

.

1y



4. Laboratory Rock Testing Program
Samples for the Pit 13 teésting program consisted of 80 core
samp les taken from four geotechnical. coreholes.
Approximately 20 grab samples were also taken from
outcropéings near the old mine workings.
The testing program comprised 38 moisture content
determinations, 2 24-hour water absorption tests, 22 direct

shear tests, 3 Atterburg Limit tests, 9 * density

determinations, 23 Brazilian Disc fests, 17 uniaxial
t

compression strength tests (solid steel platens), 11

uniaxial compression strength tests (brush platens), 3

static modulus of deformation tests, 45 NCB 6one Indenter
tests, ‘and 1 triaxial compression test (at 5 confining
pressures). The labératory rock testing program was divided
inJo two independent studies. The first.study was primarily
concerned with measuring or estimating the intact strength
pr?perties of Pit 13 strata. To this end, a series of
Br%zi]ian disc, uniaxial compression, and NCB Cone Indenter
Test were carried out on the sandstones, si]tstones, and
mud%tones of the Pit 13 area. The Brazilian disc and
uniaxial compression tests were performed in accordance with -
guidelines described in Supplement 3-1 of CANMET'S Pit Slope
Manual (1977). A description of the NCB Cone Indenter and
method of use are given in this Section. A summary of the
test results is p ovided in Appendix B.

The Pit 13 strength.testing program, with the exception

of the NCB Cone Indenter and brush platens was typical of
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most é]ope design test programs. - Theg'Cone Indenter was
originally developed. by the National Coal Board (NCB] of

Britain at the Mining Research and Development Establishment

(MRDE  Report No. 19, 1971). The device is present ly
manufactured by Howard's Engineering (Derby) Co., ‘Derby,
England. | 7 |

The Cone Indenter is composed of a flat metal spring
solidly attached at both ends in a portal steel frame (Photé
4). Overall dimensions of the dévice is épproximate]y 18 cm
by 20 cm (7 by 8 in). A carbide steel point is fitted into é
hollow stemmed micrometer in order to measure penetratién{
Deflection of the spring = is measured by a ‘dial gaugev
attached directly to the frame (MRDE Handbook No. 5, 1977).
A rock chip'not larger than 12 mm by 12 mm by 6 mm (0.5 by
0.5 by 0.25 inl is placed batween the steg] spring and the
carbide point and thé micrometer fs zeroed. A preéetermined“
force (proportional to the deflection of the spring) s
app]iéd by rotating the micromefer, and the resulting
penetrationi’of the point into the sample is measured.
Corrections are made for deflection of the spring and a
fina] penetration measuremept is obtained. An indenter index
number is dérived by dividing the deflection of the spring
at the app]%ed force by the penefration of the carbide tip
into the sample. Tﬁis value, called the Cone Indenter
number, is then mu]tipﬁied by a correction factor to obtain
the uniaxial 'compressive strength of the rock. The

relationship developed by the National Coa} Board 15 given



PHOTO 4

NATIONAL COM® BOARD CONE INDENTER
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by:

O = 24.8 CI
where o, = wuniaxial  compréssive ‘strength, ClI = the Cone
Indenter number.

The second exception to an otherwise typical s lope
design strength testing progrém was the brush platens. The
'platens were originally developed by E.T. Brown and L.P.
Gonano (1974) to permit testihg of samples with
length/diameter ratios less than 2:1. They are designed to
minimize the frictional force between the material being
tested and platens, thereby reducing the constraint
experienced by the sample at 'its ends. The platens are
constructed f a matrix of steel pins which are long and,
therefore, f]:}ible enough to allow expansion of the rock
sample, but short enough to maintain pin stability. The
brush platens manufactﬁred .for. testing Coal Valley rock
consisted of 0.3 cm by 0.3 cm by 5.1 cm.(1/8 by 1/8 by 2 in)
steel Keystock held in a circular clamp (Photo 5).

The testing conducted by'Brown and Gonano to evaluate
their platens was performed o©on specimens of Fé]ative]y
strong, Wombeyan- marb’ of varyihg lengths. Comparative
tests were also carriéd-out using solid steel platens. It
was found that thef\jncrease in.strength with decreasing
length to diameter rétios associated with solid platens . was
negligible with brush platens.

The second study was concerned with measurement of the

~direct shear strength of the weaker strata of Pit 13, such



PHOTO 5

BRUSH PLATENS
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as the coals, clays and bentonitic mudstones..For the most
part, the determination of the shear strength of
lithological contacts was the_primary aim of the tests (e.q.
coal/mudstone contact): which were conducted in a Leonard
Farnell 10 cm by 10 em (4 by 4 in) direct shear box inas
accordance with procedures 6utlined in Supplement 3-2 of
CANMET’S Pit Slope Manual. In order to minimize sample
disturbance, each sample was tested under increasing
incrementa] normal loads. A typical sample would be sheafed

under five normal loads ranging from 75 N to 1500 N (17 to

337 1bs) at a strain rate of 0.013 mm/min (0.0005 in/min) .

4.1 Corehandling and Sampling Techniques -

In order to exémine the core, the 7.6 cm (3 in) inner
p]asticﬁtubing was ﬂopened on the drill site using an
electric router and portable generator. The core was
inspected for core recovery and ;fbr the selection of
representative samples for testing. From the four
geotechnical holes 89 sampTes were collected. Each sample
was briefly described, measured, and the exact depth from
which the sample was taken recorded.

The samples were left in theﬂp]astic tubing whichrwas.
wrapped in ‘plastic bags and inserted in 8 ecm (3.5 in) PVC
tubes. The ends of the tube were sealed with either plastic
sampling bags and fibre tape or paraffin wax. Finally, the

samples were transported to the Rock Mechanics Laboratory at



52

the University of Alberta and. stored in a non-operating
freezer. The freezer contained 5 cm (2 in) sheets of
saturated foam rubber, which were placed over the samples in
order to retain the specimen’s natural moistu}e.

The remaining core from Coneho]e§ 2181, 2183, and 2194
was placed in 1.5 m (5 ft) loné wooden core boxes and

geologically logged and photographed in Luscar’s portable

core.shacAi”’“'””,_Va]ley. The 1ids were then placed on the
édrea k core was stored on-site for futﬁre
referqif d from "CH2192 was left in the core tubes

and_'séi}§§‘§, tbTasthdie ‘loading bags with f1breglass tape.
- These were takéh with the selected samples to the Un1vers1ty
of Alber *a and stored in the basement of the

Chemical-Mineral Engineering cuilding.

4.2 Selection of Laboratory Tests

v
-

4.2.1 Strength of Intact.Rockl

There are several fypes of design tesfs common ly used
to determine intact rock strength  parameters for s lope
~analysis purposes. The Qniaxia] and triaxial compressive
.strength tests,n as wé]l as direct ténsion testing are
”eXamples of design strength tests. Index test1ng methodc
used for slope. design would 1nc1ude the Schmidt Hammer
(dynamic rebound test), Point Load test, 24-hour absorption

test, density tests, and water content determinations. The
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ma jor limitation of the various testing techniques for slope
design purposes, is the problem of estimating the rock mass

properties froﬁ the intact rock properties. There does not

appear to be a simple solution to this problem, however, the \

intact testing does provide background information so that

rock. mass parameters can be more accurately estimated using
judgement and experiencé. :

The testing methods selected for the Pit 13 intact rock
strength t%;ting program included a variety of gesign and
index tests in order to determine several of the intact rock
mechanical properties. The static strength properties of the
Pit 13 ‘éamples was measured using the Brazilian Disc,
uniaxial compression, triaxial compression, and NCB Cone
Indenter testing, while the affects of siress on the Coal

Valley strata was examined by the static modulus of

\Qeformation test. Physical properties of the intact rock

d
il P

were examined using density and moisture content
determinatibns as well as the 24-hour absorption test.

The strength properties of the intact Coal Valley
strata’céu]d have been defermined using standard tééts. sucﬁ

as the wuniaxial compressive test, direct tension, or

triaxial compressive test. However, these tests require

expensive testing machines and tedious and sometimes

difficult sample preparation. For this reason, index tests

such as the Point Load test and Brazilian Disc test are
often used to indirectly estimate the strength properties of

a rock. According to Broch and Franklin (1872), an index

%
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test %s a test which is quick, accurate, and inexpensive

enougﬂ to be used for classificétion and mapping
applidations. In order to fulfill these requirements, the
index {est must be simple and reproducable.

Although the Point Load test 1is more tolerant of
structural irreguiarities in rock specimens that line load
tests such és the Brazilian Disc, experience with many rocks"
in thé Coal Valley area has shown that Point Load index
testing has not given accurate and reproducable results. It
is Believed that this tesf\is not suited to the soft roék
encountered in the study area because the failure mechanism
in these rocks may differ from that Fssumed for analysing
*fihe test data. Failure of soft rocks in the Point Load test
often occurs by crush}ng of thg rock under the conical end ‘
pojnts, whereas the assumed failure mechanme ‘1nvolves
propagation of a 'ﬁengile  frd%turé from the centre of the
specimenrtgggrds the conical end points.

In an attempt_to acquire a suitable strength index test
for the CoalﬂValley a;ea, 1E was decided to evaluate the NCB
Cone quenter.' Cone Indenter tests ,were conducted on
muds}one \ siltstone, and sandstone core samples taken
immedjate]y adjécent to uniaxial compressive specimens in
order to chrelafe the resu1ts of the two tests. Dﬁring this
stage of the testing program, however, it was found that a

sufficient number of uniaxial compressive ‘specimens could

not be obtained for the correlation purposes.

C
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Several attempts to obtain smaller diameter specimens
by under-coring the 6.6 cm FQHSfinch) Siameter core using
both water and air as lubr;cants were unsuccessful, even
when the core was set in plaster.” The difficulty in
p}eparing Coal V;ﬂley core " samples of adequate length to
conduct standard uniaxial compression tests with
]éhgth/diameter ratios of 2:1 to 3:1 led to the construction

and trial of brush ®latens.

4.2.2 Strength of Discontinuities
In order to determine the-shear stre%gth of fhe Pit 13
Strata a series of direct shear tests were conducted on a
variety bf samples. The shear properties of the softer rqchs
aﬁd clays in the Pat 13 area ére‘ very éignificant to "tHe
stabi]ify of the pit walls. This is especialjy true of the
north wall where the Lower Mynheer under]ying the cosl pod.
has an average dip of 12 to 18.degrees into the'p%t. #he
bottom émrtion.qf thg Lower Mynheer is composed of a 0.3 m
to 0.6 m (1 to 2 foat) thick, clean anl seam over]ain'by.
fnteﬁbedded bentonitic- mudstones,: making the seguence 3
critical factor- in the:stability of the proposed pit wall.
Formation of even a very thin c]ay' layer along the
Coal-mudstone contéct_would‘form a potential failure surface
that would affect the stability of the entife wall.
Owing to the significance of the strata shear strengtﬁ
properties, tests were perFtheq both on .the mudstone - 43

clay core samples. Further? tests were conducted on grab
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samples containing either clay-coal, mudstone-coal, or
cday-mudstone contacts. Finally, an artificial “sandwich”
was constructed off; coal and mudstone sample separated by a
1. cm (0.4 inch) clay infilling, to simulate the possible
occurrence of a very thin clay layer ajong a coal-mudstone

contact in the Lower‘Mynheer.

-

A

4.3 Results of the Tes?4;a Program
Results of the testing program indicate that the rocks

in Pit 13 can be categorized into 6 differert typse .sed on

their Strength propertiec For the most pg}t, these
categories mirror the f . .. or lighological divisions of
coals, <clays, mudstone . shlistones, and sandstones. A -

further division was made he‘ween the ligh’: grey to bran
bentonitic' mudstones and the dark grey to green mudstones.
The latter gfoup is often chioritic and generally gﬁades to
siltstone or sandstone. The strength properties éf these
darKer mudstones are generél]y higher than those of the
bentonitic variety. For this study, the darker mudstones
have been classified as si]ty,mudstones, although this may
be somewhat of a misnomer, since tpevname is founded on
,ffheir strength properties aﬁd their méé%gnical similarities

‘to wtrue siltstones rather than by grain size. On thevbasis
‘of the~strength properties ny_fhe available samples, a

similar division of the siltstones and sandstones was not

observed. Any further sub-division of the rock typés was not
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attempted due to the limited volume o# test data.

The strength properties of the strata sampled in Pit 13
were found to be similar to those obtained in eariier
testing of rock samples from adjoining pits. As a result,
much of the .data obtained from this sty - may be used for
destign ana}ysis of future mine dcvelopmént in areas of
simjlar! liﬁbologies. An avgﬁage sample descriptior and
detéiledurécord of the test d;fa for each lithologic unit is

profeided in Ampendix B.

5433.1'Eva1uation of the Cone Indenter

On the basis of the limited amount of work carrjed out
on the NCB Cone Indénter during this study, two tentative
conclusions were drawn:

1. Results from the Cone Indenter are reproabcable; eg.
repeated tests on/the same specimen geqera}ly produced
resu’ - within 10% of each other.

2. The C(one Indenter results correlated reasonably closely
to the actual uniax{al compressive strength results, but
did not follow the .correlation developed by the National
Coal Board. i

Ffgure 10 shows theTNational Coal Board’s relationship
and actual test results from cdmpression testing of Coal

Valley “égﬁples. Only 60% of the qFta points fit within the

limits of one staédahd deviation about the NCB line.

A linear regression was conducted on the Pit 13 data,
Aresulting.ﬁh a best‘fit line given by the expressiop:

4

4 L4,
Is . o b
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o. = 45.3 CI - 15.9
‘where g, = uniaxial compressive strength, CI = the Cone
Indenter number. The standard error of estimate for this
relation is +13.3 MPa. The correlation coefficient of the
regression is +0.85. It should be noted that this regressidn
equation is based on a small amount of data and is bn]y
applicable to strata in the Coal Valley area. A plot of the
relationship between the Cone Indenter and the uniaxial
compression test is shown in Figure 11. A best fit line for
the test dafa is illustrated in the figure, as we]l as the

general relationship derived by the National Coé[\Bdard.

%

4.3.2 Evaluation of the Brush Platens * ' ;

In a preliminary evaluation of the brush platens;?.fwa
separate approaches were attehpted. The first approach was
to test artificial Hlaster specimens o#-.;/arying léngths, but
having identical uniaxial compressive ﬂlhEngths. Twenty 5.4
cm (2.126 inches) diameter core samples were drilled from a
large block poured from éasingle mix of plaster énd water.
Five uniaxial cgmpression tests were carried out on each of
four length/diameter ratios: 2:1, 1:1, 0.5:1, 0.25:1. The
2:1 samples were tested with conventional, solid steel
platens. Results of these tests are given in Table 4. A ploL
of the mean compressive strengths for . each 1ength/diameter
ratio is illustrated in Figure 12. |

In order to anaﬂyse the testing data, a comparison of

-~

means test was conducted using Student’'s t test (Neville and
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TABLE 4

BRUSH PLATEN UNIAXIAL COMPRESSION
TESTING OF PLASTER SPECIMENS

Length to Type of Compressive Average  Standard
Diameter Platens Strength Strength Deviation
Ratio MPa psi MPa psi MPa psi

.09 448
.60 377

2.0 solid steel 2.66 386 0.30 43

RN B W
W
o
w
Fay

1.0 brush 3.01 436 0.45 65

~
P REE v
L b
D
o)
o

0.5 brush 56 372 .65 384~ 0.19 28

1
. 2.
0.25 brush 2.30 333  2.14 311 0.16 23
2
2
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Kennedy, 1964) to a 5 percent signyficance level. Results of
the t test indicated no significant‘difference.between the
2:1 and 1:1 ratios as well as between the 2:1 and 0.5:1
ratios: A significant difference was found, however between
the 2:1 and 0.25:1 samples. Further research is necessary in
order to produce more  conclusive resu]ts with plaster
specimens. /
The second method for assessing the brush platens

consisted of testihg rock samples adjacent to uniaxial

compressive “specimens which were tested with standard soiid

s . LA
platens and comparing results. The number of tesfs conducted

inwuthis way was very limited due to the difficulty in
obtaining samples from core. Examination of specimens tested
with brush platens did, however, reveal some interesting
points. The“angle to the core axis of the failure planes
averaged 83 degrees, as the specjmehs appeared to fail in
tehéidgé(Photo 6). It was not possible to determine whether
the tensile crack probagated from the‘d&htre or from the
ends of the sample. A typical failure p]ane‘ inclination in
uniaxial specﬁmens tested with solid platens averaged 70°

and for -triaxial specimens the average angle of failure was

640, The observed failure plane conf1gurat1on is consistant

“with other work done with brush platens (Brown and Gonano,

1974). The formation of end cones, common in compression

testing with solid platens, was completely eliminated.

w



PHOTO 6

BRUSH PLATEN TESTING SPECIMENS
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4.3.3 Further App]ication of the Cone Indenter

The NCB Cone Indenter has poténtia] for a variety of
purposes. For example, Stimpson and Ross-Brown (1976) used
point load 1index testing for estimating the cohesive
strength of a randomly jointed rock mass. It is suggested
that the Cone Indenter could be applied in a simi]arlfménner
ag Coal Valley during the 'feasibi]ify stage of a
geotechnical investigation.

The Cone Inqenter has also been used to predict the
cuttability of rock by tunnelling machines (McFeat-Smith,
@077). McFeat-Smith suggests that the cutting action of
drag-pjck tools is predominantly an indentétion action and
that a relationship exists betweeﬁﬁ_the cone indenter
hardness and the performance of tunnelling machines
employing drag-pick tools. ‘

In addition,:HoeK and Bfownw(1980) have suggested thaa‘
a. simple index test for.predicting the uniaxialﬁcompressive
strength of a rock may be used to estimate triaxial stréngth
envelopes with _an empirical strength criterion. The cone
indenter indexJ'Qould be pértiCu]ar]y useful for this
purpose, as acct <y would h&rease with use. The Cone
Indenter could also be used’ ét the exploration stage to
correlate and map rock units of similar strengths. The index
may also prove valuable in blasting (and drilling by
providing an estiﬁ?tion of the rock- "blastability” and
“drillability"! '

D
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5. Pit 13 Slope Stability Analysis

&

5.1 Slope Analysis Methods

Two of the most common analysis methods used for s lope
stability studies are the Stress-Strain Design Method and
the Limiting Equilibrium Method. Other design approaches
which may be used alone br in conjunction with the
Stress-Strain or Limiting Equilibrium Methods, include the
Engineering Rock 'Classification,> Experience,. Physical
Modeling, and Inverse Methods (Stimpson, 13879).

Perhaps the most . popular Stress-Strain Design Method
used for siope stability purpocis is  the F'-'Fe Element
Model. It is generally more .ersatile tha r me thods
such as the Dynamic Relaxation and Face Eleméht Approach.
The major limitation of the Stress-Strain Design Methods,
however, 1is that they are not applicable to large
d{gplacement problems. Owing to fhe magni tude of
displacements typically ;ssociéted with Coal Valley slope

movements, it was thought that this type of design method

would not be appropriate for the Pit 13 study.

5.1.1,Limif Equilibrium Ana1ys{s‘Methods

The analysis method chosen for this study was the
Limiting Equilibrium Mode]: There are several Limit
Equilibrium models ‘thch can be used for slope stability

analysis including the Friction Circle, Method of Slices,

s

oy,
7
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Generalised and Simplified Janbu, Spencer, and

MorgenstefQ-Price (Chowdhury, 13878). Each of these me thods

has . particular features which may or may not be appropriate

~for any given stability study.

The Friction Circle method is only suitable for
hombgeheous deposit§. waever. where some ingccur;cies can
be tolerated, it. may be applied to non-homqgenebus
materials. Since 1f is one of the simplest methods™ it is .
often .used for slopes in which failures are not critical.’
Probable situations in wh%ch the Frictiiv  Circle pethod/
would be applied includes: strip mi ‘e hangingwa 1s which are
composed of tills and clays, or s pilo. consfsti;g‘ of
soils or badly broken rock. The Friction Circle method can
also be used for pit walls in broken or badly weathered rock
which acts in a soil-like manner, as well as %or embankmeﬁts
in homogeneous soils. ‘ |

The  Method of Slices is generally abp]igd to
non~homogene6us soils only if a circular failure ,surface is
expected. .. The inter-slice forces are ignbred, therehy
reducing the number of calculations nNecessary to derive a
solution. Errors often arise if the failure surface has a

steep negative slope rear the toe. As a result, thq\ me thod

of slices is generally used for long slopes in sairatified

- .deposits.

Where slopes are likely to have high pore water
pressures, the Janbu Method may be appropriate. 1nter-s]1be

forces are assumed and . it is suitable for both total and
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effective stréss analyses of soil and rock i]opes..Th{ﬁ
method is used for excavétfon of cuts in soil or shattered
rock, since otherg methods which do not take into account
eff#ctive stresses would generate large errors. It héy also
be applied to potential Slip surfaces of arbitrary shape.

The Spencer method is essentially :n -ntermediate stage
between the Janbu and the Morger-tern-Price methods. It
assumes parallel inter-slice forces giving fairly accurate
reéults with a 1imited amount of input. The use of a
computer ds‘deéirable as hand calculations become very time
conéuming even for simple stope geometries. The Spencer
method was specifically designed ‘for embankment stability
'prob1ems, But may be used fér all types of cifcu]ar
analyses. .

The Morgensiern-Price is the*most versatile method as
it satisfies both force and moment equilibrium (Choﬁdhury,
1878). It is applicable to failure surfaces of arbitrary
shape and arbitrary boundaty condipions, but the use of a
computer ié essential. Since the output is only as good as
the input, an extengive testing and monitoring system is
required  to ‘warrant the use of this method. The
Morgenster-Price method 1is generally used in  situations

where slope stability problems are critical.

' 5.1.1.1 Selection of Analysis Method
Determination of which method of  1imiting equilibrium

analysis - to wuse depends upon several factors such as the



i

homogeneity and strength properties of the s lope material,

expected shape of the failure surface, groundWater\

conditions, %tratification of slope materjals, and location
of the potential slip plane relative toi the face
(Chowdhury, 1978). There are also several ancilla/, -actors
which affe;t the selection, including the degree of accuracy
required, money and time a''otted to the analySis, as yell
as the availability of computer programs, computer timé, and
quatified people to Operate the program. for the Pit 13 area
it was essential that whatever model was used it must be
able to handle arbitrary shaped failure surfaces in rock
s lopes.

For the purposes of this study it was decided to use
Janbu’'s Simplified Method and the Morgenstern-Price Method.
Each of these analyses divides the s lope {Hto a series of
slices, can be used for arbitrary-shaped failure surfaces,
andr’is suitable fo} total and effective stress analyses of
soil and rock slopes. . |

The Simplified Janbu Method dor - not require a digital
. computer as the analysis can be condgcted on a hand
~}:alculator if necessafy. However,, a.éomputérized version was
used during this study. The more rfgérqgs Morgenstern-Price
Method was adopted in order to p;bbide a means of comparison
with results from the Simplified Janbu Method. A digital
computer is mandatory for the Morgenstern-ﬁrice method and

considerable expertise s required io use the me thod

reliably and obtain wvalid results. Interpretation of the

63
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results obtained from the Morgehstern-Price Me t hod gan be

v .

difficult, and the acceptability of the solution must be

checked.
5.1.1.2 Simplified Janbu Method P
.+ The version of the Simplified Janbu Method empidfed in
i Ihis‘ study is available in the Sloee-ll Computer Program.
Slopg-11 is a commercial computer prdU#am paékage deve loped
by Professor D.G. Fredlund and others at the University of
Saskatchewan and includes both Janbu’s Generalized and
Simp]jfied Mehods .- Janbu’s ’Generalized' Method defines a
particu]ar location at which the - ~slice forces -act jn
order to make tbe ana]ysisfde v in¥%. These intersice

forces ‘are replaced by a correc.ion .factor in < Janbu

Sigplified Method. The cor rection ‘faccto!»s‘ dependent upon

*ib'par;mete;stgf

-

'y the'shape&of the slip surface and the. stre
“the slope 'materiﬁlf fhe'refatia%ship betweeh these féétors

is shown ih F~i"§;\\8¥fé\\;13’; IR T
Care should bebfaken when using the S]ope‘il version of

Janbu's Simplified Me%ﬁbd to .énsuge .that the correction
factor chosen by the program is porrect.‘The grapH from
which the correztion factor is chésen (Figure 13) hés three
lines plotted on it. The top and bpttom dashed li;es are
.vproposed by Janbu, depending upon the slbpe material shear

g strength-paraheters. However, the center line is used in the

Slope 1l analysis, regardless of the shear strength

parameters; The discrepancy between correction factors is
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Correction Factors for Janbu's Simplified Method

o

“D" Distance Used in Slofte —dI. Program - ~
‘ i . . &-’ ._'\)J“‘, wp‘ ] i) B
x*:,, ! . M Q‘ ,‘;{}n\“ .
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Values of f,

e
G

0 0l 0.2
Ratid D/G
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S d_a\ﬁbu’s Simplified Method Cogréction Factor, f, *
/ - )

, "/)

7 ’

(Atter Slope = Ii, Slope Stability Analysis Users Manual)

FIEURE 13
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greater for analyses conducted in cohesionless s lope

U

‘materials. It is further exagerated because the D value usedfn

in the SJope Il pacKage is'?aken as the vertical dﬁsfﬂnce
from the slope crest to the failure plane, rather than the
perpendwcu]ar distance from the slope face as proposed- in
Janbu'’s oniginal analysis. As a resultfﬁ ‘the QD/C ratio
assumed by ®he Slope I1.version is slightly larger than the
correct _va1ue.‘ Sinces the correction factor is directly

.
‘me

proportignal to ‘thep.pyerahl Factor of Safety, these

‘Gﬁ

variations ,in t II program can generate a

P < B v‘“ ’
substattial error, espebiéﬂjy_ in designs involving deep
) ‘ ‘ 1 ‘ |
seated failure planes in matefials .with ]itgye or no
' Ry 9,° J : ‘. . RN

- . : .
cohesion. . - )
. .

- . ,‘L\‘
Upon selection of the prOper corre€tion facuars the
B

overa 1”Factor of Safety of the ’aflpre surface 1is easily

&
calcu1af@d as convergence is q01te rap1d Chowdﬂp;y, 1878) .
o c‘) o

~The Factor%of Safety in this analys1s can be defihéd as *he
faetor by which - th z%r.‘strength paﬁameters mus{ be
~jaiuced fan order’ ,tzﬁ'sf—'y ‘ coneitions . of 11mit1gg
equi 1ibr fum: 1{‘" should also. 8 noteq 'that the Slope-11’
program requ1res all failure surfaces’to be nepresented by
slip circles. \ﬁowever, failure may be forced along a

f
weakness plane in the Slope-1l version of Janbu’'s Simplified

. -Method ‘by designating the wunderlying rock’'s strength

H

parameters as extremely large.

-

s
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5.1.1.3 Mprgenstern-Price Method
The version of the Morgenstern-Price analysis used in

“tr s study was obtained - ffom the Department of Civil

Ngineering at the Kvirsity of Aﬁbé'zg. Tge analysis is

2ndered sfatically:dé' Fmynant by assuming a re]ationshjp
between the effective normaJ thrust and the shear force
écting ohva vertical interface. It should be noted that not
‘all versions wuse the effective side stress assumption but

instead are expressed in terms of total stresses.

The relationship between the effective normat and shear

o

interslice forces ?s given by a fynction se]ecﬁed byﬂ t2§aﬁ
‘user which defines thefvér‘étion of these faqes;througgaut
“the potentiat s#jdins ’ %éss - (Dogumentationﬂp of Limit,
Aéqui1ibrium‘Analysis of éloge Stpbili?y by Mgrgerstern-br;ce‘
Method). The value-bf the side force %unction for each slice
is i%%erpolated by the program. The interpo]ationvis dérivgq
from vatlues assigned to selected ppints along the failure
sb;face("This is referredlgfo as a specified side force
furction a]théugh other types of functions may be assbimed by
other prcﬁﬁan&. The types of. functions most often used
1nc1udés constant, linear, half-sine, clipped-sine, or

, trapezoidal. N,

For most cases, éhe specified fundtior type is started
with\ all ‘valdes éon§tant' and ‘equai to one. This implies .
parallel inter-sf}cé.forces and 1is generally satisfa@ibfﬁrﬁfé?
(Chowdhury, '1978). Special cases, such as s]opés containing i

hig% water pressures, may require different side force

-

3 : -
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function assumptions in order for the Method t§ produce
accgptable results.

The solutions obtained from the Morgenstern-Price
Method must be checked to see if they are pﬁyg?ca]ly
feasible. There must be a reasonable distribution of the
normal stresdes acting on each potential faijlure surface. A
reasonable distribution s obtained by choosing an
appropriate side force funczion.

Chowdhury (1978} summarized some general guidelines for
determining admissabile solutions with the ﬁorgenste;ﬁ-Price
Meﬁhod: n
1. The interslice boundaries must not contain effectivé

tensile stresggi. Thié“-ﬁequifement may not have to be

A

rigo 1y applied near~th st of the slope. e
g ,ron*"\y | p'p‘” 9, ar e cres ‘o pe

" . oy e M ) o> 3
2. The local shear strgngth or failure ‘cmtemo% SO
v '_\" £ ‘a . P

He reached within the potential failure ﬁass;

Chowdhury (1978) also states that these guidelines need not
be as sth%Ctly adhered to.in the c;se of rock slopes.

The solutions 'obtaingb using the' Morgernstern-Price
Method are not unigue, but the variations in the overall
Factor of Safetey is not significant. In some cases,

solutions which do not satisfy the admiésability critefion

-

may still provide valid results: Consequently, discretion isun

required in determining the acceptabf]ity of the solutions.

-t s ;‘,'\Jvz\,ﬁ
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5.2 Determination of Rock Mass Strength Parameters
Experience elsewhere in the Mynheer A mining zone .has

shown that failures in the. proposed Pit 13 walls will

probably occur in a deep seated h]ock féilure Sha]]ow

seated, C1ra‘1ar slip failures do occur in the study area4
A s

. but only on the. badly weathered walls of  t e. old mine*’

LY
workings. It is unlikely that sugh failures will agour

during the pred1cted life span of Vﬁt’-13 In -order tew

accurately model the deep .seated block fatlures by means é&

the Slmp11f1ed Janbu or Morgenstern-Price: Methods,, the
R A - '

' v, . '
discontinuities are required.

_ ‘Qg Rock Mass and Dtscont1nu1ty Strength &
Perhaps the smgwﬁost critical factor in slope
» ) :
stab111ty analyses is the estimation of the rock mass and
dlscont1nu1ty strengtns. The accuracy of the estiﬁation méy

be increased by laboratory testing, in situ testing, and

back analysis of slope failures. However, the “fina1x%

Selection of strength parameters 1is still subject to
uncertainty due to sampling biases, testing inaccuracies,
undetected geological feat%res, weakness ‘planes, etc. :

There are. a number of approaches used to estimate the

PR
-

.rock mass strenéth parameters ‘required for rock slope design

vpurposes, such the ,Geomechanics Classification and the -

SeAt

No%wedﬂan Geotechn1é§h “1hstUte (NGI) Classification (Q

Systémf The Geomechanics Classific@tion was develpped in

’ -
‘y )

strengfh properties. of both  the rock mass ~and rock

¥ '%'.
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South " Africa by Bieniawski and 1is concerned with six
separate parameter«: (Barton, 1976)

1. Uniaxial compressive. strength of the intact rock

mategia].
2. Rock quality designation (RQD). .
3. Joint.spacing.
4. Condition of’ﬁQans.d,h‘; o ‘
5. Groundwater:cgndjtions. ]
6. ‘Hointaorientatioﬁi 4 T ) !

The NGI'Or-Q SystemV“CTaséificat?on was developed- in

, w . . . . ¢ : -
. Norway by Barton and is also ‘toncerned with_gjxvpanam"ers:

'(Bartonh;197§f:yﬁgl . " L o

2
3
4. Joint aLterat{onjqumber.
) .
6

3

T

: e e R ’ ] @
.~ Joint set ntmber.: ;

dognt.péughnéssfhumber.

Joint water reduction factor.

- L~

s 'Jh/

Stress reauéf}on féctor. N

The - six \bgnamete;é of the NGI Classification are used
to givéva rough éstiméwe of relative block size, inter-block
shear strength, and éctive stress. The one parameter common
to both ‘classificétion 'systems aiiwﬁ the rock quality -
designation number. 1

Whi\e bo{h c]aséificatidn Systems are e;&entially ‘a
weighting proéess, it is recommended (Bieniawski, 1976) that

classification approaches should be used in conjunction with

other sysiems rather than relying on a single system. Other

<
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classification systems Which may be used to cross-check the

ok
findings q; either of the above systems includes the Wickham

concept, Miefly used for steel support design, and Stimpson
and Ross-Brown’s system of ‘estimating the cohesive strength
of randomly jointed rock mqa&ss. (Stimpson: and Ross-Brown,

1979 ».

5.2.2 Selection of Strengfhs‘ for Coal Valley Stability
Analysis e ' ’
%ecause 6¥iits importance to the stabi]ityv of the
proposed pit’ wa]fs, the' determination of the internal
frictipn angle of the rock mass materials was a ma jor
concern of‘ﬁpgf&tudy. Various laboratory testing tecpniques, .

including &ﬁ ?bhea% testing of the‘weaker units as' well

as of discon 1'uities,land triaxial compression testing- of
intagt vrggk sﬁecjﬁens were conducted to- assigt in
determining the shear strength parameters of fhé rock mésgr
| The~ffia51a1 testing of intact Coal Vaélley sandstone
samples pfodUced a curved Mohr envelope, varying from 66° to
35° over a range of COnfiQng pressurés of 0 to 12.1 MPa
(1750'bsi)(Figureiﬂdj.‘Itigﬁ thoughf that;the curved failure
envelope is a result of thé~géct‘ that at lower confining
L N . .
pressures stressés ar® not sufficient to shear through rock
.irreéu]arities and thus -.a higher finierlocking" friction
ahg1e results. At higher pressﬁresoshearing occurs through'
thé intact specﬁmen['anq a lower internal friction‘angle is
derived. Hoek and Brown (195;)—suggest that }he ffiction

! - \
{
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angle w1l] vqry with normalAQ§tress levels and that the

fr1ct10n angle parameters ould be calculated for each

slice in a stability analys ™. However, owing to the limited
height of the proposed pit walls, the variation in normal
stress between the crest and the lower portions of the slopé
will %ave 1itt1e or no affect on theieffective fricfion
angle of the rock material.

In accordance . with Hoek  and - Brown's (1980)
recommendatIOns concerning slope designs, the frction angle
der1ved from Jlow pressure testing should be applied during
the Pit 13 design due to the low normal stresses which will
be eqcoyntefed in the slope. However, visual examination of
previous failures in the Pit.13 area indicates fﬁat"sheariﬁg
of ”the strongepﬁeck uﬁit‘ccurs along d]scontmmhes in
the rpck mass. I:_ Bvought wfﬁ"&t these d1scontmwt1es " are
a result of much hvgher stresses than are preseqtly iReUrred

in the study area, and for this reason the internal fgiction

angle derived from high confining pressure testing was used

in the siope design. This decision was also based on the

fact that the use of the 1nterlockygg friction angle in bofh
. ¢ 0 .
<@
the Simplified Janbu and. Morgenstern Price Methods pred1cped
shallow seated failure planes rather than deep&seated b1ock

failures. In order to more accurately simulate the deep

seated block fa11ures experiencedvin!fhe Mynheer A hyhing

zone, thgnblower internal friction. angJe resulting from

higher pressure compress1on test1ng was used.
I .



80

[

In order to est1mat; aovalue for rock mass cohes1on of
ihe s]ope mater1als, a back analysis and sen;itivity
analysis waslconducted on a failure zone in the adjacent Pit
4 mining area (Pﬁoto 2). The back analysis was completed
using the Simp]ified.danbg Limiting Equilibrium Method. The
slope geometry, structural geology, and assumed groundwater
conditions in the fallure zone are 111ustrated in Figure 15.
The material directly above the failure surface was assumed
to be sandstone. A range of values of cohesion was inserted
into the limiting equilibrium anafys1s and the overal]

factor of safety determ1ned Jé graph of the re]at1onsh1p

between cohes1on and overall Fabtiﬁ of Safety is plotted in

Figure 18, WitH a friction. ‘anage of 3%, the cohesion

required to give ﬁactOr of saf'é,}ﬁg 1 0 3-0 040 MPa (800
a .

Ib/ft2), G , ' ¥

The same technique was attempted on a stable .area
1qmediateiy adjacent to the failed sector, and the analysis
indicated that the wall was sfab]e evenﬂﬁgﬁgn the -matdi}al
was assumed- to have no cohesion. #s a ﬁesult, no jowerlbound
was found for the rock mass cohesion. | | )

For thebstability analys&ﬁ;ef Pjt~13,.a cohesion value
oi'0;040 MPa (900 1b/ft2) was used for'the sandstone. This
is the’ upger bound for eohesion determinéd from the baekv'
analysis. It should be noted that for the “analysis the
enfire strata seguence was - assumed to be composed gf

sandstone but in reality there are interbedded siltstpne}

and silty mudstones above the Lowér Mynheéri However, singe

£,
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the sandstone haa‘the higﬁest friction angle of any of the
materials tested, the _ohesion value determined from the
back analysis woufdube”of a conservative nature.

For final estimation of the rock mass properties it was
decided to separate the Pit 13 strata into 9 individual
units. The strength properties inserted into thé final
stability analyses were a result of laboratory tesling. back
analysis, liaterature reviews; engineering judgement, and
experienée. The wvalues assigned to each ligﬁolog%cal unit
are listed in‘Table 5.

;@ro;hdwater conditidns were seleched on the basis of

%?ta from piezometers, 2182, 2193, and 2194 augmented
with piezometric leve]s from holes recently drilled. for

vinstallation of slope 1;clinometers in the Pit 14 area., The
general conclusions derived from the dewater1ng study in Pit

11}’J were also sused in the determ1nat1on of . the Pit-13x

’
K b
v

piezometric levels.,lt'should be noted that any increase in
the ‘phreatic surface above that assumed in the stability
analysis would have adversé«COnsequénces on the stability of

the overall pit walls. ‘ J

L]
»

5.3 Comparison of Results P

Both the Morgenstern- Prmce - and Simplified Janbu o
Ana]ys1s Methods were conducted in each GeologwcaT Sector in

Pit 13. The. geomelry and groundwater conditions used ?or’

edch Sector are illustrated. in _Figures . 17. thrbUghﬁZOf

)
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TABLE 5

ROCKR MASS STRENTH PARAMETERS

Unit tffective Effective
Lithology ' Weight Cohesion Friction Angle'
Kg/m* 1b/ft* MPa Ib/ft> degrees
Bentonitic Clay 1922 120 0.0 0.0 8.5
Bentonitic Mudstone 1822 120 0.0 0.0 20.5
Silty Mudstone 2002 125 .036 800 32.0
Siltstone 2002 125 .038 800 34.0
Sandstone 2082 130 .040 900 35.0
Lower Mynheer 1442 80 0.0 0.0 10.5
Coal Seam A
Upper Mynheer 1442 S0 .014 300 30.0
Coal Seam .
Fault Zone 2002 125 0.0 0.0 25.0
(Broken Siltstone) -
Interlayered 2002 125 .036 800 33.0

Mudstone-Silttstone

'Taken parallel to bedding.
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Included in these fﬁgures is the critical failure surface
determined ﬁby each of the stability methods. The wall
geometry for each of }hey Sectors was obtained from a
preliminary pit design completed bv Luscar Ltd. personnel.
The overall factor of Safety obtained for each sector s
given in Table 6. It should be noted that Sector D results
were thained Using no pore water pressures. Due to the
obvious stability problems. a special study will be required
for this area to improve geological information on both the
pit wall and coa)l pod 

As can be seen‘from Table, €. the overall Factor "of
Safety obtained from‘the Morgenstern-Price Method tended to’
‘be slightly greater than that of the - Simplified Janbu
Method. This result s oconsistant with work completed by
Hamel in this area, who found less rigorous methods such as
Bishop’'s to be more conservative-than the Morgenstern-Price
Method (Chowdhury, 1378} .

Close examination "of the limited data generated from k
this study revealed that the overall Factors of Safety for
the Simplified Janbu - Method does X not appear over
conservative  when compared to' the more rigorous
Morgenstern-Price Method, especia]iy for .the more critical
Sectors (F of § aSproaches %).

In summary, it was found that SSFtOP L would have a
Factor of Safety of 1.0 with a 40° slope on the upper
benches, and a 50¢© slope in the coal. Sector B was predicted

stable with a Fécfbr of Safety of 1.13 with =50 slopes in

N

-/



LIMIT EQUILIBRIUM
METHOD

‘Morgenstern-Price

Simplified Janbu

TABLE 6 S

COMPAR}SON OF OVERALL
FACTOR OF SAFETY

SECTORS
A B C
1.07 1.33 1.38
1.00 1.13 1.15

0.

.78.

61

an



“the upper benches and 5%° slopes in the coal. A similar:

geometry was obtained for Sector C, but local instabilities

may result in some failyres of the middle benches. Careful
¢ .

bench ¢design, for which more detailed mapping will be

reduired during excavation, may alleviate the problem.
Sector D was found to be unstable owing té‘the strucfure and
locat%on of the Lower Mynheer in this wall, ahd mining may
not be feasible. The seam dips into the pit in the eastegn
sector at approximately 15¢. Lowering of the overall pit
angle to stabilize the wall would probabl? be uneconomical.
However, before such stabilizing methods as slot mining or
berm constructior are examined., further geologfc data’ ;5
required. The geologié>structure of the wall rock is pborly
defined at present as is the-eXisting’outline of the Upper'

Mynheer coal pod.

5.4 Discussion

nAccording to Chowdhury (18787, diﬁf@rences in accurécy
among various limiting equilibrium anafygeé depend largely
on the type of problem. Generally speaking. where the
geological aspects control the critical slip surface ard can
be easily predicted. the discrepancies between methods afe
smail. Chowdhury ‘states’ that, as a general rule. deep
potential failure masses with high pére predsures should be

analysed by retatively rigorous procedures. It is also very

important to simulate real failure surfaces rather than to
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approximate them with rculér‘failure surfaces. v

For the slopes studied in the Pit " 13 Iarea. the
Simplified Janbu Method appears to be  adequate. The
inaccuracies resulting from estimation of rock mass strength
properties are such that the advgntagcs of the more rigorous
analysis technique becomes negligible, since it is the
accuraéy of input parameters which control the accuracy of
the results. ’

In the Pit 13 area, the presence of bentonitic lay
layers witgin the stratigraphic sequence is a -ritical
geotechnical factor. yet their thickness and continuity is
very difficult to determine. The clays originate from
bentonitic mudstones. but there is a significant difference
betweer the strength properties of the twe lithologies. The
steep topogfaphy and climatic conditions accelerate the
weathering process of the mudstones, produgihg plastic clays
which play a critical role in wall stability. Since the
basic geclogical data ig somewhat §Qeéulative, a high degree
of accuracy in the ana1ysis methoa 15 {s not Jjustified.

Detection of the fiﬁev(S cm) c]ay layers in the Mynheer
4L region is extremely difficdlt by any kKnown conventional
methods. Many of the mudstones in the Pit 13 area will break
down immediéte]y upon being d@stuﬁbed,and exposed tc water.
Therefofe, clay Tlayers obseﬁyed in core samples may or may
not be present in the uﬁddsturbed wall rock. Borehole

Geophysical methods are not able to distinguish clay layers

from bentonitic mudstones and hence a critical feature can
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easily be undetected. Other factors such as joint continuity
and infilling are difficult to quantify. yet are known to be
significant in sl&pe stability. |

On  the basis of the abgvé dtscpssion and the minor
differenées between the }actor?téf*ﬁggﬁty determined by the-
two limiting equi]jbr&um metbéqu if\gﬁpears that the use of

. ' Tl s .
a rigorous method, such as M3rgernstern-Price for s lope
v N\

design at Coal \Valiey cannot be justified for most design
problems .
Llthough use of a computer is mandatory with the

Morgenstern-Price Method. the primary additional expense in
not incurred by computes costs but from the cost of
obtaining the detailed input data required tc warrant the
‘use of a more rigorous and accurate stability amalysis.
Therefore, considerably moée drilling. laboratory and in
situ testing. field mapping. groundwater investigationrsy, and
sensitivity analyses would be required on the Coal Valley
property than has been collected to date. For the typical
mining situation and complex geology at Coal Valley, the
added expense of such an increased level of investigation is
not economically and technically justifiable. Consequent 1y,
it is more practicable to use slope montoring during mining

to warn of impending failures or ma jor slope movements .
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'6. Conclusions
The primary objective of this investigation was to analyse
the stability of the overall pit walls in Pit 1% 4
»:condary concern was to assess the NCR ‘Cone Indenter aéd
the use of brush platens for uniaxia] CompressiQe strength
testing.‘ )
The stability study indicated that the advantages of

increased accuracy of a rigorous me thod such as

Morgenstern-Price cannot be exploited because of the lack of
A

accurgte 'nput data. The structural geclogy and rock--mass .. .

strength properties of most mining areas at Coa] Valley are
not hnown to the dearee of accuracy required to warrant the
use of the Morgenstern-Price Method. Further investigations
to accurately ﬁefe;mine strength parameters and structural
features of the wall rock are géherally nct economically
feasible.

The actual Factor of Safely predicted by the two
‘stability models for each sector differed slightiy, but both
methods agreed on whether or not the overal] slope for each
sector would be stable.

Re :lts of the testing program indicaete that the Cone
Indenter onu brush platens produce strength data which
agrees reasonably closely with wvalues obtainable with
conventional testing metho... The usefulness of the Cone
Indenter and bru;h platens, especf@]ly at the feasibility

stage of a geotechnical study, appears very favorable. The

Cone Indenter should be of value for mapping and rock

94
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classification purposes, f&ar ° uttability" studies, ang in
the estimation of rock mass properties such as cohesic. The
brush platens will make ii possible to prepare and teast
unfaxial specimens in  fragile coal measure rocks which
previously has proved dif?icu1t. fourther research i
required to confzrm khe promising but preliminary resulls

derived from these two.devices.
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Append ix A’ Descrig‘ion of Lithologies

The following lithologic. descriptions have been excerpted
from:
Milligan et. al. {

Internal Luscar Ltd. Report, dJanuary 1979.
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(
Conglomerate’

Conglomerate beds range in thickaess from a few inches to
several feet. They are composed of rounded to subrounded,
one to four'inch long clasts of orthoquaftzité contained in
a matrix of strong to weakly cemented, medium grained
arkosic sand. In places, the interstices are void of any
matrix material and the clasts are loosely contained in the

unit. This results in an extremely weak water bearing unft.

_Sandsione

The sandstone beds range in thickness from a few feet up to
one hundred feet. They are light grey. in cb]or. hard,
massive, moderately fractured and arkosic in composit fon.
Grain size varies from medium to .coarse. Graded  and
cross-bedding textures are common. Angular to subangu]gr
grains of quartz and feldspar, mixed with fine rock
frggménts and dark ferromagnesian and carbonaceous
materials, impart a "salt and pepper"” texture to the rock.
- Silica and clay minerals, together with variable amounts of
carbonate are the cementing agents for the. sandstone.
Locally, thin carbonaceéus lamellae are localized in thin

beds throughout the sandstones and are usually ~composed of
recognizable plant remains.'WeatHeﬁing of the sandstone near
the surface and throughout the wunit: along fractures and
bedding plane partings stains the sandstone rﬁst‘brown and

causes local decementation of the rock to an incompetent,
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sandy mass.

Siltstone
Siltstone is similar to the sandstone except for a decrease
in grain size and a more variable increase in clay material
content. The rock is generally more thinly laminated and s
often interbedded with mudstone. The criteria .used to
distinguish between sandstone and siltstone has been grain
size. A rock was labeled siltstone if the grain size is less

than 0.3 to 0.2 mm and exhibited a relatively smooth

surface. When crushed very fine, silica grit is apparent.

Muds tone

The mudstone beds véry from less than a foot to over 20 feet
in thickness. Mudstone is aphanitic, medium to dark bluish
grey in color and locally carbonaceous. Although locally
massivé and competent, the rock is usually fissile parallel
. the bedding which 1is manifested by thin carbonaceous
‘~matlae. Locally, decementation has reduced the rock té a

clay-like consistency. Mudstone | is readily
~is sned from siltstone by the darker gray color énd

arnal srain size. When crushed, no grit is apparent.
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Clay
Clay beds vary between a few inches to one foot in
thickness. The color varies from light olive green to pale
gray in consistency. The beds 1igHten in proportion to an
increase in the amount of bentonite present in the clay.
Plaéticity varies with the amount of silt and rock fragments

present.

Coal
The Mynheer coal seams are intensely sheared and
‘slickensided. Internal variations of the attitude of the
shear planes are.-common. Partings and inclusions in the coal
are predominantly of sandstbne, a few are of a bentonitic
and silty mudstone. Most are Jless than a few inches in

. diameter.
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Appendix B - Testing Results

The laboratory testing results are categorized according to

lithology and listed in the following sections.

-
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Clay

Average Sample Description

Light to medium grey bentonitic clays. chloritic
samples tend to light greenish tones, carbonaceous clays
range from meduim to dark grey. Generally aphanit{c.
somet imes gritty due to presence .of wvery fine coal
fragments. Soapy textures are frequent, especially along
previous shear planes. Clays are generally cohesive,
malleable, may include intermottled mudstone inclusions.
Often derived from bentonitic mudstones and have been’
observed in outcrops to contain the original jointing

systems of the mudstone.
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Bentoniti% Muds tone

Average Samp\@ Description
~

Light grey bentonitic mudstones, may be greenish due to
chioritic content or range to dark grey due to carbonaceous
material. Bentonitic mudstones are generally aphandtic,
often associated with clays. Perimeter of the core samples
frequently broke down ~to bentonitic clays, interior still
intact and exhibits rock qualities. Often fractured and

sheared, contain highly polished slickensided shear planes.
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Silty Mudstones

'Average Sample Description

Medium to dark gfey mudstones, freguently carbonaceous
cohtaining coaly inclusions. . Often silty, but may be
aphanitic. Name derived from it’s similaritieslto siltstone
rather than grain size. May contair -obble-shaped clay
1ntérclasts, frequently ch]Qriticx Se are generally
cohesive and competent, although jointing ¢ mmon . Bedding

is generally indistinguishable,

£
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Siltstone

Average Sample Description

Medium grey siltstone, often greenish due to chloritic
content, generally very fine grained. Siltstones of ten
contain carburiaceous nodules and laminations, useful for
distinguishing bedding. Calcareous cementation, generally
cohesive. Si]tsfones are frequently jointed., exhibiting

lustrous shear surfaces, generally planar.
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Sandstone

hverage Sample Description
3
Medium grey, medium grained salt and pepper textured
sandstone. Very calcareous, any jointing is gene?ally
infilled with calcite. Often contains fragmented' coaly
lamellae, possibly rootlets. Generally mgssive but may
contain carbdnaceous banding. Planar jointing systems seldom
show signs of shearing but are often %nfi]led. Generally
cohesive and intact but easily break d wn when subjected to

the elements.’
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Coal

Average Sample Descﬁiption

Coal samples were derived from Lower Mynheer seam,
resulting in generally dull black dirty coals with high clay
contents. Seatearth samples were common, consisting of dark
grey to black gritty, carbonaceous clays. One to two foot
thick clean coal in Lower Mynheer was generally sheared,
exhibiting highly polished énd slickensided shear-planes.
Clean coal fairly intact with possible conchoidal fractures.
Testing on coal generally limited‘to contacts between clays

and/or mudstones.

o



DIRECT SHEAR TEST RESULTS

Lower Mynheer Grab Samples

Contact

Clay-Clay

0

Coal-Mudstone

Coal-Clay

Coal-Clay-Mudstone

Sample
Number g'p
1 -
2 -
3 -
1 -
2 -
’ 3 27°
1 /-
2 -
3 -
1 -
2. -
3 -

o'r

70
70
70

14°
14°

11°
11°
11°

Direct Shear

c'
(kPa)

13.7
13.7
13.7
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