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ABSTRACT 

The case history of a major open pit coal mine slope failure is 

described. The site is Cardinal River Coals Ltd. near Hinton, 

Alberta. The magnitude of the failure was approximately one 

million cubic yards (one million cubic metres). A substantial 

amount of piezometric and slope displacement data was collected 

before and after failure. The slope instability was detected 

from surface displacement measurements more than 100 days before 

any visual signs of failure appeared. The slope displacements 

were monitored on a continuous basis, permitting safe mining oper- 

ations up to several hours before failure. The slope was ultimately 

stabilized by a rock fill toe buttress, to permit future mining 

in front of the failure. Analysis of slope displacements provided 

insight into the detailed mechanics of the failure. Stability 

analyses, combined with slope displacements, provided further in- 

sight into the nature of the failure. 
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1.0 INTRODUCTION 

This report describes the case history of a major open pit mine 

slope failure which occurred at Cardinal River Coals Ltd. pit 

51-B-2 on November 10, 1979. 

This case history is of particular interest because: 

- the magnitude of the failure volume was relatively large, in 

the order of one million cubic yards (one million cubic 

metres) ; 

- piezometric and slope displacement data was collected before 

and after failure, providing some insight into the details of 

the mechanics of failure; 

- the slope instability was detected from displacement measure- 

ments long before any visible signs of failure were apparent; 

- the slope displacements were monitored on a continuous basis 

through failure, permitting safe mining operations up to 

several hours before failure; 

- the slope was ultimately stabilized by a rock fill buttress to 

permit future mining in front of the failure. 



1.1 Units of Measurement 

Since Cardinal River Coals Ltd. use the Imperial system of 

measurement for base maps and sections, the primary units 

utilized in the figures, text and tables of this report are 

Imperial for consistency. Wherever practical, metric units are 

provided in figures and text (in brackets). Raw data in tables 

is presented in the original units of the measuring instrument. 



2.0 REGIONAL DESCRIPTION 

2.1 Location and Access 

Cardinal River Coals Ltd. is located in west-central Alberta 

approximately 25 miles (40 kilometres) south of Hinton and 200 

miles (320 kilometres) west of Edmonton, on Alberta Highway 40 

(~igure A.1, Appendix A). The mine occupies the site of the 

former town of Luscar. 

Pit 51-B-2 is located mainly in Section 27, Township 47, Range 24 

West of the Fifth Meridian. 

2.2 Topography and Surface Drainage 

The mine is situated along the southwestern limits of the Rocky 

Mountain Foothills, adjacent to the Front Ranges of the Rocky 

Mountains (Figure A.1). 

Approximately 3 miles (5 kilometres) to the southwest, Luscar 

Mountain rises to 8500 feet (2590 metres) elevation. The 

ground surface slopes regionally to the northeast, falling to 

approximately 5000 feet (1525 metres) elevation at the northern 

edge of the mine site. 



Within the mine site, natural ground elevations range from 

approximately 5000 to 6100 feet (1525 to 1860 metres) elevation 

Open pit coal mining extends down to approximately 5000 feet 

(1525 metres) elevation. 

Surface drainage from the site flows west to Cabin Creek, east to 

Luscar Creek and north to Mary Gregg Creek, which all flow to the 

McLeod River. 

2.3 Surficial Soils and Vegetation 

Surficial soil cover across the site is typically thin, in the 

order of 10 feet (3 metres) or less except along stream valleys. 

Soils are predominantly colluvium and cordilleran till, which 

both strongly reflect the composition of underlying sedimentary 

bedrock. Constituent grain sizes consist predominantly of sand, 

with lesser amounts of clay and silt. The soils are generally 

very stony and well-drained. 

Along stream valleys, soil thickness can exceed 10 feet (3 

metres), and concentrations of coarser and finer-grained soils 

are formed by fluvial processes. 

Prior to mining, the area was covered with trees, predominantly 

spruce and lodge pine. 



2.4 Climate 

The Hinton area has a continental subhumid climate, with long, 

cold winters modified by short periods of chinook conditions and 

short, cool summers. The mean annual temperature is approximate- 

ly 34.3' F. ( 1.3" C.). Mean total precipitation is approximate- 

ly 20 inches (510 mm), and evapotranspiration is approximately 

14.5 inches (370 mm). 

2.5 Land Use 

Land uses include forestry, recreation and coal mining. 

Mining at the Cardinal River Coals site was started in 1921 by 

Luscar Coal Ltd. Mining at Luscar continued by open pit and 

underground methods until 1956. 

Mining was recommenced by Cardinal River Coals Ltd. in 1970. In 

1979, Cardinal River produced 2.7 million clean short tons (2.5 

million tonnes) of bituminous coal from three open pits including 

Pit 51-B-2. The coal was exported for consumption by the 

Japanese steel industry. 



2.6 Regional Structural Geology 

Tectonic forces from the southwest have produced major regional 

folding and faulting which trends northwest - southeast. 

The Lower Cretaceous strata of the Luscar area lie in two large 

folds, the Cadomin Synclinorium and the Luscar Anticlinorium, as 

mapped by Hill (1980) in Figure A.2. Major faults are the 

Nikanassin Thrust, which outcrops along the Front Ranges to the 

southwest and the Luscar Thrust, which outcrops between the axes 

of the two folds discussed above. 

The Nikanassin Thrust dips steeply to the southwest at approxi- 

mately 70°, with a dip direction of approximately 210'. Fault 

displacement is substantial, in places thrusting Upper Devonian 

Limestones over Cretaceous sediments. The Luscar Thrust outcrops 

at the south limit of Pit 51-B-2. Displacement along this fault 

is approximately 2400 feet (730 metres). The fault dips to the 

southwest at approximately 30" in the mine area, flattening to 

the southeast and steepening to the northwest. Associated with 

the Luscar Thrust are numerous small faults which displace the 

Jewel coal seam by several tens of feet. It has been inferred 

that the Luscar Thrust and associated minor faults were folded 

after faulting. 



Pit 51-8-2 lies within the south limb of the Luscar Anticlinorium 

and is defined by a flat-bottomed syncline. The apical angle of 

the syncline is 14O0, and the apical angle of the anticlinorium 

is 90". The syncline apical angle decreases to the northwest, 

and the syncline is distorted into a "W" shape at the western 

limit of Pit 51-B-2. 

Folding tends to cause thickening of the coal at the axes of the 

folds, which makes mining more economically attractive in these 

zones. 



2.7 Regional Stratigraphy 

Hill (1980) summarized the stratigraphic column for the Luscar 

area as shown in Table 2.1. 

Table 2.1 - Stratigraphic Column for the Luscar Area. 

................................................................. 
Paleocene Brazeau Formation 

Wapiabi Formation 
Upper Cardium Formation 

Blackstone Formar-ion 

Cretaceous 
......................................... 

Mountain Park Formation 
Luscar Formation 

Lower Cadomin Formation 
Nikanassin Formation 

Jurassic Fernie Group 

Triassic Spray River Group 

................................................................. 

Paleozoic Undivided 

The mineable coal is confined to the Lower Cretaceous Luscar 

Formation. The stratigraphy of the Luscar Formation is depicted 

in Figure A.3, and is described further below. 

Hill divided the Luscar Formation into A, B, C and D members. 

The Luscar Formation conformably overlies the Cadomin Formation 

and grades into the overlying Mountain Park Formation. Total 

thickness of the Luscar Formation is estimated to be 1400 feet 

(425 metres). 



Member A 

Member A at the base of the Luscar Formation, consists of thin, 

interbedded sandstones, siltstones and shales with thin coal 

seams. A coarsening upward sequence is prevalent, with coal or 

carbonaceous shale at the base and sandstone at the top. Total 

thickness is estimated to be approximately 413 feet (126 metres). 

The sandstones are fine to medium-grained and light to dark grey, 

weathering to brown, orange and buff. They are predominantly 

calcareous although occasionally iron-rich, and frequently 

contain fossils. 

The siltstones are typically fissile, dark grey or black weather- 

ing to green, brown and buff. 

The shales are dark grey or black and frequently carbonaceous, 

grading into coal seams. 

Member B 

Member B consists mainly of shales, coarsening near the top into 

interbedded shales and siltstones, siltstones, and sandstones. 

Total thickness is approximately 312 feet (95 metres). 

The basal shales are 60 feet (18 metres) thick, dark grey in 

colour and contain thin limestone beds. 



The overlying interbedded shales and siltstones are typically 

dark grey, fissile and sometimes orange weathering. 

The sandstones at the top are typically fine to medium-grained, 

light to dark grey, noncalcareous, orange weathering and some- 

times cross-bedded. 

Member C 

Member C consists of the highly resistant, ridge-forming"Torrens" 

sandstone. It is 240 feet (43 metres) thick. 

The member contains a central shale parting, approximately 100 

feet (30 metres) below its top surface, with the overlying 

sandstone massive and the underlying sandstone well-bedded. The 

sandstone is medium-grained, light grey, buff to orange weather- 

ing and noncalcareous. Thin siltstones and thin chert pebble 

conglomerates are occasionally present. 

Member D 

Member D consists of thick sandstones and siltstones, interbedded 

sandstones, siltstones and shales and thick and thin coal seams. 

It is 597 feet (182 metres) thick. 



At the base of this member is the Jewel coal seam, which averages 

40 feet (12 metres) thick. This is the main economic coal seam. 

It contains three thin shale partings. 

Approximately 243 feet (74 metres) above the base of Member D is 

the Ryder coal seam. It averages 12 feet (3.5 metres) thick and 

is much more shaley than the Jewel seam. The Ryder has not 

usually been mined. 

The two coal seams are separated by thick-bedded sandstones and 

siltstones, with thin coal or carbonaceous shale scams occurring 

in or above the dark grey fissile siltstones. 

The sandstones are typically light grey, weathering to orange and 

are mostly non-calcareous. Fine, medium and coarse-grained sizes 

are present in both massive and well-bedded units. The sand- 

stones toward the top of the member are green-grey, grading into 

the Mountain Park Formation. 



2.8 Regional Hydrogeolog~ 

Groundwater flow typically occurs along jointing and bedding. 

The most active groundwater flow is near surface and is strongly 

influenced by surface topography. Most groundwater is discharged 

into local topographic lows, with a small amount of recharge 

flowing to regional flow systems to the northeast. 

Piezometric response during spring breakup or sudden rainstorms 

can be substantial, sometimes exceeding 100 feet (30 metres) over 

a few days. 

Hydraulic conductivity (permeability) parallel to bedding is 

generally greater than across bedding, despite well-developed 

jointing patterns. 

Due to the short groundwater flow path and slightly alkaline 

bedrock, groundwater quality is typically high. Total dissolved 

solids generally do not exceed 1,000 ppm, and carbonate-bicarbon- 

ate anions predominate. 



3.0 SITE DESCRIPTION 

3.1 Site Configuration 

3.1.1 Pit 51-8-2 Configuration 

Pit 51-B-2 is depicted in Figure A.4 and Plate 1. 

Highway 40 crosses the 51-B pit area immediately west of Pit 

51-B-2. The original topography prior to mining sloped to the 

west, with surface drainage flowing to Cabin Creek. 

The pit is oriented Northwest-Southeast parallel to the regional 

structural trend, and is approximately 3000 feet by 3000 feet 

(900 metres by 900 metres) in size. Elevation ranged from approx- 

imately 5810 feet (1771 metres) at the highest point on the east 

wall to approximately 5333 feet (1625 metres) at the pit floor at 

the time of the November 10, 1979 slope failure. Pit design 

floor was 5067 feet (1544 metres). 

Mining progressed in 33 foot (10 metre) lifts, with safety berms 

every second lift. 

3.1.2 North Wall Slope Failure Configuration 

The November 10, 1979 slope failure occurred in the North Wall of 

Pit 51-B-2, as depicted in Figure A.4 and Plates 2 to 7. 



The original slope design (Golder Associates, 1975) recommended 

a 38" overall slope, with 30 foot (9 metre) wide safety berms at 

67 foot (20 metre) intervals. The actual overall slope inclination 

measured through Section A-A' was 36', Figure A.5. Berm widths 

were generally narrower than design width, due to back-break at 

the crest. Berm spacing was 67 feet (20 metres), starting from 

the 5633 foot (1717 metre) elevation. 

The slope failure was 800 feet (245 metres) in length and contained 

an estimated volume of approximately one million cubic yards (1 

million cubic metres) of rock. The height of the failure ranged 

from 290 feet (88 metres) at the west limit of the failure to 340 

feet (104 metres) at the east limit. Elevation at the crest of 

the slope failure ranged from 5550 feet (1692 metres) at the west 

limit to 5670 feet (1728 metres) at the east limit. The natural 

slope above the failure rose gradually to approximately 5940 feet 

(1811 metres) elevation. The toe of the failure ranged in elevation 

from approximately 5367 feet (1636 metres) across the west half to 

approximately 5333 feet (1625 metres) across the east half. 



3.2 Site Instrumentation 

Measurements of slope displacements (movements) and piezometric 

elevations were performed before, during and after the failure. 

All instrument locations are shown in Figure A.4. 

3.2.1 Slope Displacement Measurements 

Slope displacement measurements employed the standard Radial 

Survey Method using a theodolite and Electronic Distance Measurement 

(EDM) instrument. A one-second theodolite was used to measure hori- 

zontal and vertical angles. The EDM unit measured the "slope dis- 

tance" from the instrument to each retroreflector prism target on 

the slope, with a rated accuracy of + - 0.02 feet (0.005 metres). 
'The three-dimensional coordinate of each target was calculated, 

and vectors of displacement derived from changes in target locations 

with subsequent measurements. A one-dimensional "slope distance" 

component of displacement was also used, since it provided somewhat 

higher accuracy. 

The theodolite and EDM unit were mounted on a permanent concrete 

monument at Station KR-7 (Figure A.4). Target prisms were perman- 

ently mounted on steel posts, which were cemented into holes in 

the slope. 

Inaccuracy in theodolite readings is generally duetopointingerror. 



Inaccuracy in EDM readings is generally due to inherent difficulties 

in measuring the atmospheric correction parameters (barometric 

pressure and temperature) along the line of measurement. Additional 

sources of error for both instruments are movement of survey 

reference stations, wind shake of instruments, and atmospheric 

heat waves. 

Slope displacement data is included in Appendix B, and discussed 

in Section 4.0 of this report. 

3.2.2 Piezometers 

Standpipe piezometers were installed in individual boreholes, 

with two or three adjacent boreholes drilled to different depths 

constituting a "piezometer nest". Piezometer nests 804 (A and B ) ,  

B07 (A,B and C) and B08 (A, B and C) were located in the north 

wall as depicted in Figure A.4. In each case, instrument A was es- 

tablishedinthe shallowborehole, with B and C progressively deeper. 

Each piezometer consisted of a 2 inch (50mm) nominal PVC plastic 

standpipe, slotted for an appropriate interval near the bottom of 

the borehole. The slotted "screen" inlet section was surrounded 

by clean, coarse sand and hydraulically isolated from overlying 

strata by bentonite balls and cement grout to surface. Measurements 

were taken using an electronic "dropline" to detect the water 

elevation in the standpipe. 
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Inaccuracy in a standpipe piezometer is generally due to hydraulic 

"plugging" of the screen inlet section, or to the misapplication 

of standpipes in relatively impervious ground such that the 

response of the instrument to changing groundwater pressure is ex- 

cessively slow. 

Piezometer data is included in Appendix C, and discussed in 

Section 4.0 of this report. The screen elevations of piezometer 

nests B07 and B08 are depicted in Figure A.5. 



3 . 3  S i t e  S t r u c t u r a l  Geology 

3 . 3 . 1  P i t  51-8-2 S t r u c t u r a l  Geology 

S t r a t a  i n  P i t  51-B-2 a r e  f o l d e d  i n t o  a  b r o a d  s y n c l i n e  w h i c h  

f o l l o w s  the r e g i o n a l  n o r t h w e s t - s o u t h e a s t  t r e n d  and  p l u n g e s  g e n t l y  

t o  t h e  s o u t h e a s t  a t  a n  a v e r a g e  a n g l e  o f  5". 

I n  t h e  n o r t h  s i d e  of t h e  p i t ,  the c o a l  seam i s  d i s p l a c e d  downward 

a n d  t h i c k e n e d  d u e  t o  a n  east-west s t r i k i n g  t h r u s t  f a u l t  which 

d i p s  s t e e p l y  t o  t h e  s o u t h ,  a s  d e p i c t e d  i n  F i g u r e  A.6. T h i s  f a u l t  

i s  a s s o c i a t e d  w i t h  t i g h t  c h e v r o n  f a u l t i n g  and  f o l d i n g  o b s e r v e d  

i n  t h e  n o r t h  end o f  t h e  e a s t  p i t  w a l l .  F a u l t  d i s p l a c e m e n t  r a n g e s  

from n e a r  z e r o  a t  t h e  e a s t  w a l l  t o  a p p r o x i m a t e l y  100 f e e t  ( 3 0  m e t r e s )  

a t  S e c t i o n  FO + 00 i n  t h e  f a i l u r e  a r e a .  The f a u l t  s t r i k e s  sub- 

p a r a l l e l  t o  t h e  s y n c l i n a l  f o l d  s t r u c t u r e  which d e f i n e s  t h e  geomet ry  

o f  P i t  51-B-2, s u c h  t h a t  i t s  p r o x i m i t y  t o  t h e  n o r t h  w a l l  i n c r e a s e s  

as it p r o g r e s s e s  t o  t h e  n o r t h w e s t .  

3 .3 .2  Nor th  Wal l  S t r u c t u r a l  Geology 

H e b i l  ( 1 9 8 0 a )  summarized t h e  n o r t h  w a l l  s t r u c t u r a l  g e o l o g y  b a s e d  

o n  260measuremen t s  o f  d i s c o n t i n u i t i e s  m a d e b y  mine and  c o n s u l t a n t ' s  

p e r s o n n e l  i n  1979.  The r e s u l t s  are d e p i c t e d  i n  p l a n  i n  F i g u r e  A . 7  

and i n  a p o l e  p l o t  i n  F i g u r e  A.8, and  t h e  m o s t  s i g n i f i c a n t  d i s c o n -  

t i n u i t y  sets  are  summarized i n  T a b l e  3 .1 .  
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Table 3.1 - North Wall Structural Discontinuities 

Discontinuity Strike D& Dip Direction 

Bedding 114" 38"s 204' 

Joint Set J1 213" 79"NW 303" 

Joint Set J2 281" 54"N 11' 

Joint Set J3 164" 70°E 74" 

Joint Set J4 143" 58"E 53" 

Hebil divided the north wall into east and west portions at approxi- 

mately 104,60OE, the eastern limit of the slope failure. The 

average bedding dip of 38" was generally uniform, ranging between 

35 to 40". Major variations in bedding have been caused by struc- 

tural features of local extent. 

The east portion of the north wall was generally more uniform and 

planar than the west portion, averaging 38' bedding dip. This is 

believed to be due to the greater distance between the wall and 

the east-west trending thrust fault discussed above. However, 

folding and faulting associated with this thrust fault may inter- 

sect the east portion of the wall at greater depth. A northeast 

trending structural zone intersected the east end of the north 

wall causing local abrupt changes in bedding orientation, but was 

too far to the east to contribute to the failure. 

The west portion of the wall included the slope failure. Bedding 

dip in the upper half of the west portion was relatively uniform, 
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averaging 38". The lower half of the west portion exhibited much 

more variable bedding. There were widespread observations of 

bedding dipping out of the slope at 25', which undercut the 

overall slope, and steeply dipping upright and overturned beds at 

the toe of the slope. It was hypothesized that these features 

were associated with the thrust fault discussed above. It is be- 

lieved that these features observed in the lower half of the slope 

were directly involved in the failure, as discussed further below. 

Joint sets J1 and 52 were by far the most prominent in terms of fre- 

quency of occurrence. Sets J1 and 52 are essentially orthogonal 

with bedding, and are aligned with the northwest-southeast trending 

regional structural trend. The steep northwesterly dip of J1 cor- 

relates with the 5' average southeasterly plunge of the syncline. 

The main fault mechanism observed in this area is thrusting along 

bedding planes. Moderately to intensely sheared surfaces exist 

on set J1, and to a lesser extent on 53 and 54. Set J1 joint 

spacing averaged approximately 1 to 3 feet (0.3 to 1 metre) in the 

north wall, but J1 frequency increased by approximately tenfold 

at the east limit of the failure. 

Set 52 is generally not sheared. However, where bedding is 

steeply overturned at the toe of the failure, 52 could act as a 

plane of weakness dipping out of the slope at a shallow angle, 

thus facilitating failure surface development (Figure A.6). 



3.4 North Wall Stratigraphy and Lithology 

Pit 51-B-2 strata are situated entirely within the Luscar Formation, 

and the Jewel coal seam is the only seam of economic significance. 

Information on lithology in the north wall is scant due to limited 

exposure and coreholes. Surficial soil typically consisted of 

sandy colluvium, in the order of 10 feet (3 metres) thick. A 

single corehole, number E21-R50 was drilled by Golder Associates 

in 1975 for design of the north wall. This hole is 900 feet (274 

metres) east of Section FO + 00, as shown in Figure A.4, and has 

been extrapolated onto section in Figure A.6. The corehole log 

is included in Appendix D. 

Bedrock exposures at the surface of the north wall were predomin- 

antly sandstone, locally interbedded with thin siltstone and coal 

seams. Bedding plane partings were slickensided. An east trending 

linear depression in the crest of the north wall original ground 

surface coincided with the location of the tension crack. It 

was hypothesized by Hebil (1980a) that this depression coincided 

with weaker, more erodable beds deeper in the wall, which could 

have contributed to slope instability. 

There is some support for this hypothesis from corehole E21-R50. 

At a depth of 133 to 141 feet (40.5 to 43.0 metres), which coincides 

with the inferred location of the failure surface, a zone of inter- 

bedded soft carbonaceous clay was observed in the core. Clay 
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infilling of fractures was observed repeatedly along the length 

of the corehole, and occasional coal stringers were also present. 

RQD (rock quality designation) from 122 to 142 feet (37.2 to 43.3 

metres) ranged as low as 20%. Since the overall geologic structure 

plunged approximately 5" to the southeast, this weak zone would 

be expected to occur at a somewhat higher elevation in the failure 

area. 

In summary, lithology in the footwall consisted primarily of sand- 

stones and siltstones, with frequent clay inf illing of bedding frac- 

tures, occasional coal stringers, and a soft carbonaceous clay 

layer in the vicinity of the failure surface. 



3.5 Site Hydrogeology 

Piezometers in the slopes of open pit mines at Cardinal River 

Coals ~ t d .  typically exhibit downward hydraulic gradients. The 

shallowest (A) piezometers respond rapidly to surface runoff and 

precipitation, and the deeper piezometers respond more slowly or 

not at all. During spring thaw, increases in groundwater elevations 

in shallow piezometers of up to 100 feet (30 metres) are not un- 

common. 

Piezometer nests B04 (A and B), B07 (A, B, and C )  and B08 (A, B, 

and C) are depicted in Figures A.4 and A. 5. Piezometric data is 

summarized in Appendix C. 

In Figures C.l to C.3, piezometric elevations are plotted with re- 

spect to time. Piezometric elevations in early March 1979 (Day 

60) ranged from 5587 down to 5489 feet (1702.9 to 1673.0 metres). 

This is the seasonal low for groundwater elevations, and the time 

when flow systems are closest to steady-state conditions. 

Certain anomalous behaviour was apparent in the north wall piezo- 

meters. In early March (Day 601, piezometers B07B and B08B 

exhibited strongly artesian conditions with groundwater elevations 

approximately 60 feet (18 metres) higher than the adjacent A and 

C piezometers. The similarity in profile of B04B and B07B, and the 

slight hydraulic gradient to the west from B04B to 8078 to B08B, 

indicate that these piezometers intersected the same artesian 
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aquifer along strike, and that recharge was primarily from the east. 

This inference correlates with the local topographic high up 

bedding dip to the northeast. It is also apparent that piezometer 

B 0 7 A  is plugged, which was confirmed by response tests. 

The substantial hydraulic gradient across bedding indicates that 

hydraulic conductivity (permeability) across bedding is much less 

than that parallel to bedding. 

The rapid response of piezometers B 0 7 A  and B 0 8 A  to spring thaw is 

apparent startin gin early April (Day 941, when levels in both piezo- 

meters rose approximately 50 feet (15 metres). A  smaller, delayed 

response is observed in deeper piezometers B 0 4 B  and B 0 7 B .  

Further comments on groundwater conditions related to the slope 

failure will be included in Section 4.0  of this report. 



4.0 ANALYSIS OF SLOPE FAILURE 

The following section includes an overview summary of events, a 

more detailed analysis of the mechanics of the failure, and a 

computer back-analysis of the failure. 

Due to the very large amount of data available from Pit 51-B-2, 

only that data considered directly pertinent to the failure is 

included in this report. Certain slope displacement targets on 

the north wall were deleted (for example, targets which were lost 

in the early stages of movement, or targets which were distant 

from the failure). Unfortunately, much of the original "slope 

distance" data obtained by contract surveyors from the continuous 

monitoring of the slope has been lost: all remaining data has 

been included. Dewatering data was sparse and of little pract- 

ical value to this analysis; it has not been included, although 

the results are apparent in the piezometric data. 

The rate of progress of mining is apparent in Figures A.10 to 

A.20 inclusive, Appendix A. 

Slope displacement data is summarized in Appendix B and piezo- 

metric data is included in Appendix C. 



4.1 Summary of Major Events 

A brief overview of the major events of this case history is 

presented, as these events were interpreted in monthly site 

inspection reports by the project geotechnical consultants. A 

more detailed analysis of events with the benefit of hindsight is 

provided in Section 4.2. 

Time is represented in days, starting with Day 1 on January 1, 

1979. 

Prior to the beginning of 1979, the north wall of Pit 51-B-2 

exhibited no significant movement, with the exception of a small 

localized slope failure in the area of Target 22B. The adverse 

orientation of bedding with respect to slope stability had been 

identified. The artesian piezometric condition in the north wall 

had also been identified, and recommendations for slope dewater- 

ing were submitted. 

From January 28 (Day 28) to May 8, 1979 (Day 128), a slope 

displacement of 0.05 feet (0.015 metres) was observed in Target 

26B. This apparent slope movement was too close to measurement 

system accuracy for conclusive analysis. Piezometers B07A and 

B08A reached annual minimum elevations of approximately 5500 feet 

(1676 metres) on or about March 1 (Day 60), and then rose sharply 

due to spring thaw. 



From May 8 (Day 128) to June 11 (Day 162), movement occurred at 

all north wall targets, with the maximum observed change at 

Target 268 equal to 0.20 feet (0.061 metres) over this time 

interval. 

Piezometers B07A and B08A reached their annual maximum elevations 

of approximately 5550 feet (1692 metres) in this period, approxi- 

mately 50 feet (15 metres) above annual minimum elevations. 

Mining immediately below the north wall was considered a major 

contributing factor to these slope movements. The north slope 

was flagged as an area requiring particular vigilance. 

From June 11 (Day 162) to July 9 (Day 190), movements at all 

targets on the north wall progressed more slowly, with the 

maximum change of 0.05 feet (0.015 metres) occurring at Target 

26B. Cumulative movement in Target 26B was now 0.31 feet (0.094 

metres) in the horizontal component, and continued movement of 

the north wall was identified as cause for major concern as the 

pit deepened. 

From July 9 (Day 190) to August 13 (Day 225), slope movements 

were relatively insignificant. The north wall was reported to be 

temporarily stable, but renewed movement was predicted. 



From August 13 (Day 225) to September 4 (Day 2471, major renewed 

movement was observed, with the maximum change of 0.29 feet 

(0.088 metres) at Target 268, and lesser changes at Targets 21B 

and 22B. Cumulative displacement at Target 26B was now 0.60 

feet (0.183 metres) in horizontal component at an azimuth of 245" 

(trending downslope to the west), and 0.21 feet (0.064 metres) 

downward in vertical component. Between August 14 (Day 226) and 

September 6 (Day 249), Piezometer 8088 was observed to fall 

sharply from 5547 to 5507 feet (1691 to 1679 metres). 

On September 11 (Day 254), the north slope area was inspected in 

detail. There was no visual evidence of any slope movement. 

Concern with regard to measured slope movements was restated, and 

recommendations were made to perform a more detailed evaluation 

of north wall slope stability and to install additional targets 

for slope displacement measurements. 

From September 4 (Day 247) to October 4 (Day 277), movements at 

all targets on the north wall progressed more slowly. The 

maximum change of 0.15 feet (0.046 metres) in horizontal compon- 

ent occurred at Target 26B. 

From October 4 (Day 277) to October 22 (Day 295), movement at 

Target 26B accelerated, changing 0.23 feet (0.070 metres) in 

horizontal component. 



On October 26 (Day 2991, a 33 foot (10 metre) lift was blasted 

immediately below Target 26B. 

Between October 22 (Day 295) to October 29 (Day 302), - movement at 

Target 26B accelerated sharply, changing 0.70 feet (0.213 metres) 

in horizontal component. A large tension crack was observed at 

the crest of the slope, confirming that a full height slope 

failure was in progress. 

The following steps were initiated: 

- access of men and equipment in front of the failure was 
stopped, and a rock window barricade placed across the pit 

floor: 

- surface water infiltration into the tension crack was control- 
led by surface grading: 

- remedial dewatering was commenced to attempt to stabilize the 
failure: 

- additional displacement measurement targets were installed: 
- continuous survey displacement monitoring was established; 
- a "critical slope velocity" of 0.10 feet/hour (0.030 metres/ 

hour), measured in "slope distance" component, was estab- 

lished, at which point all pit personnel and equipment would be 

evacuated: 

Of the targets existing prior to October 31 (Day 304), only 268 

was located on the failure. On October 31, Targets 37B to 408 

were installed on the failure. 



From October 31 (Day 304) to November 10 (Day 314) at 9:00 hours, 

movements of all targets on the failure strongly accelerated. 

Target 268 on the east end of the failure moved the least, 

changing 2.68 feet (0.817 metres) in horizontal component. Move- 

ment increased toward the west end of failure, changing a maximum 

of 4.94 feet (1.505 metres) in horizontal component at Target 

37B. 

On November 10 (Day 314) at approximately 8:00 hours, the 

critical slope velocity was attained. Pit personnel and equip- 

ment were evacuated. Failure cumulative displacement to this 

time was approximately 7 feet ( 2  metres) maximum horizontal 

component at Target 378. 

At approximately 13:OO hours, rapid slope failure occurred. 

Maximum displacement of an additional 16 feet (4.9 metres) 

horizontal component occurred at Target 378, after which the 

failure decelerated. 

On November 11 (Day 315), operations resumed in the east half of 

the pit, distant from the failure, under continuous survey 

displacement monitoring. A new "critical slope velocity" of 0.05 

feet/hour (0.015 metres/hour) was established. 

During November and December, attempts were made to dewater the 

slope to enhance stability. Due to access and cold weather 

difficulties, dewatering progress and effectiveness was limited. 



A rock fill buttress was proposed to stabilize the slide, with 

continued dewatering as a secondary stabilization measure. 

In January 1980, the rock buttress was placed in front of the 

slide, with the aid of continuous survey displacement monitor- 

ing. By January 31 (Day 396) slope movement had ceased. 

During the time of this slope failure, mining of Pit 51-B-2 

continued safely with a loss of only 1 day of production on 

November 10. Mining was completed with a minimal redesign and 

no loss of coal. 



4.2 Detailed Analysis of Events 

The following detailed analysis of events has been developed with 

the benefit of hindsight, and utilizes information summarized in 

Appendices A to C inclusive. In order to obtain the highest 

possible accuracy, one-dimensional "slope distance" measurements 

are used where available instead of three-dimensional compon- 

ents, which exhibit slightly lower accuracy. Mining progress is 

expressed in terms of 33 foot (10 metre) "lifts", with frac- 

tional lifts being used to indicate the approach of a subsequent 

lift to the north wall. 

From March 31, 1978 to March 6, 1979 (Day 651, Targets 218 and 

238 exhibited no measurable movement. Target 228 moved approxi- 

mately 2.1 feet (0.6 metres) in a small, single bench scale 

failure. The failure was approximately 150 feet (45 metres) long 

and the tension crack was a maximum of 30 feet (9 metres) from 

the crest of the 5633 foot (1717 metre) bench. The failure 

was due to adverse localized bedding orientation and temporary 

surface water ingress, and was not a contributing factor to the 

November 10, 1979 failure. 

From March 6 (Day 65) to May 8 (Day 128), Targets 21B to 26B all 

moved 0.05 feet (0.015 metres) or less, as depicted in Figure 

B.13~. This movement was within the range of accuracy of the 

measurement system and no true slope movement is inferred. 

During this time Piezometer B08A rose by 48 feet (14.6 metres) to 



its seasonal maximum of 5553 feet (1693 metres), as depicted in 

Figure C.3. Mining consisted of 1 1/2 lifts across the west half 

of the November 10 future failure area, and 1/2 lift across the 

rest of the north slope. 

It is apparent that, to this time, neither high seasonal ground- 

water conditions nor major mining below the slope had any 

significant impact on stability. 

From May 8 (Day 128) to May 29 (Day 149), Targets 218 to 26B all 

moved rapidly. Cumulative displacements correlated with distance 

to the west along the slope, ranging from 0.063 feet (0.019 

metres) at Target 25B to 0.178 feet (0.054 metres) at Target 

26B. Piezometer B08A fell by 18 feet (5.5 metres) to 5535 feet 

(1687 metres) while B07A remained high. Mining consisted of 1 

1/2 lifts across the west half of the failure to elevation 5433 

feet (1656 metres) and 1/2 lift across the rest of the north 

slope to 5400 feet (1646 metres). 

It is apparent that mining below 5500 feet (1676 metres) in the 

west half of the failure and below 5433 feet (1659 metres) to the 

east, was the primary change which affected slope stability 

during this time. However, the relative importance of ground- 

water as a destabilizing factor is not being disregarded, and 

will be quantified further in the Stability Analysis, Section 

4.4. 

The lack of symmetry between piezometers B08A and B07A is of 

interest, since these instruments displayed virtually identical 



behavior in 1978 (1978 data not shown). It is possible that 

near-surface ground displacements in the western portion of the 

slope enhanced drainage in this area. 

From May 29 (Day 149) to July 30 (Day 211), virtually no movement 

occurred in any target. Piezometer B08A continued to fall by 

25 feet (7.6 metres) to 5510 feet (1679 metres). Mining was 

relatively inactive, removing less than 1/2 lift across the 

slope. 

The correlation of slope displacement with mining activity 

remains strong. 

From July 30 (Day 211) to August 27 (Day 239), Targets 218 to 26B 

all moved rapidly. Cumulative displacements again correlated 

with distance to the west along the slope, ranging from 0.150 

feet (0.046 metres) at Target 23B to 0.351 feet (0.107 metres) at 

Target 268. Piezometer B08A continued to decline by 6 feet (1.8 

metres) to 5504 feet (1678 metres). Piezometer 808B fell sharply 

from its artesian level of 5547 feet (1691 metres) on August 14 

(Day 226) to 5511 feet (1680 metres) by August 27 (Day 239). 

Mining in this period excavated 1 lift below the future failure 

to elevation 5400 feet (1646 metres), and approximately 112 lift 

to the east to elevation 5367 feet (1636 metres). 

The correlation of slope displacement with mining activity 

continues to gain strength. The magnitude of displacements was 

increasing for equivalent mining increments, which could indicate 



that the pit floor was approaching a structural discontinuity 

which strongly contributed to the displacements. The entire 

slope continued to move essentially as a single block - the 
failure volume which included Target 26B had not yet broken away 

from the remaining slope, although movements continued to be 

greatest at the west side of the slope. 

The cause of the rapid fall of Piezometer B08B is of interest, 

and is discussed further below. For the purpose of slope 

stability analysis, it is reasonable to assume a groundwater 

elevation of approximately 5500 feet (1676 metres) at the 808 

piezometer locations from this time onward. 

From August 27 (Day 239) to September 10 (Day 253), Target 26B 

accelerated to 0.519 feet (0.158 metres), while the remaining 

targets were comparatively inactive (Figures B.13b and B.13~). 

This could indicate the initial separation of the failure volume 

from the rest of the slope along the subsequently observed 

surface parallel to joint set J1. 

From September 10 (Day 253) to October 4 (Day 277), movement of 

all targets continued at a somewhat slower rate than during 

August. Cumulative displacements ranged from 0.163 feet (0.050 

metres) at Target 23B, increasing to the west to 0.624 feet 

(0.190 metres) at Target 26B. Piezometer B08B fell to 5501 feet 

(1677 metres). Mining excavated 1 lift below the east half of 

the failure, to elevation 5367 feet (1636 metres) amd 1/2 lift 

further to the east. 

The conclusions drawn from August data continue to be valid. 



From October 4 (Day 277) to October 22 (Day 295), movement of 

Target 22B accelerated to 0.629 feet (0.192 metres) and Target 

268 accelerated to 0.824 feet (0.251 metres), while the remaining 

targets were inactive. Piezometric elevations were unchanged. 

Mining had excavated 1 lift from the west half of the failure to 

5367 feet (1636 metres) elevation, and had completed the 1/2 

lift to the east to 5333 feet (1625 metres) elevation. 

It is clear that the failure volume had separated from the 

remainder of the slope, and Target 26B was accelerating. 

The small bench scale failure of 1978, on which Target 22B was 

located, was immediately adjacent to the new larger failure and 

was being dragged along due to the "edge effect" of the new 

failure. 

To this point, no surface cracking was apparent from visual 

inspection. 

Mining continues to correlate strongly with slope displacement. 

On October 26 (Day 299), the lift from elevation 5367 feet 

(1636 metres) to 5333 feet (1625 metres) was blasted across 

the east half of the failure. 

By October 29 (Day 302), Target 26B displacement had accelerated 

to 1.457 feet (0.444 metres), and average velocity was 0.004 

feet/hour (0.001 metres/hour). The tension crack delineating the 

failure became visible. As detailed in Section 4.1, safety and 

remedial measures were implemented. 



A "critical slope velocity" of 0.10 feet per hour (0.030 metres/ 

hour) was established. Actual slope velocities at individual 

targets are depicted in Table 8.5 and plotted in Figures B.15 to 

B.19. The informational basis for selection of the critical 

slope velocity was quite limited. The fact that no further work 

was conducted in front of the failure permitted the use of a 

relatively high critical velocity. Also, since the failure 

encompassed the full slope height and was "dozing" the toe in 

front, it was unlikely that the failure would move excessively 

far or fast. The selected "critical slope velocity" allowed 

several hours to evacuate the pit, which was highly desirable 

from the standpoint of labour and government relations as well as 

for safety reasons. 

On November 10 (Day 314), rapid slope failure occurred following 

a steady acceleration of target displacements. As measured 

previously, displacement was greatest at the west end of the 

failure. As of 13:45 hours on November 10, the cumulative "slope 

distance" displacements (Figure B.14a) on the failure, proceeding 

from east to west were: 

Target 26B - 12.008 feet (3.660 metres) since March 6, 1979, 
Target 38B - 12.900 feet (3.932 metres) since Oct. 31, 1979, 
Target 40B - 14.888 feet (4.538 metres) since Oct. 31, 1979, 
Target 37B - 19.803 feet (6.036 metres) since Oct. 31, 1979, 
Target 39B - 17.497 feet (5.333 metres) since Oct. 31, 1979. 

The behaviour of Target 39B was slightly anomalous. This is 



discussed further in Section 4.3, together with a more detailed 

analysis of three-dimensional slope displacements. 

From Noventber 10 (Day 314) to January 16, 1980 (Day 381), the 

slope decelerated steadily, as depicted in Figure B.5b. The 

timing of buttress placement is estimated to be from approxi- 

mately January 2 (Day 367) to January 20 (Day 385), as inferred 

from the last date of ~eading of targets as follows: 

Target 398 - January 7 (Day 372), 

Target 378 - January 10 (Day 3751, 

Target 408 - January 10 (Day 375), 

Target 38B - January 16 (Day 381). 

It is apparent that the failure was decelerating significantly 

before the buttress was placed. There is no doubt, however, that 

the buttress arrested the movement and provided an additional 

degree of safety for future mining operations. 

The impact of dewatering on slope stability was minor. Practical 

problems associated with access and winter conditions made 

dewatering of the upper strata in contact with Piezometer B08A 

relatively ineffective. The 120 foot (37 metre) fall of B08C 

in response to pumping may indicate that dewatering of upper 

horizons could have been effected under less adverse conditions. 

The high contrast in hydraulic conductivity across bedding versus 

parallel to bedding is demonstrated by this data (Figure C.3). 



The rapid fall of Piezometer B 0 8 B  in August 1979 is due to 

one of two possible, if improbable, causes: either slope dis- 

placements directly affected the strata near the inlet screen, 

which is 150 feet (45 metres) stratigraphically below the 

inferred failure surface: or the piezometer standpipe sheared 

near the ground surface in response to movement, while the 

adjacent Piezometer B08C remained intact 

This analysis, derived with the benefit of hindsight, is not 

materially different from that derived from monthly consultants 

reports in Section 4.1. This fact strongly supports the continu- 

ed practise of slope displacement monitoring as a key predictive 

and analytical tool for open pit mine slope stability management. 



4.3 Detailed Analysis of Slope Displacements 

Target displacements are tabulated and plotted in Appendix B. 

Displacement directions (azimuths and inclinations) were remark- 

ably constant over the full range of displacement. Initially, 

variability was greatest due to the small size of the cumulative 

displacement, which was of the same order of magnitude as 

measurement system accuracy. 

The true magnitudes of target displacements and the displacement 

directions are summarized in Table 4.1, and plotted in Figure 

The azimuths for Targets 218 to 26B, which were oriented to the 

west of the downslope direction, appear valid and must reflect 

some stress relief in that direction as a result of mining. The 

additional westerly movement of Target 26B, as compared with 

Targets 21B to 25B probably reflects a degree of dilation 

occurring along the near-vertical eastern failure surface 

parallel to joint set J1. Azimuths of targets on the failure 

can be "grouped" by elevation, which logically correlates with 

individual beds which can slide over one another - Target 37B and 
38B azimuths are 208" and 206", respectively, and Target 39B and 

40B azimuths are 202" and 200". respectively. 



Table 4.1 - bynitude and Diredion of Target Displacements 

Time 
Interval 

Mar. 6, 1979 (Day 65) 
t o  Jan. 3, 1980 (Day 368) 

Mar. 6, 1979 (Day 65) 
t o  C c t .  31, 1979 (Day 304) 

oct. 31, 1979 (Day 304) 
to Jan. 7, 1979 (Day 372) 

Nov. 3, 1979 (Day 307) 
t o  Nov. 9, 1979 (Day 313) 

Target Magnitude Azimuth Inclination 
NLmhr feet (m) degrees* degrees* 

* Azimuths and inclinations for Targets 21B to  258 have been rounded t o  the 

nearest 5" to reflect actual accuracy a t  -11 displacements. 



The inclinations of Targets 26B, 38B. 40B and 428 were respec- 

tively 30.7'. 23.7". 14.7", and - 10.7" (upward). These targets 

form a nearly vertical section through the slope. The gradually 

decreasing inclination of these targets, the magnitude and the 

consistency of inclinations with time tend to support the 

hypothesis that these inclinations were parallel to the curved 

failure surface. An inferred failure surface parallel to these 

movements is depicted in Figure A.5. 

The inclination of Target 37B was 24.g0, which correlates well 

with Target 38B, at the same elevation to the east. The inclin- 

ation of Target 39B was 31.4", which does not correlate with 

Target 40B to the east. The magnitude of Target 39B displacement 

was also anomalous, as discussed further below. 

The magnitudes of displacements at Targets 21B to 25B adjacent to 

the failure logically correlate with proximity to the failure. 

As previously stated, Target 22B was situated on a bench-scale 

failure which moved alongside the November 10 failure, and so 

exhibited disproportionally large displacements. 

As stated previously, displacement was greatest in the western 

portion of the failure, with the maximum total vector of 40.6 

feet (12.36 metres) observed at Target 378. Target 38B, at the 

same elevation and 334 feet (102 metres) to the east, moved only 

27.4 feet (8.35 metres). 



Total displacements through the vertical section at Target 38B 

were "normalized" to remove the effect of the observed increase 

in displacement toward the west. The resulting normalized total 

displacement vectors of Targets 26B, 388 and 408 are 26.8 feet, 

27.4 feet, and 26.7 feet (8.17 metres, 8.35 metres, and 8.14 

metres, respectively). Within the accuracy limitations of the 

normalizing technique, these numbers are identical. 

The magnitude of Target 39B displacement was 4.5 feet (1.37 

metres) less than that of nearby Target 378. As stated prev- 

iously, the inclination of Target 39B displacement was also 

anomalous. It is apparent that Target 398 was involved in a 

bench scale failure which separated from the total failure. 

Since total displacement of Target 39B is less than Target 378, 

the main failure surface at the west end of the failure must lie 

above Target 398. The absence of movement at Target 43B supports 

but does not conclusively prove this hypothesis. 

The use of velocities calculated from displacements to assess 

impending slope failure involves certain complications, which 

must be recognized. The reading interval between displacements 

must be sufficiently large to permit displacements well in excess 

of measurement accuracy, or the resulting velocities will be 

misleading. This phenomenon is responsible for some of the 

"scatter" in velocities, as apparent in Figures B.15 to B.19. 

The use of the same time interval between subsequent readings 



helps to control this potential problem. This was practised in 

the field, but unfortunately not all the hourly readings were 

available for this report. Accordingly, velocity data presented 

herein must be evaluated with allowance for the above limitation. 

The displacements in Targets '2.10, 239 and 25B after the November 

10 failure, as depicted in Figure B.13c, exhibit "scatter" in 

displacements ranging in excess of 0.10 foot (0.003 metres), 

substantially larger than demonstrated measurement system 

accuracy. Although not conclusively proved, it is concluded that 

the above displacements were real, and reflect "chatter" of the 

stable slope in response to "slip-stick" action of the adjacent 

failure along the near-vertical eastern failure surface parallel 

to joint set J1. 



4.4 Stability Analysis 

A back-analysis of the slope failure was performed with the 

GEOSLOPE computer program, which utilizes the Janbu analytical 

procedure. The analysis was run through an idealized section 

A-A' as depicted in Figure A.9. Detailed data on individual 

stability analyses is included in Appendix E.  

The analysis was run for several different failure surfaces, 

piezometric surfaces, and material strength properties, for slope 

geometries without and with the stabilizing rock fill buttress. 

These trials are summarized in Table E.1. 

The initial failure surface analysed was a bilinear surface, with 

the lower surface assumed to be in disturbed bedrock dipping at a 

shallow angle out of the slope and the upper surface parallel to 

the average bedding angle. The disturbed bedrock surface was 

assumed to have a friction angle of 25", and the bedding effect- 

ive friction angle was back-calculated to 3 5 " ,  at a factor of 

safety of 0.985. The stablizing impact of the buttress was 

substantial, raising the factor of safety to 1.433. In compari- 

son, dewatering to lower the piezometric surface by 40 feet (12.2 

metres) produced a factor of safety of only 1.145. Lowering the 

piezometric surface by 80 feet (24.4 metres) produced a factor of 

safety of 1.259. A buttress half the height of the actual 

buttress produced a safety factor of 1.269. 



The second failure surface investigated was a curved surface 

parallel to the measured displacements of the slope (labelled 

Curve 1 in Table E.l). This surface exhibited a factor of safety 

of 1.121, 14% higher than the equivalent analysis which utilized 

the bilinear surface. This difference is, however, due largely 

to the longer length of the bilinear surface in the 25" disturbed 

material. There is no significant higher degree of stability of 

the curved surface over the bilinear surface. The stabilizing 

impact of the buttress is of similar magnitude for both sur- 

faces. The curved surface was back-analysed at a factor of 

safety of 0.986, to yield a friction angle approximately parallel 

to bedding of 31.3". 

Other failure surfaces investigated included a modified curved 

surface (Curve 2) with no upward component at the toe, and a 

series of circular surfaces. Both displayed factors of safety 

slightly higher than Curve 1. 

The above analyses demonstrate the relative insensitivity of the 

factor of safety to minor geometric variations in the failure 

surface, and its higher sensitivity to frictional properties 

along the failure surface. Additional runs were performed using 

a single shear strength for upper and lower portions of the rock 

slope, in both drained and undrained modes. 



The bilinear surface demonstrated a back-calculated friction 

angle of 32.1°, and a factor of safety after buttress completion 

of 1.550. For the curved failure surface, the back-calculated 

friction angle was 30.8", and the factor of safety after buttress 

completion was 1.449. 

Undrained (+ = 0) analyses were run since there were clay seams 

in the slope near the failure surface. For the bilinear surface, 

an undrained shear strength of 3900 pounds per square foot (187 

kPa) was back-calculated. While this figure is not considered 

realistic, the impact of using the undrained analysis on the 

factor of safety after buttress placement is significant. With 

the buttress, the factor of safety for the undrained case is only 

1.053, versus 1.550 for the corresponding drained case. If only 

part of the failure surface behaved for some time in the undrain- 

ed mode, the stabilizing effect of the buttress would have been 

decreased and delayed as excess pore pressures dissipated. 



5.0 CONCLUSIONS 

1. Using displacement monitoring methods which measure the 

movements on the surface of the slope, the following prac- 

tical accomplishments were achieved: 

i) The November 10, 1979 (Day 314) failure was flagged 

as an area requiring particular vigilance as early 

as June 11 (Day 162), 152 days before failure. 

ii) By July 9, (Day 190) continued movement of the 

north wall was confirmed as a cause of major concern 

as the pit deepened. This was 112 days before the 

appearance of any visual signs of failure, and 124 

days before failure occurred. 

iii) Pit 51-B-2 operations were safely conducted up to 

several hours before failure, and only one day of 

production from the pit was lost due to the failure. 

iv) The stabilizing buttress was safely placed in 

front of the moving failure, with no danger to men 

or equipment. 

2. Analysis of slope displacements provided insight into 

the detailed mechanics of the failure: 

i) Prior to the separation of the failure volume from 

the rest of the slope, the entire slope displaced 

horizontally. Movement to August 13 (Day 225). 

was 0.159 feet (0.048 metres) at Target 23B, in- 

creasing to the west to 0.311 feet (0.095 metres) 

at Target 26B. 
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ii) Initial separation of the failure volume from the 

rest of the slope occurred between August 13 (Day 

225) and September 4 (Day 247). 

iii) Following separationofthe failurevolume, the stable 

slope to the east displaced horizontally inward 

and outward, reflecting "chatter" in response to 

"slip-stick" actions of the adjacent moving failure. 

iv) Slope displacements correlated strongly with mining 

activity. This could indicate that the pit floor 

was approaching a structural discontinuity which 

strongly contributed to the displacements, although 

other valid interpretations are possible. 

v Placement of the buttress decelerated the failure 

gradually to a stop. The buttress was more than 

half placed by January 16 (Day 381), and was fully 

placed by January 21 (Day 386), but movements con- 

tinued until at least January 31 (Day 396). 

vi) The failure volume moved as a single intact volume, 

with the exception of the area near Target 39B 

which was part of a separate smaller failure. 

Total displacement of the failure volume ranged 

from approximately 26 feet (7.9 metres) at Target 

26B, increasing to the west to approximately 45 

feet (13.7 metres) at Target 378. 

vii) It is believed that the consistent inclinations dis- 

played by Targets 26B. 37B, 38B and 40B are parallel 

to the actual failure surface. 



3 .  The results of the stability analyses, combined with the slope 

displacement data, provide further insight into the mechanics 

of the failure: 

i) As noted above, the failure decelerated slowly in response 

to buttress placement. In the drained analysis, the high 

factor of safety demonstrated after buttress placement 

would lead to a rapid cessation of failure movement. 

It is concluded that at least part of the failure 

surface material acted in the undrained mode. 

ii) While there are many variables involved which lead to a 

widerangeofpossibleresults,theback-calculatedaverage 

effective angle of friction along the failure surface 

is believed to range from 30" to 32O. 

iii) The factor of safety after buttress placement will ulti- 

mately equal 1.4 to 1.5, after dissipation of excess pore 

pressures along the failure surface. The failure 

could, however, be susceptible to renewed movements due 

to excess pore pressures generated by blast vibrations. 

4. Piezometric data yielded the following conclusions: 

i) Displacement of the slope prior to failure resulted in 

dewatering of the strata containing Piezometer B08A in 

May 1979. This is inferred to be due to the opening of 

jointing in response to slope deformation. 

ii) The cause of the fall in Piezometer B08B in August 1979 

is lessobvious. This ispossiblydueto slopedeformation 

causing dewatering of the strata, but the depth is too 

great to strongly support this hypothesis. 
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PHOTOGRAPHIC PLATES 





P L A T E  2  
N o r t h  W a l l  S l o p e  F a i l u r e  - L o o k i n g  N o r t h  
A p p r o x .  N o v .  1 2 , 1 9 7 9  - A f t e r  F a ~ l u r e  

I I 
P L A T E  3 

N o r t h  W a l l  S lope  Fa i l u re  - L o o k i n g  N o r t h w e s t  
A p p r o x .  N o v .  1 2 , 1 9 7 9  - A f t e r  F a ~ l u r e  

NOTE:  O b s e r v e  Windrows o n  P i t  F l o o r  t o  P r e v e n t  
A c c e s s  B e l o w  F a i l u r e ,  P l a t e  3 



1 

PLATE 4 
North Wall Slope Failure - Looking E a s t  
Approx.  Nov.  1 2 , 1 9 7 9  - After  Failure 

PLATE 5 
North Wall Slope Failure - Close-Up of  West 
Limit Looking Eas t  
Approx. Nov. 1 2 , 1 9 7 9  - After  Failure 

NOTE: For  Sca le ,  Observe the Power  Pole. 
Foreground of Plates 4 & 5 



PLATE 6 
North Wall Slope Failure - Looking West 
Approx. Nov. 12 ,1979  - After Failure 

PLATE 7 
North Wall Slope Failure and Close-Up of East 
Limit Looking South 
Approx. Nov. 12,1979 - After Failure 

NOTE: For Sca le ,  Observe  the Tractor  T r a c k s ,  
Foreground of Plates 6 & 7 
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MOUNTAIN PARK FORMATION 
Massive grey green sandstone separated by dark green 
siltstones and chert pebble lenses chlorite cement. 

LUSCAR FORMATION 

MEMBER 'D' 
- Grey green sandstone at top of member. Thick sandstone 

and shale beds common in lower half. Coarsening 
downwards of grain size in zone dominated by thick basal 
sandstone, which are massive and well bedded. cemented 
by kaolinite or illite. 

- Thin, dark grey fissile siltstone separated by  sandstones. 
Thin coal or carbonaceous shale laminations occuring in 
above siltstones. 

MEMBER 'C' 
- Torrens sandstone. Highly resistant, thin central shale 

parting. Breaks into boulder sized rectangular blocks. 
Occasional thin chert pebbles conglomerate. Sandstone 
massive at top, bedded at bottom. 

MEMBER 'B' 
- Exposed in 50-A-3 pit. Mainly fissile shales coarsening 

upwards to siltstones then sandstones. 

- Fissile shales 
MEMBER 'A' 
- Thinly bedded medium to fine grained sandstones, fissile 

siltstones and carbonaceous shales which grade to thin coal 
seams. 

- No exposure 

CADOMIN FORMATION 
- Highly resistant, ridge forming conglomerate 2 to 6cm, clasts 

of chert and quartzite in well cemented silica matrix. 

STRATIGRAPHIC COLUMN 
FOR THE 

LUSCAR AREA 
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I Pole density contours 
S 

per 1% of surface area Polar Equal Area Net 
(Schmidt Net) 

CONTOURED SCHMIDT PROJECTION SHOWING DENSITY I 
I 
0 5% PERCENT OF 260 POLES OF JOINTS AND BEDDING PLANES. I 

FIGURE A. 8 

I POLAR PLOT OF 
NORTH WALL I 

, 1 0 1 5 ~  BEDDING AND JOINTING 1 
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APPENDIX B 

SLOPE DISPLACEMENT DATA AND PLOTS 
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APPENDIX C 

PIEZOMETER DATA AND PLOTS 
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APPENDIX D 

LOG OF COREHOLE E21-R50 
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APPENDIX E 

SLOPE STABILITY ANALYSES 



TABLE E.l - S W Y  OF STABILITY ANALYSIS TRIALS 

Figure 

Nwdxr - 

Trial Failure Phreatic Friction Angles Factor 'GmlwntS 

Number Surface Surface $1 $2 $3 of safety - - - 

m 2  Bilinear 180-200 25" 35' 38' 0.985 No buttress 

AEa3 1.433 With buttress 

.WW4 140-160 1.145 No buttress, 
D-watered 40 ft. 

AMT5 100-120 1.259 No buttress, 
mtered 80 ft. 

A m 6  60-80 1.308 No buttress, 
Canpletely Dewatered 

Half width 
buttress 

Half height 
buttress 

No buttress Curve 1 

With buttress 

No buttress, 
Canpletely dermtered 

Curve 2 

Circles 

No buttress 

No buttress 
Circle through toe 

Back calculate +2 
to match AMT2 

Curve 1 

With buttress 

Circles 

Curve 1 

No buttress 

Higher groundwater 
profile 

25 ft. slices (vs. 
50 ft. standard) 

Bilinear Back analysis, 
ccmpletely dermtered 



TABLE E.l - S W Y  OF STABILITY ANALYSIS TRWS (Continued) 

Figure Trial 
M r  Number - 

Failure Phreatic Friction Angles Factor 
Surface Surface $1 h - - 63 - of safety 

Bilinear 180-200 32.1 32.1 38" 0.984 

1.550 

140-160 1.154 

Curve 1 180-200 32.1 32.1 38" 1.037 

1.517 

30-30 1.333 

No buttress 

With buttress 

No buttress, 
Dewatered 40 ft. 

No buttress, 
DRrratered 80 ft. 

No buttress, 
Canpletely Dewatered 

No buttress, 
Undrained analysis 

With buttress, 
Undrained analysis 

No buttress 

With buttress 

No buttress 
Conpletely dewatered 

- M 7 4  Curve 2 180-200 1.049 No buttress 

- AMT82AC Curve 1 30.8 30.8 " 0.986 Back calculate 42 
to mtch AMT52 

- AMT83AC 1.449 With buttress 

- m 9 2  30-30 0 0 38 1.078 No buttress 
c1 = c2 = 39001b./ft.~ Undrained Analysis 

- m 9 3  1.142 With buttress 
Undrained Analysis 



TABLE E.l - SUMMARY OF STABILITY ANALYSIS (continued) 

NOTES : 

1. Failure Surface: "Curve 1" and "Curve 2" are identical and 

parallel to the measured slope displacements, except that 

Curve 2 has no upward inclination at the toe of the failure. 

2. Phreatic Surface: "180-200" refers to the elevation of the 

upper portion of the phreatic surface; "180" equates to 5480 

feet (1670 metres) elevation at the "crest" of the piezo- 

metric surface near the slope: "200" equates to 5500 feet 

(1676 meters) the measured piezometric elevation is piezo- 

meter nest 808 distant from the slope. 

3. Friction Angles: ''al'' applies to disturbed material at the 
toe of the slope: "b2" applies to strata above the toe, 

parallel to bedding: "j3" applies to the rock fill buttress. 



:CRC P I T  5 1 - B - 2  

H I IHLYSIS  OESCRIPT ION : f in12  

C O I I R C C T l O W  FRCIOR: 1.839 

F08 COP4Vfl)CLHCE: 

,989 
,986 

F ~ H R L  ros . .(tea arzisri~r, r o a c t -  n s n m n  n~tvt*c roerr- axl?srr 

PROJECT :CRC P I T  5 1 - S - 2  

DR1R L I S T  FOR F I L E  : 

PROJECT :CRC P I T  5 1 - 8 - 2  - 
MRTERiRL PROPERTIES 

I R I E I )  3 BRIERIRL P I ) O P E R I I F I  
I I E H S l l l  : Ll3.e <lbC,<tl) COHE610N : a ,  2 ?HZ : 11.1 <dm*> 

:CRC P I T  5 1 - 8 - 2  

L R I E P  6EOHfTRY 



COIRECTIOH r ( i C l O R :  8 .848 

POI c o H V I * C ~ H c C :  

1.338 
I . 4 1 6  
8.138 
$ . < a 2  

- # N I L  F05 1 . a 1 1  OEIIST1HL F0.C.. 46.57.7 D * I V I M C  FORCE- 1>4ZJ6. 

PlOJEi 'T :CRC F I T  51-8-2 - 
DHTR L I S T  FOR F I L E  : 

PYOJECl  :CRC P I 1  5 1 - 8 - 2  - 
Bf lTEPl i lL  PROPERTIES 

LRIEl l  . 1 nllfSlli PeOPCRTl fS  
E M  2 2 . 8  3 COHESION : a _ *  ( tbc r rc? ,  PHI : 29.e w.pl 

LRIER . 3 IRIERIRL PwsreTl rs  
DEHSlTY : 12¶.8  t l l l O C l l >  CONTSIOM : . b P H I  : 3s.. <dep) 

VPOJECT :CRC P I T  51-0-2 - 
LIlYFR LEORETRY 



FIGURE E.3 

COLRTCTlON F R C T O I I :  L.039 

FOS COMVTRCEWCE: 

I .  (81 
I . 8 3 .  
1 . 1 4 2  !.,.+ 

FlUIi FOS - 1.1+0 ( I f $ l B i l M C  FORCE- 3.3.665 O R I Y I H C  FUI)CL- ll17992 

PROILST  :CPC P I T  5 1 - 8 - 2  - 
OR18 L I S T  FOR F I L E  : 

PROJECT :CYC P I T  5 1 - 8 - 2  - 
Nf lTERl i lL  PROPERTIES  

L R i C l l  . I "RTFRIRL PI1OPE@IITS 
OfHSllY : 1111.8 < I b , r C t l >  SOMETIOY i a . 0  tlDCltt2> %I : 18.8 '0.9) 

PROJECI  :CRC P I T  5 1 - 8 - 2  - 
L H i E R  i;EOMET@Y 



PI1UJECT :CRC PIT 51-B-2 
AIIRLISIS DESIKIVIIOII :RUT5 FIGURE E.4 

FLHRL FOI - 1 . 2 5 9  RESISTIHL FOsCF. 3778118 D l l l Y l l C  FDIC=-  lll799l 

PFLIEIT :CRC PIT 51-0-2 

DRIR LIST FOR FILE : 

:CRC PI1 51-8-2 

RRlERlRL PROPERTIES 



PROJECT :CRC P I T  5 1 - 8 - ?  - 
RHRLYSIS  DESCRIPT ION :RUT6  

COe l lFLT IO I I  F * C i l l l l :  ! .Bas  

FDS CONVE(IEEHCC: 

1 , 2 2 3  
1.288 
I .  184 
1.387 

FlHRL F O I  . 1.388 IESISTIHC TDRCL- 512561.  DRIVING FOsCE- 1117WI 

PPOlECT : C R I  P I T  5 1 - 8 - 2  - 
DRTR L I S T  FOR F I L E  : 

PPOJECT : i R C  P I T  5 1 - 0 - 2  - 
RRTERIRL PROPERTIES  

L R I E *  . 1 nR7ERiRL P@OPLI1IIEO 
E S T  : 2 b COMLSlOH : 0 .a  < I b O l t 2 l  ? H I  : 38.1 (d.9) 

PROJECT : t i c  P I T  5 1 - 8 - 2  - 
LR'iER CEOIIETRY 



:CRS P I T  5 1 - 6 - 2  

RNi lL151S  @ E i C R l P T l O N  :R t i113  FIGURE E.0 

FINni 108 - 1 . 1 8 6  r l T $ l B I I H C  F O I C I -  1782268 DRIVING I O I I C f -  126IIIS 

PROJECT :CRC P I T  5 1 - 6 - 2  - 
D i l l 8  L I S T  fOR F I L E  : 

PQllJECT :CRC P I T  5 1 - 8 - 2  - 
nRTERlRL  P R O P E R I I E S  

LRlEI l  3 I ( 8 T C l l l l i  PROPfRllTS 
BIHPITl : 11S.a tlbT,Ctl> COHl$lON : @ _ a  <1b,1<11> W I  : >I.* (d.0) 

PRDJEtT :CRt P I T  5 1 - 0 - 2  

Lil'lER GEOHETRY 



PROJECT :CRC P I T  5 1 - 6 - 2  - 
H t l R L Y S l i  D E j C R l P l l O l l  :H I IT44  FIGURE E.7 

rtt+aL Far - 1.269 R E B C B T ~ U C  ~ O ~ C F :  3 8 ~ 9 8 5  D ~ ~ Y Z H C  IDICS- ~ I ~ Z L Z ~  

PPOIEST  :CRC P I T  5 1 - E - L  - 
DRTR L I S T  FUR F I L E  : 

P P U I E C I  :CRC P I T  5 1 - 8 - 2  - 
t lATERlr lL PROPERTIES  

L I I W  9 3 M I I I E R I R L  Pl lDPERl lEO 
I i F H 6 1 T l  : 111,s tibCl,ll> COHTBIOH 8 e . 8  tlb<,Pll> PHI i 38.. (d.9) 

PPOJECT :CRC P I T  5 1 - 8 - 2  

L W X R  4;EOIIETRY 



PROJECT :CRC P I T  5 1 - 8 - 2  - 
RI IRLYEIF  OEi.CRIPI IOW : R R I I 2  FIGURE E.8 

FlHI1L F O I  - 1 . 1 1 1  R<515TINC FOT1CC- PBZ83@7 DRlVlHC FOI1CE- 2 5 9 3 1 * 3  

: I R S  P I T  5 1 - 6 - 2  

DRTR L I S T  FOR F I L E  : 

pyJQ : i R C  P I T  5 1 - 6 - 2  

n R T E R i i l L  PROPERTIES  

L R I f l  . 3 l R T f i i l R L  P l l O P E l l l E S  
DIHSITI : i t , . .  < i b ? , C O )  COUCOIOM : I . e  tlbCr(sl> P H I  i 3 e . l  (0.0, 

PliOlfCT :CRC P I T  5 1 - 8 - 2  

LRYER GEOllETRY 



PROJECT :CRC P I T  5 1 - 8 - 2  - 
RNHLYEIS DESCRIPTION : R I I T l 1  FIGURE E.0 

C O t l l S C T l O ( t  FRCTOR: l . W i  

FOP COHVfl lCFHCf:  

1 . 3 9 9  
1 ,+86 
I .  5BB 
I.3B1 

F l H R L  101 - , . % a 3  RIEISIIMC F0I)LT- +51111< D R I Y l l t C  FORCE- 1893@*a 

PWUlECI :CRC P I T  5 1 - 8 - 2  - 
ORTR L I S T  FOR F I L E  : 

PROJECT :CRC P I T  5 1 - 8 - 2  - 
I IRTERIRL PROPERTIES 

L R I I I )  . 1 nRTFRlRL PBOPEIITIEE 
DEHSlrl : I25.8 t l b T i < l l i  COHfSIOM : 0 . B  tlbC'<tZ> P H I  : 3a.O 'd.0) 

:CRC P I T  5 1 - 8 - 2  

LR'IER LEOIIETRI 



- :CR% P I T  51 -S -2  

R N i l L ' ~ S I ?  U E 5 f R l P T l O N  : H M I 1 5  

FlHRL Fa5 . I . I I I  I 1 E I I S 7 l Y C  TORCE- 1SS.634 D l l l Y I N C  TOWE-  25.13191 

PROJECi : t R C  P I T  5 1 - 8 - 2  

DdTR LIST FOR F I L E  : 

SLOPE C E O I I @ T R I  

PROJECT :CRC P I T  5 1 - 8 - 2  - 
I lRTERIRL  P R O P E R I I E S  

LAYE@ InIIIEeIRL PROPERTIES 
OEHSIII : 125.8 O b f ' ( t 3 ,  LOL+t510H : @ 2 PHI : 10.8 td.s) 

PPOIEI'T :CRC P I T  5 1 - 6 - 2  

L R I E R  4;EOHETRY 



FIGURE E.t 1 

rr l ta i  1 0 s  - t . 1 ~  R E S I L T I N G  F O ~ C E .  P B L , ~ S $  O I ~ ~ V ~ Y C  ~ O R C E .  ~ . . ~ + ~ a  

PRO!tCT : L B C  P i 1  5 1 - 8 - 2  - 
ORTR L I S T  FOR F I L E  : 

PROJECT :CRC P I T  51-0-2 - 
I (RIER1RL PROPERTIES  

LRYER # 1 "( lTCI I IRL PRD~ClTilB 
D E H S l r l  : I 2 S . l  t l b ( Q I 3 >  COHESION : 1 P H I  : 1 B . B  <den> 

PROIECT :CRC P I T  51-8-2 - 
LR'iER IGLOIIEIRY 



:<EL T i 5  ll-I-? 

RliRi,i:5 DfIIPIFTIPH :*",a2 FIGURE E.12 
J""," 11<RI,I"' " * l i t i l $  

" 6 "  . 7 .  POI C.""L<,,.* "I~II,,"' i.,",*i 

I " D , " I  .*, eac,o* 
, . a 2 3  ,,,,. ,O.Cl .O.CI 

* ~ O l U ,  I . ,  ,.,,# ,.,>a 
Il..l> a,.,.. 

I . I I IYt a'. l . 2 2 '  , . . I .  
,3..., .'.>'. 

" I n , " ,  .,. I)&> ,.,I 
,...,>, ..,,>, 

."llii' I., ,.,*, ,.a,. 
1',1>?1 1..,,2, 

.In/"' 32. , . I 7 6  ,..,I 
11l.'ll t l l l > > l  

. In /" .  3.1 L.e. 8.',. 
I..l.,a 2 , ' , 111  

."I,", V'. I..,' ,.*., 111.... ,1.'11. 

""PI", ,.I ..,I ,.a<. 
11.'1'1 ,..... 1 
' 3  I,,.,,, 

""".6R OF LrnYZ.5 : 1 
" " T l l l  * '1*11" : ' 1 . .  , lb<, , . l i  

,"TEE. , 8*,C",8L P*O,S",,t$ 
D L "  : . b ,  " 0  : ... c/n?;*l>l .*I 8 I , . ,  r..lP 

LI"6" . I " " 7 I R I A L  ,"0,1"1,C. 
Dt*, , ."  : $ ,... 11&,,,.31 C0"I.I." : ,.a <,n,,,a2, .", ; 23,. c w q ,  

L""C" . , "".P,,"L .m,cn,,c~ " ; . b ,  c ,  : ... , I b r l r t * ,  .XI : I . .  '*..I 

BWLl :cec P I ,  5 , - 8 - 2  

l: .. ... ,',.. 1. ...,..... 
i: ... en.. 3 . .  ,>.a 78.. 

L8"C. . z $".*flCS 'ST !  
X i  ... I.. 1.3.. I s  ...I..... 
2 :  . .a I . . ,  ,.I 1.3. 1.1.. 

L".E* . , %"wnCc <F.,  
X i  ..s 0 . .  1'3.. , I . .  ,....a 
2: ... 1 . 2  3 . z  ,*,.I 1.3.1 

.*.1*/1r I Y R r l i T  t l l >  
: L.. I 6 l .  I.... I ..... 
z: 3 . .  1 . 9  1.4.. 2 ... 

L I J l n E  /C*II .  .o/*,r ( ' 7 ,  
" IXI .""  I L I < I  X l i i r *  # e l l :  3 . .  ."D,"I ,*c.L".XI I,.,: I . . .  
" C  .z... 
z:  s.,., 



A p r i l  19,  1985 

U n i v e r s i t y  o f  Alber ta  
Department o f  C i v i l  Engineering 
Edmonton, Alber ta  
T6G 2G7 

At t en t ion :  D r .  N . R .  Morgenstern, P.Eng. 

Dear D r .  Morgenstern: 

Sub jec t :  M.Eng. P r o j e c t  - F i n a l  Report 

Enclosed a r e  t w o  f i n a l  cop ie s  o f  my M.Eng. P r o j e c t  e n t i t l e d  "Case 
H i s t o r y  o f  an  Open P i t  Coal Mine Slope F a i l u r e  a t  Luscar,  Alber ta" .  
I unders tand t h a t  t h e  d e a d l i n e  f o r  r e c e i p t  of  t h e s e  r e p o r t s  b y  
t h e  Facu l ty  o f  Graduate S t u d i e s  i s  A p r i l  24, 1985. 

I w i l l  forward t h r e e  a d d i t i o n a l  cop ie s  f o r  D r .  Cruden, y o u r s e l f  
and  t h e  C i v i l  Engineering Department w i t h i n  a  few days .  Thank 
you v e r y  much f o r  your guidance and encouragement i n  t h e  completion 
o f  t h i s  p r o j e c t .  

Yours t r u l y ,  

Al lan M. MacRae, P.Eng. 
c / o  Canadian Occ identa l  

Petroleum Ltd.  
1500, 635 8 t h  Avenue S . W .  
Calgary,  A lbe r t a  
T2P 321 
Telephone: 234-6097 

Encl.  

cc: M r .  Fred Munn, P.Eng. 
Chief Engineer 
c a r d i n a l  River Coals  Ltd. 
Hinton, Alber ta  


