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INTRODUCTION

The Highvale Mine is situated about 80 km west of the
City of Edmonton (figure 1) near the south shore of Lake Wabamun.
Access is westward from Edmonton on Highway 16, and southward via a
provincial road just east of Lake Wabamun. The route is paved except
for a gravelled portion through the Paul Band Indian Reserve. Geologic
investigations were conducted in three areas: Pits 02, 03 and 04
(figure 2).

The Highvale Open Pit Coal Mine, which is owned by TransAlta
Utilities Limited and operated by Manalta Coal Limited, was initially
opened to supply thermal coal to the Sundance Generating station.
Current production is from three pits and supplies both Sundance and the
nearby Keephills generating stations.

The bedrock overburden in many places in the Plains of western
Canada has been thrust by Pleistocene glaciers (Moran et al, 1980,
Fenton 1983a, and Fenton and Andriashek 1978). Regional surficial
mapping of the Wabamun map sheet (Andriashek et al, 1979) revealed much
of the bedrock in the Lake Isle-Lake Wabamun-Saskatchewan River area had
been glacially disturbed and deformed. This deformed bedrock material
is weaker-than the undeformed bedrock. As a result, highwalls cut into
this sediment have greater tendency to fail than those cut into
undisturbed bedrock.

Many of the highwall failures in Pits 02, 03 and 04 are likely
related to the glacially thrust bedrock material. The implications of
highwall failure are serious since temporary benches excavated in the
highwall serve as transportation corridors and a working foundation for
overburden stripping equipment. In addition to the risks posed to men
and equipment such failures also result in potentially sizable
additional costs resulting from the rehandling of overburden materials,
disruption of mining schedules and outright loss of potentially mineable
coal.
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Figure 1.

Location of study area.
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Foreknowledge of the location, structure, dimensions and hydrology
of these glacially thrust masses is of value in mine planning

~

management,

Preliminary investigations at the Highvale Mine in 1983
(Fenton, 1983b and Fenton et al, 1983) had indicated that glacially
thrust bedrock material was widespread and that the presence of this
material was contributing to the highwall failure near the east end of
Pit 03.

GENERAL GEOLOGIC SETTING

Bedrock Geology

The bedrock geology of the Wabamun Lake area consists of Upper
Cretaceous and Paleocene non-marine coal-bearing rocks
(figures 3 and 4). The coal being mined at the Highvale Mine belongs to
the Ardley Coal Zone (Holter et al, 1975). The Ardley Coal Zone forms
part of the Scollard Member of the Paskapoo Formation, as defined by
Irish (1970) and Carrigy (1970). Gibson (1977) proposed to elevate the
Scollard Member to Scollard Formation, a usage not recommended by the
Alberta Geological Survey (J.R. Nurkowski, pers. comm., 1984). The
Battle Formation which is situated below the Paskapoo Formation is a
mauve-gray weathering, dark brownish gray to purplish black, bentonitic
shale (Irish, 1970). The Keephills Tuff, which forms part of the Battle
Formation, is a widespread marker horizon (Irish and Harvard, 1968).

The top of the Battle Formation is intersected by drillholes in the
Highvale Mine area at depths between 45 and 75 m (Maslowski
Schutze 1984). The thickness of the Scollard Member measures between 23
and 28 m assuming the coal at the top of the member (Maslowski Schutze,
1984). The exact position of the Cretaceous-Tertiary boundary has not
been established in the Lake Wabamun area. It is likely somewhere in
the Scollard Member and below the Ardley Coal Zone as shown by work
along the Red Deer River (Lerbekmo et al, 1979). Preliminary work shows
that the strata above the coal and the coal at the Highvale Mine are of
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lower Paleocene age based upon the Angiosperm pollen Tricolpites
anguloluminosus and Tricolpites bathreticulatus (Singh, pers. comm.,
1984). This coal was designated as Lower Ardley 'B' by Holter and
others (1975) and could be correlated with seam 14 of Gibson (1977).

The Ardley Coal Zone is about 15 m thick in the study area. Six
distinct and laterally continuous seams can be distinguished. They are
separated by shale and bentonite partings with a cumulative thickness of
about 5 m, leaving a cumulative thickness of coal of about 10 m. The
coal dips between 4 and 10 m per kilometre to the southwest.

Surficial and Glaciotectonic Geology

The surficial deposits overlying the bedrock include extensive
areas of glacially deformed bedrock material, as much as 50 m thick in
places (Fenton, 1983b and Fenton et al, 1983) overlain by a
comparatively thin discontinuous cover of till, glaciolacustrine clay
and glaciofluvial silt, sand and gravel (Andriashek et al, 1979, Fenton
and others op. cit.). Some areas mapped as lacustrine clay are now known
to be glacially crushed and fragmented mudstone and shale.

Fenton (1983b) prepared a glaciotectonic map of the mine that
showed extensive areas of glacially thrust sediment.

Data Sources

Geologic data have been collected through outcrop study, air photo
interpretation, surface geophysical methods, rotary coring, hollow stem
auger coring to obtain oriented A-casing and downhole geophysical
logging. A number of piezometer nests have also been set.

POWER PLANT AND MINING OPERATIONS

The province of Alberta contains 80 percent of Canada's known coal
reserves, Of these reserves a large percentage of the coal can be
easily recovered as it is close to the surface and can be surface mined
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in the conventional fashion. The area in the vicinity of Wabamun Lake
hosts two coal mines that supply low sulfur sub-bituminous coal to three
“mine-mouth" power plants (figure 5). The Whitewood and Highvale Mines
produced 11.6 million tonnes of coal in 1983. The Whitewood Mine
supplies coal to the Wabamun Power Plant which began production in 1956
as a gas fired plant and was later converted to coal. The Highvale Mine
is Canada's largest coal mine; the coal production has increased from
1.1 million tonnes in 1970 to 9.6 million tonnes in 1983 (figure 6).
Coal production from the Highvale Mine 1983 coal production represented
24 percent of total Canadian coal production in 1983. Coal production
peaked at 11.4 million tonnes in 1984 production and is expected to
maintain that level. Highvale Mine supplies coal to the Sundance and
Keephills Power Plants. At currently planned production levels the coal
reserves will be depleted in 54 years (from 1983) (Tapics, 1984)
(figure 6).

Table 1. Wabamun Lake power stations

Number of Total Power
Power Plant Supply Mine VYear Opened Units in Operation Output (1983)
(1983)
Wabamun Whitewood 1956* 4 569.0 MW
Sundance Highvale 1970 6 1987.0 MW
Keephills Highvale 1983 1%* 377 MW

* QOriginally gas fired converted to coal 1964,
** A second unit came onstream in 1984,

The Sundance Power Plant is the largest electrical generating
station in Western Canada with a net capacity of 1987 MW. The two
generating units at the Keephills Plant came onstream in 1983 and 1984.
The coal being used to fire the three power plants near Wabamun Lake is
of such a grade that it would not be economically feasible to transport
the coal more than 10 km; thus the "mine-mouth" power plants utilize a
resource that may otherwise have been overlooked.
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Mining Operations

The Highvale Mine consists of three active dragline pits that
utilize three walking draglines varying in bucket size from 38.2 to
68.8 m3. The newest and largest dragline has one of the two longest
booms in operation in the world today. Major mining equipment includes
five cable shovels, one front-end loader, sixteen bottom-dump coal
haulers and four rear-dump ash haulers.

The mining process at the Highvale Mine begins with large scrapers
that salvage and stockpile the topsoil and subsoil for later use in
reclamation. The remainder of the overburden material above the coal
seams is removed by the walking draglines and put into spoil piles
adjacent the pit. Electric shovels and front-end loaders load the
exposed coal onto bottom-dump coal haulers. Presently only seams one
and two require blasting prior to loading; the remainder only require
ripping prior to loading. The partings between the coal seams are
removed utilizing scrapers, shovels, loaders and rear-dump trucks
(figure 7). The partings are buried in the pit after mining has been
completed. The coal is hauled by truck a maximum of 10 km to the plants
where the coal is stockpiled near a conveyor system.

Figure 7. Production in a typical surface mine (Anon, 1934).
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The gravity fed conveyor system moves the coal to the bunker. From
the bunker the pulverizers crush the coal to a fine powder that is blown
by huge fans into the combustion chamber of the boiler., The coal is
ignited and the heat transforms water to superheated steam that turns
the turbine shaft, which is attached to the electrical generator.

Environmental Factors

The coal in Alberta has a very low (approximately 0.2 percent)
sulfur content, thus the problem of acid rain prominent in Eastern
Canada is not nearly as large an issue in Western Canada. Historically
there has not been a sulfuric acid problem around Wabamun Lake but to
insure immediate detection if these conditions should change there are a
number of monitoring stations around the plant sites.

Fly ash can be an environmental problem. Therefore the power
plants at Wabamun Lake are equipped with an electrostatic precipitator
that removes more than 99 percent of particulates or fly ash. The fly
ash is disposed of in a variety of ways:

1) Fly ash is sold for use as a partial cement replacement in
concrete.

2) Fly ash from Sundance Plant is hauled back to the mine and buried
in the open pits.

3) Keephills Plant has a closed ash system that carries ash via water
to lagoons where the ash settles and the water is re-used.

The Highvale Mine has changed drastically as the coal production
has increased. The changes in mine operation will become more evident
as increased stripping ratios, haul distances and reclamation standards
require alternative methods of material handiing (Tapics, 1984). A
number of overburden removal alternatives have been examined so that
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after 1988 the mining process will change to allow for additional
overburden stripping capacity (Tapics, 1984),

PIT 03
Geology

This section presents some of the results of the 1984
investigations carried out for TransAtla Utilities under a cost shared
agreement between the Alberta Research Council and TransAlta.

The following text focuses on the portion of Pit 03 in the vicinity
of ramps 3-1 and 3-2 (figure 8).

The general stratigraphy in the area of Pit 03 consists of till,
overlying a thick sandstone sequence, overlying a thinner mudstone
sequence which, in turn, overlies a coal unit consisting of six coal
seams. A mass of thrust bedrock material overlies the till in the
western two-thirds of the area (figure 9). A more detailed description
of the stratigraphy exposed in the highwall can be found under the
following section discussing the stratigraphy of the failure site.

Geologic studies reveal the area to be deformed. The schematic
cross-section (figure 10) shows the general structural setting near
ramp 3-1. The bedrock sequence has been folded and faulted by
compression and thrusting directed generally toward the south., Large
scale folds and faults have been exposed in the east face of the pit and
the small pit southeast of ramp 3-1 and small scale deformation features
are common (Fenton et al. 1983 and Nikols, 1985).

The base of the disturbance is a shear plane. This plane has been
observed to rise stratigraphically southward from a position that
involves deformation of seams 1 and 2, approximately 600 m north of the
haul road, to a position immediately above seam 1, about 400 m north of
the haul road and further southward to a position a few metres above
seam 1 near the haul road. The shear plane is believed to die out at
some point south of the haul road. Where the shear plane immediately
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overiies seam 1, the movement has been along a 30 to 60 cm thick layer
of mudstone with bentonite and coal laminae and is well illustrated by
small folds in the coal laminae.

Detailed data on the glaciotectonic structures were collected from
the three locations of good outcrop available during the summer of 1984,
These sites are all situated where the north-south cuts have allowed the
structures to be viewed in a direction generally parallel to the
direction of glacial advance and, therefore, parallel to the structural
grain of the area. Earlier research had shown that the glaciers
advanced in a southerly direction (Fenton et al., 1983). These outcrops
are located in Pits A and B and along ramp 3-1 (figure 11). The
highwall of Pit 03, although an extensive exposure, is oriented
east-west and consequently does not allow the viewing of any of the
large structures in a down glacier direction; the only data comes from
measurements of smaller scale structures exposed in the cut made the
preceeding summer (Fenton et al., 1983).

The measurement of the glaciotectonic structures (that is, fold
axes and thrust planes) are summarized in figure 12. In Pit B, both
folding and faulting indicate a glacial advance in the direction N160°E,
as shown by the orientation of the mean fold axes with a trend of N70°E
and a plunge of 3° and the dip direction of the mean thrust plane of
about N340°E (requiring a thrust direction of N160°E, figure 12).

The exposures along ramp 3-1 show varying orientation of the thrust
planes, but an average dip direction of N17°E can be calculated,
indicating a thrust direction of N197°E. The average dip is 40°. The
mean orientation of the fold axes has a trend of N92°E and a plunge of
10°., Assuming slightly oblique movements by the glacier along the
thrust planes produced the folds, the glacial advance direction is
N182°E (figure 12).

Note that the orientation of the mean thrust plane, N17°E, is close

to that of the glacial shear plane on which a major failure of July 1,
1984 took place, about N20°E (direction is approximate because the
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20,
failure plane was slightly curved). The orientation is also close to

the direction of a slight topographic high visible on aerial photos
which trends N110°E.

The orientation of the mean thrust in Pit A has a dip direction of
N2°E and a dip of 49° and indicates a thrust direction of N182°E
(figure 12). The large fold on the western wall of this pit has a
plunge of 4° in direction N70°E.

The eastern wall shows a fold trending in direction N96°E and
plunging 4°, Averaging these two trends we obtain a possible glacial
advance direction N174°E (figure 12). The movements along the thrust
plane are assumed to be slightly oblique to the direction of glacial
flow in this model.

The directions of glacial advance at these three sites range
between N160°E and N182°E. This agrees with the direction of about
N170°E obtained from the measurement of a number of smaller thrust

planes in the highwall exposed during the summer of 1983 (Fenton et al.,
1983, p.26).

Groundwater Conditions

The glacially deformed overburden is almost completely saturated
with groundwater. Furthermore, stratigraphic relationships with the
overlying till and underlying bedrock act to inhibit drainage of these
saturated, poorly consolidated masses of bedrock material.

The hydraulic head distribution in the bedrock overburden and coal
seam #6 south of Pit 03, show the groundwater flow is directed from
south to north, toward the highwall (figures 13 and 14). The horizontal
hydraulic gradient in seam #6, is low, ranging from 0.003 to 0.009,
suggesting that drainage of seam #6 is minimal.

In the overburden south of Pit 03, horizontal hydraulic gradients,
as determined from figure 14, range from 0.009 to 0.10. These
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23.
relatively steep gradients (compared to those in seam #6) indicate that
some drainage of the overburden is occurring (or has already taken

place) within approximately 100 m of the highwall. The drainage is
incomplete, however,

The hydrogeologic cross-section for Line 32+00, about 300 m west of
ramp 3-1, (figure 15) shows that at sites CHV83-4 and RA83HV-3, located
approximately 80 m south of the highwall, there is evidence of only very
lTimited drainage in both the overburden and seam #6. The water level in
piezometer RAB3HV-3 in the overburden sandstone has declined by only
0.6 m since October 1983, leaving 20 m of saturated overburden at that
site. Sites farther from the highwall (HV83-6, CHV83HV-2 and CHV83-11)
-show no decline in waterlevel; in fact, small increases have been
detected at RA83HV-2. Consequently, in the vicinity of Line 32+00 the
overburden remains poorly drained, and there has been no evidence of any
improvement in drainage conditions since September 1983.

Highwall Stability Problems Between Ramps 3-1 and 3-2

Geology

This section contains information relating directly to the highwall
failures during 1984 and includes data on the geology, groundwater and
conditions prior to and during failure and the styles of the failure.

Current observation of the highwall began about March and continued
until October 1984. This period covered the excavation of a new bench,
the development of the conditions prior to the start of a major failure
on July 1, 1984 and the conditions subsequent to this event.

The stratigraphy exposed in the cuts above and below the bench
(figure 16) show a relatively thin (0 to 3 m) till unit, overlying a
thick sandstone unit. The till is overlain by thrust bedrock material
—1in the western portion. The sandstone rests directly on the mudstone in

the east half of the area. The mudstone overlies a unit, about 1 m
thick consisting of mudstone with laminae of bentonite and coal. This
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Figure 15. Hydrogeologic cross-section for line 32+00.
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