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ABSTRACT

Following a dialogue in the Technical Forum
neetings in late 1 998, a geotechnical assessnent
project was established. lts objective is "to estab-
lish a 'best practice' baseline for both conducting
geological and geomechanical assessments and
to apply findings in geotechnical design and oper
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and has recentiy suffered diffjcult trmes not
only from complex mining conditions but
also through financial chailenges. ln 1998,
CANMET Mining and lVineralsciences Labo-
ratories (l\/[iSL) closed their Coal Mining
Health and 5afety Program (CMHS), jnitiat-
ing a new research initiative known as the
Underground Coal Mining Safety Research
Collaboration (UCl\,1SRC) UCI\,1SRC js a col-
laborative "in kind consortium" which brinos
together all of the principal stakeholde'rs
such as industry, labour, regulators, inspec-
tors and universities, in jurisdictions where
underground coal mining is active (federal
and provincial - Nova Scotia, Alberta and
British Columbia).

The purpose of UCMSRC is to provide a
forum for dialogue and safety-related research
involving stakeholders in Canadian jurisdictions
where underground coal mining is active. The
organizational structure is relatively simple,
comprising firstly, of an executive committee
and project teams. Active projects, over the first
two years, have included: Technical Forum
(ongoing); Use of light alloys; Methane auto
shutdown devices, Hazardous location classifi-
cation and zoninq.

Canadian U/G Coal Mines

Location, Ownership and Mining Method of
the Underground Coal Mines

The five underground coal mrnes operat-
ing during the time of this project are owned
by mining companies located in three distinct
geographical areas of Canada, They employ
two basic variations of the retreat minino
method; room-and-pillar and longwall. Thesi
methods are well suited to efficiently maxi-
mize the recovery of coal reserves with jn the
geological setting in which they are found
(Fig. 1; Table 1)
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ation of underground coal mines in Canada and
[o nake the findings readily available via com-
puter database/lnternet. " lt conprises three com-
ponents: geological assessment, geomechanics
baseline study and a web-based geotechnical
database. The paper reports on the first two com-
ponents of the geotechnical assessment project.
The work forged further international co-opera-
tion befiueen the coal indurtry and CANMET in
Canada and Nl05H in the united States. The

paper firstly outlines the underground coal opera-
tions in Canada in the late 1990s. tt then sum-
marizes the geological assessment, followed by
an application of NI)SH geotechnical nethodol-
ogy in a Canadian geotechnical baseline study.
The paper concludes with a brief sunmary and an
indication of future direction of the work.

lntroduction

The underground coal mining industry
in Canada is small, geographically spread
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Geological Setting of the Coalfields

The five mines are located in three differ-
ent coalfields, each with a unique geological
setting. The sedimentary nomenclature and age

of the coalfields are summarized in Table 2 and

Figure 2. lt is apparent that the coals were
deposited in environments separated not only
in space, but also by vast intervals of time. 0ne
of the interesting aspects of this study is an
examination of the extent, if any, that these

factors have been reflected in conditions expe-

rienced during coal mining.
The three principal coalfields where

underground coal mining is active are:

1 Ihe Sydney Coalfieldwas formed in a fluvial
sedimentary setting on a slowly subsiding
coastal plain. Tectonically, the coalfield was not
appreciably disturbed. lts structural style is

characterized by gentle folding caused by

northeast-southwest compression. Remem-

brance of this tectonic history remains in the
form of unrelieved excess horizontal stress at
increasing depth. Ground control issues involve
sedimentary discontinuities, gas stored in sand-

stone, thick sandstone beds in the roof strata,
adjacent colliery interaction and the effects of
horizontal stress (Fig. 3a).

2.Ihe Comox Coalfieldwas formed in a fluvial
environment with tentative contact with
marine conditions. lts tectonic history is

believed to be one of gentle compression fol-
lowed by extension. These activities have pro-
duced a coalf ield characterized primarily by

normal faulting and an absence of horizontal
stress effects at shallow depths. Ground control
issues revolve around mine pillar stability adja-
cent to de-pillaring sections and the difficulty in
predicting roof conditions associated with
faulting (Fig. 3b).

3. Ihe Smoky River Coalfield was also
deposited in a fluvial environment. Tectonically,

the coalfield is characterized by spectacular
examples of sedimentary rock compression and

shortening which has left a legacy of intensely
folded and thrusted rocks. Ground control
issues revolve around ground fracturing and

weakening effects associated wlth tectonic his-

tory. Surprisingly, excess horizontal stress has

not been identified as a major problem in this
coalfield despite the obvious endurance of its

prior existence in surface geological structure.
It is possible that stress has been consumed in

deformation or shed by intense movement
along the large thrusting sheets (Fig. 3c).

Standardization of Geological
Assessment

The geological assessment study process

involved a review of geological information
supplied by the mine operators and a visit to
each of the mine sites. The findings contain the
authors' personal observations and comments
derived from this examination.

Standardization may be defined as doing
things the same way every time. As regards to
geological assessments in underground coal

mines, we might infer, from this definition, that
geological assessments should all be carried

out in the same way, using the same proce-

dures in the three coalfields. However, the
authors believe that standardization should not
be based on formal adherence to rigid proce-

dure, but rather be grounded on a few basic
goal-oriented principles and allow considerable

leeway provided for initiatives that recognize

the distinctiveness and individuality of each of
the coalfields. The objective of geological

assessment is to describe and characterize the
rock mass by using appropriate exploration
techniques and assessment methods. lt pro-
vides mining and geotechnical engineers with
the information they need to carry out thelr
own important roles. lt recognizes that geolog-
ical assessments are part of an on-going

process and constitute a continuous cycle of

input and feedback where deficiencies are rec-

ognized and adjustments are made to improve

the process.

Some basic assessment principles include

the following:
Principle 1 - Geological assessments are not

an end in themselves, but are part of an inte-

grated process whose goal is the creation of

mining operations where worker safety is pro-

tected and an effective and efficient extraction

method is in place.

Principle 2 - The information available from

exploration work, such as core drilling and out-

crop mapping, must be extracted and used to

maximize its contribution to the mine planning

pr0cess.

Principle 3 - The depositional and tectonic

history of the coal seam and its associated rock

mass, must be fully investigated to gain some

perspective regarding the nature, extent and

potential impact of geological discontinuities

on mine design.

Principle 4 - Geological data must be quantl-

fied, using some rock mass classification sys-

tem, before it can be effectively used for

ground support and mine design purposes.

Principle 5 - The actual performance of

ground support systems must be continuously

appraised after installation, and detailed geo-

logical mapping of underground workings must

Fig. l. Location of the Sydney, Smoky River and Comox Coalfields.
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lgellield Group

be performed to establish the validity of geo-

logical and geotechnical models.

Principle 6 - All underground workers should

be trained in basic geological and geotechnical
principles and receive regular updates as

regards to geological conditions and ground
support in their mine.

Table 2. Geological age and nomenclature of the coalfields

Geomechanics Baseline Studies of
Canadian Coal Mines

The purpose of the baseline study was to
compare the ground conditions at the Cana-

dian mines to those encountered in the United

States. NI0SH methodologies that were
employed included:
. The Coal Mine Roof Rating (CMRR)

(Molinda and Mark, 1994; Mark and

Molinda, 1996)
. The Analysis of Longwall Pillar Stability

(ALPS) (Mark, 1992; Mark et al., 1994)
. The Analysis of Retreat Mining Pillar Stabil-

ity (ARMPS)(Mark and Chase, 1997)
o Horizontal stress mapping (Mark and

Mucho, 1994; Mucho and Mark, 1994;

Mark et al., 1998)

Cape Breton Development Corporation Prince

Mine

The Prince mine was opened in 1974 and
is, today, the last mine operating in the Sydney

Coalfield. The depth of cover is about 320 m,

average seam thickness is 2.3 m and the Hub

Seam dips at less than 5 degrees in the current
North longwall reserve. There has been no pre-

vious mining in the seams above or below
Prince mine. The colliery uses the longwall
method of coal extraction.

Pillar Design

Two gate entries are driven 4.5 m t0 5 m

wide for each longwall panel, separated by a

60 m wide abutment pillar (Fig. 4). There are

typically no more than two crosscuts
(cundies) per panel. The ALPS stability factor
(SF) for recent Prince longwalls is approxi-
mately 2.3 for tailgate loading. This may be

compared to the 1.34 suggested by the
United States case history data assuming a

CMRR of 30. The Australian ALTS equation
(Colwell et al., 1999) suggests that an SF of
1.8 should be adequate.

Horizontal Stress

While there have been no recent in situ

stress measurements at Prince, every indication
is that the horizontal stresses are similar to
those found elsewhere in the Sydney coalfields,

with maximum horizontal stress oriented at
N60E and 2.5 tlmes the vertical stress. Most of
the longwall panels at Prince were oriented

Formation Geologic age
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Fig. 2. Coal-bearing formation stratigraphy of the Sydney, 5moky River and Comox coalfields.
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N70W, intercepting the maximum horizontal
stress at about 50 degrees with significant

deformation in roof and the floor development
(Flg. 5a). Often, a row of center posts had to be

installed within 60 m of the development face.

Fortunately, the headgate was shielded from a

horizontal stress abutment.

ln the late 1990s, Prince implemented a

major panel re-orientation such that the 9 East

panel was oriented N45E, or just 1 5 degrees

off parallel with the maximum horizontal stress.

The development conditions observed there

were much improved. Moreover, the headgate

in 9 East and in the similarly-aligned North
panels should be in a stress shadow (Fig. 5b).

Coal Mine Roof Rating

Two cores of the immediate roof unit
show it to be 1.5 m to 'l .8 m thick comprising

a moisture-sensitive underclay, heavily rooted,

with closely spaced bedding. lts unit rating was

about 30, before exposure to moisture, and 23

after exposure. ln future longwalls, it may be as

muchas6mthick,
Cores show the underclay is overlain by a

medium-grained, grey, medium-bedded (10 cm

spacing) weak sandstone with a UCS (uniaxial

compressive strength) of about 50 MPa, lt can

contain coal spars and thin shale bands. lts unit
rating is in the 45 to 55 range.

When the underclay roof is less than 2 m
thick, 2.6 m bolts could be used and the over-

all CMRR would be about 40, As the underclay

thickens, the CMRR reduces to a unit rating of
30 and even lower, when the long-term effect

of moisture is considered.

Overall, the CMRR>30 roof at Prince is

very weak in comparison with most U.S. or Aus-

tralian mines.

Roof Support

The primary roof support at Prince is pro-

vided almost exclusively by steel sets. The sup-

ports are W6*25 beams with W6* 15 legs. Their

capacity is 12 tonnes yield and 18 tonnes ulti-
mate for a 4.3 m span (assuming an evenly dis-

tributed load and a 45 degree load triangle).

The mine has been considering the possibility

of changinq from steel supports to roof bolts as

primary roof support. When the mine was first
opened, in the 1970s, fully-grouted resin bolts

were used in a small area that was mined by

room-and-pillar. Reportedly, the bolts worked
well when they anchored in a sandstone chan-

nel, but several roof falls occurred beneath

thick shale roof in the transition zone,

The two-entry longwall system used at

Prince is very intolerant of roof falls with new

intersections (and no 4-way intersections), To

control the roof, the entries need to be as

narrow as possible. The authors recommend

that extended cuts not be considered and

place-changing is not recommended. Long

roof bolts could be installed as soon as pos-

sible after mining, close to the face, as sole

support where the underclay is less than 2 m

thick and the sandstone is at least 1 m thick.
They would be employed with a surface sup-

port (like mesh) to prevent the weak immedi-

ate roof from unraveling. Where the

sandstone was higher up or thinner, supple-

mental support (cable bolts or trusses) would
probably be required. Roof monitoring would
be very important to locate any areas of

aggressive roof that required tertiary support,

Given the height and narrowness of the

entrles, pattern rib support are also recom-

m ended.

While roof conditions are generally

more difficult than encountered in most U,S.

mines, entry stability should be easier to

maintain at Prince than lt was at Phalen,

Table 3 compares attributes of the Prince 1

North panel headgate to the Phalen 8 East

Bottom where a major roof fali occurred.

Fig. 5. Reduction of coal seam height caused by changed panel orientation. (a) Roadway
closure resulting from driving heading at an unfavourable orientation to direction of
principle horizontal stress; (b) improved roadway conditions in heading driven at an
orientation f avourable horizontal stress.

Fig.4. Typical longwall retreat setup in Sydney Coalfield. (a) Typical longwall
development sequence; (b) typical longwall setup.

Maln Arched
Eniries

{i ) Roadways are driven to outline longwall panel
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Table 3. Comparison of entry stability issues at Prince
and Phalen mines

Fig. 5. Typical room-and-pillar retreat setup at Quinsam and Smoky River coalfields- (a) Typical room-and-pillar retreat
setup; (b) Typical de-pillaring operation longwall setup.
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Four factors (depth, multiple seam interac-
tions, headgate horizontal stress concentra-
tion and entry width) are more favourable at
Prince. 0nly one, the CMRR, is somewhat
less favourable.

Quinsam Coal Corporation - 2 North and 4
South Mines

Quinsam Coal Corporation has operated
underground mines on Vancouver lsland since

1991, following several years of surface min-
ing. Production has come exclusively from
room-and-pillar mining using continuous min-
ers and shuttle cars. The current active under-
ground operation is the 2 North mine in the
1 Seam.The 4 South mine ln the 3 Seam is cur-
rently on standby.

Pillar Design

The 1 Seam is 4 m to 5 m thick, and dips

approximately 120/o (7') in the current mining
area. Entrles are mined 6 m wide by 3 m high,
with floor coal recovered during depillaring. At
the time of the visit, pillar recovery was being
conducted in 7 Panel and 8 Panel, however,

9 Panel was being developed. The pillars in the
panels are recovered using a Christmas-tree cut
sequence (Fig.6).

The entries in 8 Panel and 9 Panel were
developed on 'l 6 m centres, with crosscuts on

36 m centres. The outbye pillars in 7 Panel were
originally developed for a split-and{ender min-
ing system and measured approximately
3) m'.

Cover is relatively light at Quinsam Coal

and is reportedly less than 140 m at the 2

North mine. The ARMPS software developed by
NIOSH is used as the pillar design guideline at

Quinsam. The ARMPS stability factor is well
over 2.0 for all phases of the current mining
plan at 2 North.

ln 4 South, concerns about surface sub-

sidence (under a swampy area) and control-
ling the caving of the massive sandstone roof
have precluded full pillar extraction.0rigi-
nally, the mine practiced partial pillar recovery

wlth recovery pillars "in line." However,

because of localized roof falls which occurred

as a result of having the partially depillared
areas in line, a "checkerboard" partial pillar

pattern was adopted instead. The checker-

board plan successfully mitigated the degree
of localized roof falls.

Horizontal Stress

No evidence of horizontal stress was

observed at either mine.

Geology and Coal Mine Roof Rating

ln general, the No. 1 Seam is overlain by

grey shale which grades into a slightly more
competent silty shale about 0.6 m up in the
roof. The structural competence of the units is

reduced in periodic fracture zones which affect
10% to 1 5% of the roof. The fractures tend ro

320 m.N;

bo00

-No

Fig. 7. Photo showing the strong ribs of No.l seam at 2 North mine. This area was remote from de-pillaring mining
operation.
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follow the strike which means that entries

driven on strike tend to be somewhat less sta-

ble than those driven with the dip. At 2 North

mine, the mains have been driven along strike

and panels are driven down dip. Using ball

peen hammer tests underground and Point

Load tests on core, the strength of the upper;

siltier shale was judged to be 50 MPa to
70 MPa. lts bedding was closely spaced, but

the rock did not fail easily on bedding, instead

preferring to create rough fractures through

intact material, The overall CMRR was calcu-

lated at about 50 and this would be reduced by

four points in fracture zones.

A study of experience with extended cuts

at 36 U.S. mines found that when the CMRR

was greater than 50, cuts deeper than 6 m

could almost always be achieved. When the

CMRR was less than 38, extended cuts were

almost never stable (Mark, 1999). However,

extended cut lengths in the United States can

be limited by dust control and ventilation

issues, particularly where the mine does not

employ a blowing face ventilation system with
scrubbers on the miner.

ln 4 South, the roof is a medium-grained,

massive sandstone with only occasional joints.

Its strength was estimated at 70 MPa. Overall,

the CMRR was estimated at 78 from under-

ground observations and 68 using core data.

Most of the layers within the 1 Seam seemed to
be relatively hard, dull coal. The roof contact is

distinct but very strong and shows no tendency

to slip (Fig. 7). About 2 m below the roof there

is a very soft mud seam whose thickness varies

over the property, ln general, the ribs were

almost entirely intact, even at pillar corners.

Roof Support

Roof support at 2 North mine is provided

by 2.4 n, 19 mm, Grade 60, torque-tension

bolts installed with a 0.6 m of resin anchor

resulting in almost 0 .9 m of encapsulation. The

break out of the resin mix is achieved with a

pinched thread on the roof bolt. The pattern is

to install a row of five bolts every 1.2 m. ln the

United States, a five-bolt pattern would be very

unusual where a dual-boom roof bolter is used.

Welded wire mesh panels are installed to sup-

port any spalling of the lower mudstone that
might occur over time due to weathering or

due to changing stresses during pillaring. When

breaching faults, entry widths are reduced from

the nominal 6 m to 5.2 to 5.7 m. "Gripper

plates" were used to install the mesh in previ-

ously-bolted outbye areas.

Roof support at 4 South is achieved with
roof bolts identical to the bolts in 2 North

except they are 1.8 m long. The pattern is to
install a row of four bolts every 1 ,2 m. No mesh

is used due to the competency of the roof and

its resistance to weathering, ln general, a roof

of this competency would be supported with
shorter mechanical shell or fully grouted unten-

sioned resin bolts in the United States.

Retreat Mining

Retreat mining, including pillar recovery

and floor mining, is integral to the mining plan

at Quinsam Coal. Since the 1998 fatal accident,

Quinsam has paid close attention to pillaring

procedures. lt was impressive that pillaring cut

sequences are posted for all crew members to

see. When pillars are recovered in fracture zones,

the plans are adjusted to leave fenders between

cuts and to leave some areas completely. Mark-

ing the known fracture traces on the roof and on

the maps is also an excellent practice.

The key to successful pillar recovery is to
support the intersection. Because of the thick

seam and the floor recovery at Quinsam, tim-
bers are used instead of mobile roof supports.

Warning timbers are installed at each cut as a

visual indication of roof behaviour in the gob,

and breaker posts were installed at intersec-

tions and in crosscuts to prevent gob over ride.

The plans required a substantial final stump to

be left when pillar recovery is complete, an

excellent practice. U.S. experience indicates

that a stump about 3 m2 should provide effec-

tive intersection support without being so

strong that it seriously inhibits the roof caving.

Smoky River Coal Corporation 5B-4 Mine

Smoky River Coal Corporation has oper-

ated underground mines in the foothills of the

Canadian Rockies since 1969. While Iongwalls

have been tried on several occasions, most pr0-

duction has come from room-and-pillar mining

using continuous miners and shuttle cars. Min-

ing has been conducted in the 4 Seam in both

Fig. 8. Typical thrust fault found in No. 3 main development entry.

the Smoky Rlver and Sheep Creek valleys, The

recently closed underground operation, the

5B-4 mine, is located in the Smoky River valley

slightly to the north of the No. 5-4 mine which

contains some of the earliest workings on the
property.

Historically, roof conditions have always

been more difficult in the Smoky River valley.

The original No.5-4 mine was reportedly
"closed within a short period of time due to
strata problems" (Grant et al., 1978). Recent

mining in the 9G, 9H and LB4 mines were

much less troublesome,

Pillar Design

At 5B-4 mine, the reserve was bounded

by steeply dipping thrusted zones to the north

and south. At the time of the visit, a five-entry

main was being driven to the east, with four-

entry panels driven up-dip 0n the right-hand

side. The pillars in the panels were being recov-

ered using a Christmas tree cut sequence. The

seam in the 5B-4 mine was 3 m to 5 m thick,

Entries were initially mined 5 m wide by 3 m

high, with floor coal recovered during depillar-

ing. The mining depth for the 4 South Panel

was about 215 m, but much of the 58 4

reserve was under as much as 550 m of covet

None of the previous Smoky River mines have

been more than 300 m deep. Extensive analy-

ses of past pillar performance in the 4 Seam

have been made using ARMPS (Cain, 1999).

Horizontal Stress

The Smoky River area has clearly been

subjected to intense horizontal tectonic pres-

sures, as evidenced by the pervasive thrust

faulting. According to data published by the

World Stress Map Project (Zoback, 1992), the
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Table 4. Baseline comparison of three Canadian underground coal mines

Srngle entry roadheader Room and-pillar

Pillar recovery is always hazardous, but
under deep cover it appears it becomes even
more so. Analysis of recent accidents in the
United States mines shows that a dispropor-
tionate share offatalities have occurred in deep
cover pillaring operations. During 1998 alone,
there were fatal accidents in West Virginia,
Kentucky and Colorado (the last was a double
fatality). ln each case, the cover exceeded
200 m. lt is important that every miner know
and follow standard pillar recovery procedures
to limit their exposure to hazards.

Smoky River 5B-4 2 North Quinsam
Development mining method

neiieaf mininq meih;d 
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ulshi
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iieeiarliiei-"

Steet aiitrei 
.--

We;k iooi* -
Horizontal stress

Floor heave

deep borehole breakouts show that the eastern
Canadian Rockies are currently sublect to the
major regional North American stress-field,
with the maximum horizontal stress oriented
approximately N60E. 0ne underground obser-
vation at the No. 2 mine, reported by Jeremic
(1985), indicated that the maximum stress was
oriented approximately N3 5E.

At the time of this study, there was rela-
tively little evjdence of horizontal stress under-
ground. ln one location near the outcrop, a few
large roof "pots" were indicative of a N30E hor-
izontal stress. lt is possible that as mjning pro-
gresses into the ridge towards deeper cove; the
horizontal stress may increase and rotate
towards the regional stress orientation (Fig. 3c).

Coal Mine Roof Rating

ln general, the 4 Seam is overlain by shale
0r carbonaceous shale, which is in turn overlain
by a stronger siltstone or sandstone. The struc-
tural competence of the units is reduced by
periodic fracture zones related to thrust faults
(Fiq. 8).

At the old 9A mine highwall, the car-
bonaceous mudstone was 0.6 m to 1.0 m thick.
It had a strength of 35 Mpa to 75 Mpa, was
highly Iaminated and typically contained joints
on a 0.6 m to 1.6 m spacing. Within fracture
zones, the joint spacing was decreased t0 less
than 0.2 m. lts unit ratlng was 35 to 40. The
strength of the bedded, "wispy" siltstone
appeared to exceed 120 MPa. Its unit rating
was typically 65, reduced t0 55 within fracture
zones. Overall, the CMRR ranged between 57
(normal) and 48 (in fracture zones).

The rock types were similar in the 5B-4
mine, except that: the siltstone appeared some-
what weaker (70 MPa to 120 MPa); the mud-
stone was somewhat thicker; and the fracture
zones were considerably more frequent.

The overall CMRR was estimated at 50 for
normal conditions and 40 within fracture
z0 n es.

Pillar

Most of the layers within the coal seam were
relatively hard, but there were at least five zones of
soft, platy, sheared coal in the top 4.3 m. A partic-
ularly weak zone occurred at the top of the seam
just below the roof shale. These zones facilitate
outward movement of the ribs under load.

Roof Support

Mechanical roof bolts provided support in
the early days of the Smoky River mines. Numer-
ous roof falls occurred in the No. 5 and No. 2

mines and by 1975, resin bolt trials were injti-
ated (Grant et al., 1978). Conditions improved
when mining shifted to the Sheep Creek valley.
There, rows of four to six mechanical bolts, 2.4
m long, usually provided adequate support for
the 6.7 m wide entries (Cain, 1998).

ln the 5B-4 mine, entry widths were
reduced to 4.8 m (nominal). The Manager's
Support Rules for main entries required fully
grouted resin roof bolts, 3.6 m long, installed in
rows of four every 1.2 m, with steel straps and
mesh. ln addition, one 0r two 1.5 m mechani-
cal rib bolts were installed per row also with
mesh. Support was similar in the short-term
roadways, except that 2.4 m mechanical bolts
were used in place of the 3,6 m resin bolts.
Roof stability monitoring was provided by 2-
point telltales which were installed approxi-
mately every 60 m"

By U.S. standards, the level of support at
5B-4 is relatively heavy. With a similar CMRR
and entry width, 2.4 m bolts would be more
typical, although longer bolts might be used in
intersections. Currently, 5B-4 employs the same
support system in both fracture zones and
unfractured ground due to the difficulty in iden-
tifying the boundaries of the fracture zones.

Retreat Mining

Retreat mining, including pillar recovery
and floor mining, is integral to the mining plan
at Smoky River.

Conclusions and a Baseline Comparison

The three Canadian underground coal
mines studied display a wide variety of geolo-
gies, mining methods and support techniques.
Table 4 sums up the baseline comparison for
the three mines.

The mining merhods in each coalfield
appropriately reflect the prevailing geological
and geotechnical conditions. The retreat room-
and-pillar mining method provide essential
flexibility where seam and roof structure can
change quickly, whereas, the longwall mining
system is successful in the Sydney Coalfield in
the absence of faulting significant folding or
other major seam disruptions. Mine safety was
paramount at all mines, as was evident in the
extensive ground monitoring and geological
mapping programs in place and workforce
training and communication.

The Prince mine, the only longwall of the
three, generally faces the most difficult ground
control conditions. Prince has the weakest rooi
the greatest level of horizontal stress and usu-
ally the greatest cover.

Quinsam 2 North mine, at the other
extreme, has the most benign conditions. lt is

the shallowest of the 3 mines, has the
strongest roof and shows no evidence of hori-
zontal stress. lt is not surprising that Quinsam
uses the least support and the widest entries of
the three mines.

The 5B-4 mine at Smoky River falls
between the two end points. Fracture zones are
common at this mine, reducing the CMRR to
near 40. As a result, narrow entries and a high
level of roof support were required.

Many of the ground control safety tech-
nologies developed in the United States appear
to have direct application to Canadian mines.
Pillar design and the CMRR seem particularly
relevant. There are some aspects of Canadian
underground coal mining that seem to be
unique. Research in these could be very helpful
for the future of the industry. The two most
important being; roof boltinq in very weak
ground (Prince mine); and pillar and floor
recovery techniques for thick, dipping seams
(Quinsam and Smoky River),
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The six geological principles outllned
above provide a basis for standardization of
approach, focussing on geological and assess-

ment procedures while incorporating flexibility
to accommodate the individuai characteristics

of the industrial coalfields.
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25,rH',PERUVIAN

MrNrNc CoNveNTIoN

I close examination of the current
f\sute and luture outlook ol both
minin$ 'proje.15, and operating 'uni!s,
v4rich were ,privalized, during, the'last
decade in Peru, shall be keynote during
the upcoming 25rh Peruvian Mining
Conventiirn' to be,held in, the ciwtriof'Ar€-
qilipa on Septemler,10.-14;,2001, ' ,,, 

., '

Among other aclivities, t he 25th
Peruvian Mining Convention includes
rrhe ::Ent{epfeneuriat, Meeturgl' *t!eh is.

4 fi-ist:rate busincss and techniaal event
teaturing 't[s tariicipadon'of :t{ip cla5s

executives who will be explaining the
leonditions underr,whldh:'the;' received
the.operaling iunlts, i amoun{S,they have

ttt r"ried;, progfegq,made,,'obstaelesIihey
have encountered and luture projects,
according' io rMa$o ,Breseia ,Cafferam;
pqegldenr,of the Org4nizing' Ctrmmitlee,
alrd Ricardo. Br!cefro;,',responslble,fot
the organization of the "Entrepreneur-

ial Meeting."
The Peruvian Mining Engineers'

C Onvention i is i a : biennial , g1iei11 , I fltgab,
ized by the Peruvian Institute of Min-
ing Engineers (llMP). The now
tradidanal convention;'whiCh,was,held
for the first time over forty years ago.
has gained the,reputaflon ot being r,the

countryls, mostl i,il'ripor:mnt' specialized
event and one oI the leading and best

organized in the mining industry
worldwide. It is the meeling place par

ucelleice to share experiences and
technical solulions.

, The Oryanizing 'Committee ihas

already obtained confirmation ol the
partieipation,of a number of leading
business.-people charyed'with the
responsibility of directing privatized
mining unitE gr projects. Moreoyer, the
convention will be leaturing an event
w,hereby'a, select group of prominenl
Latin'Ameiican rnining leaders wilt be

sharing fpil viervs and experiences on
the development o[ the mining industry
within the regioh, as well as their opin:
'ions on investment conditions in Peru.

The convention includes a series o[
event-s to be held simultaneousiy: techni-
cal con[erences, lorums, field visits,
social activities and the EXTEMIN spe-

cialized mining exhibition. The pro-
gram. says Brescia, "embraces a number
of technj,cal':issues; tanging from the
phases,'r'of,i'explor,ation to , fiade and
includes views on mining policies and

the'effeCts of mlning on soCiery Al oniy
twO months itirne aWay, fin* thg' ,pio.

grammed date. everything has been
organized down to the minimum detail,
to ensure that this event meets the
expectations of participants and visitors
and results in a highly informarive,
friendly and entertaining week.'

For more information. contact: XXV
Conven*cion de ingenieros:de fiinas del
Peni. lnstituto de ingenieros de minas
del Peru, Los Canarios 154, Lima 12,

Peru; Tel.: (Jlt) i49-4262; Fax: (5ll)
349-37 2t.
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