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Contribution by F.S.A. de Freyt

The authors are to be congratulated on a job well
done by making, in their paper, such a pool of
information available to mining engineers.

I would like to comment on the following
statement: 'As an alternative to the commonly
used deep-level mining methods, consideration
should also be given to pillar mining at great
depths as a logical extension of the current
methods. For example, a 75 per cent extraction
using pillars with w/h ratios of 7 or more, or by
using crush pillars at depth may be acceptable as
rock engineering strategies, provided that these
methods are well understood, practical from a
mining point of view, and economical' (page 18).

At a meeting at Miningtek on 30th April,
1993, I suggested the applicability of simple
room-and-pillar layouts to gold mining at great
depths, in excess of 100O m below surface. The
fundamental idea was that, since squat
(w/h = 10:1) pillars are potentially very strong,
the heavy cover loads at depth should be able to
be carried without undue rock engineering
problems. The economics of room-and-pillar
mining would also, from a mine engineering
point of view, be very attractive.

A request was made that the concept be given
a preliminary assessment and that its viability
(from the rock engineering point of view) be
evaluated.

Accordingly, Dr J.A. Ryder1 carried out some
BEPILmodelling on a large block of ground 1 km
on strike at a depth of 3000 m. The parameters
applied were as follows:

Virgin vertical stress
Stope width
E (strata and reef)
Internal pillars

81 MPa
1m
60 GPa
10 x 10 m on 10 m
bords (extraction
ratio 75 per cent).

A synopsis of Dr Ryder's findings 1 is as
follows.

The average pillar stress in the central areas
rises to a plateau of 320 MPa (close to the theo-
retical tributary area value of 4 x 81 =321 MPa).

Average convergences can be estimated as close
to zero in the pillars, about 52 mm in the bords
between pillars, and about 104 mm in the rooms
(corresponding to BEPIL'S equivalent rib conver-
gences of 27 and 78 mm in the central areas).
The overall regional average convergence is
about 52 mm.
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The ERRs estimated from face stresses and
convergences were as follows:

Cutting bords 1/2 (108) (0,057) = 3,1 MJlm2
Cutting pillars 1/2(132) (0,017) = 1,lMJ/m2
Average ERR l1z (3,1 + 1,1) = 2,1 MJ/m2

Check: Average ERR from backfill theory =
qSwM, where M is the mean central strain

Average ERR =81 x 1 x 1/2 (0,052) = 2,1 MJ/m2.

Or Ryder's discussion!

The moderate levels if average pillar stress (APS)
(320 MPa) are consistent with pillar stability.
Squat 10:1 pillars should never 'fail' in them-
selves, and foundation strengths are also not
exceeded (the stresses are well below the
211zx DCSrule-of-thumb provided the founda-
tions comprise normal strong 200 MPa
quartzites).

Theelasticconvergence levels (50 to 100 mm)
are low. This would make for comfortable mining
conditions in both the short and the long term.
However, local support would consequently need
to be very stiff and preferably active (elongates
or hydraulic props).

The ERR levels (1 to 3 MJ/m2) are very low,
even at indefinitely large spans. This again
suggests comfortable mining conditions, and a
low level of abutment seismicity.

Q[freif development. A further consequence
of this method of mining is that advance off-reef
development and scattered mining layouts could
remain feasible even at great depth, since the
field stresses do not rise significantly above
virgin levels.

The nature of likelyftacturing is difficult to
assess. The pillar sidewalls will certainly be
fractured, even as the pillars are being cut. Roof
fracturing in the bords could resemble that in the
hangingwall of many deep ledging panels-flat,
blocky, difficult to support-and this could prove
a serious difficulty with the proposed mining
method.

Likely seismidty in the back areas was not
assessed in detail. Highly stressed pillars are
situated everywhere in the back areas.
Geologically weakened pillars (e.g. by joint sets)
could suffer some form of 'bursting', and planes
of weakness (faults and dykes) could also be
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triggered into activity in the back areas or else-
where. Pillars near the actual working faces
could also be subjected to secondary outbursting
damage if hit by heavy seismic waves from major
events. All of this is speculative, and it is perfectly
possible that seismicity in the back area could
prove to be rare in practice, and the ubiquitous
presence of strong pillars could provide a haven
of safety to mine workers at all times. Prudence
would, nevertheless, indicate that the use of
rapid-yielding hydraulic props be regarded as
mandatory in any deep-level implementation of
the room-and-pillar concept.

Second-phase mining out of pillars on retreat
was cursorily examined with BEPIL.The indica-
tions are that, even with stiff backfill in place in
the fully extracted areas, the 'face' of highly
stressed pillars comprising current mining would
probably be subjected to untenable conditions.
Individual 10 x 10 m solid pillars would each
have to be mined out and brought 'over the top',
with the likelihood of pillar bursting. APS levels
at the face would rise to between 500 and
1000 MPa, and foundation failures (probably
violent) would also become increasingly likely.

My discussion

The concept of using a dense array of strong,
squat pillars in mining at great depth has a
number of extremely attractive features: minimal
regional disturbance of the rockmass, with
consequent low closure, low ERR and field stress
levels, and tolerable pillar-foundation stress
levels. Imponderables such as the nature of
hangingwall fracturing and the incidence of
damaging seismicity might best be evaluated on
the basis of an actual field trial.

A key issue is that of sufficiently 'low'
percentage extraction. A value of 75 per cent
generates what are thought to be acceptable
pillar-foundation stress levels at a depth of
3000 m. At greater depths, even lower
extractions might prove necessary, but the
concept continues to remain entirely viable.
Second-phase extraction is not thought to be an
attractive option, and the concept of leaving
comparatively large amounts of permanently
sterilized ground might have to be 'sold' to the
industry, the payoff, of course, being that totally
unmineable ground might thereby become
available for profitable extraction.

Other mining lqyouts that exploit the same
principles as the regular room-and-pillar grid are
conceivable. For example, rib pillars 10 m wide
(with small ventilation holings) that are oriented
either on strike or on dip could separate conven-
tional 30 m panels, giving the same extraction
and APS levels, and comparably low
convergence and ERR levels. The choice of an
optimal layout would be dictated by mining
considerations and costs: cleaning, ventilation,
face-advance rates, gully dilution, etc.
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Practicality and economy. As can be seen
from Dr Ryder's discussion, a definite attempt
could be made to address the causes and severity
of seismicity, instead of the symptoms.

Without too much elaboration or minimiza-
tion of the possible mining difficulties involved,
the recommended mining method could have an
extremely positive effect on the following:

~ gold recovery in otherwise intractable
mining conditions

~ productivity
~ accessibility
~ mechanization
~ flexibility
~ grade control
~ elimination of the stoping of dykes and

faults due to the necessity of longwalling
~ stoping width control
~ possible elimination of shaft pillars
~ ventilation control
~ costs arising from

- shifts lost due to seismicity
- support in stopes
- haulage supports
- waste control
- handling of ore
- handling of waste (stowed in stoped

area)
~ improved labour morale.

Conclusion

The above possible advantages of a bord-and-
pillar method of mining at depth accentuate the
urgent need for research into this matter.
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Authors' reply

We thank Dr de Frey for his contribution to our
paper on shallow hard-rock pillar systems. To a
considerable extent, we share his enthusiasm for
the potential role of squat pillars in deep-level
mining, although we harbour reservations
concerning strata control, mining economics, and
other issues. We agree wholeheartedly that
further research, together with carefully planned
field trials, is warranted in pursuit of this
potentially highly rewarding concept. .
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