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Mine-wide panel stability monitoring at Anglo Platinum Union JV
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Figure 7—Closure recorded in Panel 13S during January 2006, Union, 4 South Decline , Panel 13S

Figure 8—Continuous closure recorded in Panel 13S during March and April 2006. Note how the rate of closure increased after 10 April. This high rate of

closure preceded the collapse on 26 April 2006

closure were nevertheless still recorded for a period of 35
days prior to the collapse. As conditions deteriorated signifi-
cantly during this period, the panel was abandoned early in
June and the instrumentation removed. A collapse occurred
some time after this. The high closure rates are shown in
Figure 8. The total closure measured for this period was

74.3 mm which is very high compared to other closure
measurements at the Declines Section. Although the rate of
closure was decreasing with time (3.4 mm/day for the first 10
days after installation), it was still as high as 1.1 mm/day for
the period from 25 to 30 days after installation.

Control measures

A number of control measures were implemented at the mine
to alleviate the problem of large panel collapses. These control
measures are described below.

Mine support

A particular problem contributing to the collapses and
problems experienced by the mine was the practical
difficulties of cutting pillars to the required dimensions with a
resulting ‘undersizing’ of the pillars. To alleviate the problem
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of undersized pillars being cut, the mine implemented a
system of survey lines painted in the panel on the down-dip
side of the pillars. This appears to have been very effective in
controlling the width of the pillars according to specifications.
The support in the panels was also changed from only using
16-18 cm timber elongates, to a system of grout packs and
timber elongates. The revised support system is shown in
Figure 10.

Routine closure monitoring

In-stope monitoring of closure on a continuous basis has
shown considerable promise in significantly enhancing the
design and risk assessment tools available to mining
operations. Of the various types of in-stope instrumentation,
routine monitoring of panel closure on a large scale is
probably the most viable as it is relatively easy to install
monitoring equipment and no expensive drilling is required.
Moving the closure instruments forward as the panel faces
move away can also be done with relative ease. Of particular
interest is earlier work (Malan and Napier, 2007) in the gold
mining industry, which illustrated that continuous closure
measurements are an extremely important and valuable
diagnostic measure of rock mass behaviour.
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Figure 9—Closure observed in Panel 4S, 4S Decline
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Figure 10—Revised panel support system implemented at the declines section
The closure loggers used in the initial monitoring at the A suitable instrument, the Closure Telltale, was
Declines Section were considered to be impractical and too subsequently developed by Groundwork Consulting (Pty) Ltd
expensive for mine-wide application. A specification was and implemented on a mine-wide basis at the Declines
prepared for a more appropriate closure monitoring Section. The Telltale and its application are described in the
instrument: section below.
» Immediate indication of significant closure to panel
workers The mine-wide monitoring system
» Indicator with alarm levels, visible from up to 30 m The CI Telltal
» Ability to accurately detect movement of as little as e Closure Telltale
0.25 mm The Closure Telltale is illustrated in Figure 11. The Telltale
» Much lower cost than the closure loggers consists of two springloaded telescopic plastic tubes to hold
» Simple to install and monitor the instrument in place and a central sleeve containing the
» An operating life of at least nine months. movement sensor and other electronics. Relative movement
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Figure 11—A photograph of the Closure Telltale

between the hangingwall and footwall is detected by the
sensor and converted to a visible traffic light signal
transmitted by two LED lights situated on either side of the
sensor sleeve. The sensor is able to detect movement of less
than 0.25 mm. Other features include the ability to
compensate for unnatural extension of the Telltale, an anti-
tampering device, various battery conservation methods, and
the ability to program alarm levels. The Closure Telltale
translates rock movement into green, amber or red LED
‘traffic light’ signals, which can be easily seen and interpreted
by panel workers. This immediate information enables the
workers to be more aware of potential rock hazards which
would not be seen or detected by normal methods. Based on
the database of continuous closure information, it was
decided to use 10 mm as the maximum alert level. This
resulted in the sequence of LEDs being activated as shown in
Figure 12.

Management of the mine-wide monitoring system

A total of nearly five hundred Closure Telltales have been
installed across the Declines Section since 2007. A critical
part of the mine-wide stability monitoring system is the
establishment of management procedures to be followed in
the event of the LEDs on the Closure Telltale changing colour.
Table I gives an example of these procedures.

In addition to the management procedures, mine
personnel keep records of the number, location and colour of
the LED on each Closure Telltale during routine visits.

» 40 JANUARY 2010 VOLUME 110

——

at Anglo Platinum Union JV

m
o

-

I

ity
A

!

&
,%U-

Wiy

&

'CLOSURE |
0-0.5mm
06-20
21-40
41-6.0
6.1-80
8.1-10.0

>10.0mm

Figure 12—Traffic light LED signals emitted by the closure telltale

Table |

Example of management procedures

LED status (no. of
flashes and colour)

Action required

No action required. Continue monitoring at least
once per day.

No action required. Increase monitoring frequency
to start and end of each shift.

Report change to shift supervisor or mine
overseer. Shift supervisor or mine overseer to
inspect area. Increase monitoring frequency to at
least three times each shift.

Report change to shift supervisor or mine
overseer. Shift supervisor or mine overseer to re-
inspect. Increase monitoring frequency to hourly.

Report change to shift supervisor or mine overseer
who must report it immediately to the rock
engineer (RE). Continue monitoring hourly.

~ o Report change to shift supervisor or mine
= '—;.) overseer who must report it immediately to the
LTI RE. RE to inspect as soon as possible.
Aol

Report change to shift supervisor or mine overseer
who must inspect and take decision barricading-
off the area. RE to inspect area as soon as
possible and to give clearance to continue working
or no entry.

Summary

For the period October 2005 to December 2006, an extensive
rock mass monitoring programme was conducted at the
Declines Section, Union JV. This was in response to a number
of large collapses occurring at the mine and the objective was
to characterize the rock mass to ensure that appropriate
remedial actions could be implemented.

From the data collected, it was found that there is a clear
distinction between continuous stope closure behaviour in
stable compared to unstable areas. Owing to the shallow
nature of the operations, the closure rate in stable areas is

NON-REFEREED PAPER

very low. In contrast, areas that become unstable are charac-
terised by a measurable rate of closure that persists for many
days and even weeks before the collapse occurs, providing an
important and valuable early warning of the collapse.
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Owing to the distinct difference in closure behaviour
between stable and unstable areas, an improved hazard
warning system for the mine was developed based on a large
number of Closure Telltale instruments. The instruments
utilize a system of different coloured LEDs to warn
personnel of changes in closure that might indicate unstable
conditions. Approximately 200 of these telltales are currently
installed in the Declines Section. The sensitivity of the
instruments gives mineworkers the benefit of being able to
detect instabilities far earlier than the warning given by
elongates (fresh cracks or buckling). It should nevertheless
always be borne in mind that these telltales provide
displacement data at a particular point and if the spacing
between adjacent instruments is too large, potential
instabilities might not be detected.

Other remedial actions implemented by the mine were a
system of painted survey lines in the up dip portions of the

panels to ensure the pillars are cut to the correct size. The
support resistance in the panels were also increased by
installing grout packs in addition to the timber elongates.
These remedial actions appear to be working well. No major
collapses have occurred since the introduction of the support
changes and the stability monitoring programme. It has been
reported that a number of possible collapses have been
averted by obtaining early warning signals from the Closure
Telltales.
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AEL Mining Services, an international leader and innovator
in commercial explosives and blasting solutions, has
developed and launched Hot Eye, a temperature monitoring
device that will assist in detecting and reducing the safety
risks posed by hot holes in coal surface mining.

Developed and researched in conjunction with electronics
expert, Designs Unique, the patented Hot Eye provides a
cost-effective early warning device to the coal-mining sector.

According to Dr Andre Pienaar, AEL's Chief
Technologist, burning coal exists at coal surface mining sites
often associated with abandoned underground operations.
‘When oxygen enters these old workings through openings
such as the blast holes and mixes with the coal, it may cause
the coal to spontaneously combust before the hole is loaded
with explosives.’

A hot hole loading procedure has been developed in
partnership with the industry, which is to be used to safely
load explosives in any holes with a temperature above 40
degrees Celsius. Holes above 60 degrees are considered hot
and attempts are made to cool these holes down with either
water or other chemicals such as pyrocool. The temperature
of these holes is monitored after cooling and loaded only if
the temperature is cooled down below 60 degrees Celsius.

Pienaar adds, ‘Holes that are hotter than 80 degrees are
abandoned and not loaded. Due to the uncontrolled nature of
these underground fires, holes previously cool or those
cooled below 60 degrees and loaded with explosives can
suddenly be subjected to heat again, exposing the on-bench
loading crew to danger. It is AEL’s belief that it is a
challenge to formulate an explosive product capable of
working effectively above 100 degrees Celsius providing a
greater safety margin.’

AEL’s research and development (R&D) team conducted
field trials on the bench probing temperatures and pressures
in blast holes as deep as 30 metres. The original testing
equipment cost R100 000, which was funded by Coaltech

AEL pioneers early warning device for hot holes*

Research Association of South Africa. Informative data
about the nature of hot holes was captured during these
experiments and the need for an early warning device
became apparent.

AEL’s newly developed Hot Eye ensures continuous
monitoring of loaded blast holes and provides early warning
for changes in the blasting conditions, which assists the
blaster before and during operations.

Larry Wilson, AEL’s Technical Manager, adds, ‘AEL has
patented the product and is bringing it into the market at an
affordable price. AEL has modified the design of the product
extensively to make it disposable and highly affordable. It
comes with a protective rip tag, which is connected to the
battery, and is guaranteed for approximately 8 hours of safe
usage. The Hot Eye detector doesn't guarantee safer blasting,
but provides a cost-effective tool that is an early warning
device for these unpredictable blasting operations.’

An intermittent alarm goes off once the hole temperature
reaches 60 degrees and a second, continuous alarm sounds
at 80 degrees, indicating that the hole is no longer safe and
the operator should evacuate the bench. The hand-held
device has a 30 m temperature probe wire, which is dropped
down the hole.

Johan Beukes of Coaltech Research Association of South
Affrica, comments on the launch of Hot Eye, ‘This product
certainly addresses the safety threat posed by hot holes in
coal mining and will go a long way to reducing the risk to
the blasting team. We commend AEL'’s innovation and drive
to improve methods and safety of operating in the coal
mining industry.” @

* Issued on behalf of- AEL Mining Services Limited
Contact: AEL Marketing Services, Zanele Ngumbela,
Tel: (011) 606-0000, e-mail: ngumbelaz@ael.co.za
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