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Re-aligning the cutting sequence with general support work

Figure 21 - Simulation results: comparison of the tons booked for each
simulated cutting sequence
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Figure 22 - Cutting sequence 3

and average shift production is greater than all the other
cutting sequences. Cutting sequence 3 had a 5% greater
average shift production than the current cutting sequence
employed at Simunye Shaft. This means the mine can
potentially earn an additional R40 million in revenue per year.

With any of the cutting sequences that incorporate the re-
aligning principle, the support sequence will be exactly the
same as the cutting sequence of the CM, as the roofbolter will
be following the CM sequentially.

The results relating to the cutting sequence development
and simulation are summarized in Table XI.
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Figure 23 - Simulation results: comparison of the total tramming time
of the simulated cutting sequences (including cutting sequence 3)

Figure 24 - Simulation results: comparison between the total booked
tons for the simulated cutting sequences (including cutting sequence 3)

Analysis and evaluation of results

In this section, the economic viability of the identified
solutions are discussed, the simulation results analysed, and
the optimum cutting sequence for Simunye Shaft identified
by means of a decision matrix.

Economic viability of solutions to RSAT

The costs of mining a ton of coal is set out in Table XII.
Standardizing the drill bits used at Simunye Shaft to hard
roof drill bits

The break-even analysis (Table XIII) shows that the cost of
the hard roof drill bits will be recovered in only 2 months. It
should, however, be noted that the cost will be incurred

Table X|
Summary: optimum cutting sequence development
Description Cut1 Cut 2 Kriel Greenside Goedehoop Cut3
Average tramming time/ 29.8 25.9 24.6 25.1 28.7 27.8
shift (min)
Average shift production 24105 23224 2423 23741 2394.8 2432.7
(t)
Is the re-aligning Yes X X X
principle incorporated No X X X
into the sequence?
Is there a buffer between | Yes X X X
the roofbolter and CM? No X X X
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Table XiI

Total cost of producing a ton of coal

Description Cost (R/ton)

Mining cost 110

Plant washing cost 60

Rail cost 150

Total 320

Table Xl

Break-even analysis: standardizing to hard roof

drill bits

A | Potential extra tons produced per year (ROM) 90 000

B | Cost per ton (R) 320

C | Total cost (R million) [A * B] 28.8

D | Potential revenue (R million) 40.12

E | Potential profit per year (R million) [D - C] 11.32

F | Cost of standardizing to hard roof drill bits (R million) 1.8
[Table IX]

G | Payback period (months) [F/E] 2

annually. The capital outlay for the hard roof drill bits is low
and this is therefore a viable option to implement.

Optimum cutting sequence

In order to select the optimum cutting sequence, a decision
matrix was set up. The cutting sequences are evaluated
against seven criteria, namely:

» Does the sequence incorporate the re-aligning

principle?

» Does the sequence result in a low or high tramming

time?

Does the sequence give rise to a high production rate?

Does the sequence allow the roofbolter to work against

ventilation?

Is there a buffer between the CM and roofbolter?

Is through ventilation established sooner or later?

Is the effort of cable handling high or low?
The cutting sequence with the highest score will be
recommended. The means of rating the cutting sequences is
described to illustrate how the decision matrix was put
together.

Yy

Yvy

Does the cutting sequence incorporate the re-aligning
principle?

Seeing that the re-aligning principle increases safety and will
help reduce RSAT, a high weight has to be attached to it in
this selection phase. If the cutting sequence incorporates the
re-aligning principle, a score of 5 is allocated, and if not, a 0
is allocated.

Does the sequence result in a high or low tramming time?

Excessive tramming time is inefficient. The higher the
tramming time, the lower the potential production. Six cutting
sequences were simulated and therefore the sequence with
the lowest tramming time is awarded a score of 6 and the
sequence with the highest tramming time a 1.

Does the sequence give rise to a high production rate?

Production is directly related to profit. A score of 6 is
awarded to the cutting sequence with the highest production
output and a 1 to the sequence with the lowest.
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Table XIV
Weight allocation to cable handling efforts

Magnitude of effort Timing Weight allocated

High Boxing in R3 0
Low Boxing in R1 1

Does the sequence allow the roofbolter to work against
ventilation?

Working against ventilation is not good practice and worker
safety is enhanced if the roofbolter does not work against
ventilation. If the cutting sequence allows the roofbolter to
work against ventilation a score of 0 is allocated to the
cutting sequence, and if not a 3 is allocated.

Is there a buffer between the CM and the roofbolter?

A buffer between the CM and roofbolter will increase safety
due to the fact that roofbolter operators will not be exposed to
the dust from the CM and water from the scrubber fan of the
CM. If a buffer between the CM and roof bolter is maintained,
a score of 4 is allocated to the cutting sequence, and if not, a
0 is allocated.

Is through ventilation established sooner or later?

If through ventilation is established at the start of the
sequence, ventilation needs will be met in a more effective
manner. If through ventilation is established later, additional
fans will have to be installed to maintain an air speed of 1
m/s in the LTR. If through ventilation is established sooner
rather than later a score of 2 is allocated to the cutting
sequence, and if not, a 0 is allocated.

Is the effort of cable handling high or low?

If cable handling requires less effort, fewer problems can
arise to reduce production time. Worker morale will also
improve. Cable handling efforts can be divided into categories
as indicated in Table XIV. When boxing takes place in R3 the
cable has to be suspended all the way to R3 from R1 (where
the transformers are), and when the sequence moves towards
R1 again, cable handling is doubled. However, if boxing
takes place in R1 (where the transformers are) a lot of cable
handling effort is eliminated, and flexibility is increased.

The cutting sequence with the highest score is sequence 3
(Table XV). This cutting sequence will ensure safer working
conditions, increase production, and reduce RSAT.

Conclusion

In completing a root cause analysis of the high RSAT at
Simunye Shaft, underground logbook data was analysed and
underground workers were interviewed. Seven main
contributors to RSAT were identified: machine-related
challenges relating to the roofbolter installing support too
slowly (the greatest contributor to RSAT), geological
conditions (mostly hard roof conditions and slips), logistical
challenges pertaining to the CM cutting sequence, man-
related challenges (operator fatigue), re-support, operator
inexperience, and the absence of support targets.

A 28% reduction in RSAT was set as the target. The use
of hard roof drill bits as a standard at Simunye Shaft was
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Table XV
Decision matrix: optimum cutting sequence
Cutting Does the Does the Does the Does the Is there a Is through Is the effort of | Total score
sequence sequence sequence sequence give | sequence buffer between | ventilation cable handling
incorporate the| resultin alow | rise to a high allow the the CM and established high or low?
re-aligning or high production roofbolter to the roofbolter? | sooner or
principle? tramming time?| rate? work against later?
ventilation?
Cutting 5 2 4 3 4 2 0 24
sequence 1
Cutting 5 3 1 3 4 0 1 20
sequence 2
Goedehoop 0 6 3 0 0 2 0 13
Greenside 0 4 2 0 0 0 1 8
Kriel 0 5 5 0 0 0 1 13
Cutting 5 1 6 3 4 2 0 26
sequence 3

identified as the best method to address the root cause of
high RSAT (slow roofbolt installation). By implementing this
solution, RSAT can be reduced by 43.13%, which is more
than the 28% target. The total cost of implementing the
solution will be R1.8 million per year, with a maximum
payback period of 2 months. Simunye Shaft will potentially
increase its revenue by R40 million by implementing this
solution.

Logistical issues with regards to the CM cutting sequence
were also identified as a cause of RSAT, and were thoroughly
investigated as suggested by mine management at Simunye
Shaft. Challenges with regard to the shaft’s cutting sequence
(that may lead to RSAT) were identified and the cutting
sequences of Kriel and Greenside Colliery were analysed to
improve the situation. A re-aligning principle that increases
the buffer between the CM and roofbolter and prevents the
roofbolter from working against ventilation, was developed.
Three cutting sequences incorporating the re-aligning
principle were developed and simulated together with the
current cutting sequence of Simunye Shaft, Kriel, and
Greenside Colliery. A trade-off study revealed that cutting
sequence 3 had the most promising outcome, and although
the effect on RSAT could not be quantified, it was verified
that by implementing this cutting sequence Simunye Shaft
could increase production by 5%. The support sequence for
cutting sequence 3 is equivalent to the cutting sequence itself
- the roofbolter can follow the CM sequentially.

Support targets were set up by using the calculated
roofbolter advance rate in the various scenarios (hard roof
and normal conditions, and when slips are encountered). The
advance rate was then multiplied by the effective production
time per shift. Findings showed that on average 94 roof bolts
have to be installed per shift in normal conditions, 70 bolts
when slips are encountered, and 55 when hard roof
conditions are encountered. Targets for three scenarios were
set, ensuring that the targets are fair and do not demoralise
the work force.

Recommendations

It is recommended that Simunye Shaft should adopt hard roof
drill bits as standard and that support targets for each shift
be set. It is also recommended that cutting sequence 3 should
be implemented.
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Suggestions for further work

The following topics are suggested for further work:

» An investigation into reducing engineering-related
RSAT

» An in-depth study of the cable handling logistics
surrounding the implementation of cutting sequence 3
in this study

» A study on optimizing logbook data recordings, which
will avoid inaccurate data recording

» An in-depth study pertaining to operator fatigue
experienced by a roofbolter operators

» Quantifying the effect of changing operators mid-shift,
and setting support targets, on RSAT

> A feasibility study on introducing an auto-bolter into
sections at Simunye Shaft

» An investigation into change management aspects that
need to be taken into account when a new cutting
sequence is to be implemented at a colliery.

Acknowledgements

I would like to thank L.M. Mphasha, my mentor at the mine,
and J.A. Maritz, my supervisor at the University of Pretoria,
for their guidance and support.

References

Bosch, C. 2013. Personal communication.

Hirschi, J.C. 2012. A Dynamic Programming Approach to Identifying Optimal
Mining Sequences for Continuous Miner Coal Production Systems.
Dissertation. Southern Illinois University Carbondale.

MPHASHA, L.M. 2014. Personal communication.

MATHETSA, S. 2013. Personal communication.

MCS. 2013. MCS Roof Bolter Monitoring Proposal for Goedehoop Colliery.
Witbank: MCS.

ODENDAAL, A. 2014. Personal communication.

Sinden, ]. 2013. Consultant: Fish Eagle Mining Solutions, Personal communi-
cation.

StEN, J. 2010. Introducing the Fletcher Twin Boom, Automated Roof Bolter.
Witbank: J.H. Fletcher & Co.

SHaw, E. 2013. Mining Engineer: Khutala Colliery, Personal communication.

STEYN, J. 2013a. Material Handling. ].H. Fletcher & Co., Witbank.

STEYN, J. 2013b. Personal communication.

VAN DER MERWE, B. 2014. Personal communication.

VAN DER MERWE, B. 2013. Personal communication.

VAN DER MERWE, B. 2012. Simunye Shaft Ubhejane section - 9m heading.
Witbank: MCS

VaN STADEN, M. 2013. Department of Mining Engineering - Underground Coal
Mining Methods. University of Pretoria 4

The Journal of The Southern African Institute of Mining and Metallurgy

o






