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Objectives

The main objectives of this research are:

» To determine the contribution of rock mass quality to the poor stope width control
and pillar stability.

» To determine and quantify the impact of rock mass quality on pillar stability

» To determine and quantify in monetary terms the impacts of rock mass quality on
mine profitability and the business plan.

High stope widths are associated with higher demands for ground support, and it is also
important to quantify this in monetary terms, and to be able to give management
information that supports business planning and viability assessment.
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Problem and Objectives

Problem: Failure to achieve correct SW linked to poor ground by both teams in both good and poor
ground conditions

The main objectives of this work are:

» To determine the contribution of rock mass quality to the poor stope width control and pillar
stability.

» To determine and quantify the impact of rock mass quality on pillar stability

» To determine and quantify in monetary terms the impacts of rock mass quality on mine
profitability and the business plan.

High stope widths are associated with higher demands for ground support, and it is also important
to quantify this in monetary terms, and to be ableto give management information that supports
business planning and viability assessment.
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Research Hypotheses

» Contribution of rock mass quality to poor stope widths
» HO: Rock mass quality does not contribute to poor stope width control
» HI1:Rock mass quality contributes to poor stope width control
» Impact of rock mass quality on pillar stability
» HO: Rock mass quality does not have a quantifiable impact on pillar stability
» HI1:Rock mass quality has a quantifiable impact on pillar stability
» Monetary value of the impact of rock mass quality on the business plan

» HO: There is no quantifiable monetary value of the impact of rock mass quality on the
business plan

» HI1:There is a quantifiable monetary value of the impact of rock mass quality on the business
plan
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Reef Profile & Geotechnical setting
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TARP & Joint characterization

Distribution of the Bordsin Terms of Risk

field observations ) f == —
h{ or measurements J ‘l’ l’ \charactensatlon)—\L

| INTACTROCK |
i | CHARACTERISTICS |
@ GIVING VALUES TO THE
S JOINT :
<|| CHARACTERISTICS —P VARIOUS ROCK MASS
& : FEATURES
; DENSITY AND T
i | PATTERN OF JOINTS | :
WA (Low Risk) ®B(MediumRisk) ®S (High Risk) e T l
ROCK STRESSES
A B 5 or —P B CLASSIFICATION
1 SUpPart missing | Whale line af support missing STRESS LEVEL SYSTEMS
Brovwr smaller Brow larger than 150mm but
. : than & POSSIBLE BEHAVIOUR
2 than 150 mm smaller than S00mm Brnwﬁlarp_.-e-n than S00mm —__ NUMER'CAL
s | tomtgn | e ey e e TR = OF THEGROUND [ | MODELLING
4 Fault e
5 i':m drigping from rack wall _’ OTHER
Fall of graurd less than suppart Fall of ground greater than suppart PROJECT RELATED ’ CALCU LAT'ONS
. e i FEATURES
aterial change in face
7 camposition for example pathole
i Abnormal blocky ground Pillar scaling




Dilution Characterization & Risk Assessment

Process
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Data Collection
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Rock Mass Quality
» Bieniawski RMR89 data
» Stope width data

» Team production figures

Effects on Pillars

» Number of pillars scaling,
rehabilitated or showing
stress fracturing

» The reasons for the pillar
damaged or scaling were
recorded.

» Pillar factors of safety was
calculated for all the pillars
within these areas.

Support Cost & Installation

» Time and motion study on
the automation of the
installation of cable anchors
in supporting poor rock
mass quality zones.

» Regression analysis and
Monte Carlo simulatfion in
@Risk software was used to
generate probability
distribution functions and
analysis histogrames.
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Software

» Team 2 claimed to have been affected by rock mass quality
in their achievement of mining stope width

» The team claimed to have been operating in the same zone
as team 1.
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Team Status

» Teaml1:SW 210.4cm (3.029/1), RMR 50.4
» Team 2: SW 208.4cm (3.43g/t), RMR 72.1

» Pillar renabilitation losses — 5.7% of pillars
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Team 2 vs Team 1: Observations

Poor drilling of back holes (not parallel)
Overcharging of holes
Inconsistency in the use of poly pipes to decouple the charge in perimeter holes

Non-adherence to blasting pattern - burden spacing

vV v v v Vv

Batching unit on the charging unit not working

(Serious unwarranted losses)



Inferventions

1. Different blast pattern for high risk ground (post splittfing)
2. Direct supervision by miner on the drilling of the holes

3. Strict adherence in the use of poly pipes to decouple
explosives in perimeter holes



Results
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» Teaml:SW 210.4cm to 205.1 (3.02 to 3.229/t), for 3 teams in poor ground — R7.5m/annum

» Team 2: SW 208.4cm to 204.2 (3.43 to 3.609/1), Equates to — R221.04m/annum (malpractices) for
6 teams in mining in good ground with claims of poor ground

» Pillar rehabilitation losses — RO.6m
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Long Tendon Costs

Time benefit

Product Installation time Time benefit
AMS Full barrel cable 30 minutes -minutes
anchors
3.0m DT Flexibolts 11 minutes 19 minutes

Cost comparison|

Product Unit price (USD) Cost benefit (%0)
AMS Full barrel cable R242.19
21.5%
anchors
3.0m DT Flexibolts K394.91 -%

NB: Always compare a support system cost than focusing on cost per unit
« Productivity increased by 25% for feam in poor ground by using more expensive tendons



>
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Conclusion

R439.75m was saved due to implementation of the strategies and interventions.

Breakdown of savings was:

>

vV v v v

stope width in poor ground R90m, Correction of malpractices R221.04m, Removal of cable anchor
installation equipment RO.45m, improvement of efficiencies by intfroducing Flexibolts R127.8m and pillar
rehabilitation -R0O.6m.

Poor rock mass quality is accountable for the 5% failure of pillars
Poor rock mass quality can be ascribed to a potential loss of about 5.7% in grade.
Malpractices - more costly than geotechnical risk at an average of R3.07m.

Higher cost of Flexibolts is countered by benefit from the 19 minutes gain in time & reduction in number of
personnel
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