Mine Health and Safety Council

Technology transfer on minimising

seismic risk in the platinum mines
20 September 2017, SAMIRA "17

Brian Ncube
Mining Regulations Programme Manager
MHSC



Presentation Outline

MHSC Mandate

Percentage Fatalities by Classification

Fatality Frequency Rate

Fall of Ground vs Transportation and Mining Fatalities
Frequency of Disaster Accident

Project Aim

How Were Research Outcomes Achieved

Way Forward

© o N o o bk~ W D PE

Implementation of Research Outcomes
10. Research Conclusions
11. MHSC New Structure

12. Questions

2

MHSC




1. MHSC Mandate

MHSC is a national public entity established in terms of the MHSA,
No 29 of 1996, Celebrating 20 years in May 2017.

« Advise the Minister on all occupational health and safety issues
In the mining industry relating to legislation, research and
promotion

 Review and develop legislation (regulations) for
recommendation to the Minister

 Promote health and safety culture in the mining industry

 Oversee research in relation to health and safety in the mining
iIndustry
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1. MHSC Mandate

Technology,
Innovation

& product
development and
commercialisation

Training

Research outcomesinform
alternative use of existing
technology or introduce
new mining techniques,
technology and personal
protective equipment to
mitigate or eliminate
exposure to occupational
health and safety risks and
improve outcomes

Research outcomes can be
used to inform the design of
occupational health and
safety training
interventions. Training
interventions should also be
developed to support the
launch and promotion of
new technology, innovation
and products emerging from
research activity.

Research outcomes may be

required to inform a review,
update or amendment of
existing occupational
health and safety
legislation, to drive the
achievement of desired
practices and outcomes
within mining operations.

Research outcomes to be
publicised and promoted
and industry-wide
(nationally, regionally and
internationally) through
journal publication, and
through marketing and
promotion efforts.

Legislation,
regulation and
standards

Promotion
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2. Percentage Fatalities by Classification

All Mines
Percentage Fatalities by classification (Provisional)
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3. Fatality Frequency Rate
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4. Fall of Ground vs Transportation and Mining Fatalities

Fall of Ground; Transportation and Mining Fatalities
2003 - 2016
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5. Frequency of Disaster Accidents

Frequency of Disaster Accidents
2003-2016
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6. Project aims

MILESTONE

Project initiation (start-up presentation and report)

1. Learning materials for production personnel

Production personnel training roll-out

Learning materials for Rock Eng. personnel

Seismic system audit protocol

System audits

o O AW N

Audit results

Final report (approval)
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8. How were the research outcomes achieved?

e Research outcome 1:

How platinum mining in the
Bushveld Complex is changing

Training materials for production personnel
in rockburst prone platinum mines
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../../Outputs/OP 3/_videos/Seismic_Mod_10_MainComp_RVDW_AM_2015-10-19c.mp4
../../Outputs/OP 3/_videos/Seismic_Mod_10_MainComp_RVDW_AM_2015-10-19c.mp4

7. How were the research outcomes achieved?

 Research outcome 2:
* Roll-out of the production personnel
training incl. train-the-trainer workshops
on all mines with seismic hazard.

N

Implats Visitor Centre 6/11/2015
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8. How were the research outcomes achieved?

 Research outcome 3:
« Training materials for rock engineering personnel

Manuals Spditcoomes

Visuals

/
E K SIM 140301

“Technology transfer on minimising
seismic risk in platinum mines"

Output 4: Learning materials for rock engineering

Technology transfer on
MINIMISING SEISMIC RISK / Rk Mechanics cenicte
in platinum mines 2007 sytabes

personnel in seismically active platinum mines

Training Manual

Visuals and links

Learning materials for rock engineering

4 pdition

personnel in seismically active platinum mines

145 Westem Service Rd Woodmead T/F(0110)6564797/8  wwwmhscorgza

©2016 MINE HEALTH AND SAFETY COUNCIL
Waoodmead Business Park, B7 Maple North, 145 Western Service Rd.
Woodmead T/F (011) 656 1797/8 www.mhsc.org.za
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SIM140301 OP4 Materials/Output 4 Manual.pdf
SIM140301 OP4 Materials/Output 4 Manual.pdf
SIM140301 OP4 Materials/Output 4 Visuals.ppsx
SIM140301 OP4 Materials/Output 4 Visuals.ppsx

8.

How were the research outcomes achieved?

Research outcome 4:
« Seismic system audit protocol in line with SIM100301 guidelines.

Seismic system score card Mine/shatt: Dishaba Assessed by:WB and FE Date: 15/3/2016
Section No. Criteria Comments Score
| 7/10%40% = 28%
1. Seismic 1. Monitoring objectives defined for different According to TSD, 5 standard MonObs declared (Jager & Ryder, 1999). Some ¥
network areas of the mine. cannot be met due to low seismic activity levels (2.6 events per day).
planning, system
settings & 2. Netwaork station canfiguration planned
: . i o A Originally installed for MER mining. v
cenfiguration according to monitoring objectives. Einaty E
1 I
b sites added to reduce 1 <hall ites data show high (see below) v
= shallow site; data show high z-error (see below
1. Network planning epth.
H 1 H Hefined to ensure minimum
2. Source quantification | No, x
3- Al‘lal SIS & re ortln pedy sensor installation (<3
y p g FEcy { Average 2-4 years; low priority due to low risk lavel. x
TOTS .
6. Filter settings and sampling rate match Yes [L65 to 3.3kHz) v
relevant Magnitude range.
7. At least 80% of stations operational at all 80-90%, but slowly decreasing (see below); major faults with short repair -
times. times.
8. Sensor health checked and reported on, and Checked and reported: usually above 80% (see below). v
always above 80%.
5. Sensor orientation and polarity checked (not
) : ! p ity ( Mot done for Dishaba and Tumela X
required for smart sensors).
10. _Syncmﬂmsa”on of system clacks for GPS time base; suitable for exchange with neighbouring networks. v
regional events.
! Principal sites receive priority with respect to repair and maintenance and are each equipped with a UPS.

MHSC
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10. Implementation of research outcomes

 Roll- f the training for pr lon personnel

List of modules Play list

/ /

Lesson Builder

Available modules Selected modules Tofal time:  00:49:58

Module Name Duration Module Name Duration
Module 10 - Rules 05:54
Module 1 - Geology 05:25
Module 2 - Stress 06:50

Module 4 - Layout & Sequence 05:47 Module 3 - Seismic Sources 07:38

Module 5 - Mining Practice 05:25 — Module 9 - Rockbursts 07:44 i

Module 6 - Gullies & Sidings 07:26 | 29 ‘ Module 12 - Summary 16:27

Module 7 - Pillars 11:15

Module 8 - Seismic System 08:40 SN ‘

i Module 11 - Seismic Hazard & Risk 06:20 ol
[ J
Calibrate Screen | Save Lesson| |Load Lesson| “ Loop[]

\ save Play ,,‘,\\\‘
Calibration ’.A‘/

MHSC

« Audit reports distributed, resulis presented to SANIRE

MHSC
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10. Implementation of research outcomes

Research outcome 3:

« Manual
 Visuals

Sldings Sidings viere afoen left far behind the advancing face and where
they were close ko the face, the sdings wwere brought doser by down-dip
mining,
*  ASE hargingwalls were often camied higher than the sope hangingewall
due o sirike gullier being toa shallown., or whers daveloping the strike
gully veas a4 kao high an angls abovs the wirike dirsctian.

Stress field

# L=ad and lags: In many instances the recommended prachoss were not
fallgarad and rasutted & wary poar face shapes,

= Haling bahisesn pansls when minng from difsrent mise liner resudted in
final reaf blacks constardy decressng in size while the stress loading
[rr—

ARhzugh the sbove sxamplei sre nat necesiarly coaclusive, they do
pdicate that genermlly aocepted good mining pracices can yiald loveer schnlc

pa=aid. Saund mining pramticss should ke saph u tha alatimum induskry,
lpiks af ke parcapiion bhat practizes duch ai prepsr sequenging, ce-ardinakad
fining directions, leads ard lags. gully sidngs etc, are intermediate depth gold
Filning practices and are therefore nct applicable to platinom mines,

fesommendation:  The dosign and  oondred mbkog  dirccrions,  feadasfag
Watances, rovnand farmation, abubment creadion, helng prachices and awning
bagueroes showld be cansidoned.

Hulti-recd mining

Az low middlings, the extacion of more than one arebady can result i

Ryder & Jager Textbook:
Chapter 9.4, Pg 391 ff

fEess Fald changas en the Lagsing mi
Bading to insremied pillir leading ked mcranied
pogential far unavanked pillar behaviours, This situation
E axzzarhatad wheia mining ans ars hody is balew a
ngL—s!u.ss aren e ansklar esbady, suely DS eising

Stress and excavations

=lgwy Plerensky remnants. The potentsal for pillar
ullshm. a5 wall as pillar bursting of sSghtly langar

I l

Rocks and minerals
P

Merensky Reef (MER)

incraazes substantially in this scanario.

Ensure the proper sejocncing OF mub-reel akning

mencdation

ng a d=sp strike gully clozs b2 & pillar (e & ve
=idingl.

Anrly, coafinemant can be insremied by leming a
rthan reguired pillar ar by leaving substantial ameuanss
ubad era & sealing @-situ aveund tha pillarn T

Pyroxenite

Norite flake L (d

waakaning, rasulis frem the remaval ar
pillar scaling argund 2 gifar

sgingwall canditiang ean have sithar a favearalla
Fa'uwmbl- #Fact on comfinement; sonfnemant is incraszad by an intach
20

4 Mining practice to reduce seismic damage potential

In addition to the potential for mining practices to raducs tha probability
of ssismic events, some of these practices are alse valuable in reducing the
likelihaod and sevarity of seismic damags when a ssismic event does occur,
Implementation of appropriate mining practices now alsa become actions that
remedy the potantial effects of seismic svants and should slways ba considersd
for implementation on this basis alona.

Stable ground conditions
Stress fracture orientastion and density are not only a function of the

mining depth, and alsa of the gully layout (l=ad / lag) and the siding’s shaps and Visugls
depth.

Since fracturing could affect tha local rock mass responss to vibrations
causad by a seismic event, it is critical to ensure stablz ground conditions in and
around gullies, This can be promoted by the following:

* Mining sidings in line with pznal faces in arsas whers stress fracturing
occurs,

Sidings that are cut desp enough to ensure that scaling of the gully | J0ger & Ryder
sidewalls does not negatively affect the pillar behaviour and that gullies 3.4
do nat raduce canfinement of the footwall around the pillars.

Selection of a suitable gully direction in relation to the reef stiike diraction
to limit the damaga to the hangingwall caused by gully davalopment, and
by maintaining de=p gullies,

Hangingwall stability is an even greater concern where the sxpossd rock
type is Norite. As mentioned earlier, noritic material often results in flat dipping,
high density stress fracturing, a condition prone to instability during seismic
avants, The flaking of Norite into thin sheets with sharp edges is likely causad by
the low tensile strength of this rock type,

Recommendation: Implement geood guily and siding mining practices to
prevent the creation of unstable fracturing. Prevent the expesure of the noritic
material.

Support practice

When approaching pothales, the risk of exposure of naritic material in the
hangingwall increases, and thersby the risk of seismic damage also increases. Ryder & Jager
The planning of mining in and around potholes, including the design and .2
implamantation of approprizts suppart practices, is critical to limiting this risk.

Using support ko address specific mining conditiens in an attempt to
ensure stable mining excavations is a well-known practice, and not a simple Visuals
axarcisz. The most common methodologiss to design support that are 50-51
appropriats and likely to reducs rockburst damags from seismic activity include
methods that will:
= ensurz sufficient suppart resistance to the rock walls, whilst 2t the same
time,

2z

MHSC
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SIM140301 OP4 Materials/Output 4 Visuals.ppsx
SIM140301 OP4 Materials/Output 4 Visuals.ppsx
SIM140301 OP4 Materials/Output 4 Visuals.ppsx
SIM140301 OP4 Materials/Output 4 Visuals.ppsx

10. Implementation of research outcomes

* Research outcome 3:
e CD with sources and references

Technology transfer on

MINIMISING SEISMIC RISK

in platinum mines

arch SIM... 0O

Organize v Include in library ¥ Share with ¥ Burn New folder B= @|
-~ 4 - ] -

J% Favorites “  Name Date modified Type Size
B Desktop ’i | Sources 2016/06/07 09:09 ...  Filefolder
4 Downloads =L Output 4 Manual.pdf 2016/06/06 08:25 ...  Adobe Acrobat D... 1546 KB

e ii', Recent Places ?éj Output 4 Visuals.ppsx 2016/06/07 08:51 ...  Microsoft Office P... 27 040 KB

=) Libraries

() . NG
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11. Research Conclusions

e Summary:

SIM140301: Technology Transfer project successfully completed

Three independent output streams reached the target
stakeholder mines

Benefit of increased knowledge levels and awareness of
rockburst risk in PGM mines

Set new standard in state-of-the-art training methodology at
stakeholder training centres.

MHSC
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12. MHSC New Structure

Research Research Research
Determination Delivery Dissemination

:
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@ 2002, Den Fussel

Any Questions?
Thank you

MHSC Disclaimer:

All views expressed herein are the views of the author and do not reflect the views of the Mine Health and Safety Council unless specifically stated

otherwise. The information is intended only for the person or entity to which it is addressed and may contain confidential and/or privileged material.

Any review, retransmission, dissemination or other use of, this information by persons or entities other than those intended recipient/s is prohibited. Contact Details

The replication of this material in any form will require approval from the author and Mine Health and Safety Council. o



