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NORTHAM PLATINUM LIMITED

N
Northam is an independent, fully (A)
empowered, integrated PGM producer.

All operating mines and recycling
operations are wholly owned. @ Polokwane

Our aspirational target is to produce: B

1 million oz 4E p.a. @ Mokopane

@ Lebowa
Limpopo Dwaalkop
PoRadl @ Twickenham
@ Marula
Thabazimbi @ ® Modikwa
Amandelbult @ . 8'9
g Zondereinde Moz
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Pilansberg @ @ sedibelo @ Der Brochen
_____ bl @ S LB @ Mashishing
BRPM @
Implats @ _ -
le:odile i ;) = i s B
RPM e H ;
Rustenbu;. Pandora @ River Eland
e ©® ' _
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19 .3 @ Pretoria
Moz
KEY: Resource
@ Wholly-owned operations )
@ Joint arrangement ; o Johannesburg

® Other peer operations
® Cities/towns
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DEPTH BELOW SURFACE
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OREBODIES MINED
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ROCK BEHAVIOUR CHARACTERIZATION

Geological data collection

vlr ( Rock mass behaviour ?
Laboratory and in situ tes@q
i < Rock mass behaviour ?

Rock mass characterization and classification
(Q, RMR, GSI, joint properties, in situ stress, water, ...)

4

Selection of excavation and support alter%ives

il ¥ Rock mass behaviour ?
Numerical methods/| Empirical%{hods
{ ¥ Rock mass behaviour ?
P YO T [ [y J}AL._
Gravity-ariven oSitress-ariven
failure failure
‘ v

Excavation and support design
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INTACT ROCK STRENGTH (UCS)

Deep 153 — 260 137 — 204 172-173
Hangingwall
0 0@@@@@@@@@@0@0@@0000O0O0OO]
Merensky Reef 71-118 75— 161
Hangingwall
Merensky Reef 60 - 208
Merensky Reef 87 — 152 83— 93
Footwall
HG2 Heel 85— 148 105 — 140
Hangingwall
N
UG2 Reef Footwall 60 — 138
“Deep” Footwall 60 — 240 78 — 227 69 — 150 55-170
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STRESS VS ROCK STRENGTH - NORITE FOOTWALL
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STRESS VS ROCK STRENGTH - NORITE FOOTWALL
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STRAINBURSTING IN FOOTWALL DEVELOPMENT
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STRESS-DRIVEN FAILURE DOMINATES

Massive
(RMR>175)

Moderately Fracturad

(50> RMR < 75)

Highly Fractured
(RMR < 50)

Low In-Situ Stress

Intermediate In-Situ Stress

High In-Situ Stress

(0.15>0,/0,<04) (0,/0,.<0.15)

(0,/06.,>04)

()

Linear elastic response.

Falling or sliding of blocks
and wedges.

/\ ) //\ e

Brittle failure adjacent to
excavation boundary.

Localized brittle failure of intact
rock and movement of blocks.

Failure Zone v

pd

Brittle failure around the
excavalion .

Brittle failure of intact rock
around the excavation and
movement of blocks.

Unravelling of blocks from
the excavation surface.

Localized brittle failure of
intact rock and unravelling
along discontinuities.

A

SRR
Squeezing and swelling

rocks. Elastic/plastic
continuum.
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ROCK MASS STRENGTH DEGRADATION

Joint or Block Wall Condition

by three or less discontinuity sets
with very wide joint ¢pacing 150 —
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Very Hlocky - intericcked, parnially
disturbed rock mass with multiraceted,

angular blecks farmed by four or moré /
discoutinuity sets /
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FACIES DISTRIBUTION - MERENSKY REEF

NERTHAN PLATINUM
REEF
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STRESS VS ROCK STRENGTH - MERENSKY REEF
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SEISMIC RESPONSE TO ROCK MASS CLASS

RMR = 60

RMR =70

institute
of mine
seismology

Polygon: M16-31

28 Mar 2019 - 28 Apr 2019

institute
of mine
seismology

Polygon: M16-32

28 Mar 2019 - 28 Apr 2019

——— iL

s
Comments:
The greater majority of events are recorded in blast time. A single mE-0.0 event recorded.

Apparent Stress Level Over Time Time-of-Day Distribution

Cumulative Frequency-Magnitude Distribution

Seismic Strain Rate and Monthly Activity Rate

Per Magnitude
feird st

Comments:

A significant drop in the seismic activity (53.8%) and sirain compared 1o last month, Al
aight ml=0.0 events are recordad In blast time.

Apparent Stress Level Over Time Time-of-Day Distribution

Cumulative Frequency-Magnitude Distribution

Seismic Strain Rate and Monthly Activity Rate

Event Count Pel
Parad 118D
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FACE BURST - MERENSKY REEF
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FACE BURST - MERENSKY REEF
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MODELLED MINING DEPTH - UG2 REEF
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POSSIBLE FAILURE MODES IN UG2 MINING

Massive
(RMR>175)

Moderately Fractured
(50> RMR < 75)

Highly Fractured
(RMR < 50)

Low In-Situ Stress

Intermediate In-Situ Stress

High In-Situ Stress

(0.15>0,/0,<04) (0,/0,.<0.15)

(0,/06.,>04)

()

Bv%k:

Linear elastic response.

Falling or sliding of blocks
and wedges.

Brittle failure adjacent to
excavation boundary.

ocalized brittle failure of intac
ock and movement of blocks

Failure Zone v

SN N
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Brittle failure around the
excavalion .

Brittle failure of intact rock
around the excavation and
movement of blocks.
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Unravelling of blocks from
the excavation surface.

Localized brittle failure of
intact rock and unravelling
along discontinuities.

Squeezing and swelling
rocks. Elastic/plastic
continuum.
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UNDER-STOPING STRESSED PILLARS

Merensky
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‘RAINBOW’ PILLARS

Difference




2.3)

RECORDED SEISMICITY (My,ax
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SHAKEDOWN DAMAGE - UG2 REEF
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FACE BURST - UG2 REEF
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DYNAMIC DAMAGE TO SUPPORT - UG2 REEF
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ROCK MASS BEHAVIOUR - UG2 REEF
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AMELIORATION STRATEGIES

 Backfill

* Regional support pillars
« Mine design & planning
« Controlling leads & lags

* Preconditioning

Stress modelling
Seismic monitoring
Rock mass classification
Support design

Compliance auditing
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RISK MANAGEMENT

NORTHAM ZONDEREINDE - Working Place Control Sheet
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14 | 19 2e | mr| A Mokhali Panel not yet mining crew advancing the gully. No gully winch installed. Y Y |MNo major issues but monitor for and treat keyblocks. 84.68% a0 3 188 0.26
The heading was mining off reef. Missing gully pack at the entrance of the
14 19 3e mr | A Mokhali | Medium gully on south shoulder. Low angle joint forming a brow in the middle of the Y Y  |Fix face shape. Fault expecied ahead of current face. 56 3 220 0.60
panel. Moderate stress fractures. Gully and the heading not o standard. 76.9%
: : Some of gully packs were exceeding >2.0 m. The panel was not cleaned. Rolling reef reported. Maintaing a steady HW in the heading and gully. Do
14 19 de mr | AMokhali (Rl Missing elongates in the panel not replace by camlok props. M Y not follow excessive downward reef rolls. Monitor for and treat keyblocks 92.3% 5 3 58 0
14 | 19 se |mrl| AMokhali Dripping ground water at the top of the panel. Moderate stress fractures on v v Scaling expected to intensify as panel approaches dip pillar. Potential for 3 036
panel face. Sub-standard gully pack. Heading and gully not to standard. overhanging face. Enforce barring + support + good blasting discipline. B84.6% )
No. of W/ 4 86.5%
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