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Introduction

Stability analysis

Compliance with a stability acceptance criteria < ooy Srvcre < odcam >
* Factor of safety \\. |
MODELS Geotechnical
Model
 Probability of failure |
Geotechnical
. . Domains
* Size of failure
DOMAINS Strength (__Failure Modes )e+—{  Structure
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* Bench configuration Bench
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 Final design -> slope geometry
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Introduction

Mining slope design process

In put » Laboratory testing + Face mapping * Type of equipment » Proximity to other rock slopes
e Dirillhole » Operational registers (angle face digging) » Proximity to mine infrastructure
« core logging » History » Allocation of ramp accesses
Geotechnical Calibrated
- . .| Bench-berm | Inter ramp R Global
model » geotechnical > . > . > .
o analysis analysis analysis
compilation model
* Final bench e Inter ramp angles » Additional step outs
geometry * Maximum stack (location and width)
Output + Lower boundary of height
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Final design

Additional
assessments

Ground support (interaction with mine infrastructure)

Operational controls (buttress, runout control,
vibration control, etc)

Rockmass improvement (grout injection)
Post closure conditions

BHP



Calibration of geotechnical models

Models vs reality (rockmass classification)
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EO06-East Wall BENCH: GSI
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M ——— 60-79

80-100

BLOCK : GSI_CAI
-99.000 < | | <=0.000
0.000 < [ <= 10.000
10.000 < [ <= 20.000
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30000 < || <=40.000
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60.000 < [Jli] <= 70.000
70.000 < [ <= 80.000
80.000 < [ <= 90.000
90.000 < [} <= 100.000
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Calibration of geotechnical models

Model vs reality (structural condition)
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Calibration of properties

Backanalysis
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Strength Envelope for Unstable Blocks

Calibracion

= (Cuna-Dom 2-PL1
== Cufia - Dom 3 - E6
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Bloque modelado
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Calibration of properties

Geotechnical units and mechanical properties
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: - . fcfrd Ingenieria de Minas
Calibration of geotechnical models G
Master sections

* Visualisation of all available data and reconciliation of reality vs models

» Representative of expansions (mine sequence) in terms of orientation,
geotechnical units, structural conditions and ground water.
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Inter ramp analysis

Design curves

Porphyry Feldspar
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150 GSI 25 Representative value
165 1 ucs 28 Estimated value based on PLT
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2D Global analysis

Building blocks

nnnnnn

T o® % @ ¥ ® o8 & &
®
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Numerical estimation of pore pressures

Global stability analysis (example for
0.22g pseudo-static loads)
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2D Global analysis

Mine sequence

M \\u s = o] Casos Probabilidad
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s09 0, 0% 1,66
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2D Inter ramp and global Analysis

Inter ramp and global stability assessment

- fdfm

Estético Sismo Operacional Sismo Maximo
Altura H| Angulo | Peso W] Factor de [Peso W Peso W
Fase Perfil Talud ! gu . ., . Factor de .| Factorde
(m) (%) |[(KN/m)| seguridad [(KN/m) . {KN/m) .
Fs Seguridad FS Seguridad FS
Global 130 39 110 1,549 123 1,303 117 1,057
p01 Inter-Rampa 48 45 15 1,526 15 1,302 12 1,026
Inter-Rampa 116 52 104 1,525 108 1,306 123 1,135
Global 201 48 119 1,298 143 1,152 129 0,021
N15 p02 Desacople 66 45 14 1,513 15 1,294 15 1,082
Desacople 135 31 92 1,333 97 1,164 El 0,999
Global 115 37 90 1,820 80 1,493 85 1,243
po3 Inter-Rampa 102 43 24 1,841 79 1,528 34 1,270
Desacople 39 48 14 1,517 14 1,318 15 1,111
Estatico Sismo Operacional Sismo Maximo
Fase Perfil Talud AIE:‘:E H Antg:.llo cP:I:;n\:V SFacto-rdded r::];n\:v Factor de ::E:I;;v Factor de
I ! ! Egl:: a ! Seguridad FS I Seguridad FS
Global 185 38 150 1,598 158 1,333 143 1,002
o1 Inter-Rampa 65 42 54 3,258 55 2,696 56 2,187
P Inter-Rampa 30 53 84 1,725 83 1,475 78 1,299
Desacople 50 45 13 1,631 14 1,404 14 1,167
Global 182 38 124 1,757 121 1,458 114 1,185
p02 |Inter-Rampa| 117 45 a2 2,219 30 1,881 a1 1,560
s10 Desacople 40 48 3 1,707 8 1,476 El 1,249
Global 187 38 111 1,797 112 1,477 108 1,213
03 Inter-Rampal 138 45 739 2,023 74 1,882 739 1,567
P Desacople 55 47 12 1,505 13 1,306 13 1,091
Desacople 32 47 52 2,171 50 1,927 50 1,625
Global 204 EE] 107 1,617 113 1,374 111 1,160
p04  |Inter-Rampa 96 50 65 2,033 72 1,823 70 1,593
Desacople 59 a7 15 1,454 15 1,230 16 1,032
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2D Inter ramp and global analysis

Lower global factor of safety

A lower global factor of safety may require
additional design steps.

« If inter ramp walls are found stable, step outs can
be allocated to flatter global angle to increase the
factor of safety.

« If also inter ramp wall was found unstable, berm
width can be increased to flatter inter ramp angle.

« If both inter ramp and global factor of safety is
found, combining options can be generated and an
economic evaluation to determine which
combination (berm width and step out size) is
optimum.

Analisis de estabilidad
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-  fcfm B
3D Inter ramp and global analysis .

Numerical model calibration

_ Cumulative_
displacements in 1
month (june — july

2018) radar IBIS

Max Value > 500 mm

Source of information for calibration:

7

June-2018

* History of past wall failures

* Instrumentation provides history of
deformation

Model calibration:

* Replicate historical past failures
* Replicate level of deformation
Type of calibration

» Geotechnical model input (eg, structure
driving failure)

FS<1.00

1.00<=FS<1.10] « Numerical inputs (eg, properties)

Analisis de estabilidad BHP
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3D Inter ramp and global analysis

Numerical model calibration GSI + 20%

GSI Calibrated -20% GSI Calibrated GSI Calibrated +20%

FS s
FS<1.00 FS<t00 ' FS<100
100<=F5<115 1.00<=F5<1 18 A00<=F §1.16
118wk 52120 118w F 52120 118<mF SRt 20

1.20<=FS<125 1.20<=FS<125 120<=FS<126

1.26«=FS<130 1.26==FS<130 - 125<=FS<130
130==F$<150 1.30«=F5<150 430«=F§<1 50
Fo==150 FEe=150 F§==150
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3D Inter ramp and global analysis

Numerical model calibration replicating failure mechanism

Explicit structures and their properties
R 2950 - 7 can be added to the model to better
= replicate a failure mechanism.

\ L Talud
S o 7 \ \ 37/245
“aSimiaraEl... L7 [ ]
[Sistermamy) ;
EW] ~ : Similar a
\ A EXTRA1
[Sistema NS]

S16 3

S17

EXTRA1
Py PR B 2690
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3D Inter ramp and global analysis

Influence of faults in the numerical model

Friction angle (faults): 20°

Failure mechanism
due to lower
properties of fauls

m
)

O b o ek e e e e e b
CO-2NWPrOONDO©
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3D Inter ramp and global analysis

Influence of numerical model setting
Main aspects:

* Mesh size: Coarser mesh may hide potential failures due to 3D
geometry aspects, areas of litho contacts, faults.

R » Boundary limits: size of the model enough to avoid boundary limit
8 Abril 2022 HEhini effects introducing artifacts.

SEenetied Noviembre 2022

Mesh size of 3 m Mesh size of 5 m

| 28 i vA e e ok v |
Co-NwrnONDO W
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3D Inter ramp and global analysis

Target to feed monitoring plan

e

22

Inicio 2015

Fin 2015

e

e

Fin 2016

Fin 2017

Fin 2018

Fin 2019
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Additional assessments

Pit wall interaction with mine infrastructure
Rl g SN, |

Master section

SW NE
3200 1

Litholo: FF
_ — FY10
5 Q\ FY20
: & i
£ & Q' Apni 2021 topograph:! o @
5 \\ & 6*. w— 22 i .é. 8
3 Cross section S-3 2 u, £
3] @ £
o Cross section S-3 (FF) ,_:_\N_EL_%S‘
/ -

x: 16270 x: 16487 x: 16703 x: 16920 x: 17136 x: 17353 x; 17569
y: 107809 y: 107934 y: 108059 y: 108184 y: 108309 By: 108434 y: 108559
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Additional assessments

Pit wall interaction with mine infrastructure

Horizontal Displacement N(+)-S(-)

Horizontal Displacement E(+)-W(-)

* Displacement up to 20 cm in FY27

Analisis de estabilidad
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Vertical Displacement UP(+)-Down(-)

i1 \

\ 2

* Rebound effect issue.
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Additional assessments

Ground support
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Approvals and permitting Hydrogeology
-

B N MODELS Geotechnical
Characterisation Model
i 1
Geology/Hydrogeology/Geotechnical pem———
Domains
Post closure failure modes DOMAINS Strength Structure
!

Design options / Analysis Bench

DESIGH Configurations -M
ulations
: v' v e
Angles —
Pit stability Water Waste dump 1

I

Cwverall

| ! | I N
Stability

Final

Dresigns

AMALYSES
. . Strength
Risk assessment ALARP review %
Groundwater

i In-situ Stress

INTERACTIVE PROCESS

N\

Closure plan, implementation and monitoring

ol

IMPLEMENTATION
:
Passive closure (verification) -> Relinquishment Closure

LOP, 2024 LOP, 2009
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Mine closure considerations

Pit stability after mine closure

@ Pyrophyllite * Dumortierite
Quartz-Sericite +Chlorite

- Quartz-Amphibole-Magnetite |
5 Biotite-Magnetite
Chlorite: Magnetite

[1] Epidote
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. e N
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N ¥ -t
.
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4 =
» g

- ' -’J:':n-.r}
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\ : | » | | l | 1

.\

S

2 4
]
L~ ’-.‘

Geology at BHP Island Copper mine

Pit lake formed after mine closure at BHP Island Copper mine
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Mine closure considerations

Failure modes

North wall slide

North east toppling

Click to add Presentation Title B H P
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Failure modes

West slope movement (north end) West slope movement (south end)

Click to add Presentation Title B H P
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Mine closure considerations

Design options

No. 5 Earthen Dam

-

»

3 Concrete Dam

. {-'
No. 1 Concrete Dam sgmie . = -

<

X
o Nlﬂe‘4n-mc-ho.e
¥ ' Rerddial Sump
N

A

5

Waste Rock \,‘ )
“Ddmps
" oy
Ninebo Eastand West '7
Remedial Ponds
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Mine closure considerations

Design options

Click to add Presentation Title
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Mine closure considerations

Pit stability and water

Predicted groundwater table ! s

Click to add Presentation Title
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Mine closure considerations

Pit stability and water

Stability conditions after closure would include additional support (eg, buttress) and change of rockmass conditions (eg, pit lake formation)

FLAC3D 9.00

S0 kaca Conatng Groep. e

Zone Group Slot 2

(b) Run 3c - Backfill to RLO m

Click to add Presentation Title
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Zone Group Slot 2

Backfill_Buttress
CurrentDump
Fault_Fairford
Fault_Gundog
Fault_Hollydene
Fault_Huon
Fault_Whites
Insitu_Butlress
ProposedDump
Rock
Seam_Bayswater
Seam_Edderton
Seam_MtArthur
Seam_Vaux

Zone Applied Force Vectors

Maximum: 344 84
Scale: 0.56672

v\

Water loads due to pit
lake increase applied
as surface surcharge
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Mine closure considerations

Pit stability and water

FLAC3D 9.00 FLAC3D 9.00 EACD N
1 Y e |
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i 170F+00
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1.80E+00 B 1506000

il e -
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= = | =S
1.00E+00 / r -y & 1.00E+00
7

Bingkrgzizes
R
33838838838

SRF is 1.1

SRF is 1.7

SRFis 1.4

(a) Run 1 - Dry (b) Run 1 - Wet (GWT 50m & Hu=0.7) (¢) Run 1-Wet (GWT 30m & Hu=0.7)

Hu = pore pressure factor

QWT+ Groundwater table
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Mine closure considerations

Waste dump
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Mine closure considerations

Waste dump
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Mine closure considerations

Waste dump

Waste dump after closure conditions may require modifications such as cutback some areas to meet

stability conditions in the long term. Stability conditions after closure includes consequences on
natural systems or local communities.

Click to add Presentation Title
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Mine closure considerations

Implementation and monitoring

Figure 8.4: Deep Pit D ble LOS Displ. t Data Coll d from the TerraSAR-X Satellite between June 2014 and March 2019

Click to add Presentation Title
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Flowchart
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Risk management

Minerals Industry Risk Management (MIRM) Maturity Chart

= Mo care culture =« Elame culture =  Compliance culture +  Ownership culture = Wayof life
=  Apathy/resistance = Accept need to care = Some participation »  Involvernent at all levels +  Comes natural
= [Mear misses not = SO0ME near miss = Mear miss discussions = Mear miss imobement = Personal
considered reporting «  Acceptable = High level of invobvernent by all
=  Megligence = Some window dressing trainingy awarenes s trainindgy awareness o prevent
»  Dishonesty £.g. pre-inspection »  Established and good = Communication at a high level incidents
=  Hiding of mcidents cleanups and light duty commaumication channels hiding nothing »  Complete understanding
= Mo or little training = Disaplinary action = R:'g_ﬂ:' people inwolvernent =  Allinformed at all times
- Poor of no " Minimumyinconsistent and foous about everything
ication trainin =
o . Scxnegnrrlmnicatm ona Improve the Way we do business

nead-to-know basis systems
Prevent incidents before
Prevent a similar incident i
Accept that incidents Compliant
happen — =« Individually internafised
o 7 I L e

+  OHES Coord. driven improvement R
*  Administrator driven s OHES stds system and |50 + 150 14007 and OHSAS 13000 §1L;:ga::1?ﬂmall
«  Loose systems, elements of a Q002 or equivalent or equivalent i systems
i HS Management System *  Risk assessment through *+  Pro-active formal risk +  Self requlating style
*  Reactive approach «  Re-active rick existing systems assmt = Eliminate problems
= Mo systems assessment +  Total legal compliance *  Beyond legal compliance before aceur
* Mo risk assessment = Minimum legal comgiiance +  Strictly enforce the use of PPE | = Seek to activedy engineer out « Al threats considered in
«  Legal nan compiiance = Apply PPE as a way of where required {(knowing risk) process/equipment decision-making
»  Accept equiprment eliminating exposure +  Causal incident analysic inadequacies +  Systems
process decay = Incident investigation based on event potential *+  Incident learnings shared enhancement
= Superficial incident bat limited analysis *  Info sharing from events with all levels through external
imvestigation «  Focus on wiat «  Planned ccrupational hygiene | = Well designed plans/procedures evaluation/auditing
*  Poor investigation happened fervironmental maonitos ing *  [Focus on adt:;;g.t_: site
» Mo menitoring,/audits » Mo systems focus «  Perindical medical plans and proce 5
= Permit non-compliance *  Hurman fault focus examinations *  Integrated audite
»  Potential illegal practices »  Ad hoc monitoring +  Planned = Peer evaluation and discussion
audits monitoring//audits
» Mo ocoupational hygiene or = Safety meetings & talks
health initiatives = Some task observations

»  Reactive medical monitoring
= Monitoring as per requlations
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Risk management

Individual asset risks Maximum « Critical control e Control Risk
foreseeable execution (CCE) Effectiveness intelligence
- Fall of ground Loss (MFL), Critical control Test (CET) dashboard
. Likelihood and ¢ ontiearc (portal)
- Stope failure Residual Rick verification (CCV) « Remediation
- Subsidence Rating (RRR) + Critical control plan
surface cave observations . .
* Risk evaluation
(CCO)
- Etc (RE)

Risk Risk Monitor and Communicate

Identify risks :
assessment treatment review and learn

Click to add Presentation Title BH P
2 October 2024 41



Risk management

Bow tie

Implementation of design involves a risk management process and controls in place.

Geotechnical design is usually a critical control that requires other critical controls such as characterisation,
monitoring and ground control for an effective implementation.

Sites Example Scenarios for Sites Potential causes Preventive controls Mitigating controls

Overall wall failure (height 240 m)
Overall wall failure (height 60 m)
Overall wall failure (height 550 - 600 m)
Overall wall failure (height 650 m)

Overall wall failure (height 340 m) 1. Adverse rock mass quality 1. Geotechnical wall design
Overall wall failure (height m) 2. Adverse structural systems 2. Surface Water / Groundwater
Overall wall failure (height 50 m) 3. Excessive pore pressures management
Ol el LR (i tnn ety ) 4. Adverse natural conditions (tectonic earthquakes, 3. \Wet season preparedness
Failure propagation to Rancheria river rainfalls or wind) plans
2' Eg?lira%i?]ti‘f:Zgg%'na:§z§3?09n"t 4. Geotechnical characterisation 1. Emergency response
Failure creating tsunami at the bottom of ’ . - . . . i
pit lake d 7. Ineffective geotechnical monitoring (including S QA/_QQ /'as builts plan
piezos) 7. Monitoring and response
F"i‘l”ure pmp_zgaﬁon to Peak Downs 8. Ineffective ground control system
rallway corriaor ] g _ . o e -
Failure propagation to Denman (public) 9. Operational practices - Excessive b. Geotechnical reconciliation
road (Mt Arthur) deS|g(;1_/ex_ecut|on of drill&blast (blast damage) or 8.Ground control system
over digging i
Failure propagation to Los Colorados 9. Capablllty / QA/QC
extension
Failure propagation to Hamburgo
Tailings
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