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RAISEBORE DESIGN AND BACK ANALYSIS, THE MGT WAY

Design

Interpret

* Design

*  Empirical (M&S) or

* Appropriate Failure criterion with discrete
structures in 3D inelastic models

Monitor
* Water loss
*  Seismicity generated

* Rig data (often hard to get due to contractor
protection)

* Oversize reporting to bottom of the raise

* Verify

* Video
* Lidar scan for “as built”

* Water ingress on structure, stress breakout,
blocky fall out

= MINEGEO T ECH

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



DESIGN A
Interpret
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DESIGN - ROCK MASS FAILURE CRITERION 3D INELASTIC MODELLING 2020'S

Geotechnical investigation hole along axis of raise

 ATV-OTV down the drill hole

Discrete structural orientations from ATV-0OTV

Properties from logging

* Geotechnical logging of core establishing domains

* Consolidated drained triaxial testing in “solils”

* Hoek Cell single stage triaxial and BDT testing in
rock (trans and fresh)

* Appropriate Failure Criterion in 3D inelastic models

SAPROLITE DOMAIN

TRANSITIONAL DOMAIN
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DESIGN - ROCK MASS FAILURE CRITERION 3D INELASTIC MODELLING 2020'S

Mohr-Coulomb for “solils”
* Consolidated drained testing for material properties
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* Establish water table
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*  Socket Design for excavation (Stress reduction
factor approach) when weak saprolite not stable to
raisebore
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Mass concrete pour
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DESIGN - ROCK MASS FAILURE CRITERION 3D INELASTIC MODELLING 2020'S

®* Mohr-Coulomb for “soils”

* Pile design - connection from mass
concrete into transitional

* Spacing related to structural spacing
from ATV

* Every second hole drilled and then
installed, grouted, then repeat

* Temporary prior to shotcrete spray

o 5
I =

1 e SUD

B sual ek, e

A F '

& : “\& “\\\\\\\m 23

V T ny
ir\\x\\\\i%iﬁgi}\\\\\\i.\i \&m n\'{%}\\é \

e g
~clisaass =




DESIGN - ROCK MASS FAILURE CRITERION 3D INELASTIC MODELLING 2020'S

Transitional rock mass
* Structure from ATV-OTV
* Cannot generate mesh in the model

* Take arock mass approach with GSI from logging
(Hoek et al 2013)

Unstable in model from element yield and volumetric
strain

Breakout modelled without piles

Face stability also tested by staging the model and
establishes a zone for not lowering the head

1m of face
Instability

0.7m of
breakout
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DESIGN - ROCK MASS FAILURE CRITERION 3D INELASTIC MODELLING 2020'S

Fresh rock

* Discrete structures built within the model allows
testing for kinematically unstable blocks

*  Compare the investigation hole with other data
sources

* Resolved blocks that are present but unable or can
enter the raise for walls and face

* Consider probabilistic and discrete approaches

* Remaining raise is tested for yielded elements
considering structure properties and factor of safety




DESIGN - ROCK MASS FAILURE CRITERION 3D INELASTIC MODELLING 2020'S

Fresh rock

Review intact failure modes on triaxial samples and
IS

esta
Esta

Raise Is tested for yielded elements considering

O

O

IS

N variance or upper and

ower bounds

N stress settings to test t

ne model over

structures properties and factor of safety (then

consider volumetric or shear strain as required and

appropriate (massive — anisotropic rockmass)

In this case — no damage is forecasted in the fresh

rock
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-208mRL
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MONITOR
Design
Interpret
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MONITORING

Drillers records
* Shift advance
* Rig detalls

Water loss on fault

* Dirillers ground conditions

® Seismic activity when reaming

® Water loss when drilling (how much grout is

added to control water loss)
* Investigation hole
* Pilot hole

® Water ingress

* Investigation hole, piloting, reaming
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MONITORING - DRILLERS PLOD

DAILY DRILLING SUMMARY
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MONITORING - DRILLERS PLOD

penetration and ground rank 4.5m diameter raise D”l.l.ers Commeht GrOund Ranklng

Good Ground / competent ground 1

Good / blocky ground 1.5
Blocky patches / good

Blocky ground 2

Blocky broken ground
Very blocky ground

Blocky broken ground rock stuck on 3.5
reamer
Broken soft

Lost face 4
Broken Ground 3 & 4 stalls

Very broken blocky ground 5
multiple stalls
Spud in / face kept falling away,
very blocky big slabs

Penetration rate is not necessarily related to the
ground conditions at the face
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MONITOR - DRILLERS PLODS AND M&S FACE STABILITY SPAN

—— Drillers Ranking
Face Stability

Driller's Ranking v/s Face Stability
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MONITORING - SEISMIC RECORDS - FILTER THE AREA - NUMBER OF TRIGGERS

Penetration location with time and allseismic activity
corrected for part shift drilling

Penetration location with time and >6T seismic activity
corrected for part shift drilling

Penetration location with time and >8T seismic activity
corrected for part shift drilling
seismic spatial filter stops at 9300RL

Penetration location with time and >8T seismic activity
showing part shifts in advance
dyke crossing shown in RL
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MONITORING - SEISMIC RECORDS - FILTER THE AREA - NUMBER OF TRIGGERS

Plan view of events response to raisebore RL and North view of events
(bubble for number of sensors) (smaller bubbles are large events (all all events below zero)) (bubble for number of sensors)

O o

o o
Plan view of events >6T RL and North view of >6T

= 0.8246
(bubble for number of sensors) ;2 e 818: (bubble for number of sensors)

residual error

O o
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Plan view of events >8T - RL and North view of >8T

(bubble for number of sensors) (bubble for number of sensors)
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VERIFY A
Safe access
Interpret

High value critical capital infrastructure that our
mines are dependent upon

High resolution spatial data can be delivered
~MINEGEOTECH

with support analysis and interpretation
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VERIFY THE OVERBREAK ALONG THE RAISEBORE AGAINST

FORECAST PERFORMANCE - CASE 1

Raisebore overbreak case review
Overbreak analysed every 0.25m

Entire raise approximately 180ms of
overbreak

* Total overbreak in this raise Is
approximately 7%

05% of that material from the lower 45m of
the raise

* OQOverbreak in the lower 45m Is around
237%
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<] MINELIDAR
VERIFY THE OVERBREAK ALONG THE RAISEBORE AGAINST |

FORECAST PERFORMANCE - CASE 1

RQD/Jn
——0O/B Area

M&S - Max Span Wall Value and Overbreak Surface Area (SRF20) RQD/Jn and Overbreak Surface Area

Max Span Wall (m)
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VERIFY THE OVERBREAK ALONG THE RAISEBORE AGAINST ‘

FORECAST PERFORMANCE - CASE 2

° ooms3 calculated frOm the LIDAR scan Comparison of calculated maximum span against measured overbreak

* OQOverbreak In this raise was less than 3%

Primarily attributed to stress spalling the length
of the raise

meter

Overbreak results correlated well with areas of
lower maximum stable span values

* A key observation is that whilst the raise is
stable it doesn't mean no overbreak
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INTERPRET

Structural controls
Stress orientation
Rock mass yield criterion

Interpret
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INTERPRET - STRUCTURAL CONTROL

® Best seen by spinning around the point clouds

® Failure mechanisms can be a combination of

factors
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INTERPRET - STRUCTURAL CONTROL
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INTERPRET - STRUCTURAL CONTROL
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INTERPRET - STRUCTURE CONTROL

Moderate increase of overbreak R

around structure o SRR L

Raise was wet 3 R

*  But not associated with . D e
overbreak in the raise. Ve S e ) X

Overbreak
up to
0.8m P oE: s ST RER

Structure
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INTERPRET - YIELDING MECHANISM
STRESS SPALLING AND DOG EARING - STRESS ORIENTATION

! Fall out (dog earing) due to stress
~  Larger than design diameter

f‘?’

Buckling due to

stress. Smaller than
design diameter
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INTERPRET - STRESS SPALLING

W VINS R =V =
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INTERPRET - STRESS ORIENTATION - ROTATION

W VINS R =V =
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CONCLUSION

Raisebore are high capital expense and LOM
iInfrastructure that should be assessed, the loss of
these infrastructure has critical impact on mine

production

®* The process for Raisebores can and
should be done better

* Diamond investigation hole

* |ntact rock properties to obtain Hoek-Brown
criteria

* Rock mass logging
* Structure from ATV

* 3D Non-linear finite element modelling in
conjunction with discrete structural analysis
using relevant voids.

Note M&S stable - is nhot no overbreak or no face
Issues, its not collapsed

Design

Interpret
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W MINELIDAR

CONCLUSION

® Raisebore are high capital expense and LOM

Infrastructure that should be assessed

® The Design process for Raisebores can and

should be done using non-linear finite element
modelling in conjunction with discrete structural

Design analysis. M&S stable - is not no overbreak or no
face issues
® Use all available data sources to reaming

the performance of the raise by
undertaking a video and lidar scan. Compare
performance to the forecast - not just empirical
but from numerical models.

the rock mass strength and damage,
structural controls, understand the in-situ stress
and requirements for ground support

Interpret
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DESIGN, MONITOR, VERIFY, INTERPRET

b

THIS IS
THE WAY
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WANT TO EXPLORE MORE?

Get in touch with our team at MineGeoTech to find out how we can help
you maximise value through innovation
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