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Topics Covered

o Whither Strategic Value?
e Abuses and Uses

* Falconbridge Examples
— Strathcona Deep Copper
— Onaping Depth
— Nickel Rim South
* Advancing model capability
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Abuses and Uses

Sophisticated model, >90% assumed data
Complex project, 1 model studied in detall

Risk assessment, no understanding of failure
mechanisms

High level model, upper & lower bounded input data:
preferred location £5m of permanent infrastructure

Calibrated, detailed assessment of stope-scale
stability/failure mechanisms

Calibrated, mine-scale assessment of preferred stope
sequencing to manage closure/pillar stresses
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Examples

STRATHCONA DEEP
COPPER MINE

— Challenges:

e Soft, high-grade copper +
pgm (high value)

 Birittle, burst-prone waste host
rock

« Complex, variable-dipping
multi-vein & stringer ore
geometry

 Influential structures: strong,
QD Dyke; Fraser #2 Fault

— Model Strategy, 1987-88:

« Evaluate the value of
replacing soft ore
incrementally over multiple
cuts with a stiff, cemented
rockfill

April 22nd, 2010
CEMI Seminar on Modeling, etc
for Fault-Slip Prone Deep Mines

y f; Graham Swan
Rock Mechanics & Mine Design




Examples

STRATHCONA DEEP
COPPER MINE (contd)

— 10 years of mining resulted
in the formation of heavily
loaded sill pillars, the
central dyke and various
waste gaps

» Experienced multiple 2.5-
3.0Mn FS events

— Model Strategy, 1999-07:

« Segquencing options which
mitigated sill & waste gap
stresses

 Identify opportunities to
effectively use well-located
de-stress blasts

* Did not address FS problem
on so-called E2 —type cross
structures
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Examples

ONAPING DEPTH PROJECT

— Challenges:

1000-1300m below drill base on 4900L

Exploration drift in Norites experienced
multiple “rogue” fault-slip events,
remote from active mining

g/_lethod-challenged because of shallow
Ip

Borehole breakout scans indicated large
variants in field stress

magnitudes/orientation o

Limited hard data on key structural
players

— Comparative Model Strategy, 1999-
2001:
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Relative stability of alternative mining
methods

Global Scale: De-stressing effect of
many vs few sill pillars

Cut Scale: Stability of various
alternative sill cut options
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ONAPING DEPTH PROJECT (contd)
— For selected Underhand Drift-and-Fill Method:

» Tolerance of engineered fill mat to a) gaps, b) floor heave, c) convergence, d)

dynamic loads

Cut scale
model:
static &
dynamic
loading of
fill mat
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Examples
NICKEL RIM SOUTH MINE

— Challenges:

» 2 Steeply dipping orebodies=blasthole
methods, a priori

 Proximity of orebodies= interaction
throughout LOM

o 2 very dissimilar ore types, separated by
a brittle, wedge-shaped waste pillar

o Copper+pgm orebody is soft, with
complex structured geometry

— Model Strategy, 2006-9:

» Locate permanent infrastructure locations
given mined-out mineral envelope, mean
value rock data and limited field stress
data

» Develop probabilistic Stability Graph
Model for HW Nickel Zone: Data driven

» Develop probabilistic numerical model for
complex FW Copper Zone: Data driven
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Examples

 NICKEL RIM SOUTH MINE (Contd)

— Contact Zone: Stability Graph Model
» Well-calibrated, Sudbury Operations-based
« Stability Number inputs use NRS field data distributions
« Obtain Confidence levels of Stability Number
» Strategic reduction in stope width, Primary —=> Tertiary
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« NICKEL RIM SOUTH MINE (Contd)
— Complex FW Zone:FLAC3 Stochastic Modeling

* Full range of strength testing, including systematic PLT of core at 1m intervals
» Uncertainty in location of copper stringer ore modeled — Ore:Waste distribution
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Depending on the local conditions, the sam
stope can have a wide variety of results
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Advancing Model Capabillity

* Develop more rigorous (but less precise) field data
*assay” technigues for Rock Properties, Structure &
Stress

— Obtain Rock Property & Field Stress Block Models

— ldeally 5m 3 which overlay Geological Block Model
» Address limitations, bias & cost of UCS testing requirements

« “Crude” tests, such as PLT and Kaiser Effect estimates, quite
acceptable given large quantities of data

« Develop explicit stochastic models which can easily
handle and clearly present large volumes of
Input/Output data

— At the end of the day, a practical mine design with a clearly
stated risk to Safety, Production and Recovery is needed!
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