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Hydraulic containment assessment of an underground
project located in the vicinity of a shoreline
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Mines today...

T T
g §' Model
2 B
& > 1.5
w E
0.75
2 Planned drillholds 057
a7 KRC741
Waste material
Oxide KKRC7(
— N o 60m@2.48g/t
Fresh A
KKRC76 ’
300 R +300]
INDICATED  [1]
INFERRED | |
BST i}
BSIT (il
Pl 00
I I L Looking North
N o o & 50, 100 150
North section +1292575.00 § e 2




Mines of tomorrow?
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Mines of tomorrow in the detail
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Hydrogeologcial conceptual cross-section
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Rainfall (MAP 2,183 mm/yr)

—) Surface water run on ¢ l Surface water run on /_/
Evaporation (PET 1,763 mm/yr)

o o [ Infiltration to lateral
o) > -- L tension cracks
Minor blanket i F
infiltration

Attenuation and
potential saturation
above fragmented

fine grained layer Preferential flow down

cave margins (little
fragmented material)

relict structures

Attenuation and
potential saturation above
Th fragmented fine grained
"Dry" panels because of LR S\ BT layer

Production panels

Drawbell

Bedrock K:
4.4x10"° m/s - 5.8x10" m/s

@ Mobilised material (porosity 0.15 - 0.3)
@ Void space (porosity 1)
@ Yielded material (porosity 0.02 - 0.08)
@ Yielding (seismogenic) material (porosity 0.01 - 0.03)
@ Elastic material (porosity 0.005 - 0.02)
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What can we evaluate?

|

B Aquifer Setting
I Muck Pile
B Fractures

——> Precipitation
—>» Direct Inflow

Cave Drawdown
—>» Groundwater Flow
—— Inflows

» 1. Groundwater inflows to underground infrastructures (including extraction levels, etc).
» 2. Surface water inflows to underground infrastructures.

» 3. Development of increased saturation within the cave zone through mine life + mud rush risk
based on moisture status and material types.
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3D GW model with FEFLOW
3D model and layering
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» Remeshing capabilities in FEFLOW with unstructured mesh (TetGen) enable to adapt the
mesh to complex geometries.

» Nodes can coincide with drain hole trace, tunnels, UG levels.
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3D GW model with FEFLOW
Complex geometries for UG infrastructures
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Model results — Effect of drain holes

Sustained flows in holes
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» UHGZ holes drilled as part of the drilling program are actively participating to the dewatering of the cave
area.

» The depletion on the phreatic level at surface over the cave footprint is expected to be limited in the
superficial units, but the UHGZ holes are effectively depressurize the zone receiving future infrastructures
P (extraction level, access tunnel, etc) in the deeper groundwater system taking place in the fresh bedrock.
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Predictive scenario - Fracture zone propagation
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I. » Fracture and cave zone are inserted in the numerical model on a yearly basis.
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3D GW model with FEFLOW
Fracture zone propagation and groundwater levels

Sea level

NW-SE view

Pore-pressure
(kPa)

I 10000 ... 11000
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8000 ... 9000
7000 ... 8000

8 6000 ... 7000
I 5000 ... 6000
I 4000 ... 5000
Il 3000 ... 4000
Il 2000 ... 3000
Il 1000 ... 2000
Il 0. 1000

» Linear interpolation of material properties over selected periods.
» Groundwater lenvel variation induced by the fracture zone propagation.




Main stages in the development of a mining project

Scoping i Feasibility- | | Detailed Project
Level fealiBllity Stud engineerin development
Study study 4 y i i

2-5 designs 5-10 designs

! }

Hydrogeological Necessity to simulate  Necessity to simulate
. 1-2 different designs 2-3 different designs
evaluation

as part of the study as part of the study
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Advantages of FEFLOW

» Unstructured mesh (TetGen): Accommodating complex
geometries of complex projects. Tool that can also easily

T00|S _ accommodate new underground designs.
available in

» Ti ' ies: . _
Feflow Time variant properties: Easy to use option to simulate the

cave and fracture zone propagation.
» Modulation functions: Easy to use to simulate the progressive

construction

Possibility to develop complex 3D groundwater models in
a timeframe coherent with the overall project

Expected workflow for 1 model
Small change in the
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LSteadé/_Sta(tjel > model local remeshing R model 02
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Significant change in the mine plan
requiring a complete remeshing
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Hydraulic-containment for different designs

Design 01

Design 02

Hydraulic-
head (m)

B 5250 .. 5300

5200 .. 5250

5150 .. 5200

5100 ... 5150
[ 5050 52100
I =000 5050
W 4350 5000
M 4500 . 4950
W 4850 . 4900
I 4300 ... 4350




Thank you for the opportunity
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