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Project Information

* Alarge gold mine in BC Canada, a historical
u/g mine, to be revitalized with open pit
mining;

* Components: North Pit, South Pit, U/G
Mine Workings, WRSF, TMSF, Stockpiles,
Water Storage Ponds, Process Plant, etc.

* LOM: 3 yrs of construction, 9 yrs of open
pit operation (by excavating & expanding
the u/g mine).

* U/G mine water level managed (by
pumping) since closure.
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Objectives & Methods

* Objectives:
v" To estimate gw flow into North Pit and u/g mine (South Pit above water table);
v" To predict active dewater wells for depressurization of the pit wall (with targeted
water level drawdowns) to support the pit slope stability design.
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* Methods:
v' Conceptual hydro/geological & 3D numerical gw flow model development;
v Steady-state flow simulations for existing conditions & pit
dewatering/depressurization, with bedrock formations/faults represented as
equivalent porous media;
Passive pit dewatering with drains;
Active pit dewatering with pumping wells;
Sensitivity analysis.
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14 Study Area: 9 km N-S, 10 km E-W, Topo Elev: 307 — 1759 masl, limited
overburden at mine site
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Conceptual Geological Model
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Conceptual Hydrogeological Model

| ¢ Unconfined/confined
At bedrock aquifer (hangingwall
andesite/mudstone, footwall
rhyolite/dacite of Hazelton,
Bowser Lake sedimentary
rocks, faults);

e Recharge / discharge zones;

e Kdecreasing in depths;

* Rapid infiltration (up to 50%
of precip, or over 1,000
mm/yr as recharge)
estimated into the u/g mine,
due to faulting & subsidence;

* U/G mine workings with
elevated transmissivity /
storage, managed water
level.
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Baseline Numerical Flow Model

* Model Grids:
v/ 25 mx 25 mto~ 100 m x 100 m horizontally;
v’ 257 rows, 249 columns, 8 layers (20 to 80 m thick for shallow
layers 1 to 4, up to 100 to ~200 m thick in deeper layers).
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West Cross-Section Along Row 42 East

* Flow Boundaries:

v’ Constant heads for lakes;

v’ Rivers for large rivers/creeks;

v’ Drains for small streams;

v' Drains for u/g mine workings
with managed water level
(765 masl);

v' Drains for passive pit
dewatering, and active pit
dewatering wells.
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Baseline Numerical Flow Model

* KZones:

v’ Decrease with depth from upper, to middle, and to lower bedrock;
v’ Calibrated to tested K available, assumed when no test data;
v High permeability fault from tested K, and for u/g mine workings;
v" Alignment with the conceptual model.

* Recharge Rates:

v Increased with topo elevations (orographic effects);
v’ Calibrated recharge equal to 9 to 16% of MAP beyond mine site,

37% of MAP at u/g mine.

masl mm/year Precipitation (MAP
Bl <600 254 9
IBFI 600900 338 13
IBERE  900-1,200 423 16
B 1200 423 16
BEE  U/G Mine 1,000 37
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lic Unit K Model
Unit Name HsU mfs Layer
Bowser Lake Group 1 5.0E-07 L1-L4
Faults 2 1.0E-05 L1-14
Upper

Bedrock Andesite/Mudstone 3 5.0E-07 L1-14
Rhyolite/Dacite 4 1.0E-08 L1-14
Undifferentiated Rocks 5 7.5E-07 L1-14
Bowser Lake Group [ 5.0E-08 L5-L6
N Andesite Creek Fault 7 1.0E-05 L5-L6
I::;i'fk Andesite/Mudstone 8 LOE07 | 516
Rhyolite/Dacite El 5.0E-0% L5-L6
Undifferentiated Rocks 10 7.5E-08 L5-16
Bowser Lake Group 11 5.0E-0% L7-L8
Lower Rhyolite/Dacite 12 | 20608 | U718

Bedrock
Undifferentiated Rocks 13 7.5E-08 L7-L8
U/G Mine Backiilled U/G Mine 14 1.0E-06 L1-L7
Fluvial Sedi 15 1.0E-05 L1-12

Overburgen Glacial Till 16 | 10e07 L
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Baseline Numerical Flow Model

* Model Calibrations:

v’ Target 1: measured average gw levels at 19 MWSs & VWPs;

v’ Target 2: measured/estimated stream low flows;

v’ Target 3: pumping rates from historic u/g mine water management;
v" Examinations for simulated flow patterns, recharge/discharge areas, etc;
v’ Statistics: NRMS < 4.9% (regulatory guides: 10% is good, < 5% is very

good), residual mean of -0.9 m).

Modelled Head (masl)
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Name Modelled Observed Stream Flow [/
GW Discharge U/G Mine Pump Water
0.17 m¥/z (Annual 7-Day Low Flow), 0.34
mifs [Summer 7-day Low Flow, Jun-Sept)
in 2020;
Creek 1 0.27 m3 ‘
ree m/s 0.27 m3/s (Annual 7-Day Low Flow), 0.66
m/s (Summer 7-day Low Flow, Jun-Sept)
in 2021
Creek 2 0.12 mi/s ~ % of Creek 1
U/G Mine 241 gpm 420 gprmn (Purnp 1), 525 gpm (average of

two pumps)
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Pit Dewatering/
Depressurization Model
* Steps:

v’ Active dewatering: perimeter / in-pit
vertical dewater wells (fully screened
with elevated K), 200 m apart, with drain
elevations set at well water in-takes
(required drawdowns of 0 to 40 m
behind the pit wall) for depressurization;

v’ Passive dewatering: drain cells in entire
pit for passive drainage, e.g., using drain
galleries or horizontal drillholes;

v’ Artificial observation wells: to check
simulated water level against the targets
between dewater wells;

v’ Zero recharge in the pit footprint (precip.
to be collected & diverted);

v’ Simulating to determine # of dewater wells, 48 OB wells, aSS|gned
wells required, depths, locations, inflows. — i —

Base Case Results
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Pit Dewatering/Depressurization Model

[From Pos: 411202413, 6278637 771
Nm— = -

* Base Case Results:
v’ 14 wells (8 perimeter wells, 6 in-pit wells),
required to satisfy depressurization targets at

EOM Year 9.
Pit Dewater Total Well Residual Pit U/G Mine .
Wells / Depths Inflow [Lfs) Inflow [Ls) Inflow L/} PSP RO mo SRR G .
14 wells with depth of -
1,938 min total o2 : - e pr o 150m 1om 10w 15iom \si5m

[From Pos: 411505042, 6260036 850 1 To Pos: 412326 152, 6279617 641]

BT S

* Sensitivity Analysis:

Inflow [L/s) BaseCase | Wet | Dry | Kx5 | K/5
Dewater Well Inflow 62 66 56 127 23
Residual Pit Inflow 2 2 1 ] 2 .
# of Dewater Wells 14 17 | 13 11 21 ...l ___Transverse Cross-section through pit bottom

125m 250m 375m 500m 625m 750 m $lm
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Lessons Learned

e For reliability and defensibility, model calibrations to multiple targets (e.g., WLs, stream
flows, pump rates), qualitative examination, mass balance (< 1%), statistics (NRMS < 5%);

e The approach adopted in this case study allows to predict dewater well inflow based on
hydraulic gradients/parameters (e.g., K), instead of specifying pumping rates which may
cause excessive water to be extracted and increase water management cost;

e The existing u/g mine workings made the pit dewatering/depressurization analysis more
complicated. A challenge was how to represent them appropriately. What we learned was
to assign drain cells for the u/g mine with managed water level for calibration, and then
delete them in the pit shell and replaced those below the pit with their actual elevations.
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Thank you! Questions?
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