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Project goals
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Site description - Antamina

e Located at 4300-4800
MASL

* Alpine climate with
bimodal precipitation

* Cu-Zn skarn deposit

* Mills 130 kt/day

* 340 kt/day waste rock
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* Waste rock produces
drainage with circum-
neutral pH

 Metals of concern include
As, Cu, Zn and Mo




Antamina site
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East waste-rock pile
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East waste-rock pile
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Antamina site




Tucush waste-rock pile
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Multi-scale investigation
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1. Field cells.

2. Experimental
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Type A reactcve hlgh potentlal for Ieachmg

4 Type B — moderate potential for leaching
Type C — low potential for leaching (Clean)

2| Elements of Concern: Mo, Zn, Cu, As
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Molybdenum attenuation

® Attenuated in two mineral phases:
> Powellite (CaMoO,)
> Wulfenite (PbMoO,)

Powellite crystals




Field cells

* End member drainage compositions from
individual rock types

* Attenuation processes




Mo attenuation
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Data loggers:
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Volumetric Water Content
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* During a two-month
period:
— pH dropped

* pH7.72 pH6.4
— Cuincreased
* 0.01mg/L = 67.0mg/L
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— Znincreased
* 5.9mg/L 2 41.9 mg/L
— Accumulation of
predominantly amorphous

precipitate
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Project Description: Pile 2

Field Cell| Tipping |Associated| NP/ S C As Cu Mo Zn
ID Phase | Lysimeter | MPA (%) (%) |(ppm)| (ppm) | (ppm) [(ppm)
Range 0.06 - 1.90(0.2 - 4.26|0.05-0.17| 21-228 |612-7140| 265-429 | 33-439

Average 0.80 1.46 0.11 108 3096 340 231
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Project Description: Pile 2

Field Cell| Tipping |Associated| NP/ S C As Cu Mo Zn
ID Phase | Lysimeter | MPA (%) (%) |(ppm)| (ppm) | (ppm) [(ppm)
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Project Description: Pile 2

Field Cell| Tipping |Associated| NP/ S C As Cu Mo Zn
ID Phase | Lysimeter | MPA (%) (%) |(ppm)| (ppm) | (ppm) [(ppm)
Range 0.06 - 1.90(0.2 - 4.26|0.05-0.17| 21-228 |612-7140| 265-429 | 33-439
Average 0.80 1.46 0.11 108 3096 340 231
Tipping
shase 3 P2C 0.14 228 282 310
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Project Description: Pile 2

Field Cell| Tipping |Associated| NP/ S C As Cu Mo Zn
ID Phase | Lysimeter | MPA (%) (%) [(ppm)| (ppm) | (ppm) [(ppm)
Range 0.06-1.90|0.2 - 4.26|0.05-0.17| 21-228 |612-7140| 265-429 | 33-439
Average 0.80 1.46 0.11 108 3096 340 231
2-3A Tipping P2C 0.14 1.56 0.05 228 | 7140 282 310
phase 3
2-1B UELEHinEs P2B 0.06 4.26 0.09 21 1710 329 439

phase 1




Lysimeter & Field Cell Chemistry:

Cu
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Pile chemistry

o Concentrations
peak end of dry
season

o Loadings peak
mid-wet season

S04 concentrations (mg/l)

Pile 1 Concentrations
r 3

2.5
2

(1/3w) suonejualuod o g uz

+ SO4-DISS
u ZN-DISS
+ MO-DISS

S04 loadings
{mg/kg waste rock/week)

(12am/3204 a15eM By /W)
s3uipeo) o g uz

+ LOADINGS SO4
u LOADINGS ZN

+ LOADINGS MO




Scale effect: Zn loading (mg/kg/week)

E Location Wet season Wet Season Ratio
< Pile 1 3.3x103 e
& Field Cells 8.1x10°03 '
B Pile 2 1.0x1001 3.7
Q Field Cells 3.7x10 '
A Pile 3 6.1x1002 > 6
c Field Cells 1.6x1001 '
=S [pile 4 4.6x10°%
25 Field Cells: B 1.6x10703 3.6
Field Cells: C 5.8x10704 1.3
Pile 5 2.6x10704
Field Cells: A 1.0x1003 3.9
Field Cells: C 8.3x1004 3.2
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Conceptual model: Oxygen transport
effects

Thermal convection
Fully oxidized mineral

Zone of active oxidation

Less oxidation than under fully
aerobic conditions




Integration using mechanistic models
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