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‘Extent of Butte mine workings (as of 1980)
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Water balance

Water inputs
Direct precipitation
— Only ~ 127/yr
Pitwall runoff

— Not quantified, believed
to be minor

Groundwater seepage

~ 10 million L/day

Surface water inputs
— Horseshoe Bend
— Diverted storm water

Water outputs

« Evaporation
— Roughly 24%/yr




deep Berkeley Pit Chemistry... changes with tim.e
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dissolved concentration, mg/L

Shallow Berkeley Pit chemistry... ch_anges with time
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Horseshoe Bend Springs

Tailings
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5 to 10 million L/day (more during active mining) |
pH~ 3.1, SC = 4.6 mS/cm, Cu = 62 mg/L, Fe = 200 mg/L
Lower SC, so floats on top of deep pit lake

Origin is disputed (almost certainly from tailings dam)



Resource Recovery:
Copper Cementation

Cu?"+ Fe —» Fe?"+ Cu

Over 40M 1bs Cu dissolved in B-Pit!
Process is 75 - 90% efficient



Sludge (from HSB treatment)

l

Cementation
return flow

Copper cementation circuit and lime treatment

sludge returning to surface of pit lake




Berkeley Pit: pH and Cu profiles over time
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Berkeley Pit: SC and Temp profiles over time

SC, mS/cm Temperature, C
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Why is Berkeley pit lake so bad?

Geology

— Leaching of acid and metals from wallrock

Evapoconcentration
— Stable isotopes to quantify E

Input of deep groundwater from
undetermined source with poor water
quality

Subaqueous pyrite oxidation



Geologic cross-section
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Humidity cell experiments
on crushed wallrock

(Newaough & Gammoﬁs, 2002
Environmental Geology 41, 705-719)
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Evaporation calculations: Butte mine waters
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Where is groundwater coming from?
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Subaqueous pyrite oxidation

Above water line
1)FeS, +7/20,+ H,0 >
Fes* + 2SO, + 2H*

Below water line

2) FeS, + 14Fe® + 8H,0 >
15Fe?* + 2S0,% + 16H*




Berkeley Pit: Fe profiles over time
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Iron Cycling Model: Berkeley Pit

Air column: Oxygen diffusion

Fe—oxidizing\ Fe3* | ——/| ferric precipitates
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Berkeley pit-lake minerals

SEM photos taken by Dick Berg at [CAL, Montana State Univ.

jarosite schwertmannite
KF‘33'HI(SO4)2(OH)6, | FeSHIOS(SO4)(OH)6 |



Pit lake sediment

BERKELEY PIT LAKE SEDIMENT CORE
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Depth from Surface: 705 ft
Latitade: 46° 1.04'
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Sampled: 11/31/99
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 Pit lake sediment is
~ oxidized to depth of 1 m

» Possible transformation of
- schwertmannite to “aged”
ferrinydrite and K-jarosite

Twidwell et al., 2006



Berkeley pit lake: Conceptual Model

« landslides
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