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Geochemical Chalkacteristics
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Geochemical Chalkacteristics
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Geochemical Chalkacteristics

— BLW-02 .
e RGBS Extremely elevated in —,

—— BLW-06 SO seeps
—— MW-1A 4

—— MW-5

== Big Ledge Pit Lake

-
T
(@)
£
-
@)
e
(C
—
ot
-
v
O
c
@)
O




@

, Swdy @IJ 3 @IJanJ N Xe’rch@dJ

P
® e d

1R - D
" .-« - S - ?Q o LU

s

St Sl

Evcluc’re pl’r lake hydrology (flow ’rhrough or ’rermlnol)
Determine likely sources for water and solutes in the X
seepage, and identity potential flow paths
Isotopic fracers (62H, 8§80, §345) -
Mixing calculations and inverse geochemical modeling
Cross-correlations analysis =
Evaluate po’renhdl managemen’r and closure options |




Water Isotope Resullts
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WRF Seep
Groundwater
Pit Lake

A
/A Estimated Precipitation
(OIPC; Bowen, 2017)

-18 -17 -16 -15 —14 -13 -12

6180 (per mil)

P L T R TOIETNIT, TS g XS W Iy N A - T
" pABT T ‘.t"?‘-'“se PN T et T R e - R Oy L A

.
O

’rg‘ 3
-
:’—
=
-

<
|
]
&

'
%
\
s
-



Sulfur Isotope Results
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Isotope Mixingl Calculationss
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Cross-Correlation
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Cross-Conrelation Results

I 1.00 1.00 - Cross-Correlation of Chloride
0.75- 0.75- ‘/\
72 days Significance Level
0.50- 0.501
c 0.251 c 0.251
0 RS,
© ©
T) 0.00. E 0.00. .......................................................................................................................................
= =
o IS
O —0.25; O —0.25;
—0.50 —0.501
Significance Level Significance Level
-1.00+— : : : : i —-1.00— : : : :
0 200 400 600 800 " 0 200 400 600 800
Number of Days Number of Days




Inverse Modeling

Groundwater : Precipitation
(Mw-3a or Mw-5) | Pt Lake
=

Minerals
in WRF
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Inverse modeling can
indicate mixing relationships
and potential mineral
phases (e.g., Glynn and
Brown, 2012)

Various models were set up
with different groundwater
iINnputs and mineral
equilibrium assumptions

The inverse modeling would
be made more robust by
INcluding isotopes, but data

gaps exist



A vorle’ry of iInverse models are compo’rlble WITh S|’re
observations
All models include dissolution of sulfide minerals and
precipitation of metal oxyhydroxides and salts
The fraction of the pit lake is broadly similar to that

calculated using isotope mixing

Fraction of pit-
lake water in
seeps

Minerals Minerals Minerals Either
Dissolved Precipitated Ppt. or Diss.

Pyrite, Manganite,
sphalerite, gypsum,
fluorite, galena epsomite

Melanterite,

ferrinydrite 0.78-0.99
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Conclusions

* The Big Ledge pit lake is a flow-through system, which
discharges to surface water

‘ Meteoric precipitation

SO4~2,000 mg/L

Pyrite oxidation

/J\AI, As, Cd, F, Zn

S0O,4~20,000 mg/L



Conclusions
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The Big Ledge pit lake is a flow-through system, which
discharges to surface water

Multiple methods (isotope mixing and inverse geochemical
modeling) indicate that pit-lake discharge makes up at least
~75% of waste rock seepage

Mineral equilibrium (both dissolution and precipitation) is an
important process in controlling the mass balance of seepage
Groundwater flow in the area is likely fracture controlled
based on the hydraulic gradient and statistical analysis of |
travel time E
Isotopes are a useful method to evaluate pit-lake hydrology.,
and hydrologic studies should utilize multiple methods
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ﬁ De’rermlne ’rhe |so’rop|c composmon of sulfo’re
' salts and sulfide minerals specific to the site
« Calibrate a groundwater-flow model to quantify
- the pit-lake water budget
'+ Utilize predictive geochemical modeling to 2
evaluate different closure scenarios
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