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Example - Nickel Plate Tailings pond
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¢ Oxygen and Hydrogen lIsotopes
o Overall importance as a tracer
o Analysis and results
* Isotopic fractionation / equilibration
s Isotopic Signatures of solid and liquid phases
e Isotopic variations in hydrological systems

¢ Isotopic variations in mining environment

o Mixing
o Oxygen shift

e Example: Nickel Plate tailings pond
s (Sulphate, '*0 and D)

e Hydro-chemical model
e Stable isotope Mixing model

s Calculation of leakage from the tailings pond

o Conclusion and prospects for future studies



Relative abundance and half-lives of oxygen and hydrogen isotopes

Isotope Relative Nuclear stability Half-life*
L abundance
2o radioactive tens of seconds
50 radioactive tens of seconds
0 99.759% stable
0 0.037% stable
B0 0.204% stable
Y0 radioactive tens of seconds
- H ~ 99.9853% stable
?H (deuterium, D) 0.0147% stable
*H (tritium) radioactive 12.26 years

*For radioactive isotopes only

Stable isotopes are analyzed using a mass spectrometer.
80 is determined by equilibration with carbon dioxide
D is determined by uranium reduction
Analytical results are expressed as “permil” differences
(denoted by 5'80%o and SD%o from S;VIOW (Standard Mean Ocean Water)
Analytical precision is + 0.15 for 0% and + 1 permil for D.
Permil differences from the SMOW are defined as follows:
8D = {[(D/ﬁ) sampte — (D/H) smc;w] 1 [(DIH) spow]} x10° %o

580 = {{(*0/°0) sampic ~ (0/°0) snsow] / [ (07" O)sriowl} X107 %o

While naturally-occurring tritium has been rarely reported, tritium fallout
derived from hydrogen bomb tests conducted in the 1950°s is still detectable in
the long-cycled groundwater systems. Detectable concentrations of tritium in
groundwater indicate that the groundwater was recharged less than 45 years.

Tritium concentrations are expressed in tritium units (1 TU=1 'Hx 10" 'H)
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Nickel Plate Mine
Nickel Plate Stable Isotope Data
statistics

Sample del O-18 |{delD

RTG (Feb 3) -16.79 -128.6

NPM Cr -16.93 -128.5

Cahill 1 -16.88 -129.5

Canty Pit -16.97 -129.5

Cahil 3 -16.82 -128

S-dmp snow -29.96 -220.7

Spring @ H. Rd. (Feb 3) -16.21 -124 .4

Cahil 3 Snow -21.52 -168.7

Seep from Pond -14.96 -120.1

SS upper -17.12 -128.9

Iso Tailings -13.19 -111.9
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Isotopic Modelling of ARD

What affects isotopic values of ARD?

1) Original waters
2) Oxidation rate (80, = +14%0)
3) Neutralization

4) Residence time (i.e. hydraulic permeability)

Observations:
1) Pyrite oxidation under laboratory conditions suggests a positive 5'%0-

shift in the water (Taylor and others 1984),
2) ARD Effluent from Sullivan Mine shows an oxygen shift (Lepitre et al.
2000).

How to model?

A vector can define the chemistry of each original water type, rock, and _air.'

In the case of & D and & 0, chemical vectors are defined in a two-dimensional

space
Mixing is mathematically simulated by addition of two vector compositions.

Water/rock/air interaction is simulated by a scalar product.
[ARD] = {s[S] + p[P] + g[G]} * {r[R]} ¢ {a]A]}

[S], [Pl [G]s [R], [A] and [ARD] are chemical vectors for surface waters,

precipitation, ground water, rock, air and ARD effluent respectively



Conclusions

Oxygen-18 and deuterium analysis contributes to the understanding
of a variety of problems in mineral industry effluent studies, such as:

e The source of the effluent (recharge) and its seasonal variations
s Oxidation rate, neutralization efficiency
o Hydrological parameters (e.g. leakage and mixing rates)

Oxndahon and water/rock interaction can leads to an oxygen shift (
0 enrichment) in the fluid phase.

Interpretation of isotope data is commonly quantitative.
Data modelling is based on distinct isotopic values of different
phases.

In Nickel Plate Mine, stable isotope data indicates that tailings pond
waters have undergone extensive isotopic fractionation (defining an
evaporation slope of D/ = 3.9). A slope close to 8 defines local
meteoric waters.

Seépage waters plot along the evaporation line midway between the
surface waters and the tailings pond sample, indicating a 1 to 1
mixing between groundwater and tailings pond waters.

A mixing model based on stable isolopes and sulphaic waicail al
the leakage from the dam by-passes the collection and pump-back
system at a rate of ) 0.1 Vs.

A stable isotope study is a cost-effective method for assessmeni of

. mineral industry effluent problems, especially when the problem is
dominantly hydrological (e.g. recharge, discharge, and mixing).

Current and Future Research Projects on application of stable
isotopes include areas related to hydroelectric reservoirs engineering
and Water Resource Engineering.






