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Abstract

The heterogeneous distribution of physical and lyeical characteristics of waste rock has a maftwence
on the acid generating potential of the rock. Tihedudes controlling the rate and extent of wages and
thermal transport processes, which affect theabtxidation and leaching of oxidation productswvor
experimental waste rock piles at the Diavik Diambfide have been characterized in terms of partide
ranging from boulders to fines, sulfur contenthd bulk rock and individual size fractions of tleek, and the
acid generating potential of the rock. The develephof a digital image processing (DIP) technigtavigles a
means of characterizing spatial distribution of #h0 cm to boulder size fraction of waste rockmbiing the
DIP techniques with traditional sieve analysish# fine fraction provides a full-spectrum grainesdistribution
of the waste rock. The average sulfur content efttvo waste rock piles was determined to be 0.0356/5
(Type | pile) and 0.053 wt. % S (Type Il pilehdaboth rock types are determined to be potentdig
generating using standard acid-base accountingauigtidetailed analysis of the fine fractions fothbmck
types suggests that the acid generating poterittheovaste rock is not evenly distributed amongigla sizes.
Although both sulfur content and neutralizationgmtial increase with decreasing particle size, alacid
generating potential also increases with decregsanticle size. This research provides a greatderstanding
of the spatial distribution of rock characteristicat control the generation of acidic leachateaste rock piles.

I ntroduction

The heterogeneous distribution of physical and hewascal characteristics of waste rock, including
particle size and sulfur content, has a major erfize on the acid generating potential of the rock.
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Particle size influences the rate and extent otwafas and thermal transport processes, as wiikas
oxidation rate of sulfide minerals. The sulfide ot of waste rock, and the distribution of thdidel
minerals among various particle sizes, will alstuence the rate of oxidation and the potentialgoid
generation.

At the Diavik Diamond Mine, two uncovered experirte@nwvaste rock piles (test piles) have been
characterized in terms of particles size rangimgnfiboulders to fines, sulfur content of the bulkkro
and individual size fractions of the rock, and #wd generating potential of the rock. The two test
piles are referred to as Type | (low sulfide) arypd 11l (higher sulfide). The piles are 15 m highth

an upper surface area of 20 by 50 m, and side slap¢he angle of repose, approximately at 37.5°
(Figure 1). The piles were constructed by end daghpi a single lift using standard mining equipment
off a ramp constructed from low sulfide waste rock.
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Figurel. Type | (TI) and Type I1l (TIII) test piles with labeling of exposed faces used for
DIP particle-size analysis.

Particle Size Characterization

During test pile construction, samples of the <5® fmaction were taken to measure the particle size
distribution and sulfide content of the matrix niatke The particle size distributions of the Typtest

pile and the Type lll test pile were similar; howeyvthe Type 1l test pile has a greater proportén
fine particles compared to Type | waste rock. Ttreater proportion of fines in the Type 11l wasteko

is likely due to the higher proportion on biotithsst contained in Type Il waste rock, which ismmo
friable than the granite which makes up the bulkhefType | and Type Il waste rock (Smith, 2009).

A digital image processing (DIP) techniques wasettgyed to characterize the spatial distribution of
the waste rock size fraction greater than 10 crbawlder size (Chi, 2011). The DIP technique was
applied to photographs of the six exposed facab@fType | and Type lll test piles (Figure 1). Each
image was divided into 18 sub-regions (Figure 2w) @ region-growing algorithm was applied to each
sub-region to characterize the size of each indadigharticle greater than 10 cm. The image analysis
results were combined with traditional sieve analy® provide a full-spectrum particle size
distribution for each sub-region (Figure 2b). Imamealysis results show good reproducibility and
compare well with large-scale particle size measergs obtained by physical sorting.
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Particle size measurements for the six exposed faicthe Type | and Type Il test piles show a &ng
of particle sizes distribution, with the proportiohfines (diameter <10 cm) ranging from ~10% torove
40%. In general, the upper row of each face hasfgigntly more fine particles than the lower two
rows, and the lower two rows have more similariplartsize distributions (Figure 2B). These results
suggest that the upper portion of the pile couldeha higher reactive surface area associated heth t
finer particle sizes; however, the finer partidleesalso reduce permeability, potentially reducivager
and oxygen transport to the oxidation sites.
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Figure 2. (A) Digital image of face TIN with grid showing 18 sub-regions analyzed with the
DIP technique. (B) Particle size distribution curves for TIN obtained from image particle size
analysis with sieve analysis results for particle sizes <0.1 m. The individual curves are shown in
black: top row, dark grey: middle row, light grey: bottom row. Line styles and symbols
representing the six columns, numbered from left to right, are shown in the legend.

Sulfur Content and Acid Generating Potential

The average sulfur concentration of the <50 mmtifvacof the Type | test pile was 0.035 wt. % S (n=
242,6=0.019), which is towards the upper end of the atp@nal Type | waste-rock designation (< 0.04
wt. % S). Individual Type | test pile samples rathdem 0.0028 to 0.26 wt. % S. The average sulfur
concentration of the <60 mm fraction of the Typletdist pile was 0.053 wt. % S (n=27§50.037),
which is below the operation designation for TypemMaste rock (> 0.08 wt. % S). Individual samples
from the Type Il test pile ranged from 0.0085 t@0wt. % S (Smith 2009).

Discrete patrticle size fractions <50 mm showedaasing sulfur concentration for particle sizds25
mm for waste rock from both Type | and Type llittpses (Figure 3). Sulfur concentrations are more
variable for particles >1.25 mm have but lower thia@ finer fractions. Carbon content for the.25
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mm size fractions also increased with decreasimgcfasize. The Type | and Type Il waste rock had
similar carbon concentrations (Smith 2009).
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Figure 3. Sulfur distribution for discrete particle sizes for the (a) Type | test pile material
and (b) Type Il test pile material. Black symbols indicate average values and dotted line
indicatestest pile average.

The ratio of neutralization potential (NP) to agererating potential (AP) of the Type | and Tygde I
waste rock was determined for each size fractisuraghg that the analytically-determined sulfur
concentration consisted entirely of pyrrhotite withe composition FgsS [Fe:Syo], and the
analytically-determined carbon content consistediredp of CaCQ, which is consistent with
mineralogical observations (Smith 2009).

The NP:AP ratios of the <50 mm Type | waste rociged from 0.14 to 6.91 and averaged 1.49 (n=90,
0=1.40 Figure 4). Smaller particle fractions gerigrélad lower mean NP:AP ratios with fractions
<0.315 mm fraction being potentially acid genemtmhile the larger size fractions are of uncertain
acid generating potential. For Type Ill waste rodR:AP values for the <50 mm fractions ranged from
0.01 to 15.27 with a mean of 0.76 (n=3%3;1.67), indicating that the rock is potentially @ci
generating. Type Il had lower NP:AP ratios thae ffype | waste rock but with a similar trend of
progressively lower NP:AP values for fractions <ith (Smith 2009).

Geochemical analysis of effluent from the Type IBhow pH values regulalry below 4.5, SO
concentration above 1000 md,Lelevated concentrations of metals, and depldtedirity, indicating
that the rock is acid generating consistent withgrediction from acid-base accounting. For the€ellyp
test pile, geochemical analysis Effluent form thgpd | test pile has maintained a near-neutral pH
(ranged from 5.8 to 8), low concentrations of,§©500 mg L-1), Fe (< 1.4 mg L-1) and other metal,
and contains measurable alkalinity, indicating thatrock is not acid generating in the initialggts of
leaching (Smith et al., 2009; Bailey et al., 2009).



Proceedings Tailings and Mine Waste 2011
Vancouver, BC, November 6 to 9, 2011

@ (b)
10 4 10 1
> ™
o) _1 Qq ]
IR B 3 11 e e
< v =] = 7T =T
—— [} 0 -
é /// /////// % /// T
201{ /.y 2014 ¥ AT
> // y < /s
< I/ < // //
I/ I/
oordll ‘ ‘ ‘ ; oordlf , , , : : :
00 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14
NP (kg tonne™* CacOg) NP (kg tonne ! cacos)
Figure4. NP:AP ratios for all particle size fractions for (a) Type | test pile material and (b)

Type I11 test pile material. The average values for NP:AP are illustrated by the larger symbols.
NP:AP < 1indicate potentially acid generating waste rock, 1 < NP:AP <3 indicate uncertain acid
generating potential, and NP:AP > 3 indicate non-acid generating waste r ock.

Conclusions

This research indicates that at the large anddaae, the non-uniform distribution of various veast
rock characteristics will affect physical and geerical processes controlling the rate and extent of
sulfide mineral oxidation and leaching of acidiaidage from waste rock. At the large scale therfine
particle size distribution toward the top of thdepcan potentially influence the available sulfide
surface area, and the rates of water and gas Abwhe fine scale, the distribution of particleesiand
sulfide content will control sulfide oxidation. $idie oxidation and the neutralization potentialtioé
waste rock control the effluent quality from largeale waste-rock piles.

This research provides a greater understandingpeofspatial distribution of rock characteristicsttha
control the generation of neutral and acidic mire@rdhge in waste rock piles, and highlights thednee
for thorough characterization of waste rock prapsrat multiple scales.
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