en, Colorado
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Control and! Prevention off ARD with
lihiecyanate
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Biooxidation of Sulfides and ARD

Little Bear Laboratories, Inc.




Agents; Inhibiting Pyrite Oxidizing
[Sacierna
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Viechanism of Action oft Agents: Inhibitery to
Acidophiles: Organic Acids andlARIGNS

pH in: ca. 6.5
Y = (+) inside

CH,COO" + H+
CH,COOH
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Thiocyanate as a Biocide for ARD
Prevention and Control: Attributes
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SCN Inhibition of ARD: Lab
Accelerated Weathering| I'ests




T'hiocyanate Prevenis Biocatalyzed ARD:
WeEekly ApplicationiE5OMeNVasieiRockH kg UmIdity Cells
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IThiocyanate Controls; Biocatalyzed ARD:
Begin SCNI Application to Waste Rock After 6 \WWeeks
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ARD Reduction withi SCIN:
Canin:=type pyrntic goldiere
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Advantages ofi Slow Release:
CuSCN retains effectiveness

Concentration (mg/L)
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-----CusCN, Fe ---A---KSCN, Fe —— SCN from CuSCN ---O0--- Cufrom CuSCN
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ARD Reduction withi SCIN:
Roerphyn/ Copperiiaiing; SYWIULS:




Mine-Site Tests: Large Columns
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ARD Reduction from Carlin Ore
with SCN: 13.6 tonne test




Mine Site Tests: Waste Rock at
100 Tonne Scale
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100 tonne scale results
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days after SCN application

---¢--TDS-1---¢0---TDS-2 Ao SO4-1 —A—S0O4-2
—e—acid-1 — o acid-2
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Fate of TThiocyanate/
Stapjlity at Low pH




SCNIBlodegradation:
Rapidiat. pH 7, None at piH 3.8/ to 4.7

SCN Biodegradation pH 7 No SCN Biodegradation at pH 3.8-4.7

days days

—o—cells —m— sterile —e—HC50-6 solids —=— sterile
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Atlempts, Tlo Adapt Microerganisms
9 Leow Concentrations: O SCI

m SCN above 10 mg/L inhibitory to Fe biooxidation;
previous exposure to SCN notwithstanding. S°
biooxidation similarly affected.

m Cells grown at low SCN concentration fail to adapt
significantly to SCN.

= No evidence of SCN biodegradation in columns
containing SCN-pretreated sulfide ore at pH 2.6-3.

m Slow degradation of SCN is consistent with abiotic
“autoreduction” of Fe-SCN complexes, producing
ammonia (Barbosa-Filho and Monhemius, 1994).




SCNIStability’ leward Chemicall &
BiclegicaliDegradation

FASTER CHEMICAL
REACTION BIOOXIDATION

Eh mv SHE

SLOW CHEMICAL
HYDROLYSIS
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Thiocyanate Application: inf Mining
Situations at Full Scale




Full=Scale Application of TThiocyanate to
Ereshly Generated Wastie Rock

10,000 tpal acia-generating waste rock
10,000 tpd non-acid generating waste rock

9,000 tpa ore
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A
' N\
AGITATED STORAGE TANK, 50-55% NaSCN SOLUTION
10 FT DIAMETER, 12 FT HEIGHT
7,000 GALLONS,
316 STAINLESS STEEL

4,000 GALLON BULK TANKER TRUCK
50-55% NaSCN SOLUTION
(UNLOADED BY TRUCK PUMP OR AIR PAD) METERING

PUMP
*_’

SPRAY APPLICATORS

ZAYZAYZAN

DILUTED
SOLUTION

AGITATED STORAGE TANK, 2.0 g/L NaSCN SOLUTION
200 TONNE HAUL TRUCK 10 FT DIAMETER, 12 FT HEIGHT
I ‘ 7,000 GALLONS

CARBON STEEL
BUNDED CONCRETE

CONTAINMENT AREA SUMP WITH PUMP — _/
~

EQUIPMENT LOCATED INSIDE
INSULATED & HEATED STEEL BUILDING
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Estimated Capital and Operating Costs
IHypothetical 25,000 tpaiming
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Stopping the Abjotic Component; of
ARD




Advantages: ol Phosphate
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ARD Control: Treatment ofi Oxidizing
Carniin=-lype Sulfidic:Orewith PO, Selution
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—# H20 leached —~&- SCN leached
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Prevention of ARD: Blending Fresh
Ore withi Selid PO, # SCN

— 4 control —#— SCNonly —A—HiProck SCN
--A-- Lo P rock SCN - -O0-- HiDical SCN  --¢-- Hi Dical
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SuUmmany. and Conclusions
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Summarny.and Coneclusions (con:t)
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