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GIANT MINE 
STABILIZATION OF ARSENIC TRIOXIDE DUST 

 

1. INTRODUCTION 

Over the past twenty years there have been several studies to measure the physical and 
chemical properties of the Giant Mine arsenic trioxide dust: 
 

• Geocon Inc. (1981) – sampling & geotechnical properties 
• Jenike & Johanson (1982) – flow properties 
• Royal Oak Mines Inc. (1998) – chemical analysis 
• CANMET (2000) – chemical properties 
• Lakefield Research (2002) – physical and thermal properties 

 
Sections 2 to 6 of this report provide a summary of the relevant test results, including a 
brief description of the methods used. 
 
An overall summary of the dust properties is presented in Section 7. 

2. MINE BACKFILL SAMPLING PROGRAMME, GIANT MINE 
GEOCON INC, (1981) 

Geocon collected and tested arsenic trioxide dust from seven of the arsenic stopes 
(B208, B230, B233, B234, B235, B236 and C9) during the summer of 1981.  Samples 
collected from these stopes represent dust that was placed from 1951 to 1980.  
Boreholes were completed using a reverse circulation drill, with one borehole installed 
in each of the stopes.  A complete list of samples is provided in Table 1.  Most of the 
samples were collected using a split spoon sampler.  Some of the samples from B233, 
B234 and C9 were collected using a Shelby tube sampler.  Bulk dust samples were 
also collected from each stope. 
 
The samples were submitted for physical tests, including Atterberg Limits, grain size, 
density, specific gravity, angle of repose and angle of internal friction.  All of the 
laboratory tests were done using ASTM Standard Methods.  The results are provided 
in Tables 2 through 7. 
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In 1982, the Giant Mine Laboratory completed arsenic and gold analyses on the 
Geocon dust samples.  Results from these tests are provided in Table 8. 
 

TABLE 1 
Dust Sample Locations 

(Feet below ground surface) 
 

 Stope Number 
Sample 

No. 
B208 

(1962–1964) 
B230 

(1951–1952) 
B233 

(1952–1956) 
B234 

(1956–1958) 
B235 

(1958–1962) 
B236 

(1958–1962) 
C9 

(1976–1980) 
Split Spoons       

1 
138’4” – 
148’4” 

 145’3” – 
167’4” 

 123’0” – 
149’10” 

144’0” – 
157’9” 

109’0” – 
110’6” 

2 
147’7” – 
149’6” 

 178’10” – 
182’3” 

125’0” – 
126’6” 

176’ – 
177’6” 

162’6” – 
168’8” 

122’6” – 
128’ 

3 
152’4” – 
154’4” 

 189’2” – 
190’8” 

 194’2” – 
195’8” 

192’6” – 
199’4” 

134’6” – 
138’6” 

4 
167’10” – 

169’4” 
 218’10” – 

221’6” 
144’8” – 
146’8” 

213’6” – 
215’0” 

222’6” – 
227’8” 

142’3” – 
158’9” 

5 
188’10” – 
190’10” 

  172’8” – 
176’6” 

217’9” – 
219’3” 

 162’9” – 
167’9” 

6 
   178’8” – 

192’8” 
  174’1” – 

178’7” 

7 
   188’8” – 

207’0” 
  170’11” – 

242’3” 
Shelby Tubes       

1  225’ – 251’      

2 
 253’6” – 

265’ 
     

3 
   132’8” – 

135’2” 
   

4 
      140’ – 

142’6” 

5 
  230’ – 

232’6” 
   158’7” – 

161’5” 

6 
  222’1” – 

224’7” 
   170’11” – 

173’5” 
Prepared by: DDS 

Checked by:CK 
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TABLE 2 
Atterberg Limits 
(Geocon, 1981) 

 

Stope B230 B234 B236 
Liquid Limit inconclusive inconclusive inconclusive 
Plastic Limit 24% 20% 19% 

Note: tests completed on bulk dust samples. Prepared by: DDS 
Checked by: CK 

 
 

TABLE 3 
Grain Size 

(Geocon, 1981) 
. 

Stope B208 B208 B230 B233 B234 B235 B236 
Sample 1 4 1 4 3 2 Bulk 
% <0.045mm 98.2% 100% 100% 100% 100% 90.8% 100% 

Prepared by: DDS 
Checked by: CK 

 
 

TABLE 4 
Dry Density 

(Geocon, 1981) 
 

Stope B208 B230 B230 B233 B234 B235 B236 C9 C9 C9 
Sample Bulk Bulk 1 Bulk Bulk Bulk Bulk Bulk 2 5 

Max* (p.c.f) 69.1 77.3  82.3 85.3 84.2 74.6 91.1   
Min* (p.c.f) 39.7 48.3  50.7 55.6 53.3 41.6 55.1   
In-situ** 
(p.c.f) 

  101.3      96.2 83.7 

% moisture   10.1      1.6 0.6 
* ASTM STP No.523 (1973) Relative density involving cohesionless soils. Prepared by: DDS

Checked by: CK** Determined from weight and volume of recovered samples in Shelby tubes.  Due to 
sampling conditions, values are not considered representative by Geocon, with 
the possible exception of Stope C9 sample 5. 
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TABLE 5 
Specific Gravity 
(Geocon, 1981) 

 

Stope B208 B230 B233 B234 B235 B236 C9 
Sample 1 1 3 3 2 Bulk 3 

Sp. 
gravity 

3.22 3.17 3.15 3.23 2.59 3.79 3.06 

Note: Standard procedure was performed using alcohol instead of water. 
Prepared by: DDS 

Checked by:CK 
 

TABLE 6 
Angle of Repose 
(Geocon, 1981) 

 

Stope B208 B230 B233 B234 B235 B236 C9 
Sample Bulk Bulk Bulk Bulk Bulk Bulk Bulk 

Board - - 58.0° 55.5° 52° 57° 49° 
Cone 4 ¼” 
Base 

- - 49.4° 55.5° 48° 52° 50° 

Cone 10” base 46.4° 47.7° 46.7° 46.1° 46.7° 48.7° 48° 
Note: Tests by 10” base cone were found to be more 

consistent.  Therefore, testing by the other two methods 
was not completed for all samples. 

Prepared by: DDS
Checked by: CK

 
 

TABLE 7 
Angle of Internal Friction 

(Geocon, 1981) 
 

Stope B230 B236 C9 
Sample Bulk Bulk Bulk 

Cohesion 
intercept 

0 0 0 

Angle of friction 35° 33° 34° 
Prepared by: DDS 

Checked by: CK 
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TABLE 8 
Chemical Analyses (Giant Mine Laboratory, June 1982) 

 

Stope Sample Arsenic Gold Comment 
  (%) (opt)  

B 230 1 35.08% 0.67 Shelby Tube 
 2 46.77% 0.63  
 3 47.40% 0.85 Shelby Tube 
  43.08% 0.72 Average of discrete samples 
  50.56% 0.76 Bulk sample - vacuum 

B 233 1 48.03% 1.23  
 2 40.76% 1.27  
 3 31.28% 1.40  
 4 31.92% 1.49 Average of 2 samples 
 5 30.02% 1.50 Shelby Tube 
 6 34.44% 1.35 Shelby Tube 
  36.08% 1.37 Average of discrete samples 
  47.08% 0.88 Bulk sample - vacuum 

B 234 1    
 2    
 3 27.81% 2.66 Shelby Tube 
 4 29.0% 2.46  
 5 42.0% 2.18  
 6 38.2% 2.34  
 7 38.8% 2.18  
  35.16% 2.36 Average of discrete samples 
  35.70% 2.44 Bulk sample - vacuum 

B 235 1 56.5% 0.74  
 2 52.8% 0.75 Average of 2 samples 
 3 59.2% 0.90  
 4 49.9% 0.86  
 5 57.2% 0.83  
  55.12% 0.82 Average of discrete samples 
  58.00% 0.60 Bulk sample - vacuum 
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TABLE 8 
Chemical Analyses (Giant Mine Laboratory, June 1982) (cont’d) 

 

Stope Sample Arsenic Gold Comment 
  (%) (opt)  

B 236 1 38.8% 0.76  
 2 49.6% 0.88  
 3    
 4 53.4% 0.80  
  47.27% 0.81 Average of discrete samples 
  60.67% 0.27 Bulk sample - vacuum 

B 208 1 45.98% 0.28 Average of 2 samples 
 2 56.25% 0.30  
 3 67.31% 0.41 Average of 2 samples 
 4 65.73% 0.35  
 5 57.83% 0.38  
  58.62% 0.34 Average of discrete samples 
  51.51% 0.19 Bulk sample - vacuum 

C 9 1 40.76% 0.20  
 1A 66.13% 0.17  
 2    
 2A 73.06% 0.09  
 3    
 3A 74.21% 0.08  
 4 50.50% 0.06 Shelby Tube 
 4A 68.44% 0.06  
 5 70.01% 0.05 Shelby Tube 
 5A 68.44% 0.07  
 6 56.20% 0.06 Shelby Tube 
 6A 71.52% 0.09  
 7 70.36% 0.14  
  64.51% 0.10 Average of discrete samples 
  59.60% 0.16 Bulk sample - vacuum 

Prepared by: DDS 
Checked by: CK 
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3. FLOW TEST RESULTS FOR ARSENIC SAMPLE.   
JENIKE & JOHANSON LTD. (1982) 

Jenike & Johanson tested the flow properties of two of Geocon’s bulk samples (from 
stopes B235 and C9).  A limited set of tests was completed on both samples to 
determine which sample had the worst flow characteristics, and that sample (B235) 
was subjected to a complete set of tests.  Testing was conducted at the as-received 
moisture content of 0.7%. 
 
Flow properties were expressed in terms of bin dimensions and maximum hopper 
angles at three residence times.  Bulk density was also determined.  Test results and 
diagrams of the three bin types with key parameters identified are provided in 
Appendix A.  The bulk density data is provided below. 
 

TABLE 9 
Consolidation vs. Bulk Density (Stope B235 Sample) 

(Jenike & Johanson, 1982) 
 

Major consolidating pressure (lbs/ft2) 29 62 172 372 806 1746 3780 8187 
Bulk density (lbs/ft3) 57.2 61.9 68.7 74.4 80.6 87.3 94.5 102.3 

Prepared by: DDS 
Checked by: CK 
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4. ARSENIC TRIOXIDE MANAGEMENT, GIANT MINE NT  
ROYAL OAK MINES INC. (1998) 

Royal Oak Mines prepared a report outlining arsenic trioxide management practices 
and options for permanent disposal, as per the Giant Mine’s Water License.  This 
report included results of chemical analyses on a composite sample of arsenic trioxide 
dust that was collected in September, 1997 from the baghouse.  The results are 
provided in Table 10. 
 

TABLE 10 
Analysis of Baghouse Dust 

(Composite Sample September 1997) 
 

Parameter Unit Giant Lab Lakefield Maxxam 
As % 66.09 68.5 58.10 
Sb % 1.05 1.16 1.39 
Fe % 2.50 1.50 1.61 
Al ppm  5500 2540 
Ba ppm  15 2 
Be ppm  <1.0 <0.1 
Cd ppm  <5.0 1.1 
Ca ppm  3900 3540 
Cr ppm  14 11.3 
Co ppm  20 17.1 
Cu ppm  350 143 
La ppm  <50 1.61 
Pb ppm  490 453 
Li ppm   2.9 

Mg ppm  2600 2270 
Mn ppm  80 94.1 
Hg ppm   14.3 
Mo ppm  <10 1.9 
Ni ppm  44 41.3 
P ppm  62 41 
K ppm  1600 178 
Se ppm  <50 <1 
Si ppm   429 
Ag ppm   3.1 
Na ppm  390 185 
Te ppm  <10  
Tl ppm   0.13 
Sn ppm  <20  
Ti ppm   12.7 
U ppm   <50 
V ppm   10.9 
Y ppm  <5.0  
Zn ppm  170 137 
Zr ppm   1.27 

Prepared by: DDS 
Checked by: CK 
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5. RECOVERY AND PURIFICATION OF ARSENIC OXIDE – GIANT 
MINE.  CANMET (2000) 

CANMET was contracted by DIAND to investigate options for producing a purified 
arsenic oxide product suitable for sale.  The options investigated were hot water 
leaching of arsenic trioxide dust and resublimation of the dust.  During the course of 
these investigations, the solubility of arsenic trioxide dust at various temperatures was 
determined.  Mineralogical examinations were completed to evaluate the nature of the 
feed and products.  Testing was completed on four samples, including composite 
samples of dust collected in April, 1997 and January, 1998, and dust from Chamber 
212 and 236.  Dust was placed in these chambers from 1965 to 1971 and from 1958 to 
1962, respectively.  The two chamber samples were retrieved by Giant Mine staff.  
The two composite samples were probably collected from the baghouse.  The 
mineralogical examination consisted of X-ray diffraction and scanning electron 
microscopy (SEM) with energy dispersive X-ray analysis (EDX).  Quantitative 
analyses of particles were determined by electron microprobe.  Chemical analysis 
results of the four samples are presented in Table 11. 
 

TABLE 11 
Chemical Analysis of Arsenic Trioxide Dust 

(CANMET, 2000) 
 

Element January 98 
Composite 

April 97 
Composite 

212 
Chamber 

236 
Chamber 

As (%) 68.2 68.7 66.7 69.6 56.2 58 
Sb (%) 0.87 0.84 1.48 1.49 2.13 0.3 
Fe (%) 1.23 1.17 0.78 0.81 2.62 1.66 
Al (%) 0.64 0.64 0.33 0.33 1.06 0.92 
Ca (%) 0.46 0.37 0.65 0.57 
Mg (%) 0.24 0.26 0.13 0.13 0.37 0.36 
Si (%) 1.05 1.09 0.61 0.61 2.07 1.81 
Au (ppm) 2.2 2.4 11.0 5.1 

Prepared by: DDS 
Checked by: CK 

 
The X-ray diffraction (XRD) results are summarized in Table 12.  The results indicate 
that the four samples were mineralogically very similar.  Each of the samples 
contained a major amount of As2O3 of the arsenolite structure, minor amounts of iron 
arsenate, minor to trace amounts of an antimony/arsenic trioxide phase, trace amounts 
of calcium iron arsenate, minor chlorite( (Fe,Al,Mg)6(Si,Al)4O10(OH)8 ), and trace 
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amounts of muscovite and quartz.  Arsenolite was consistently the dominant phase; 
although, the amounts of chlorite, muscovite and quartz, relative to arsenolite, varied 
somewhat from sample to sample.   
 

TABLE 12 
XRD Results of Four Samples of Arsenic Trioxide Dust 

(CANMET, 2000) 
 

Species January 98 
Composite 

April 97 
Composite 

212 Chamber 236 Chamber 

As2O3 major major major major 
Fe arsenate minor minor minor minor 
(Sb,As)2O3 minor minor minor trace 
Ca-Fe arsenate trace trace minor trace 
Fe arsenate-sulphate trace trace trace very rare 
Iron oxide trace trace trace trace 
Ca-Fe oxide very rare trace trace very rare 
Ca sulphate very rare very rare trace very rare 
Chlorite minor minor minor minor 
Quartz trace trace trace trace 
Muscovite minor minor minor minor 

Prepared by: DDS 
Checked by: CK 

 
The composition of the various mineral phases, as determined by electron microprobe, 
is summarized in Tables 13 to 16.  The two more recent samples, January 98 
Composite and April 97 Composite, had higher As2O3 contents and contained less of 
the impurity silicate phases.  The antimony content of the dusts varied from 0.3 to 
2.13%, with antimony occurring as an impurity in the As2O3 phase and as a distinct 
(Sb,As)2O3 phase.  Most of the antimony in the samples was present as a solid solution 
in the As2O3 crystals.  The dominant arsenic carrier is the As2O3 phase.  A minor 
amount of the arsenic was present as an iron oxide or iron arsenate phase, in which the 
arsenic content varied from 1.9 to 38%.  The calcium arsenate or calcium-iron arsenate 
phases were only minor arsenic carriers in any of the dust samples.  Most of the iron in 
the samples occurred in silicate form (chlorite) and as iron oxide. 
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TABLE 13 
Composition of the As2O3 Phase (wt%) 

(CANMET, 2000) 
 

Element January 98 
Composite 

April 97 Composite 212 Chamber 236 Chamber 

 Avg Range Avg Range Avg Range Avg Range 
As 75.03 63.04 - 82.11 76.29 71.45 – 82.70 76.01 70.24 – 82.42 76.78 71.43 – 79.87 
Sb 1.31 0.00 - 5.38 0.23 0.00 – 0.54 1.19 0.08 – 3.52 0.19 0.00 – 0.99 
Fe 0.18 0.00 – 2.01 0.18 0.02 – 0.52 0.56 0.25 – 1.72 0.27 0.08 – 1.13 
Pb 0.07 0.00 – 1.88 0.04 0.00 – 0.52 0.03 0.00 – 0.22 0.02 0.00 – 0.13 
Ca   0.04 0.00 – 0.19 0.05 0.00 – 0.30 0.01 0.00 – 0.09 
S   0.03 0.00 – 0.18 0.04 0.00 – 0.15 0.01 0.00 – 0.11 
Si     0.05 0.00 – 0.52 0.05 0.00 – 0.62 
# particles 39  24  31  60  

Prepared by: DDS 
Checked by: CK 

 
TABLE 14 

Composition of the (Sb,As)2O3 Phase (wt%) 
(CANMET, 2000) 

 

Element January 98 Composite April 97 Composite 212 Chamber 236 Chamber 
 Avg Range Avg Range Avg Range Avg Range 
As 35.16 28.94 – 38.95 35.94 30.71 – 42.45 50.46 42.57 – 56.72   
Sb 44.65 40.50 – 47.77 44.55 42.43 – 46.72 24.44 20.93 – 31.10   
Fe 0.05 0.01 – 0.09 0.14 0.00 – 0.84 0.33 0.12 – 1.49   
Pb 0.01 0.00 – 0.07 0.06 0.00 – 0.34 0.03 0.00 – 0.11   
Ca   0.01 0.00 – 0.11     
S   0.84 0.50 – 1.23 0.01 0.00 – 0.02   
# particles 39  32  ?  -  

Prepared by: DDS 
Checked by: CK 
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TABLE 15 
Composition of the As-bearing Iron Oxide Phase (wt%) 

(CANMET, 2000) 
 

Element January 98 Composite April 97 
Composite 

212 Chamber 236 Chamber 

 Avg Range Avg Range Avg Range Avg Range 
As 4.68 3.15 – 5.87   8.54 3.51 – 14.88 7.67 1.97 – 14.90 
Sb 1.67 1.15 – 2.10   3.09 0.77 – 9.89 0.56 0.18 – 0.90 
Fe 59.11 57.51 – 61.11   52.41 44.90 – 57.53 53.24 40.88 – 66.34 
Pb 0.10 0.05 – 0.17   0.38 0.16 – 0.78 0.22 0.02 – 0.57 
S 0.04 0.00 – 0.08   0.33 0.02 – 3.02 0.01 0.00 – 0.04 
Ca     0.26 0.00 – 0.99 0.15 0.00 – 0.49 
Cr       0.36 0.00 – 6.18 
# particles 9  -  16  17  

Prepared by: DDS 
Checked by: CK 

 

TABLE 16 
Composition of the Iron Arsenate Phase (wt%) 

(CANMET, 2000) 
 

Element January 98 
Composite 

April 97 Composite 212 Chamber 236 Chamber 

 Avg Range Avg Range Avg Range Avg Range 
As 15.95 7.92 – 21.63 9.04 6.69 – 11.48 31.67 26.19 – 37.33   
Sb 0.27 0.06 – 0.87 5.20 0.58 – 9.28 0.49 0.38 – 0.73   
Fe 10.15 1.78 – 38.33 38.17 18.35 – 55.31 12.60 11.34 – 13.21   
Pb 0.10 0.04 – 0.19 0.12 0.00 – 0.25 0.72 0.50 – 1.10   
S 3.57 0.23 – 7.41 0.85 0.04 – 1.55 1.58 1.12 – 2.21   
Ca 0.73 0.04 – 4.39 0.82 0.00 – 2.40 0.86 0.64 – 3.46   
Bi 0.03 0.00 – 0.07 0.00 -     
# particles 16  4  21  -  

Prepared by: DDS 
Checked by: CK 

 
Solubility curves were determined for reagent grade As2O3, Sb2O3 and each of the four 
Giant Mine dust samples.  Tests were conducted in a reaction vessel contained in a 
temperature controlled circulating oil bath.  Approximately 1.5 L of solution with an 
excess of dust was stirred with a magnetic stirrer.  The slurry was stirred for 
approximately three days to attain equilibrium.  Samples of the solution were 
withdrawn and analyzed for arsenic, antimony and iron.  After the samples were taken, 
the solution temperature was increased to 100°C in 10°C increments, with samples 
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collected at each incremental temperature.  The solution was then cooled to 
approximately 95°C and then to room temperature in 10°C steps.  A detailed 
discussion of the sampling methodology is provided in CANMET (2000). 
 
The solubility curves generated by CANMET (2000) are provided in Appendix B.  
Measured solubility values for reagent grade As2O3 and Sb2O3 were in general 
agreement with values published by Linke and Seidell (1965).  The solubility of Sb2O3 
was significantly less than As2O3. 
 
The solubility of arsenic trioxide dust was approximately half that of reagent grade 
As2O3 for all four dust samples (8.3 to 10.8 g/L at 25°C), except for the 236 Chamber 
sample (15 g/L at 25°C) which was slightly less than the reagent grade material.  
CANMET (2000) concluded that the low solubility is an inherent property of the dust 
resulting from the solid solution of antimony in arsenic trioxide crystals.  The higher 
the antimony content the lower the solubility.  This effect appears to be most apparent 
when antimony is in the range of 0 – 0.5%. 
 
Typical temperatures in the underground at Giant Mine are 5°C in the upper levels and 
10°C in the deeper levels (Supporting Document 3, Appendix A).  The arsenic trioxide 
dust solubility expected at these temperatures is summarized in Table 17. 
 

TABLE 17 
Solubility of Arsenic Trioxide Dust 

 

 5°C 10°C 
g As2O3/L 6.2 - 11.9 7.4 - 12.7 
g As/L 4.7 – 9.0 5.6 – 9.6 

Prepared by: DDS 
Checked by: CK 
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6. AN INVESTIGATION IN THE CEMENT AND BITUMEN 
STABILIZATION OF GIANT YELLOWKNIFE ARSENIC 
TRIOXIDE DUST SAMPLES – MEASUREMENT OF PHYSICAL 
PROPERTIES LAKEFIELD RESEARCH (2002) 

Lakefield Research was contracted by DIAND to measure a select number of physical 
properties as part of a broader program on dust stabilization.  Five barrels of dust were 
retrieved from the Giant Mine warehouse, and submitted for thermal conductivity, 
permeability and freezing point of saturated solutions.  These samples represent dust 
collected from the baghouse in 1998 and 1999.  The test methodology and results are 
provided in Appendix C.  Chemical analyses on the dust are reported in Supporting 
Document 14, Appendix A.  The results are summarized in Tables 18 to 20. 
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TABLE 18 
Metal Concentrations in Arsenic Trioxide Dust 

(Lakefield, 2002) 
 

Metal Unit Arsenic Trioxide 
Dust-1 

Arsenic Trioxide 
Dust-2 

Ag g/t 18 19 
Al g/t 15000 15000 
Ba g/t 46 47 
Be g/t <1 <1 
Bi g/t <20 <20 
Ca g/t 11000 11000 
Cd g/t 9.3 9.4 
Co g/t 54 57 
Cr g/t 59 59 
Cu g/t 340 360 
Fe g/t 55000 55000 
K g/t 5000 5100 
Li g/t <20 <20 
Mg g/t 7600 7900 
Mn g/t 260 260 
Mo g/t <20 <20 
Na g/t 1000 1000 
Ni g/t 92 99 
P g/t <100 <100 
Pb g/t 1200 1300 
Sb g/t 8600 8300 
Se g/t <100 <100 
Sn g/t <100 <100 
Sr g/t 16 16 
Ti g/t 340 300 
Tl g/t <100 <100 
V g/t 69 70 
Y g/t <2 <2 
Zn g/t 510 520 
As2O3 % 66.9 67.9 

Prepared by: DDS 
Checked by: CK 
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TABLE 19 
Hydraulic Conductivity 

(Lakefield, 2002) 
 

Test No. Compaction Hydraulic Conductivity 
 (g/cm3) k (cm/sec) 

1 0.83 2.24 x 10-4 
2 1.05 0.73 x 10-4 
3 1.15 0.67 x 10-4 

Prepared by: DDS 
Checked by: CK 

 
 

TABLE 20 
Thermal Properties 

(Lakefield, 2002) 
 

Property Value 
Thermal Conductivity (0% H2O) 0.093 W/m-k 
Thermal Conductivity (1% H2O) 0.100 W/m-k 
Freezing pt. of saturated solution -0.7°C 

Prepared by: DDS 
Checked by: CK 

7. SUMMARY OF ARSENIC TRIOXIDE DUST PROPERTIES 

The chemical properties of the arsenic trioxide dust have changed over time as a result 
of changes to the processing and dust collection systems.  These changes are discussed 
in Section 2 of the main report.  The most significant change occurred in 1964, which 
was the year the final dust collection system was implemented. 
 
Samples from chambers B230, B233, B234, B235, B236 and B208 are categorized as 
“old” dust (deposited before 1964), while samples from chamber C9 and bulk samples 
collected from the baghouse in the last few years of mining are categorized as “new” 
dust (produced since 1964).  This age distinction is evident in the chemical analyses 
and solubility data.  Tables 21 and 22 summarize typical values for these properties 
that can be expected in the underground environment. 
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TABLE 21 
Chemical Composition of “Old” and “New” Arsenic Trioxide Dust 

 

Parameter Unit “Old” Dust “New” Dust 
As % 46.42 65.31 
Au opt 1.07 0.094 

Sb* ppm 12200 11078 
Fe* ppm 21400 22889 

Al* ppm 9900 7180 
Ca* ppm 6100 4718 

Mg ppm 3600 2078 
Si ppm 19400 6806 

Ba ppm - 8.5 
Be ppm - <0.5 

Cd ppm - 1.1 

Cr ppm - 12.6 
Co ppm - 18.6 

Cu ppm - 246 
Pb ppm - 472 

Mn ppm - 87 
Hg ppm - 14 

Mo ppm - 1.9 
Ni ppm - 43 

P ppm - 52 
K ppm - 889 

Se ppm - <1 
Ag ppm - 3.1 

Na ppm - 288 
Sn ppm - <20 

Zn ppm - 154 

* Includes Lakefield (2002) results  Prepared by: DDS 
Checked by:CK 
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TABLE 22 
Solubility of “Old” and “New” Dust 

 
 5°C 10°C 
“Old” dust (g As2O3/L) 11.9 12.7 

(g As/L) 9.0 9.6 
“New” dust (g As2O3/L) 6.2 7.4 

(g As/L) 4.7 5.6 
Prepared by: DDS 

Checked by:CK 

 
The physical properties appear to be consistent between “old” and “new” dust 
samples, where such comparisons could be made.  A summary of the physical 
properties is provided in Table 23. 
 

TABLE 23 
Physical Properties of Arsenic Trioxide Dust 

 

Parameter Unit Range 
Atterberg Limits 

liquid limit 
plastic limit 

 
 

% 

 
inconclusive 

19 - 24 
Grain Size % <0.045mm 90.8 - 100 
Dry Density 

Maximum 
Minimum 

In-situ 

 
lbs/ft3 
lbs/ft3 
lbs/ft3 

 
69.1 – 91.1 
39.7 – 55.6 
83.7 – 101.3 

Specific Gravity  2.59 – 3.79 
Angle of Repose  46.1° - 58° 
Angle of Internal Friction  33° - 35° 
Hydraulic Conductivity 
(at 71.8 lbs/ft3) 

cm/s 6.7 x 10-5 

Thermal Conductivity 
at 0% H2O 
at 1% H2O 

 
W/m-k 
W/m-k 

 
0.093 
0.100 

Freezing pt. of saturated 
solution 

 
-0.7°C 

Prepared by: DDS 
Checked by: CK 
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8. RECOMMENDATIONS 

While the information available today characterizes the arsenic trioxide dust properties 
sufficiently for a comparison of alternatives, additional testing will be required once 
an alternative has been selected.  At that time it could be necessary to understand the 
relevant properties of the dust on a chamber by chamber and stope by stope basis.   
 
It is recommended that samples be collected initially from each period of dust 
production, and subsequently where additional variability is apparent, from each 
distinct horizon in each chamber and stope.  The testing required will vary depending 
on which alternative is selected, but the following properties should be considered in 
all cases: 
 

• In-situ density 
• In-situ moisture content 
• Specific gravity 
• Compressibility 
• Grain size 
• Susceptibility to liquefaction 
• In-situ temperature 
• Solubility, thermal conductivity and heat capacity 
• Wettability 

 
A phased approach to the testing would be prudent, with additional testing carried out 
only until trends become clear. 
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This report, Giant Mine - Arsenic Trioxide Dust Properties, has been prepared by: 
 
STEFFEN, ROBERTSON AND KIRSTEN (CANADA) INC. 

 
Diana Sollner P.Eng. 
Environmental Engineer 
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APPENDIX A 
Flow Property Data 

 
Jenike & Johanson (1982) 

 

















 

APPENDIX B 
Solubility Data 

 
(CANMET, 2000) 

 













 

 

APPENDIX C 
An Investigation in the Cement and Bitumen Stabilization of 

Giant Yellowknife Arsenic Trioxide Dust Samples – 
Measurement of Physical Properties 

 
Lakefield Research (2002) 
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