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EXECUTIVE SUMMARY 

Hydrodynamic characterization of two Casino head samples was undertaken to define the physical and hydraulic 
response of the ore.  The samples included Composites Met 02-05 and Met 11-17 which represent 1:1 blends of 
the individual samples Met 02 and Met 05; and Met 11 and Met 17, respectively. 

The metallurgical data indicate average head grades of the metals of interest; Au (0.32 ppm & 0.50 ppm), Ag 
(1.0 ppm & 3.0 ppm), Cu (0.01% and 0.053%) for composites Met 02-05 and Met 11-17, respectively.  These 
samples show high levels of Al (6.9% & 6.7%), Fe (2.3% & 2.6%), K (3.3% & 4.6%), and S (0.4% & 0.6%).  Some 
trace elements are present; Ba (1,187 ppm & 1,614 ppm), Bi (3 ppm & 2 ppm), Mo (61 ppm & 181 ppm), Ti 
(1500 ppm & 972 ppm), Pb (20 ppm & 123 ppm), and Th (16 ppm & 17 ppm) which could have some influence in 
gold extraction.  The grade by size data indicate that Au and Ag are not uniformly distributed along the PSD of 
these composites.  Met 02-05 has most of its metal value (35%) on the size fractions smaller than 1.7 mm.  In 
contrast, Met 11-17 has most of its metal value (>25%) on rock fragments larger than 25.4 mm.   

The mineralogical characterization indicates that Au occurs primarily as sub-microscopic native gold. Potential 
cyanide consuming minerals include metal sulfides including copper, iron, arsenic and zinc; iron oxide-hydroxides 
such as Limonite and Jarosite which can also act as preg-robbing; and secondary alumino-silicates and swelling 
clays.  Shake leach tests conducted by FL Smidth leads us to believe that: the increased recovery on composites 
Met 11-17 (and Met 19-20) at very high CN-concentrations results from the dissolution of sulfide minerals 
(sulfide encapsulation due to, but not exclusively, copper sulfides) which may be coating the Au minerals and 
dissolve at high CN concentrations.  On the other hand, the ultimate Au recovery in Met 02-05 is likely 
associated to silica encapsulation. 

A few key findings from the hydrodynamic characterization are as follows: 

 Agglomeration of individual composites and blending produce improved hydrodynamic performance 
which increases the range of heap heights supported by these samples.  For instance, 2:1 blend of 
Met 02-05 and Met 11-17 sample agglomerated to a Level 3 (L3) could support a heap height close to 
140 m.  The more competent composite Met 11-17 would support percolation leaching to heights up to 
140 m even without agglomeration. 

 The Casino head samples are competent and show limited compaction and loss of percolation capacity 
along a 140-m heap profile.  Notwithstanding the strong nature of the Casino samples, it appears that 
the key considerations for the adequate leaching of the non-agglomerated Casino ore include:  

o The permeability for Composite Met 02-05 or a blend thereof as the heap height increases 
beyond 70 m, and  

o Effective solution-to-ore contact for Composite Met 11-17 if not blended. 
 As a result of the very competent nature of the Met 11-17 and its low content of fines, the void space is 

dominated by macro-porosity.  This macro-porosity provides, on the one hand, high solution 
percolation capacity, but in the other limits wettability of the ore. The large component of the macro-
porosity translates into gravity-dominated flow where limited horizontal movement of solution occurs 
leading to inefficient wetting and hence limited metallurgical performance.  Typically, this type of flow 
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condition combined with non-agglomerated ore leads to reduced metal extraction, inefficient reagent 
(cyanide and lime) utilization and protracted leach cycles.  Blending with Met 02-05 will improve the 
wettability of composite Met 11-17.  

 The results from the Hydrodynamic Column Tests (HCTs) confirm that composites Met 02-05 and 
Met 11-17 will effectively support percolation leaching during the initial stages of the operation as shown 
by the results of the Hydrodynamic Column Tests (HCTs) for a 32-m heap with a solution application 
rate of 10 L/h/m2.   

 According to the results from the HCTs, the best performing sample is Met 02-05 as it produces a good 
solution-to-ore contact which should promote efficient gold dissolution and recovery.   

 Blending and agglomeration leads to improved hydrodynamic performance of these two composites 
which is expected to also improve their metallurgical performance. 

As part of its characterization technology HGS has developed the Integrated Column Test (ICT), a procedure 
that allows simultaneous determination of hydrodynamic and metallurgical performance).  Application of this 
procedure, at no cost to WCG, on the Casino samples shows that: 

 Preliminary gold recoveries of about 70% for Composite Met 02-05 and 30% for Met 11-17.   
 These results seem to be in good agreement with the conclusions arising from the available physical, 

hydrodynamic, metallurgical and mineralogical data. 
 Based on the metallurgical data, gold recovery on composite Met 11-17 may be hindered due to coating 

by sulfide minerals (sulfide encapsulation due to, but not exclusively, copper sulfides) while ultimate 
recovery from Met 02-05 is likely associated to silica encapsulation. 

The work conducted as part of this study and other available data show that: 

1) There are significant physical, hydrodynamic, metallurgical and mineralogical differences between the 
two composites evaluated on this study. 

2) Ore preparation practices (crushing, blending, and agglomeration) would have a significant impact on the 
metallurgical performance of the ore.  Operational design should consider agglomeration, blending or 
both to improve the hydrodynamic properties of these composites. 

3) For composite Met 02-05, the optimal solution application rate would be equal to or smaller than 
10 L/h/m2 to balance between reagent delivery and air-percolation capacity. 

4) For composite Met 11-17, the optimal solution application rate would be equal to or smaller than 
6 L/h/m2 to balance between reagent delivery and solution-to-ore contact. 

5) A 2:1 blend of Met 02-05 and Met 11-17 may perform better than the each of the individual composites.  
Agglomeration of this blend would allow leaching this material to the 140-m design height. 

6) The distance between drip points should not be larger than 30 cm. 
7) The irrigation for both of these composites should follow a ramp-up irrigation scheme (RUI). 

A fact that needs to be considered in the interpretation of the results presented in this report is that all the 
samples tested to date represent fresh ore.  A multi-lift heap is susceptible to weathering, slumping, differential 
settlement, and for oxide-gold to chemical-induced decrepitation to a lesser extent.  All of these mechanisms 
negatively impact the hydrodynamic properties of the ore and increase the potential solution and metal 
inventory.  Therefore, it is critical that hydrodynamic properties of the leached residue be determined to 
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optimize the design and operational conditions of the heap.  Additional HCTs for process optimization are 
recommended at heap design heights once the mine operation starts and the ore has been exposed to at least 
three leaching cycles. 

Section 4.0 of this document presents additional discussion of the results and recommendations aimed to 
improve the design and eventual performance of the heap leaching process of the Casino project. 

1.0 TEST PROGRAM AND BASIC METALLURGICAL DATA 

1.1 Characterization Program 

WCG provided two different composite head samples, namely Composite Met 02-05 and Composite 
Met 11-17.  It is understood that these composites represent a one-to-one blend of the individual samples by 
the same name (i.e., Met 02, Met 05, Met 11, and Met 17).  A total of 89 kg already separated into eight size 
fractions was supplied by SGS/Metcon (Metcon).  As indicated on the test matrix presented in Figure 2.1, each 
of the samples was subjected to the Stacking Test procedure under three different conditions:  

 As-received dry ore mixed with 2.93 kg of pebble lime per ton of ore (kg/t) per Metcon results from 
their bottle role tests and the value used on the recent metallurgical columns; 

 As-received dry ore mixed with powder lime at 2.93 kg/t per Metcon recipe used on the ongoing 
metallurgical columns; 

 A sample mixed with 2.93 kg/t of powder lime and agglomerated with alkalinity amended tap water with 
a pH of 11.3. 

The non-agglomerated samples represent a benchmark to assess the potential benefits from agglomeration.  
After these tests, it was recommended that for practical purposes the use of pebble lime be discontinued and 
any future work use only powder lime. 

The characterization program consisted of: 

a) Review of available particle size distribution (PSD) information,  

b) Agglomeration trials to define the optimal moisture content for each PSD,  

c) Review of metallurgical and mineralogical data,  

d) Stacking Tests to determine the potential hydrodynamic behavior of the samples to select the most 
promising agglomeration conditions, and  

e) Hydrodynamic Column Tests on three PSD to determine the potential operation conditions for these 
samples for a 32-m heap.  

The following paragraphs provide a summary of the data reviewed as part of this study, testing methods and the 
most relevant results from the application of these tests to the Casino ore.  The last section of this document 
presents a number of recommendations on the basis of these findings. 

 



    Rev. 2    WCG Casino – Hydrodynamic Characterization 
  January 22, 2015 

 

HydroGeoSense, Inc.   Page 4 

 

Figure 1.1 Casino – Final Test Matrix 

1.2 Particle Size Distribution 

The particle size distribution (PSD) for the head ore samples was determined by Metcon and is summarized in 
Figure 1.1.  For comparison, HGS used the PSD of the individual ore samples determined by ALS Metallurgy to 
determine the PSD of the 1:1 composites also presented as in Figure 1.1.  It is noted that none of the ALS’ PSD 
showed particle sizes larger than 5.cm (2”) while the two composites received from Metcon (M 02-05 and 
M 11-17) contained particle sizes larger than 5 cm.  Overall, the PSD for the 1:1 composites determined from 
ALS’ PSDs are similar to those reported by Metcon, indicating good consistency between the procedures used 
by these laboratories. 
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Figure 1.2 Particle size distribution TMC Fresh ore 

From the PSD of each composite the P80 (the particle size larger than 80% of the rock fragments) and the main 
size fractions (gravel, sand and fines) can be determined (Table 1.1).  These data show that: 

 The P80 of M 02-05 is 30.6 mm while that for the M 11-17 composite is 43.6 mm. 

 The fines:sand:gravel partition of the Casino ore is: 3.9:12.8:83.3 for the M 02-05 composite and 
2.0:6.3:91.7 for the composite M 11-17.  This partition of the main size fractions indicates that as long as 
the rock fragments are stable, these composites should be permeable to allow percolation through the 
heap of a significant height. 

 However, it is noted that the large gravel content (more so for composite M 11-17) could promote 
solution channelization and low wetting efficiency. 

 The Stacking and Hydrodynamic Column Tests described below provide additional insight in this 
potential issue.  
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Table 1.1 Particle size distribution from Metcon 

Sample ID P80 (mm) Gravel (%) Sand (%) Fines (%) 

M 02-05 30.6 83.3 12.8 3.9 

M 11-17 43.6 91.7 6.3 2.0 
 

1.3 Ore Specific Gravity 

The Casino samples were tested to determine the Specific Gravity (SG) of the solids on each of the main size 
fractions (gravel, sand and fines).  An accurate determination of the porosity (void ratio) of the sample requires 
an accurate value of the SG.  Difference in the SG on the main fractions indicates potential differences on the 
alteration type and extent of the rock mass.  In the case of alteration differences between the size fractions, 
these data also provide a better estimate of the overall specific gravity of the sample.  The average SG for the 
Casino is estimated at 2.660 for M 02-05 and 2.632 for M 11-17.  

Table 1.2 Specific Gravity 

  Specific Gravity 
Fraction M 02-05 M 11-17 

Gravel 2.673 2.641 

Sand 2.575 2.529 
Fines 2.678 2.556 
Overall 2.660 2.632 

 

The difference in specific gravity of the gravel, sand, and the fines may be indicative of varying degrees of 
alteration among these fractions, and in this particular case, also between the two composites. 

1.4 Head Assay Determination 

In order to get an understanding of the relationship between the hydrodynamic behavior and the potential 
metallurgical performance of the Casino samples the data presented by ALS and Metcon are briefly summarized 
in this section.   

ALS assayed each size fraction of samples M 02, M 05, M 11, and M 17 for total copper, iron, sulfur, and gold as 
well as for multi-element ICP analysis.  Metcon performed head assays for gold and silver on the two composites 
delivered (M 02-05 and M 11-17) to HGS. 

HGS recommended mineralogical characterization (QEMSCAN or Quantitative XRD and optical microscopy) of 
the Casino composites to better understand the mineral species responsible for the occurrence of the Au/Ag 
values.  A one kilogram test charge was prepared for each of these composites (including M19-20) and 
submitted for mineralogical analysis to FL Smidth during the first week of August 2014.  The results of this 
characterization are summarized below in section 1.4.3. 
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Table 1.3 summarizes the total copper, iron, sulfur, gold, and silver of the individual samples (Met 02, Met 05, 
Met 11, Met 17) based on the ICP analysis by ALS and composite samples (Met 02-05 and Met 11-17) 
determined by Metcon.  These data show that: 

 Sample Met 05 contains less copper, iron, gold and silver than any of the other individual samples 
summarized on Table 3.1.  It is noted from the individual PSD of this sample that 95% of the rock 
fragments are smaller than 38.1 mm (1.5”) while the average of the other (including Met 19 and 20) is 
only about 72% (Met 11 has only 63.3% of its mass smaller than 38.1 mm).  This information suggests 
that Met 05 may represent a more altered zone of the deposit. 

 M 11-17 has the highest Au and Ag content, although it also has the highest Cu content (530 ppm) of 
the two composites.  Depending on the copper solubility, this higher Cu content might promote CN 
consumption and interfere with Au/Ag absorption. 

 The calculated head assays from the ALS data are similar to those reported by Metcon for copper and 
gold but the calculated silver content is slightly larger than the values reported by Metcon.  Overall, the 
agreement between these two independent evaluations is quite good. 

Table 1.3 Summary of Head Assays 

Lab ALS Metcon 

Sample ID Cu (%) Fe (%) S (%) Au (ppm) Ag (ppm) Cu (%) Au (ppm) Ag (ppm) 

Met 02 0.018 3.2 0.64 0.52 1.59 
 

  

Met 05 0.002 1.4 0.18 0.20 0.52    

Met 11 0.022 3.2 0.94 0.42 4.62    

Met 17 0.083 2.1 0.31 0.64 2.15    

Met 02-05* 0.010 2.30 0.41 0.36 1.06 0.009 0.32 0.8 

Met 11-17* 0.053 2.65 0.63 0.53 3.39 0.051 0.55 2.7 

*Composite assays calculated from individual assays assuming a 1:1 mix 

 The S content would indicate that the iron on the Casino sample occurs mostly as oxides rather than 
sulfide minerals.  If this is correct, there would be some potential for the iron-oxides to encapsulate or 
coat the gold minerals and the reaction of sulfides minerals to consume oxygen and lower the pH. 

1.4.1 ICP Elemental Analysis 
ALS (2013) reports the results from a 48-element ICP scan on seven size fractions which provides a general 
indication of the geochemical composition of the samples.  The results from ALS AR-ICP analysis were 
combined with the percent of each of the particle size fraction to determine the elemental composition for each 
of the samples and the two composites of interest for this evaluation.  The resulting calculations are summarized 
in tabular form in Table 1.4 and graphically in Figure 1.2.   

Inspection of the data summarized in Table 1.4 and Figure 1.2 indicates that:  
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 Only three elements are reported with concentration larger than 1% (10,000 ppm), namely: Al (ranging 
from 6.2% in Met 05 to 7.6% in Met 02), Fe (ranging from 1.4% in Met 05 to 3.2% in Met 02), and K 
(ranging from 3.0% in Met 05 to 5.1% in Met 17).  All of these are highlighted in Table 1.4. 

 Similarly, Calcium (ranging from 0.019% in Met 05 to 0.058% in Met 11) and Magnesium (ranging from 
0.22% in Met 05 to 0.39% in Met 02) are also present.  To the extent that these minerals are associated 
to Dolomite or Calcite they could reduce the alkalinity requirements of the leaching process.  

 The concentrations of the metals of interest (in blue font in Table 1.3) are as follows:  Ag (ranging from 
0.5 ppm in Met 05 to 4.6 ppm in Met 02), and Cu (ranging from 0.01% in Met 05 to 0.08% in Met 
02).  As mentioned before, at the higher concentrations (>100 ppm) copper, if sufficiently soluble, has 
the potential to promote CN consumption and interfere with Au/Ag absorption. 

 Several trace metals are reported to be present, namely; As, Ba, Cd, Pb, Rb, Ti, V and Zr although only 
Ba and Ti are reported to have concentrations of about or larger than 1,000 ppm. 

 There is a good agreement between the Cu and S concentrations derived from the ICP analysis and the 
head assays reported above. 

 Similarly, there is good agreement between the Cu and Ag grades estimated from the ICP with those 
reported by Metcon for both composites. 

 Based on the results from the ICP characterization, it can be concluded that the chemical composition 
for composites M 02-05 and M 11-17 is quite similar with the exception of the concentrations of Ag, Cu, 
Mo, Sr, U and Zn (see Figure 1.2).  

1.4.2 Mineral distribution as a function of particle size 

Both ALS (2013) and Metcon (20141) reported Au and Ag head grades as a function of particle size.  The Au and 
Ag grade and the percent retained for each size fraction is summarized in Figure 1.3 and Table 1.5.  These data 
show that: 

 The overall trend depicted by these two sets of data for the Au and Ag head grades is consistent. 

 The gold and silver content vary in proportion to each other. For Met 02-05 the average ratio of Au to 
Ag is about 0.33 while for Met 11-17 is about 0.19 which remain fairly constant over the various size 
fractions.  As such, it would be expected that Met 02-05 would leach more efficiently than Met 11-17.  

 For Met 02-05, the gold and silver content shows a consistent reduction from the coarsest to the 
1.7 mm fraction and then a noticeable increase on the minus 1.7 mm fraction.  This type of metal 
distribution requires good solution-to ore contact in order to efficiently leach the coarse fractions. 

 For M 11-17, the gold and silver content is relatively constant over the size fraction although, similar to 
that observed for Met 02-05, it shows a noticeable increase (a factor of two) in the minus 1.7 mm 
fraction.  Given the coarse nature of this composite, efficient leaching of the Au/Ag from both the 
coarse and fine fractions will require careful selection of the irrigation scheme. 

                                            

1 Metcon 2014.  Email communication from Narsagdorj Gatumur, July 12, 2014.  
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Table 1.4 ICP Elemental Analysis (After ALS, 2013) 

Element Met 02 
(ppm) 

Met 05 
(ppm) 

Met 11 
(ppm) 

Met 17 
(ppm) 

Met 02-05 
(ppm) 

Met 11-17 
(ppm) 

Ag 1.6 0.5 4.6 2.2 1.1 3.4 
AI 75,540 61,784 66,419 67,115 68,662 66,767 
As 85.1 14.6 82.4 38.7 49.8 60.5 
Ba 1,178 1,196 1,666 1,561 1,187 1,614 
Be 1.4 0.4 1.0 1.0 0.9 1.0 
Bi 2.8 3.3 2.2 1.3 3.1 1.7 
Ca 450 194 576 264 322 420 
Cd 0.1 0.0 0.4 0.1 0.1 0.2 
Ce 60.6 47.0 73.1 98.2 53.8 85.6 
Co 1.6 0.6 2.8 1.7 1.1 2.3 
Cr 164 165 192 188 165 190 
Cs 7.5 1.0 5.5 4.7 4.2 5.1 
Cu 183.9 18.5 224.6 827.2 101.2 525.9 
Fe 32,043 13,731 31,703 20,814 22,887 26,258 
Ga 15.4 15.6 13.8 12.0 15.5 12.9 
Ge 0.2 0.2 0.2 0.2 0.2 0.2 
Hf 0.8 1.3 0.9 1.0 1.0 1.0 
In 0.2 0.0 0.2 0.1 0.1 0.2 
K 35,185 30,356 42,142 50,782 32,770 46,462 
La 35.1 28.5 40.5 67.0 31.8 53.7 
Li 11.4 5.2 11.8 10.8 8.3 11.3 
Mg 3,871 2,222 2,733 2,365 3,047 2,549 
Mn 60 20 76 39 40 37 
Mo 81.3 20.0 68.9 293.5 50.6 181.2 
Na 1,045 918 1,311 2,388 982 1,850 
Nb 2.8 3.5 2.8 2.8 3.1 2.8 
Ni 5.4 3.8 5.0 7.4 4.6 6.2 
P 1,141 112 590 558 626 574 
Pb 27.8 11.6 211.7 34.3 19.7 123.0 
Rb 175.4 130.3 171.8 185.2 152.9 178.5 
Re 0.004 0.002 0.006 0.005 0.003 0.005 
S 6,412 1,788 9,381 3,139 4,100 6,260 
Sb 7.8 2.5 16.0 6.9 5.1 11.5 
Sc 13.4 9.8 6.3 8.1 11.6 7.2 
Se 2 6 4 3 4 4 
Sn 5.9 12.6 5.4 4.6 9.2 5.0 
Sr 26.8 21.9 80.5 92.5 24.3 86.5 
Ta 0.3 0.4 0.2 0.2 0.3 0.2 
Te 0.3 0.7 1.1 0.1 0.5 0.6 
Th 22.9 8.5 20.6 12.4 15.7 16.5 
Ti 1,624 1,310 926 1,018 1,467 972 
TI 1.9 0.9 1.9 1.7 1.4 1.8 
U 1.9 1.2 2.1 11.6 1.5 6.9 
V 87 72 46 62 80 54 
W 32.2 57.3 33.1 69.1 44.8 51.1 
Y 6.1 3.3 5.1 5.5 4.7 5.3 
Zn 24 4 45 30 14 37 
Zr 18.3 29.7 24.8 29.8 24.0 27.3 
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Figure 1.2  AR-ICP on pulps of Casino composites 
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Table 1.5 Gold and Silver content by size fraction 

Size 
Fraction 

ALS (2013) Metcon (2014) 

W. 
Retained 

(%) 

Au 
(ppm) 

Ag 
(ppm) 

W. 
Retained 

(%) 

Au 
(ppm) 

Ag 
(ppm) 

 Met 02-05 
2" 0   2.03 0.46 1.20 

+1.5" 14.15 0.65 1.72 10.91 0.31 1.00 

+1" 10.55 0.37 1.17 11.99 0.26 0.90 

+3/4" 8.85 0.29 1.03 6.18 0.24 0.70 

+1/2" 9.35 0.22 0.76 8.23 0.23 0.70 

+1/4" 18.05 0.20 0.66 17.06 0.17 0.50 

+10 mesh 23.40 0.20 0.70 26.91 0.14 0.50 

-10 mesh 15.7 0.64 1.55 16.69 0.57 1.70 

 Met 11-17 
2" 0   7.06 0.46 2.70 

+1.5" 31.60 0.28 2.70 22.89 0.54 2.20 

+1" 25.00 0.47 2.93 29.64 0.51 2.60 

+3/4" 13.15 0.70 3.34 9.92 0.44 2.60 

+1/2" 8.70 0.52 3.04 8.67 0.46 2.20 

+1/4" 7.60 0.56 3.45 7.48 0.43 3.50 

+10 mesh 6.30 0.52 4.00 6.04 0.52 2.80 

-10 mesh 7.75 1.53 7.53 8.29 1.00 4.30 

 

 According to the Metcon data, for Met 02-05 about 16% of the Au and about 16% of the Ag occurs in 
the size fractions larger than 25.4 mm (1”) in size.  For Met 11-17 about 29% of the Au and more than 
25% of the Ag occur on these coarse fractions.   

 Similarly, Metcon’s data show that for Met 02-05 35% of the Au and about 34% of the Ag are present in 
the minus 1.7 mm fraction.  For Met 11-17 these numbers are 15.4% and 13.2%, respectively.  These 
data suggest that everything else being equal, Met 02-05 should leach better than Met 11-17. 

 A comparison between the data generated by ALS with the assays determined by Metcon shows that 
these data sets produce similar results lending confidence to the head assay values. 
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Figure 1.3 Gold and silver grade distributions by size fraction and percent retained 

1.4.3 Mineralogical characterization 

HGS recommended to WCG to undertake mineralogical characterization of the samples in an attempt to 
understand the mineral assemblage responsible for the mineralization.  HGS coordinated with SGS personnel to 
deliver a one-kilogram split of each of the three Casino composites to FL Smidth to determine: the gangue 
mineralogy, abundance of clay minerals, potential cyanide consuming minerals, and mode of gold occurrence. In 
addition, WCG undertook QEMSCAN of the composites. 

For completeness and to help with the interpretation of the data derived during this characterization effort, the 
following paragraphs provide a brief discussion of the findings by FLS for the two composites of interest, namely; 
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Met 02-05 and Met 11-17.  For a complete analysis and discussion of the procedures used to generate these data 
the interested reader is refer to the FLS report (FLS, 2014)2. 

Gangue mineralogy 

The bulk gangue mineralogy determined by FLS is summarized graphically in Figure 1.4.  These data show: 

 The gangue is composed predominantly by quartz (Si02) and alumino-silicate minerals; K-feldspar 
(2KAlSi3O8 ) and Muscovite (KAl2(AlSi3)O10(OH)2). Chlorite ((Mg,Fe)3(Si,Al)4O10(OH)2•(Mg,Fe)3(OH)6) is 
present in a minor amount in Met 19-20.  These minerals make up about 88%, 85% and 81% of the 
gangue minerals in Met 02-05, Met 11-17 and Met 19-20, respectively.  

 The quartz fraction is quite different from each of the composites, 55.5% for Met 02-05, 41.7% for Met 
11-17 and 36.8% for Met 190-20. 

 The secondary alumino-silicate minerals include Kaolinite (Al2Si2O5(OH)), with some swelling clays 
representing 5.5%, 6.0% and 7.7% for Met 02-05, Met 11-17 and Met 19-20, respectively.  

 Iron oxides include Jarosite (KFe3+3(OH)6(SO4)2) and Hematite (Fe2O3).  The presence of these minerals 
confirms the conclusion reached from the ICP data regarding iron in the Casino samples being indeed 
representative of oxide minerals. 

 The concentrations of Ti identified by the ICP analysis are explained by the presence of Rutile (TiO2) in 
all three composites.  

 Met 11-17 and Met 19-20 are similar except for the presence of Plagioclase (a transition feldspar), 
Chlorite, and Hematite on the latter.  

 

Figure 1.4  Casino – Bulk gangue mineralogy (After FLS, 2014) 

                                            

2 FLSmidth 2014.  Draft Technical Report, M-14085 Western Copper & Gold Casino Samples.   
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Potential Cyanide Consuming Minerals 

Based on the mineralogical characterization from FLS and other mineralogical data, the potential CN consuming 
minerals include: 

 Metal sulfides including copper, iron, arsenic and zinc; 
 Iron oxide-hydroxides such as Limonite and Jarosite which can also act as preg-robbing.  Further, 

Jarosite as well as other acidic materials may also induce lower pH values which may promote CN 
destruction; and 

 Secondary alumino-silicates and swelling clays to a minor extent.  

Mode of Gold Occurrence and Potential Solubility 

The FLS report indicates that: 

 Given the low grades of the material it is extremely difficult to mineralogically characterize the 
occurrence of gold and further characterization was recommended by FLS. 

 From the fact that no visible gold was observed in the received composites or in their gravity 
concentrates, and the results of the cyanide solubility, FLS conclude that the gold occurs primarily as 
sub-microscopic native gold. 

 Shake leach tests at various concentrations of CN were used to determine the potential solubility of 
gold.  These tests were conducted on 10 g with a P95 of minus 106 micron and show that: 

o Au recoveries increase with increased CN concentrations.  A CN concentration of 3 g/L results 
in an average Au recovery of about 61% for all the three composites; 

o Increasing CN concentration produces additional Au recovery for composites Met 11-17 and 
Met 19-20 but not for composite Met 02-05.  Even at a CN concentration of 50 g/L at which the 
other composites yielded an Au recovery greater than 97%, the recovery for the latter was only 
75%. 

o It is our contention that the additional recovery on the first two composites results from the 
dissolution of sulfide minerals (sulfide encapsulation due to, but not exclusively, copper sulfides) 
which may be coating the Au minerals and dissolve in the presence of higher CN 
concentrations.  On the other hand, the limited Au recovery in Met 02-05 is likely associated to 
silica encapsulation. 

The available head grade for composites Met 02-05 and Met 11-17 for copper, Au and Ag are summarized in 
Table 1.6.  These data show a good correspondence between these three data sets lending confidence in the 
sample preparation and analytical methods as well as on the values of the head assays. 

Given the low Au grade on these composites, it would be important to understand the minerals responsible for 
the copper values. FL Smidth recommended and conducted QEMSCAN analysis to try to identify the copper 
minerals present on these samples.  However, FLS indicated that given the low concentration of Cu (< 5%) and 
the accuracy of this method (0.1% by weight), only a small fraction of the Cu (33% for M 02-05 and ~8% for 
M11-17 and M 19-20) was detected which prevented full determination of Cu deportment.  Notwithstanding 
these limitations, the QEMSCAN characterization shows that Chalcopyrite is the dominant Cu-sulfide and that 
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some Cu bearing Iron Oxides are present in M 11-17 and M 19-20 but not in M 02-05.  The results from the 
FLS study reinforce our conclusion that Met 02-05 would metallurgically outperform the other two composites. 

Table 1.6 Head Grades for Casino Composites 

Lab ALS* FLS Metcon 

Sample ID Cu (%) Au 
(ppm) 

Ag 
(ppm) Cu (%) Au 

(ppm) 
Ag 

(ppm) Cu (%) Au 
(ppm) 

Ag 
(ppm) 

Met 02-05 0.010 0.36 1.06 0.01 0.32 <2.0 0.009 0.32 0.8 

Met 11-17 0.053 0.53 3.39 0.06 0.47 2.9 0.051 0.55 2.7 
      *Composite assays calculated from individual assays assuming a 1:1 mix 

2.0 HYDRODYNAMIC CHARACTERIZATION 

Over the years, the leaching community has bought into the false precept that as long as an ore is very 
permeable it is good for a leaching process and therefore standard geotechnical characterization is typically 
limited to the measurement of the saturated hydraulic conductivity.  ROM ore and crushed ore devoid of fines 
are good illustrations of the falsehood of this assertion.  In these materials, the leaching solution will indeed 
move quickly through the ore bed but it will do so with minimal solution-to-ore contact resulting in an 
inefficient leaching process.  Solution bypass through the coarse fractions and pooling on the fines fractions is a 
common occurrence in ROM heaps which leads to inefficient metal recovery.  As discussed in the following 
paragraphs, a leaching material must not only be permeable but should satisfy a number of other physical and 
hydraulic requirements. 

Industrial experience worldwide shows that the lack of ore preparation standards, in general, and of 
agglomeration standards, in specific, results in significant variability from day to day and from operation to 
operation.  Improved agglomeration significantly enhances hydrodynamic performance of the ore and hence the 
metallurgical performance of the process.  With this in mind, HGS developed the following scale to qualify the 
condition of the ore delivered to a heap; a non-agglomerated sample is assigned a Level 0 (L0), while a sample 
that has been fully agglomerated is assigned a Level 5 (L5).  Most crushed, agglomerated ore leaching operations 
are working with an intermediate agglomerated product with a quality below L3.  Recent experience shows that 
attaining higher levels of agglomeration (L3 to L5) is feasible once the necessary conditions have been identified 
and operators have been properly trained3.  It is important to recognize that low levels of agglomeration and 
ROM ore placement result in particle size segregation along the heap profile, which in turn promotes solution 
segregation (channeling), protracted leach cycles and overall poor leaching efficiency. 

                                            

3 Guzman, A., R.E. Scheffel and S. Flaherty 2006.  Geochemical Profiling of a sulfide leaching operation: A 
case study. SME 2006 Spring Meeting.  March 2006 St. Louis, Mo 
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Application of the above agglomeration scale helps explain the discrepancies often encountered amongst 
metallurgical tests as well as the difference between lab-scale tests and industrial leaching operations.  We have 
concluded4 that optimal agglomeration needs to satisfy the following specifications: 

1.0 Bind all the dispersed fines to minimize their negative effect on the percolation and solution-retention 
capacity of the ore; 

1.1 The percolation capacity of the ore should be at least 100 times larger than the typical 
application rate (10-4 cm/s) for a dynamic heap, and at least 1,000 times larger than this rate for 
a multi-lift heap. 

1.2 The maximum solution retention capacity during irrigation should result in a liquid degree of 
saturation smaller than or equal to 75% for an oxide-leaching operation or 60% for a sulfide 
leaching operation. 

1.3 Air conductivity should remain larger than 10-3 cm/s. 

2.0 The resulting porous structure yields at the maximum lift/heap height a total porosity larger than 30% 
which is partitioned between macro- and micro-porosity of about 50:50 to facilitate bulk solution 
movement and intimate contact between solution and ore; 

3.0 The porous structure is sufficiently resilient to withstand deformation and physical stress resulting 
from the design heap-height; 

4.0 The agglomeration product is sufficiently resilient to chemical decrepitation;  

5.0 The agglomeration product and resulting porous structure is able to withstand flooding without major 
loss of structural integrity; and 

6.0 Produce an agglomeration product which promotes leaching bed homogeneity, uniform flow 
distribution and equal opportunity-leaching for all the size fractions. 

All these specifications are more critical in the case of a multi-lift heap where the material will be exposed to the 
cumulative effect chemical decrepitation and compaction resulting from multiple leaching cycles.  In general, 
alkaline leaching conditions (as those used in the leaching of Au and Ag) produce less decrepitation than that 
observed in acidic leaching conditions (as those used in the leaching of Cu, Zn and Ni) so the conditions 
specified on item 1) above may be relaxed slightly.   

With these requirements in mind, two testing procedures (the Stacking Test and the Hydrodynamic Column 
Test) were developed based on experience from the hydrological sciences and observations in more than 50 
leaching operations worldwide.  These test procedures provide the most complete characterization of 
the physical and hydrodynamic properties of an ore-for-leach available to the mining industry. 

                                            

4 A. Guzman, S. Robertson and B. Calienes, Constitutive relationships for the representation of a heap 
leach process, in The Heap Leach Solutions 2013 Proceedings Vancouver, Canada, September 22-25, 
2013. 
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Extensive experience with the application of these procedures to the leaching processes on a variety of minerals 
including crushed-agglomerated ore and ROM ore indicates that: 

 Ore bulk density controls the hydrodynamic performance of the ore; 

 Bulk density varies in a non-linear fashion along the heap profile and strongly depends on ore 
preparation practices (particle size distribution, crushing approach, agglomeration and additives, and 
stacking mode); 

 Hydrodynamic performance controls operational conditions, metallurgical performance as well as 
geotechnical performance of the ore mass; and 

 As such, it is critical to recognize that operational conditions for a given ore sample depend on ore 
preparation techniques, method of stacking and equally important, the bulk density of the ore. 

In practical terms, a large difference between the Stacking Test results from Level 0 and Level 5 material 
indicates a strong sensitivity of the hydrodynamic properties of the ore and highlights the need for optimizing 
the agglomeration process.  On the other hand, a relatively small gap between L0 and L5 STs suggests that the 
ore is robust enough and that a sub-optimal agglomeration product would not greatly impact the performance 
of the leaching process. 

The following sections provide a brief overview of these procedures, test conditions, and the results from their 
application to the Casino head composites. 

2.1 Testing Solution 

Testing with a representative solution (density, viscosity, and bulk chemistry) is a key procedural practice that 
has been overlooked during the measurement of hydrodynamic properties in the context of the design of many 
heap leaching operations.  This oversight typically results on erroneous conclusions regarding the hydraulic 
performance of the ore.  With this in mind, the tests requiring solution were conducted as follows: 

 Tap water with 0.13 g of lime per liter of water to obtain a pH close to 11.3 for the agglomerating 
solution and Stacking Tests. 

 The HCTs used tap water with 0.10 g/L of lime, a pH of 11.2 plus 0.5 g/L of NaCN for the irrigating 
solution. 

Saturated hydraulic conductivity tests were conducted using synthetic raffinate to make the results from these 
tests as representative as possible.  The moisture content values represented in Table 2.1 represent the optimal 
moisture required to achieve an agglomeration level of L3 (the typical attainable at an industrial scale without 
much difficulty). 

Hydraulic conductivity is directly proportional to the solution density and inversely proportional to the viscosity 
of the solution.  The specific gravity (S.G.) of the synthetic raffinate was measured at 1.00.  It is noted that all 
values of saturated hydraulic conductivity reported on this document have been normalized to a temperature of 
20°C to account for the variation of solution viscosity as a function of temperature. 
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2.2 Stacking Tests 

A Stacking Test5 (ST) simulates the lithostatic load resulting from the weight of the ore as the height of the heap 
increases.  A ST is performed by placing an ore sample into a test cell and mechanically increasing the confining 
load to simulate the effect of heap height on the bulk density of the ore.  The load is increased in a stepwise 
fashion, allowing for height stabilization during each of the loading steps.  The density and permeability of the ore 
are measured at each step and then the load is increased to simulate additional lithostatic loading.  The 
maximum load for a stacking test is selected to represent either the maximum lift height in the case of a dynamic 
heap or the maximum heap height in the case of a permanent (multi-lift) heap6.  A soft-ore produces a steep 
density profile indicative of a rapidly changing hydraulic conductivity profile while a competent ore produces 
relatively flat density and conductivity profiles. The stacking test is conducted under partially saturated 
conditions, containing only the moisture of agglomeration (or as-drained moisture in some cases), as opposed to 
fully saturated conditions typically employed in similar studies conducted by geotechnical practitioners.  The 
results from a Stacking Test include: 

 Density profile – defines the relationship between the ore density and heap height.  This profile provides a 
direct measurement of the physical integrity of the ore sample under load and, as such, it quantifies the 
robustness of the pore structure resulting from the selected ore-preparation practice; 

 Hydraulic conductivity profile – defines the relationship between the ore conductivity and heap height.  
These data represent a direct measurement of the integrity of the porous structure and its resilience 
under various heap heights and determines the effect of physical and chemical decrepitation (when using 
a leached sample) on the percolation capacity of the ore; 

 The minimum hydraulic conductivity of the sample – By design, the results from a Stacking Test represent 
the bulk density, ore permeability and, at the end of the test, the saturated hydraulic conductivity of unit 
volume of ore located at the bottom of the heap.  Therefore, the saturated hydraulic conductivity value 
at the end of the load-sequence indicates whether the heap is sufficiently permeable at its ultimate 
height to allow free drainage of the pregnant leach solution (PLS) to the collection system; 

 Preliminary estimates of total-, micro- and macro-porosity – these preliminary estimates provide a direct 
indication of the capacity of the sample to support percolation leaching.  Ample data from industrial 
operations indicate that a total porosity of at least 30% is required for proper solution and air 
percolation.  In addition, a 50:50 portioning of the porosity into micro- and macro-components has been 
determined to provide a good balance between advection and diffusion controlled solution movement. 

                                            

5 A. Guzman and R.E. Scheffel, The Fundamentals of Physical Characterization of Ore for Leach, in 
International Symposium Hydrometallurgy (6th: 2008 Phoenix, AZ).  Edited by C.A. Young et al., SME. 
6 A. Guzman, S. Robertson and B. Calienes, Constitutive relationships for the representation of a heap 
leach process, in The Heap Leach Solutions 2013 Proceedings Vancouver, Canada, September 22-25, 
2013. 
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 The maximum lift and heap height – Data from the density and permeability profiles provide a direct 
measurement of the lift and heap height at which the leaching process will allow unimpeded percolation 
of solution. 

As described above, two composites from the Casino ore body were subjected to the ST procedure under 
different conditions of agglomeration.  To accommodate the coarser nature of Met 11-17, the STs were 
conducted on 8” diameter cells.  The agglomerated samples were targeted to an optimal condition (L5), 
however, due to the high proportion of gravel size fragments agglomeration for Met 02-05 reached an 
intermediate level of agglomeration (L3) while the coarser composite Met 11-17 reached a low level of 
agglomeration (L2).  In addition, to fulfilling the tests the test matrix (Figure 2.1), we also tested a 1:1 blend of 
Met 02-05 and Met 11-17 under a non-agglomerated condition and a 2:1 blend of these composites under a L# 
agglomeration level.  A total of 8 STs were conducted as summarized in Table 2.1.   

Figures 2.1a and 2.1b present a visual record of the samples used during this characterization; non-agglomerated 
(L0) and agglomerated (L2 and L3).  As indicated by the contrast in porous structure between the L0 and L3 
samples, despite the low level of fines on the Casino samples, it seems likely that agglomeration has a positive 
impact on the hydrodynamic performance of the ore – more so for sample Met 02-05 with smaller top size and 
larger amount of fines.  Agglomeration of the 2:1 blend of M 02-05 and M 11-17 (Figure 2.1b) produces a 
significant improvement of the porous structure when compared with the agglomerated samples of either one of 
these composites (Figure 2.1a). 

Table 2.1 presents the sample identification (ID) together with the conditions for each of the STs.  The sample 
ID contains information about the Composite (M-02-05, M-11-17 or Blend of these two), type of lime mixed 
with the initial non-agglomerated sample (Peb for Pebble and Pow for Powder), and the level of agglomeration 
(L0, L2 or L3).  Powder lime was used for the remaining tests (agglomerated samples, blended non-agglomerated 
sample and the samples used on the HCTs described below).  Also included are the Specific Gravity, the 
moisture content, maximum test height, minimum and maximum bulk density, minimum and maximum air 
conductivity, and minimum saturated hydraulic conductivity. 

As indicated in Table 2.1, a 1:1 blend of composites Met 02-05 and Met 11-17 was prepared and tested under 
non-agglomerated conditions to evaluate the potential benefit of mixing these two samples. An additional 2:1 
blend of these samples was prepared and tested under a L3 agglomeration level to document the beneficial 
impact of agglomeration on the Casino composites. 

The samples were initially tested to a maximum heap height of about 70 m for the initial, then to about 140 m to 
simulate the range of heap heights considered within the current heap design.  As discussed below, the load 
sequence was selected to generate sufficient detail over the range of heap heights relevant to the current multi-
lift heap.  It is noted that the slope of all the density profiles generated to date seem to steepen once the 
simulated heap height increases beyond twenty meters.  

By design a Stacking Test determines the effect of lithostatic load on the degree of compaction of a sample.  
These results are presented on and X-Y semi-log plot where the Y-axis represents the bulk density (dry mass of 
ore per unit volume) and the X-axis represents the lithostatic load expressed in terms of the associated heap 
height.  The shape of the density profile is in general diagnostic of the physical competence (strength) of the ore 
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such that a “soft” or “weak” ore is characterized by a steep density profile while a competent, strong sample is 
described by a flatter density profile.  It is noted, however, that the slope of the density profile is also affected by 
the initial porous structure of the sample such that the density profile of a fully agglomerated sample might be 
steeper than that from the corresponding non-agglomerated sample.  Notwithstanding, this stepper density 
profile, the fully agglomerated samples invariably have a much higher percolation capacity than the non-
agglomerated sample due to its more organized porous structure. 

As such, interpretation of the results from a ST requires combined analysis of the density and 
conductivity profiles as well as the preliminary estimates of the total porosity and its partition 
into macro and micro.  The following sections present a summary of the results in graphical form for the 
density and the conductivity profile as well as the partition of porosity into its micro- and macro-components to 
facilitate evaluation of the impact of the various testing conditions.   

Appendix A at the end this document presents the laboratory report for each of the STs conducted as part of 
this investigation. 
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Sample L0 w/ Pebble Lime L0 w/ Powder Lime Agglomerated w/ Powder Lime 

M 02-05 

   

M 12-17 

   
Figure 2.1a Photographs of Casino samples 
  



    Rev. 2    WCG Casino – Hydrodynamic Characterization 
  January 22, 2015 

 

HydroGeoSense, Inc.   Page 22 

 Test Charge Close-up Detailed View 

L0 

 
  

L3 

 
  

Figure 2.1b Photographs of Casino M02-05 & M11-17 blend 2:1 agglomerated 
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2.2.1 STs on Casino Composite Met 02-05 

Figure 2.2 Density and conductivity profiles for Composite Met 02-05 
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2.2.2 STs on Casino Composite Met 11-17 

 

 

Figure 2.3 Density and conductivity profiles for Met 11-17 
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2.2.3 Comparison of STs Results for Blended Casino Composite 

 

 

Figure 2.4 Comparison of Density and conductivity profiles for Blended Composite 
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2.2.5 Preliminary values of porosity partitioning 

Figure 2.7 Partition of total porosity  

2.2.6 Discussion of Stacking Tests Results 

The results from the STs for the Casino samples are presented in Figures 2.2 to 2.4. Inspection of these data 
shows that: 

 The bulk density and conductivity of all the samples are a function of the heap height.  As the heap 
height increases the density increases and the conductivity (percolation capacity) decreases in a non-
linear fashion. The change in these properties is relatively minor over the range of heap heights 
evaluated on this study (h < 145 m) indicating that the Casino composites are mechanically competent. 

 The type of lime used for alkalinity amendment has an effect on both the density and conductivity 
profiles. This is interesting in that the alkalinity dosage was identical (2.93 kg/t) on these samples and the 
only difference was the texture of the lime; pebble or powder. 

 The results from the STs show that alkalinity amendment with pebble lime slightly increases the density 
and the conductivity of these two composites.  Although, the industrial significance of these difference is 
minor because using pebble lime would not be practical, they highlight some very important technical 
details: 
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o The texture of the fines (dispersed versus clumped in this particular case) has a measurable 
effect on the hydrodynamic response of a sample; 

o The shape and actual values of the density and conductivity profiles are able to identify changes 
as small as 0.3% in the pore structure; and 

o Designing optimal conditions by controlling the PSD, ore preparation practices (as shown 
below) and measuring the impact of these changes via the Stacking Tests are attainable. 

 Agglomeration (although not optimal due to the level of fines present on the Casino samples used for 
this evaluation; < 4% minus 200-mesh) provides a noticeable improvement on both the density and 
conductivity profiles with respect to those of the non-agglomerated samples even for the very coarse 
composite (Met 11-17). 

 The conductivity profiles (bottom frames on Figures 2.2 to 2.3) confirm the beneficial effect of 
agglomeration showing an increase in conductivity of one order of magnitude (a factor of 10) for both 
composites (Met 02-05 and Met 11-17). 

 Similarly, blending and agglomeration (Figure 2.4) produce a significant improvement on both the density 
and conductivity profiles.  These results show that ore preparation practices are therefore 
critical for an improved performance of the process. 

 Blending and agglomeration of Met 02-05 and Met 11-17 produced an improved sample from the 
hydrodynamic point of view, namely: 

o The density profile of the blended samples fall between those from the two original composites 
showing the incremental benefit of blending alone (M02-05+M11-17 1:1 L-0) and blending and 
agglomeration (M02-05/M11-17 2:1 L-3).  The density of the agglomerated sample is smaller 
than that of the blended, non-agglomerated sample. 

o The conductivity profile of the blended samples is higher than that from the original 
M02-05-Pow-L0 composite showing the incremental benefit of blending alone (M02-05+M11-17 
1:1 L-0) and blending and agglomeration (M02-05/M11-17 2:1 L-3) which produce conductivity 
values larger than those measured for the original M11-17-Pow-L0 composite.  The conductivity 
of the agglomerated sample is larger than that of the blended, non-agglomerated sample. 

o These data indicate that blending all these samples would be beneficial for both composites from 
the point of view of their hydrodynamic performance (increasing conductivity for Met 02-05 and 
reducing the negative effect of the high gravel content for Met 11-17).  Agglomeration further 
increase the benefit of blending. 

o Depending of the location of these composites with respect to the mining plan, blending all of 
these samples may be advantageous for the metallurgical process. 

 Overall, the heap height has a small effect on the conductivity of the ore.  As part of the ST procedure, 
each sample is fully saturated with synthetic raffinate, allowed to drain under the influence of gravity, and 
then reloaded to the maximum heap height simulated during the tests (~140 m).  This portion of the ST 
determines the physical stability of the ore and its potential compaction at residual liquid saturation 
(typically larger than the optimal moisture of agglomeration) as expected to occur during the life of the 
multi-lift heap.  The maximum compaction during reload was observed for the agglomerated samples.  
However, even these values are smaller than 4.8% indicating a competent ore whose porous 
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structure is able to withstand flooded conditions and the full lithostatic stress at its residual 
saturation. 

Industrial experience on several different ore types (oxide and sulfide minerals) suggests that: 

 For a dynamic (on and off) heap, a minimum saturated hydraulic conductivity of 100 times the 
application rate is required.  For the recommended application rate of 6 L/h/m2 (1.67 x 10-4 cm/s), this 
requirement translates into a minimum saturated hydraulic conductivity of 600 L/h/m2 (1.67 x10-2 cm/s).  
For a multiple-lift (permanent) heap, the minimum saturated hydraulic conductivity requirement is 1,000 
times the application rate to account for potential decrepitation, slumping and compaction.  This 
requirement translates into a minimum saturated hydraulic conductivity of 6,000 L/h/m2 (1.67 x10-1 
cm/s) for a permanent heap. 

o As indicated in Table 2.1, all the samples tested during this program satisfy the requirement for a 
dynamic heap but some samples fall short of the requirement for the permanent heap.  Of the 
samples prepared with powder lime, the non-agglomerated Composite Met 11-17 has the 
smallest Ks value (7.7 x 10-2 cm/s - 46% of the required value) while the projected minimum Ks 
for Composite Met 02-05 (9.9 x 10-2 cm/s) would be about 60% of the required hydraulic 
conductivity. 

o The minimum Ks value for the blend of these composites is 1.4 x 10-1 cm/s, interestingly higher 
than that for each of the composites.  This improvement is attributed in the one hand to 
contribution of the coarser material from Met 11-17 and the beneficial effect of the sand 
fraction from Met 02-05 which prevents the migration of fines from Met 11-17.  The fines tend 
to migrate and deposit along the heap profile forming low permeability layers. 

o Agglomeration increases the minimum saturated hydraulic conductivity of Composite Met 11-17 
by a factor of three to 2.0 x 10-1 cm/s (120% of the required Ks) and has a smaller, though still 
positive, effect on Composite Met 05-02 (1.0 x 10-1 cm/s; 60% of the required Ks). 

o Blending produces a saturated hydraulic conductivity which essentially meets the 1,000 larger 
than the application rate requirement (1.4 x10-1 cm/s for M02-05+M11-17 1:1 L0) while the 
blended and agglomerated sample slight improves on the hydraulic conductivity (1.5 x10-1 cm/s 
for M02-05+M11-17 2:1 L3). 

 As the total porosity approaches a value of 30% the ability of the ore to support percolation leaching is 
diminished.  In addition, an optimal partition of the pore space consists of 50% micro-pores and 50% 
macro-pores to provide a good balance between advection and diffusion controlled solution movement.  
Inspection of the preliminary estimates of porosity and its partition into micro- and macro-components 
summarized in Table 2.2 below and Figure 2.7 shows that for the samples prepared with powder lime: 

o The total porosity of the agglomerated samples is smaller than that of the non-agglomerated 
samples; 31% versus 29% for Met 02-05 and 41% versus 35% for Met 11-17. 
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o The partitioning of the pore space of the Met 02-05 samples is close to the optimal; a 
macro/micro ratio of 55/45 for the non-agglomerated sample and slightly improved (48/52) for 
the agglomerated sample.  

o However, the partitioning of the pore space for the Met 11-17 samples is dominated by macro-
porosity (80/20 for the non-agglomerated and 74/26 for the agglomerated sample.  The smaller 
improvement on composite Met 11-17 is due to its low fines content (2.0%) and its high gravel 
component (91.7%). 

o Interestingly, the blended composite has a slightly lower total porosity (30%) but a macro- to 
micro-porosity partition of 49/51which is very close to the optimal (50/50).   

o Similarly, the agglomerated 2:1 blend of M 02-05 and M 11-17 produces a micro to macro 
partition of 50:50. 

 The large component of the macro-porosity of the Met 11-17 non-agglomerated 
composite would translate into gravity-dominated flow where limited horizontal 
movement of solution occurs leading to inefficient wetting and limited metallurgical 
performance.  This type of flow conditions leads to poor metal extraction, inefficient reagent 
utilization and protracted leach cycles. 

 In other words, an ore sample can be too permeable to be efficiently leached and more so if the 
irrigation scheme is not properly designed and operated to counteract the gravity-dominated flow. 

 Composite Met 02-05 when not agglomerated may be able to support a percolation leaching process in 
heap with heights up to 70 m.  An L3 level of agglomeration improves the percolation of this sample 
such that a heap as tall as 100 m may be supported.  

 Notwithstanding the potential complications resulting from flow channelization, composite Met 11-17 
may support percolation leaching in a heap with heights up to 140 m.   

 Blending would lead to improved hydrodynamic and metallurgical performance of these two composites.  
The ST data from the agglomerated 2:1 blend of M 02-05 and M 11-17 indicate that this sample could 
support a heap height close to 140 m. 
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 An important fact that needs to be considered in the analysis and interpretation of the results of the 
Stacking Tests is that all the samples tested to date represent fresh ore.  Leaching typically results in 
chemical-induced decrepitation (more so under acidic conditions than alkaline conditions) which in turn 
negatively impacts the hydrodynamic properties of the ore.  Given that the Casino heap leaching 
process is designed as a multi-lift operation, it would be important that hydrodynamic 
properties of the leached residue after a three to four leach cycles be determined to define 
the potential impact of decrepitation on the long term operation of the heap.  Given the 
favorable response of the blended, agglomerated samples it is expected that this long term 
condition could be easily managed. 

2.3 Hydrodynamic Column Tests 

The hydrodynamic column test procedure provides the most complete characterization of the physical and 
hydrodynamic properties of an ore-for-leach at given bulk density.  A Hydrodynamic Column Test (HCT) is 
performed by placing an ore sample into a column and subjecting the sample to a confining pressure equivalent 
to desired lift or heap height.  The diameter of the test cell is selected to minimize potential wall effects on the 
determination of hydrodynamic parameters of the ore sample.  Once the sample has been placed onto the test 
cell, the irrigation rate is varied over several orders of magnitude to evaluate the corresponding degree of 
saturation and the resiliency of the porous structure as the ore becomes increasingly wet.  Each irrigation rate 
period is extended until steady state flow conditions are developed at which point the corresponding degree of 
saturation is measured.  The maximum solution application rate is determined by the value at which the surface 
of the column becomes saturated (flooded).  Once the ore is flooded, a saturated hydraulic conductivity test is 
conducted to quantify the maximum flow capacity of the ore (Ks).  The relationship between irrigation rate and 
degree of liquid saturation (solution retention) varies from sample to sample and is strongly influenced by the 
ore preparation practice. 

The parameters obtained from a HCT include: a) saturated hydraulic conductivity, b) hydraulic conductivity as a 
function of solution content (hydraulic conductivity curve), c) the moisture retention curve (the relationship 
between degree of saturation and pore pressure), d) the air permeability as a function of solution content (air 
conductivity curve), e) the drain down curve, and f) total, macro-, micro- and residual-porosity.  As such, the 
HCT provides a complete characterization of the potential hydrodynamic response of an ore 
sample under a percolation leaching process.  A description of each of the parameters obtained from the 
HCT test is as follows: 

a) Saturated hydraulic conductivity – defines the maximum capacity of the ore to allow percolation of leaching 
solution.  A saturated hydraulic conductivity (Ks) greater than or equal to 10-2 cm/s is a necessary but 
not sufficient condition to ensure an adequate metallurgical performance of an ore under percolation 
leaching at an industrial scale.  As indicated above, the actual criteria for an adequate Ks is different for a 
dynamic heap (initial Ks greater than 100 times the application rate) than for a multi-lift, permanent heap 
(initial Ks greater than 1,000 times the application rate); 

b) Moisture retention curve – provides the degree of saturation (moisture content) of the sample as a 
function of capillary (pore) pressure and hence defines the energy state of the solution within the pore 
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space.  This parameter is critical if numerical modeling of the flow process would be pursued but not 
critical from a practical point of view of design of the leaching process; 

c) Hydraulic conductivity curve – indicates the degree of liquid saturation resulting from a steady-state 
solution application rate.  This is the critical parameter in the design of the leaching/bio-oxidation 
process since the liquid saturation not only defines the ability of the ore to allow solution and air 
movement (from the air permeability curve described below) through an ore sample, but also 
determines the mechanical stability of the ore; 

d) Air permeability curve – provides the air flow capacity of the ore as a function of degree of liquid 
saturation (solution application rate).  This is a fundamental design parameter for forced or natural 
aeration system, which has not been traditionally considered;  

e) Drain down curve – provides an idea of the rate of solution drainage due to the action of gravity.  It 
represents a critical parameter necessary to estimate residual solution (and metal) inventory, required 
rest time before over-stacking (for a permanent heap) or removal of the leached residue (for a dynamic 
heap), as well as the potential discharge volume and rate during closure and post-closure conditions; 

f) Total-, micro-, macro-, and residual-porosity – the total porosity indicates the pore space per unit volume of 
the sample. For a given ore sample, in general, and in an agglomerated ore in particular, the macro 
porosity is associated with the pore space between rock particles/agglomerates while the micro-
porosity represents the pore space within rock particles/agglomerates themselves. The residual porosity 
is the fraction of the pore space which will remain saturated even after a prolonged drain down period. 
Optimal agglomeration process produces a 50:50 micro to macro partition and minimizes the residual 
porosity. 

By design a sample subjected to HCT represents a unit volume of ore located at the bottom of the lift (heap) – 
the target bulk density is selected from the results of a Stacking Test on the same sample.  This location 
experiences the most stringent conditions since it is exposed to the maximum lithostatic load and to the 
maximum degree of liquid saturation along the heap profile.  If the hydraulic performance of this portion of the 
heap/lift is adequate, it is reasonable to conclude that the rest of the heap/lift profile will perform just as well or 
better. 

The results from an HCT provide all the necessary information to understand movement of solution and air 
under a percolation leaching process. In other words, the HCT generates all the parameters required in the 
context of numerical representation (Computational Fluid Dynamics, CFD) of the leaching process.  From the 
more practical point of view, the HCT answers the key question for the design of a heap – the 
degree of saturation resulting from a given application rate.  Experience shows that for an oxide leach 
the maximum liquid saturation should be kept below 85% and ideally below 75% to accommodate the natural 
variability associated with the heap stacking process.  Leaching of a sulphide ore typically requires that the 
degree of saturation remains below 60% to ensure that forced (or natural) aeration is properly supported.  As 
such, the operating degree of saturation is the critical design parameter as it controls solution-ore 
contact, aeration capacity of heap, and mechanical stability of the heap.   
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From the point of view of the design of a leaching operation, hydrodynamic characterization provides a way to 
quantify the benefits from alternative ore preparation approaches (from mining methods, to crushing, to 
agglomeration and stacking) so these results can be used to select the most favorable ore preparation 
techniques and maximum bulk density for a given ore sample.  In addition, this type of information can be used 
to select optimal operational conditions, including maximum lift height, maximum heap height, irrigation and 
aeration schemes and schedule as well as to determine the operation moisture content, drain-down moisture 
and maximum air intake among others.  

As indicated by the Test Matrix (Figure 1.1) a HCT was conducted on each of the composites Met 02-05 and 
Met 11-17.  The conditions for the HCTs were selected per WCG personnel to represent non-agglomerated 
ore.  Table 2.3 summarizes the conditions used during the HCTs.  The density of the samples, a critical variable 
which is in many cases overlooked on standard metallurgical column tests, was selected to represent a 32-m 
heap to ensure proper operation for the first several lifts. 

Table 2.3  Hydrodynamic Column - Test matrix 

Sample ID 
Top Size

(mm) 
P80 

(mm) 
Bulk Density

(t/m3) 
Agglomerate

Level 

Met 02-05  ~50  30.6  1.770  L0 

Met 11-17  ~55  43.6  1.530  L0 

 

One of the key pieces of information derived from a HCT is the hydraulic conductivity curve; the relationship 
between solution application rate and degree of liquid saturation (or saturation).  In general, the shape of the 
hydraulic conductivity curve is influenced by the particle size distribution, ore conditioning/curing and moisture 
content, the blending ratio of the ore type, the type of solution used during the agglomeration process, the 
quality of agglomeration and the bulk density.  All these parameters can be changed as part of the design of an 
operation so they constitute the ore preparation practices.  As such, the shape of the curve is diagnostic of 
the effect of the ore preparation practices on the hydraulic response of an ore sample.  The hydraulic 
conductivity curves derived for the Casino fresh ore samples are summarized in graphical form on the top frame 
of Figure 2.8.  

A hydraulic conductivity curve can be read in two different ways: 

1. To obtain the operational saturation associated to a given solution application rate (equivalent to the 
hydraulic conductivity); enter the plot along the y-axis, move horizontally to intercept the conductivity 
curve and then move downward to find the corresponding degree of saturation on the x-axis; or 

2. To obtain the solution application rate (hydraulic conductivity) able to be sustained by a given degree of 
saturation enter the plot along the x-axis, move upward to intercept the curve and then horizontally to 
intercept the y-axis to find the corresponding solution application rate. 

It is noted that in the context of the HCT and specifically for the hydraulic conductivity curve, because of the 
conditions imposed during this test, under steady-state flow conditions the solution application rate is closely 
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equivalent to the hydraulic conductivity of the ore.  Hence, we refer to these variables interchangeably 
throughout the rest of this document.  

In addition to defining the relationship between irrigation rate and degree of liquid saturation (moisture 
content), the HCT procedure allows for the simultaneous determination of the air conductivity of an ore 
sample.  The air conductivity is a critical parameter in the design of an aeration system that is typically 
overlooked.  The lower frame of Figure 2.8 presents a graphical summary of the measurements of air for the 
two Casino non-agglomerated composites.  The lab reports included in Appendix B present the numerical 
results from these tests. 

From the operational point of view, the results from the HCTs on these TMC samples indicate that near the 
bottom of a 32-m heap: 

 For the application rate (10 L/h/m2) used by Metcon on their recent metallurgical columns, the Casino 
samples would operate at a degree of saturation below 56% for Composite Met 02-05, and 23.2% for 
Composite Met 11-17. 

 It is noted that the degree of saturation obtained for Met 11-17 is one of the lowest of all samples 
tested by HGS to date.  This low operational degree of saturation arises from the fact that nearly 74% of 
the void space of this composite is macro-porosity. 

 These results confirm the preliminary determination obtained from the STs; from the hydraulic point 
of view the Casino samples, even when not agglomerated, would easily support percolation 
leaching of a 32-m heap (lift). 

 It is important to note that slumping during initial irrigation of the lifts, potential decrepitation during 
leaching and destruction of the pore structure due to increase overburden stress will necessarily 
increase the density and degree of saturation as depicted in Figure 2.8.  Based on the results from 
the STs presented above, it is expected that these effects would be relatively minor for 
heap heights below 70 m.  

 It is recommended, however, that leached residue from the recent Metcon columns or 
from the first lift once the operation is started be tested under the ST procedure to assess 
the potential impact of one leach cycle on the density and conductivity profiles of these 
two composites.  If these results show a significant difference from the tests on the head 
samples, HCTs should be conducted to better assess the impact of leaching on the 
hydrodynamic properties of the Casino ore and the potential changes to the current heap 
design. 

As described in the previous section, the total porosity and its partition into macro and micro components are 
important parameters for the design of a heap leach process.  Experience shows that a 50:50 partition between 
micro and macro porosity produces optimal hydrodynamic performance.  Table 2.4 below summarizes the 
estimated total porosity, macro-, micro- and micro-residual porosity derived from the analysis of the drain down 
curves derived from the HCTs.  The sum of the micro-drainable porosity and the micro-residual yields the 
micro-porosity. 
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Figure 2.8 TMC – Conductivity Curves 
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Table 2.4 – Porosity Values 

Sample  Total  Drainable  Macro 
Micro 

Drainable 
Micro 

Residual 

Met 02-05-L0 0.331 0.197 0.137 0.059 0.134 

Met 11-17-L0 0.409 0.347 0.302 0.045 0.063 

These data show that the Composite Met 02-05 has a macro-micro porosity partition of 42:58, while for the 
Composite Met 11-17 this partition is 74:26.  These ratios suggest that Met 02-25 may be most suitable for the 
leaching process.  It is important to note that the ST results on the 1:1 and 2:1 blend of these two composites 
resulted on improved hydrodynamic properties for both of the individual composites. 

The air conductivity curve presented in the bottom frame of Figure 2.8 highlights a number of important aspects 
of two-phase flow associated to the porous structure in the context of natural and/or forced aeration: 

 In general, air conductivity is a strong function of the PSD, degree of saturation and bulk density.  In this 
particular case the spread on between the curves arises from the differences in the PSD of the samples. 

 Typically, at low degree of liquid saturation (low moisture values) the air conductivity is nearly constant.  
The conductivity decreases slightly with increased saturation to the point when the degree of saturation 
reaches a threshold saturation value (S*) beyond which the conductivity drops rapidly.   

 In this particular case, both composites follow this pattern but with significant different magnitudes – the 
initial air conductivity of Met 11-17 is almost 100 larger than that of Met 02-05. 

 In general, the threshold saturation value at which air conductivity begins its rapid reduction is a function 
of the ore and the ore management practice (degree of agglomeration, top crush size, agglomeration 
additives, bulk density of the ore as placed, etc.).  This saturation threshold corresponds to the moisture 
content at which the air-filled porosity starts to become discontinuous which greatly increases the 
resistance for air flow. 

 It is important to note that this saturation threshold is, for most of the ore samples we have tested, far 
from full saturation (i.e., air flow is impaired much before all the pore space is occupied by solution).  
For most ores, the ability of a sample to allow air flow is, for all practical purposes, lost as the liquid 
saturation reaches a value of about 65%.  For the Casino samples, the threshold saturation value for 
which the air permeability becomes smaller than that require to allow unimpeded air flow varies 
significantly for each of the composites: 

o For the Met 02-05, the air conductivity starts its rapid reduction at a saturation value of about 
S* = 55.4%; 

o For the Met 11-17, the saturation threshold occurs at about 22% despite the otherwise very 
permeable sample.  

 Under natural aeration, air enters the heap through the top surface of the heap and its slopes.  This air 
flow results from density differences due to thermal gradients between the heap and the atmosphere 
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and changes in atmospheric pressure.  The force gradients resulting from these processes are small, so 
efficient aeration requires high air permeability values (> 10-3 cm/s). 

 Table 2.5 below summarizes the operational conditions in terms of the liquid degree of saturation and 
corresponding air conductivity for the each of the non-agglomerated Casino samples under a nominal 
application rate of 10 L/h/m2 (2.8 x10-4 cm/s).  Also included in Table 2.5 is the threshold saturation (S*) 
for each of the samples.  For this solution application rate:  

o The operational liquid saturation of the Casino samples is: 55% for Met 02-05, and 23.2% for the 
Met 11-17. 

o The operational degree of saturation is about the same as the saturation threshold for these 
composites which may limit the effectiveness of natural aeration (under irrigation rate of 
10 L/h/m2).  A smaller irrigation rate will improve the natural aeration on these composites.  

o It is noted that the operational degree of saturation is basically the same as the threshold 
saturation value at which the air conductivity starts its rapid reduction – which indicates that any 
upset condition (strong precipitation, variability in the irrigation rate, increased level of fines, 
localized compaction, etc.) resulting in increased saturation would produce a marked reduction 
in the air conductivity.  Empirical evidence shows that the rate of dissolution decreases by more 
than a factor of two as oxygen decreases by a factor of two. 

o Given the Au and Ag as well as the Cu grades, it is expected that the oxygen demand associated 
to cyanide leaching will be small.  The available information indicates that aeration requirements 
may be larger for Met 11-17 given its higher Cu content than for composite Met 02-05.   

Table 2.5 – Operational conditions at 10 L/h/m2 

Sample S* (%) S (%) Ka (cm/s) 

Met 02-05-L0 55.4 55.0 5.0 x 10-3 

Met 11-17-L0 22.0 23.2 4.5 x 10-1 

A couple of additional remarks arising from the HCT results are as follows: 

 The degree of saturation resulting from the solution irrigation rate combined with the residual porosity 
presented above provide an estimate of the dynamic moisture for each sample for a given solution 
application rate.  For instance, for a solution irrigation rate of 10 L/h/m2 the dynamic moisture for 
Composite Met 02-15 is: 48 liters of solution per cubic meter of ore (L/m3), and 32 L/m3 for the coarser 
composite (Met 11-17). 

 Industrial experience from many different ore types and various minerals shows that, in most instances, 
the hydrodynamic performance controls the metallurgical performance of a percolation leaching 
process.  In this particular case, it appears that the key considerations for the adequate 
leaching of the non-agglomerated Casino ore are:  

o The permeability for Composite Met 02-05 or a blend thereof, and  
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o Effective solution-to-ore contact for Composite Met 11-17 if not blended. 

Accurate numerical modeling of the solution and gas movement through a heap leach requires, as a minimum, 
knowledge of: 

 The relationship between hydraulic conductivity and the degree of saturation (top frame of Figure 2.8),  

 The relationship between the air conductivity and the degree of liquid saturation (bottom frame of 
Figure 2.8) – not critical for the Casino composites evaluated as part of this effort; and 

 The relationship between degree of saturation and the pore pressure (Figure 2.9), known in the 
hydrological community as the moisture characteristic curve. 

 
Figure 2.9 Casino – Moisture retention curve 

It is noted that the HCT is the only procedure that allows direct measurement of these 
properties concurrently and in a single sample in the context of multi-phase flow for the 
mining industry or otherwise.  

Because numerical analysis is not the focus of this characterization effort, the relationship between 
liquid saturation and pore pressure is not further discussed.  However, it is worthwhile noting that the 
operational pore pressure for the Casino is 30 cm for Met 02-05 and about 12 cm for Met 11-17 at a 
solution application rate of 10 L/h/m2.  Availability of these data greatly facilitates modeling solution 
movement (wetting and draining) and reactive transport of the heap leach process. 
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3.0 PRELIMINARY METALLURGICAL PERFORMANCE 

HGS continues to develop testing procedures for the optimal characterization of ore for leach.  As 
part of this development, the HCT has been modified to included chemical testing of the feed and 
discharge solution to obtain a preliminary evaluation of the potential metallurgical performance of a 
sample.  The resulting procedure is termed the Integrated Column Test (ICT) as it provides, for the 
first time in the history of leaching, all the hydrodynamic and critical metallurgical data on a single 
sample.  It is our contention this integrated approach will greatly enhance our ability interpret the 
results of metallurgical tests, scale-up laboratory data, and build comprehensive numerical models of 
the leaching process. 

The ICT procedure was applied to the Casino samples in order to generate a first estimate of metal 
extraction. Solution samples were collected and assayed for Au, Ag, Cu, NaCN and CaO in addition to 
the HCTs included on the original Scope of Work.  It is noted, that this activity was undertaken as part 
of HGS development work therefore at no expense to WCG.  As such, the results presented below 
are strictly preliminary and for information purpose only.  It is noted however that the metallurgical 
data derived from the ICTs is in complete agreement with the conclusions derived from the physical, 
metallurgical, mineralogical and hydrodynamic characterization data presented in the above paragraphs. 

The overall solution balance summarizing the metallurgical performance of composites Met 02-05 and 
Met 11-17 is presented in Figures 3.1 and 3.2, respectively.  Table 3.1 presents the total metal recovery 
and reagent consumption.  All the laboratory data and calculations of recovery could be made available 
to WCG in the future if necessary.  The following paragraphs present a brief discussion of the more 
relevant findings from these data. 

Table 3.1 – Preliminary metallurgical performance 

  Recovery (%)  Consumption (kg/t) 

Sample ID  Au  Ag  Cu  NaCN  CaO 

Met 02-05-L0 80.3 18.3 6.8 0.21 3.03 

Met 11-17-L0 42.0 17.5 19.0 0.32 2.96 

Inspection of the metal recovery and reagent consumption record for each of the composites indicates 
the following: 

 As expected, Met 02-05 out performs the Au recovery of Met 11-17.  It is noted that the Au 
recovery of Met 02-05 is quite fast (nearly 65% recovery in the first four days of operation) 
compared to that of Met 11-17 (25% recovery in seven days).  The faster kinetics are likely 
associated to the finer size distribution of the former. 

 The percent gold recovery for Met 02-05 is almost twice as high as that of Met 11-17 while the 
silver recovery for these composites is about the same (~18%). 
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 The last two days on the operation of the ICTs represent the flushing stage which in this 
particular case is shown to contribute about 10% of the Au recovery. 

 It is noted, that copper extraction is higher in Met 11-17 (19.0% versus 6.8% in Met 02-05) 
which may explain the lower Au recovery of the former.  Higher copper extraction can result 
in cyanide and oxygen consumption which tends to slow down the rate of gold dissolution.  It 
would be important to completely determine the mineral composition of the copper species 
present in Met 11-17 to understand their potential impact on the performance of this 
composite at the industrial scale. 

 The reagent utilization efficiency (g of Au dissolved by kg of NaCN) is 1.05 g/kg for Met 02-05 
and 0.72 g/kg for Met 11-17 which indicates a more favorable leaching condition for the former. 

 The reagent utilization efficiency of lime is 0.073 g/Kg for Met 02-05 and 0.078 g/Kg for 
Met 11-17. 

Based on the conditions of the HCT it is concluded that leaching of these composites on a heap leach 
setting could result in Au recoveries of about 70% for Met 02-05 and about 30% for Met 11-17.  It is 
recommended that these preliminary results be compared to the larger scale column 
tests recently completed by Metcon in order to: 

a) Compare the calculated extractions, and more importantly;  
b) Evaluate the potential scale-up factors required for the design of the industrial scale process. 
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Figure 3.1 Met 02-05 – Preliminary metallurgical performance 
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Figure 3.2 Met 11-17 – Preliminary metallurgical performance 
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4.0 CONCLUSIONS AND RECOMMEDATIONS 

4.1 Conclusions 

By necessity, the volume of rock analyzed by the work summarized on this document is small compared to the 
ore deposit.  It is therefore critical that WCG develop a good understanding of the representativeness of these 
samples with respect to the ore body and the spatial distribution of the metallurgical composites with respect to 
the mine plan.  This understanding will provide the basis for planning the mining sequence and identifying the 
opportunities for ore blending. 

The main findings from the characterization activities and the data review presented in this document are as 
follows: 

 There are significant physical, hydrodynamic, metallurgical and mineralogical differences between the 
two composites evaluated on this study.  It is therefore important that a good understanding of their 
relative contribution and occurrence (location and timing) with respect to the mine plan be developed 
to assist with the conceptual design of the leaching process.   

 Au and Ag are not uniformly distributed along the PSD of these composites.  Met 02-05 has most of its 
metal value (35%) on the size fractions smaller than 1.7 mm and thus should be quite leachable.  In 
contrast, Met 11-17 has most of its metal value (>25%) on rock fragments larger than 25.4 mm. 

 The mineralogical characterization indicates that Au occurs primarily as sub-microscopic native gold.   
 In addition bulk mineralogy indicates the gangue is composed predominantly by quartz and alumino-

silicate minerals.  The quartz fraction is quite different from each of the composites, 55.5% for 
Met 02-05, 41.7% for Met 11-17 and 36.8% for Met 19-20.  Secondary minerals include Kaolinite 
(Al2Si2O5(OH)) and swelling clays representing 5.5%, 6.0% and 7.7% for Met 02-05, Met 11-17 and Met 
19-20, respectively. 

 The competent nature of the Casino samples and their hydrodynamic performance would suggest that 
the bulk of the swelling clays are present within the crystalline structure of the feldspars and are not 
present as dispersed clays which tend to reduce he percolation capacity.  

 Potential CN consuming minerals include metal sulfides including copper, iron, arsenic and zinc; iron 
oxide-hydroxides such as Limonite and Jarosite which can also act as preg-robbing; and secondary 
alumino-silicates and swelling clays.  

 Shake leach tests conducted by FL Smidth leads us to believe that: the additional recovery on 
composites Met 11-17 and Met 19-20 at very high CN-concentrations results from the dissolution of 
sulfide minerals (sulfide encapsulation due to, but not exclusively, copper sulfides) which may be coating 
the Au minerals and dissolve in the presence of higher CN concentrations.  On the other hand, the 
limited Au recovery in Met 02-05 is likely associated to silica encapsulation. 

 The Casino ore is competent and contains a relatively low level of fines (< 4% minus 200-mesh) which 
results in a high percolation capacity and physically competent samples for the crush sizes (P100 50 mm 
with a P80 of 30.6 mm for Met 02-05 and 43.6 mm for Met 11-17) evaluated in this study. 

 This low level of fines (minus 200-mesh) is in contrast with the amount of swelling clays reported by the 
mineralogical characterization.  The competent nature of the Casino samples and their hydrodynamic 
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performance would suggest that the bulk of the swelling clays are present within the crystalline 
structure of the feldspars.  In other words, only small portion of the swelling clays are present in a 
dispersed fines which minimizes their negative impact on the hydrodynamic properties of these samples.  

 The ST results show that heap height has a minimal effect on both the density and the conductivity of 
either composite which is indicative of a stiff, competent ore whose porous structure is able to 
withstand flooded conditions and the full lithostatic stress (up to 140 m) at its residual saturation. 

 Notwithstanding the strong nature of the Casino samples;  
o Met 11-17 has a large macro-porosity which translates into gravity-dominated flow with limited 

horizontal movement of solution which typically leads to inefficient wetting and hence reduced 
metallurgical performance.  This type of flow condition is responsible for lower metal 
extraction, inefficient reagent (CN, CaO and oxygen) utilization and protracted leach cycles. 

o At the 140-m lift height, only composite Met 11-17 satisfies the requirement that the minimum 
saturated hydraulic conductivity be larger than 1,000 times the application rate (assumed for this 
study as 6 L/h/m2 based on the results from the hydrodynamic characterization presented in this 
document).  The rationale behind the minimum Ks value of 1.7 x 10-1 cm/s considers the 
negative effect of slumping, decrepitation (weathering) of the ore during the life of the heap on 
the hydrodynamic properties of the ore. 

o The total porosity of the non-agglomerated Met 02-05 at a heap height of 71 m is 31% which 
compared to the minimal requirement of 30% may indicate that this particular condition may 
not support a heap height beyond 80 m. 

o For Met 11-17, the data suggest that it would support percolation leaching in a heap up to 
140 m in height, but it may do so with significant solution channelization. 

 The results from the STs suggests that blending of the two composites (Met 02-05 and Met 
11-17) even without agglomeration will improve the hydrodynamic (and potentially the 
metallurgical performance) of both composites. 

 Similarly, despite the coarse nature and the limited amount of fines in the Casino ore, the 
results from the STs suggest that agglomerating these composites will result in a 
noticeable improvement of their hydrodynamic properties even for the very coarse Met 
11-17.  Another important benefit from agglomeration with leaching solution (alkaline cyanide) is that 
the reagents are uniformly delivered to all the ore and the dissolution of minerals kick-started.  This 
mode of reagent delivery is a significant improvement with respect to that attained on a typical ROM 
operation. 

 The ST data from the 2:1 blend of M 02-05 and M 11-17 indicate that this sample when 
agglomerated could support a heap height close to 140 m.  These results show that ore 
preparation practices are therefore critical for an improved performance of the process. 

 An important fact that needs to be considered in the analysis and interpretation of the results is that all 
the samples considered in this report represent fresh ore.  Leaching typically results in chemical-induced 
decrepitation (more so under acidic conditions than alkaline conditions) and exposure to ambient 
conditions lead to weathering both which negatively impact the hydrodynamic properties of the ore.  
Given that the Casino heap leaching process is designed as a multi-lift operation, it would 
be important that hydrodynamic properties of the leached residue after three to four leach 
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cycles be determined to define the potential impact of decrepitation to the long term 
operation of the heap. 

 The results from the Hydrodynamic Column Tests (HCTs) show that composite Met 02-05 and 
Met 11-17 will easily support percolation leaching on the first several lifts (a 32-m heap was evaluated 
during this effort) with a solution application rate of up to 10 L/h/m2.  This conclusion is based on the 
following observations: 

o The data generated indicate that the degree of saturation associated to a 10 L/h/m2 solution 
application rate would be below 56% for Composite Met 02-05, and 23.2% for Composite 
Met 11-17. 

o The macro-micro porosity partition for Composite Met 02-05 is 42:58, while that for 
Composite Met 11-17 is 74:26. 

 It appears that the key considerations for the adequate leaching of the Casino ore when not 
agglomerated could be:  

o The permeability for Composite Met 02-05 or a blend thereof as the heap height increases 
beyond 70 m, and  

o Effective solution-to-ore contact for Composite Met 11-17 if not blended. 

 The preliminary metallurgical performance of these two composites confirms that the conclusions based 
on the physical, hydrodynamic, metallurgical and mineralogical information regarding the potential metal 
recovery from the Casino composites are correct;  

o The metallurgical data show that gold recoveries of about 80% for Met 02-05 and 42% for 
Met 11-17.  The corresponding silver recovery is about 18% for either of these composites.  
When the conditions of the HCTs are analyzed in the context of a heap leach operation, it is 
expected that Met 02-05 could yield gold recoveries of about 70% while Met 11-17 could 
produce gold recoveries of about 30%.  

o The better metallurgical performance of Met 02-05 compared to that of Met 11-17 is also 
confirmed by the better cyanide utilization efficiency (1.05 g/kg for Met 02-05 and 0.72 g/kg for 
Met 11-17). 

 It is our contention, based on all the information presented in this document, that gold recovery from 
composite Met 11-17 when not blended and agglomerated may be hindered by gravity dominated 
flow and potentially by coatings of sulfide minerals (sulfide encapsulation due to, but not exclusively, 
copper sulfides) while ultimate recovery from Met 02-05 is likely associated to silica encapsulation. 

4.2 Recommendations 

 Given the difference in the properties of the composites, the design of the leaching process should 
consider the opportunities for segregation and/or blending of the materials delivered to the heap to 
ensure the best operational conditions.  A clear understanding of abundance and location of the various 
composites with respect to the mining plan would be a critical piece of information for this task. 
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 The understanding of the abundance and location of the individual composites (02, 05, 11, 117, 19 and 
20) would be critical for the design of the leaching process.  For instance, in composite Met 02-05, 
sample Met 05 has about 40% of the Au and Fe, 30% of the Ag and S, and 11% of the Cu than values 
reported for Met 02.  Selection of blending should consider the hydrodynamic performance and the 
mineralogical characteristics of the individual samples to enhance the potential leaching performance of 
the composite.   

 QEMSCAN results on the Casino composites show that Chalcopyrite is the dominant Cu-sulfide and 
that some Cu bearing Iron Oxides are present in M 11-17 and Met 19-20 but not in Met 02-05, which 
may explain the limited gold recovery on composite Met 11-17.  The impact of copper mineralization on 
Met 11-17 on Au dissolution and cyanide consumption should be carefully considered during the 
selection of blending options. 

 Given the competent nature of the Casino samples tested during this study, Met 11-17 in particular, it is 
recommended that additional hydrodynamic and metallurgical tests be conducted on this sample under 
the following conditions: 

o Crushed ore with a top size between 1.25” to 1.5” to be evaluated under the ST procedure to 
select the best candidate for Integrated Column Tests (ICTs).  Given the amount of gold on the 
coarser fraction, this may result in better gold liberation – albeit the potential issue with the 
interference from the copper minerals. 

 Given the more permeable and very coarse nature of Met 11-17, blending it with Met 02-05 even under 
a non-agglomerated condition increases the heap height supported by the latter composite.  As 
indicated by the ST results, agglomeration of a 2:1 blend produces a much improved condition from the 
point of view of solution percolation and likely air movement. 

 Future metallurgical testing of the blend (Met 02-05+Met 11-17) should focus on determining the 
potential negative impact of the copper minerals on the performance of Met 02-05. 

 Even though the non-agglomerated Casino composites would support heap heights between 70 m to 
140 m, the hydrodynamic characterization indicates that substantial benefits could be derived from 
blending and proper agglomeration of the samples.  In addition to the improved hydrodynamic 
performance, agglomeration has the added benefits of uniform reagent delivery and kick-starting of the 
leaching process.  It is recommended that agglomeration of the Casino composites be further 
considered. 

 Another important parameter that needs to be considered is the moisture of the ore as-mined and 
during stacking.  The moisture content of stacking determines the potential for compaction and particle 
size segregation.  If the decision is made that the ore will not be agglomerated, it is recommended that 
some additional STs be conducted once the material is being placed on the heap at the in situ moisture 
content to confirm that no over-compaction of the ore would occur. 

 Industrial experience shows that a permanent (multi-lift) heap design can be strongly impacted by 
excessive solution inventory.  Although the Casino ore is quite permeable and shows favorable drainage 
characteristics, a trade-off study should be conducted comparing the financial benefits of a dynamic heap 
versus the multi-lift heap currently considered.  Elevated solution and metal inventory would be more 
significant for Met 02-05 than for Met 11-17, so it should be explicitly considered in the context of the 
recommended trade-off study. 
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 The data presented in this document shows that the hydrodynamic performance of composites 
Met 02-05 and Met 11-17 would be more than adequate during the initial stages of the operation as 
clearly shown by the results of the HCTs for a heap height of 32 m; (i.e., four lifts of 8 m).  Although the 
optimal irrigation schedule and application rate would be best determined via a three-dimensional 
numerical model which includes all the geometric characteristics of the Casino heap, the hydrodynamic 
and metallurgical properties of the ore presented in this document, the following design specifications 
are recommended: 

o Given the current crush size (P100 ~50 mm), a maximum distance between drippers of 30 cm 
and the solution application rate no larger than 10 L/h/m2 for Composite Met 02-05 and no 
larger than 6 L/h/m2 for Composite  Met 11-17 are recommended. 

o The irrigation for both of these composites should follow a ramp-up irrigation scheme (RUI) 
whereby the average application rate for the first few days is 25% of the target rate and is 
maintained until solution discharge is equal to the solution application; the second flow step is 
50% of the target and is continued until steady state flow (in=out) is achieved; the third flow 
step is 75% of the target flow rate and is continued to steady state flow at which point the full 
target application is applied on a continuous basis. 

o A rinsing period at the end of the leaching should be designed and instituted. Again, this is best 
done using the information presented in this document in combination of a 3-D flow model, 
however, based on the analysis so far it seems that the duration of the rinse cycle should be at 
least 10 days and at an irrigation rate of 200% the target irrigation.  

 Given that the Casino is designed as a multi-heap leaching process, it is critical that the hydrodynamic 
properties of the leached residue be determined to define the potential impact of weathering, slumping 
and potential leaching-induced decrepitation to the long-term performance of the heap.  It is 
recommended that leached residue, either from the recently completed columns at Metcon or from the 
future operation after three or four leach-cycles, be used for this purpose. If these results show a 
significant difference from the tests on the head samples, HCTs to be conducted to better assess the 
impact of leaching on the hydrodynamic properties of the Casino ore and the potential changes to the 
current heap design. 

 Finally, It is recommended that the preliminary metallurgical results be compared to the larger scale 
column tests recently completed by Metcon in order to: 

i) Compare the calculated extractions, and more importantly;  
ii) Evaluate the potential scale-up factors required for the design of the industrial scale process. 
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    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: 6/25/2014

Sample ID: M-02-05-Peb Mine/Project Site: Casino

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.55 cm S.G.: 2.66 Grav.M.C.: 0.4% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.68 3.6E-06 0.37
12 3.9 1.71 3.7E-06 0.36
13 7.5 1.72 3.4E-06 0.35
14 17.9 1.75 4.2E-06 0.34
15 28.1 1.77 3.9E-06 0.33
16 45.6 1.80 3.0E-06 0.32
17 70.6 1.84 2.6E-06 0.31

GRAPHICAL RESULTS
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    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: 6/25/2014

Sample ID: M-02-05-Peb Mine/Project Site: Casino

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.55 cm S.G.: 2.66 Grav.M.C.: 0.4% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.68 2.3E-02 1.5E-01
3.9 1.71 2.3E-02 1.5E-01
7.5 1.72 2.1E-02 1.4E-01

17.9 1.75 2.7E-02 1.7E-01
28.1 1.77 2.5E-02 1.6E-01
45.6 1.80 1.9E-02 1.2E-01
70.6 1.84 1.6E-02 1.1E-01

Final Ks available? 1.1E-01 cm/s

Ks/Ka = 6.51

Two Flow Meters in Parallel? No

GRAPHICAL RESULTS

1.0E-02

1.0E-01

1.0E+00

1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90

K
a 

(c
m

/s
)

Bulk Density (g/cm3)

M-02-05-Peb



CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: WCG Date: 6/25/2014 Time: 15:14

Sample ID: M-02-05-Peb Operator(s): ACS

Wet Ore Mass (g): 6,036.0 Initial Grav. Moist. Content: 0.4 % T: 28.5 C

Bottom of ore (cm): 31.4 (from collar to top of grid) Initial Head Space (cm): 14.2

Cell Diameter (in): 6.0 Cell Area (cm2): 189.81 Final Head Space (cm): 14.0

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 3

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 49.00 Q (cm3/s): 12.68

0 0.00 Sample Height: 17.3 cm dh (cm): 9.0

3 0.93

6 2.10

9 3.05

12 3.73

15 4.75

18 5.60

21 6.57

24 7.55

27 8.35

30 9.10

33 10.08

36 10.95

39 11.80

42 12.70

45 13.64

48 14.55

51 15.47

54 16.35

57 17.15

60 18.00
63 19.12 ρb = 1.83 g/cm3

66 19.90
69 20.74 Ks = 1.3E-01 cm/s  at T = 28.5 C

72 21.55

75 22.47 Standard Temperature = 20.0 C

78 23.38 Viscosity Density 

81 24.17 (mPa S) (g/cm3)

84 24.90 at T °C 0.824 9.954E-01

87 25.83 at Standard Temperature (°C) 1.002 9.974E-01

#N/A #N/A
#N/A #N/A Ks Standard T = 1.1E-01

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1071.3 520.5 24.0 3288.3 1028

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 3302.8 1033

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.31 0.16 0.51 0.15 0.49

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1094.3 524.0

#N/A #N/A 0.16 0.51 0.15 0.49

y = 0.296x + 0.277
R² = 1.000
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    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: Casino Date Tested: 6/25/2014

Sample ID: M-02-05-Pow Mine/Project Site: WCG

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.48 cm S.G.: 2.66 Grav.M.C.: 0.4% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.65 2.4E-06 0.38
12 4.0 1.69 2.5E-06 0.37
13 7.7 1.70 2.5E-06 0.36
14 18.2 1.74 2.2E-06 0.35
15 28.5 1.76 2.2E-06 0.34
16 46.1 1.80 1.8E-06 0.32
17 71.2 1.84 1.9E-06 0.31

GRAPHICAL RESULTS
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    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: Casino Date Tested: 6/25/2014

Sample ID: M-02-05-Pow Mine/Project Site: WCG

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.48 cm S.G.: 2.66 Grav.M.C.: 0.4% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.65 1.5E-02 1.2E-01
4.0 1.69 1.6E-02 1.3E-01
7.7 1.70 1.6E-02 1.3E-01

18.2 1.74 1.4E-02 1.1E-01
28.5 1.76 1.4E-02 1.2E-01
46.1 1.80 1.2E-02 9.5E-02
71.2 1.84 1.2E-02 9.9E-02

Final Ks available? 9.9E-02 cm/s

Ks/Ka = 8.18

Two Flow Meters in Parallel? No

GRAPHICAL RESULTS
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CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: Casino Date: 6/25/2014 Time: 16:47

Sample ID: M-02-05-Pow Operator(s): RGS

Wet Ore Mass (g): 6,069.0 Initial Grav. Moist. Content: 0.4 % T: 28.1 C

Bottom of ore (cm): 31.0 (from collar to top of grid) Initial Head Space (cm): 13.5

Cell Diameter (in): 6.0 Cell Area (cm2): 188.10 Final Head Space (cm): 13.4

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 3

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 50.00 Q (cm3/s): 11.47

0 0.00 Sample Height: 17.5 cm dh (cm): 9.0

3 0.88

6 1.60

9 2.52

12 3.37

15 4.23

18 5.05

21 5.70

24 6.62

27 7.25

30 8.10

33 8.95

36 9.80

39 10.48

42 11.32

45 12.07

48 12.80

51 13.75

54 14.60

57 15.47

60 16.27
63 17.00 ρb = 1.83 g/cm3

66 17.90
69 18.57 Ks = 1.2E-01 cm/s  at T = 28.1 C

72 19.30

75 20.25 Standard Temperature = 20.0 C

78 21.00 Viscosity Density 

81 21.70 (mPa S) (g/cm3)

84 22.56 at T °C 0.831 9.955E-01

87 23.40 at Standard Temperature (°C) 1.002 9.974E-01

90 24.10
#N/A #N/A Ks Standard T = 9.9E-02

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1139.8 561.4 24.2 3300.7 1028

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 3310.5 1031

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.31 0.17 0.55 0.14 0.45

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1173.5 564.0

#N/A #N/A 0.17 0.55 0.14 0.45

y = 0.268x + 0.103
R² = 1.000

0

5

10

15

20

25

30

0 20 40 60 80 100

R
es

er
vo

ir
 l

ev
el

 (
cm

)

Time (sec)

M-02-05-Pow



50.18783844

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: 6/27/2014

Sample ID: M-02-05 Mine/Project Site: Casino

Description: Fresh ore agglomerated w/H2O w/Lime at a pH 11.0

Cell Diameter: 20.30 cm S.G.: 2.66 Grav.M.C.: 5.7% Agglomeration Level: L3

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.51 9.1E-05 0.43
12 7.8 1.61 4.6E-05 0.39
13 15.0 1.65 3.9E-05 0.38
14 34.5 1.73 2.0E-05 0.35
15 53.3 1.78 1.5E-05 0.33
16 85.1 1.84 8.0E-06 0.31
17 129.2 1.91 3.8E-06 0.28

GRAPHICAL RESULTS
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STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: 6/27/2014

Sample ID: M-02-05 Mine/Project Site: Casino

Description: Fresh ore agglomerated w/H2O w/Lime at a pH 11.0

Cell Diameter: 20.30 cm S.G.: 2.66 Grav.M.C.: 5.7% Agglomeration. Level: L3

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.51 5.8E-01 2.5E+00
7.8 1.61 2.9E-01 1.3E+00

15.0 1.65 2.5E-01 1.1E+00
34.5 1.73 1.3E-01 5.5E-01
53.3 1.78 9.5E-02 4.1E-01
85.1 1.84 5.1E-02 2.2E-01
129.2 1.91 2.4E-02 1.0E-01

Final Ks available? 1.0E-01 cm/s

Ks/Ka = 4.28

Two Flow Meters in Parallel? Yes

GRAPHICAL RESULTS
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CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: WCG Date: 6/27/2014 Time: 17:32

Sample ID: M-02-05 Operator(s): RGS

Wet Ore Mass (g): 11,252.0 Initial Grav. Moist. Content: 5.7 % T: 38.1 C

Bottom of ore (cm): 28.0 (from collar to top of grid) Initial Head Space (cm): 10.8

Cell Diameter (in): 8.0 Cell Area (cm2): 323.79 Final Head Space (cm): 10.5

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 2

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 36.00 Q (cm3/s): 25.84

0 0.00 Sample Height: 17.3 cm dh (cm): 9.0

2 1.05

4 2.40

6 3.50

8 4.72

10 6.13

12 7.30

14 8.45

16 9.62

18 10.80

20 12.18

22 13.22

24 14.28

26 15.78

28 16.88

30 18.00

32 19.20

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A
#N/A #N/A ρb = 1.90 g/cm3

#N/A #N/A
#N/A #N/A Ks = 1.5E-01 cm/s  at T = 38.1 C

#N/A #N/A

#N/A #N/A Standard Temperature = 20.0 C

#N/A #N/A Viscosity Density 

#N/A #N/A (mPa S) (g/cm3)

#N/A #N/A at T °C 0.676 9.925E-01

#N/A #N/A at Standard Temperature (°C) 1.002 9.974E-01

#N/A #N/A
#N/A #N/A Ks Standard T = 1.0E-01

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1120.1 768.5 608.8 5615.2 1614

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 5666.4 1629

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.29 0.14 0.48 0.15 0.52

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1204.0 775.2

#N/A #N/A 0.14 0.48 0.15 0.52

y = 0.603x - 0.032
R² = 1.000
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29.42115885

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: WGC Date Tested: 6/26/2014

Sample ID: M-11-17-Peb Mine/Project Site: Casino

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.55 cm S.G.: 2.63 Grav.M.C.: 0.3% Agglomeration Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.40 1.2E-04 0.47
12 4.7 1.42 1.1E-04 0.46
13 9.1 1.43 1.2E-04 0.46
14 21.3 1.47 1.1E-04 0.44
15 33.4 1.49 1.1E-04 0.43
16 53.8 1.53 1.0E-04 0.42
17 82.5 1.57 9.6E-05 0.40

GRAPHICAL RESULTS
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29.42115885

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: WGC Date Tested: 6/26/2014

Sample ID: M-11-17-Peb Mine/Project Site: Casino

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.55 cm S.G.: 2.63 Grav.M.C.: 0.3% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.40 7.5E-01 2.8E-01
4.7 1.42 7.2E-01 2.7E-01
9.1 1.43 7.3E-01 2.7E-01

21.3 1.47 7.0E-01 2.6E-01
33.4 1.49 7.0E-01 2.6E-01
53.8 1.53 6.7E-01 2.5E-01
82.5 1.57 6.1E-01 2.3E-01

Final Ks available? 2.3E-01 cm/s

Ks/Ka = 0.38

Two Flow Meters in Parallel? Yes

GRAPHICAL RESULTS
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CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: WGC Date: 6/26/2014 Time: 16:48

Sample ID: M-11-17-Peb Operator(s): ACS

Wet Ore Mass (g): 6,032.0 Initial Grav. Moist. Content: 0.3 % T: 27.7 C

Bottom of ore (cm): 31.4 (from collar to top of grid) Initial Head Space (cm): 11.3

Cell Diameter (in): 6.0 Cell Area (cm2): 189.81 Final Head Space (cm): 11.2

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 3

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 35.00 Q (cm3/s): 23.22

0 0.00 Sample Height: 20.2 cm dh (cm): 9.0

3 1.60

6 3.25

9 5.50

12 7.03

15 8.50

18 9.80

21 11.45

24 13.20

27 14.82

30 16.75

33 18.00

36 19.60

39 21.35

42 22.86

45 24.55

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A
#N/A #N/A ρb = 1.57 g/cm3

#N/A #N/A
#N/A #N/A Ks = 2.7E-01 cm/s  at T = 27.7 C

#N/A #N/A

#N/A #N/A Standard Temperature = 20.0 C

#N/A #N/A Viscosity Density 

#N/A #N/A (mPa S) (g/cm3)

#N/A #N/A at T °C 0.838 9.956E-01

#N/A #N/A at Standard Temperature (°C) 1.002 9.974E-01

#N/A #N/A
#N/A #N/A Ks Standard T = 2.3E-01

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1636.9 1330.4 18.0 3833.6 1549

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 3839.0 1551

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.40 0.35 0.86 0.06 0.14

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1653.0 1335.3

#N/A #N/A 0.35 0.86 0.06 0.14

y = 0.542x + 0.198
R² = 0.999
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29.15491861

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: Casino Date Tested: 6/26/2014

Sample ID: M-11-17-Pow Mine/Project Site: WCG

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.48 cm S.G.: 2.63 Grav.M.C.: 0.3% Agglomeration Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.36 3.7E-05 0.49
12 6.9 1.38 3.6E-05 0.47
13 13.3 1.41 3.1E-05 0.46
14 31.2 1.44 3.2E-05 0.45
15 48.4 1.48 2.9E-05 0.44
16 78.2 1.52 2.6E-05 0.42
17 120.3 1.56 2.2E-05 0.41

GRAPHICAL RESULTS
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29.15491861

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: Casino Date Tested: 6/26/2014

Sample ID: M-11-17-Pow Mine/Project Site: WCG

Description: Fresh ore non-agglomerated w/None

Cell Diameter: 15.48 cm S.G.: 2.63 Grav.M.C.: 0.3% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.36 2.4E-01 1.3E-01
6.9 1.38 2.3E-01 1.2E-01

13.3 1.41 2.0E-01 1.1E-01
31.2 1.44 2.0E-01 1.1E-01
48.4 1.48 1.8E-01 1.0E-01
78.2 1.52 1.6E-01 9.0E-02
120.3 1.56 1.4E-01 7.7E-02

Final Ks available? 7.7E-02 cm/s

Ks/Ka = 0.55

Two Flow Meters in Parallel? Yes

GRAPHICAL RESULTS
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CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: Casino Date: 6/26/2014 Time: 10:26

Sample ID: M-11-17-Pow Operator(s): RGS

Wet Ore Mass (g): 5,998.0 Initial Grav. Moist. Content: 0.3 % T: 25.8 C

Bottom of ore (cm): 31.7 (from collar to top of grid) Initial Head Space (cm): 11.3

Cell Diameter (in): 6.0 Cell Area (cm2): 188.10 Final Head Space (cm): 11.3

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 3

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 47.00 Q (cm3/s): 7.35

0 0.00 Sample Height: 20.4 cm dh (cm): 9.0

3 0.75

6 1.40

9 2.02

12 2.52

15 3.07

18 3.75

21 4.35

24 4.82

27 5.25

30 5.77

33 6.35

36 6.85

39 7.30

42 7.90

45 8.27

48 8.75

51 9.20

54 9.70

57 10.15

60 10.67
63 11.23 ρb = 1.56 g/cm3

66 11.81
69 12.30 Ks = 8.9E-02 cm/s  at T = 25.8 C

72 12.85

75 13.30 Standard Temperature = 20.0 C

78 13.80 Viscosity Density 

81 14.20 (mPa S) (g/cm3)

#N/A #N/A at T °C 0.874 9.961E-01

#N/A #N/A at Standard Temperature (°C) 1.002 9.974E-01

#N/A #N/A
#N/A #N/A Ks Standard T = 7.7E-02

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1568.3 1253.4 17.9 3839.2 1567

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 3830.1 1563

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.41 0.33 0.80 0.08 0.20

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1585.8 1258.3

#N/A #N/A 0.33 0.80 0.08 0.20

y = 0.171x + 0.498
R² = 0.999
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50.18783844

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: Casino Date Tested: 6/27/2014

Sample ID: M-11-17 Mine/Project Site: WCG

Description: Fresh ore Agglomerated w/H20 w/Lime at pH 11.0

Cell Diameter: 20.30 cm S.G.: 2.63 Grav.M.C.: 2.4% Agglomeration Level: L2

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.43 4.1E-04 0.46
12 8.8 1.49 3.1E-04 0.43
13 16.9 1.52 2.4E-04 0.42
14 39.2 1.57 1.5E-04 0.40
15 60.5 1.62 1.2E-04 0.38
16 96.7 1.67 8.8E-05 0.36
17 147.7 1.73 6.6E-05 0.34

GRAPHICAL RESULTS
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50.18783844

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: Casino Date Tested: 6/27/2014

Sample ID: M-11-17 Mine/Project Site: WCG

Description: Fresh ore Agglomerated w/H20 w/Lime at pH 11.0

Cell Diameter: 20.30 cm S.G.: 2.63 Grav.M.C.: 2.4% Agglomeration. Level: L2

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.43 2.6E+00 1.2E+00
8.8 1.49 1.9E+00 9.4E-01

16.9 1.52 1.6E+00 7.5E-01
39.2 1.57 9.7E-01 4.7E-01
60.5 1.62 7.8E-01 3.7E-01
96.7 1.67 5.6E-01 2.7E-01
147.7 1.73 4.2E-01 2.0E-01

Final Ks available? 2.0E-01 cm/s

Ks/Ka = 0.48

Two Flow Meters in Parallel? Yes

GRAPHICAL RESULTS
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CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: Casino Date: 6/27/2014 Time: 14:23

Sample ID: M-11-17 Operator(s): RGS

Wet Ore Mass (g): 10,925.0 Initial Grav. Moist. Content: 2.4 % T: 27.7 C

Bottom of ore (cm): 28.0 (from collar to top of grid) Initial Head Space (cm): 8.9

Cell Diameter (in): 8.0 Cell Area (cm2): 323.79 Final Head Space (cm): 8.7

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 3

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 26.00 Q (cm3/s): 36.54

0 0.00 Sample Height: 19.2 cm dh (cm): 9.0

3 1.90

6 4.25

9 6.80

12 9.80

15 12.40

18 15.03

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A
#N/A #N/A ρb = 1.72 g/cm3

#N/A #N/A
#N/A #N/A Ks = 2.4E-01 cm/s  at T = 27.7 C

#N/A #N/A

#N/A #N/A Standard Temperature = 20.0 C

#N/A #N/A Viscosity Density 

#N/A #N/A (mPa S) (g/cm3)

#N/A #N/A at T °C 0.838 9.956E-01

#N/A #N/A at Standard Temperature (°C) 1.002 9.974E-01

#N/A #N/A
#N/A #N/A Ks Standard T = 2.0E-01

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1924.0 1596.6 251.9 6216.4 2161

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 6253.2 2174

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.35 0.26 0.74 0.09 0.26

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1925.7 1606.8

#N/A #N/A 0.26 0.74 0.09 0.26

y = 0.853x - 0.507
R² = 0.997
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50.43532116

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Density and Permeability Profiles

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: 7/3/2014

Sample ID: M-Blend Mine/Project Site: Casino

Description: Fresh non-agglomerated w/N/A

Cell Diameter: 20.35 cm S.G.: 2.65 Grav.M.C.: 0.3% Agglomeration Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Permeability Porosity

(m) (g/cm3) (cm2) ( )
11 0.3 1.51 1.8E-05 0.43
12 8.0 1.65 1.7E-05 0.38
13 15.5 1.68 1.7E-05 0.37
14 35.9 1.74 1.1E-05 0.34
15 55.9 1.78 9.6E-06 0.33
16 90.0 1.83 7.2E-06 0.31
17 138.1 1.88 5.7E-06 0.29

GRAPHICAL RESULTS
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50.43532116

    HYDRODYNAMIC LABORATORY REPORT

STACKING TEST - Hydraulic Conductivity versus dry bulk density

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: 7/3/2014

Sample ID: M-Blend Mine/Project Site: Casino

Description: Fresh non-agglomerated w/N/A

Cell Diameter: 20.35 cm S.G.: 2.65 Grav.M.C.: 0.3% Agglomeration. Level: L0

NUMERICAL RESULTS

Est Heap Height Dry Bulk Density Ka Kw
(m) (g/cm3) (cm/s) (cm/s)
0.3 1.51 1.1E-01 4.3E-01
8.0 1.65 1.1E-01 4.1E-01

15.5 1.68 1.1E-01 4.0E-01
35.9 1.74 7.2E-02 2.8E-01
55.9 1.78 6.1E-02 2.3E-01
90.0 1.83 4.6E-02 1.8E-01
138.1 1.88 3.6E-02 1.4E-01

Final Ks available? 1.4E-01 cm/s

Ks/Ka = 3.83

Two Flow Meters in Parallel? Yes

GRAPHICAL RESULTS
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CONSTANT HEAD - HYDRAULIC CONDUCTIVITY TEST

Client: WCG Date: 7/3/2014 Time: 15:06

Sample ID: M-Blend Operator(s): Agg

Wet Ore Mass (g): 10,372.0 Initial Grav. Moist. Content: 0.3 % T: 30.4 C

Bottom of ore (cm): 28.0 (from collar to top of grid) Initial Head Space (cm): 11.1

Cell Diameter (in): 8.0 Cell Area (cm2): 325.39 Final Head Space (cm): 10.8

Reservoir Area (cm2): 42.85 Bubble Inlet Elev (cm): 54.0 Discharge Elevation(cm): 45

Test - Data Ks Data Analysis

dt (s): 3

Time
Reservoir 
Level (cm) First Row: 20 Last Row: 30.00 Q (cm3/s): 29.86

0 0.00 Sample Height: 17.1 cm dh (cm): 9.0

3 1.30

6 3.35

9 5.78

12 8.20

15 10.38

18 12.65

21 14.60

24 16.20

27 18.30

30 20.27

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A

#N/A #N/A
#N/A #N/A ρb = 1.86 g/cm3

#N/A #N/A
#N/A #N/A Ks = 1.7E-01 cm/s  at T = 30.4 C

#N/A #N/A

#N/A #N/A Standard Temperature = 20.0 C

#N/A #N/A Viscosity Density 

#N/A #N/A (mPa S) (g/cm3)

#N/A #N/A at T °C 0.790 9.948E-01

#N/A #N/A at Standard Temperature (°C) 1.002 9.974E-01

#N/A #N/A
#N/A #N/A Ks Standard T = 1.4E-01

#N/A #N/A

#N/A #N/A 10-Min Drain Down Analysis 1546.9 733.2 31.0 5553.4 1644

#N/A #N/A Preliminary Volumetric porosity partitioning estimates 5596.7 1657

#N/A #N/A Total Macro Fraction Micro Fraction

#N/A #N/A 0.30 0.14 0.49 0.15 0.51

#N/A #N/A Preliminary Gravimetric porosity partitioning estimates 1566.7 736.2

#N/A #N/A 0.14 0.48 0.15 0.52

y = 0.697x - 0.360
R² = 0.998
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    HYDRODYNAMIC LABORATORY REPORT

HYDRODYNAMIC COLUMN TEST - Hydraulic Conductivity Curve & Saturation Characteristic Curve

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: July 11, 2014

Sample ID: Met 02-05 Mine/Project Site: Casino

Description: Not Agglomerated w/ 2.93 kg/t lime

Moisture Content of Agglomeration: 0.42% Raffinate Description: Synthetic, pH ~11

Test Parameters
Init. Bulk Density: 1.77 Ore S.G.: 2.66 Solution S.G.: 1.00 Level of Agglomeration: L0

NUMERICAL RESULTS
9 10

193 Sltn. Application Grav. Moist. Cont. Pore Suction Degree of 
Rate Dry Basis Top Bottom Liquid Saturation

(L/h/m2) (%ws) (cm H2O) (cm H2O) (%)
192 0.0 0.4 118.7 227.7 2.2

193 1.6 9.2 14.3 6.7 49.1
194 2.7 9.6 10.4 3.7 51.0
195 6.2 10.1 10.1 2.1 53.6
196 12.1 10.4 7.9 1.4 55.4
197 23.9 10.7 7.4 1.2 57.1
198 72.8 11.3 5.2 1.6 60.4
199 221.8 11.7 4.8 1.7 62.7
200 612.7 13.1 2.7 0.9 70.3
201 1005.2 14.4 1.4 1.4 77.5
202 #N/A #N/A #N/A #N/A #N/A
203 #N/A #N/A #N/A #N/A #N/A
204 #N/A #N/A #N/A #N/A #N/A
205 #N/A #N/A #N/A #N/A #N/A

Porosity Estimates
Micro

Total: 0.331 Drained: 0.197 Macro: 0.137  Drainable: 0.059 Residual: 0.134 Micro-Total: 0.193
Porosity Fraction: 0.594 0.415 0.179 0.406 0.585

GRAPHICAL RESULTS
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    HYDRODYNAMIC LABORATORY REPORT

HYDRODYNAMIC COLUMN TEST - Conductivity Curves

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: July 11, 2014

Sample ID: Met 02-05 Mine/Project Site: Casino

Description: Not Agglomerated w/ 2.93 kg/t lime

Moisture Content of Agglomeration: 0.42% Raffinate Description: Synthetic, pH ~11

Test Parameters
Init. Bulk Density: 1.77 Ore S.G.: 2.66 Solution S.G.: 1.00 Level of Agglomeration: L0

NUMERICAL RESULTS
Liquid Conductivity (cAir Conductivity (cm/s)

193 Sltn. Application Degree of Pore Conductivity
Rate Liquid Saturation Suction Liquid Air

(L/h/m2) (%) (cm H2O) (cm/s) (cm/s)

192 #N/A 2.2 118.7 #N/A 6.3E-03
193 1.6 49.1 14.3 4.3E-05 5.9E-03
194 2.7 51.0 10.4 7.4E-05 5.3E-03
195 6.2 53.6 10.1 1.7E-04 5.0E-03
196 12.1 55.4 7.9 3.3E-04 5.1E-03
197 23.9 57.1 7.4 6.6E-04 1.8E-03
198 72.8 60.4 5.2 2.0E-03 4.8E-04
199 221.8 62.7 4.8 6.2E-03
200 612.7 70.3 2.7 1.7E-02
201 1005.2 77.5 1.4 2.8E-02
202 #N/A #N/A #N/A #N/A
203 #N/A #N/A #N/A #N/A

GRAPHICAL RESULTS
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    HYDRODYNAMIC LABORATORY REPORT

HYDRODYNAMIC COLUMN TEST - Hydraulic Conductivity Curve & Saturation Characteristic Curve

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: July 11, 2014

Sample ID: Met 11-17 Mine/Project Site: Casino

Description: Not Agglomerated w/2.93 kg/t Lime

Moisture Content of Agglomeration: 0.30% Raffinate Description: Synthetic, pH ~11

Test Parameters
Init. Bulk Density: 1.54 Ore S.G.: 2.63 Solution S.G.: 1.00 Level of Agglomeration: L0

NUMERICAL RESULTS
9 10

193 Sltn. Application Grav. Moist. Cont. Pore Suction Degree of 
Rate Dry Basis Top Bottom Liquid Saturation

(L/h/m2) (%ws) (cm H2O) (cm H2O) (%)
192 0.0 0.3 107.4 265.0 1.1

193 1.2 5.7 13.6 5.1 21.2
194 2.8 6.0 13.9 4.5 22.0
195 6.2 6.2 14.8 3.4 22.8
196 12.2 6.3 12.7 2.8 23.5
197 24.2 6.4 12.3 2.1 23.8
198 71.8 6.6 12.7 2.2 24.6
199 224.8 7.0 12.5 1.2 26.3
200 748.6 7.5 12.4 0.9 28.1
201 2213.4 8.3 12.0 0.9 31.3
202 5097.2 9.5 11.5 1.6 35.9
203 #N/A #N/A #N/A #N/A #N/A
204 #N/A #N/A #N/A #N/A #N/A
205 #N/A #N/A #N/A #N/A #N/A

Porosity Estimates
Micro

Total: 0.409 Drained: 0.347 Macro: 0.302  Drainable: 0.045 Residual: 0.063 Micro-Total: 0.107
Porosity Fraction: 0.847 0.738 0.109 0.153 0.262

GRAPHICAL RESULTS
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    HYDRODYNAMIC LABORATORY REPORT

HYDRODYNAMIC COLUMN TEST - Conductivity Curves

SAMPLE DESCRIPTION

Client/Project: WCG Date Tested: July 11, 2014

Sample ID: Met 11-17 Mine/Project Site: Casino

Description: Not Agglomerated w/2.93 kg/t Lime

Moisture Content of Agglomeration: 0.30% Raffinate Description: Synthetic, pH ~11

Test Parameters
Init. Bulk Density: 1.54 Ore S.G.: 2.63 Solution S.G.: 1.00 Level of Agglomeration: L0

NUMERICAL RESULTS
Liquid Conductivity (cAir Conductivity (cm/s)

193 Sltn. Application Degree of Pore Conductivity
Rate Liquid Saturation Suction Liquid Air

(L/h/m2) (%) (cm H2O) (cm/s) (cm/s)

192 1.1 107.4 4.6E-01
193 1.2 21.2 13.6 3.3E-05 4.6E-01
194 2.8 22.0 13.9 7.7E-05 4.1E-01
195 6.2 22.8 14.8 1.7E-04 4.1E-01
196 12.2 23.5 12.7 3.4E-04 3.4E-01
197 24.2 23.8 12.3 6.7E-04 3.3E-01
198 71.8 24.6 12.7 2.0E-03 1.1E-01
199 224.8 26.3 12.5 6.2E-03 9.1E-02
200 748.6 28.1 12.4 2.1E-02
201 2213.4 31.3 12.0 6.1E-02
202 5097.2 35.9 11.5 1.4E-01
203 #N/A #N/A #N/A #N/A

GRAPHICAL RESULTS
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