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1.0 Executive Summary 
 
 
The Resolution tailings geochemical characterization program commenced in 2002.  In 2014, a 
baseline tailings geochemistry report was published (DHC, 2014) and included in the Resolution 
General Plan of Operations as Appendix H (RCM, 2014).  The DHC (2014) report provides a 
summary of the tailings characterization program over the period 2002 through 2013.  Data 
needs identified at the time of writing the initial report informed planning of further 
geochemical characterization efforts that are reported in the current document. Results 
presented in this report are consistent with the findings of the earlier work and further enhance 
the Project’s understanding of the likely geochemical reactivity of the Resolution tailings if 
allowed to weather under oxidizing conditions.  These studies were conducted to support 
Resolution’s ongoing National Environmental Policy Act (NEPA) process as well as the Project’s 
application for an Aquifer Protection Permit (APP) from the Arizona Department of 
Environmental Quality (ADEQ).   
 

1.1 Geochemical Tailings Characterization Program (2014 – 2016) 
 
Based on data needs identified at the end of 2013, further geochemical characterization of 
Resolution tailings was undertaken over the period January 2014 through May 2016.  
Resolution’s tailings management strategy includes separation of tailings into two 
mineralogically and geochemically discrete streams known as “pyrite” and “scavenger” tailings 
(the pyrite tailings are also referred to as “cleaner” tailings in many Project documents).  The 
primary objective of the testing presented in this report was to further enhance and expand the 
Project’s understanding of the potential geochemical reactivity of the scavenger tailings, 
although some process waters and pyrite tailings from the 2014 pilot plant were also tested.   
 
Geochemical characterization was conducted on tailings generated from metallurgical testing of 
three different size ore composites produced by RCM Metallurgy.  Composites are chosen to 
represent the lithologies, alteration types, and predominant mineralogies of the ore that will be 
produced over the life of the mine.  Smaller ore composites are called “individual composites” 
and are aggregated to form “master composites” that represent longer borehole intervals.  The 
largest composite, used by RCM Metallurgy as feed for the 2014 pilot plant testing, was 
composed of approximately four tonnes of rock from 11 boreholes composited to represent 
roughly the first ten years of mine life.   
 
The following static and kinetic testing was conducted as part of the 2014 – 2016 geochemical 
characterization program: 
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• Static testing of 55 scavenger tailings samples produced from metallurgical processing 
(batch flotation) of 2014 Resolution individual ore composites including material 
representative of both anticipated operational conditions and a potential worst-case 
scenario that might result in high-pyrite ore being sent to the mill 

• Static testing of 34 scavenger tailings samples produced from metallurgical (locked 
cycle) testing of 2014 Resolution master ore composites 

• Static testing of five scavenger tailings and five pyrite tailings samples generated from 
pilot plant testing of about four tonnes of ore representative of ore that will be 
produced over approximately the first ten years of mining 

• Water quality analysis of 18 process water samples collected over eight days of pilot 
plant testing 

• Humidity cell testing of 12 scavenger tailings samples produced from metallurgical 
processing (locked cycle testing) of 2014 Resolution master ore composites (four tests 
are currently ongoing) 

• Humidity cell testing of six replicate samples of scavenger tailings produced from the 
2014 pilot plant testing 

• Oxygen-consumption testing of two scavenger tailings samples and two high-pyrite 
tailings samples at three different moisture contents to provide pyrite oxidation rates as 
a function of pyrite concentration and moisture content 
 

1.2 Potential Geochemical Reactivity of Resolution Tailings 
 
Based on earlier work presented in DHC (2014), and additional refinement from the recent 
testing outlined above, the composition and potential geochemical reactivity of the Resolution 
tailings are summarized in the following sections. 
 

1.2.1 Pyrite Tailings 
 

• The majority of the non-economic sulfides (largely pyrite) and residual metals are 
segregated and concentrated into the pyrite tailings during metallurgical processing; this 
tailings stream will account for approximately 15 percent of the total tailings volume. 

• Geochemical characterization studies consistently demonstrate that pyrite tailings are 
potentially acid generating, meaning that, if allowed to weather in an oxidizing 
environment, they may be expected to generate acidic conditions and produce drainage 
with elevated metal/metalloid and sulfate/total dissolved solids (TDS) concentrations. 

• The acid generating potential of the pyrite tailings has long been recognized by the 
Resolution Project, and their tailings management strategy includes emplacement of the 
pyrite tailings under saturated conditions.  Over the life of the mine, pyrite tailings will 
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be encapsulated by scavenger tailings and, ultimately, covered with an engineered cover 
to prevent exposure to oxidizing conditions while maintaining a high moisture content. 

 

1.2.2 Scavenger Tailings 
 

• Scavenger tailings are primarily composed of silicate minerals with very small amounts 
of pyrite and carbonate minerals; this tailings stream will account for approximately 85 
percent of the total tailings volume. 

• Data from 41 scavenger tailings samples that represent anticipated operational 
conditions over the life of the mine show a range of sulfide sulfur contents between 
0.01 and 1.09 weight percent; the sulfide sulfur contents of the 41 samples are log-
normally distributed with a geometric mean of 0.07 weight percent.  Over 80 percent of 
the tailings samples contain less than 0.2 weight percent sulfide sulfur.  

• Based on interpretation of static test data using criteria provided in ADEQ’s Best 
Available Demonstrated Control Technology document for APP (ADEQ, 2004) 
approximately 41 percent of the scavenger tailings samples are designated not 
potentially acid generating (NPAG), 15 percent are designated potentially acid 
generating (PAG), and 44 percent are Uncertain. 

• Comparison of static test designations and humidity cell test (HCT) leachate chemistry 
indicates that the static test results are a reliable indicator of long-term geochemical 
reactivity as represented by the HCTs.  

• Humidity cell tests indicate that, when weathered under oxidizing conditions: 

o Scavenger tailings designated NPAG produce circumneutral leachates (pH 
between 6 and 8 standard units (s.u.)) with titratable alkalinity and low sulfate 
and metal/metalloid concentrations 

o Scavenger tailings with Uncertain designation produce leachates with somewhat 
depressed pH values (between 4 and 5 s.u.) but with low titratable acidity 
(generally less than 20 mg/L as CaCO3).  Sulfate, and metal/metalloid 
concentrations are low, similar to those observed in the circumneutral leachates 

o Scavenger tailings designated PAG produce leachates with pH less than 4 s.u., 
titratable acidity on the order of 50 to 150 mg/L as CaCO3, and sulfate 
concentrations ranging between approximately 25 and 100 mg/L.  Consistent 
with low pH conditions, more metals are released at slightly higher 
concentrations than in the neutral and intermediate pH leachates. 
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• Release of acidity, sulfate and metals/metalloids from the scavenger tailings is limited 
by the very low sulfide and residual metals content of these materials.   

 

1.3 Application of Geochemical Testing Results 
 
It should be noted that the results of Resolution’s geochemical tailings characterization 
program simply pertain to the likely geochemical reactivity of the tailings materials should they 
be exposed to consistently oxidizing conditions.  Such bounding assumptions are industry 
standard practice (INAP, 2009) and are anticipated as a starting point in regulatory 
environments (ADEQ, 2004).  These tests do not predict the composition of discharge from the 
tailings storage facility (TSF) or the quality of groundwater adjacent to the impoundment.  
Analytical data generated from geochemical testing of tailings will be used, along with 
metallurgical, engineering, and operating information, in solute/water-balance and fate-and-
transport modeling that is planned pending completion of the hydrogeologic characterization of 
the proposed TSF site.  The goal of the solute/water-balance and fate-and-transport modeling 
will be to provide a quantitative assessment of the potential chemical composition of discharge 
from the TSF as well as the groundwater quality adjacent to the proposed TSF during mining 
operations and post-closure.
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2.0 Introduction 
 
Resolution Copper Mining LLC (RCM or Resolution) is proposing to develop an underground 
copper mine using the block cave mining method approximately two miles east of the town of 
Superior in the Pioneer Mining District, Pinal County, Arizona.  It is anticipated that this project 
would generate approximately 1.5 billion tons (1.4 billion tonnes) of tailings material over a 
projected mine life of 40 years.  RCM has conducted a series of characterization studies 
beginning in 2002 in order to determine the geochemical properties of the tailings and assess 
the potential for them to generate acidic drainage and leach metals or sulfate if allowed to 
weather under oxidizing conditions.  This work has been conducted to support development of 
RCM’s General Plan of Operations and subsequent NEPA assessment as well as the Project’s 
application for an Aquifer Protection Permit (APP) from the Arizona Department of 
Environmental Quality (ADEQ). 
 
The purpose of the current report is to present the results of geochemical characterization of 
Resolution tailings since the initial baseline report was published in August 2014 (DHC, 2014).  
The ultimate goal of the geochemical testing of tailings presented in this report is to understand 
the potential geochemical reactivity of the tailings were they allowed to weather under 
oxidizing conditions. Geochemical characterization of tailings materials has been carried out in 
accordance with industry best-practice guidelines including guidance from ADEQ regarding 
selection of best available demonstrated control technology (BADCT) for a tailings storage 
facility (TSF).  The ADEQ divides characterization procedures into Tier 1 (static) and Tier 2 
(kinetic) categories (ADEQ, 2004).  Tests from both of these categories have been undertaken 
as part of RCM’s geochemical characterization program.   
 
It is important to note that geochemical characterization tests do not, and are not intended to, 
predict the quality of groundwater or surface water in the environment.  Geochemical testing 
of the sort reported in this document allows identification of those materials that are likely to 
generate acidic conditions in an oxidizing environment and those that are likely to remain 
circumneutral.  In addition, analysis of leachates generated from both static and kinetic testing 
provides information regarding constituents that might potentially be released under acidic 
conditions.  For the purposes of this report, constituents are identified as having the potential 
to be released under acidic conditions if they are elevated with respect to metals 
concentrations in natural waters in non-mineralized systems as presented by Hem (1985).  The 
leach tests reported in this document are not, themselves, representative of effluents that may 
be generated in the full-scale tailings storage facility; they are the results of standardized 
experiments, and so reflect the controls (such as water:rock ratio) characteristic of those 
experiments.  The use of the Hem data is qualitative and intended only to provide an initial 
indication of elements that may require further attention as fate-and-transport models are 
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developed and as Resolution continues to refine its engineering plans for tailings management 
during operations and final closure. 
 
Section 3 provides background information including: 

• The process by which RCM generates metallurgical ore composites 
• The process by which tailings are generated from metallurgical testing of RCM ore 

composites 
• Information regarding the static and kinetic geochemical testing methods used to 

characterize the potential geochemical reactivity of RCM tailings 
• A summary of Resolution’s geochemical characterization program over the period 2002 

through 2013 along with principal observations presented in the initial baseline report 
(DHC, 2014) 

•  A summary of the geochemical characterization tailings program undertaken in the 
period January 2014 through May 2016 

 
Section 4 provides a discussion of each of the principal program components including: 

• Objectives of the study 
• Sample selection and tailings generation 
• Summary of the geochemical testing and characterization methods employed 
• Results of testing 

 
Section 5 provides details regarding quality control/quality assurance (QA/QC) protocols. 
 
Principal findings regarding the geochemical reactivity of the two tailings streams are presented 
in Section 6.   
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3.0 Background 
 
This section provides an overview of:  

• Sample selection and tailings generation approach 

• Geochemical testing methods utilized in RCM’s tailings geochemical characterization 
program 

• Resolution’s geochemical characterization program over the period 2002 through 2013 
presented in the initial baseline report (DHC, 2014)  

• Geochemical testing conducted over the period January 2014 through May 2016 

 

3.1 Sample Selection and Tailings Generation 
 

3.1.1 Ore Composites 
 
Care was taken to select tailings generated from ore composites that are representative of the 
anticipated mill feed over the life of the mine.  This is important because the composition of the 
mill feed is the primary determinant of the composition (and therefore potential geochemical 
reactivity) of the tailings.  In order to ensure that the sample suite included tailings generated 
from ore representing all the principal lithologies and alteration types, and the operational 
range in pyrite grade, the ore composites were compared against the distribution of these 
characteristics in the entire ore body as represented by the Resolution geology block model.  
Results of this analysis are presented in Section 4.1.2. 
 
The mill feed will be a highly blended mixture of the range of lithologies, alteration types, and 
predominant mineralogies present in the ore body.  The high degree of blending is a function of 
the block cave mining method which provides mill feed that is a mixture of ore being produced 
from a series of drawpoints distributed areally (i.e. laterally) across the active  block.  Each 
drawpoint produces ore from a different elevation depending on its relative time in service and 
the rock quality and fragmentation times encountered.  Therefore, the composition of the mill 
feed is a function of: the geometry of the Resolution ore body; the distribution of lithology, 
alteration type, and mineralogy; and, the ore production schedule.   Life-of-mine models 
produced from the Resolution geology block model indicate that the maximum pyrite grade in 
the mill feed is estimated to be 15 weight percent, and for much of the life of the mine it will be 
substantially lower. 
 
Geochemical characterization was conducted on tailings generated from metallurgical testing of 
three different-size ore composites produced by RCM Metallurgy.  The smaller ore composites 
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are built from rock from a single borehole collected from the interval between approximately 
330 feet (100 meters) above the top of the ore body (defined by the 1 percent copper grade 
shell) and the total depth of the borehole.  The smallest composites, called “individual 
composites”, are collected over intervals of approximately 100 to 230 feet (30 to 70 meters).  
These composites are then aggregated to form “master composites” that represent borehole 
intervals on the order of 500 to 820 feet (150 to 250 meters) in length.  Composite boundaries 
are selected on the following criteria (in order of descending importance): 

1. Major lithological boundaries 
2. Predominant alteration boundaries 
3. Significant changes in copper grade and/or changes in predominant copper mineralogy 
4. Pyrite content 
5. Length 

The largest composites tested by RCM Metallurgy are the pilot plant ore feed samples.  
Geochemical characterization data for tailings generated during the 2014 pilot plant testing are 
presented in this report.  The ore composite tested in the 2014 pilot plant was approximately 
four tonnes of quarter core from 11 boreholes composited to represent roughly the first ten 
years of mining. 
 

3.1.2 Tailings Generation (Metallurgical Testing) 
 
Metallurgical testing has been conducted at both laboratory and pilot-plant scales as described 
below.  The overall approach to extractive metallurgical testwork for the Resolution Copper 
Deposit is considered to be representative of the unit processes and their products for a full-
scale mine. 
 

3.1.2.1 Batch Flotation Testing 
 
Batch flotation testing is laboratory-scale testing that is conducted in two stages.  The first 
stage (called the “rougher/scavenger” stage in metallurgical engineering) separates the copper 
and molybdenum-bearing minerals and the sulfide gangue minerals (mainly pyrite) from the 
non-sulfide gangue (mostly quartz and aluminosilicate minerals), producing a low grade 
concentrate.  The second stage (called the “cleaner” stage) utilizes additional flotation to 
increase the copper content of the rougher concentrate and generate a copper concentrate.  
During the cleaner stage, additional non-sulfide and sulfide gangue minerals are rejected as 
cleaner tailings (referred to as “pyrite tailings” in this document).   
 
Two flotation approaches (“bulk” and “selective”) were assessed during the 2014 metallurgical 
testing that provided tailings for environmental characterization.  Both approaches are 
fundamentally the same from the perspective of the scavenger tailings.  Where they differ is in 
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the way the pyrite tailings are produced.  The bulk approach moves more of the pyrite into the 
cleaner circuit (where it is eventually discharged as “cleaner tailings”), whereas the selective 
approach results in some of the pyrite being discarded without passing through the cleaner 
circuit (as “pyrite scavenger concentrate”).  In the selective approach, the pyrite scavenger 
concentrate is eventually combined with the cleaner tailings to make a high-sulfide tailings 
product known as pyrite tailings.  In this document, all low-sulfide tailings are referred to as 
“scavenger tailings” and all high-sulfide tailings, whether they are generated using the bulk or 
the selective approach, are referred to as “pyrite tailings”. 
 

3.1.2.2 Locked Cycle Testing 
 
A locked cycle test in extractive metallurgy is composed of a series of batch flotation tests 
(typically seven cycles) in which copper and molybdenum minerals are progressively recovered.  
Each stage of the test results in a concentrate that is enriched in the ore minerals of interest 
and tailings that are depleted in economic minerals. The locked cycle testing conducted on 
Resolution ore has varied from study to study in terms of the reagents used, number of stages, 
number of cycles, and other operational details.  However, all the locked cycle tests produced 
only two tailings streams, the scavenger and pyrite tailings.  Tailings samples used in RCM’s 
tailings characterization program were a composite of material from the final three cycles of 
testing.  This approach is consistent with industry standard practice and generates samples that 
represent the steady-state conditions attained toward the end of each test. 
 

3.1.2.3 Pilot Plant 
 
Design of the 2014 pilot plant was based on the results of laboratory-scale metallurgical testing 
(batch and locked cycle) and included a grinding circuit followed by rougher/scavenger 
flotation, regrinding, and three stages of cleaner flotation.  Approximately four tonnes of ore, 
deemed by RCM Geology and Metallurgy to be representative of ore that will be produced over 
approximately the first ten years of mine life, were processed through the pilot plant, and both 
pyrite and scavenger tailings streams were produced.  Roughly sixty percent of the sample was 
dedicated to the bulk flotation approach and forty percent was tested in accordance with the 
selective approach.  
 

3.2 Geochemical Characterization of Tailings: Static and Kinetic Methods 
   
Geochemical characterization of tailings has been carried out in accordance with industry best-
practice guidelines (INAP, 2009) and guidance from ADEQ regarding best available 
demonstrated control technology (BADCT) for a tailings storage facility (TSF).  The ADEQ divides 
characterization procedures into static (Tier 1) and kinetic (Tier 2) categories (ADEQ, 2004).  
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Data generated from both static and kinetic testing methods are presented in this report and a 
brief description of each testing method is provided below. 
 

3.2.1 Static (Tier 1) Geochemical Testing 
 
Static geochemical testing consists of a set of analyses that, taken together, describe the 
potential for a material to generate acidic conditions and/or leach metals or other constituents 
of concern when weathered under oxidizing conditions.  These scoping tests do not provide 
information regarding whether such acidic conditions would actually occur, nor do they provide 
information regarding the potential timing of the onset of such conditions.  Data from kinetic 
tests, described in Section 3.2.2, are used to investigate leachate composition and the 
timeframe within which geochemical changes occur.  The following sections provide a brief 
description of each of the static tests conducted as part of the RCM baseline tailings 
characterization program.   
 

3.2.1.1 Acid-Base Accounting 
 
Acid-base accounting (ABA) is used as an initial screening tool to evaluate the potential of a 
material to generate acidic conditions due to weathering in an oxidizing environment.   ABA 
analyses measure the relative amounts of potentially acid generating minerals and potentially 
acid neutralizing minerals in a given sample.  Results are expressed in this report using the 
terms listed below.  It should be noted that many variations on this nomenclature are used in 
the literature, and in other Project documents, but all terms are generally intended to express 
the potential of a material to produce or neutralize acidity under oxidizing conditions and, as 
such, are largely equivalent. 

 
• Paste pH indicates the present drainage pH of the sample and may be used to identify 

samples that have undergone some degree of oxidation between being generated and 
tested. 

• Acid generating potential (AGP) is calculated from the sulfide sulfur content of the 
sample. The AGP of materials determined using ABA methods is a conservative measure 
in that the calculations assume that all sulfide sulfur is present as pyrite and that all the 
pyrite is available for oxidation (see Section 3.2.1.5 for a brief discussion of the 
relationship between pyrite and sulfide sulfur content).  The AGP value generated by 
ABA calculations is a maximum value that does not account for the presence of sulfides 
that produce less acidity than pyrite during oxidation, or those sulfide grains that are 
not accessible due to encapsulation by silicates or other less reactive minerals.  
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• Acid neutralizing potential (ANP) is a measure of the amount of acid that a given 
material is capable of neutralizing.  There are two forms of ANP which are calculated 
from the amount and type of potentially neutralizing minerals in a sample.  The 
carbonate ANP is based on the carbonate mineral content of the sample which is 
calculated from the measured total inorganic carbon.  In contrast, bulk ANP (often called 
Sobek NP, after the lead author of the original EPA study (Sobek et al., 1978)) is 
measured using a titration test that determines the amount of strong acid the rock can 
neutralize.  This ANP test does not distinguish neutralization provided by silicate 
minerals (e.g. phlogopite, chlorites, and amphiboles) from that provided by carbonates.  

• Net neutralization potential (NNP) is calculated as the difference between ANP and AGP 
(NNP = ANP – AGP). 

• AGP, ANP, and NNP are all expressed in units of tons of equivalent calcium carbonate 
(CaCO3) per kiloton of rock (T CaCO3/kT rock). 

• Neutralization potential ratio (NPR) is the ratio ANP to AGP (NPR = ANP/AGP) and is 
unitless. 

Theoretically, materials with an NNP of less than 0.0 T CaCO3/kT rock and an NPR of less than 1 
are classified as potentially acid generating (PAG), whereas materials with an NNP of greater 
than 0.0 T CaCO3/kT rock and an NPR of greater than 1 are not potentially acid generating 
(NPAG).  It should be noted that, in classifying the NNP of RCM scavenger tailings, it is necessary 
to calculate the difference between two very small values that are close to the analytical limit 
of detection.  The AGP of the scavenger tailings is small due to very low sulfide sulfur contents, 
and the ANP is often small due to the low carbonate content of the Resolution tailings. In order 
to avoid potential error and ambiguity associated with NNP calculated from small AGP and ANP 
values, greater weight is given to NPR values in this report.  This approach is consistent with 
guidance provided in MEND (2009). 
 
Although, theoretically, materials with NPR greater than 1 are NPAG it is recognized that 
determination of the NPR is subject to analytical uncertainty as well as variability introduced 
through sample selection, handling, and storage (INAP, 2009; MEND, 2009).  In order to account 
for limitations imposed by these factors a safety margin is often applied to the upper threshold 
criterion used to classify materials as NPAG.  Many entities involved in geochemical 
characterization of mine wastes suggest that an NPR value of 2 provides a reasonable margin of 
safety (AMIRA (2002), INAP (2009), MEND (2009)) and this was the threshold used to categorize 
potential geochemical reactivity based on ABA data in the initial baseline tailings geochemistry 
report (DHC, 2014).  However, the criterion currently recommended for designation of a 
material as NPAG in the Arizona Department of Environmental Quality’s (ADEQ’s) Best Available 
Demonstrated Control Technology (BADCT) guidance document is an NPR value of 3 (ADEQ, 
2004).  Given that the work presented in this current document has been conducted to support 
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Resolution’s application for an Aquifer Protection Permit from the ADEQ (as well as for use 
during ongoing NEPA investigations) categorization of tailings as NPAG based on ABA data 
presented in this report use a threshold criterion of NPR equal to 3 (i.e. tailings samples with 
NPR greater than 3 are classified NPAG and with NPR between 1 and 3 are classified as 
Uncertain).  It should be noted that the change in threshold criterion affects the distribution of 
samples between the NPAG and Uncertain categories, but does not change the proportion of 
tailings designated PAG as that criterion remains at NPR less than 1. 
 
An additional consequence of the low acid-generating and acid-neutralizing capacities of the 
scavenger tailings is that material heterogeneity, the ability of a given sample to represent that 
heterogeneity, and analytical uncertainty all impact the values to a greater degree than when 
large quantities of acid-generating or acid-neutralizing materials are present and the NPR is 
clearly dominated by one or the other. Although comparisons to industry guidelines are 
provided in this report, it should be noted that ABA results must be interpreted within the 
larger context of mineralogy and the results of kinetic testing in order to form an accurate 
understanding of the potential reactivity of these materials under oxidizing conditions. 
 

3.2.1.2 Net Acid Generation Testing 
 
Net acid generation (NAG) testing is used to assess whether a sample is capable of neutralizing 
the acid produced by the complete oxidation of all sulfide minerals present in the sample.  The 
oxidation is achieved using hydrogen peroxide (H2O2), a much stronger oxidizer than is oxygen 
in air.  NAG testing may also provide an estimate of the leachate chemistry should complete 
oxidation of sulfide minerals occur.  After complete oxidation of the sulfide minerals within the 
sample, the NAG solution is analyzed for pH and a full suite of chemical parameters; however, it 
should be understood that the observed concentrations are specific to the test protocol, 
including use of H2O2 and a high solution: solid leaching ratio.  The NAG tests are most useful 
when evaluated in conjunction with the standard ABA methodologies, as independent methods 
of assessing acid generation potential at the screening level. 
 
NAG results are interpreted as follows (MEND, 2009; Stewart et al., 2006): 

• Final pH > 4.5 s.u.: not potentially acid generating (NPAG) 
• Final pH < 4.5 s.u.: potentially acid generating (PAG) 

The division at pH = 4.5 s.u. is a consequence of the titration end-point for carbonate alkalinity.   
 

3.2.1.3 Synthetic Precipitation Leaching Procedure 
 
The Synthetic Precipitation Leaching Procedure (SPLP) is used to determine what chemical 
constituents are likely to initially leach from a geologic material during natural weathering (e.g., 
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exposure to precipitation or surface water runoff).  The initial leach solution is distilled water 
that has been slightly acidified to match precipitation chemistry (pH 4.2 s.u.) according to U.S. 
EPA Method 1312.  The leach solution and geologic material are combined with a water:rock 
ratio of 20:1 and rotated end-over-end for 24 hours and the resulting leachate is analyzed for 
common ions, metals, metalloids, and water quality parameters.  SPLP results need to be 
considered in terms of the history of the sample under leach (i.e., whether it is fresh rock or an 
aged, weathered sample that has already been exposed to oxidation) and the water: rock ratio 
of the test in light of site-specific hydrology (i.e., the 20:1 water: rock ratio used in the SPLP in 
comparison to a water: rock ratio of approximately 1:6 for a saturated sample of porous-
medium, alumino-silicate rock at 30 percent porosity).  If the final SPLP pH is above the initial 
leachate pH of 4.2 s.u., then the solid consumed acidity and released alkalinity during leaching 
and is therefore not considered to be acid generating.  Conversely, if the final pH is below the 
initial leachate pH, there was addition of mineral acidity during leaching and the sample is 
classified as acid generating. 
 

3.2.1.4 Whole Rock Chemical Analysis 
 
Whole rock chemical analyses were conducted using two techniques: 1) strong acid digestion 
followed by analysis by inductively coupled plasma-mass spectrometry (ICP-MS) for a full suite 
of major ions and metals; and, 2) a lithium borate fusion followed by x-ray fluorescence (XRF) 
spectroscopy for major and minor oxide determinations.  Whole rock chemistry data are 
compared with crustal element abundances to identify constituents present at elevated 
concentrations in a given sample.  This analysis does not provide information regarding the 
leachability or mobility of any chemical component but does allow identification of potential 
constituents of concern for further investigation.  This study uses crustal abundances from Price 
(1997); where Price (1997) does not provide data, values from Mason and Moore (1982) were 
used. 
 

3.2.1.5 Mineralogical Analyses 
 
Mineralogical analyses conducted as part of the geochemical characterization of tailings 
include: 

• X-ray diffraction (XRD) with semi-quantitative analysis to identify the relative abundance 
of mineral phases present in a sample.  XRD does not detect amorphous or non-
crystalline compounds.  Detection limits are generally on the order of about 0.5 to 2 
weight percent. 

• Quantitative Evaluation of Minerals by Scanning Electron Microscope (QEMSCAN) also 
provides data on bulk mineralogy and relative abundance with lower detection limits 
than XRD. 
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Mineralogical analyses often report pyrite, which is a mineral containing both iron and sulfur.  
The ideal composition of pyrite (i.e., pyrite where all the iron is in the Fe(II) oxidation state and 
where no other trace metals are substituted for iron in the mineral lattice) is represented by 
the chemical formula FeS2.  According to the stoichiometry of the pyrite molecule, sulfur 
accounts for approximately 53 percent of the mass of ideal pyrite.  Therefore, if pyrite is the 
only sulfide mineral present, a sample containing 10 weight percent pyrite would be expected 
to have a sulfide sulfur content of 5.3 weight percent.  This is important because sulfide sulfur is 
a principal component in determination of the acid generating potential of a given material, 
and, in Resolution ore, the primary source of sulfide sulfur is pyrite.  Any large discrepancy 
between sulfide calculated from pyrite content and sulfide sulfur content measured as part of 
ABA analyses, likely indicates either the presence of additional, non-pyrite, sulfide minerals or 
analytical error in either the mineralogical analysis or the sulfide sulfur determination. 
 

3.2.1.6 Particle Size Distribution 
 
The particle (or grain) sizes of the solid tailings materials were determined using sieve and 
hydrometer methods.  Understanding the distribution of grain sizes in a sample, and how the 
grain sizes correlate with mineralogy, provides valuable insight into the relative reactivity of a 
material.  In general, materials that contain reactive minerals (e.g., sulfides or carbonates) in 
the smaller size fractions will weather more quickly than materials that contain reactive 
minerals in the larger size fractions.  Particle size distribution (PSD) is commonly used to scale 
experimental results up or down between materials used in the laboratory and those expected 
to be encountered under operational conditions.  However, for the testing summarized in this 
report, the test tailings are understood to be equivalent in PSD to the anticipated operational 
tailings, and little or no scaling of results should be required. 
 

3.2.1.7 Chemical Analysis of Process Water  
 
During mining operations the chemistry of discharge from the TSF will be dominated by the 
chemistry of pore-water released from the tailings due to compaction and drain-down.  Process 
water samples generated during pilot plant testing have been analyzed in order to determine 
the likely chemical composition of pore-waters in the tailings at the time of deposition in the 
tailings storage facility.  Samples were analyzed for water quality parameters, common ions, 
and trace metals and metalloids using standard analytical methods. 
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3.2.2 Kinetic (Tier 2) Geochemical Testing 
 
Kinetic (Tier 2) tests provide information on the rates at which weathering and leaching 
reactions occur in a sample.  In this study humidity cell testing (HCT) and oxygen-consumption 
testing were conducted.  Brief descriptions of both methods are provided below. 

3.2.2.1 Humidity Cell Testing 
 
Humidity cell tests (HCTs) were conducted to determine: 1) the rate at which acid generation 
and neutralization reactions occur when a sample is exposed to water and air; 2) the chemical 
composition of, and mass loading to, the leachate; 3) changes in the solid phase geochemistry 
such as the depletion of acid generating or neutralizing minerals; and, 4) in the case of samples 
that do generate acidic conditions, the lag time to onset of acid generation.  In addition, HCTs 
are used to determine the likelihood that a rock type with Uncertain ABA classification will 
produce acidic leachates. 
 
Humidity cell testing was carried out in accordance with the American Society of Testing and 
Materials (ASTM) D5744-96 procedure (ASTM, 1996).  The tailings material is placed in a 
cylindrical column, saturated with deionized water and allowed to drain. Then dry air is 
circulated through the sample for three days followed by three more days of humid air.  At the 
end of each one-week cycle, deionized water is added to the samples at a fixed mass: mass 
ratio of 1:1, allowed to sit for one hour, and then drained. The leachate is preserved and 
analyzed for water quality parameters and common and trace chemical constituents.  Results 
are assessed in order to identify changes in pH, acidity, alkalinity, sulfate, and metals with time.   
 
There are generally two primary domains in the time-series data yielded by HCTs.  Over the first 
few weeks of testing, higher concentrations of acidity, sulfate, and metals/metalloids may be 
observed in the leachates.  This “first-flush” period may be due to dissolution of soluble mineral 
phases (such as sulfates) and/or rinsing out of secondary oxidation products produced by 
alteration of the tested material during sample production, collection or storage.  After the first 
flush, leachate chemistry generally stabilizes to a composition controlled by the primary 
mineral alteration processes occurring in the tested material (primarily oxidation of sulfides and 
dissolution of carbonate phases with perhaps some impact from dissolution or leaching of the 
more reactive silicate phases).  The leachate composition in this second time domain is taken to 
be indicative of the potential long-term geochemical reactivity of the tested materials. 
 
For the purposes of this report HCT leachates are organized into three categories based on pH: 

• Circumneutral: pH between 6 and 8 s.u. and containing titratable alkalinity 
• Intermediate: pH between 4 and 6 s.u.  with titratable acidity less than 20 mg/L as 

CaCO3 
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• Low: pH between 3 and 4 s.u. with titratable acidity ranging between 20 and 150 mg/L 
CaCO3 

Note that acidity values reported in this document are total acidities determined by titration to 
a pH endpoint of 8.3 s.u.  Alkalinity values are determined by titration to pH 4.5 s.u. for samples 
containing alkalinity greater than 20 mg/L as CaCO3.  For samples with alkalinity less than 20 
mg/L as CaCO3 this is followed with an additional titration to pH 4.2 s.u. 
 

3.2.2.2 Oxygen Consumption Testing 
 
Geochemical modeling of the processes involved in weathering of tailings under oxidizing 
conditions requires quantification of the kinetic rate at which pyrite is oxidized.  Oxygen 
consumption testing is a method designed to determine pyrite oxidation rates by measuring the 
amount of oxygen consumed by the reaction over a given period of time.  The material to be 
characterized is placed in a closed reaction vessel and the oxygen and carbon dioxide content of 
the head-space gas is monitored.  By combining the oxygen consumption data with the 
stoichiometry of the pyrite oxidation reaction, the initial pyrite oxidation rate is calculated. 
 

3.3 Summary of Geochemical Characterization of Tailings 2002 through 2013 
 
This section provides a summary of the principal findings of the testing program over the period 
2002 through 2013.  The results of this work informed the design of the subsequent testing 
program, implemented since 2014.  Further information regarding the testing program 
between 2002 and 2013 and detailed results are provided in the initial tailings geochemistry 
baseline report (DHC, 2014) 
 

3.3.1 Background 
 

• Geochemical characterization of Resolution tailings began in 2002.  Over the following 
decade, a series of studies utilizing both static and kinetic (Tier 1 and 2) tests was 
conducted culminating in three multi-year kinetic studies at both laboratory and field-
cell scales. 

• Resolution’s tailings management strategy calls for separation of tailings into two 
mineralogically and geochemically discrete streams known as “pyrite” and “scavenger” 
tailings.  Historically, Project documents have referred to pyrite tailings as “cleaner” 
tailings; however, in order to be consistent with metallurgical nomenclature, the Project 
now uses “pyrite” tailings as a more descriptive and less process-specific term. 
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• Pyrite tailings contain the majority of the pyrite and residual metals segregated from the 
ore; this tailings stream will account for approximately 15 percent of the total tailings 
volume. 

• Scavenger tailings contain very low concentrations of sulfide sulfur and residual metals 
due to segregation of the majority of the pyrite to the pyrite tailings and segregation 
and recovery of the remaining sulfide and metals to the concentrate; the scavenger 
tailings will account for approximately 85 percent of the total tailings volume. 

• Other tailings products considered during process development and optimization, 
including whole tailings and cycloned scavenger tailings, were also subjected to 
geochemical testing; however, these products are not produced per the mine plan of 
operations and tailings management plan. 

• It should be noted that the results of geochemical testing included in both the initial 
tailings geochemistry baseline report (DHC, 2014) and the current report simply pertain 
to the likely geochemical reactivity of the tailings materials should they be exposed to 
oxidizing conditions.  These tests do not predict the composition of discharge from the 
tailings storage facility (TSF) or the quality of groundwater adjacent to the 
impoundment. 

• Analytical data generated from geochemical testing of tailings will be used, along with 
metallurgical, engineering and operating information, in solute/water-balance and fate-
and-transport modeling that is planned pending completion of the hydrogeologic 
characterization of the proposed site of the TSF.  The goal of the solute/water-balance 
and fate-and-transport modeling is to provide a quantitative assessment of the potential 
chemical composition of discharge from the TSF under the range of operating conditions 
of gas and water flux through the design-basis tailings as they will be deposited and 
managed.   These evaluations also will provide the ranges of groundwater quality 
adjacent to the proposed TSF during mining operations and post-closure. 

 

3.3.2 Pyrite Tailings 
 

• The majority of the non-economic sulfides (largely pyrite) and residual metals are 
segregated and concentrated into the pyrite tailings during metallurgical processing 
(flotation). 

• Geochemical characterization studies consistently demonstrate that pyrite tailings 
exposed to atmospheric levels of oxygen are potentially acid generating, meaning that, 
if allowed to weather in an oxidizing environment, they may be expected to generate 
acidic conditions and produce drainage with elevated metals and sulfate. 
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• The acid generating potential of the pyrite tailings has long been recognized by the 
Resolution Project, and the current tailings management strategy includes emplacement 
of pyrite tailings under saturated conditions. Over the life of the mine, pyrite tailings will 
be encapsulated by scavenger tailings and, ultimately, enclosed with an engineered 
cover to prevent exposure to oxidizing conditions while maintaining a high moisture 
content.   

 

3.3.3 Scavenger Tailings 
 

• Scavenger tailings contain very little pyrite due to the segregation of pyrite to the pyrite 
tailings. 

• RCM’s metallurgical program has demonstrated that production of scavenger tailings 
with very low sulfide sulfur content is an achievable goal. 

• Geochemical characterization indicates that scavenger tailings with very low sulfide 
sulfur contents are unlikely to leach metals or sulfate at concentrations of 
environmental concern. 

• Geochemical characterization of scavenger tailings was ongoing at the time the initial 
tailings geochemistry report was submitted.  The primary focus of the 2014 – 2016 
tailings characterization program has been to supplement and expand the Project’s 
understanding of the likely geochemical reactivity of the scavenger tailings. 

 

3.4 Summary of Geochemical Characterization of Tailings 2014 to Present 
 
This section provides a brief summary of the principal components of the tailings 
characterization program conducted between January 2014 and May 2016.  Details regarding 
each component of the program and selected data are presented in Section 4.  
 

3.4.1 Static Testing 
 
Scavenger tailings produced from metallurgical testing in 2014 were subjected to static 
geochemical testing.  These tailings are the product of metallurgical testing on three scales and 
levels of complexity: batch flotation testing of individual composite ore samples, locked cycle 
testing of master composite ore samples, and pilot plant testing of a large (roughly 4 tonne) ore 
composite designed to represent approximately the first ten years of mining.  A brief summary 
of each set of static tests (or Tier I tests as defined by ADEQ) is provided in the following 
sections.     
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3.4.1.1. Static Testing of Scavenger Tailings from 2014 Individual Ore Composites 
 
Fifty-five scavenger tailings samples generated from individual ore composites were subjected 
to ABA, NAG pH, and NAG leachate testing (see Section 3.1.1 for explanation of ore 
composites).  The goal of this work was to develop a database of ABA and NAG data for 
scavenger tailings deemed representative of scavenger tailings that will be produced under 
operational conditions.  Forty-one of the 55 scavenger tailings samples were produced from ore 
samples representative of the full range of lithology, alteration type, and pyrite content that 
will be produced over the life of the mine.  In addition, a smaller set of tailings samples (14 
samples) generated from high-pyrite ore composites were submitted for testing to provide data 
representative of a potential worst-case scenario that might result in a period of high-pyrite mill 
feed.  Static test results are presented in Section 4.1. 
 

3.4.1.2 Static Testing of Scavenger Tailings from 2014 Master Ore Composites 
 
Thirty-four scavenger tailings samples generated from master ore composites were subjected 
to ABA, NAG pH, and NAG leachate testing (see Section 3.1 for explanation of composites).  The 
goal of this work was to provide an initial, scoping-level characterization of the master 
composite scavenger tailings to enable a representative subset of the samples to be chosen for 
kinetic testing.  Master composites were compiled from the 2014 individual ore composites 
discussed in Section 4.1.  Scavenger tailings were produced from flotation of master ore 
composites following two approaches (bulk and selective).  Static test results are presented in 
Section 4.2. 
 

3.4.1.3 Static Testing of Tailings from 2014 Pilot Plant Testing 
 
Scavenger and pyrite tailings streams from the 2014 pilot plant were subjected to a suite of 
static tests including: ABA, NAG pH, NAG leachate, SPLP, and TCLP.  In addition, process water 
samples were collected over the period of the test and submitted for water quality analyses.  
The goal of this work was to characterize the geochemical composition and acid generation 
potential of both the scavenger and pyrite tailings and to determine the chemical composition 
of process water representative of the water that will be delivered to the TSF in the tailings 
slurry.  The pilot plant feed was a composite ore sample deemed representative of 
approximately the first ten years of mine life.  Static test results are presented in Section 4.3.  
Laboratory reports for the process water analyses are provided in Appendix A. 
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3.4.2 Kinetic Testing 
 
Tailings produced from 2014 metallurgical test work were subjected to kinetic geochemical 
testing utilizing two test methods: humidity cell testing (HCT) and oxygen-consumption testing 
(Ox-Con).  Two sets of samples were subjected to humidity cell testing (some of which are 
currently ongoing).  The first is a set of 12 scavenger tailings samples generated from locked 
cycle testing of 2014 master ore composites, and the second is a set of six replicate samples of 
scavenger tailings generated from 2014 pilot plant testing.  Oxygen-consumption testing was 
conducted on both scavenger and pyrite tailings from the 2014 pilot plant.  A brief summary of 
each of these studies is presented below. 
 

3.4.2.1 Humidity Cell Testing of Scavenger Tailings from 2014 Master Ore Composites 
 
Humidity cell testing of twelve scavenger tailings samples generated from master ore 
composites was initiated April 28, 2015.  Care was taken to select tailings samples produced 
from ore that is representative of the distribution of principal lithologies and alteration types in 
the Resolution deposit.  Nine of the 12 samples were generated from ore composites 
representative of the range of pyrite grade anticipated in the mill feed under operational 
conditions.  Three samples were included to assess the geochemical reactivity of scavenger 
tailings that might be produced if “worst-case” conditions were to result in a period of high-
pyrite mill feed.   
 
The goal of this work is to assess the potential long-term geochemical reactivity of scavenger 
tailings representative of those anticipated to be produced under both operational and worst-
case conditions.  Prior to commencement of humidity cell testing, all HCT samples were 
submitted for a second round of static tests to identify any changes that had occurred in 
storage and to provide more detailed characterization of this subset of the scavenger tailings 
samples.  Eight HCTs have been decommissioned as leachate chemistry had stabilized and 
depletion rates of sulfide sulfur and neutralization potential were well-defined. Four HCTs are 
ongoing; data for these tests are provided through week 51.  Selected results and discussion are 
presented in Section 4.4.9; complete data are provided in Appendix B. 
 

3.4.2.2 Humidity Cell Testing of Scavenger Tailings from 2014 Pilot Plant Testing 
 
Six replicate samples of scavenger tailings from Day 3 of the 2014 pilot plant testing were 
subjected to humidity cell testing for a leaching period of 50 weeks. The goal of this work is to 
assess the repeatability of the HCT method and associated sub-sampling techniques.  Selected 
results and discussion are presented in Section 4.5; complete HCT data are provided in 
Appendix C. 
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3.4.2.3 Oxygen-Consumption Testing of Scavenger and Pyrite Tailings from 2014 Pilot 
Plant Testing 
 
Four pilot plant tailings samples, two scavenger and two pyrite, were subjected to oxygen 
consumption testing in 2015.  Each of the samples was tested at three different moisture 
contents.  The goal of this work was to determine initial pyrite oxidation rate in tailings as a 
function of pyrite concentration and moisture content. Results and discussion are presented in 
Section 4.6. 
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4.0 Geochemical Characterization Studies 
 
This section presents summaries of the principal tailings geochemical characterization tasks 
undertaken over the period January 2014 through May 2016.  Each subsection provides 
information regarding the objective of the study, the materials that were tested, the test 
methods implemented, principal results and observations, and references to the laboratory 
reports.    
 
It is important to note that the geochemical characterization tests presented in the following 
sections do not, and are not intended to, predict the quality of groundwater or surface water in 
the environment.  Geochemical testing of the sort reported in this document allows 
identification of those materials that are likely to generate acidic conditions in an oxidizing 
environment and those that are likely to remain circumneutral.  In addition, analysis of 
leachates generated from both static and kinetic testing provides information regarding 
constituents that might potentially be released under acidic conditions. These tests do not 
predict the composition of discharge from the tailings storage facility or the quality of 
groundwater adjacent to the impoundment. 
 

4.1 Static Testing of Scavenger Tailings from 2014 Individual Ore Composites 
 
Static testing of scavenger tailings from 2014 individual ore composites was conducted at SGS 
Environmental Services (SGS) in Lakefield, Canada.  Analyses include ABA, NAG pH, and NAG 
leachate composition.  Results are provided in SGS (2015a) and summarized below. 
 

4.1.1 Objectives 
  
The goal of this work was to develop a large set of ABA and NAG data for scavenger tailings 
deemed representative of scavenger tailings that will be produced during mining.   
 

4.1.2 Sample Selection and Preparation 
 
Individual ore composites (ICs) were selected from four boreholes RES-027C, RES-029A, RES-
029B, and RES-031 by RCM Geology and Metallurgy personnel.  Sample identifiers, borehole 
intervals, and the lithology, alteration type, and pyrite grade of the ICs are summarized in Table 
4.1-1.  Individual composites from RES-027C, RES-029A, and RES-029B were subjected to batch 
flotation testing at FLS (Dawson) in Salt Lake City, Utah.  Approximately 400 milliliters (mL) of 
the final scavenger tailings slurry was collected from each test, filtered, bagged, and submitted 
to SGS Lakefield for environmental testing.  Batch flotation testing of ICs from RES-031 was 
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conducted at SGS Lakefield and scavenger tailings samples were collected for environmental 
testing in a manner consistent with sampling procedures used at FLS (Dawson). 
 
An important question regarding the individual ore composites used to generate the scavenger 
tailings characterized in this task is: “To what degree are the ore composites representative of 
ore that will be produced over the life of the mine?”  In order to address this question several 
properties of the ore composites were compared against the distribution of the same 
characteristics in the entire ore body as represented by the Resolution geology block model.  
The benchmark parameters used in this assessment included: lithology, alteration type, and 
pyrite grade.  As illustrated by the comparisons presented below, the individual ore composites 
are representative of the distribution of lithology and alteration within the modeled ore body 
and, where there are small departures, they are conservative (i.e. material properties that 
contribute to acid generation are more highly represented in the individual composites than in 
the modeled ore body).   
 
Although the individual ore composites are representative of the range of ore lithology and 
alteration type that will be produced over the life of the mine, they also represent substantially 
higher pyrite grades than will be sent to the mill. This is because the individual ore composites 
include samples that contain as much as 40 weight percent pyrite which is considerably higher 
than the anticipated maximum mill feed pyrite grade of 15 weight percent (see Section 3.1.1 
for further discussion of anticipated mill feed composition).  Scavenger tailings from these very 
high-pyrite ore composites were included in the sample set to provide data should a worst-case 
scenario result in a period of higher than anticipated pyrite grade in the mill feed.  In addition, 
flotation of these ore composites provides confidence that the flotation approach can 
successfully partition the majority of the pyrite to the pyrite tailings and produce low-sulfide 
scavenger tailings from high-pyrite ore.  This means that, even under a very conservative worst-
case scenario in which high-pyrite ore is sent to the mill, there would not be an associated 
period during which high-pyrite scavenger tailings were deposited in the TSF.   
 
Note that as part of the detailed assessment of the IC suite presented below we refer to the 
results of acid base accounting and net acid generation testing although these data have not 
yet been presented.  Please see Sections 4.1.3 through 4.1.5 for ABA and NAG results and 
discussion. 
 

4.1.2.1 Distribution of Lithologies in Individual Ore Composites 
 
The following lithologies are represented in the suite of individual ore composites (geologic 
abbreviations are provided in parentheses).  Also provided is the number of composites 
composed of each lithology. 

• Breccia: 14 
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• Cretaceous quartzose sandstone (Kqs): 1 
• Cretaceous volcaniclastics rocks (Kvs): 11 
• Precambrian basalt (pCbas): 1 
• Precambrian diabase (pCdiab): 14 
• Precambrian Mescal Limestone (pCmls): 1 
• Paleozoic carbonates (Pz): 1 
• Quartz Eye Porphyry (QEP; also known as Cretaceous-Tertiary rhyodacite porphyry 

(KTrdp)): 4 
• Quartzite: 8 

 
The lithologies represented in the IC sample suite are summarized in the table below along with 
the proportions of the principal lithologies in the RCM ore body block model (a principal 
lithology is defined for the purposes of this report as any lithology present at greater than 5 
volume percent).  Inspection of this table shows that all principal lithologies present in the RCM 
block model are represented in the IC sample suite.  The IC sample suite is reasonably 
representative of the distribution of modeled lithologies in the ore body (and therefore over 
the life of the mine) with diabase slightly under-represented and Kvs somewhat over-
represented. 
 

Lithology 

Fraction of Ore 
Body (by 
volume) 

Fraction of ICs (by 
number of samples) 

Breccia 0.17 0.25 
pCdiab 0.36 0.25 
Kqs 0.05 0.02 
Kvs 0.09 0.20 
QEP (KTrdp) 0.15 0.07 
Quartzite 0.12 0.15 

 
Figure 4.1-1 provides a plot of NPR vs. NAG pH as a function of the principal lithologies.  
Inspection of Figure 4.1-1 yields the following observations: 

• Scavenger tailings from breccia ICs are generally NPAG 
• Scavenger tailings from Kvs ICs are generally PAG 
• Scavenger tailings from pCdiab ICs span the whole spectrum but yield more NPAG 

samples than PAG 
• Scavenger tailings from QEP ICs are all NPAG 
• Scavenger tailings from quartzite ICs are distributed evenly across the AGP spectrum 

The relationship between AGP and lithology shown in Figure 4.1-1 indicates that the over-
representation of Kvs (which tends to be more PAG) and under-representation of pCdiab (which 
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tends to be more NPAG) in the IC suite may skew the distribution of AGP in the scavenger 
tailings toward a slightly higher proportion of PAG samples than will be produced over the life 
of the mine.  Data generated from these tailings may therefore be expected to provide a 
conservative estimate of the potential for the scavenger tailings to produce acidic conditions. 
 

4.1.2.2 Distribution of Alteration Types in Individual Ore Composites 
 
The following alteration types are represented in the IC suite (the number of samples of each 
alteration type is also provided): 

• Advanced Argillic: 8 
• Phyllic: 28 
• Potassic: 17 
• Skarn: 2 

The alteration types represented in the IC sample suite are summarized in the table below 
along with the proportions of the principal alteration types in the RCM ore body block model.  
Inspection of this table shows that all principal alteration types present in the RCM block model 
are represented in the IC sample suite.  The IC sample suite is reasonably representative of the 
distribution of modeled alteration types in the ore body with phyllic slightly over-represented 
and potassic slightly under-represented. 
 

Alteration Type 
Fraction of Ore 

Body (by volume) 
Fraction of ICs (by 
number of samples) 

Advanced Argillic 0.18 0.15 
Phyllic 0.37 0.51 
Potassic 0.44 0.31 

 
Figure 4.1-2 provides a plot of NPR vs. NAG pH as a function of the principal alteration types.  
Inspection of Figure 4.1-2 yields the following observations: 

• Scavenger tailings from advanced argillic ICs are all PAG 
• Scavenger tailings from phyllic ICs span the whole spectrum but yield more NPAG 

samples than PAG 
• Scavenger tailings from potassic ICs also span the whole spectrum but are strongly 

skewed toward NPAG 

The relationship between AGP and lithology shown in Figure 4.1-2 indicates that the IC suite is 
reasonably representative of the AGP with respect to alteration type although the slight over-
representation of the phyllic alteration type may skew the AGP of the IC suite somewhat 
toward the PAG end of the spectrum.  This results in a data set that is expected to provide a 
conservative estimate of the potential for the scavenger tailings to produce acidic conditions. 
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4.1.2.3 Distribution of Pyrite Grade in Individual Ore Composites 
 
Life-of-mine models produced from the Resolution geology block model indicate that the 
maximum pyrite grade in the mill feed is estimated to be 15 weight percent, and for much of 
the life of the mine it will likely be substantially lower (see discussion in Section 3.1.1).  Samples 
with pyrite head grades less than 15 weight percent account for 75 percent of the IC suite (41 
of 55 samples).  Therefore, higher pyrite grades are over-represented in the IC suite compared 
with the anticipated distribution in ore produced over the life of the mine.  Figure 4.1-3 
provides a plot of NPR vs. NAG pH as a function of IC pyrite grade. Inspection of Figure 4.1-3 
shows that the majority of PAG scavenger tailings were generated from ore samples with pyrite 
grades greater than 15 weight percent.   
 
Of the 55 scavenger tailings samples generated from individual ore composites, 41 samples 
were generated from individual ore composites with pyrite grade less than 15 weight percent 
that are considered representative of operational conditions.  An additional 14 samples were 
generated from higher pyrite ore.  These samples provide data representative of scavenger 
tailings that might be produced under a maximum worst case production scenario with higher 
than anticipated pyrite mill feed. 
 

4.1.3 Acid-Base Accounting 
 
ABA results are provided in Tables 4.1-2 through 4.1-5 (adapted from Tables 3 through 6 in SGS 
(2015)) and summarized below: 

• Scavenger tailings from 55 individual composites were subjected to ABA testing 
• 41 of the 55 ICs had pyrite grade less than 15 percent and produced scavenger tailings 

that are considered representative of operational tailings 
• Paste pH of the scavenger tailings ranged between 6.55 and 9.33 s.u. which indicates 

that no net acidity was produced by the samples prior to testing 
• Sulfide sulfur content of the 55 scavenger tailings samples ranges from 0.01 to 1.28 

weight percent; the smaller, more representative subset of 41 samples contains a range 
of sulfide sulfur between 0.01 and 1.09 weight percent 

• Sulfide sulfur contents of the 55 scavenger tailings samples are log normally distributed 
with a geometric mean of 0.1 weight percent; the smaller subset (41 samples) is also log 
normally distributed with a geometric mean of 0.07 weight percent 

• Total inorganic carbon ranges from 0.014 to 0.614 weight percent with 49 of the 55 
samples (89 percent) containing less than 0.04 weight percent 

• Bulk NPR of the 55 scavenger tailings samples ranges from 0.05 to 24.8; within the 
smaller (41 sample) subset the NPR ranges between 0.15 and 24.8.  NPR for the 
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representative scavenger tailings (41 sample set) is log-normally distributed with a 
geometric mean of 2.8. 
 

4.1.4 Net Acid Generation Testing (pH and Leachate Composition) 
 
NAG pH results are provided in Table 4.1-6 (adapted from Tables 3 through 6 in SGS (2015)) and 
summarized as follows:   

• Final NAG pH results indicate that 60 percent of all scavenger tailings samples from 
individual composites are designated NPAG (pH > 4.5 s.u.) and 40 percent are 
designated PAG (pH < 4.5 s.u.). 

• Residual (i.e. un-neutralized) acidity in the scavenger tailings is generally low with acidity 
up to pH 4.5 s.u. ranging from 0 to 12 kg H2SO4/T and acidity up to pH 7.0 s.u. ranging 
from 0 to 21 kg H2SO4/T.  Low titratable acidities are consistent with the low sulfide and 
metals contents of the scavenger tailings. 

The chemical compositions of the NAG leachates are provided in Tables 4.1-7 through 4.1-10 
(adapted from Tables 3 through 6 and Appendix C in SGS (2015)) and summarized as follows   

• Concentrations of sulfate, metals, and metalloids are low in NAG leachates (including 
those samples with acidic pH values) consistent with the low sulfide and residual 
metal/metalloid contents of the scavenger tailings.     

• Approximately 60 percent of the NAG leachates have fluoride concentrations that are 
slightly higher than are generally observed in natural waters in non-mineralized systems 
(i.e. somewhat greater than 1 mg/L; Hem, 1985). 
 

4.1.5 Potential for Acid Generation and Metals Leaching: Summary 
 
Figure 4.1-4 presents a plot of NPR vs. NAG pH for the scavenger tailings generated from 
individual composites.   As discussed in Section 4.1.2, mill feed under operational conditions is 
anticipated to contain less than 15 weight percent pyrite.  Of the 55 scavenger tailings samples 
subjected to static testing, 41 were from individual ore composites with pyrite grades less than 
15 percent.  Integration of ABA and NAG testing data from these samples indicates that: 

• 17 of 41 scavenger tailings samples (41 percent) are designated NPAG (NPR > 3 and 
NAG pH > 4.5 s.u.) 

• 6 of 41 (15 percent) are PAG (NPR < 1 and NAG pH < 4.5 s.u.) 
• 18 of 41 (44 percent) are Uncertain (NPR between 1 and 3 and/or the NPR and NAG pH 

designations are inconsistent). 
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Integration of the results of ABA and NAG testing for the full dataset (including samples that are 
representative only of scavenger tailings that might be produced under a worst-case scenario 
high-pyrite mill feed) indicates that: 

• 17 of 55 of the scavenger tailings samples (31 percent) are designated NPAG (NPR > 3 
and NAG pH > 4.5 s.u.) 

• 20 of 55 (36 percent) are PAG (NPR < 1 and NAG pH < 4.5 s.u.) 
• 18 of 55 (33 percent) are Uncertain (NPR between 1 and 3 and/or the NPR and NAG pH 

designations are inconsistent). 

Note that, as discussed in Section 3.2.1.1, the threshold criterion used in this report to 
determine between a designation of NPAG or Uncertain, is NPR = 3 based on ADEQ (2004) 
BADCT guidance.  For comparison, the distributions of ABA designations based on NPR = 2 (e.g., 
AMIRA (2002), INAP (2009), MEND (2009)) for the operational and high-pyrite data sets are 
presented in the table below.  
 

  AGP DESIGNATION 
Threshold Criterion NPAG Uncertain PAG 

SAMPLES REPRESENTATIVE OF OPERATIONAL CONDITIONS (n = 41) 
NPR = 2 27 8 6 
NPR = 3 17 18 6 

DATA INCLUDING HIGH-PYRITE ORE COMPOSITES (n = 55) 
NPR = 2 27 8 20 
NPR = 3 17 18 20 

 
 
Figure 4.1-5 shows the bulk acid neutralization potential (ANP) plotted against acid generation 
potential for the IC scavenger tailings.  Shown on this plot are lines indicating the values of NPR 
= 1, 2, and 3.  NPR > 1 is the level at which a sample is technically considered NPAG (that is, the 
ANP is greater than the AGP).  The other two lines, NPR = 2 and NPR = 3 represent two widely 
accepted safety margins.  As shown in this plot, and in the table above, the impact of applying 
one safety factor or the other to this data set is to move 10 samples between the NPAG and the 
Uncertain classifications.  Choice of safety factor does not affect the proportion of tailings 
classified as PAG as that threshold remains at NPR < 1).   
 
Figure 4.1-6 shows NPR vs. sulfide sulfur content of IC scavenger tailings.  Note that 16 of 20 
PAG samples (samples with NPR < 1) contain more than 0.2 weight percent sulfide sulfur.  
 
Figure 4.1-7 presents sulfide sulfur in the scavenger tailings samples vs. pyrite grade of the ore 
samples from which the tailings were generated.  This plot shows that the residual sulfide sulfur 
in the scavenger tailings generally increases with higher ore pyrite grade.  This is the primary 
reason for the correlation between acid generation potential and pyrite grade shown in Figure 
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4.1-3.  Another factor that contributes to the larger AGP of the scavenger tailings from higher 
pyrite ore is the association of higher pyrite ore with phyllic alteration that results in a very low 
ANP mineral assemblage that contains little, if any, carbonate or faster-acting silicate minerals 
(Hehnke et al., 2012).   
 
NAG testing and leachate analysis indicate that acidity, sulfate and metal/metalloid release is 
small even when low pH conditions are generated during NAG testing.  This result is consistent 
with the low sulfide and residual metals/metalloids contents of all the scavenger tailings 
samples.  Note that the potential geochemical reactivity of the scavenger tailings indicated by 
static testing presented here is consistent with results of prior testing detailed in the 2014 
tailings geochemistry report (DHC, 2014) presented as Appendix H of the General Plan of 
Operations (RCM, 2014) 
 

4.2 Static Testing of Scavenger Tailings from 2014 Master Ore Composites  
 
Scavenger tailings generated from metallurgical testing of master ore composites were 
submitted to SGS Environmental Services in Lakefield for environmental tests including: ABA, 
NAG pH, and NAG leachate composition.  Results are provided in SGS (2015b) and summarized 
below. 
   

 4.2.1 Objectives 
  
The goal of this work was to provide an initial, scoping-level characterization of the master 
composite scavenger tailings to enable a representative subset of the samples to be chosen for 
further characterization and kinetic testing.   
 

4.2.2 Sample Selection and Preparation 
 
Eighteen master ore composites generated from the individual composites discussed in Section 
4.1 were subjected to locked cycle metallurgical testing in 2014 at FLS (Dawson) in Salt Lake 
City, Utah and at SGS Mineral Services in Lakefield, Ontario. A summary of the individual 
composites used in each of the master composites is provided in Table 4.2-1.  Locked cycle 
testing was conducted following two metallurgical approaches (bulk and selective; see Section 
3.1.2 for a brief explanation of metallurgical testing methods).   
 

4.2.3 Acid-Base Accounting 
 
ABA results are provided in Tables 4.2-2 through 4.2-5 (adapted from Tables 2 through 5 in SGS 
(2015b)) and summarized below: 
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• Thirty-four samples of scavenger tailings generated from 18 master composites were 
subjected to ABA testing 

• Paste pH of scavenger tailings ranged between 6.59 and 8.80 s.u. which indicates that 
no net acidity was produced by the samples prior to testing 

• Sulfide sulfur contents of scavenger tailings samples range from 0.01 weight percent to 
1.15 weight percent 

• Sulfide sulfur contents of the 34  scavenger tailings samples are log-normally distributed 
with a geometric mean of 0.08 weight percent  

• Total inorganic carbon ranges from 0.011 to 0.484 weight percent with 28 of 34 samples 
(82 percent) containing less than 0.4 weight percent 

• Bulk NPR ranges from 0.11 to 30.1.  NPR is log-normally distributed with a geometric 
mean of 2.7. 

• Based on bulk NPR, 17 of 34 samples (50 percent) are designated NPAG, 10 of 34 (29 
percent) are designated PAG, and 7 of 34 (21 percent) are Uncertain with NPR values 
between 1 and 3. 
 

Figure 4.2-1 shows a comparison of the NPR of master composite scavenger tailings between 
the bulk and selective flotation approaches.  Scavenger tailings generated from the same 
master composite using the two flotation approaches are very similar with no systematic 
variation observed (i.e., there is not one approach that consistently produces scavenger tailings 
with either higher or lower NPR than the other). 

 

4.2.4 Net Acid Generation Testing (pH and Leachate Composition) 
 
NAG pH data are provided in Table 4.2-6 (adapted from Tables 2 through 5 in SGS (2015b)) and 
leachate compositions are provided in Tables 4.2-7 through 4.2-10 (adapted from Tables 2 
through 5 and Appendix B in SGS (2015b)).  Principal observations are as follows: 

• Final NAG pH results indicate that 71 percent of the scavenger tailings samples from 
master ore composites are designated NPAG (pH > 4.5 s.u.) and 29 percent are 
designated PAG (pH < 4.5 s.u.). 

• Residual (i.e. un-neutralized) acidity in the scavenger tailings is generally low with acidity 
up to pH 4.5 ranging from 0 to 7.9 kg H2SO4/T and acidity up to pH 7.0 ranging from 0 to 
17 kg H2SO4/T.  Low titratable acidities are consistent with the low sulfide and metals 
contents of the scavenger tailings.  

• Concentrations of sulfate, metals, and metalloids are generally low in NAG leachates 
(even for those samples with acidic pH values) consistent with the low sulfide and 
residual metal/metalloid contents of the scavenger tailings.   
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4.2.5 Potential for Acid Generation and Metals Leaching: Summary 
 
Integrating the results of ABA and NAG testing indicates that 50 percent of the scavenger 
tailings samples generated from 2014 master ore composites are designated NPAG (NPR > 3 
and NAG pH > 4.5 s.u.), 29 percent are PAG (NPR < 1 and NAG pH < 4.5 s.u.), and 21 percent are 
Uncertain (NPR between 1 and 3).  See Figure 4.2-2 for a plot of NPR vs. NAG pH.   
 
Figure 4.2-3 shows NPR vs. sulfide sulfur content of MC scavenger tailings.  Note that 8 of 10 
PAG samples (samples with NPR < 1) contain more than 0.2 weight percent sulfide sulfur.  
 
NAG testing and leachate analysis indicates that acidity, sulfate and metal/metalloid release is 
small even when low pH conditions are generated during NAG testing.  This result is consistent 
with the low sulfide and residual metals/metalloids contents of the scavenger tailings.   
 

4.3 Static Testing of Scavenger and Pyrite Tailings from 2014 Pilot Plant 
Testing 
 
The 2014 pilot plant test was conducted at ALS Metallurgy in Kamloops, British Columbia, 
Canada between October 27 and November 5, 2014.  Environmental testing was conducted at 
SGS Environmental Services, Lakefield, Canada.  Static geochemical testing included:  ABA, NAG 
pH, NAG leachate composition, SPLP, TCLP, and water quality analysis of process water 
samples. Results are provided in SGS (2016a) and summarized in the following sections. 
 

4.3.1 Objectives 
 
The objectives of this work were to: 

• Characterize the geochemical composition and acid generation potential of both the 
scavenger and pyrite tailings produced in the pilot plant testing 

• Assess any differences in the tailings products produced by two different flotation 
methodologies (bulk and selective) 

• Characterize the chemical composition of process water which is representative of the 
water that will be delivered to the TSF in the tailings slurry 
 

4.3.2 Sample Selection and Preparation 
 
The ore feed to the pilot plant consisted of approximately four tonnes of ore from boreholes: 
RES-005L, RES-009G, RES-013F, RES-017M, RES-025B, RES-025E, RES-027D, RES-028B, RES-
028D, RES-031, and RES-031B.  This ore composite is deemed by RCM Geology and Metallurgy 
to be representative of ore that will be produced over approximately the first ten years of mine 
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life.  The pilot plant operated for eight days, five using the bulk approach and three using the 
selective approach.  Samples of the scavenger and pyrite tailings were collected for 
environmental characterization on the test days on which flotation conditions were deemed 
representative of likely operational conditions.  This approach generated bulk samples on Days 
3 and 4 and selective samples on Days 6 through 8.  It should be noted that although Day 7 data 
are included in this report there was substantial dilution of the pyrite tailings with non-sulfide 
gangue and this sample is likely not representative of operational conditions.  Environmental 
samples consisted of approximately 2 kg dry weight equivalent of wet filter cake; samples were 
shipped to SGS, Lakefield for splitting and geochemical testing.   
 

4.3.3 Acid-Base Accounting 
 
ABA results are provided in Tables 4.3-1 and 4.3-2 (adapted from Tables 7 and 8 in SGS (2016a)) 
and summarized below.  Note that, due to the smaller sample size, descriptive statistics (e.g. 
distribution and central tendency) are not provided for this data set as they were for the larger 
data sets in Sections 4.1 and 4.2. 
 

4.3.3.1 Scavenger Tailings 
 

• Paste pH of scavenger tailings ranged between 7.15 and 7.99 s.u. which indicates that 
no net acidity was produced by the samples prior to testing 

• Sulfide sulfur contents of scavenger tailings samples range from 0.08 weight percent to 
0.16 weight percent 

• NPR ranges from 1.36 to 2.92. 
• Based on NPR, all 7 scavenger tailings samples are Uncertain with NPR values between 1 

and 3 (Figure 4.3-1). 
• There is no systematic difference in ABA characteristics of scavenger tailings generated 

from the two flotation approaches.   
 

4.3.3.2 Pyrite Tailings 
 

• Paste pH of pyrite tailings ranged between 6.72 and 7.28 s.u. except for the sample 
collected on Day 4 which has a paste pH of approximately 5.0 s.u.  This indicates that, in 
general, no net acidity was produced by the samples prior to testing except for the Day 
4 sample that appears to have undergone some initial oxidation during sampling and 
storage. 

• Sulfide sulfur contents of pyrite tailings samples from the bulk circuit are approximately 
21 to 23 weight percent 
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• Sulfide sulfur contents of pyrite tailings samples from the selective circuit range 
between approximately 12 and 17 weight percent; however, the low-end sample (Day 7) 
is likely not representative of operational conditions as there was substantial dilution by 
non-sulfide gangue.  The more representative pyrite tailings (from Days 6 and 8) contain 
approximately 16 to 17 weight percent sulfide sulfur. 

• NPR of all pyrite tailings is approximately 0.01 to 0.02. 
• All pyrite tailings are designated as PAG based on NPR < 1 (Figure 4.3-1). 

 

4.3.4 Net Acid Generation Testing (pH and Leachate Composition) 
 
NAG pH and leachate composition data are summarized in Tables 4.3-3 and 4.3-4, respectively 
(adapted from Tables 7 and 8 in SGS (2016a)) and summarized below. 
 

4.3.4.1 Scavenger Tailings 
 

• Final NAG pH values for the scavenger tailings samples from the 2014 pilot plant testing 
ranged from pH 4.90 to 5.76 s.u. 

• All scavenger tailings samples from the 2014 pilot plant testing gave final NAG pH values 
greater than pH 4.5 s.u. and are therefore designated NPAG based on the NAG testing 
results. 

• Residual (i.e. un-neutralized) acidity in the scavenger tailings is low with acidity up to pH 
7.0 s.u. ranging from 0.4 to 2.0 kg H2SO4/T.  Low titratable acidities are consistent with 
the low sulfide and metals contents of the scavenger tailings.   

• Concentrations of sulfate, metals, and metalloids are low in the NAG leachates 
consistent with the low sulfide and residual metal/metalloid contents of the scavenger 
tailings.     

• NAG leachates from the pilot plant scavenger tailings have fluoride concentrations that 
range from 2.54 to 3.10 mg/L which is slightly higher than the maximum of 1 mg/L 
generally observed in natural waters in non-mineralized systems (Hem, 1965). 
 

4.3.4.2 Pyrite Tailings 
 

• Final NAG pH values for the pyrite tailings samples from the 2014 pilot plant testing 
ranged from pH 2.21 to 2.48 s.u. 

• All pyrite tailings samples gave final NAG pH values lower than pH 4.5 s.u. and are 
therefore designated PAG based on NAG testing results. 
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• Residual (i.e., un-neutralized) acidity is higher in the high sulfide tailings than in the 
scavenger tailings.  Acidity up to pH 4.5 s.u. ranges from 24 to 54 kg H2SO4/T and acidity 
up to pH 7.0 s.u. ranges from 60 to 91 kg H2SO4/T. 

• Analysis of NAG leachates indicates that, were the pyrite tailings to become oxidized, 
they may potentially release: aluminum, copper, fluorine, iron, nickel, and sulfate. 
 

4.3.5 Simulated Precipitation Leaching Procedure 
 
SPLP results are provided in Table 4.3-5 (adapted from Tables 5 and 6 in SGS (2016a)) and 
summarized as follows: 

• pH of all samples, both scavenger and high-pyrite tailings, was neutral to alkaline with 
an observed range of pH values between 7.36 and 9.26 s.u.; pH values above the initial 
leachate pH of 4.2 s.u. indicate that acidity was consumed and alkalinity was released 
from the sample during leaching. 

• Concentrations of measured anions, metals, and metalloids were low in leachates from 
both the scavenger and the high-pyrite tailings consistent with circumneutral 
conditions.  However, in leachates from scavenger tailings, concentrations of fluoride, 
cobalt, manganese, and nickel were somewhat elevated in some samples with respect 
to values observed in natural waters in non-mineralized systems (Hem, 1985).  In some 
leachates from pyrite tailings the following constituents were slightly elevated: cobalt, 
manganese, molybdenum, and selenium.  
 

4.3.6 Toxicity Characteristic Leaching Procedure 
 
The Toxicity Characteristic Leaching Procedure (TCLP) is described by the U.S. EPA as follows 
(U.S. EPA, 2016a): 
 

The test [TCLP] was designed to model a theoretical scenario in which a waste 
is mismanaged by placing it in an unlined landfill containing municipal solid 
waste. The acetic acid solution in Method 1311 is designed to simulate the 
result of rainwater infiltrating the landfill, reacting with the municipal solid 
waste, and then leaching through the waste being tested. The numerical 
limits for the RCRA toxicity characteristic (40 CFR 261.24) were derived using 
the same scenario and were set at levels that would prevent the groundwater 
under the landfill from posing a threat to human health and the environment. 
 

The TCLP leaching procedure is not used to regulate mining wastes (ADEQ, 2004).  Mine wastes 
would certainly not be exposed to an organic acid, such as acetic acid.  However, TCLP testing 
was conducted on 2014 pilot plant tailings to assess the potential for the tailings to be a 
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hazardous waste.  Results are provided in Table 4.3-6 (adapted from Tables 3 and 4 in SGS 
(2016).  The maximum concentration limits for the TCLP as presented in the Code of Federal 
Regulations 40 CFR 261.24 (U.S. EPA, 2016b) are included in the table for reference.  Results in 
Table 4.3-6 show that both the scavenger and the pyrite tailings generated TCLP leachate with 
concentrations well below the maximum concentration limits for TCLP presented in the Code of 
Federal Regulations. 
 

4.3.7 Chemical Characterization of 2014 Pilot Plant Process Water 
 
A series of samples taken throughout the 2014 pilot plant test were submitted for analyses 
including: water quality parameters (pH, TDS, hardness), anions, and total and dissolved metals.  
Samples were collected at the beginning and end of each day of the pilot plant.  Laboratory 
certificates of analysis are provided in Appendix A. 
 
The goals of process water characterization included: 

• To assess the chemistry of process water representative of entrained water that will be 
deposited along with tailings in the tailings storage facility during operation  

• To assess the degree of variability of the recycled water over the period of the pilot 
plant test.  Samples were collected to allow identification of any systematic changes in 
chemistry over the period of the test as well as to provide a check on any potential 
changes that might occur between testing days when the pilot plant was shut down. 

 
The chemical compositions of pilot plant process water samples and the laboratory tap water 
used as both the initial fluid and as makeup water on Day 6 are provided in Table 4.3-7.  
Principal observations are presented below: 

• All process water samples were circumneutral with pH ranging between approximately 
7.2 and 7.9 s.u.; there was no systematic trend in pH over the period of the test 

• Sulfate increased from 7.78 mg/L in the morning of Day 1 to 253 mg/L in the morning of 
Day 6.  During Day 6, makeup water was added to the circuit which decreased the 
sulfate concentration of the process water to 170 mg/L in the Day 6 afternoon sample.  
Sulfate concentrations continued to increase throughout the final days of the test with a 
final (Day 8 afternoon) concentration of 315 mg/L.   

• Alkalinity generally decreased over the period of the test from approximately 45 mg/L as 
CaCO3 to approximately 25 mg/L as CaCO3 

• Concentrations of metals and metalloids were low consistent with circumneutral 
conditions. However, concentrations of fluoride, manganese, molybdenum, selenium, 
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and zinc were elevated in some samples with respect to values observed in natural 
waters in non-mineralized systems (Hem, 1985). 

• Concentrations of metals and metalloids were generally stable with the exception of the 
following analytes that did show a small systematic increase in concentration over the 
period of the test: aluminum, copper, molybdenum, selenium, and silver. 

• Fluoride concentrations increased over the period of the test with a final (Day 8 
afternoon) concentration of 2.43 mg/L 

 

4.4 Humidity Cell Testing of Scavenger Tailings from 2014 Master Ore 
Composites 
  
This section presents the results of humidity cell testing of selected scavenger tailings samples 
generated from locked cycle testing of 2014 master ore composites.  Humidity cell testing 
commenced on April 28, 2015 and is ongoing.  Also included below are results of static 
geochemical testing and mineralogical analysis of the scavenger tailings samples subjected to 
humidity cell testing. 
 

4.4.1 Objectives 
 
The goal of this work is to assess the potential geochemical reactivity of scavenger tailings 
representative of those that will be produced under operational conditions over the life of the 
mine.  Humidity cell tests provide long-term data regarding the potential of these materials to 
produce acidic conditions and leach metals if allowed to weather under oxidizing conditions.  In 
addition, characterization of the leachate chemistry provides an initial assessment of 
constituents that may be present at elevated concentrations.  Data generated from humidity 
cell testing of the 2014 Resolution master ore composites will be used in sulfide-oxidation and 
fate-and-transport modeling intended to predict the likely composition of groundwater 
beneath, and adjacent to, the TSF. 
 

4.4.2 Sample Preparation/Selection 
 
Table 4.4-1 provides information regarding scavenger tailings generated from locked cycle 
testing of 2014 master ore composites and subjected to humidity cell testing.  Care was taken 
to select scavenger tailings samples that were generated from ore composites representative of 
the distribution of lithology and alteration type in the Resolution ore body.  In addition, nine of 
the 12 HCT samples were generated from master composites that represent the anticipated 
range in the pyrite grade of mill feed over the life of the mine (i.e., pyrite content less than 15 
weight percent).  An additional three scavenger tailings samples generated from ore 
composites containing more than 15 weight percent pyrite were included in the HCT sample 
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suite in order to provide data relevant to scavenger tailings that might be produced should 
upset conditions lead to high pyrite mill feed.  
 

4.4.3 Static Testing of Samples Subjected to Humidity Cell Testing 
 
Master composite scavenger tailings samples were subjected to limited static testing (ABA, NAG 
pH, and NAG leachate) at the time that the tailings were generated.  For initial static test results 
see Section 4.2 of this report.  Scavenger tailings were generated over approximately a year of 
metallurgical testing so some of the samples were stored for up to one year prior to 
commencement of humidity cell testing.  In order to assess any potential changes to the 
scavenger tailings during this storage period, ABA and NAG testing was repeated for samples 
subjected to humidity cell testing.  In addition, a more comprehensive suite of environmental 
and mineralogical tests were conducted for further characterization of the HCT samples.  
Environmental tests included: ABA, NAG pH, SPLP, particle size distribution, and whole rock 
analysis using XRF and strong acid digestion with ICP-MS.  Mineralogical characterization 
includes: QEMSCAN, semi-quantitative XRD, and optical petrography.  Results of static 
geochemical and mineralogical testing of the HCT samples are presented in SGS (2016b) and 
summarized in the following sections. 
 

4.4.3.1 Acid-Base Accounting 
 
ABA results are provided in Table 4.4-2 (adapted from Tables 25 and 26 in SGS (2016b)) and 
summarized below: 

• Scavenger tailings from 12 master composites were subjected to ABA testing prior to 
commencement of HCTs 

• Paste pH decreased in all the samples over the storage period (compare initial paste pH 
results in Table 4.2-2).  For 7 of the 12 samples paste pH remained above pH 7 s.u.  For 
the remaining 5 samples paste pH dropped to below pH 6 s.u.  This indicates that some 
sulfide oxidation occurred while the samples were stored and that the acidity produced 
by that oxidation was not neutralized by the sample. 

• Sulfide sulfur content generally did not change substantially over the storage period. 
The one sample that did show a substantial change in sulfide sulfur content is sample 
MC-1 LCT 35 (Hole 29A); initial sulfide sulfur measurement was 1.15 weight percent and 
the pre-HCT measurement was 0.71 weight percent.  Given the relatively small change 
in paste pH over the same period (6.59 to 5.14 s.u.) it is likely that the difference in 
sulfide sulfur values is due to sample heterogeneity and not to oxidation of a large 
portion of the sulfide over the storage period.  

• Bulk NPR for the HCT samples ranges from 0.08 to 16.2 
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• Based on bulk NPR, 7 of the 12 HCT samples are designated NPAG, 3 are designated 
PAG, and 2 are designated Uncertain (with NPR between 1 and 3)   

• The majority of designations (11 of 12) did not change over the storage period.  The 
exception is MC-1 LCT 23 which was initially designated PAG but was classified as 
Uncertain after storage (NPR changed from 0.53 to 1.54) 

 

4.4.3.2 Net Acid Generation Testing 
 
NAG testing results are provided in Table 4.4-3 (adapted from Tables 25 and 26 in SGS (2016b)) 
and summarized below: 

• Scavenger tailings from 12 master composites were subjected to NAG testing prior to 
commencement of HCTs 

• NAG pH values generally remained consistent over the storage period.  Values range 
between 3.26 and 8.82 s.u. (compared with 3.02 to 9.79 s.u. in the initial testing) 

• Based on NAG pH, 9 of the 12 HCT samples are designated NPAG (pH > 4.5 s.u.) and 3 
are designated PAG (pH < 4.5 s.u.). 

• The AGP designation of one sample changed over the storage period.  Sample MC-1 LCT 
23 was initially designated PAG with a NAG pH of 3.73 s.u. but changed to a designation 
of NPAG with a post-storage NAG pH of 4.87 s.u.  Note that this is consistent with ABA 
results that indicate a classification change for this sample over the storage period from 
PAG to Uncertain. 
 

4.4.3.3 Potential for Acid Generation and Metals Leaching: Summary 
 
Integrating the results of ABA and NAG testing indicates that 7 of the 12 scavenger tailings 
samples subjected to humidity cell testing are designated NPAG (NPR > 3 and NAG pH > 4.5 
s.u.), 3 of 12 are PAG (NPR < 1 and NAG pH < 4.5 s.u.), and 2 are Uncertain by NPR (NPR 
between 1 and 3) but NPAG by NAG (NAG pH > 4.5 s.u.).  See Figure 4.4-1 for a plot of NPR vs. 
NAG pH.   
 
Figure 4.4-2 shows NPR vs. sulfide sulfur content of the MC scavenger tailings samples 
subjected to humidity cell testing.  Note that all three PAG samples (samples with NPR < 1) 
contain more than 0.2 weight percent sulfide sulfur.  In addition, all three PAG samples were 
generated from ore containing more than 15 weight percent pyrite (Table 4.4-1) and are 
included in order to provide data regarding a worst-case high-pyrite mill feed that is not 
anticipated to occur under operational conditions. 
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4.4.4 Mineralogy 
 
Mineralogical analysis was conducted using semi-quantitative x-ray diffraction (XRD), 
Quantitative Evaluation of Minerals by Scanning Electron Microscopy (QEMSCAN), and optical 
microscopy.  Principal findings are summarized below: 
 

4.4.4.1 Semi-Quantitative X-Ray Diffraction (XRD) 
 
Semi-quantitative x-ray diffraction (XRD) was conducted on the 12 scavenger tailings samples 
subjected to humidity cell testing.  Data are provided in Table 4.4-4 (adapted from Tables 3 and 
4 in SGS (2016b)) and summarized as follows: 

• Scavenger tailings are predominantly composed of silicate minerals including: quartz, 
muscovite, phlogopite, orthoclase, illite, and kaolinite 

• Pyrite was detected in only three of the 12 scavenger tailings samples at concentrations 
less than 1 weight percent.  All other samples were reported as having pyrite 
concentrations less than the detection limit of between 0.5 and 2 weight percent. 

• No calcite or dolomite were detected in any of the scavenger tailings samples 
• No sulfate minerals were detected in any of the scavenger tailings samples 

 

4.4.4.2 Quantitative Evaluation of Minerals by Scanning Electron Microscopy 
 
All 12 scavenger tailings samples subjected to humidity cell testing were submitted for 
mineralogical analysis using QEMSCAN.  Polished sections were subjected to particle minerals 
analysis (PMA) which provided quantitative abundance and liberation and association data.  
Modal analysis results (i.e. quantitative abundance of mineral phases in each sample) are 
presented in Table 4.4-5 (adapted from Tables 6 and 7 in SGS (2016b)).  Detailed results, 
including mineral liberation and association data, are reported in SGS (2016b).  Principal 
observations are as follows: 
 

4.4.4.2.1 Modal Analysis 

• QEMSCAN modal analysis shows that the scavenger tailings samples subjected to 
humidity cell testing are composed predominantly of silicate minerals (consistent with 
XRD results).   

• Principal silicate phases identified with QEMSCAN include: quartz, feldspars, muscovite, 
biotite/phlogopite, chlorites, illite, kaolinite, and topaz. 

• Pyrite (FeS2) was detected in trace or minor amounts in all the samples with a range 
between 0.01 and 0.64 weight percent.  

• Total sulfide minerals including pyrite, chalcopyrite (CuFeS2), other copper sulfides and 
other non-copper sulfides ranged between 0.02 and 0.69 weight percent. Pyrite 
accounts for between 14 and 100 percent of the total sulfide mineral content. It should 
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be noted that when acid generation potential (AGP) is calculated from sulfide sulfur 
content as part of ABA analyses it is assumed that pyrite accounts for 100 percent of the 
sulfide sulfur.  When pyrite is less than 100 percent of the total sulfide mineral content 
the ABA calculations of AGP are overly conservative. 

• Calcite and dolomite measurements ranged between 0.00 and 0.29 weight percent and 
0.00 and 1.96 weight percent, respectively.  These low Ca/Mg-carbonate values are 
consistent with very low neutralization potentials reported in ABA analyses. 

• Trace amounts of the other carbonate minerals ankerite (Ca(Fe,Mg,Mn)(CO3)2) and 
siderite (FeCO3) were reported.    

4.4.4.4.2 Liberation and Association 

The degree to which potentially acid generating minerals (generally pyrite in RCM tailings) and 
potentially neutralizing minerals (generally Ca-Mg carbonates) are liberated from the 
surrounding silicate matrix controls the degree to which they are available to react.  Liberation 
data are provided in Tables 9 and 10 in SGS (2016b).  Data show that both the Ca-Mg 
carbonates and the pyrite particles are reasonably well exposed (likely as a result of grinding of 
the ore during processing).  The degree to which the pyrite and carbonate minerals are exposed 
varies from sample to sample but, in general, more than 90 percent of both types of mineral 
particles are exposed to some degree.  Note that results of ABA analysis assume 100 percent of 
sulfide mineral particles are exposed. 
 

4.4.4.3 Optical Microscopy 
 
Polished thin sections were examined optically in order to determine whether any oxidation of 
sulfide minerals had occurred.  A summary of optical microscopy observations is provided in 
Table 14 of SGS (2016b) and photomicrographs are presented in the mineralogy report in 
Appendix A of SGS (2016b).  Evidence of incipient oxidation in some samples includes: corroded 
edges on pyrite particles; oxidation within microfractures in pyrite, chalcopyrite, and bornite 
particles; and formation of alteration rims on bornite and chalcopyrite particles.  Oxidation of 
the sulfide phases is very minor and in several samples was not detected at all.  There is no 
systematic correlation between decreased paste pH over the storage period and observed 
sulfide alteration.   
 

4.4.5 Whole Rock Analysis with X-ray Fluorescence (XRF) 
 
Whole rock analysis was conducted using x-ray fluorescence (XRF) on the 12 scavenger tailings 
samples subjected to humidity cell testing.  Data are provided in Table 4.4-6 (adapted from 
Tables 16 and 17 in SGS (2016b)) and summarized as follows: 
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• The principal component of all the scavenger tailing samples is silica (SiO2); 
concentrations range from 56.0 to 84.7 weight percent.  This is consistent with data 
from XRD and QEMSCAN analyses presented in Sections 4.4.4.1 and 4.4.4.2 that 
indicate that the primary mineral phases are silicates. 

• Four samples (MC-3 LCT 27 (Hole 27C), MC-3 LCT 38 (Hole 29A), MC-5 LCT 42 (Hole 29A) 
and LCT-6 Comb Py Sc Tls (Hole 31; MC-1)) contain higher concentrations of iron 
(approximately 6 to 8 weight percent compared with a range of <1 to 2 weight percent 
in the remaining samples). 

 

4.4.6 Strong Acid Digest and Elemental Analyses 
 
Elemental analysis was conducted on the 12 scavenger tailings samples subjected to humidity 
cell testing.  Samples were digested using a mixture of nitric, hydrofluoric, perchloric, and 
hydrochloric acids and elemental analysis was conducted using inductively coupled plasma-
optical emission spectrometry (ICP-OES) or inductively coupled plasma-mass spectrometry (ICP-
MS).  Data are provided in Table 4.4-7 (adapted from Tables 19 and 20 in SGS (2016b)). 
 
Elemental analyses were compared with crustal abundances provided in Price (1997).  Where 
Price (1997) does not provide a value (for boron, lithium, selenium, silicon, tin, and yttrium) 
values from Mason and Moore (1982) were used.  The following elements were identified as 
being present in the scavenger tailings samples subjected to humidity cell testing at 
concentrations greater than five times crustal abundance: bismuth, copper, lead, molybdenum, 
selenium, silver, tin, and tungsten. 
 

4.4.7 Particle Size Distribution 
 
Particle size distribution of scavenger tailings from 2014 master composites subjected to 
humidity cell testing was determined using sieving and hydrometry (SGS, 2016b).  Results are 
summarized in Tables 4.4-8 and 4.4-9 (adapted from Tables 29 through 32 in SGS (2016b)).  
Particle size distributions are plotted on Figure 4.4-3; principal results are provided below: 

• Particle size classifications for scavenger tailings are as follows: 
o Sand (percent) 

 Average: 52.3 
 Range: 42.8 to 64.9 

o Silt (percent) 
 Average: 43.2 
 Range: 30.1 to 52.2 
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o Clay (percent) 
 Average: 4 
 Range 1 to 7 

• Average specific gravity of the scavenger tailings is 2.77 with a range between 2.72 and 
2.85. 
 

4.4.8 Synthetic Precipitation Leach Procedure 
 
SPLP results are provided in Table 4.4-10 (adapted from Tables 22 and 23 in SGS (2016b)) and 
summarized as follows: 

• pH of all samples was circumneutral to alkaline with an observed range of pH values 
between 6.10 and 9.82 s.u.; pH values above the initial leachate pH of 4.2 s.u. indicate 
that alkalinity was released and acidity consumed during leaching. 

• Concentrations of measured anions, metals, and metalloids were generally low in 
leachates from scavenger tailings consistent with circumneutral conditions.  However, 
concentrations of aluminum, beryllium, copper, fluoride, manganese, nickel, selenium, 
and zinc were elevated in some samples with respect to values observed in natural 
waters in non-mineralized systems (Hem, 1985). 

 

4.4.9 Humidity Cell Testing 
 
Twelve scavenger tailings generated from locked cycle testing of 2014 master ore composites 
were submitted for humidity cell testing.  Humidity cell tests (HCTs) were initiated on April 28, 
2015; sample identifiers and supporting information are provided in Table 4.4-1.  Currently, 
four of the original twelve samples are ongoing; data for these HCTs are presented through 
Week 51. Three samples (MC-1 LCT 23 (Hole 27C), MC-3 LCT 38 (Hole 29A), and MC-3 LCT 28 
(Hole 29B)) were decommissioned after 38 weeks of leaching.  An additional five samples were 
decommissioned after 54 weeks (MC-3 LCT 27 (Hole 27C), MC-2 LCT 37 (Hole 29A), MC-1 LCT 24 
(Hole 29B), MC-4 LCT 30 (Hole 29B), and LCT-4 Comb Py Sc Tls (Hole 31)).  HCTs are 
decommissioned when leachate chemistry has stabilized and depletion rates of sulfide sulfur 
and neutralization potential are well-defined.  
 
Post-test characterization of the HCT residues is in process and results will be presented in a 
future report once post-test characterization of all HCT samples is complete. Details regarding 
HCT methodology and data are provided in SGS (2016b).  HCT data are also provided in 
Appendix B of this report. 
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Figure 4.4-4 provides time-series plots of pH for the 12 master composite HCTs.  The pH of the 
HCT leachates fall into three general categories, those that have remained circumneutral (pH 
between approximately 6 and 8 s.u. with titratable alkalinity), those that have generated 
leachates with intermediate pH values (pH between approximately 4 and 6 s.u.) and those 
samples, selected to represent a potential worst-case scenario that might lead to high-pyrite 
mill feed, that have generated leachates with pH between 3 and 4 s.u. The following sections 
provide a summary of the results of HCTs to date organized by pH category. 
 

4.4.9.1 Circumneutral pH HCT Samples 
 
Six of the twelve HCTs remained circumneutral either throughout the 38-week period of the 
test (for those two that have been decommissioned) or through week 51 for the four ongoing 
tests.  Circumneutral HCTs include the following samples: MC-3 LCT 27 (Hole 27C), MC-3 LCT 38 
(Hole 29A), MC-7 LCT 46 (Hole 29A), MC-3 LCT 28 (Hole 29B), MC-4 LCT 30 (Hole 29B), and LCT-
6 Comb Py Sc Tls (Hole 31) (Figure 4.4-4).  Discussion of principal parameters in the 
circumneutral leachates is provided below. 
 

4.4.9.1.1 Alkalinity 

To date, alkalinity concentrations in the circumneutral leachates have generally been less than 
10 mg/L as CaCO3 (Figure 4.4-5) with the following exceptions: 

• MC-4 LCT 30 (Hole 29B) initially generated alkalinity on the order of 30 mg/L as CaCO3 

which decreased to below 10 mg/L as CaCO3 in approximately 25 weeks. 
• MC-3 LCT 27 (Hole 27C)  generated leachates containing less than 10 mg/L as CaCO3 for 

the majority of the test but has sporadically generated alkalinity values as high as 30 
mg/L as CaCO3 
 

4.4.9.1.2 Acidity 

Consistent with the inverse relationship that exists between alkalinity and acidity, the 
circumneutral HCTs producing detectable alkalinity do not produce detectable acidity.  One 
circumneutral HCT (sample MC-3 LCT 28 (Hole 29B)) sporadically produced very low 
concentrations of acidity on the order of 2 to 4 mg/L as CaCO3 (Figure 4.4-6).  Note that acidity 
values reported in this document are total acidities determined by titration to a pH endpoint of 
8.3 s.u. 
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4.4.9.1.3 Depletion Rates 

Depletion rates of carbonate neutralization potential, bulk neutralization potential, and sulfide 
sulfur for samples with circumneutral HCT leachates are plotted on Figure 4.4-7.  Inspection of 
depletion rates for circumneutral HCTs yields the following observations: 

• In all six circumneutral HCTs, sulfide sulfur either has been, or will be, depleted before 
bulk neutralization potential is depleted. 

• In three of the six circumneutral HCTs, sulfide sulfur either has been, or will be, depleted 
before carbonate neutralization potential is depleted. 

• These relative depletion rates indicate that none of the circumneutral samples has the 
potential to produce acidic conditions in the future. 
 

4.4.9.1.4 Comparison with ABA and NAG pH Results 

All samples that have yielded circumneutral HCT leachates, and that are expected to remain 
neutral based on relative depletion rates for sulfide sulfur and neutralization potential, were 
classified as NPAG based on bulk NPR and NAG pH results (Section 4.4.3.1).   
 

4.4.9.1.5 Sulfate 

Time-series plots of sulfate concentration are shown on Figure 4.4-8.   

• Sulfate concentrations in the circumneutral HCT leachates show an initial flush of 
between approximately 80 and 650 mg/L 

• By week 10 sulfate concentrations in all the circumneutral HCTs had dropped to below 
40 mg/L.  For the remainder of the testing period sulfate concentrations declined slowly 
to between approximately 1 and 12 mg/L by week 45. 

• Two small peaks in sulfate concentrations are observed in leachate from sample MC-3 
LCT 27 (Hole 27C). The larger peak occurred over weeks 21 to 25 and generated a 
maximum sulfate concentration of 120 mg/L.  A second, smaller peak occurred over 
weeks 36 to 38 and generated a maximum sulfate peak of 57 mg/L.  
 

4.4.9.1.6 Metals/Metalloids 

Consistent with circumneutral pH conditions, metal and metalloid concentrations are very low 
in the circumneutral HCT leachates (Appendix B).  Most analytes measured were lower than 
average concentrations in natural waters in non-mineralized systems (Hem, 1985).  However, 
the following metals/metalloids were present at concentrations higher the averages provided 
in Hem (1985): barium, cobalt, manganese, molybdenum, and selenium.  
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4.4.9.2 Intermediate pH HCT Samples 
 
To date, three HCTs have maintained intermediate pH leachates with pH values between 
approximately 4 and 6 s.u.  Samples with intermediate pH leachates are MC-1 LCT 23 (Hole 
27C), MC-5 LCT 42 (Hole 29A) and LCT-4 Comb Py Sc Tls (Hole 31) (Figure 4.4-4). Discussion of 
principal parameters for the intermediate pH leachates is provided below. 
 

4.4.9.2.1 Alkalinity 

To date, alkalinity concentrations in the intermediate leachates have generally been below the 
detection limit of 2 mg/L as CaCO3. 
 

4.4.9.2.2 Acidity 

Acidity concentrations observed in the intermediate pH leachates are plotted on Figure 4.4-6 
and summarized as follows: 

• MC-1 LCT 23 (Hole 27C): Acidity generally less than 20 mg/L as CaCO3 after week 12.  
Initial flush yielded acidity concentrations between 28 and 142 mg/L as CaCO3. 

• MC-5 LCT 42 (Hole 29A): Acidity generally between 2 and 4 mg/L as CaCO3 with the 
exception of two slightly higher values of 14 and 6 mg/L as CaCO3 detected in the initial 
flush (weeks 2 and 3, respectively). 

• LCT-4 Comb Py Sc Tls (Hole 31):  Acidity generally less than 20 mg/L as CaCO3 except 
during the initial flush (weeks 0 through 5) where acidity concentrations between 24 
and 34 mg/L as CaCO3 were measured. 

Note that acidity values reported in this document are total acidities determined by titration to 
a pH endpoint of 8.3 s.u. 
 

4.4.9.2.3 Depletion Rates 

Depletion rates of bulk neutralization potential and sulfide sulfur for samples with intermediate 
pH HCT leachates are plotted on Figure 4.4-9.  Inspection of depletion rates for intermediate 
HCTs yields the following observations: 

• In all intermediate HCTs, sulfide sulfur either has been, or will be, depleted before bulk 
neutralization potential is depleted, although in LCT-4 Comb Py Sc Tls the depletion 
rates are very similar 

• These relative depletion rates indicate that the intermediate samples do not have the 
potential to produce increased acidity in the future.  This is consistent with the low and 
stable concentrations of acidity measured over the last 30 to 35 weeks of leaching 
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(Figure 4.4-6) and the stable pH trends for all three intermediate pH samples (Figure 
4.4-4). 
 

4.4.9.2.4 Comparison with ABA and NAG pH Results 

Static test results for HCT samples are presented in Section 4.4.3.1 and compared with 
observed geochemical behavior as follows: 

• MC-1 LCT 23 (Hole 27) produced the most acidic of the intermediate HCT leachates 
(later time pH approximately 4.2 s.u. and acidity concentrations less than 20 mg/L as 
CaCO3).  Static testing classified this sample as Uncertain based on a bulk NPR of 1.54 
and NPAG based on NAG pH of 4.87 s.u. 

• LCT-4 Comb Py Sc Tls (Hole 31) produced HCT leachate with a stable pH of 
approximately 5 s.u. and later-time (post-first-flush) acidity concentrations generally less 
than 20 mg/L as CaCO3.  Static testing classified this sample as Uncertain based on a bulk 
NPR of 1.02 and NPAG based on NAG pH of 5.51 s.u. 

• MC-5 LCT 42 (Hole 29A) produced HCT leachate with a stable (though somewhat noisy) 
pH between approximately 5.5 and 6 s.u.; acidity concentrations are very low, on the 
order of 2 to 4 mg/L as CaCO3.  Static testing classified this sample as NPAG based on 
both bulk NPR (5.23) and NAG pH (6.18 s.u.).   
 

4.4.9.2.5 Sulfate 

Time-series plots of sulfate concentration are shown on Figure 4.4-8.   

• Sulfate concentrations in the intermediate HCT leachates show an initial flush of 
between approximately 94 and 370 mg/L 

• By week 12 sulfate concentrations in the intermediate HCTs had dropped to below 30 
mg/L.  For the remainder of the testing period sulfate concentrations declined slowly to 
approximately 10 mg/L by week 45. 
 

4.4.9.2.6 Metals and Metalloids 

Metal and metalloid concentrations are low in the intermediate HCT leachates.  Most analytes 
measured were lower than average concentrations in natural waters in non-mineralized 
systems (Hem, 1985).  However, in leachate from sample MC-5 LCT 42 (Hole 29A), manganese, 
selenium, and zinc were elevated compared to natural waters.  In addition, in leachates from 
MC-1 LCT 23 (Hole 27C) and LCT-4 Comb Py Sc Tls, the following metals/metalloids are present 
at concentrations higher the averages provided in Hem (1985): aluminum, beryllium, cobalt, 
copper, manganese, nickel, selenium, and zinc. The release of more metals in the latter two 
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leachates is consistent with lower pH conditions (between approximately 4 and 5 s.u. compared 
with MC-5 LCT 42 leachate with pH between approximately 5.5 and 6 s.u.). 
 

4.4.9.3 Low pH HCT Samples (Worst-Case Conditions) 
 
To date, three HCTs have generated mildly acidic leachates with pH values between 
approximately 3 and 4 s.u. (MC-1 LCT 35 (Hole 29A), MC-2 LCT 37 (Hole 29A), and MC-1 LCT 24 
(Hole 29B)) (Figure 4.4-4). Note that these samples were chosen to provide data under a 
potential worst-case scenario that gives rise to high-pyrite mill feed and are not representative 
of the anticipated composition of operational scavenger tailings.  A summary of principal 
parameters is provided below. 
 

4.4.9.3.1 Alkalinity 

To date, alkalinity concentrations in the low pH leachates are below the detection limit of 2 
mg/L as CaCO3, as expected given the presence of titratable acidity in these samples. 
 

4.4.9.3.2 Acidity 

Acidity concentrations observed in the low pH leachates are plotted on Figure 4.4-6 and 
summarized as follows: 

• MC-1 LCT 35 (Hole 29A): Acidity increasing slightly from approximately 55 mg/L as 
CaCO3 at week 10 to on the order of 100 to 150 mg/L as CaCO3 after week 30.  The initial 
flush yielded a peak acidity of 323 mg/L as CaCO3. 

• MC-2 LCT 37 (Hole 29A): Acidity generally between 20 and 80 mg/L as CaCO3 after week 
3.  The initial flush yielded a peak acidity of 217 mg/L as CaCO3. 

• MC-1 LCT 24 (Hole 29B):  Acidity generally less than 50 mg/L as CaCO3 over the period of 
the test. 

Note that acidity values reported in this document are total acidities determined by titration to 
a pH endpoint of 8.3 s.u. 
 

4.4.9.3.3 Depletion Rates 

Depletion rates of bulk neutralization potential and sulfide sulfur for samples with lower pH 
HCT leachates are plotted on Figure 4.4-9.  Inspection of depletion rates for lower pH HCTs 
yields the following observations: 

• In all lower pH HCTs, neutralization potential has been depleted with sulfide sulfur 
remaining 
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• These depletion rates indicate that all three samples are likely to continue producing 
acidity until the sulfide sulfur is depleted. 
 

4.4.9.3.4 Comparison with ABA and NAG pH Results 

All samples that have yielded HCT leachates with pH between 3 and 4 s.u. were classified as 
PAG based on bulk NPR and NAG pH results (Section 4.4.3.1).   
 

4.4.9.3.5 Sulfate 

Time-series plots of sulfate concentration are shown on Figure 4.4-8.   

• Sulfate concentrations in the lower pH HCT leachates show an initial flush with 
maximum concentrations on the order of 600 to 650 mg/L 

• By week 10 sulfate concentrations in the lower pH HCT leachates had dropped to below 
125 mg/L.  For the remainder of the testing period sulfate concentrations remained 
fairly stable though somewhat noisy between approximately 25 and 100 mg/L with 
occasional values up to 160 mg/L observed in sample MC-1 LCT 35 (Hole 29A). 
 

4.4.9.3.6 Metals/Metalloids 

Metal and metalloid concentrations are higher in the acidic leachates compared with the 
compositions of circumneutral and intermediate HCT leachates.  Most analytes measured were 
lower than average concentrations in natural waters in non-mineralized systems (Hem, 1985).  
However, the following metals/metalloids are identified as elevated compared to natural 
waters: aluminum, beryllium, cadmium, chromium, cobalt, copper, iron, manganese, nickel, 
selenium, thorium, uranium, and zinc. Release of more metal/metalloid constituents at higher 
concentrations than are observed in the neutral and intermediate pH leachates is consistent 
with lower pH conditions. 
 

4.5 Humidity Cell Testing of 2014 Pilot Plant Scavenger Tailings Replicates 
 
This section presents the results of humidity cell testing of six replicate sub-samples of 
scavenger tailings generated on Day 3 of the 2014 pilot plant testing.  Humidity cell tests 
commenced on March 31, 2015 and ran for 50 weeks.  Also included below are results of static 
geochemical testing and mineralogical analysis of the scavenger tailings replicates. Details 
regarding static and kinetic testing methods and results are presented in SGS (2016b).  HCT data 
are also provided in Appendix C of this report. 
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4.5.1 Objectives 
 
The goal of this task is to assess the repeatability of the HCT method and associated sub-
sampling techniques.   
 

4.5.2 Sample Preparation/Selection 
 
Samples used in the repeatability study presented here are replicates subsampled from the 
scavenger tailings produced on Day 3 of the 2014 pilot plant testing.  The parent sample 
identifier is P3 Bulk Ro Tls and the aliquots are named P3-1 through P3-6.     
 

4.5.3 Static Testing of Pilot Plant Scavenger Tailings Replicates  
 
The Day 3 pilot plant scavenger tailings sample (P3 Bulk Ro Tls) was subjected to limited static 
testing (ABA, NAG pH, SPLP, and TCLP) along with all the other pilot plant products at the time 
that the tailings were generated.  For initial static test results see Section 4.3 of this report.  In 
order to assess consistency between the replicate samples, a comprehensive suite of 
environmental and mineralogical tests were conducted for further characterization of the HCT 
samples.  Environmental tests included: ABA, NAG pH, SPLP, particle size distribution, whole 
rock analysis using XRF and strong acid digestion with elemental analysis using ICP-MS.  
Mineralogical characterization included QEMSCAN and semi-quantitative XRD.  Results of static 
geochemical and mineralogical testing of the P3 replicates are presented in SGS (2016b) and 
summarized in the following sections. 
 

4.5.3.1 Acid-Base Accounting and Net Acid Generation Testing 
 
ABA and NAG pH results are provided in Table 4.5-1 (adapted from Table 24 in SGS (2016b)) 
and summarized below: 

• Six replicate samples of scavenger tailings from Day 3 of the 2014 pilot plant test were 
subjected to ABA and NAG testing prior to commencement of HCTs 

• Paste pH ranged between 7.39 and 7.67 s.u. which indicates that no net acidity was 
produced by the samples prior to testing 

• Sulfide sulfur content was similar in all samples (five samples contained 0.12 weight 
percent and one sample contained 0.11 weight percent sulfide sulfur) 

• Total inorganic carbon content was also very similar in all samples ranging from 0.046 to 
0.053 weight percent  

• Bulk NPR for the pilot plant HCT samples ranged from 1.65 to 2.24; based on bulk NPR, 
all six pilot plant HCT samples are designated Uncertain (with NPR between 1 and 3)   



______________________________________________________________________________ 

______________________________________________________________________________ 
Resolution Tailings Geochemistry Update 
June 2016  Page 50 
Duke HydroChem 

• NAG pH for the pilot plant HCT samples ranged from 4.92 to 5.88 s.u.; all samples are 
designated NPAG based on NAG testing results 
 

4.5.3.2 Mineralogy 
 
Mineralogical analysis was conducted using semi-quantitative x-ray diffraction (XRD), 
Quantitative Evaluation of Minerals by Scanning Electron Microscopy (QEMSCAN), and optical 
microscopy.  Principal findings are summarized below. 
 

4.5.3.2.1 Semi-quantitative X-Ray Diffraction (XRD) 

Semi-quantitative x-ray diffraction (XRD) was conducted on the six pilot plant scavenger tailings 
replicates.  Data are provided in Table 4.5-2 (adapted from Table 2 in SGS (2016b)).  Below is a 
summary of the principal minerals identified in the 2014 pilot plant scavenger replicates using 
semi-quantitative XRD.  Inspection of these results indicates that the principal mineralogical 
makeup of all six pilot plant scavenger replicates is very similar.   

• Quartz 
o Mean: 56.5 weight percent 
o Range: 54.9 to 59.2 weight percent 

• Muscovite 
o Mean: 23.3 
o Range: 21.8 to 24.5 

• Phlogopite 
o Mean: 10.3 
o Range: 8.9 to 11.1 

Minor and trace minerals identified with semi-quantitative XRD include: orthoclase, illite, 
kaolinite, rutile, clinochlore, tremolite, fluorapatite, and magnetite.  These minerals are present 
in small amounts from < 1 to a few weight percent. 
 
Note that the detection limit for XRD is dependent on the crystallinity of the minerals 
(amorphous minerals will not be detected) and is generally on the order of 0.5 to 2 weight 
percent so identification of the minor and trace minerals is tentative. 
 

4.5.3.2.2 Quantitative Evaluation of Minerals by Scanning Electron Microscopy 

All six pilot plant scavenger tailings replicates were submitted for mineralogical analysis using 
QEMSCAN.  Polished sections were subjected to particle minerals analysis (PMA) which 
provided quantitative abundance, liberation and association data.  Modal analysis results (i.e. 
quantitative abundance of mineral phases in each sample) are presented in Table 4.5-3 
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(adapted from Table 5 in SGS (2016b)).  Detailed results, including mineral liberation and 
association data, are reported in SGS (2016b).  Principal observations are as follows: 
 
Modal Analysis 

This section provides a summary of the results of modal analysis using QEMSCAN.  Details are 
provided in SGS (2016).  Inspection of these results indicates that the QEMSCAN and XRD data 
are generally in agreement and that little variability is observed in the principal mineralogical 
makeup of the six pilot plant scavenger replicates.  The three major mineral components of the 
scavenger tailings include quartz, muscovite and biotite/phlogopite in the following amounts: 

• Quartz 
o Mean: 55.0 weight percent 
o Range: 53.3 to 57.8 weight percent 

• Muscovite 
o Mean: 24.6 weight percent 
o Range: 22.9 to 25.9 weight percent 

• Biotite/Phlogopite 
o Mean: 10.3 weight percent 
o Range: 9.0 to 11.1 weight percent 

Minor and trace minerals identified by QEMSCAN are largely consistent with those identified 
with semi-quantitative XRD although, due to lower detection limits, a larger suite of trace 
minerals is provided.  This includes information on carbonate and sulfide distribution that 
cannot be obtained from the XRD data due to the very small amounts of both phases present in 
the scavenger tailings.  QEMSCAN provides the following information regarding the sulfide and 
carbonate phases in the 2014 pilot plant scavenger replicates: 
 
Sulfides 

Sulfide distribution data indicate that the average total sulfide content of the 2014 pilot plant 
scavenger replicates is 0.19 weight percent.  Approximately 50 percent of the average total 
sulfide mineral content is pyrite and about 30 percent is chalcopyrite.  Undifferentiated copper 
sulfide minerals and other sulfide minerals account, on average, for about 20 percent of the 
sulfide mineralogy. 

• Sulfide mineral categories provided in QEMSCAN data include: pyrite, chalcopyrite, 
other Cu-sulfides, and other sulfides. 

• Total sulfide minerals 
o Mean: 0.19 weight percent 
o Range: 0.14 to 0.21 weight percent 

• Pyrite as a fraction of total sulfide minerals 
o Mean: 0.54  
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o Range: 0.47 to 0.60 
• Chalcopyrite as a fraction of total sulfide minerals 

o Mean: 0.30 
o Range: 0.16 to 0.38 

 

Carbonates 

Carbonate distribution data indicate that the average total carbonate content of the 2014 pilot 
plant scavenger replicates is 0.17 weight percent.  Approximately 70 percent of the average 
total carbonate mineral content is made up of calcite and dolomite (Ca-Mg carbonates) and 
about 20 percent is siderite (Fe-carbonate). 

• Carbonate minerals detected in the scavenger samples include: calcite, dolomite, 
ankerite, and siderite.   

• Total carbonate minerals 
o Mean: 0.17 weight percent 
o Range: 0.09 to 0.30 weight percent 

• Distribution of average mineral content (as a fraction of total carbonates): 
o Calcite: 0.17 
o Dolomite: 0.54 
o Ankerite: 0.08 
o Siderite: 0.21 

 

Carbonate/Sulfide Mineral Liberation 

QEMSCAN data provide information regarding the degree to which specific minerals are 
liberated.  For the scavenger pilot plant replicates principal minerals of interest are the 
potentially acid producing and neutralizing minerals Fe-sulfide and Ca-Mg carbonate, 
respectively.  The degree to which a mineral is liberated, or exposed, as opposed to 
encapsulated in a potentially less reactive mineral phase such as a silicate, is an important 
determination of the degree to which it is available to react should the tailings be exposed to 
oxidizing conditions.  QEMSCAN analysis shows that Fe-sulfide and Ca-Mg-carbonate minerals 
are largely available to react with 96 and 97 percent liberated, respectively (SGS, 2016b). 

 

4.5.3.3 Whole Rock Analysis with X-Ray Fluorescence 
 
Whole rock analysis was conducted using x-ray fluorescence (XRF) on the six replicate 
scavenger tailings samples subjected to humidity cell testing.  Data are provided in Table 4.5-4 
(adapted from Table 15 in SGS (2016b)) and summarized as follows: 
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• The principal component of all the scavenger tailing samples is silica (SiO2); 
concentrations are consistent across the six replicates at approximately 72 to 73 weight 
percent.  This result is consistent with data from XRD and QEMSCAN analyses presented 
in Section 4.5.3.2 that indicate that the primary mineral phases are silicates. 

• XRF data are very consistent across the six replicates for all components measured. 
 

4.5.3.4 Acid Digest and Elemental Analysis 
 
Elemental analysis was conducted on the six scavenger tailings replicates subjected to humidity 
cell testing.  Samples were digested using a mixture of nitric, hydrofluoric, perchloric, and 
hydrochloric acids and elemental analysis was conducted using inductively coupled plasma-
optical emission spectrometry (ICP-OES) or inductively coupled plasma-mass spectrometry (ICP-
MS).  Data are provided in Table 4.5-5 (adapted from Table 18 in SGS (2016b)).  Elemental 
compositions of the scavenger tailings replicates are very consistent for all elements measured. 
 

4.5.3.5 Particle Size Distribution 
 
Particle size distribution of scavenger tailings from the 2014 pilot plant subjected to humidity 
cell testing was determined using sieving and hydrometry (SGS, 2016b).  Particle size 
distribution and classification results are summarized in Tables 4.5-6 and 4.5-7 (adapted from 
Tables 28 and 27 in SGS (2016b)), respectively.  Particle size distribution is plotted on Figure 
4.5-1.  Principal observations are provided below: 

• Particle size distribution and classification for the six scavenger tailings samples are very 
consistent across the replicates 

• P80 of the scavenger tailings is approximately 140 microns (0.14 millimeters) 
• Particle size classifications for scavenger tailings are as follows: 

 
o Sand (percent) 

 Average: 40.1 
 Range: 39.7 to 40.6 

o Silt (percent) 
 Average: 54.9 
 Range: 54.4 to 55.3 

o Clay (percent) 
 All replicates contain 5 percent clay-sized particles 

 
• Specific gravity of the scavenger tailings is 2.78 with a range between 2.77 and 2.79. 
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4.5.3.6 Simulated Precipitation Leaching Procedure 
 
SPLP results are provided in Table 4.5-8 (adapted from Table 21 in SGS (2016b)) and 
summarized as follows: 

• pH of all samples was circumneutral with a reported range of pH values between 7.75 
and 8.60 s.u.; pH values above the initial leachate pH of 4.2 s.u. indicate that alkalinity 
was released from the sample during leaching. 

• Concentrations of measured anions, metals, and metalloids were generally low in 
leachates from scavenger tailings consistent with circumneutral conditions.  However, 
concentrations of fluoride and manganese were slightly elevated with respect to values 
observed in natural waters in non-mineralized systems (Hem, 1985).  

• Identification of potentially elevated constituents is consistent across the replicates with 
the exception of fluoride which was not elevated in one replicate (P3-6 Bulk Ro Tls) with 
a concentration of 0.93 mg/L compared with concentrations between 1.14 and 2.32 
mg/L for the other five replicates. 

 

4.5.4 Humidity Cell Testing 
 
Six replicate samples of scavenger tailings generated from the 2014 pilot plant test were 
subjected to humidity cell testing.  The goal of this task is to assess the repeatability of humidity 
cell tests and the associated sample collection.  Static geochemical and mineralogical data 
presented in Section 4.5.3 show that all six replicate samples have very similar physical and 
geochemical characteristics and we conclude that standard homogenization and sub-sampling 
techniques successfully provide a representative sub-sample.  The objective of the humidity cell 
testing presented in this section is to assess the repeatability of the HCT testing given six similar 
samples.  Clearly there are sources of variability in the samples that may be expected to result 
in a distribution of solute concentrations and water quality parameters in leachates across the 
six HCTs.  However, the variability is small and data presented in the following sections indicate 
that, had we chosen any one of these sub-samples to represent the scavenger tailings, we 
would have drawn the same conclusions regarding the likely geochemical reactivity of the 
material in question. 
 
It is important to note that this set of HCT replicates was conducted with the focused objective 
presented above, and that the results are not intended for use in predictive studies.  Results of 
humidity cell testing of scavenger tailings generated from 2014 master composites, presented 
in Section 4.4.9, are the appropriate data for use in sulfide oxidation and fate-and-transport 
studies. 
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Humidity cell tests (HCTs) were initiated on March 31, 2015 and ran for 50 weeks.  Details 
regarding HCT methodology and results are presented in SGS (2016b).  HCT data are provided in 
Appendix C and summarized below. 
 

4.5.4.1 pH 
 
HCT leachates from the replicate scavenger tailings samples had an initial pH of approximately 
6.5 s.u.  The pH values of all six samples declined slowly over the period of the test and 
stabilized between approximately 5.5 and 6 s.u by the end of testing.  Figure 4.5.2 shows that 
the pH trend was similar across the six replicates. 
 

4.5.4.2 Alkalinity 
 
Over the 50 week testing period, alkalinity concentrations in the HCT replicates were generally 
at or below the detection limit of 2 mg/L as CaCO3. 
 

4.5.4.3 Acidity 
 
Titratable acidity in the replicate HCT leachates was low (Figure 4.5-3).  After an initial flush that 
yielded acidity concentrations between 20 and 30 mg/L as CaCO3, acidities were consistently on 
the order of 2 to 5 mg/L as CaCO3.  Starting in approximately Week 35 there was a little more 
spread in the acidity concentrations but all samples were still generating acidity at 
concentrations less than about 7 mg/L as CaCO3 by the end of the testing period. 
 

4.5.4.4 Depletion Rates 
 
Depletion rates of carbonate neutralization potential, bulk neutralization potential and sulfide 
sulfur for the replicate pilot plant scavenger tailings are plotted on Figure 4.5-4.  Inspection of 
relative depletion rates yields the following observations: 

• In all six HCTs carbonate neutralization potential was depleted in approximately 20 
weeks. 

• In all six HCTs, sulfide sulfur was depleted at a higher rate than bulk neutralization 
potential was depleted.   

o By the end of the testing period approximately 50 to 60 percent of the sulfide 
sulfur had been depleted in all six samples. 

o By the end of the testing period approximately 30 to 40 percent of the bulk 
neutralization potential had been depleted in all six samples. 
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4.5.4.5 Sulfate 
 
Time-series plots of sulfate concentration are shown on Figure 4.5-5.   

• Sulfate concentrations in the replicate HCT leachates show an initial flush of between 
approximately 95 and 200 mg/L 

• By week 20 sulfate concentrations in all the replicate HCTs had dropped to below 40 
mg/L.  For the remainder of the testing period sulfate concentrations declined slowly to 
between approximately 10 and 20 mg/L by week 51. 

• Sulfate concentration trends were very similar for all six replicate samples. 

 

4.5.4.6 Metals and Metalloids 
 
Metal and metalloid concentrations are low in the pilot plant scavenger tailings HCT leachates 
and are generally similar across the replicates.  Cobalt, manganese, selenium, and zinc are 
slightly elevated in all samples with respect to average concentrations in natural waters from 
non-mineralized systems (Hem, 1985).  In several samples there are occurrences of slightly 
elevated nickel although these generally do not persist beyond the first flush (weeks 0 to 5). 
 

4.6 Oxygen-Consumption Testing of 2014 Pilot Plant Tailings 
 
Geochemical modeling of the processes involved in weathering of tailings under oxidizing 
conditions requires quantification of the kinetic rate at which pyrite is oxidized.  Oxygen 
consumption testing is a method designed to determine initial pyrite oxidation rates by 
measuring the amount of oxygen consumed by the reaction over a given period of time.  This 
provides an additional approach to assessment of sulfide oxidation to be considered in 
conjunction with the results of humidity cell testing.  The material to be characterized is placed 
in a closed reaction vessel and the oxygen and carbon dioxide content of the head space gas is 
monitored.  By combining the oxygen consumption data with the stoichiometry of the pyrite 
oxidation reaction the pyrite oxidation rate is calculated.  Pyrite oxidation rates were calculated 
based on the initial oxygen depletion rate that was measured over the first 7 to 31 days of 
testing.  It should be noted that pyrite oxidation rates from Ox-Con testing are not directly 
comparable to those calculated from HCT leachate data as the tests are conducted over 
different time frames (HCTs much longer than Ox-Con) and under different environmental 
conditions (Ox-Con tests are conducted in a closed system and HCTs are exposed to constant 
air-flow of varying humidity and rinsed once a week).   
 
Oxygen consumption testing was conducted on materials of differing pyrite content (i.e., 
scavenger and pyrite tailings) at three different moisture contents in order to determine pyrite 
oxidation rates over a range of potential conditions.  The oxygen consumption testing (Ox-Con) 
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was conducted by E.S. Analytical in Melbourne, Australia.  Detailed methods and results are 
provided in E.S. Analytical (2015) and summarized below. 
 

4.6.1 Objectives 
 
The goal of this work was to determine the initial pyrite oxidation rate for pyrite in each of the 
two tailings types (scavenger and pyrite) as function of moisture content. 
 
4.6.2 Sample Preparation/Selection 
 
Four 2014 pilot plant tailings samples, two scavenger and two pyrite, were subjected to oxygen 
consumption testing in 2015.  Each of the samples was tested at three different volumetric 
moisture contents (VMC).  Samples and moisture contents are as follows: 
 
Day 4 Pilot Plant (P4) 

• Scavenger tailings  run at volumetric moisture contents of 5 percent, 20 percent, and 24 
percent 

• Pyrite tailings  run at volumetric moisture contents of 5 percent, 20 percent, and 40 
percent 
 

Day 8 Pilot Plant (P8) 
• Scavenger tailings run at volumetric moisture contents of 5 percent, 20 percent, and 26 

percent 
• Pyrite tailings  run at volumetric moisture contents of 5 percent, 20 percent, and 37 

percent 
 
The volumetric moisture contents for each sample were chosen by the RCM geochemistry team 
to include a low value close to residual moisture content (10 percent saturation), a high value 
based, as close as possible, on 80 percent saturation, and an intermediate value at 
approximately 40 to 45 percent saturation. 
 

4.6.3 Results of Oxygen-Consumption Testing 
 

Pyrite oxidation rates for the four tailings samples at three volumetric moisture contents are 
provided in Table 4.6.1 and summarized below. 
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4.6.3.1 Scavenger Tailings 
 

• Initial pyrite oxidation rate for the P4 scavenger tailings ranged from 5.9 x 10-8 to 2.1 x 
10-7 kg O2/t/s (kilograms of oxygen consumed per tonne of tailings per second) 

• Initial pyrite oxidation rate for the P8 scavenger tailings ranged from 2.8 to 7.2 x 10-8 kg 
O2/t/s 

• Initial pyrite oxidation rate is positively correlated with volumetric moisture content in 
the scavenger tailings samples 

 

4.6.3.2 Pyrite Tailings 
 

• Initial pyrite oxidation rate for the P4 pyrite tailings ranged from 4.2 x 10-8 to 2.7 x 10-6 
kg O2/t/s 

• Initial pyrite oxidation rate for the P8 pyrite tailings ranged from 2.5 x 10-8 to 1.4 x 10-6 
kg O2/t/s 

• In the P4 pyrite tailings samples, initial pyrite oxidation rate is strongly negatively 
correlated with moisture content; at the highest volumetric moisture content (40 
percent VMC; approximately 80 percent saturation) the POR is very low consistent with 
hydraulic saturation control on oxygen availability 

• In the P8 high sulfide tailings the sample tested at approximately 80 percent saturation 
(37 percent VMC) also exhibits a very low initial pyrite oxidation rate.  However, the 
relationship is slightly more complex than in the P4 pyrite tailings with the highest POR 
occurring in the intermediate VMC sample. 
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5.0 Quality Assurance/Quality Control 
 
5.1 Analytical Laboratory QA/QC 
 
Analytical data for element concentrations in solids and solutions presented in this report were 
produced by SGS Environmental Services (SGS), an environmental testing laboratory located in 
Lakefield, Ontario, Canada.  All quality assurance/quality control (QA/QC) is performed by SGS, 
and data are used by Duke HydroChem as provided. 
 
SGS maintains full ISO (International Organization for Standardization) and CALA (Canadian 
Association for Laboratory Accreditation) certification in accordance with ISO/IEC 17025:2005.  
The quality assurance system at SGS provides all required documentation including a quality 
manual, methods and written instructions, standard operating procedures, and data approval 
criteria. 
 
Samples received into the laboratory for analysis are assigned a unique identifier and custody 
of samples is traceable through the laboratory information management system (LIMS).  
Samples are inspected at the time that they are received in order to ensure sample integrity.  
Depending on sample type and method requirements this initial inspection may include 
checking for damage or leakage, compliance with container-type and preservation 
requirements, and proper sample temperature. 
 
Quality control procedures are method specific and may include duplicate samples, spiked 
blanks, spiked replicates, reagent/instrument blanks, preparation control samples, certified 
reference material analysis, and instrument control samples.  Summaries of analytical methods 
are available from SGS upon request. 
 
Certificates of Analysis and Chain of Custody documentation are provided in each of the SGS 
reports referenced in this document. 
 

5.2 Comparison of Duplicate Samples 
 
In addition to the laboratory QA/QC provided by SGS, duplicate samples of tailings generated 
from the metallurgical testing of 2014 individual and master composites, and the 2014 pilot 
plant testing were submitted for static testing. These duplicate samples are splits of the tailings 
material and are therefore subject not only to analytical uncertainty but also variability due to 
the heterogeneous nature of the tailings materials.  The degree to which the data vary between 
duplicates is an indication of the repeatability of the sampling method (i.e. how reliably a given 
material can be subsampled) and the precision of the analytical method.  Duplicates were 
submitted from approximately 15 percent of each of the static datasets as described below: 
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• Scavenger tailings from 2014 individual ore composites: eight of the 55 scavenger 
tailings samples subjected to static testing (ABA, NAG pH, and NAG leachate).  Data are 
provided in Tables 4.1-5, 4.1-6, and 4.1-10.   

• Scavenger tailings from 2014 master ore composites: three of the 34 scavenger tailings 
samples subjected to static testing (ABA, NAG pH, and NAG leachate).  Data are 
provided in Tables 4.2-5, 4.2-6, and 4.2-10. 

• Scavenger and high sulfide tailings from 2014 pilot plant testing: three of the ten pilot 
plant tailings samples subjected to static testing (ABA, NAG pH, NAG leachate, SPLP, and 
TCLP). Data are provided in Tables 4.3-1 through 4.3-6. 
 

Duplicates were compared to assess the degree of reliability of both the sub-sampling and the 
analytical methods.  The duplicates are generally in good agreement and we conclude that the 
data are suitable for the intended use.  
 

5.3 Repeatability of Humidity Cell Test Method 
 
In order to assess the repeatability of the humidity cell test (HCT) method and the associated 
sub-sampling procedures, six HCTs were run on replicate scavenger tailings samples generated 
from the 2014 pilot plant testing.  Static geochemical and mineralogical data presented in 
Section 4.5.3 show that all six replicate samples have very similar physical and geochemical 
characteristics.  In addition, the composition of HCT leachates generated from the six replicates 
including: pH, alkalinity, acidity, sulfate concentration, and metal/metalloid concentrations 
were very similar and the depletion rates for sulfide sulfur, carbonate neutralization potential, 
and bulk neutralization potential were in good agreement.  Data and further discussion of the 
HCT results are provided in Section 4.5.4 of this report. 
 
In summary, the results of this investigation provide evidence that the standard 
homogenization and sub-sampling techniques used to produce replicates successfully provide a 
representative sub-sample and that, given similar replicate samples, the HCT method produces 
repeatable results. 
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6.0 Discussion 
 
Resolution’s tailings management strategy calls for separation of tailings into two 
mineralogically and geochemically discrete streams known as pyrite tailings and scavenger 
tailings (note that in earlier Project documents the pyrite tailings were referred to as cleaner 
tailings).  These separate tailings streams will be produced simultaneously at all stages of 
mineral processing.  The pyrite tailings contain the majority of the pyrite segregated from the 
ore during mineral processing and show elevated sulfide and residual metals contents; this 
tailings stream is anticipated to account for approximately 15 percent of the total tailings 
volume.  Scavenger tailings contain very low concentrations of sulfide and residual metals due 
to segregation of the majority of the pyrite to the pyrite tailings; this tailings stream is 
anticipated to account for approximately 85 percent of the total tailings volume.  A summary 
and discussion of the composition and potential reactivity of both tailings streams is provided in 
the following sections.  Note that the focus of recent work has been characterization of the 
scavenger tailings, and that focus is reflected in this discussion.  For further details regarding 
the pyrite tailings please see the initial baseline tailings geochemistry report (DHC, 2014). 
 

6.1 Geochemical Reactivity of Pyrite Tailings 
 
The potential geochemical reactivity of the pyrite tailings has been clearly defined by the RCM 
geochemical characterization program.  As reported in the initial baseline tailings geochemistry 
report (DHC, 2014), the pyrite tailings are classified as potentially acid generating.  If these 
materials were allowed to weather in an oxidizing environment, they would be expected to 
generate acidic conditions and leach elevated concentrations of fluoride, sulfate, and 
metals/metalloids.  This classification of the pyrite materials is supported by the results of static 
geochemical testing of pyrite tailings produced during the 2014 pilot plant testing and 
presented in the current report.  The potential for pyrite tailings to generate acidic drainage 
with elevated concentrations of metals and sulfate has long been recognized by the Project.  
The current tailings management strategy includes emplacement and storage of pyrite tailings 
under high-saturation conditions; pyrite tailings will be encapsulated by scavenger tailings and, 
ultimately, covered with an engineered cover to prevent exposure to oxidizing conditions and 
maintain a high moisture content.  
 

6.2 Geochemical Reactivity of Scavenger Tailings 
 
The primary goal of the work presented in this report has been to expand the Project’s 
understanding of the potential geochemical reactivity of the scavenger tailings.  Initial 
characterization of scavenger tailings conducted over the period 2002 through 2013 informed 
planning of geochemical characterization efforts starting in 2014 and continuing through the 
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present.  Results of recent work support the principal findings of the earlier program as well as 
providing a larger and more robust data set from which it is possible to assess the likely 
variability of scavenger tailings characteristics over the life of the mine. 
 

6.2.1 Mineralogy of Scavenger Tailings 
 
Mineralogy of the scavenger tailings is dominated by silicate minerals including: quartz, 
muscovite, phlogopite, orthoclase, illite, and kaolinite.   Scavenger tailings contain very little 
pyrite as the majority of the pyrite is segregated into the pyrite tailings stream during flotation.  
Scavenger tailings also contain very small amounts of calcite and dolomite (the primary source 
of acid neutralization potential).  This is because carbonate mineral content of the ore is 
naturally low and is not the result of ore processing. 
 

6.2.2 Distribution of Geochemical Characteristics in Scavenger Tailings 
 
A large set of scavenger tailings was generated from metallurgical testing of individual ore 
composites deemed representative of the lithology and alteration assemblages present in the 
Resolution orebody.  In total, 55 samples were subjected to static geochemical testing.  Of 
these 55 scavenger tailings samples, 41 were generated from ore composites representative of 
anticipated mill feed under operational conditions (i.e. with pyrite grade less than 15 weight 
percent).  The remaining 14 samples were generated from ore composites with higher pyrite 
grades and were included to provide data regarding a potential worst case scenario of 
scavenger tailings production should the mill feed contain more pyrite than anticipated. 
 
Static testing of scavenger tailings representative of operational conditions indicates that 
sulfide sulfur contents will range between approximately 0.01 and 1 weight percent.  Sulfide 
sulfur content is log-normally distributed with a geometric mean of 0.07 weight percent.  
Approximately 83 percent of these samples contain less than 0.2 weight percent sulfide sulfur. 
 
Sulfide sulfur in scavenger tailings samples representative of a potential worst case production 
scenario (i.e. those generated from ore composites containing greater than 15 weight percent 
pyrite) ranges between approximately 0.1 and 1.3 weight percent.  These values are log-
normally distributed with a geometric mean of 0.4 weight percent. 
 
Sulfide sulfur, and therefore acid generation potential, is very low in all the scavenger tailings 
samples; however, neutralization potentials are also low due to the small carbonate mineral 
content of the Resolution ore.  Results of static testing (acid base accounting and net acid 
generation testing) indicate that, of the 41 scavenger tailings samples deemed representative 
of operational conditions, 41 percent are classified as not potentially acid generating (NPAG), 
15 percent are potentially acid generating (PAG), and 44 percent are Uncertain. 
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6.2.3 Long-Term Geochemical Reactivity of Scavenger Tailings 
 
Comparison of humidity cell leachates with static geochemical testing results indicates that the 
static designations are reasonably reliable indicators of the long-term geochemical reactivity of 
the scavenger tailings.  Tailings samples designated NPAG generally produce circumneutral 
leachates (pH greater than 6.5 s.u.) with very low sulfate and metal/metalloid concentrations.  
Samples classified as Uncertain produce leachates with slightly depressed pH values (between 4 
and 5 s.u.), low titratable acidity (less than 20 mg/L as CaCO3) and low metal/metalloid 
concentrations.  Sulfate concentrations in these leachates are low, similar to those observed in 
circumneutral leachates.  In the humidity cell tests run using PAG scavenger tailings (derived 
from higher pyrite ore samples), the pH is lower (less than 4 s.u.) although titratable acidity is 
still small compared, for example, with acidities observed when testing pyrite tailings (50 to 150 
mg/L as CaCO3 compared with up to 1,000 mg/L as CaCO3 in pyrite tailings HCT leachates (DHC, 
2014)).  Sulfate concentrations are higher in these leachates (long-term concentrations 
generally range between 25 and 100 mg/L).  In addition, consistent with lower pH conditions, 
more metals are released at slightly higher concentrations.  It should be noted that, even under 
acidic conditions, release of sulfate and metals/metalloids from the scavenger tailings is limited 
by the very low sulfide and residual metals content of these materials.   
 

6.3 Pyrite Oxidation Rate in Scavenger and Pyrite Tailings 
 

Geochemical modeling of the processes involved in weathering of tailings under oxidizing 
conditions requires quantification of the kinetic rate at which pyrite is oxidized.  Four tailings 
samples, two scavenger and two pyrite, were subjected to oxygen consumption testing at three 
different volumetric moisture contents.  The volumetric moisture contents for each sample 
were chosen by the RCM geochemistry team to include a low value close to residual moisture 
content (10 percent saturation), a high value based, as close as possible, on 80 percent 
saturation, and an intermediate value at approximately 40 to 45 percent saturation.   
 
An important outcome of this testing was the clear relationship observed between high 
moisture content (close to 80 percent saturation) and substantially decreased pyrite oxidation 
rates in the pyrite tailings.  Pyrite oxidation rate in the pyrite tailings decreased approximately 
two orders of magnitude from the fastest rates (observed at lower moisture contents) to the 
slowest rates (measured in the high moisture content tests).  The strongly non-linear reduction 
in oxygen diffusion as a function of increasing relative hydraulic saturation is well established in 
theory and often measured empirically in the literature (INAP, 2009; MEND, 2009) as well as in 
the tests presented here.  These widely accepted scientific findings are central to the RCM 
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approach for pyrite tailings disposal (i.e., emplacement and storage under high moisture 
conditions).   
 
6.4 Repeatability of Humidity Cell Tests 
 
In order to assess the repeatability of the humidity cell test (HCT) method and the associated 
sub-sampling procedures, six HCTs were run on replicate scavenger tailings samples.  Static 
geochemical and mineralogical characterization indicates that all six replicate samples have 
very similar physical and geochemical characteristics and we conclude that standard 
homogenization and sub-sampling techniques successfully provide a representative sub-
sample.  The chemical compositions of HCT leachates generated from the six replicates were 
very similar and the depletion rates for sulfide sulfur and neutralization potential were in good 
agreement.  This study shows that, given similar replicate samples, the HCT method produces 
repeatable results. 
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Table 4.1‐1:  Borehole interval, lithology, alteration type, and pyrite grade for the 2014 RCM individual 
ore composites. 

Sample 
ID 

Borehole 
Interval 
From (ft) 

Interval To 
(ft) 

 Lithology 
Alteration 

Type 
Pyrite Grade 

(wt. %) 

27C‐3  RES‐027C  5649.0  5881.6  Kvs  PHY  16.22 

27C‐4  RES‐027C  5881.6  5999.7  Kvs  PHY  12.07 

27C‐5  RES‐027C  5999.7  6144.2  Kvs  PHY  11.95 

27C‐6  RES‐027C  6144.2  6249.0  Breccia  PHY  16.11 

27C‐7  RES‐027C  6249.0  6448.8  Breccia  POT  12.24 

27C‐8  RES‐027C  6448.8  6623.3  Breccia  POT  5.08 

27C‐9  RES‐027C  6623.3  6807.4  Breccia  POT  1.81 

27C‐10  RES‐027C  6807.4  6939.9  Breccia  SKRET  2.17 

27C‐11  RES‐027C  6939.9  7133.5  Breccia  POT  0.87 

27C‐12  RES‐027C  7133.5  7350.2  Breccia  POT  0.14 

27C‐13  RES‐027C  7350.2  7546.0  Quartzite  PHY  4.18 

29A‐1  RES‐029A  4795.9  4916.1  Kvs  PHY  23.76 

29A‐2  RES‐029A  4916.1  5114.2  Kvs  AA  31.98 

29A‐3  RES‐029A  5114.2  5345.3  Kqs  AA  40.85 

29A‐4  RES‐029A  5345.3  5491.2  pCbas  AA  35.41 

29A‐5  RES‐029A  5491.2  5694.5  pCdiab  PHY  17.47 

29A‐6  RES‐029A  5694.5  5883.7  Breccia  PHY  9.95 

29A‐7  RES‐029A  5883.7  6063.5  Breccia  PHY  2.16 

29A‐8  RES‐029A  6063.5  6181.7  pCdiab  PHY  1.26 

29A‐9  RES‐029A  6181.7  6354.0  pCdiab  POT  0.69 

29A‐10  RES‐029A  6354.0  6511.5  pCdiab  POT  1.19 

29A‐11  RES‐029A  6511.5  6686.2  pCdiab  POT  0.35 

29A‐12  RES‐029A  6686.2  6856.7  Quartzite  PHY  2.76 

29A‐13  RES‐029A  6856.7  7000.5  Quartzite  PHY  4.49 

29A‐14  RES‐029A  7000.5  7210.4  Breccia  PHY  2.62 

29A‐15  RES‐029A  7210.4  7339.4  Quartzite  PHY  6.16 

29A‐16  RES‐029A  7339.4  7418.7  Breccia  POT  0.05 

29A‐17  RES‐029A  7418.7  7601.0  QEP  PHY  0.91 

29A‐18  RES‐029A  7601.0  7776.5  QEP  PHY  1.17 

29A‐19  RES‐029A  7776.5  7976.5  QEP  PHY  2.28 

29B‐1  RES‐029B  4445.0  4652.2  Kvs  ARG  25.62 

29B‐2  RES‐029B  4652.2  4888.5  Kvs  ARG  26.62 

29B‐3  RES‐029B  4888.5  5031.2  Kvs  AA  23.37 

29B‐4  RES‐029B  5031.2  5142.7  Kvs  AA  22.70 

29B‐5  RES‐029B  5142.7  5259.6  Pz  AA  40.69 

29B‐6  RES‐029B  5259.6  5437.1  pCdiab  POT  25.43 

29B‐7  RES‐029B  5437.1  5568.8  pCdiab  POT  10.31 

29B‐8  RES‐029B  5568.8  5727.3  Quartzite  PHY  19.99 

29B‐9  RES‐029B  5727.3  5970.8  pCdiab  POT  3.70 

29B‐10  RES‐029B  5970.8  6224.4  pCdiab  POT  1.13 
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Table 4.1‐1 (Cont.):  Borehole interval, lithology, alteration type, and pyrite grade for the 2014 RCM 
individual ore composites. 

 

 

 

1Lithology Explanation 

   

Breccia    Breccia 

Kqs    Cretaceous Quartzose Sandstone 

Kvs    Cretaceous Volcaniclastic Sediments 

Pcbas    Precambrian Basalt 

pCdiab    Precambrian Diabase 

pCmls    Precambrian Mescal Limestone 

Pz    Paleozoic Sedimentary Units 

QEP    Quartz Eye Porphyry (also known as Cretaceous‐Tertiary Rhyodacite Porphyry (KTrdp)) 

Quartzite  Precambrian Quartzite (Apache Group) 

 

2Alteration Type Explanation 

AA    Advanced Argillic 

ARG    Argillic 

PHY    Phyllic 

POT    Potassic 

SKRET    Retrograde Skarn 

   

Sample 
ID 

Borehole 
Interval 
From (ft) 

Interval To 
(ft) 

 Lithology 
Alteration 

Type 
Pyrite Grade 

(wt. %) 

29B‐11  RES‐029B  6224.4  6460.0  pCdiab  POT  2.90 

29B‐12  RES‐029B  6460.0  6590.4  Quartzite  PHY  2.14 

29B‐13  RES‐029B  6590.4  6752.0  Quartzite  PHY  1.70 

29B‐14  RES‐029B  6752.0  6904.5  pCdiab  POT  0.59 

F‐23 Ro Tls  RES‐031  5065.2  5251.2  QEP  PHY  9.93 

F‐24 Ro Tls  RES‐031  5251.2  5457.7  Kvs  PHY  10.65 

F‐14 Ro Tls  RES‐031  5457.7  5582.3  Kvs  PHY  7.26 

F‐15 Ro Tls  RES‐031  5582.3  5636.0  pCdiab  PHY  7.33 

F‐16 Ro Tls  RES‐031  5636.0  5753.0  pCmls  SKRET  11.13 

F‐17 Ro Tls  RES‐031  5753.0  5892.4  Quartzite  PHY  5.67 

F‐18 Ro Tls  RES‐031  5892.4  6145.0  pCdiab  POT  1.54 

F‐19 Ro Tls  RES‐031  6145.0  6395.4  pCdiab  POT  0.17 

F‐20 Ro Tls  RES‐031  6395.4  6664.3  Breccia  PHY  1.97 

F‐21 Ro Tls  RES‐031  6664.3  6924.9  Breccia  PHY  2.80 

F‐22 Ro Tls  RES‐031  6924.9  7161.1  Breccia  PHY  1.92 
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Table 4.1‐2:  Acid base accounting results for scavenger tailings generated from 2014 Resolution 
individual composites from borehole RES‐027C.  Adapted from Table 3 in SGS (2015). 

Parameter  Unit  27C‐3  27C‐4  27C‐5  27C‐6  27C‐7  27C‐8 

Paste pH  standard units  8.13  8.09  8.07  7.49  8.00  8.14 

Total Sulfur 
weight 
percent  0.216  0.280  0.336  0.560  0.491  0.152 

Sulfate Sulfur 
weight 
percent  0.10  0.06  0.07  0.11  0.13  0.05 

Sulfide Sulfur 
weight 
percent  0.12  0.22  0.27  0.45  0.36  0.10 

Total Inorganic 
Carbon 

weight 
percent  0.024  0.014  0.015  0.014  0.018  0.028 

Carbonate 
weight 
percent  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005  0.055 

AGP  T CaCO3/kT
1  3.75  6.88  8.44  14.1  11.2  3.12 

Bulk ANP2  T CaCO3/kT  2.2  1.1  1.3  3.4  10  7.1 

Carbonate ANP3  T CaCO3/kT  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083  0.913 

Bulk NPR  ratio  0.59  0.16  0.15  0.24  0.90  2.27 

Bulk NNP  T CaCO3/kT  ‐1.55  ‐5.78  ‐7.14  ‐10.66  ‐1.15  3.98 

Carbonate NPR  ratio  0.02  0.01  0.01  0.01  0.01  0.29 

Carbonate NNP  T CaCO3/kT  ‐3.67  ‐6.80  ‐8.36  ‐14.0  ‐11.1  ‐2.21 

         

        
Parameter  Unit  27C‐9  27C‐10  27C‐11  27C‐12  27C‐13   

Paste pH  standard units  8.25  7.98  8.08  8.51  8.42   

Total Sulfur 
weight 
percent  0.165  0.261  0.244  0.183  0.291   

Sulfate Sulfur 
weight 
percent  0.08  0.08  0.06  0.07  0.09   

Sulfide Sulfur 
weight 
percent  0.09  0.18  0.18  0.11  0.20   

Total Inorganic 
Carbon 

weight 
percent  0.015  0.477  0.184  0.021  0.016   

Carbonate 
weight 
percent  < 0.005  2.25  0.659  < 0.005  < 0.005   

AGP  T CaCO3/kT
1  2.81  5.62  5.62  3.44  6.25   

Bulk ANP2  T CaCO3/kT  8.7  46  22  9.1  3.2   

Carbonate ANP3  T CaCO3/kT  < 0.083  37.4  10.9  < 0.083  < 0.083   

Bulk NPR  ratio  3.09  8.20  3.93  2.65  0.51   

Bulk NNP  T CaCO3/kT  5.89  40.5  16.5  5.66  ‐3.05   

Carbonate NPR  ratio  0.03  6.65  1.95  0.02  0.01   

Carbonate NNP  T CaCO3/kT  ‐2.73  31.7  5.32  ‐3.36  ‐6.17   
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 
2Measured in ABA test 
3Theoretical, based on carbonate content alone 

   



 

 

Resolution Tailings Geochemistry     
Baseline Report Update  
June 2016 
   

Table 4.1‐3:  Acid base accounting results for scavenger tailings generated from 2014 Resolution 
individual composites from borehole RES‐029A.  Adapted from Table 4 in SGS (2015). 

Parameter  Unit  29A‐1  29A‐2  29A‐3  29A‐4  29A‐5  29A‐6  29A‐7  29A‐8  29A‐9  29A‐10 

Paste pH 
standard 
units  7.94  7.18  6.55  7.81  7.95  8.41  8.24  8.22  8.68  8.73 

Total Sulfur 
weight 
percent  0.437  1.24  0.926  0.318  0.205  0.300  0.186  0.272  0.118  0.121 

Sulfate Sulfur 
weight 
percent  < 0.01  < 0.01  0.03  < 0.01  < 0.01  0.01  0.07  0.03  0.07  0.05 

Sulfide Sulfur 
weight 
percent  0.46  1.28  0.90  0.33  0.20  0.29  0.12  0.24  0.05  0.07 

Total Inorganic 
Carbon 

weight 
percent  0.024  0.029  0.025  0.028  0.026  0.496  0.034  0.032  0.029  0.035 

Carbonate 
weight 
percent  0.010  0.020  0.010  0.030  0.040  0.624  0.050  0.035  0.035  0.050 

AGP  T CaCO3/kT  14.4  40.0  28.1  10.3  6.25  9.06  3.75  7.50  1.56  2.19 

Bulk ANP1  T CaCO3/kT  1.9  2.3  1.7  2.2  4.0  22  4.7  3.6  7.5  10 

Carbonate ANP2  T CaCO3/kT  0.166  0.332  0.166  0.498  0.664  10.4  0.830  0.581  0.581  0.830 

Bulk NPR  ratio  0.13  0.06  0.06  0.21  0.64  2.45  1.25  0.48  4.80  4.62 

Bulk NNP  T CaCO3/kT  ‐12.48  ‐37.70  ‐26.42  ‐8.11  ‐2.25  13.1  0.95  ‐3.90  5.94  7.91 

Carbonate NPR  ratio  0.01  0.01  0.01  0.05  0.11  1.14  0.22  0.08  0.37  0.38 

Carbonate NNP  T CaCO3/kT  ‐14.2  ‐39.7  ‐27.9  ‐9.80  ‐5.59  1.30  ‐2.92  ‐6.92  ‐0.98  ‐1.36 

             

            
Parameter  Unit  29A‐11  29A‐12  29A‐13  29A‐14  29A‐15  29A‐16  29A‐17  29A‐18  29A‐19   

Paste pH 
standard 
units  8.7  8.66  8.53  8.61  8.56  8.76  8.83  8.65  8.41   

Total Sulfur 
weight 
percent  0.210  0.103  0.050  0.112  0.092  0.158  0.060  0.045  0.088   

Sulfate Sulfur 
weight 
percent  0.06  < 0.01  0.01  0.04  0.01  0.06  0.03  0.02  0.04   

Sulfide Sulfur 
weight 
percent  0.15  0.10  0.04  0.07  0.08  0.10  0.03  0.03  0.05   

Total Inorganic 
Carbon 

weight 
percent  0.089  0.023  0.020  0.023  0.014  0.036  0.023  0.024  0.025   

Carbonate 
weight 
percent  0.045  0.015  < 0.005  0.020  < 0.005  0.050  0.020  0.010  0.010   

AGP  T CaCO3/kT1  4.69  3.12  1.25  2.19  2.50  3.12  0.94  0.94  1.56   

Bulk ANP2  T CaCO3/kT  11  4.5  2.7  4.8  1.9  5.5  3.3  3.4  4.0   

Carbonate ANP3  T CaCO3/kT  0.747  0.249  < 0.083  0.332  < 0.083  0.830  0.332  0.166  0.166   

Bulk NPR  ratio  2.41  1.44  2.16  2.19  0.76  1.76  3.52  3.63  2.56   

Bulk NNP  T CaCO3/kT  6.61  1.38  1.45  2.61  ‐0.60  2.38  2.36  2.46  2.44   

Carbonate NPR  ratio  0.16  0.08  0.07  0.15  0.03  0.27  0.35  0.18  0.11   

Carbonate NNP  T CaCO3/kT  ‐3.94  ‐2.87  ‐1.17  ‐1.86  ‐2.42  ‐2.29  ‐0.61  ‐0.77  ‐1.39   
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
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Table 4.1‐4:  Acid base accounting results for scavenger tailings generated from 2014 Resolution 
individual composites from borehole RES‐029B.  Adapted from Table 5 in SGS (2015). 

Parameter  Unit  29B‐1  29B‐2  29B‐3  29B‐4  29B‐5  29B‐6  29B‐7 

Paste pH  standard units  7.95  8.08  7.95  7.61  7.00  7.52  8.21 

Total Sulfur 
weight 
percent  0.451  0.321  0.459  0.753  1.40  0.558  0.137 

Sulfate Sulfur 
weight 
percent  0.06  0.03  < 0.01  < 0.01  0.26  0.03  0.02 

Sulfide Sulfur 
weight 
percent  0.39  0.29  0.45  0.76  1.14  0.53  0.12 

Total Inorganic 
Carbon 

weight 
percent  0.031  0.034  0.029  0.030  0.024  0.018  0.020 

Carbonate 
weight 
percent  0.010  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005 

AGP  T CaCO3/kT  12.2  9.06  14.1  23.8  35.6  16.6  3.75 

Bulk ANP1  T CaCO3/kT  1.8  2.4  1.8  1.1  2.4  1.2  2.1 

Carbonate ANP2  T CaCO3/kT  0.166  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083 

Bulk NPR  ratio  0.15  0.26  0.13  0.05  0.07  0.07  0.56 

Bulk NNP  T CaCO3/kT  ‐10.39  ‐6.66  ‐12.26  ‐22.65  ‐33.22  ‐15.36  ‐1.65 

Carbonate NPR  ratio  0.01  0.01  0.01  0.003  0.002  0.01  0.02 

Carbonate NNP  T CaCO3/kT  ‐12.0  ‐8.98  ‐14.0  ‐23.7  ‐35.5  ‐16.5  ‐3.67 

          

         
Parameter  Unit  29B‐8  29B‐9  29B‐10  29B‐11  29B‐12  29B‐13  29B‐14 

Paste pH  standard units  7.52  8.36  8.85  8.86  8.90  8.88  9.26 

Total Sulfur 
weight 
percent  0.278  0.118  0.053  0.124  0.049  0.030  0.019 

Sulfate Sulfur 
weight 
percent  0.04  0.03  0.03  0.03  < 0.01  0.01  0.02 

Sulfide Sulfur 
weight 
percent  0.24  0.09  0.02  0.09  0.04  0.02  0.02 

Total Inorganic 
Carbon 

weight 
percent  0.014  0.024  0.024  0.023  0.019  0.016  0.023 

Carbonate 
weight 
percent  < 0.005  < 0.005  < 0.005  0.010  0.020  0.015  0.050 

AGP  T CaCO3/kT
1  7.50  2.81  0.62  2.81  1.25  0.62  0.62 

Bulk ANP2  T CaCO3/kT  1.3  4.9  4.5  4.5  3.4  3.3  4.9 

Carbonate ANP3  T CaCO3/kT  < 0.083  < 0.083  < 0.083  0.166  0.332  0.249  0.830 

Bulk NPR  ratio  0.17  1.74  7.20  1.60  2.72  5.28  7.84 

Bulk NNP  T CaCO3/kT  ‐6.20  2.09  3.88  1.69  2.15  2.68  4.28 

Carbonate NPR  ratio  0.01  0.03  0.13  0.06  0.27  0.40  1.34 

Carbonate NNP  T CaCO3/kT  ‐7.42  ‐2.73  ‐0.54  ‐2.64  ‐0.92  ‐0.37  0.21 
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
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Table 4.1‐5:  Acid base accounting results for scavenger tailings generated from 2014 Resolution 
individual composites from borehole RES‐031.  Adapted from Table 6 in SGS (2015). 

Parameter  Unit 
F‐14 
Ro Tls 

F‐15 
Ro Tls 

F‐16 
Ro Tls 

F‐17 
Ro Tls 

F‐17‐2
Ro Tls
(DUP) 

F‐18 
Ro Tls 

F‐18‐2 
Ro Tls 
(DUP) 

F‐19 
Ro Tls 

F‐19‐2
Ro Tls
(DUP) 

F‐20 
Ro Tls 

Paste pH  standard units  8.54  7.98  8.80  8.46  8.40  8.78  8.70  9.33  9.33  9.04 

Total Sulfur 
weight 
percent  0.061  0.133  1.21  0.067  0.069  0.090  0.082  0.048  0.049  0.033 

Sulfate Sulfur 
weight 
percent  < 0.01  0.11  < 0.01  0.03  0.04  0.07  0.07  0.03  0.02  0.01 

Sulfide Sulfur 
weight 
percent  0.03  0.08  1.09  0.04  0.03  0.04  0.04  0.02  0.03  0.01 

Total Inorganic 
Carbon 

weight 
percent  0.113  0.031  0.614  0.023  0.019  0.034  0.023  0.019  0.015  0.039 

Carbonate 
weight 
percent  0.140  0.020  1.70  0.010  < 0.005  0.020  0.010  < 0.005  < 0.005  0.020 

AGP  T CaCO3/kT  0.94  2.50  34.1  1.25  0.94  1.25  1.25  0.62  0.94  0.31 

Bulk ANP1  T CaCO3/kT  12  5.8  75  8.4  7.9  11  10  13  13  7.3 

Carbonate ANP2  T CaCO3/kT  2.32  0.332  28.2  0.166  < 0.083  0.332  0.166  < 0.083  < 0.083  0.332 

Bulk NPR  ratio  12.7  2.32  2.20  6.72  8.43  9.12  8.40  20.2  13.9  23.4 

Bulk NNP  T CaCO3/kT  11.0  3.30  40.7  7.15  6.96  10.2  9.25  12.0  12.1  6.99 

Carbonate NPR  ratio  2.47  0.13  0.83  0.13  0.09  0.27  0.13  0.13  0.09  1.07 

Carbonate NNP  T CaCO3/kT  1.38  ‐2.17  ‐5.88  ‐1.08  ‐0.86  ‐0.92  ‐1.08  ‐0.54  ‐0.86  0.02 

             

            

Parameter  Unit 
F‐20‐2 
Ro Tls 
(DUP)1 

F‐21 
Ro Tls 

F‐21‐2
Ro Tls
(DUP) 

F‐22 
Ro Tls 

F‐22‐2
Ro Tls
(DUP) 

F‐23 
Ro Tls 

F‐23‐2 
Ro Tls 
(DUP) 

F‐24 
Ro Tls 

F‐24‐2
Ro Tls
(DUP) 

 

Paste pH  standard units  8.82  8.63  8.61  8.78  8.61  8.36  8.37  8.33  8.19   

Total Sulfur 
weight 
percent  0.034  0.036  0.036  0.029  0.027  0.071  0.067  0.086  0.081   

Sulfate Sulfur 
weight 
percent  0.02  0.03  0.03  < 0.01  0.02  0.02  0.03  0.05  0.03   

Sulfide Sulfur 
weight 
percent  0.01  0.01  0.01  < 0.01  < 0.01  0.05  0.04  0.04  0.05   

Total Inorganic 
Carbon 

weight 
percent  0.026  0.018  0.016  0.038  0.027  0.020  0.018  0.022  0.016   

Carbonate 
weight 
percent  0.010  < 0.005  < 0.005  0.020  0.010  < 0.005  < 0.005  < 0.005  < 0.005   

AGP  T CaCO3/kT
2  0.31  0.31  0.31  0.31  0.31  1.56  1.25  1.25  1.56   

Bulk ANP3  T CaCO3/kT  6.1  5.5  5.9  7.7  7.0  4.1  4.4  4.2  4.0   

Carbonate ANP4  T CaCO3/kT  0.166  < 0.083  0.249  0.332  0.166  < 0.083  < 0.083  < 0.083  < 0.083   

Bulk NPR  ratio  19.5  17.6  18.9  24.8  22.6  2.62  3.52  3.36  2.56   

Bulk NNP  T CaCO3/kT  5.79  5.19  5.59  7.39  6.69  2.54  3.15  2.95  2.44   

Carbonate NPR  ratio  0.54  0.27  0.80  1.07  0.54  0.05  0.07  0.07  0.05   

Carbonate NNP  T CaCO3/kT  ‐0.14  ‐0.23  ‐0.06  0.02  ‐0.14  ‐1.48  ‐1.17  ‐1.17  ‐1.48   
 

1DUP = Duplicate sample for quality control purposes 
2T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

3Measured in ABA test 

 4Theoretical, based on carbonate content alone 
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Table 4.1‐6:  Net acid generation testing results for scavenger tailings generated from 2014 Resolution 
individual composites from borehole RES‐027C, RES‐029A, RES‐029B, and RES‐031.  Adapted from Tables 
3 through 6 in SGS (2015). 

Sample ID  Final pH 
NAG 

(pH 4.5) 
NAG 

(pH 7.0) 
  Sample ID  Final pH 

NAG 
(pH 4.5) 

NAG 
 (pH 7.0) 

  
standard 
units  kg H2SO4/T1  kg H2SO4/T   

  
standard 
units  kg H2SO4/T  kg H2SO4/T 

27C‐3  3.33  2.7  4.5    29B‐3  3.45  2.0  3.4 

27C‐4  3.35  2.6  5.9    29B‐4  3.03  5.7  8.7 

27C‐5  3.60  1.4  3.0    29B‐5  2.75  11  16 

27C‐6  3.17  3.7  7.1    29B‐6  3.11  5.4  8.1 

27C‐7  3.43  4.4  9.0    29B‐7  4.01  0.8  2.6 

27C‐8  5.34  0  3.4    29B‐8  3.22  4.9  7.2 

27C‐9  4.25  0  3.2    29B‐9  5.68  0  2.5 

27C‐10  9.96  0  0    29B‐10  5.95  0  2.0 

27C‐11  8.44  0  0    29B‐11  6.16  0  0.7 

27C‐12  4.49  0  6.4    29B‐12  6.71  0  1.6 

27C‐13  3.57  2.1  5.9    29B‐13  6.52  0  1.3 

29A‐1  3.22  5.1  10    29B‐14  7.56  0  0 

29A‐2  3.16  5.3  14    F‐14 Ro Tls  10.02  0  0 

29A‐3  2.78  12  21    F‐15 Ro Tls  7.05  0  0 

29A‐4  3.53  4  7.3    F‐16 Ro Tls  8.60  0  0 

29A‐5  3.90  3.5  5.6    F‐17 Ro Tls  7.04  0  0 

29A‐6  7.73  0  0   F‐17‐2 Ro Tls (DUP)2  6.85  0  0.2 

29A‐7  4.67  0  3.7   F‐18 Ro Tls  7.31  0  0 

29A‐8  4.43  1.3  3.7   F‐18‐2 Ro Tls (DUP)  7.14  0  0 

29A‐9  5.60  0  2.3   F‐19 Ro Tls  7.41  0  0 

29A‐10  6.07  0  0.3   F‐19‐2 Ro Tls (DUP)  7.38  0  0 

29A‐11  5.21  0  3.3   F‐20 Ro Tls  7.78  0  0 

29A‐12  5.37  0  1.6   F‐20‐2 Ro Tls (DUP)  7.46  0  0 

29A‐13  5.38  0  1.1   F‐21 Ro Tls  7.38  0  0 

29A‐14  4.79  0  1.0   F‐21‐2 Ro Tls (DUP)  7.26  0  0 

29A‐15  4.95  0  1.2   F‐22 Ro Tls  7.54  0  0 

29A‐16  5.02  0  2.9    F‐22‐2 Ro Tls (DUP)  7.31  0  0 

29A‐17  6.65  0  2.8    F‐23 Ro Tls  6.79  0  0.3 

29A‐18  6.63  0  3.2    F‐23‐2 Ro Tls (DUP)  6.75  0  0.3 

29A‐19  5.92  0  0.7    F‐24 Ro Tls  7.06  0  0 

29B‐1  3.10  4.9  7.5    F‐24‐2 Ro Tls (DUP)  6.76  0  0.3 

29B‐2  3.40  2.2  3.8        
 

1kg H2SO4/T = Kilograms of equivalent sulfuric acid per ton of tailings 
2DUP = Duplicate sample for quality control purposes 
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Table 4.1‐7: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from borehole 

RES‐027C. 

Parameter  Unit  27C‐3  27C‐4  27C‐5  27C‐6  27C‐7  27C‐8  27C‐9  27C‐10  27C‐11  27C‐12  27C‐13 

pH AND ANIONS 

pH 
standard 
units  3.33  3.23  3.18  2.89  3.38  5.05  4.67  9.41  6.93  4.66  3.52 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  0.33  0.19  0.21  0.88  6.88  4.19  0.31  0.17  0.96  1.33  2.18 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  56  54  70  130  120  46  41  33  59  52  68 

METALS AND METALLOIDS 

Aluminum  mg/L  0.78  0.85  0.93  1.52  5.04  1.25  0.20  0.07  0.04  0.80  1.78 

Antimony  mg/L  0.0004  0.0003  0.0004  0.0003  0.0003  0.0004  0.0003  0.0005  0.0002  0.0003  0.0003 

Arsenic  mg/L  0.0002  < 0.0002  < 0.0002  0.0003  0.0002  0.0002  < 0.0002  0.0008  0.0004  < 0.0002  < 0.0002 

Barium  mg/L  0.0814  0.0420  0.0376  0.0344  0.0878  0.0529  0.0324  0.0141  0.0488  0.0973  0.169 

Beryllium  mg/L  0.0029  0.0028  0.0022  0.0041  0.0038  0.0015  0.000408  < 0.000007  < 0.000007  0.0013  0.0011 

Bismuth  mg/L  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Boron  mg/L  0.077  0.027  0.057  0.092  0.291  0.043  0.069  1.15  0.041  0.190  0.045 

Cadmium  mg/L  0.000325  0.000282  0.00136  0.0507  0.000878  0.000284  0.000112  0.000003  < 0.000003  0.000696  0.000513 

Calcium  mg/L  4.56  3.57  3.85  7.01  16.7  12.3  4.88  22.6  21.6  8.48  9.81 

Chromium  mg/L  0.0276  0.0199  0.0155  0.00196  0.00141  0.0134  0.00740  0.0109  < 0.00003  0.00542  0.0113 

Cobalt  mg/L  0.0149  0.0143  0.0261  0.0576  0.0403  0.0426  0.0130  0.000066  0.000012  0.00544  0.0140 

Copper  mg/L  3.10  2.78  8.88  7.77  9.55  0.826  5.31  < 0.003  < 0.003  6.97  11.4 

Iron  mg/L  0.065  0.089  0.108  0.649  0.060  0.004  0.003  0.003  0.006  0.003  0.020 

Lead  mg/L  0.00032  0.00008  0.00073  0.00024  0.00031  0.00003  0.00004  0.00001  0.00001  0.00010  0.00154 

Lithium  mg/L  0.00170  0.00128  0.00177  0.00590  0.0106  0.00684  0.00825  0.00175  0.00647  0.0103  0.00120 

Magnesium  mg/L  0.734  0.437  0.532  1.11  3.26  1.46  1.59  0.006  0.628  1.69  0.422 

Manganese  mg/L  0.0812  0.0773  0.0884  0.0902  0.133  0.252  0.0859  0.00040  0.00167  0.235  0.120 

Mercury  mg/L  0.00002  < 0.00001  0.00001  0.00002  0.00004  < 0.00001  0.00001  < 0.00001  0.00001  0.00003  0.00002 

Molybdenum  mg/L  0.00020  0.00027  0.00054  0.00051  0.00493  0.00753  0.00859  0.183  0.0900  0.00434  0.00238 
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Table 4.1‐7 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from 

borehole RES‐027C. 

Parameter  Unit  27C‐3  27C‐4  27C‐5  27C‐6  27C‐7  27C‐8  27C‐9  27C‐10  27C‐11  27C‐12  27C‐13 

METALS AND METALLOIDS (CONT.) 

Nickel  mg/L  0.0324  0.0252  0.0327  0.0544  0.0364  0.0304  0.0178  0.0015  0.0013  0.0113  0.0303 

Potassium  mg/L  1.99  1.75  1.93  8.29  16.8  11.2  8.56  11.4  13.6  9.19  1.71 

Selenium  mg/L  0.006  0.004  0.007  0.009  0.012  0.007  0.009  0.007  0.012  0.016  0.015 

Silicon  mg/L  4.25  3.77  4.17  5.03  7.26  4.68  4.03  11.4  3.91  5.19  4.04 

Silver  mg/L  0.000957  0.000496  0.000718  0.00167  0.00462  0.00189  0.00297  0.000006  < 0.000002  0.00243  0.00661 

Sodium  mg/L  0.27  0.17  0.25  0.32  0.65  0.28  0.25  1.32  0.37  0.46  0.21 

Strontium  mg/L  0.0328  0.0308  0.0378  0.0421  0.0372  0.0416  0.0341  0.129  0.104  0.0465  0.0308 

Thallium  mg/L  0.000056  0.000075  0.000198  0.000314  0.000343  0.000253  0.000155  0.000098  0.000113  0.000133  0.000128 

Thorium  mg/L  < 0.00001  < 0.00001  < 0.00001  0.00001  0.00004  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Tin  mg/L  0.00004  0.00004  0.00003  0.00004  0.00004  0.00007  0.00004  0.00005  0.00007  0.00003  0.00004 

Titanium  mg/L  0.00018  0.00015  0.00018  0.00029  0.00096  0.00026  0.00021  0.00036  0.00034  0.00027  0.00025 

Tungsten  mg/L  < 0.00002  < 0.00002  < 0.00002  < 0.00002  < 0.00002  < 0.00002  0.00005  0.0135  0.00070  0.00007  0.00003 

Uranium  mg/L  0.00172  0.00175  0.00166  0.00176  0.00237  0.000078  0.000077  0.000042  0.000003  0.000048  0.000736 

Vanadium  mg/L  < 0.00001  < 0.00001  < 0.00001  0.00002  0.00013  0.00101  0.00069  0.01007  0.00040  0.00021  < 0.00001 

Yttrium  mg/L  0.00105  0.00107  0.000896  0.00251  0.00156  0.000183  0.000214  0.000002  < 0.000002  0.000356  0.00422 

Zinc  mg/L  0.031  0.023  0.043  0.362  0.610  0.557  0.533  < 0.001  < 0.001  0.276  0.420 

 
1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
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Table 4.1‐8: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from borehole RES‐029A. 

Parameter  Unit  29A‐1  29A‐2  29A‐3  29A‐4  29A‐5  29A‐6  29A‐7  29A‐8  29A‐9  29A‐10  29A‐11  29A‐12  29A‐13  29A‐14  29A‐15  29A‐16  29A‐17  29A‐18  29A‐19 

pH AND ANIONS 

pH 
standard 
units  3.07  3.31  2.63  3.60  3.94  6.62  4.74  4.10  4.98  5.55  5.23  5.80  5.04  4.56  4.62  4.85  6.02  5.83  5.70 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  0.97  0.50  5.48  3.72  2.99  4.00  0.81  0.58  0.74  1.51  1.35  0.62  0.18  0.40  2.43  0.51  0.27  0.25  0.24 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  77  98  220  65  51  71  52  51  35  35  62  23  12  27  21  49  15  11  19 

METALS AND METALLOIDS 

Aluminum  mg/L  2.44  2.18  4.70  3.46  2.51  < 0.01  0.56  0.59  0.22  0.09  0.71  0.05  0.07  0.24  1.11  0.21  0.01  0.01  0.02 

Antimony  mg/L  0.0004  0.0003  0.0003  0.0004  0.0003  0.0002  0.0004  0.0003  0.0003  < 0.0002  0.0002  0.0003  0.0004  0.0002  0.0007  0.0002  0.0007  0.0006  0.0006 

Arsenic  mg/L  0.0014  0.0011  0.0011  0.0003  0.0005  < 0.0002  0.0004  0.0005  0.0003  0.0005  0.0003  0.0002  0.0005  0.0002  0.0006  < 0.0002  0.0004  0.0004  < 0.0002 

Barium  mg/L  0.0243  0.00606  0.0709  0.0667  0.0319  0.0531  0.103  0.0374  0.0690  0.0233  0.0803  0.246  0.154  0.242  0.102  0.122  0.312  0.343  0.278 

Beryllium  mg/L  0.000528  0.000261  0.000147  0.000634  0.001282  0.000007  0.00129  0.00185  0.000218  0.000064  0.001044  0.000137  0.000124  0.000390  0.000437  0.000278  0.000018  0.000008  0.000133 

Bismuth  mg/L  0.000016  0.000014  0.000009  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Boron  mg/L  0.024  0.261  0.087  0.036  0.038  0.074  0.024  0.056  0.028  0.017  0.026  0.126  0.024  0.074  0.060  0.184  0.014  0.057  0.063 

Cadmium  mg/L  0.000178  0.000368  0.000400  0.000145  0.000947  0.000032  0.000828  0.00666  0.000215  0.000054  0.000190  0.000261  0.000149  0.000123  0.000395  0.000145  0.000017  0.000028  0.000212 

Calcium  mg/L  4.26  4.60  9.96  7.62  6.82  23.7  7.26  6.37  5.45  7.23  9.92  5.97  2.78  4.24  4.95  8.51  3.74  2.47  4.68 

Chromium  mg/L  0.00632  0.00530  0.0375  0.00270  0.00985  0.00006  0.00494  0.00325  0.0118  0.00862  0.00193  0.01587  0.0315  0.0159  0.0136  0.00665  0.0253  0.0276  0.0223 

Cobalt  mg/L  0.0107  0.0139  0.0516  0.0233  0.0311  0.000209  0.0265  0.0396  0.00490  0.00144  0.00809  0.00191  0.00266  0.00767  0.00495  0.00796  0.000186  0.000108  0.00381 

Copper  mg/L  5.83  14.3  22.3  5.78  4.23  < 0.003  10.5  11.1  0.925  0.088  2.72  0.207  0.137  2.60  1.74  2.28  0.022  0.007  0.087 

Iron  mg/L  0.136  4.82  19.2  0.444  0.010  0.009  < 0.002  0.005  0.002  0.007  0.002  < 0.002  < 0.002  < 0.002  0.011  < 0.002  < 0.002  < 0.002  < 0.002 

Lead  mg/L  0.00004  0.00011  0.0755  0.00018  0.00008  0.00002  0.00003  0.00002  0.00003  0.00002  0.00005  0.00005  0.00024  0.00004  0.00045  0.00007  < 0.00001  0.00002  0.00002 

Lithium  mg/L  0.00137  0.00403  0.00360  0.00101  0.00346  0.00374  0.00491  0.00759  0.00354  0.00726  0.0107  0.00102  0.000515  0.00252  0.000899  0.00491  0.000778  0.000242  0.000761 

Magnesium  mg/L  0.486  0.412  0.247  0.568  1.18  5.31  1.37  0.986  1.67  1.64  2.89  0.603  0.301  0.892  0.269  2.04  0.543  0.343  0.420 

Manganese  mg/L  0.0590  0.0638  0.144  0.0680  0.0496  0.0761  0.0669  0.0588  0.0697  0.168  0.525  0.0389  0.0397  0.0498  0.0570  0.137  0.0115  0.0129  0.0373 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.0001  < 0.00001  < 0.00001  < 0.00001  < 0.0001  < 0.00001  < 0.00001  < 0.00001  < 0.0001  < 0.0001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.00046  0.00060  0.00015  0.00159  0.00528  0.340  0.0203  0.00429  0.0377  0.0461  0.00407  0.0737  0.0931  0.0319  0.0387  0.0213  0.133  0.144  0.0558 

Nickel  mg/L  0.0183  0.0199  0.0635  0.0366  0.0317  0.0006  0.0251  0.0247  0.0104  0.0013  0.0121  0.0023  0.0045  0.0114  0.0138  0.0116  0.0001  < 0.0001  0.0013 

Potassium  mg/L  4.80  2.67  0.835  4.27  6.87  8.71  6.24  6.68  10.2  10.9  13.9  4.87  2.80  6.04  2.78  11.0  4.03  4.22  4.60 

Selenium  mg/L  0.009  0.004  0.014  0.005  0.005  0.010  0.012  0.012  0.008  0.008  0.015  0.004  0.002  0.007  0.003  0.010  0.004  0.002  0.002 

Silicon  mg/L  7.98  8.53  6.80  7.19  8.22  4.30  9.08  9.59  8.69  6.31  11.5  9.04  5.23  6.74  5.29  9.35  6.42  6.10  6.50 

Silver  mg/L  0.000540  0.00185  0.00251  0.000655  0.000722  0.000301  0.00172  0.00139  0.000875  0.000320  0.00111  0.000682  0.00121  0.00187  0.00125  0.00123  0.000179  0.000166  0.000924 

Sodium  mg/L  0.18  0.51  0.37  0.20  0.48  0.29  0.31  0.37  0.27  0.37  0.57  0.38  0.25  0.34  0.85  0.59  0.27  0.33  0.26 

Strontium  mg/L  0.0419  0.0353  0.116  0.0929  0.0306  0.0694  0.0335  0.0365  0.0303  0.0724  0.108  0.0333  0.0169  0.0284  0.0252  0.0332  0.0266  0.0258  0.0301 

Thallium  mg/L  0.000051  0.000107  0.000107  0.000043  0.000168  0.000078  0.000106  0.000194  0.000069  0.000048  0.000112  0.000020  0.000063  0.000034  0.000017  0.000068  0.000023  0.000032  0.000025 

Thorium  mg/L  0.00001  0.00004  0.00046  0.00003  0.00002  0.00006  < 0.00001  < 0.00001  < 0.00001  0.00002  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00003  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Tin  mg/L  0.00009  0.00006  0.00011  0.00004  0.00007  0.00021  0.00005  0.00003  0.00007  0.00015  0.00008  0.00004  0.00004  0.00005  0.00008  0.00004  0.00009  0.00008  0.00008 

Titanium  mg/L  0.00040  0.00048  0.00081  0.00025  0.00033  0.00060  0.00028  0.00027  0.00036  0.00045  0.00040  0.00013  0.00007  0.00024  0.00017  0.00028  0.00010  0.00009  0.00009 

Tungsten  mg/L  < 0.00002  < 0.00002  < 0.00002  < 0.00002  < 0.00002  0.00182  < 0.00002  < 0.00002  < 0.00002  0.00012  < 0.00002  < 0.00002  < 0.00002  0.00006  0.00005  < 0.00002  0.00012  0.00075  < 0.00002 
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Table 4.1‐8 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from borehole RES‐029A. 

Parameter  Unit  29A‐1  29A‐2  29A‐3  29A‐4  29A‐5  29A‐6  29A‐7  29A‐8  29A‐9  29A‐10  29A‐11  29A‐12  29A‐13  29A‐14  29A‐15  29A‐16  29A‐17  29A‐18  29A‐19 

METALS AND METALLOIDS (CONT.) 

Uranium  mg/L  0.00164  0.00168  0.00259  0.00204  0.000604  0.000003  0.000156  0.000584  0.000011  0.000002  0.000049  0.000010  0.000021  0.000018  0.000073  0.000009  < 0.000002  0.000011  0.000014 

Vanadium  mg/L  < 0.00001  0.00009  0.00008  < 0.00001  0.00073  0.00033  0.00001  0.00013  0.00074  0.00034  < 0.00001  0.00029  0.00339  0.00145  0.00013  0.00031  0.00091  0.00385  0.00002 

Yttrium  mg/L  0.00265  0.00223  0.00260  0.00137  0.000805  0.000005  0.000705  0.000712  0.000083  0.000006  0.000134  0.000022  0.000084  0.000196  0.000126  0.000289  0.000004  0.000006  0.000008 

Zinc  mg/L  0.016  0.054  0.081  0.021  0.119  0.001  0.126  0.187  0.028  0.022  0.197  0.046  0.057  0.151  0.193  0.088  0.002  0.002  0.020 
 

 
1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
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Table 4.1‐9: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites borehole RES‐029B. 

Parameter  Unit  29B‐1  29B‐2  29B‐3  29B‐4  29B‐5  29B‐6  29B‐7  29B‐8  29B‐9  29B‐10  29B‐11  29B‐12  29B‐13  29B‐14 

pH AND ANIONS 

pH 
standard 
units  3.09  3.41  3.44  3.03  2.79  3.10  3.96  3.23  5.14  5.46  5.85  6.40  6.54  7.19 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  0.34  0.39  0.33  0.42  0.62  0.29  0.41  0.76  4.06  1.68  1.98  0.16  0.12  0.63 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  89  49  41  97  180  75  28  59  26  17  17  8.7  5.2  5.7 

METALS AND METALLOIDS 

Aluminum  mg/L  1.66  0.96  0.84  1.94  2.51  1.40  0.54  1.35  1.32  0.09  0.04  < 0.01  < 0.01  0.09 

Antimony  mg/L  0.0004  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0005  < 0.0002 

Arsenic  mg/L  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0004  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0002  0.0004 

Barium  mg/L  0.02820  0.01462  0.01194  0.01306  0.00840  0.01448  0.00759  0.01947  0.04342  0.06372  0.08374  0.383  0.01276  0.09897 

Beryllium  mg/L  0.000465  0.000336  0.000238  0.000257  0.000232  0.000262  0.000577  0.000309  0.000939  0.000134  0.000095  < 0.000007  < 0.000007  < 0.000007 

Bismuth  mg/L  0.000040  0.000010  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Boron  mg/L  0.0278  0.0583  0.0303  0.144  0.0188  0.0317  0.0219  0.0201  0.0172  0.0715  0.0172  0.0150  0.0950  0.0677 

Cadmium  mg/L  0.000179  0.000119  0.000150  0.000303  0.000598  0.000175  0.000998  0.001007  0.000490  0.000063  0.000115  0.000024  0.000022  0.000003 

Calcium  mg/L  4.81  4.46  3.78  4.48  5.81  3.11  3.75  2.91  8.47  4.57  5.35  3.12  2.89  4.58 

Chromium  mg/L  0.00293  0.00759  0.01501  0.00565  0.01335  0.00597  0.01140  0.00855  0.01111  0.01582  0.01213  0.02551  0.03016  0.02206 

Cobalt  mg/L  0.011604  0.006291  0.006427  0.017054  0.026773  0.025314  0.009999  0.042751  0.005600  0.000840  0.000733  0.000217  0.000146  0.000073 

Copper  mg/L  9.38  3.48  2.47  9.57  25.9  6.58  4.30  6.93  2.03  0.058  0.055  0.005  < 0.003  < 0.003 

Iron  mg/L  0.305  0.083  0.066  0.624  7.14  0.263  0.007  0.129  < 0.002  < 0.002  0.003  0.003  < 0.002  0.006 

Lead  mg/L  0.00007  0.00004  0.00002  0.00011  0.00031  0.00009  0.00002  0.00533  0.00015  0.00003  0.00003  < 0.00001  0.00002  0.00005 

Lithium  mg/L  0.001272  0.001174  0.001492  0.004612  0.004874  0.002051  0.001512  0.002282  0.003421  0.001769  0.002166  0.000024  < 0.000006  0.000145 

Magnesium  mg/L  0.462  0.447  0.438  0.464  0.574  0.340  0.454  0.236  0.514  0.802  0.794  0.387  0.215  0.475 

Manganese  mg/L  0.08663  0.06774  0.07450  0.121  0.139  0.09941  0.06097  0.09964  0.04259  0.03216  0.02707  0.01050  0.03233  0.00332 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.00006  0.00014  0.00011  0.00008  0.00009  0.00033  0.01108  0.00095  0.02666  0.08330  0.135  0.163  0.150  0.187 

Nickel  mg/L  0.0219  0.0164  0.0212  0.0366  0.0351  0.0384  0.0191  0.0416  0.0116  0.0012  0.0004  0.0001  < 0.0001  < 0.0001 

Potassium  mg/L  3.68  3.05  2.65  2.01  0.733  2.28  2.60  1.40  3.68  5.13  4.63  2.81  1.22  3.38 

Selenium  mg/L  0.003  0.003  0.002  0.005  0.004  0.005  0.004  0.005  0.009  0.004  0.005  < 0.001  0.001  < 0.001 

Silicon  mg/L  5.17  4.39  4.23  5.31  4.54  4.60  4.73  3.68  5.08  4.11  4.17  3.47  2.64  4.16 

Silver  mg/L  0.000104  0.001063  0.000717  0.000372  0.000828  0.001149  0.001377  0.001852  0.000426  0.000246  0.000410  0.000123  0.000077  0.000025 

Sodium  mg/L  0.22  0.29  0.21  0.38  0.19  0.20  0.20  0.15  0.45  0.30  0.19  0.16  0.22  0.23 

Strontium  mg/L  0.02929  0.02587  0.01950  0.03042  0.06011  0.03049  0.01743  0.01910  0.02017  0.01927  0.03309  0.02825  0.01538  0.02337 

Thallium  mg/L  0.000040  0.000030  0.000032  0.000049  0.000091  0.000084  0.000143  0.000090  0.000041  0.000022  0.000013  < 0.000005  < 0.000005  < 0.000005 

Thorium  mg/L  0.00009  0.00006  < 0.00001  0.00004  0.00016  0.00007  < 0.00001  0.00002  0.00013  < 0.00001  0.00003  < 0.00001  < 0.00001  < 0.00001 

Tin  mg/L  0.00082  0.00025  0.00009  0.00010  0.00015  0.00013  0.00004  0.00003  0.00012  0.00003  0.00001  0.00003  0.00035  0.00038 

Titanium  mg/L  0.00054  0.00027  0.00021  0.00047  0.00098  0.00032  0.00012  0.00025  0.00007  0.00007  < 0.00005  0.00005  0.00028  0.00149 

Tungsten  mg/L  0.00050  0.00018  0.00007  0.00004  0.00020  0.00004  < 0.00002  < 0.00002  < 0.00002  < 0.00002  < 0.00002  0.00125  0.00198  0.00133 
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Table 4.1‐9 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from borehole RES‐029B. 

Parameter  Unit  29B‐1  29B‐2  29B‐3  29B‐4  29B‐5  29B‐6  29B‐7  29B‐8  29B‐9  29B‐10  29B‐11  29B‐12  29B‐13  29B‐14 

METALS AND METALLOIDS 

Uranium  mg/L  0.001851  0.001512  0.001388  0.002099  0.003731  0.001615  0.000588  0.001359  0.000031  0.000005  0.000003  0.000006  0.000034  0.000024 

Vanadium  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00010  < 0.00001  0.00086  0.00011  0.00056  0.00276  0.00221  0.00395  0.00229  0.00613 

Yttrium  mg/L  0.000955  0.001483  0.001210  0.001677  0.002323  0.001046  0.000308  0.001031  0.000087  0.000005  0.000004  0.000008  < 0.000002  0.000006 

Zinc  mg/L  0.019  0.026  0.033  0.064  0.151  0.013  0.011  0.477  0.186  0.006  0.005  < 0.001  < 0.001  < 0.001 
 

 
1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
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Table 4.1‐10: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from borehole RES‐031. 

Parameter 
Units 

F‐14 Ro 
Tls 

F‐15 Ro 
Tls 

F‐16 Ro 
Tls 

F‐17 Ro 
Tls 

F‐17‐23 
Ro Tls 

F‐18 Ro 
Tls 

F‐18‐2 Ro 
Tls 

F‐19 Ro 
Tls 

F‐19‐2 Ro 
Tls 

F‐20 Ro 
Tls 

F‐20‐2 Ro 
Tls 

F‐21 Ro 
Tls 

F‐21‐2 Ro 
Tls 

F‐22 Ro 
Tls 

F‐22‐2 Ro 
Tls 

F‐23 Ro 
Tls 

F‐23‐2 Ro 
Tls 

F‐24 Ro 
Tls 

F‐24‐2 Ro 
Tls 

pH AND ANIONS 

pH 
standard 
units  9.85  6.65  7.38  6.62  6.56  6.77  6.60  6.89  6.69  7.52  7.12  7.12  7.04  7.35  7.17  6.66  6.57  6.84  6.61 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  1.27  2.27  2.42  3.02  3.20  2.76  3.80  2.91  3.01  1.42  1.85  2.07  2.02  1.32  1.71  2.56  2.43  2.61  3.07 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  12  23  100  20  20  24  21  15  17  8.6  8.8  9.7  9.3  9.1  9.8  13  13  12  12 

METALS AND METALLOIDS 

Aluminum  mg/L  2.92  0.02  0.02  0.03  0.02  0.09  0.03  0.18  0.11  0.21  0.05  0.04  0.04  0.08  0.05  0.03  0.03  0.03  0.03 

Antimony  mg/L  0.0002  0.0005  0.0003  0.0003  0.0006  < 0.0002  0.0002  < 0.0002  < 0.0002  0.0003  0.0003  0.0003  0.0002  0.0003  0.0003  0.0003  0.0002  0.0003  0.0003 

Arsenic  mg/L  0.0215  0.0008  0.0025  0.0015  0.0010  0.0008  0.0003  0.0016  0.0010  0.0012  0.0007  0.0023  0.0015  0.0012  0.0008  0.0008  0.0002  0.0012  0.0011 

Barium  mg/L  0.00032  0.00333  0.0432  0.0194  0.0303  0.00842  0.0136  0.00187  0.00261  0.0448  0.0791  0.121  0.119  0.0680  0.0909  0.0254  0.0327  0.00291  0.00406 

Beryllium  mg/L  < 0.000007  0.000012  < 0.000007  0.000015  0.000034  < 0.000007  0.000014  < 0.000007  < 0.000007  < 0.000007  0.000007  0.000009  0.000008  0.000007  0.000010  0.000024  0.000026  0.000011  0.000030 

Bismuth  mg/L  < 0.000007  < 0.000007  0.000011  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  0.000011  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Boron  mg/L  0.0132  0.0169  0.0370  0.0333  0.0319  0.0179  0.0306  0.0143  0.0160  0.0201  0.0149  0.0150  0.0557  0.0141  0.0298  0.0590  0.0386  0.0224  0.0739 

Cadmium  mg/L  0.000118  0.000093  0.000184  0.000199  0.000196  0.000156  0.000139  0.000116  0.000116  0.000164  0.000173  0.000137  0.000120  0.000102  0.000095  0.000047  0.000055  0.000054  0.000073 

Calcium  mg/L  22.8  5.06  42.2  3.73  3.36  5.26  3.63  1.34  1.40  6.32  3.27  2.29  1.90  6.87  4.64  2.92  3.33  4.43  2.77 

Chromium  mg/L  0.0311  0.0238  0.00762  0.0338  0.0320  0.0304  0.0275  0.0226  0.0196  0.0351  0.0258  0.0262  0.0260  0.0256  0.0242  0.0274  0.0292  0.0313  0.0289 

Cobalt  mg/L  0.000007  0.000021  0.000012  0.000014  0.000009  0.000011  0.000011  0.000023  0.000014  0.000006  0.000004  < 0.000004  < 0.000004  0.000004  0.000004  0.000004  0.000004  0.000005  0.000005 

Copper  mg/L  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

Iron  mg/L  < 0.002  < 0.002  0.005  < 0.002  < 0.002  0.002  < 0.002  0.021  0.018  0.006  < 0.002  0.004  < 0.002  0.002  0.002  < 0.002  < 0.002  < 0.002  < 0.002 

Lead  mg/L  < 0.00001  < 0.00001  0.00003  < 0.00001  0.00001  0.00001  < 0.00001  < 0.00001  < 0.00001  0.00007  < 0.00001  0.00001  < 0.00001  0.00003  < 0.00001  < 0.00001  0.00003  < 0.00001  < 0.00001 

Lithium  mg/L  < 0.000006  0.000064  0.0114  0.000033  0.000027  0.000205  0.000200  0.000139  0.000154  0.000022  0.000027  0.000034  0.000026  0.000043  0.000034  0.000007  0.000006  0.000008  0.000008 

Magnesium  mg/L  0.013  0.966  0.724  1.10  1.15  1.05  1.48  0.991  1.21  0.888  1.12  0.997  0.886  1.07  1.10  0.278  0.281  0.370  0.462 

Manganese  mg/L  0.00004  0.00362  0.00069  0.00456  0.00987  0.00035  0.00137  0.00043  0.00050  0.00052  0.00241  0.00259  0.00278  0.00245  0.00404  0.00682  0.00911  0.00445  0.00838 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.378  0.310  0.654  0.744  0.700  0.596  0.493  0.429  0.495  0.627  0.652  0.533  0.499  0.410  0.412  0.184  0.160  0.228  0.238 

Nickel  mg/L  < 0.0001  < 0.0001  < 0.0001  < 0.0001  < 0.0001  < 0.0001  < 0.0001  0.0002  0.0001  < 0.0001  < 0.0001  < 0.0001  0.0001  0.0001  < 0.0001  < 0.0001  0.0002  < 0.0001  < 0.0001 

Potassium  mg/L  12.0  13.7  19.1  15.1  14.6  16.3  14.9  18.8  19.0  12.9  13.3  14.6  13.1  13.2  13.6  14.9  12.8  11.9  14.6 

Selenium  mg/L  0.003  0.004  0.013  0.004  0.004  0.007  0.006  0.005  0.006  0.002  0.002  0.003  0.003  0.001  0.001  0.003  0.004  0.002  0.002 

Silicon  mg/L  9.85  19.2  10.5  18.9  18.2  15.5  16.2  15.2  15.4  12.6  14.5  16.5  15.8  12.9  14.7  17.7  15.9  14.7  18.1 

Silver  mg/L  < 0.000002  0.000036  0.000009  0.000033  0.000058  0.000037  0.000034  0.000015  0.000020  0.000012  0.000023  0.000019  0.000022  0.000009  0.000012  0.000015  0.000056  0.000015  0.000020 

Sodium  mg/L  0.93  0.91  0.94  0.66  0.51  0.84  0.50  0.60  0.57  0.58  0.44  0.48  0.48  0.50  0.57  0.59  0.61  0.52  0.59 

Strontium  mg/L  0.0321  0.0437  0.158  0.0293  0.0289  0.0206  0.0235  0.00658  0.00727  0.0266  0.0290  0.0274  0.0255  0.0318  0.0304  0.0461  0.0496  0.0574  0.0541 

Thallium  mg/L  0.000013  0.000037  0.000078  0.000029  0.000028  0.000016  0.000022  0.000010  0.000009  0.000017  0.000022  0.000027  0.000028  0.000018  0.000024  0.000029  0.000023  0.000023  0.000030 

Thorium  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00008  < 0.00001  0.00006  < 0.00001  0.00001  < 0.00001  0.00002  < 0.00001  0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Tin  mg/L  0.00011  0.00008  0.00009  0.00008  0.00010  0.00011  0.00007  0.00023  0.00031  0.00019  0.00010  0.00011  0.00009  0.00015  0.00009  0.00009  0.00006  0.00007  0.00007 

Titanium  mg/L  0.00044  0.00160  0.00039  0.00131  0.00133  0.00232  0.00095  0.00642  0.00416  0.00878  0.00264  0.00320  0.00252  0.00505  0.00367  0.00103  0.00094  0.00102  0.00108 

Tungsten  mg/L  0.0110  0.0133  0.00965  0.0116  0.00982  0.00483  0.00404  0.00442  0.00388  0.00535  0.00505  0.00573  0.00515  0.00378  0.00438  0.0140  0.0123  0.0121  0.0144 
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Table 4.1‐10: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution individual ore composites from borehole RES‐031. 

Parameter 
Units 

F‐14 Ro 
Tls 

F‐15 Ro 
Tls 

F‐16 Ro 
Tls 

F‐17 Ro 
Tls 

F‐17‐2 Ro 
Tls3 

F‐18 Ro 
Tls 

F‐18‐2 Ro 
Tls 

F‐19 Ro 
Tls 

F‐19‐2 Ro 
Tls 

F‐20 Ro 
Tls 

F‐20‐2 Ro 
Tls 

F‐21 Ro 
Tls 

F‐21‐2 Ro 
Tls 

F‐22 Ro 
Tls 

F‐22‐2 Ro 
Tls 

F‐23 Ro 
Tls 

F‐23‐2 Ro 
Tls 

F‐24 Ro 
Tls 

F‐24‐2 Ro 
Tls 

METALS AND METALLOIDS (CONT.) 

Uranium  mg/L  0.000115  0.000033  0.000011  0.000094  0.000046  0.000016  0.000013  0.000063  0.000046  0.000225  0.000179  0.000236  0.000209  0.000241  0.000244  0.000051  0.000040  0.000080  0.000065 

Vanadium  mg/L  0.0379  0.105  0.00559  0.0682  0.0596  0.0524  0.0514  0.0649  0.0590  0.0336  0.0338  0.0485  0.0453  0.0389  0.0378  0.0315  0.0270  0.0342  0.0419 

Yttrium  mg/L  < 0.000002  < 0.000002  0.000004  < 0.000002  < 0.000002  0.000002  0.000005  0.000012  0.000007  0.000004  0.000003  0.000003  0.000002  0.000002  0.000002  < 0.000002  < 0.000002  < 0.000002  < 0.000002 

Zinc  mg/L  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.002  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 
 

 
1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
3Sample identifiers ending in ‐2 indicate duplicate samples for quality control purposes 
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Table 4.2‐1:  Lithology, alteration type, and pyrite grade for 2014 Resolution ore composites. 

   Master Composites (MC)  Individual Composites (IC) 

Borehole  MC no. 
Pyrite Grade 

(wt. %) 
IC no.  Lithology  Alteration Type 

Pyrite Grade 
(wt. %) 

RES‐
027C 

MC‐1  13.99 

3  Kvs  PHY  16.22 

4  Kvs  PHY  12.07 

5  Kvs  PHY  11.95 

MC‐2  8.07 

6  Breccia  PHY  16.11 

7  Breccia  POT  12.24 

8  Breccia  POT  5.08 

9  Breccia  POT  1.81 

MC‐3  0.9 

10  Breccia  SKRET  0.25 

11  Breccia  POT  0.55 

12  Breccia  POT  1.7 

MC‐4  4.18  13  Quartzite  PHY  4.18 

RES‐
029A 

MC‐1  33.91 

1  Kvs  PHY  23.76 

2  Kvs  AA  31.98 

3  Kqs  AA  40.85 

MC‐2  24.97 
4  pCbas  AA  35.41 

5  pCdiab  PHY  17.47 

MC‐3  9.95  6  Breccia  PHY  9.95 

MC‐4  1.8 
7  Breccia  PHY  2.16 

8  pCdiab  PHY  1.26 

MC‐5  0.73 

9  pCdiab  POT  0.69 

10  pCdiab  POT  1.19 

11  pCdiab  POT  0.35 

MC‐6  3.77 

12  Quartzite  PHY  2.76 

13  Quartzite  PHY  4.49 

14  Breccia  PHY  2.62 

15  Quartzite  PHY  6.16 

MC‐7  1.30 

16  Breccia  POT  0.05 

17  QEP  PHY  0.91 

18  QEP  PHY  1.17 

19  QEP  PHY  2.28 

RES‐
029B 

MC‐1  25.03 

1  Kvs  ARG  25.62 

2  Kvs  ARG  26.62 

3  Kvs  AA  23.37 

4  Kvs  AA  22.70 

MC‐2  19.33 

6  pCdiab  POT  25.43 

7  pCdiab  POT  10.31 

8  Quartzite  PHY  19.99 
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Table 4.2‐1 (Cont.):  Lithology, alteration type, and pyrite grade for 2014 Resolution ore composites. 

   Master Composites (MC)  Individual Composites (IC) 

Borehole  MC no. 
Pyrite Grade 

(wt. %) 
IC no.  Lithology  Alteration Type 

Pyrite Grade 
(wt. %) 

RES‐
029B 

(CONT.) 

MC‐3  2.55 

9  pCdiab  POT  3.70 

10  pCdiab  POT  1.13 

11  pCdiab  POT  2.90 

MC‐4  1.45 

12  Quartzite  PHY  2.14 

13  Quartzite  PHY  1.70 

14  pCdiab  POT  0.59 

RES‐031 

MC‐1  9.57 

2  QEP  PHY  9.93 

3  Kvs  PHY  10.65 

4  Kvs  PHY  7.26 

MC‐2  8.02 

5  pCdiab  PHY  7.33 

6  pCmls  SKRET  11.13 

7  Quartzite  PHY  5.67 

MC‐3  1.69 

8  pCdiab  POT  1.54 

9  pCdiab  POT  0.17 

10  Breccia  PHY  1.97 

11  Breccia  PHY  2.80 

12  Breccia  PHY  1.92 
 

 

1Lithology Explanation 

   

Kvs    Cretaceous Volcaniclastic Sediments 

Breccia    Breccia 

Quartzite  Precambrian Quartzite (Apache Group) 

Pcbas    Precambrian Basalt 

pCdiab    Precambrian Diabase 

QEP    Quartz Eye Porphyry (also known as Cretaceous‐Tertiary Rhyodacite Porphyry (KTrdp)) 

Pz    Paleozoic Sedimentary Units 

pCmls    Precambrian Mescal Limestone 

Kqs    Cretaceous Quartzose Sandstone 

 

2Alteration Type Explanation 

AA    Advanced Argillic 

ARG    Argillic 

PHY    Phyllic 

POT    Potassic 

SKRET    Retrograde Skarn 
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Table 4.2‐2:  Acid base accounting results for scavenger tailings generated from 2014 Resolution master 
ore composites from borehole RES‐027C.  Adapted from Table 2 in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT 22 

MC‐1 
LCT 23 

MC‐2 
LCT 24 

MC‐2 
LCT 25 

MC‐3 
LCT 26 

MC‐3 
LCT 27 

MC‐4 
LCT 28 

Hole no.     27C  27C  27C  27C  27C  27C  27C 

Flowsheet    Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk 

Paste pH  standard units  8.15  7.16  7.64  7.70  8.41  8.28  7.47 

Total Sulfur 
weight 
percent  0.105  0.120  0.134  0.109  0.114  0.111  0.064 

Sulfate Sulfur 
weight 
percent  0.02  0.03  0.06  0.04  0.03  0.04  0.01 

Sulfide Sulfur 
weight 
percent  0.08  0.09  0.07  0.07  0.08  0.07  0.05 

Total Inorganic 
Carbon 

weight 
percent  0.021  0.021  0.022  0.023  0.196  0.192  0.011 

Carbonate 
weight 
percent  < 0.005  < 0.005  0.01  0.015  0.754  0.719  < 0.005 

AGP  T CaCO3/kT
1  2.50  2.81  2.19  2.19  2.50  2.19  1.56 

Bulk ANP2  T CaCO3/kT  1.8 1.5 6.1 6.1 23 23 2.3 

Carbonate ANP3  T CaCO3/kT  < 0.083  < 0.083  0.166  0.249  12.5  11.9  < 0.083 

Bulk NPR  ratio  0.72  0.53  2.79  2.79  9.28  10.5  1.47 

Bulk NNP  T CaCO3/kT  ‐0.70  ‐1.31  3.91  3.91  20.7  20.7  0.74 

Carbonate NPR  ratio  ‐2.42  ‐2.73  ‐2.02  ‐1.94  10.02  9.75  ‐1.48 

Carbonate NNP  T CaCO3/kT  0.03  0.03  0.08  0.11  5.01  5.45  0.05 
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
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Table 4.2‐3:  Acid base accounting results for scavenger tailings generated from 2014 Resolution master 
ore composites from borehole RES‐029A.  Adapted from Table 3 in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT 34 

MC‐1 
LCT35 

MC‐2 
LCT 36 

MC‐2 
LCT37 

MC‐3 
LCT38 

MC‐4 
LCT 39 

MC‐4 
LCT40 

Hole no.     29A  29A  29A  29A  29A  29A  29A 

Flowsheet    Bulk  Selective  Bulk  Selective  Selective   Bulk  Selective 

Paste pH  standard units  7.63  6.59  8.21  7.49  8.32  7.98  7.80 

Total Sulfur  weight percent  0.660  1.28  0.270  0.446  0.299  0.120  0.141 

Sulfate sulfur  weight percent  0.01  0.14  0.02  0.08  0.10  0.02  0.05 

Sulfide sulfur  weight percent  0.65  1.15  0.25  0.37  0.20  0.10  0.09 

Total Inorganic 
Carbon  weight percent  0.017  0.021  0.022  0.020  0.484  0.019  0.027 

Carbonate  weight percent  0.010  < 0.005  < 0.005  < 0.005  0.335  0.015  0.020 

AGP  T CaCO3/kT  20.3  35.9  7.81  11.6  6.25  3.12  2.81 

Bulk ANP  T CaCO3/kT  4.7  3.9  4.5  7.2  28  5.2  8.4 

Carbonate ANP  T CaCO3/kT  0.166  < 0.083  < 0.083  < 0.083  5.56  0.249  0.332 

Bulk NPR  ratio  0.23  0.11  0.58  0.62  4.42  1.66  2.99 

Bulk NNP  T CaCO3/kT  ‐15.61  ‐32.04  ‐3.31  ‐4.36  21.4  2.08  5.59 

Carbonate NPR  ratio  ‐20.13  ‐35.8  ‐7.73  ‐11.5  ‐0.69  ‐2.87  ‐2.48 

Carbonate NNP  T CaCO3/kT  0.01  0.002  0.01  0.01  0.89  0.08  0.12 

          

         

Parameter  Unit  MC‐5 
LCT 41 

MC‐5 
LCT42 

MC‐6 
LCT 43 

MC‐6 
LCT44 

MC‐7 
LCT 45 

MC‐7 
LCT46   

Hole no.     29A  29A  29A  29A  29A  29A   

Flowsheet    Bulk  Selective  Bulk  Selective  Bulk  Selective   

Paste pH  standard units  8.32  8.44  8.13  8.11  8.34  8.49   

Total Sulfur  weight percent  0.085  0.092  0.072  0.075  0.042  0.056   

Sulfate Sulfur  weight percent  0.04  0.03  0.02  0.02  0.02  0.04   

Sulfide Sulfur  weight percent  0.05  0.06  0.05  0.05  0.02  0.02   

Total Inorganic 
Carbon  weight percent  0.034  0.042  0.012  0.019  0.013  0.021   

Carbonate  weight percent  0.015  < 0.005  < 0.005  0.010  0.010  < 0.005   

AGP  T CaCO3/kT1  1.56  1.88  1.56  1.56  0.62  0.62   

Bulk ANP2  T CaCO3/kT  9.9  14  4.1  6.1  4.0  7.7   

Carbonate ANP3  T CaCO3/kT  0.249  < 0.083  < 0.083  0.166  0.166  < 0.083   

Bulk NPR  ratio  6.34  7.52  2.62  3.90  6.40  12.3   

Bulk NNP  T CaCO3/kT  8.34  12.2  2.54  4.54  3.38  7.08   

Carbonate NPR  ratio  ‐1.31  ‐1.80  ‐1.48  ‐1.39  ‐0.45  ‐0.54   

Carbonate NNP  T CaCO3/kT  0.16  0.04  0.05  0.11  0.27  0.13   
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
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Table 4.2‐4:  Acid base accounting results for scavenger tailings generated from 2014 Resolution master 
ore composites from borehole RES‐029B.  Adapted from Table 4 in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT23 

MC‐1 
LCT24 

MC‐2 
LCT25 

MC‐2 
LCT26 

MC‐3 
LCT27 

MC‐3 
LCT28 

MC‐4 
LCT29 

MC‐4 
LCT30 

Hole no.     29B  29B  29B  29B  29B  29B  29B  29B 

Flowsheet    Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk  Selective 

Paste pH  standard units  7.26  7.51  6.64  7.44  8.23  8.35  8.58  8.62 

Total Sulfur  weight percent  0.487  0.446  0.428  0.452  0.067  0.084  0.034  0.026 

Sulfate Sulfur  weight percent  0.05  0.09  0.11  0.07  0.04  0.04  0.02  0.02 

Sulfide Sulfur  weight percent  0.44  0.36  0.32  0.38  0.03  0.04  0.01  0.01 

Total 
Inorganic 
Carbon  weight percent  0.017  0.015  0.015  0.024  0.019  0.020  0.024  0.019 

Carbonate  weight percent  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005  0.010  0.025 

AGP  T CaCO3/kT
1  13.8  11.2  10.0  11.9  0.94  1.25  0.31  0.31 

Bulk ANP  T CaCO3/kT  3.8  4.1  2.9  4.9  8.2  8.8  7.4  6.6 

Carbonate 
ANP  T CaCO3/kT  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083  0.166  0.415 

Bulk NPR  ratio  0.28  0.36  0.29  0.41  8.75  7.04  23.7  21.1 

Bulk NNP  T CaCO3/kT  ‐9.95  ‐7.15  ‐7.10  ‐6.98  7.26  7.55  7.09  6.29 

Carbonate 
NPR  ratio  ‐13.7  ‐11.1  ‐9.92  ‐11.8  ‐0.86  ‐1.17  ‐0.14  0.11 

Carbonate 
NNP  T CaCO3/kT  0.01  0.01  0.01  0.01  0.09  0.07  0.54  1.34 

 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
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Table 4.2‐5:  Acid base accounting results for scavenger tailings generated from 2014 Resolution master 
ore composites from borehole RES‐031.  Adapted from Table 5 in SGS (2015b). 

Parameter  Unit 
LCT‐1 Comb 
Cu Ro Tls 

LCT‐2 Comb 
Py Sc Tls 

LCT‐2‐2 
Comb 

Py Sc Tls 

LCT‐3 Comb 
Cu Ro Tls 

LCT‐3‐2 
Comb 

Cu Ro Tls 

LCT‐4 Comb 
Py Sc Tls 

Hole no. – MC no.     Hole 31 ‐ MC3  Hole 31 ‐ MC3 
Hole 31 ‐ MC3
(LCT‐2 DUP)1 

Hole 31 ‐ MC1 
Hole 31 ‐ MC1 
(LCT‐3 DUP) 

Hole 31 ‐ MC1 

Flowsheet    Bulk  Selective  Selective  Bulk  Bulk  Selective 

Paste pH  standard units  8.80  8.79  8.77  8.07  8.07  8.16 

Total Sulfur  weight percent  0.039  0.045  0.046  0.077  0.076  0.100 

Sulfate Sulfur  weight percent  0.03  0.04  0.04  0.04  0.04  0.04 

Sulfide Sulfur  weight percent  0.01  < 0.01  0.01  0.04  0.04  0.06 

Total Inorganic 
Carbon  weight percent  0.017  0.019  0.017  0.016  0.016  0.018 

Carbonate  weight percent  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005  < 0.005 

AGP  T CaCO3/kT
2  0.31  0.31  0.31  1.25  1.25  1.88 

Bulk ANP3  T CaCO3/kT  9.4  9.0  8.7  4.9  5.0  5.2 

Carbonate ANP4  T CaCO3/kT  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083  < 0.083 

Bulk NPR  ratio  30.1  29.0  27.8  3.92  4.00  2.77 

Bulk NNP  T CaCO3/kT  9.09  8.69  8.39  3.65  3.75  3.32 

Carbonate NPR  ratio  ‐0.23  ‐0.23  ‐0.23  ‐1.17  ‐1.17  ‐1.80 

Carbonate NNP  T CaCO3/kT  0.27  0.27  0.27  0.07  0.07  0.04 

        

Parameter  Unit 
LCT‐4‐2 Comb

Py Sc Tls 
LCT‐5 Comb 
Cu Ro Tls 

LCT‐5‐2 
Comb 

Cu Ro Tls 

LCT‐6 Comb 
Py Sc Tls 

LCT‐6‐2 
Comb 

Py Sc Tls   

Hole no. – MC no.    
Hole 31 ‐ MC1 
(LCT‐4 DUP) 

Hole 31 ‐ MC2 
Hole 31 ‐ MC2
(LCT‐5 DUP) 

Hole 31 ‐ MC2 
Hole 31 ‐ MC2
(LCT‐6 DUP)   

Flowsheet    Selective  Bulk  Bulk  Selective  Selective   

Paste pH  standard units  8.15  8.70  8.64  8.74  8.69   

Total Sulfur  weight percent  0.095  0.187  0.169  0.170  0.176   

Sulfate Sulfur  weight percent  0.04  0.06  0.06  0.04  0.06   

Sulfide Sulfur  weight percent  0.05  0.13  0.11  0.13  0.12   

Total Inorganic 
Carbon  weight percent  0.016  0.224  0.225  0.223  0.225   

Carbonate  weight percent  < 0.005  0.355  0.350  0.360  0.360   

AGP  T CaCO3/kT  1.56  4.06  3.44  4.06  3.75   

Bulk ANP  T CaCO3/kT  4.9  28  28  29  28   

Carbonate ANP  T CaCO3/kT  < 0.083  5.89  5.81  5.98  5.98   

Bulk NPR  ratio  3.14  7.02  8.29  7.19  7.57   

Bulk NNP  T CaCO3/kT  3.34  24.4  25.1  25.1  24.6   

Carbonate NPR  ratio  ‐1.48  1.83  2.37  1.92  2.23   

Carbonate NNP  T CaCO3/kT  0.05  1.45  1.69  1.47  1.59   
 

1DUP = Duplicate sample for quality control purposes 
2T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

3Measured in ABA test 
4Theoretical, based on carbonate content alone 
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Table 4.2‐6:  Net acid generation testing results for scavenger tailings generated from 2014 Resolution 
master ore composites from boreholes RES‐027C, RES‐029A, RES‐029B, and RES‐031.  Adapted from 
Tables 2 through 5 in SGS (2015b). 

Sample ID 
Borehole 

No. 
Final pH 

NAG 
(pH 4.5) 

NAG 
(pH 7.0) 

  Sample ID 
Borehole 

No. 
Final pH 

NAG 
(pH 4.5) 

NAG 
(pH 7.0) 

     
standard 
units 

kg 
H2SO4/T1 

kg 
H2SO4/T 

       
standard 
units 

kg 
H2SO4/T 

kg 
H2SO4/T 

MC‐1 LCT 22  27C  4.19  0.6  1.9 
  MC‐1 LCT23  29B  3.87  0.9  3.5 

MC‐1 LCT 23  27C  3.73  1.3  3.3 
  MC‐1 LCT24  29B  3.94  0.9  3.7 

MC‐2 LCT 24  27C  5.12  0  2.7 
  MC‐2 LCT25  29B  3.78  1.2  4.3 

MC‐2 LCT 25  27C  5.26  0  2.3 
  MC‐2 LCT26  29B  3.75  1.4  5.0 

MC‐3 LCT 26  27C  9.91  0  0 
  MC‐3 LCT27  29B  7.30  0  0 

MC‐3 LCT 27  27C  9.79  0  0 
  MC‐3 LCT28  29B  7.35  0  0 

MC‐4 LCT 28  27C  5.54  0  1.0 
  MC‐4 LCT29  29B  7.25  0  0 

MC‐1 LCT 34  29A  3.23  3.9  6.7 
  MC‐4 LCT30  29B  7.10  0  0 

MC‐1 LCT35  29A  3.02  7.9  17 
 

LCT‐1 Comb 
Cu Ro Tls 

Hole 31 ‐ MC3  7.41  0  0 

MC‐2 LCT 36  29A  3.73  1.2  3.7 
 

LCT‐2 Comb 
Py Sc Tls 

Hole 31 ‐ MC3  7.36  0  0 

MC‐2 LCT37  29A  3.93  0.9  5.1 
 

LCT‐2‐2 Comb 
Py Sc Tls 

Hole 31 ‐ MC3 
(LCT‐2 DUP)2 

7.34  0  0 

MC‐3 LCT38  29A  7.92  0  0 
 

LCT‐3 Comb 
Cu Ro Tls 

Hole 31 ‐ MC1  6.72  0  0.5 

MC‐4 LCT 39  29A  5.40  0  0.9 
 

LCT‐3‐2 Comb 
Cu Ro Tls 

Hole 31 ‐ MC1  
(LCT‐3 DUP) 

6.94  0  0.1 

MC‐4 LCT40  29A  7.05  0  0 
 

LCT‐4 Comb 
Py Sc Tls 

Hole 31 ‐ MC1  6.51  0  0.5 

MC‐5 LCT 41  29A  6.15  0  0.4 
 

LCT‐4‐2 Comb 
Py Sc Tls 

Hole 31 ‐ MC1 
(LCT‐4 DUP) 

6.44  0  0.5 

MC‐5 LCT42  29A  7.06  0  0 
 

LCT‐5 Comb 
Cu Ro Tls 

Hole 31 ‐ MC2  8.63  0  0 

MC‐6 LCT 43  29A  5.45  0  0.5 
 

LCT‐5‐2 Comb 
Cu Ro Tls 

Hole 31 ‐ MC2 
(LCT‐5 DUP) 

8.61  0  0 

MC‐6 LCT44  29A  6.95  0  0.1 
 

LCT‐6 Comb 
Py Sc Tls 

Hole 31 ‐ MC2  8.80  0  0 

MC‐7 LCT 45  29A  6.55  0  0.2 
 

LCT‐6‐2 Comb 
Py Sc Tls 

Hole 31 ‐ MC2 
(LCT‐6 DUP) 

8.97  0  0 

MC‐7 LCT46  29A  7.34  0  0 
       

 
1kg H2SO4/T = Kilograms of equivalent sulfuric acid per ton of tailings 
2DUP = Duplicate sample for quality control purposes 
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Table 4.2‐7: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution 
master ore composites from borehole RES‐027C. Adapted from Table 2 and Appendix B in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT 22 

MC‐1 
LCT 23 

MC‐2 
LCT 24 

MC‐2 
LCT 25 

MC‐3 
LCT 26 

MC‐3 
LCT 27 

MC‐4 
LCT 28 

Hole no.     27C  27C  27C  27C  27C  27C  27C 

Flowsheet     Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk 

pH AND ANIONS 

pH 
standard 
units  4.11  3.71  4.80  4.87  7.58  7.85  5.16 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  0.17  0.18  2.93  2.67  0.45  0.48  1.61 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  22  30  39  33  34  31  16 

METALS AND METALLOIDS 

Aluminum  mg/L  0.20  0.46  1.29  0.99  0.23  0.24  0.49 

Antimony  mg/L  0.0003  0.0003  0.0002  0.0003  0.0003  0.0003  0.0002 

Arsenic  mg/L  0.0002  0.0002  0.0003  < 0.0002  0.0010  0.0009  < 0.0002 

Barium  mg/L  0.0470  0.0515  0.0267  0.0220  0.0138  0.0137  0.161 

Beryllium  mg/L  0.00104  0.00143  0.000673  0.000570  < 0.000007  < 0.000007  0.000442 

Bismuth  mg/L  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Boron  mg/L  0.040  0.068  0.048  0.060  0.692  0.195  0.050 

Cadmium  mg/L  0.000329  0.000357  0.00372  0.00344  0.000051  0.000033  0.000117 

Calcium  mg/L  3.91  3.39  7.50  6.59  19.0  17.5  4.41 

Chromium  mg/L  0.0287  0.0251  0.0153  0.0123  0.0130  0.0104  0.0342 

Cobalt  mg/L  0.00801  0.00964  0.0171  0.0133  0.00014  0.00008  0.00453 

Copper  mg/L  1.38  1.82  0.871  0.528  0.006  0.004  0.967 

Iron  mg/L  0.003  0.019  0.002  0.006  0.041  0.035  < 0.002 

Lead  mg/L  0.00006  0.00006  0.00001  < 0.00001  0.00002  < 0.00001  0.00005 

Lithium  mg/L  0.000845  0.000814  0.00635  0.00550  0.00288  0.00251  0.000950 

Magnesium  mg/L  0.607  0.540  1.67  1.45  0.033  0.028  0.518 

Manganese  mg/L  0.0901  0.0825  0.124  0.117  0.00216  0.00153  0.0764 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.00517  0.00144  0.0261  0.0439  0.167  0.156  0.0177 

Nickel  mg/L  0.0232  0.0252  0.0162  0.0119  0.0004  0.0003  0.0155 

Potassium  mg/L  2.82  3.05  10.6  9.43  14.5  13.4  2.89 

Selenium  mg/L  0.003  0.003  0.004  0.004  0.007  0.008  0.004 

Silicon  mg/L  4.39  4.72  6.81  5.86  8.62  6.57  5.20 

Silver  mg/L  0.000498  0.000535  0.00142  0.00117  0.000023  0.000019  0.00175 

Sodium  mg/L  0.42  0.37  0.36  0.40  0.97  0.44  0.22 

Strontium  mg/L  0.0417  0.0496  0.0369  0.0288  0.0756  0.0694  0.0261 

Thallium  mg/L  0.000053  0.000056  0.000087  0.000075  0.000032  0.000030  0.000019 

Thorium  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 
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Table 4.2‐7 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 
Resolution master ore composites from borehole RES‐027C. Adapted from Table 2 and Appendix B in 
SGS (2015b). 

Parameter  Unit  MC‐1 
LCT 22 

MC‐1 
LCT 23 

MC‐2 
LCT 24 

MC‐2 
LCT 25 

MC‐3 
LCT 26 

MC‐3 
LCT 27 

MC‐4 
LCT 28 

Hole no.     27C  27C  27C  27C  27C  27C  27C 

Flowsheet     Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk 

METALS AND METALLOIDS (CONT.) 

Tin  mg/L  0.00007  0.00006  0.00005  0.00005  0.00019  0.00019  0.00005 

Titanium  mg/L  0.00015  0.00016  0.00023  0.00018  0.00079  0.00066  < 0.00005 

Tungsten  mg/L  < 0.00002  < 0.00002  < 0.00002  < 0.00002  0.00397  0.0230  < 0.00002 

Uranium  mg/L  0.000539  0.00104  0.000049  0.000026  0.000009  0.000003  0.000008 

Vanadium  mg/L  < 0.00001  < 0.00001  0.00276  0.00314  0.01210  0.01002  < 0.00001 

Yttrium  mg/L  0.000249  0.000601  0.000085  0.000049  0.000012  0.000008  0.000061 

Zinc  mg/L  0.015  0.020  0.202  0.180  0.002  0.002  0.066 
 

 
1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
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Table 4.2‐8: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution master ore composites from borehole 

RES‐029A. Adapted from Table 3 and Appendix B in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT 34 

MC‐1 
LCT35 

MC‐2 
LCT 36 

MC‐2 
LCT37 

MC‐3 
LCT38 

MC‐4 
LCT 39 

MC‐4 
LCT40 

MC‐5 
LCT 41 

MC‐5 
LCT42 

MC‐6 
LCT 43 

MC‐6 
LCT44 

MC‐7 
LCT 45 

MC‐7 
LCT46 

Hole no.     29A  29A  29A  29A  29A  29A  29A  29A  29A  29A  29A  29A  29A 

Flowsheet     Bulk  Selective  Bulk  Selective  Selective   Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk  Selective 

pH AND ANIONS 

pH 
standard 
units  3.24  3.02  3.78  3.89  7.21  5.20  6.59  5.80  6.52  5.44  6.53  6.17  7.15 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  2.05  3.51  2.98  4.96  2.72  0.49  1.76  1.17  2.41  0.69  2.05  0.25  1.55 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  76  180  57  100  63  27  26  27  31  17  21  11  16 

METALS AND METALLOIDS 

Aluminum  mg/L  2.17  12.2  2.18  6.07  0.08  0.12  0.02  0.05  0.13  0.19  0.03  < 0.01  0.09 

Antimony  mg/L  0.0003  0.0002  0.0003  0.0002  0.0003  0.0002  0.0004  0.0003  0.0004  0.0003  0.0005  0.0005  0.0010 

Arsenic  mg/L  < 0.0002  0.0004  < 0.0002  0.0003  0.0006  < 0.0002  0.0010  0.0006  0.0003  < 0.0002  0.0005  < 0.0002  0.0011 

Barium  mg/L  0.0286  0.0244  0.0458  0.0591  0.0213  0.0597  0.0123  0.0300  0.00678  0.277  0.0651  0.290  0.0596 

Beryllium  mg/L  0.000203  0.000856  0.00103  0.00213 
< 

0.000007  0.000672  0.000010  0.000038  0.000010  0.000320  0.000009  0.000011 
< 

0.000007 

Bismuth  mg/L 
< 

0.000007  0.000008 
< 

0.000007 
< 

0.000007  0.000018 
< 

0.000007  0.000010 
< 

0.000007  0.000010 
< 

0.000007  0.000016 
< 

0.000007  0.000010 

Boron  mg/L  0.069  0.190  0.123  0.157  0.015  0.045  0.022  0.103  0.039  0.018  0.052  0.046  0.043 

Cadmium  mg/L  0.000153  0.000278  0.000616  0.000790  0.000072  0.00192  0.000073  0.000095  0.000061  0.000122  0.000043  0.000070  0.000033 

Calcium  mg/L  5.19  10.2  7.44  14.0  24.6  5.09  5.55  4.38  4.14  3.72  4.29  2.68  3.10 

Chromium  mg/L  0.00241  0.0207  0.00885  0.0151  0.00162  0.0120  0.0467  0.0101  0.0164  0.0228  0.0537  0.0212  0.0516 

Cobalt  mg/L  0.0180  0.0414  0.0301  0.0422  0.000025  0.0260  0.000088  0.00138  0.000064  0.00604  0.000022  0.000265  0.000011 

Copper  mg/L  5.91  9.84  3.84  1.67  0.004  2.14  < 0.003  0.058  0.005  0.588  < 0.003  0.015  < 0.003 

Iron  mg/L  0.850  2.94  0.018  0.020  0.007  < 0.002  0.002  0.003  0.040  < 0.002  0.003  0.003  0.009 

Lead  mg/L  0.00209  0.00037  0.00026  0.00007  < 0.00001  0.00001  0.00001  0.00003  0.00004  0.00003  < 0.00001  < 0.00001  0.00007 

Lithium  mg/L  0.00163  0.00984  0.00189  0.00388  0.00646  0.00320  0.000295  0.00421  0.00103  0.000886  0.000064  0.000311  0.000041 

Magnesium  mg/L  0.384  1.52  0.954  3.80  2.26  0.811  1.61  1.29  2.18  0.445  1.11  0.443  0.917 
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Table 4.2‐8 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 Resolution master ore composites from borehole 

RES‐029A. Adapted from Table 3 and Appendix B in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT 34 

MC‐1 
LCT35 

MC‐2 
LCT 36 

MC‐2 
LCT37 

MC‐3 
LCT38 

MC‐4 
LCT 39 

MC‐4 
LCT40 

MC‐5 
LCT 41 

MC‐5 
LCT42 

MC‐6 
LCT 43 

MC‐6 
LCT44 

MC‐7 
LCT 45 

MC‐7 
LCT46 

Hole no.     29A  29A  29A  29A  29A  29A  29A  29A  29A  29A  29A  29A  29A 

Flowsheet     Bulk  Selective  Bulk  Selective  Selective   Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk  Selective 

METALS AND METALLOIDS (CONT.) 

Manganese  mg/L  0.0805  0.207  0.0543  0.154  0.00675  0.0469  0.00367  0.188  0.00554  0.0481  0.00727  0.0147  0.00106 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.00011  0.00748  0.00112  0.00169  0.292  0.0598  0.188  0.0909  0.248  0.0393  0.171  0.137  0.116 

Nickel  mg/L  0.0329  0.0735  0.0365  0.0438  0.0002  0.0193  0.0002  0.0014  0.0006  0.0129  0.0001  0.0001  0.0001 

Potassium  mg/L  1.76  12.2  5.52  21.0  15.9  4.14  12.4  8.65  20.2  2.81  12.7  3.47  16.7 

Selenium  mg/L  0.008  0.013  0.005  0.010  0.011  0.008  0.007  0.008  0.008  0.004  0.005  0.002  0.004 

Silicon  mg/L  3.95  31.2  6.17  32.8  10.9  5.59  20.0  6.67  17.8  4.68  18.6  4.26  17.9 

Silver  mg/L  0.00109  0.000244  0.00110  0.000776  0.000015  0.00127  0.000032  0.000471  0.000006  0.00175  0.000101  0.000315  0.000027 

Sodium  mg/L  0.56  1.39  0.65  1.42  0.66  0.30  0.56  0.44  0.87  0.24  0.62  0.35  0.72 

Strontium  mg/L  0.0393  0.175  0.0421  0.134  0.0794  0.0260  0.0441  0.0469  0.0340  0.0246  0.0390  0.0192  0.0281 

Thallium  mg/L  0.000023  0.000084  0.000129  0.000172  0.000041  0.000061  0.000028  0.000041  0.000027  0.000016  0.000024 
< 

0.000005  0.000022 

Thorium  mg/L  0.00001  0.00007  < 0.00001  0.00003  < 0.00001  < 0.00001  0.00006  < 0.00001  0.00005  < 0.00001  0.00004  < 0.00001  0.00003 

Tin  mg/L  0.00005  0.00013  0.00009  0.00007  0.00011  0.00004  0.00010  0.00005  0.00026  0.00005  0.00010  0.00004  0.00020 

Titanium  mg/L  0.00010  0.00082  0.00014  0.00057  0.00036  0.00009  0.00064  0.00026  0.00417  0.00010  0.00104  0.00012  0.00326 

Tungsten  mg/L  < 0.00002  0.00026  < 0.00002  0.00007  0.0120  < 0.00002  0.0165  0.00006  0.00869  < 0.00002  0.00642  0.00011  0.00617 

Uranium  mg/L  0.00157  0.00337  0.00113  0.00257  0.000019  0.000020  0.000042  0.000011  0.000008  0.000014  0.000075  0.000007  0.000234 

Vanadium  mg/L  0.00004  0.00026  0.00026  0.00030  0.0176  0.00060  0.0879  0.00065  0.0241  0.00093  0.0406  0.00299  0.0313 

Yttrium  mg/L  0.00156  0.00527  0.000579  0.00350  0.000003  0.000032  0.000002  0.000008  0.000013  0.000054 
< 

0.000002 
< 

0.000002  0.000003 

Zinc  mg/L  0.030  0.120  0.112  0.133  < 0.001  0.095  0.001  0.018  0.003  0.099  0.001  0.005  < 0.001 

 
1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
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Table 4.2‐9: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution 
master ore composites from borehole RES‐029B. Adapted from Table 4 and Appendix B in SGS (2015b). 

Parameter  Unit  MC‐1 
LCT23 

MC‐1 
LCT24 

MC‐2 
LCT25 

MC‐2 
LCT26 

MC‐3 
LCT27 

MC‐3 
LCT28 

MC‐4 
LCT29 

MC‐4 
LCT30 

Hole no.     29B  29B  29B  29B  29B  29B  29B  29B 

Flowsheet     Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk  Selective 

pH AND ANIONS 

pH 
standard 
units  3.67  4.00  3.81  3.75  7.09  6.93  7.16  6.97 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2  < 5  < 5 

Fluoride  mg/L  1.40  1.62  1.58  1.84  2.82  3.10  1.83  1.58 

Nitrate  as N mg/L2  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  72  72  69  81  13  16  11  7.5 

METALS AND METALLOIDS 

Aluminum  mg/L  3.91  3.66  3.64  4.42  0.05  0.06  0.09  0.04 

Antimony  mg/L  0.0003  0.0002  0.0002  0.0002  0.0004  0.0004  0.0004  0.0003 

Arsenic  mg/L  0.0003  0.0005  < 0.0002  < 0.0002  0.0010  0.0008  0.0011  0.0019 

Barium  mg/L  0.0322  0.0303  0.0181  0.0196  0.00580  0.00697  0.0424  0.0413 

Beryllium  mg/L  0.000976  0.000987  0.00109  0.00126  0.000007  0.000010  < 0.000007  0.000008 

Bismuth  mg/L  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  0.000008  < 0.000007 

Boron  mg/L  0.120  0.081  0.159  0.060  0.087  0.019  0.038  0.020 

Cadmium  mg/L  0.000191  0.000220  0.000968  0.000930  0.000047  0.000048  0.000070  0.000093 

Calcium  mg/L  5.35  5.75  6.54  8.31  3.63  3.75  4.44  2.81 

Chromium  mg/L  0.0143  0.00689  0.00534  0.00800  0.0480  0.0460  0.0581  0.0544 

Cobalt  mg/L  0.00756  0.00303  0.0296  0.0282  0.000020  0.000165  0.00125  0.00280 

Copper  mg/L  1.02  0.269  2.53  1.02  0.004  0.005  0.008  0.007 

Iron  mg/L  0.052  0.038  0.049  0.264  0.006  0.008  0.017  0.004 

Lead  mg/L  0.00032  0.00010  0.00006  0.00014  0.00008  0.00022  0.00052  0.00099 

Lithium  mg/L  0.00290  0.00183  0.00572  0.00599  0.000073  0.000096  0.000073  0.000093 

Magnesium  mg/L  1.73  2.16  1.53  1.80  1.11  1.30  1.19  1.16 

Manganese  mg/L  0.156  0.143  0.178  0.214  0.00231  0.00187  0.00582  0.0104 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.00031  0.00045  0.00129  0.00094  0.176  0.153  0.181  0.169 

Nickel  mg/L  0.0347  0.0180  0.0355  0.0434  0.0004  0.0005  0.0016  0.0030 

Potassium  mg/L  17.3  21.2  13.7  16.3  14.6  15.1  13.3  11.8 

Selenium  mg/L  0.004  0.004  0.008  0.008  0.004  0.005  0.002  0.001 

Silicon  mg/L  27.3  32.8  26.3  31.2  17.6  18.4  15.4  14.0 

Silver  mg/L  0.000506  0.000205  0.00159  0.00192  0.000047  0.000043  0.000017  0.000018 

Sodium  mg/L  0.70  0.84  0.80  1.53  0.67  0.70  0.99  1.46 

Strontium  mg/L  0.0753  0.0714  0.0777  0.0960  0.0229  0.0242  0.0344  0.0262 

Thallium  mg/L  0.000089  0.000116  0.000157  0.000185  0.000026  0.000023  0.000022  0.000026 

Thorium  mg/L  < 0.00001  0.00001  0.00002  0.00001  0.00005  0.00002  0.00003  < 0.00001 

 



 

Resolution Tailings Geochemistry     
Baseline Report Update   
June 2016 
   
 

Table 4.2‐9 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 
Resolution master ore composites from borehole RES‐029B. Adapted from Table 4 and Appendix B in 
SGS (2015b). 

Parameter  Unit  MC‐1 
LCT23 

MC‐1 
LCT24 

MC‐2 
LCT25 

MC‐2 
LCT26 

MC‐3 
LCT27 

MC‐3 
LCT28 

MC‐4 
LCT29 

MC‐4 
LCT30 

Hole no.     29B  29B  29B  29B  29B  29B  29B  29B 

Flowsheet     Bulk  Selective  Bulk  Selective  Bulk  Selective  Bulk  Selective 

METALS AND METALLOIDS 

Tin  mg/L  0.00007  0.00004  0.00005  0.00007  0.00010  0.00012  0.00024  0.00017 

Titanium  mg/L  0.00050  0.00048  0.00053  0.00042  0.00370  0.00302  0.00341  0.00242 

Tungsten  mg/L  0.00004  0.00003  0.00002  0.00014  0.0171  0.0135  0.00587  0.00675 

Uranium  mg/L  0.00265  0.00249  0.00266  0.00298  0.000115  0.000091  0.000215  0.000151 

Vanadium  mg/L  0.00039  0.00016  0.00062  0.00010  0.0794  0.0794  0.0348  0.0309 

Yttrium  mg/L  0.00342  0.00331  0.00258  0.00304  0.000008  0.000005  0.000017  0.000024 

Zinc  mg/L  0.032  0.024  0.161  0.102  0.001  0.002  0.011  < 0.001 
 

1mg/L = milligrams per liter 
2As N mg/L = as nitrogen in milligrams per liter 
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Table 4.2‐10: Composition of NAG leachates for scavenger tailings generated from 2014 Resolution master ore composites from borehole 
RES‐031.  Adapted from Table 5 and Appendix B in SGS (2015b). 

Parameter  Unit 
LCT‐1 
Comb 

Cu Ro Tls 

LCT‐2 
Comb 

Py Sc Tls 

LCT‐2‐21 
Comb 

Py Sc Tls 

LCT‐3 
Comb 

Cu Ro Tls 

LCT‐3‐2 
Comb 

Cu Ro Tls 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐4‐2 
Comb 

Py Sc Tls 

LCT‐5 
Comb 

Cu Ro Tls 

LCT‐5‐2 
Comb 

Cu Ro Tls 

LCT‐6 
Comb 

Py Sc Tls 

LCT‐6‐2 
Comb 

Py Sc Tls 

Hole no. – MC no.     Hole 31 ‐ 
MC3 

Hole 31 ‐ 
MC3 

Hole 31 ‐
MC3 

(LCT‐2 DUP1) 
Hole 31 ‐ 
MC1 

Hole 31 ‐
MC1  

(LCT‐3 DUP) 
Hole 31 ‐ 
MC1 

Hole 31 ‐
MC1 

(LCT‐4 DUP) 
Hole 31 ‐ 
MC2 

Hole 31 ‐
MC2 

(LCT‐5 DUP) 
Hole 31 ‐ 
MC2 

Hole 31 ‐ 
MC2 

(LCT‐6 DUP) 

Flowsheet     Bulk  Selective  Selective  Bulk  Bulk  Selective  Selective  Bulk  Bulk  Selective  Selective 

pH AND ANIONS 

pH 
standard 
units  7.13  6.99  6.99  6.61  6.52  6.22  6.16  7.45  7.64  7.47  7.43 

Chloride  mg/L2  < 2  < 2  < 2  < 5  < 5  < 5  8.0  < 2  < 2  < 2  < 2 

Fluoride  mg/L  2.92  2.76  2.88  2.88  2.86  2.65  2.69  2.51  2.23  2.39  2.35 

Nitrate 
as N 
mg/L3  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite 
as N 
mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  13  13  12  14  14  21  22  42  41  40  38 

METALS AND METALLOIDS 

Aluminum  mg/L  0.16  0.14  0.11  0.03  0.03  0.11  0.11  0.13  0.14  0.12  0.18 

Antimony  mg/L  0.0004  0.0003  0.0003  0.0005  0.0004  0.0004  0.0005  0.0004  0.0004  0.0004  0.0003 

Arsenic  mg/L  0.0040  0.0012  0.0008  0.0020  0.0019  0.0010  0.0007  0.0037  0.0029  0.0032  0.0037 

Barium  mg/L  0.0265  0.0281  0.0350  0.00800  0.00806  0.0162  0.0256  0.0145  0.0151  0.0145  0.0157 

Beryllium  mg/L  0.000007  < 0.000007  0.000007  0.000026  0.000028  0.000081  0.000090  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Bismuth  mg/L  < 0.000007  0.000009  < 0.000007  0.000007  < 0.000007  < 0.000007  < 0.000007  0.000018  0.000012  0.000015  0.000012 

Boron  mg/L  0.031  0.041  0.051  0.037  0.026  0.028  0.041  0.020  0.065  0.019  0.018 

Cadmium  mg/L  0.000120  0.000112  0.000109  0.000061  0.000062  0.000068  0.000085  0.000165  0.000144  0.000134  0.000145 

Calcium  mg/L  1.86  2.46  2.39  2.48  2.65  3.65  4.02  19.7  19.5  20.3  19.0 

Chromium  mg/L  0.0349  0.0358  0.0323  0.0264  0.0283  0.0332  0.0334  0.0257  0.0100  0.00512  0.0184 

Cobalt  mg/L  0.000019  0.000012  0.000011  0.000018  0.000008  0.000029  0.000017  0.000014  0.000012  0.000007  0.000006 

Copper  mg/L  0.005  0.005  < 0.003  < 0.003  0.004  < 0.003  0.004  < 0.003  < 0.003  < 0.003  < 0.003 

Iron  mg/L  0.018  0.011  0.012  < 0.002  < 0.002  0.003  0.003  0.022  0.018  0.020  0.014 

Lead  mg/L  0.00004  0.00011  0.00007  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00005  0.00007  0.00003  0.00003 

Lithium  mg/L  0.000057  0.000055  0.000057  0.000021  0.000021  0.000019  0.000027  0.00234  0.00199  0.00221  0.00251 

Magnesium  mg/L  1.00  0.840  1.06  0.506  0.506  0.705  0.810  0.312  0.138  0.167  0.305 
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Table 4.2‐10 (Cont.): Composition of NAG leachates for scavenger tailings generated from 2014 Resolution master ore composites from 
borehole RES‐031.  Adapted from Table 5 and Appendix B in SGS (2015b). 

Parameter  Unit 
LCT‐1 
Comb 

Cu Ro Tls 

LCT‐2 
Comb 

Py Sc Tls 

LCT‐2‐21 
Comb 

Py Sc Tls 

LCT‐3 
Comb 

Cu Ro Tls 

LCT‐3‐2 
Comb 

Cu Ro Tls 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐4‐2 
Comb 

Py Sc Tls 

LCT‐5 
Comb 

Cu Ro Tls 

LCT‐5‐2 
Comb 

Cu Ro Tls 

LCT‐6 
Comb 

Py Sc Tls 

LCT‐6‐2 
Comb 

Py Sc Tls 

Hole no. – MC no.     Hole 31 ‐ 
MC3 

Hole 31 ‐ 
MC3 

Hole 31 ‐ MC3 
(LCT‐2 DUP) 

Hole 31 ‐ 
MC1 

Hole 31 ‐ MC1 
(LCT‐3 DUP) 

Hole 31 ‐ 
MC1 

Hole 31 ‐ MC1 
(LCT‐4 DUP) 

Hole 31 ‐ 
MC2 

Hole 31 ‐ MC2 
(LCT‐5 DUP) 

Hole 31 ‐ 
MC2 

Hole 31 ‐ MC2 
(LCT‐6 DUP) 

Flowsheet     Bulk  Selective  Selective  Bulk  Bulk  Selective  Selective  Bulk  Bulk  Selective  Selective 

METALS AND METALLOIDS (CONT.) 

Manganese  mg/L  0.00147  0.00100  0.00123  0.00755  0.00868  0.0234  0.0320  0.00073  0.00046  0.00050  0.00073 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.425  0.396  0.367  0.205  0.218  0.201  0.227  0.576  0.444  0.444  0.541 

Nickel  mg/L  0.0003  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0001  0.0002  0.0002  0.0002 

Potassium  mg/L  17.2  15.6  15.1  15.7  15.8  16.2  21.2  18.4  16.5  17.2  16.8 

Selenium  mg/L  0.003  0.004  0.004  0.003  0.003  0.004  0.004  0.007  0.006  0.006  0.007 

Silicon  mg/L  16.7  16.1  16.8  19.7  19.9  20.6  19.7  11.1  10.7  11.3  10.6 

Silver  mg/L  0.000006  0.000009  0.000013  0.000017  0.000026  0.000036  0.000047  0.000005  0.000006  0.000003  0.000004 

Sodium  mg/L  0.95  0.79  0.42  0.55  1.02  0.68  0.77  0.55  0.65  0.59  0.56 

Strontium  mg/L  0.0175  0.0179  0.0211  0.0481  0.0520  0.0621  0.0729  0.0701  0.0713  0.0678  0.0694 

Thallium  mg/L  0.000023  0.000016  0.000019  0.000036  0.000035  0.000049  0.000058  0.000025  0.000030  0.000031  0.000034 

Thorium  mg/L  0.00004  0.00003  0.00001  0.00001  0.00001  0.00001  < 0.00001  0.00001  < 0.00001  0.00001  < 0.00001 

Tin  mg/L  0.00026  0.00024  0.00024  0.00011  0.00007  0.00008  0.00006  0.00014  0.00011  0.00011  0.00009 

Titanium  mg/L  0.00697  0.00662  0.00422  0.00130  0.00107  0.00099  0.00087  0.00067  0.00081  0.00070  0.00071 

Tungsten  mg/L  0.00534  0.00510  0.00568  0.0150  0.0154  0.0143  0.0149  0.0126  0.0122  0.0116  0.0125 

Uranium  mg/L  0.000127  0.000087  0.000084  0.000065  0.000076  0.000043  0.000038  0.000034  0.000020  0.000026  0.000039 

Vanadium  mg/L  0.0555  0.0508  0.0483  0.0419  0.0391  0.0413  0.0409  0.0513  0.0451  0.0450  0.0452 

Yttrium  mg/L  0.000006  0.000003  0.000004  0.000002  < 0.000002  < 0.000002  0.000002  0.000004  0.000007  0.000005  0.000003 

Zinc  mg/L  0.001  0.001  0.003  < 0.001  < 0.001  < 0.001  0.001  0.001  0.001  < 0.001  < 0.001 

 
1DUP = Duplicate sample for quality control purposes 
2mg/L = milligrams per liter 
3As N mg/L = as nitrogen in milligrams per liter 
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Table 4.3‐1:  Acid base accounting results for scavenger tailings generated from 2014 pilot plant testing.  
Adapted from Table 7 in SGS (2016a). 

Parameter  Unit 
P3 Bulk  
Ro Tls 

P3‐2 Bulk 
Ro Tls 

P4 Bulk 
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

Circuit/Day    
Bulk 
Day 3 

Bulk 
Day 3  
(DUP) 

Bulk 
Day 4 

Bulk 
Day 6 

Bulk 
Day 7 

Bulk 
Day 8 

Bulk 
Day 8 
(DUP) 

Paste pH 
standard 
units  7.21  7.15  7.49  7.90  7.84  7.97  7.99 

Total Sulfur 
weight 
percent  0.189  0.204  0.216  0.139  0.182  0.190  0.176 

Sulfate Sulfur 
weight 
percent  0.07  0.06  0.06  0.06  0.05  0.08  0.06 

Sulfide Sulfur 
weight 
percent  0.12  0.14  0.16  0.08  0.13  0.11  0.12 

Total Inorganic 
Carbon 

weight 
percent  0.030  0.029  0.035  0.039  0.038  0.041  0.036 

Carbonate 
weight 
percent  0.040  0.030  0.060  0.060  0.080  0.065  0.070 

AGP  T CaCO3/kT  3.75  4.38  5.00  2.50  4.06  3.44  3.75 

Bulk ANP  T CaCO3/kT  6.2  6.1  6.8  7.3  7.8  7.7  7.0 

Carbonate ANP  T CaCO3/kT  0.66  0.50  1.00  1.00  1.33  1.08  1.16 

Bulk NPR  ratio  1.65  1.39  1.36  2.92  1.92  2.24  1.87 

Bulk NNP  T CaCO3/kT  2.45  1.72  1.80  4.80  3.74  4.26  3.25 

Carbonate NPR  ratio  0.18  0.11  0.20  0.40  0.33  0.31  0.31 

Carbonate NNP  T CaCO3/kT  ‐3.09  ‐3.88  ‐4.00  ‐1.50  ‐2.73  ‐2.36  ‐2.59 
 

1DUP = Duplicate sample for quality control purposes 
2T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 
3Measured in ABA test 
4Theoretical, based on carbonate content alone 
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Table 4.3‐2:  Acid base accounting results for high‐sulfide tailings generated from 2014 pilot plant 
testing.  Adapted from Table 8 in SGS (2016a). 

Parameter  Unit 
P3 Bulk  
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High  
Pyrite Tls 

P8 Comb  
HP Tls 

Circuit/Day    
Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Paste pH 
standard 
units  7.12  5.00  4.97  7.28  6.72  7.24 

Total Sulfur 
weight 
percent  21.8  23.2  23.6  16.3  12.5  17.1 

Sulfate Sulfur 
weight 
percent  0.38  0.61  0.71  *0.2  0.12  *0.2 

Sulfide Sulfur 
weight 
percent  21.4  22.6  22.9  16.2  12.4  17.0 

Total Inorganic 
Carbon 

weight 
percent  0.061  0.033  0.032  0.058  0.036  0.044 

Carbonate 
weight 
percent  0.050  0.025  0.020  0.050  0.045  0.040 

AGP  T CaCO3/kT  669  706  716  506  388  530 

Bulk ANP  T CaCO3/kT  9.1  4.1  3.7  9.9  8.1  9.1 

Carbonate ANP  T CaCO3/kT  0.83  0.42  0.33  0.83  0.75  0.66 

Bulk NPR  ratio  0.01  0.01  0.01  0.02  0.02  0.02 

Bulk NNP  T CaCO3/kT  ‐659.65  ‐702.15  ‐711.92  ‐495.72  ‐379.40  ‐520.90 

Carbonate NPR  ratio  0.001  0.001  0.000  0.002  0.002  0.001 

Carbonate NNP  T CaCO3/kT  ‐668  ‐707  ‐714  ‐505  ‐385  ‐529 
 

1DUP = Duplicate sample for quality control purposes 
2T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 
3Measured in ABA test 
4Theoretical, based on carbonate content alone 
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Table 4.3‐3:  Net acid generation testing results for scavenger and high‐sulfide tailings generated from 
2014 pilot plant testing.  Adapted from Tables 7 and 8 in SGS (2016a). 

Sample ID  Circuit/Day 
Tailings 
Type 

Final pH  NAG (pH 4.5)  NAG (pH 7.0) 

        
standard 
units  kg H2SO4/T1  kg H2SO4/T 

P3 Bulk Ro Tls 
Bulk 
Day 3 

Scavenger  5.27  0  1.4 

P3‐2 Bulk Ro Tls 
Bulk 
Day 3 
(DUP)2 

Scavenger  4.95  0  1.9 

P4 Bulk Ro Tls 
Bulk 
Day 4 

Scavenger  4.74  0  2.0 

P6 Py Ro Tls 
Selective 
Day 6 

Scavenger  6.69  0  0.4 

P7 Py Ro Tls 
Selective 
Day 7 

Scavenger  5.59  0  1.0 

P8 Py Ro Tls 
Selective 
Day 8 

Scavenger  5.79  0  0.6 

P8‐2 Py Ro Tls 
Selective 
Day 8  
(DUP) 

Scavenger  5.79  0  0.9 

P3 Bulk Cl Scav Tls 
Bulk 
Day 3 

High‐Sulfide  2.49  27  63 

P4 Bulk Cl Scav Tls 
Bulk 
Day 4 

High‐Sulfide  2.26  52  91 

P4‐2 Bulk Cl Scav Tls 
Bulk 
Day 4 
(DUP) 

High‐Sulfide  2.21  54  88 

P6 Comb HP Tls 
Selective 
Day 6 

High‐Sulfide  2.60  24  60 

P7 High Pyrite Tls 
Selective 
Day 7 

High‐Sulfide  2.38  33  63 

P8 Comb HP Tls 
Selective 
Day 8 

High‐Sulfide  2.41  35  63 

 

1kg H2SO4/T = Kilograms of equivalent sulfuric acid per ton of tailings 
2DUP = Duplicate sample for quality control purposes 
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Table 4.3‐4:  Net acid generation testing leachate compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing. Adapted from Tables 7 and 8 in SGS (2016a). 

Parameter  Unit 
P3 Bulk  
Ro Tls 

P3‐2 Bulk  
Ro Tls 

P4 Bulk  
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

P3 Bulk 
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High 
Pyrite Tls 

P8 Comb 
HP Tls 

Circuit/Day    Bulk 
Day 3 

Bulk 
Day 3  
(DUP)1 

Bulk 
Day 4 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Selective 
Day 8 
(DUP) 

Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Tailings Type    Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger 
High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

pH AND ANIONS 

pH 
standard 
units  5.46  5.47  4.90  5.69  5.37  5.65  5.76  2.48  2.21  2.33  2.48  2.35  2.31 

Chloride  mg/L2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  3.10  3.00  3.10  2.70  2.69  2.54  2.80  3.54  3.61  3.58  4.18  3.84  5.48 

Nitrate  as N mg/L3  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6  < 0.6 

Nitrite  as N mg/L  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3  < 0.3 

Sulfate  mg/L  54  51  59  32  48  47  50  760  1200  1200  690  730  840 

METALS AND METALLOIDS 

Aluminum  mg/L  1.54  1.68  1.91  0.03  1.00  0.63  0.72  9.45  13.5  13.5  10.1  11.6  14.7 

Antimony  mg/L  0.0002  0.0002  0.0002  0.0003  0.0002  0.0002  < 0.0002  < 0.0002  < 0.0002  0.0002  0.0002  < 0.0002  0.0002 

Arsenic  mg/L  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0019  0.0043  0.0048  0.0027  0.002  0.0036 

Barium  mg/L  0.0885  0.0775  0.107  0.0496  0.0795  0.0905  0.0937  0.0686  0.0688  0.0681  0.0728  0.0759  0.0758 

Beryllium  mg/L  0.000850  0.000891  0.000867  0.000026  0.000615  0.000525  0.000600  0.00199  0.00190  0.00183  0.00287  0.00186  0.00291 

Bismuth  mg/L  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  0.000029  0.000025  0.000008  < 0.000007  0.000016 

Boron  mg/L  0.033  0.029  0.118  0.047  0.069  0.063  0.098  0.228  0.307  0.299  0.079  0.286  0.409 

Cadmium  mg/L  0.00124  0.00133  0.00131  0.000180  0.000965  0.000863  0.000831  0.00484  0.00305  0.00273  0.00479  0.00298  0.00277 

Calcium  mg/L  11.9  11.4  12.1  9.55  12.2  12.2  12.9  35.0  33.2  33.2  26.8  25.0  33.7 

Chromium  mg/L  0.0228  0.0215  0.0136  0.0251  0.0191  0.0218  0.0216  0.0232  0.0678  0.0719  0.00875  0.0341  0.0367 

Cobalt  mg/L  0.0123  0.0133  0.0139  0.000131  0.00961  0.00617  0.00644  0.221  0.306  0.317  0.214  0.199  0.272 

Copper  mg/L  0.955  1.50  2.64  0.006  0.556  0.170  0.172  56.4  26.3  26.6  65.5  22.7  32.8 

Iron  mg/L  < 0.002  < 0.002  < 0.002  0.002  0.004  < 0.002  0.004  152  306  310  143  125  232 

Lead  mg/L  < 0.00001  0.00004  0.00002  0.00014  < 0.00001  0.00001  0.00009  0.00933  0.00416  0.00401  0.00197  0.0012  0.0031 

Lithium  mg/L  0.00297  0.00274  0.00284  0.00053  0.00224  0.00203  0.00209  0.00565  0.00600  0.00573  0.00827  0.00559  0.00925 

Magnesium  mg/L  2.60  2.24  2.32  1.76  2.25  2.50  2.64  7.88  10.1  9.94  6.95  9.13  10.1 

Manganese  mg/L  0.576  0.541  0.584  0.0778  0.553  0.518  0.551  0.870  0.848  0.827  0.624  0.925  0.659 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.0140  0.0148  0.0137  0.269  0.0424  0.0643  0.0465  0.00280  0.00232  0.00192  0.00122  0.00073  0.00134 

Nickel  mg/L  0.0168  0.0205  0.0193  0.0002  0.0124  0.0056  0.0057  0.202  0.253  0.261  0.153  0.174  0.200 

Potassium  mg/L  10.4  8.82  8.96  8.41  8.36  9.10  9.56  17.2  18.7  18.5  18.5  19.4  20.8 

Selenium  mg/L  0.010  0.009  0.010  0.005  0.007  0.007  0.007  0.012  0.040  0.040  0.017  0.026  0.025 

Silicon  mg/L  9.78  7.56  7.03  6.79  6.48  8.49  8.93  18.9  22.6  22.6  17.4  21.3  22.9 

Silver  mg/L  0.000616  0.00105  0.000877  0.000076  0.000252  0.000256  0.000247  0.000094  0.000701  0.000743  0.000018  0.00211  0.000732 

Sodium  mg/L  0.47  0.41  0.43  0.40  0.40  0.53  0.55  0.54  0.68  0.57  0.73  0.68  0.96 

Strontium  mg/L  0.0581  0.0518  0.0545  0.0491  0.0508  0.0546  0.0551  0.0995  0.0958  0.0954  0.0737  0.0895  0.0823 

Thallium  mg/L  0.000065  0.000084  0.000088  0.000046  0.000070  0.000062  0.000067  0.000497  0.000517  0.000488  0.000554  0.000460  0.000562 
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Table 4.3‐4 (Cont.):  Net acid generation testing leachate compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing. Adapted from Tables 7 and 8 in SGS (2016a). 

Parameter  Unit 
P3 Bulk  
Ro Tls 

P3‐2 Bulk  
Ro Tls 

P4 Bulk  
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

P3 Bulk 
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High 
Pyrite Tls 

P8 Comb 
HP Tls 

Circuit/Day    Bulk 
Day 3 

Bulk 
Day 3  
(DUP) 

Bulk 
Day 4 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Selective 
Day 8 
(DUP) 

Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Tailings 
Type 

  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger 
High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

High‐
sulfide 

METALS AND METALLOIDS (CONT.) 

Thorium  mg/L  0.00015  0.00002  0.00007  0.00005  0.00003  0.00002  0.00002  0.00020  0.00031  0.00027  0.00014  0.00013  0.00021 

Tin  mg/L  0.00007  0.00011  0.00010  0.00006  0.00008  0.00012  0.00012  0.00015  0.00015  0.00014  0.00009  0.00009  0.00020 

Titanium  mg/L  0.00090  0.00017  0.00032  0.00037  0.00024  0.00021  0.00021  0.00240  0.00513  0.00519  0.00133  0.00286  0.00316 

Tungsten  mg/L  < 0.00002  < 0.00002  < 0.00002  0.00053  < 0.00002  < 0.00002  < 0.00002  < 0.00002  0.00003  0.00002  0.00002  0.00011  0.00002 

Uranium  mg/L  0.000051  0.000084  0.000099  0.000005  0.000029  0.000015  0.000019  0.00279  0.00294  0.00273  0.00289  0.00227  0.00311 

Vanadium  mg/L  0.00071  0.00080  0.00044  0.00088  0.00099  0.00209  0.00106  0.00592  0.0178  0.0175  0.00388  0.00477  0.00878 

Yttrium  mg/L  0.000163  0.000227  0.000306  0.000003  0.000108  0.000062  0.000077  0.0224  0.0350  0.0354  0.0236  0.0257  0.0355 

Zinc  mg/L  0.118  0.121  0.164  0.003  0.083  0.046  0.044  0.475  0.447  0.448  0.843  0.532  0.472 
 

1DUP = Duplicate sample for quality control purposes 
2mg/L = milligrams per liter 
3As N mg/L = as nitrogen in milligrams per liter 
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Table 4.3‐5:  Synthetic Precipitation Leaching Procedure (SPLP) leachate compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing.  Adapted from Tables 5 and 6 in SGS (2016a). 

Parameter  Unit 
P3 Bulk  
Ro Tls 

P3‐2 Bulk  
Ro Tls 

P4 Bulk  
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

P3 Bulk 
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High 
Pyrite Tls 

P8 Comb 
HP Tls 

Circuit/Day    Bulk 
Day 3 

Bulk 
Day 3  
(DUP)1 

Bulk 
Day 4 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Selective 
Day 8 
(DUP) 

Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Tailings Type    Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger 
High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

pH AND ANIONS 

pH 
standard 
units  7.45  7.36  8.83  9.26  9.00  8.70  9.00  8.87  8.27  8.87  7.85  8.92  7.95 

Chloride  mg/L2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  2.64  2.48  1.33  0.60  1.36  0.61  0.69  0.63  0.92  0.86  0.67  0.90  0.66 

METALS AND METALLOIDS 

Aluminum  mg/L  0.0131  0.0204  0.0874  0.168  0.0291  0.219  0.0529  0.0293  0.0103  0.0158  0.0140  0.0196  0.0233 

Antimony  mg/L  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0002 

Arsenic  mg/L  < 0.0002  0.0004  < 0.0002  0.0002  0.0004  0.0004  < 0.0002  0.0006  < 0.0002  0.0002  < 0.0002  0.0002  0.0010 

Barium  mg/L  0.0193  0.0177  0.0169  0.0128  0.0104  0.0122  0.0109  0.0206  0.0245  0.0233  0.0133  0.0165  0.0124 

Beryllium  mg/L  0.000040  0.000027  < 0.000007  0.000012  < 0.000007  0.000018  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.00007  < 0.000007  < 0.00007 

Bismuth  mg/L  < 0.000007  < 0.000007  0.000011  0.000018  0.000008  0.000027  < 0.000007  0.000014  0.000007  < 0.000007  < 0.00007  < 0.000007  < 0.00007 

Boron  mg/L  0.0339  0.0290  0.0492  0.0474  0.0444  0.0380  0.0437  0.0354  0.0370  0.0313  0.0306  0.0355  0.0330 

Cadmium  mg/L  0.000123  0.000084  0.000023  0.000009  0.000005  0.000008  0.000003  0.000012  0.000027  0.000027  0.000011  0.000016  0.000061 

Calcium  mg/L  22.7  21.8  18.0  16.8  18.9  18.3  18.5  37.5  53.4  54.5  29.1  27.3  27.4 

Chromium  mg/L  0.00052  0.00069  0.00069  0.00104  0.00064  0.00113  0.00065  0.00063  0.00049  0.00056  0.00009  0.00079  0.00016 

Cobalt  mg/L  0.00858  0.00647  0.00158  0.000198  0.000189  0.000230  0.000213  0.000366  0.00333  0.00265  0.000539  0.00156  0.000281 

Copper  mg/L  0.00119  0.00143  0.00601  0.00703  0.00101  0.00954  0.00137  0.0292  0.00363  0.00539  0.0190  0.00284  0.0202 

Iron  mg/L  < 0.002  0.006  0.059  0.131  0.008  0.010  0.007  0.011  0.004  0.004  0.005  0.012  0.004 

Lead  mg/L  0.00002  0.00004  0.00012  0.00019  0.00003  0.00026  0.00005  0.00009  0.00008  0.00002  0.00029  0.00003  0.00011 

Lithium  mg/L  0.00131  0.00119  0.00120  0.00087  0.00082  0.00079  0.00072  0.00192  0.00223  0.00212  0.00154  0.00151  0.00154 

Magnesium  mg/L  2.17  1.96  1.26  0.790  0.947  0.810  0.756  1.55  2.34  2.49  1.00  1.29  0.758 

Manganese  mg/L  0.619  0.519  0.212  0.0170  0.0449  0.0181  0.0149  0.0079  0.112  0.0665  0.0600  0.141  0.0273 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00006  0.00001  0.00002  0.00007  < 0.00001  0.00002 

Molybdenum  mg/L  0.00165  0.00164  0.00494  0.00574  0.00434  0.00577  0.00559  0.0192  0.00878  0.00871  0.00840  0.00845  0.0117 

Nickel  mg/L  0.0142  0.0092  0.0034  < 0.0001  0.0020  0.0037  0.0009  0.0019  0.0023  0.0012  0.0003  0.0035  0.0002 

Phosphorus  mg/L  < 0.003  0.004  0.004  0.007  0.004  0.007  < 0.003  0.004  < 0.003  0.004  0.005  < 0.003  0.007 

Potassium  mg/L  4.88  4.26  4.30  3.12  2.91  3.16  3.07  4.73  5.16  5.22  3.92  4.66  4.16 

Selenium  mg/L  0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.003  0.004  0.004  0.002  0.002  0.003 

Silicon  mg/L  1.18  1.06  1.21  1.08  0.80  1.02  0.87  1.18  1.11  1.12  1.13  0.98  1.00 

Silver  mg/L  0.000002  0.000003  0.000015  0.000009  0.000005  0.000006  0.000002  0.000269  0.000006  0.000029  0.000086  0.000007  0.000193 

Sodium  mg/L  6.93  9.40  8.45  9.95  9.31  8.37  8.26  7.57  7.30  9.13  4.05  8.61  4.44 

Strontium  mg/L  0.0966  0.0885  0.0826  0.0700  0.0700  0.0769  0.0714  0.114  0.126  0.129  0.0889  0.0987  0.0803 

Thallium  mg/L  0.000019  0.000012  0.000006  < 0.000005  < 0.000005  < 0.000005  < 0.000005  0.000012  0.000017  0.000012  < 0.00007  0.000016  < 0.00007 
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Table 4.3‐5 (Cont.):  Synthetic Precipitation Leaching Procedure (SPLP) leachate compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing.  Adapted from Tables 5 and 6 in SGS (2016a). 

Parameter  Unit 
P3 Bulk  
Ro Tls 

P3‐2 Bulk  
Ro Tls 

P4 Bulk  
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

P3 Bulk 
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High 
Pyrite Tls 

P8 Comb 
HP Tls 

Circuit/Day    Bulk 
Day 3 

Bulk 
Day 3  
(DUP)1 

Bulk 
Day 4 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Selective 
Day 8 
(DUP) 

Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Tailings Type    Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger 
High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

METALS AND METALLOIDS (CONT.) 

Thorium  mg/L2  < 0.00001  < 0.00001  0.00001  < 0.00001  < 0.00001  0.00003  < 0.00001  0.00003  < 0.00001  < 0.00001  0.00001  < 0.00001  < 0.00001 

Tin  mg/L  0.00007  0.00006  0.00009  0.00014  0.00005  0.00014  0.00012  0.00009  0.00010  0.00008  0.00004  0.00033  0.00005 

Titanium  mg/L  0.00082  0.00035  0.00229  0.00395  0.00152  0.00625  0.00094  0.00033  0.00016  0.00015  0.00006  0.00035  0.00023 

Tungsten  mg/L  0.00004  0.00007  0.00018  0.00029  0.00021  0.00067  0.00034  0.00159  0.00031  0.00021  0.00069  0.00046  0.00076 

Uranium  mg/L  0.000004  0.000003  0.000011  0.000016  0.000006  0.000024  0.000010  0.000009  0.000029  0.000036  0.000006  0.000007  0.000062 

Vanadium  mg/L  0.00005  0.00010  0.00040  0.00067  0.00016  0.00072  0.00017  0.00016  0.00008  0.00008  0.00003  0.00008  0.00007 

Yttrium  mg/L  0.000004  0.000005  0.000017  0.000042  0.000005  0.000197  0.000007  0.000025  0.000004  0.000005  0.000004  0.000007  0.000036 

Zinc  mg/L  0.001  < 0.001  0.001  < 0.001  0.001  0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.002 
 

 

1DUP = Duplicate sample for quality control purposes 
2mg/L = milligrams per liter 
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Table 4.3‐6:  Toxicity Characteristic Leaching Procedure (TCLP) leachate compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing.  Adapted from Tables 3 and 4 in SGS (2016a). 

Parameter  Unit 

TCLP 
Maximum 

Concentrations 
(EPA, 2016b) 

P3 Bulk  
Ro Tls 

P3‐2 Bulk  
Ro Tls 

P4 Bulk  
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

P3 Bulk 
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High 
Pyrite Tls 

P8 Comb  
HP Tls 

Circuit/Day      Bulk 
Day 3 

Bulk 
Day 3  
(DUP)1 

Bulk 
Day 4 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Selective 
Day 8 
(DUP) 

Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Tailings Type      Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger 
High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

pH AND ANIONS 

pH 
standard 
units  ‐‐  4.89  4.89  4.88  4.90  4.89  4.90  4.90  4.98  4.92  4.96  4.99  4.90  4.99 

Chloride  mg/L2  ‐‐  < 20  < 20  < 20  < 20  < 20  < 20  < 20  < 20  < 20  < 20  < 20  < 20  < 20 

Fluoride  mg/L  ‐‐  4.86  4.10  3.47  3.47  3.05  2.98  3.12  5.85  5.79  6.02  5.36  4.50  4.47 

METALS AND METALLOIDS 

Aluminum  mg/L  ‐‐  3.47  2.77  2.15  2.34  2.09  2.05  2.20  4.75  4.77  5.32  3.39  3.41  2.91 

Antimony  mg/L  ‐‐  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0002  0.0002  0.0003  < 0.0002  < 0.0002 

Arsenic  mg/L  5.0  0.0002  < 0.0002  0.0005  < 0.0002  < 0.0002  < 0.0002  0.0003  0.0003  0.0002  < 0.0002  0.0024  0.0002  0.0004 

Barium  mg/L  100.0  0.204  0.202  0.237  0.259  0.219  0.234  0.237  0.176  0.177  0.172  0.222  0.231  0.369 

Beryllium  mg/L  ‐‐  0.00277  0.00247  0.00204  0.00225  0.00201  0.00191  0.00200  0.00351  0.00300  0.00314  0.00323  0.00255  0.00275 

Bismuth  mg/L  ‐‐  0.000025  0.000011  0.000038  0.000010  0.000009  0.000052  0.000008  0.000049  0.000039  0.000034  0.000056  0.000063  0.000026 

Boron  mg/L  ‐‐  0.0193  0.0214  0.0248  0.0230  0.0222  0.0200  0.0229  0.0127  0.0189  0.0266  0.0169  0.0251  0.0162 

Cadmium  mg/L  1.0  0.00149  0.00111  0.000869  0.000824  0.000839  0.000683  0.000707  0.00235  0.00286  0.00297  0.00300  0.00188  0.00238 

Calcium  mg/L  ‐‐  39.0  38.9  37.9  43.3  44.2  45.0  45.8  118  83.0  87.8  56.4  46.9  52.7 

Chromium  mg/L  5.0  0.00416  0.00274  0.00394  0.00596  0.00522  0.00541  0.00545  0.00623  0.00461  0.00471  0.00354  0.00571  0.00351 

Cobalt  mg/L  ‐‐  0.0202  0.0142  0.00903  0.00814  0.00924  0.00761  0.00857  0.0963  0.0453  0.0509  0.0371  0.0230  0.0291 

Copper  mg/L  ‐‐  3.77  3.33  2.29  1.16  1.30  0.867  0.881  29.6  17.4  16.7  18.8  10.9  12.1 

Iron  mg/L  ‐‐  0.203  0.300  0.320  1.20  1.14  1.81  1.58  0.223  0.550  0.588  0.187  0.200  0.167 

Lead  mg/L  5.0  0.00108  0.00236  0.00212  0.00099  0.00090  0.00082  0.00374  0.0307  0.0180  0.0168  0.0349  0.00195  0.00551 

Lithium  mg/L  ‐‐  0.00271  0.00215  0.00166  0.00194  0.00172  0.00168  0.00187  0.00612  0.00457  0.00483  0.00320  0.00301  0.00322 

Magnesium  mg/L  ‐‐  5.67  5.65  5.43  5.48  6.48  6.33  6.32  8.10  7.06  7.56  5.35  5.44  5.14 

Manganese  mg/L  ‐‐  1.69  1.62  1.56  1.75  1.82  1.76  1.71  1.03  1.31  1.35  1.41  1.59  1.39 

Mercury  mg/L  0.2  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  ‐‐  0.00010  0.00006  0.00014  0.00013  0.00009  0.00013  0.00014  0.00018  0.00011  0.00011  0.00013  0.00013  0.00012 

Nickel  mg/L  ‐‐  0.0484  0.0288  0.0219  0.0251  0.0239  0.0237  0.0265  0.0454  0.0437  0.0495  0.0334  0.0490  0.0345 

Phosphorus  mg/L  ‐‐  0.006  0.004  0.006  0.006  0.003  0.003  0.008  < 0.003  0.005  < 0.003  0.007  0.004  0.005 

Potassium  mg/L  ‐‐  19.5  17.1  15.3  15.2  14.7  17.3  15.2  20.0  18.9  20.1  16.2  17.9  15.4 

Selenium  mg/L  1.0  0.001  0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.002  0.002  0.002  0.004  0.001  0.003 

Silicon  mg/L  ‐‐  3.92  3.14  2.50  2.62  2.72  2.48  2.69  7.34  7.68  8.97  4.93  3.92  4.78 

Silver  mg/L  5  0.000002  0.000002  0.000013  0.000003  0.000002  0.000002  0.000002  0.000006  0.000003  < 0.000002  0.000018  0.000005  0.000005 

Sodium  mg/L  ‐‐  1320  1400  1290  1320  1430  1320  1330  1470  1350  1420  1750  1290  1600 

Strontium  mg/L  ‐‐  0.174  0.155  0.144  0.151  0.142  0.147  0.148  0.280  0.212  0.223  0.177  0.183  0.172 

Thallium  mg/L  ‐‐  0.000183  0.000140  0.000121  0.000119  0.000114  0.000101  0.000118  0.000236  0.000239  0.000236  0.000193  0.000213  0.000175 
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Table 4.3‐6 (Cont.):  Toxicity Characteristic Leaching Procedure (TCLP) leachate compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing.  Adapted from Tables 3 and 4 in SGS (2016a). 

Parameter  Unit 

TCLP 
Maximum 

Concentrations 
(EPA, 2016b) 

P3 Bulk  
Ro Tls 

P3‐2 Bulk  
Ro Tls 

P4 Bulk  
Ro Tls 

P6 Py  
Ro Tls 

P7 Py  
Ro Tls 

P8 Py  
Ro Tls 

P8‐2 Py 
Ro Tls 

P3 Bulk 
Cl Scav 
Tls 

P4 Bulk 
Cl Scav 
Tls 

P4‐2 Bulk 
Cl Scav 
Tls 

P6 Comb 
HP Tls 

P7 High 
Pyrite Tls 

P8 Comb  
HP Tls 

Circuit/Day      Bulk 
Day 3 

Bulk 
Day 3  
(DUP)1 

Bulk 
Day 4 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Selective 
Day 8 
(DUP) 

Bulk 
Day 3 

Bulk 
Day 4 

Bulk 
Day 4  
(DUP) 

Selective 
Day 6 

Selective 
Day 7 

Selective 
Day 8 

Tailings Type      Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger  Scavenger 
High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

High‐
Sulfide 

METALS AND METALLOIDS (CONT.) 

Thorium  mg/L2  ‐‐  0.00002  0.00002  0.00003  0.00002  0.00002  0.00002  0.00002  0.00002  0.00003  0.00002  0.00003  0.00002  0.00002 

Tin  mg/L  ‐‐  0.00008  0.00005  0.00007  0.00007  0.00005  0.00008  0.00004  0.00003  0.00007  0.00008  0.00008  0.00023  0.00006 

Titanium  mg/L  ‐‐  0.00030  0.00018  0.00033  0.00020  0.00037  0.00026  0.00022  0.00033  0.00055  0.00097  0.00054  0.00025  0.00018 

Tungsten  mg/L  ‐‐  < 0.00002  < 0.00002  0.00002  < 0.00002  < 0.00002  0.00003  0.00012  0.00024  < 0.00002  < 0.00002  0.00003  0.00003  0.00002 

Uranium  mg/L  ‐‐  0.00132  0.00111  0.000741  0.000895  0.000932  0.000760  0.000793  0.00240  0.00176  0.00187  0.00155  0.00141  0.00136 

Vanadium  mg/L  ‐‐  0.00005  0.00003  0.00009  0.00004  0.00005  0.00004  0.00006  0.00003  0.00004  0.00005  0.00007  0.00004  0.00002 

Yttrium  mg/L  ‐‐  0.00257  0.00282  0.00303  0.00343  0.00384  0.00466  0.00428  0.00574  0.0151  0.0187  0.00702  0.00566  0.0103 

Zinc  mg/L  ‐‐  0.085  0.075  0.052  0.052  0.050  0.044  0.044  0.123  0.152  0.170  0.189  0.096  0.142 

 

1DUP = Duplicate sample for quality control purposes 
2mg/L = milligrams per liter 
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Table 4.3‐7:  Process water and makeup water compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing. 

Sample ID  Unit  KM4420‐ P1 
MORNING 
PROCESS 
WATER 

KM4420‐ P1 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P3 
MORNING 
PROCESS 
WATER 

KM4420‐ P3 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P4 
MORNING 
PROCESS 
WATER 

KM4420‐ P4 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P5 
MORNING 
PROCESS 
WATER 

KM4420‐ P5 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P6 
MORNING 
PROCESS 
WATER 

KM4420‐P6 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P6 
AFTERNOON 
PROCESS 
WATER 

(DUPLICATE) 

KM4420‐P7 
MORNING 
PROCESS 
WATER 

KM4420‐P7 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P8 
MORNING 
PROCESS 
WATER 

KM4420‐P8 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P8 
AFTERNOON 
PROCESS 
WATER 

(DUPLICATE) 

KM4420‐P6 
MAKEUP 
WATER 
(TAP) 

Laboratory Sample ID     L1542360‐1*  L1542360‐2  L1542360‐3  L1542360‐4*  L1542360‐5*  L1542360‐6*  L1542360‐7*  L1542360‐8*  L1542438‐5  L1542438‐2  L1542438‐4  L1542438‐3  L1543754‐1  L1543754‐2  L1543754‐3  L1543754‐4  L1542438‐1 

WATER QUALITY PARAMETERS 

Hardness (as CaCO3)1  mg/L2  43.5  ‐‐  ‐‐  175  183  219  222  245  248  173  175  182  241  233  294  299  42.7 

pH 
standard 
units  7.27  7.82  7.89  7.76  7.78  7.69  7.68  7.66  7.66  7.79  7.82  7.79  7.46  7.23  7.26  7.40  8.31 

Total Dissolved Solids  mg/L  81  77  186  307  318  390  396  373  440  315  321  330  447  420  564  535  74 

ANIONS 

Acidity (as CaCO3)  mg/L  3.4  2.6  3.1  3.5  3.4  3.8  3.8  3.7  3.0  2.5  2.5  2.5  2.1  2.7  2.8  2.2  <1.0 

Alkalinity, Bicarbonate (as CaCO3)  mg/L  45.3  39.9  47.2  39.9  39.2  35.5  37.7  30.0  33.6  29.5  34.6  36.1  27.1  23.3  25.2  26.7  37.0 

Alkalinity, Carbonate (as CaCO3)  mg/L  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0 

Alkalinity, Hydroxide (as CaCO3)  mg/L  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0  <1.0 

Alkalinity, Total (as CaCO3)  mg/L  45.3  39.9  47.2  39.9  39.2  35.5  37.7  30.0  33.6  29.5  34.6  36.1  27.1  23.3  25.2  26.7  37.0 

Bromide  mg/L  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.050  <0.25  <0.25  <0.050 

Chloride  mg/L  3.67  3.64  4.46  5.31  5.32  5.94  5.97  6.40  6.39  5.60  5.74  6.00  6.84  6.66  7.7  7.6  3.83 

Fluoride  mg/L  0.057  0.056  0.625  1.20  1.21  1.56  1.56  1.75  1.67  1.21  1.22  1.26  1.99  1.84  2.43  2.41  0.054 

Nitrate and Nitrite (as N)3  mg/L  0.0098  0.0084  <0.0051  <0.0051  <0.0051  <0.0051  <0.0051  <0.0051  <0.0051  <0.0051  0.0256  0.0216  0.0269  0.0105  <0.025  <0.025  0.0224 

Nitrate (as N)  mg/L  0.0098  0.0084  <0.0050  <0.0050  <0.0050  <0.0050  <0.0050  <0.0050  <0.0050  <0.0050  0.0196  0.0164  0.0221  0.0068  <0.025  <0.025  0.0224 

Nitrite (as N)  mg/L  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  0.0060  0.0052  0.0048  0.0037  0.0060  <0.0050  <0.0010 

Sulfate  mg/L  7.78  7.07  82.7  166  172  223  224  254  253  170  174  177  245  236  315  311  5.90 

ORGANIC AND INORGANIC CARBON 

Dissolved Inorganic Carbon  mg/L  8.85  ‐‐  ‐‐  9.22  9.26  8.29  9.17  8.83  9.43  8.20  43.5  8.76  6.0  4.9  5.9  5.8  8.39 

Dissolved Organic Carbon  mg/L  1.63  ‐‐  ‐‐  5.00  5.08  7.63  7.28  9.02  7.9  8.6  8.0  8.3  7.73  14.0  20.8  21.2  2.90 

Total Inorganic Carbon  mg/L  9.30  ‐‐  ‐‐  8.72  9.39  7.87  8.86  8.65  9.11  8.31  44.1  9.04  5.9  4.5  5.5  5.3  8.36 

Total Organic Carbon  mg/L  1.53  ‐‐  ‐‐  4.98  5.39  8.36  7.81  9.89  8.1  7.9  8.2  8.7  7.85  13.9  20.6  20.8  2.90 

TOTAL METALS 

Aluminum  mg/L  0.0182  ‐‐  ‐‐  0.261  0.451  0.748  0.745  1.00  0.140  0.396  0.234  0.492  0.541  0.262  0.298  0.247  0.0199 

Antimony  mg/L  0.00063  ‐‐  ‐‐  <0.00050  0.00056  <0.00050  0.00054  0.00060  0.00075  0.00054  <0.00050  0.00069  0.00071  0.00072  0.00058  0.00057  <0.00050 

Arsenic  mg/L  0.00311  ‐‐  ‐‐  0.00164  0.00283  0.00141  0.00277  0.00222  0.00180  0.00229  0.00155  0.00342  0.00218  0.00172  0.00109  0.00109  <0.00050 

Barium  mg/L  <0.020  ‐‐  ‐‐  <0.020  0.022  <0.020  0.021  0.021  0.020  <0.020  <0.020  <0.020  <0.020  <0.020  <0.020  <0.020  <0.020 

Beryllium  mg/L  <0.0010  ‐‐  ‐‐  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010 

Bismuth  mg/L  <0.20  ‐‐  ‐‐  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20 

Boron  mg/L  <0.10  ‐‐  ‐‐  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10 

Cadmium  mg/L  0.000122  ‐‐  ‐‐  0.000139  0.000303  0.000144  0.000305  0.000246  0.000495  0.000163  0.000125  0.000264  0.000178  0.000196  0.000139  0.000149  <0.000010 

Calcium  mg/L  15.2  ‐‐  ‐‐  64.0  66.7  77.3  76.3  88.8  86.9  65.1  64.3  66.7  87.7  86.8  106  107  14.2 

Chromium  mg/L  <0.0010  ‐‐  ‐‐  <0.0010  0.0014  0.0019  0.0021  0.0024  <0.0010  0.0015  0.0010  0.0021  0.0020  0.0011  <0.0010  0.0010  <0.0010 

Cobalt  mg/L  <0.00030  ‐‐  ‐‐  0.00039  0.00073  0.00074  0.00097  0.00090  0.00076  0.00056  0.00037  0.00079  0.00073  0.00041  0.00038  0.00037  <0.00030 

Copper  mg/L  0.0174  ‐‐  ‐‐  0.0255  0.0539  0.0624  0.0671  0.103  0.0186  0.0617  0.0424  0.109  0.124  0.0414  0.0320  0.0347  0.0094 

Iron  mg/L  0.046  ‐‐  ‐‐  0.275  0.644  0.721  0.970  0.951  0.182  0.574  0.268  0.820  0.786  0.310  0.260  0.243  0.045 
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Table 4.3‐7 (Cont.):  Process water and makeup water compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing. 

Sample ID  Unit 
KM4420‐ P1 
MORNING 
PROCESS 
WATER 

KM4420‐ P1 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P3 
MORNING 
PROCESS 
WATER 

KM4420‐ P3 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P4 
MORNING 
PROCESS 
WATER 

KM4420‐ P4 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P5 
MORNING 
PROCESS 
WATER 

KM4420‐ P5 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P6 
MORNING 
PROCESS 
WATER 

KM4420‐P6 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P6 
AFTERNOON 
PROCESS 
WATER 

(DUPLICATE) 

KM4420‐P7 
MORNING 
PROCESS 
WATER 

KM4420‐P7 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P8 
MORNING 
PROCESS 
WATER 

KM4420‐P8 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P8 
AFTERNOON 
PROCESS 
WATER 

(DUPLICATE) 

KM4420‐P6 
MAKEUP 
WATER 
(TAP) 

Laboratory Sample ID     L1542360‐1*  L1542360‐2  L1542360‐3  L1542360‐4*  L1542360‐5*  L1542360‐6*  L1542360‐7*  L1542360‐8*  L1542438‐5  L1542438‐2  L1542438‐4  L1542438‐3  L1543754‐1  L1543754‐2  L1543754‐3  L1543754‐4  L1542438‐1 

TOTAL METALS (CONT.) 

Lead  mg/L  0.00929  ‐‐  ‐‐  0.00492  0.0218  0.00687  0.0185  0.0148  0.00818  0.0164  0.00929  0.0271  0.0112  0.00846  0.00369  0.00354  <0.00050 

Lithium  mg/L  <0.0050  ‐‐  ‐‐  <0.0050  <0.0050  0.0061  0.0062  0.0064  0.0058  <0.0050  <0.0050  <0.0050  0.0055  0.0055  0.0070  0.0067  <0.0050 

Magnesium  mg/L  1.90  ‐‐  ‐‐  4.68  4.88  5.49  5.54  5.21  4.46  3.36  3.18  3.56  3.49  3.29  4.17  4.18  1.77 

Manganese  mg/L  0.00794  ‐‐  ‐‐  0.141  0.153  0.174  0.184  0.170  0.195  0.0983  0.0918  0.115  0.0794  0.0809  0.0819  0.0831  0.00166 

Mercury  mg/L  0.000024  ‐‐  ‐‐  0.000038  0.000147  0.000059  0.000092  <0.000010  <0.000010  <0.000010  <0.000010  <0.000010  0.000012  <0.000010  <0.000010  <0.000010  <0.000010 

Molybdenum  mg/L  0.0012  ‐‐  ‐‐  0.0273  0.0270  0.0373  0.0357  0.0551  0.0519  0.0451  0.0454  0.0462  0.0824  0.0759  0.0802  0.0787  <0.0010 

Nickel  mg/L  0.0015  ‐‐  ‐‐  0.0028  0.0045  0.0039  0.0057  0.0041  0.0043  0.0028  0.0025  0.0048  0.0047  0.0023  0.0019  0.0019  <0.0010 

Phosphorus  mg/L  <0.30  ‐‐  ‐‐  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30 

Potassium  mg/L  <2.0  ‐‐  ‐‐  21.4  21.2  27.8  27.5  32.8  30.6  24.0  23.6  24.9  34.5  33.0  41.0  41.0  <2.0 

Selenium  mg/L  0.00115  ‐‐  ‐‐  0.00345  0.00363  0.00526  0.00536  0.00845  0.00682  0.00688  0.00674  0.00686  0.00919  0.00854  0.00783  0.00900  0.00012 

Silicon  mg/L  2.72  ‐‐  ‐‐  2.34  2.63  2.94  2.93  3.28  1.64  2.49  2.17  2.73  2.38  1.93  1.77  1.73  2.74 

Silver  mg/L  0.000060  ‐‐  ‐‐  0.000079  0.000184  0.000172  0.000202  0.000345  0.000092  0.000243  0.000206  0.000373  0.000486  0.000431  0.000262  0.000253  <0.000020 

Sodium  mg/L  6.3  ‐‐  ‐‐  9.8  9.6  11.0  11.0  12.8  13.6  10.7  10.5  11.0  14.0  14.0  16.3  16.3  3.8 

Strontium  mg/L  0.0798  ‐‐  ‐‐  0.362  0.370  0.430  0.429  0.482  0.474  0.325  0.316  0.336  0.477  0.450  0.561  0.564  0.0714 

Thallium  mg/L  <0.00020  ‐‐  ‐‐  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020 

Tin  mg/L  <0.00050  ‐‐  ‐‐  <0.00050  <0.00050  0.00055  0.00055  0.00076  0.00060  0.00050  <0.00050  0.00061  0.00082  0.00071  0.00072  0.00071  <0.00050 

Titanium  mg/L  <0.010  ‐‐  ‐‐  0.018  0.028  0.047  0.051  0.047  0.015  0.025  0.018  0.033  0.032  <0.010  <0.010  <0.010  <0.010 

Uranium  mg/L  <0.00020  ‐‐  ‐‐  <0.00020  <0.00020  <0.00020  <0.00020  0.00021  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020 

Vanadium  mg/L  <0.0010  ‐‐  ‐‐  <0.0010  0.0013  0.0020  0.0025  0.0025  <0.0010  0.0010  <0.0010  0.0015  0.0017  <0.0010  <0.0010  <0.0010  <0.0010 

Zinc  mg/L  0.0545  ‐‐  ‐‐  0.0248  0.0775  0.0278  0.0771  0.0541  0.144  0.0334  0.0336  0.0708  0.0328  0.0395  0.0226  0.0251  <0.0050 

DISSOLVED METALS 

Aluminum  mg/L  0.0095  ‐‐  ‐‐  0.0305  0.0241  0.0385  0.0267  0.0567  0.0484  0.116  0.109  0.0778  0.120  0.0829  0.0854  0.0878  0.0125 

Antimony  mg/L  0.00056  ‐‐  ‐‐  <0.00050  <0.00050  <0.00050  <0.00050  0.00055  0.00072  <0.00050  <0.00050  <0.00050  0.00055  0.00057  0.00050  <0.00050  <0.00050 

Arsenic  mg/L  0.00268  ‐‐  ‐‐  0.00121  0.00153  0.00095  0.00135  0.00138  0.00158  0.00090  0.00099  0.00141  0.00105  0.00113  0.00090  0.00089  <0.00050 

Barium  mg/L  <0.020  ‐‐  ‐‐  <0.020  <0.020  <0.020  <0.020  <0.020  0.021  <0.020  <0.020  <0.020  <0.020  <0.020  <0.020  <0.020  <0.020 

Beryllium  mg/L  <0.0010  ‐‐  ‐‐  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010 

Bismuth  mg/L  <0.20  ‐‐  ‐‐  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20  <0.20 

Boron  mg/L  <0.10  ‐‐  ‐‐  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10  <0.10 

Cadmium  mg/L  0.000105  ‐‐  ‐‐  0.000129  0.000249  0.000131  0.000294  0.000193  0.000505  0.000106  0.000114  0.000173  0.000141  0.000172  0.000127  0.000124  <0.000010 

Calcium  mg/L  14.5  ‐‐  ‐‐  62.6  65.6  79.0  80.5  90.2  91.6  63.9  64.7  67.3  90.8  87.8  110  112  14.2 

Chromium  mg/L  <0.0010  ‐‐  ‐‐  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010 

Cobalt  mg/L  <0.00030  ‐‐  ‐‐  <0.00030  0.00035  0.00031  0.00041  0.00032  0.00072  <0.00030  <0.00030  0.00031  <0.00030  <0.00030  <0.00030  <0.00030  <0.00030 

Copper  mg/L  0.0112  ‐‐  ‐‐  0.0040  0.0060  0.0026  0.0041  0.0040  0.0061  0.0066  0.0097  0.0125  0.0110  0.0146  0.0100  0.0104  0.0028 

Iron  mg/L  <0.030  ‐‐  ‐‐  <0.030  <0.030  <0.030  <0.030  <0.030  0.052  <0.030  <0.030  <0.030  <0.030  <0.030  <0.030  <0.030  <0.030 

Lead  mg/L  0.00381  ‐‐  ‐‐  <0.00050  0.00066  <0.00050  0.00066  <0.00050  0.00247  <0.00050  <0.00050  0.00064  <0.00050  <0.00050  <0.00050  <0.00050  <0.00050 
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Table 4.3‐7 (Cont.):  Process water and makeup water compositions for scavenger and high‐sulfide tailings generated from 2014 pilot plant testing. 

Sample ID  Unit 
KM4420‐ P1 
MORNING 
PROCESS 
WATER 

KM4420‐ P1 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P3 
MORNING 
PROCESS 
WATER 

KM4420‐ P3 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P4 
MORNING 
PROCESS 
WATER 

KM4420‐ P4 
AFTERNOON 
PROCESS 
WATER 

KM4420‐ P5 
MORNING 
PROCESS 
WATER 

KM4420‐ P5 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P6 
MORNING 
PROCESS 
WATER 

KM4420‐P6 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P6 
AFTERNOON 
PROCESS 
WATER 

(DUPLICATE) 

KM4420‐P7 
MORNING 
PROCESS 
WATER 

KM4420‐P7 
AFTERNOON 
PROCESS 
WATER 

KM4420‐P8 
MORNING 
PROCESS 
WATER 

KM4420‐P8 
AFTERNOO
N PROCESS 
WATER 

KM4420‐P8 
AFTERNOON 
PROCESS 
WATER 

(DUPLICATE) 

KM4420‐P6 
MAKEUP 
WATER 
(TAP) 

Laboratory Sample ID     L1542360‐1*  L1542360‐2  L1542360‐3  L1542360‐4*  L1542360‐5*  L1542360‐6*  L1542360‐7*  L1542360‐8*  L1542438‐5  L1542438‐2  L1542438‐4  L1542438‐3  L1543754‐1  L1543754‐2  L1543754‐3  L1543754‐4  L1542438‐1 

DISSOLVED METALS (CONT.) 

Lithium  mg/L  <0.0050  ‐‐  ‐‐  <0.0050  <0.0050  0.0058  0.0060  0.0059  0.0058  <0.0050  <0.0050  <0.0050  0.0053  0.0051  0.0069  0.0065  <0.0050 

Magnesium  mg/L  1.76  ‐‐  ‐‐  4.47  4.58  5.22  5.19  4.78  4.61  3.19  3.15  3.32  3.37  3.30  4.34  4.39  1.74 

Manganese  mg/L  0.00683  ‐‐  ‐‐  0.132  0.143  0.170  0.178  0.162  0.198  0.0878  0.0894  0.100  0.0724  0.0772  0.0804  0.0810  0.00102 

Mercury  mg/L  <0.000010  ‐‐  ‐‐  <0.000010  <0.000010  <0.000010  <0.000010  <0.000010  <0.000010  <0.000010  <0.000010  0.000017  <0.000010  <0.000010  <0.000010  <0.000010  <0.000010 

Molybdenum  mg/L  0.0011  ‐‐  ‐‐  0.0261  0.0266  0.0379  0.0366  0.0556  0.0517  0.0422  0.0422  0.0418  0.0800  0.0718  0.0785  0.0753  <0.0010 

Nickel  mg/L  0.0013  ‐‐  ‐‐  0.0018  0.0026  0.0021  0.0027  0.0020  0.0038  0.0012  0.0014  0.0019  0.0012  0.0014  0.0013  0.0013  <0.0010 

Phosphorus  mg/L  <0.30  ‐‐  ‐‐  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30  <0.30 

Potassium  mg/L  <2.0  ‐‐  ‐‐  20.7  20.8  28.6  28.4  32.7  31.9  25.1  24.3  26.2  35.9  35.9  47.0  47.4  <2.0 

Selenium  mg/L  0.00107  ‐‐  ‐‐  0.00319  0.00333  0.00506  0.00514  0.00794  0.00603  0.00689  0.00711  0.00673  0.00977  0.00863  0.00809  0.00723  0.00013 

Silicon  mg/L  2.58  ‐‐  ‐‐  1.65  1.66  1.48  1.50  1.39  1.60  1.99  1.98  2.01  1.53  1.65  1.52  1.54  2.75 

Silver  mg/L  <0.000020  ‐‐  ‐‐  <0.000020  <0.000020  <0.000020  <0.000020  0.000047  <0.000020  0.000093  0.000097  0.000127  0.000332  0.000325  0.000173  0.000165  <0.000020 

Sodium  mg/L  6.0  ‐‐  ‐‐  9.6  9.5  11.6  11.6  13.1  14.3  11.0  10.7  11.4  14.7  15.1  18.2  18.4  3.7 

Strontium  mg/L  0.0757  ‐‐  ‐‐  0.349  0.362  0.447  0.446  0.484  0.492  0.320  0.313  0.330  0.494  0.457  0.592  0.596  0.0705 

Thallium  mg/L  <0.00020  ‐‐  ‐‐  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020 

Tin  mg/L  <0.00050  ‐‐  ‐‐  <0.00050  <0.00050  <0.00050  <0.00050  0.00055  0.00057  <0.00050  <0.00050  <0.00050  0.00070  0.00063  0.00070  0.00069  <0.00050 

Titanium  mg/L  <0.010  ‐‐  ‐‐  <0.010  <0.010  <0.010  <0.010  0.010  0.012  0.015  0.014  0.015  0.013  <0.010  <0.010  <0.010  <0.010 

Uranium  mg/L  <0.00020  ‐‐  ‐‐  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020  <0.00020 

Vanadium  mg/L  <0.0010  ‐‐  ‐‐  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010  <0.0010 

Zinc  mg/L  0.0442  ‐‐  ‐‐  0.0159  0.0529  0.0131  0.0528  0.0220  0.140  0.0169  0.0237  0.0439  0.0168  0.0296  0.0165  0.0188  <0.0050 

RADIOLOGICALS                                                       

Gross Alpha  pCi/L4  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  <1.4  <1.5  <1.1  <1.2  <1.2  <2.1  <1.6  <2.2  <2.0  <2.5 

Gross Beta  pCi/L  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  30.3  27.6  20.0  20.3  21.6  32.4  30.0  38.1  39.2  <2.7 

 
‐‐ = not analyzed 

*Water sample(s) for total mercury analysis was not submitted in glass or PTFE container with HCl preservative.  Results may be biased low 
1as CaCO3 = hardness and alkalinity measurements presented in units of mg/L equivalent calcium carbonate 
2mg/L = milligrams per liter 
3as N = nitrate and nitrite measurements presented in mg/L nitrogen 
4pCi/L = picocuries per liter 
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Table 4.4‐1:  Sample identifiers and supporting information for scavenger tailings samples generated 
from 2014 master ore composites and subjected to humidity cell testing. 
 

  SCAVENGER TAILINGS  MASTER ORE COMPOSITE 

Sample Identifier 

Acid 

Generation 

Potential 

Sulfide 

Sulfur 

(wt. %)1 

Pyrite Grade  

(wt. %) 
Lithology2 

Alteration 

Type3 

MC‐1 LCT 23 (Hole 27C)  Uncertain  0.09 13.99 Kvs PHY 

MC‐3 LCT 27 (Hole 27C)  NPAG  0.07 0.9 Breccia SKRET; POT 

MC‐1 LCT 35 (Hole 29A)  PAG  1.15 33.91 Kvs; Kqs PHY; AA 

MC‐2 LCT 37 (Hole 29A)  PAG  0.37 24.97 pCbas; pCdiab AA; PHY 

MC‐3 LCT 38 (Hole 29A)  NPAG  0.2 9.95 Breccia PHY 

MC‐5 LCT 42 (Hole 29A)  NPAG  0.06 0.73 pCdiab POT 

MC‐7 LCT 46 (Hole 29A)  NPAG  0.02 1.30 Breccia; QEP POT; PHY 

MC‐1 LCT 24 (Hole 29B)  PAG  0.36 25.03 Kvs ARG; AA 

MC‐3 LCT 28 (Hole 29B)  NPAG  0.04 2.55 pCdiab POT 

MC‐4 LCT 30 (Hole 29B)  NPAG  0.01 1.45 Quartzite; pCdiab  PHY; POT 

LCT‐4 Comb Py Sc Tls (Hole 31)  Uncertain  0.06 9.57 QEP; Kvs PHY 

LCT‐6 Comb Py Sc Tls (Hole 31)  NPAG  0.13  8.02 
pCdiab; pCmls; 

Quartzite 
PHY; SKRET 

 

1wt. % = weight percent 

2Lithology Explanation 

   

Breccia    Breccia 

Kqs    Cretaceous Quartzose Sandstone 

Kvs    Cretaceous Volcaniclastic Sediments 

PCbas    Precambrian Basalt 

pCdiab    Precambrian Diabase 

pCmls    Precambrian Mescal Limestone 

QEP    Quartz Eye Porphyry (also known as Cretaceous‐Tertiary Rhyodacite Porphyry (KTrdp)) 

Quartzite  Precambrian Quartzite (Apache Group) 

 

3Alteration Type Explanation 

AA    Advanced Argillic 

ARG    Argillic 

PHY    Phyllic 

POT    Potassic 

SKRET    Retrograde Skarn 



 

Resolution Tailings Geochemistry     
Baseline Report Update   
June 2016 
   
 

Table 4.4‐2:  Acid base accounting results for scavenger tailings generated from 2014 master ore 
composites and subjected to humidity cell testing.  Adapted from Tables 25 and 26 in SGS (2016b). 

Parameter  Unit  MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

Hole/Composite No.     27C  27C  29A  29A  29A  29A 

Paste pH  standard units  5.80  8.14  5.14  5.75  7.97  7.62 

Total Sulfur  weight percent  0.096  0.104  0.762  0.307  0.284  0.107 

Sulfate Sulfur  weight percent  0.1  0.2  0.5  0.2  0.2  < 0.1 

Sulfide Sulfur  weight percent  0.05  0.05  0.71  0.21  0.18  0.06 

Total Inorganic 
Carbon  weight percent  0.010  0.183  0.013  0.012  0.481  0.032 

Carbonate  weight percent  <0.025  0.515  <0.025  <0.025  0.560  <0.025 

AGP  T CaCO3/kT1  1.56  1.56  22.2  6.56  5.62  1.88 

Bulk ANP2  T CaCO3/kT  2.4  25  1.7  3.4  25  9.8 

Carbonate ANP3  T CaCO3/kT  <0.4  8.5  <0.4  <0.4  9.3  <0.4 

Bulk NPR  ratio  1.54  16.2  0.08  0.52  4.43  5.23 

Bulk NNP  T CaCO3/kT  0.84  23.7  ‐20.49  ‐3.16  19.3  7.92 

Carbonate NPR  ratio  0.27  5.48  0.02  0.06  1.65  0.22 

Carbonate NNP  T CaCO3/kT  ‐1.15  6.99  ‐21.79  ‐6.15  3.68  ‐1.47 

         

        

Parameter  Unit 
MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/Composite No.     29A  29B  29B  29B  31 / MC1  31 / MC2 

Paste pH  standard units  8.15  5.93  7.87  8.56  5.95  8.20 

Total Sulfur  weight percent  0.062  0.443  0.091  0.041  0.108  0.187 

Sulfate Sulfur  weight percent  < 0.1  0.2  < 0.1  < 0.1  < 0.1  0.1 

Sulfide Sulfur  weight percent  0.03  0.32  0.05  0.02  0.05  0.12 

Total Inorganic 
Carbon  weight percent  0.010  0.012  0.012  0.014  0.007  0.210 

Carbonate  weight percent  <0.025  <0.025  <0.025  <0.025  <0.025  0.624 

AGP  T CaCO3/kT  0.94  10.0  1.56  0.62  1.56  3.75 

Bulk ANP2  T CaCO3/kT  3.2  2.1  5.6  3.8  1.6  28 

Carbonate ANP3  T CaCO3/kT  <0.4  <0.4  <0.4  <0.4  <0.4  10.4 

Bulk NPR  ratio  3.41  0.21  3.58  6.08  1.02  7.44 

Bulk NNP  T CaCO3/kT  2.26  ‐7.90  4.04  3.18  0.04  24.2 

Carbonate NPR  ratio  0.44  0.04  0.27  0.67  0.27  2.76 

Carbonate NNP  T CaCO3/kT  ‐0.53  ‐9.59  ‐1.15  ‐0.21  ‐1.15  6.61 
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
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Table 4.4‐3:  Net acid generation testing results for scavenger tailings generated from 2014 master ore 
composites and subjected to humidity cell testing.  Adapted from Tables 25 and 26 in SGS (2016b). 

Parameter 
Hole/Composite 

No. 
Final pH  NAG (pH 4.5)  NAG (pH 7.0) 

Unit     standard units  kg H2SO4/T  kg H2SO4/T 

MC‐1 LCT 23  27C  4.87  0  1.0 

MC‐3 LCT 27  27C  8.82  0  0 

MC‐1 LCT 35  29A  3.26  4.1  8.9 

MC‐2 LCT 37  29A  4.05  0.5  3.7 

MC‐3 LCT 38  29A  7.75  0  0 

MC‐5 LCT 42  29A  6.18  0  0.3 

MC‐7 LCT 46  29A  6.86  0  0.2 

MC‐1 LCT 24  29B  3.45  2.6  5.4 

MC‐3 LCT 28  29B  6.62  0  0.3 

MC‐4 LCT 30  29B  6.78  0  0.5 

LCT‐4 Comb Py Sc Tls  31 / MC1  5.51  0  0.8 

LCT‐6 Comb Py Sc Tls  31 / MC2  8.16  0  0 
 

1kg H2SO4/T = Kilograms of equivalent sulfuric acid per ton of tailings 
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Table 4.4‐4:  Semi‐quantitative x‐ray diffraction (XRD) data for scavenger tailings generated from 2014 master ore composites and subjected to 
humidity cell testing.  Adapted from Tables 3 and 4 in SGS (2016b). 

Mineral  Unit  MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Quartz  weight percent  68.9  34.6  74.2  57.6  54.9  20.9  59.7  59.1  46.6  70.7  70.4  48.8 

Muscovite  weight percent  23.8  7.9  13.1  25.4  16.2  17.0  26.8  29.2  26.5  11.9  26.7  18.0 

Phlogopite  weight percent  ‐‐  39.5  ‐‐  6.1  7.8  42.4  5.2  ‐‐  15.7  4.9  ‐‐  9.6 

Orthoclase  weight percent  1.4  7.3  0.7  0.6  4.8  8.4  6.2  1.3  3.9  10.9  0.7  1.8 

Illite  weight percent  4.1  2.3  2.0  4.0  1.6  3.4  1.3  2.5  1.6  0.7  0.9  2.5 

Kaolinite  weight percent  1.5  0.8  4.2  1.6  0.9  1.4  0.4  3.9  2.7  ‐‐  ‐‐  3.3 

Rutile  weight percent  ‐‐  1.6  0.7  2.2  0.6  2.5  ‐‐  0.9  2.0  0.6  0.5  1.2 

Clinochlore  weight percent  ‐‐  2.8  ‐‐  ‐‐  3.5  1.5  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  2.5 

Topaz  weight percent  ‐‐  ‐‐  3.7  0.8  ‐‐  ‐‐  ‐‐  1.6  ‐‐  ‐‐  ‐‐  ‐‐ 

Tremolite  weight percent  ‐‐  1.6  ‐‐  ‐‐  1.6  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  3.2 

Fluorapatite  weight percent  ‐‐  0.9  ‐‐  ‐‐  ‐‐  1.4  ‐‐  ‐‐  0.9  ‐‐  ‐‐  0.5 

Magnetite  weight percent  0.3  ‐‐  ‐‐  1.0  1.9  ‐‐  0.4  ‐‐  ‐‐  0.3  0.7  ‐‐ 

Pyrite  weight percent  ‐‐  ‐‐  0.9  ‐‐  0.5  ‐‐  ‐‐  0.4  ‐‐  ‐‐  ‐‐  ‐‐ 

Dolomite  weight percent  ‐‐  0.7  ‐‐  ‐‐  1.3  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  2.1 

Woodhouseite  weight percent  ‐‐  ‐‐  0.5  0.6  ‐‐  ‐‐  ‐‐  0.7  ‐‐  ‐‐  ‐‐  ‐‐ 

Siderite  weight percent  ‐‐  ‐‐  ‐‐  ‐‐  0.6  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐ 

Hematite  weight percent  ‐‐  ‐‐  ‐‐  ‐‐  3.7  1.0  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  5.8 

Anhydrite  weight percent  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  0.4  ‐‐  ‐‐  ‐‐  ‐‐ 

Talc  weight percent  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  0.8 

TOTAL  weight percent  100  100  100  100  100  100  100  100  100  100  100  100 
 

NOTE: Detection limit for XRD is 0.5 to 2 weight percent and highly dependent on crystallinity of mineral phases.  Identification of phases present at ≤ 2 weight 

percent is tentative. 
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Table 4.4‐5:  Results of modal analysis using Quantitative Evaluation of Minerals by Scanning Electron Microscopy (QEMSCAN) for scavenger 
tailings generated from 2014 master ore composites and subjected to humidity cell testing.  Adapted from Tables 6 and 7 in SGS (2016b). 

Parameter  Unit  MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Calculated ESD1 Particle Size   micron (µm)  15  17  54  15  16  17  33  32  33  37  31  30 

Chalcopyrite  weight percent  0.00  0.13  0.03  0.28  0.20  0.13  0.05  0.02  0.05  0.01  0.02  0.12 

Other Cu‐Sulfides  weight percent  0.00  0.02  0.01  0.01  0.07  0.01  0.00  0.02  0.00  0.00  0.00  0.01 

Pyrite  weight percent  0.08  0.03  0.64  0.18  0.31  0.04  0.01  0.24  0.02  0.01  0.03  0.10 

Other Sulfides  weight percent  0.00  0.00  0.01  0.00  0.02  0.00  0.01  0.00  0.00  0.00  0.00  0.03 

Quartz  weight percent  68.0  31.0  74.5  56.6  53.8  20.3  58.2  59.8  45.5  69.7  71.5  48.8 

Feldspars  weight percent  1.19  9.52  0.62  0.75  4.92  9.03  7.05  1.34  4.74  10.9  0.64  1.58 

Epidote  weight percent  0.01  0.02  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

Tremolite  weight percent  0.13  1.08  0.02  0.04  1.31  0.05  0.03  0.04  0.02  0.02  0.01  2.57 

Talc  weight percent  0.00  0.24  0.01  0.01  0.60  0.01  0.00  0.00  0.01  0.00  0.00  0.76 

Muscovite  weight percent  25.6  8.28  12.2  27.5  16.3  19.0  27.7  28.1  26.8  12.6  25.4  19.9 

Biotite/Phlogopite  weight percent  0.04  40.0  0.01  5.98  7.15  42.0  5.35  0.02  15.1  4.46  0.03  9.68 

Chlorites  weight percent  0.06  2.94  0.01  0.27  3.50  1.95  0.08  0.01  0.10  0.04  0.02  2.36 

Illite  weight percent  2.81  1.60  1.82  2.14  1.62  1.83  0.54  2.38  0.76  0.39  0.76  1.34 

Kaolinite  weight percent  1.29  0.44  3.71  1.47  0.81  1.30  0.40  3.84  3.30  0.24  0.39  2.98 

Topaz  weight percent  0.01  0.00  3.35  0.76  0.01  0.00  0.00  1.49  0.16  0.00  0.11  0.00 

Other Silicates  weight percent  0.03  0.12  0.05  0.01  0.07  0.01  0.01  0.00  0.02  0.03  0.03  0.12 

Fe/Ti‐Oxides  weight percent  0.31  2.66  0.66  3.18  6.75  3.36  0.31  1.22  2.21  1.07  0.43  6.57 

Calcite  weight percent  0.01  0.29  0.00  0.01  0.02  0.01  0.01  0.00  0.01  0.02  0.00  0.02 

Dolomite  weight percent  0.07  0.68  0.01  0.03  1.09  0.06  0.04  0.01  0.03  0.03  0.00  1.96 

Ankerite  weight percent  0.08  0.11  0.00  0.00  0.14  0.00  0.00  0.00  0.00  0.00  0.00  0.30 

Siderite  weight percent  0.00  0.03  0.00  0.00  0.53  0.02  0.00  0.01  0.00  0.01  0.00  0.05 

Anhydrite  weight percent  0.04  0.12  0.23  0.01  0.25  0.09  0.10  0.32  0.02  0.02  0.07  0.08 

Jarosite (+fine clay)  weight percent  0.01  0.02  0.35  0.07  0.03  0.02  0.01  0.06  0.00  0.00  0.01  0.04 

Alunite  weight percent  0.01  0.00  1.27  0.00  0.00  0.00  0.00  0.32  0.00  0.00  0.00  0.00 

Woodhouseite  weight percent  0.17  0.02  0.45  0.48  0.05  0.03  0.05  0.74  0.52  0.32  0.36  0.08 

Barite  weight percent  0.01  0.00  0.00  0.00  0.00  0.00  0.02  0.00  0.00  0.03  0.03  0.00 

Apatite  weight percent  0.01  0.63  0.03  0.18  0.44  0.74  0.06  0.03  0.61  0.11  0.01  0.50 

Other  weight percent  0.00  0.02  0.01  0.04  0.07  0.06  0.02  0.01  0.06  0.04  0.11  0.07 

Total  weight percent  100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0 
 

1ESD = equivalent spherical diameter   
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Table 4.4‐6:  X‐ray fluorescence (XRF) whole rock analyses for scavenger tailings generated from 2014 master ore composites and subjected to 
humidity cell testing.  Adapted from Tables 16 and 17 in SGS (2016b). 

Parameter  Unit  MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/Composite No.    27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31 / MC‐1  31 / MC‐2 

SiO2  weight percent  77.5  58.3  80.9  70.1  67.0  56.0  76.4  71.9  69.4  84.7  79.6  67.6 

Al2O3  weight percent  13.3  13.2  10.7  15.2  10.7  16.8  12.9  16.3  15.2  7.18  11.5  11.1 

Fe2O3  weight percent  0.76  7.92  1.22  1.93  7.93  6.02  1.22  0.97  1.79  0.77  0.65  6.85 

MgO  weight percent  0.67  6.66  0.26  1.49  3.57  5.91  1.40  0.65  2.89  1.08  0.63  3.83 

CaO  weight percent  0.06  1.29  0.17  0.28  1.20  0.63  0.14  0.20  0.33  0.19  0.09  1.36 

Na2O  weight percent  0.06  0.11  0.03  0.05  0.04  0.13  0.09  0.05  0.09  0.08  0.06  0.05 

K2O  weight percent  4.14  5.82  1.86  4.25  3.53  7.23  4.90  4.02  4.91  3.40  3.60  3.28 

TiO2  weight percent  0.31  1.46  0.62  2.18  0.61  2.42  0.38  0.93  1.93  0.64  0.38  1.12 

P2O5  weight percent  0.09  0.30  0.18  0.27  0.23  0.39  0.09  0.25  0.25  0.13  0.12  0.26 

MnO  weight percent  0.02  0.11  < 0.01  0.01  0.12  0.06  0.01  0.02  0.01  0.02  0.02  0.07 

Cr2O3  weight percent  0.02  < 0.01  0.02  0.01  0.01  0.03  0.02  0.02  0.03  0.03  0.02  0.02 

V2O5  weight percent  0.02  0.03  0.02  0.05  0.03  0.05  < 0.01  0.04  0.05  0.01  0.02  0.04 

LOI1  weight percent  2.58  3.84  3.79  3.54  4.60  3.16  2.18  3.94  2.92  1.10  2.21  4.02 

Sum  weight percent  99.5  99.0  99.7  99.4  99.6  98.9  99.7  99.3  99.7  99.3  99.0  99.6 
 

1LOI = loss on ignition 
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Table 4.4‐7:  Elemental analysis results for scavenger tailings generated from 2014 master ore composites and subjected to humidity cell testing.  
Adapted from Tables 19 and 20 in SGS (2016b). 

Parameter  Unit 
MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/Composite No.     27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31 / MC‐1  31 / MC‐2 

Silicon 
weight 
percent 

35.8  29.2  41.4  34.1  32.2  28.8  38.7  36.8  35.0  36.9  37.8  32.0 

Aluminum  µg/g1  60000  56000  45000  74000  53000  68000  65000  78000  83000  37000  59000  59000 

Antimony  µg/g  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8 

Arsenic  µg/g  1.6  1.1  11  4.9  2.4  0.8  0.8  6.2  0.6  0.6  1.8  2.6 

Barium  µg/g  380  300  250  340  190  270  520  400  240  320  350  230 

Beryllium  µg/g  2.3  3.0  0.81  2.1  3.3  2.7  2.8  1.7  2.1  1.2  2.8  3.3 

Bismuth  µg/g  0.39  0.21  9.9  5.2  0.9  0.23  0.40  1.4  0.32  0.46  0.93  5.1 

Boron  µg/g  4  3  2  3  3  3  4  4  3  2  4  4 

Cadmium  µg/g  < 0.02  0.08  0.14  0.04  0.43  0.25  < 0.02  0.08  < 0.02  0.04  < 0.02  0.76 

Calcium  µg/g  500  8900  1600  2600  8400  4400  1200  1500  2500  1400  670  10000 

Chromium  µg/g  46  64  76  76  130  130  140  110  140  150  100  92 

Cobalt  µg/g  0.86  21  2.4  3.3  13  22  3.7  1.4  6.0  2.0  1.5  6.6 

Copper  µg/g  170  1000  720  470  1200  810  180  390  250  77  260  780 

Iron  µg/g  4500  50000  8200  13000  52000  38000  8000  6500  13000  5300  4300  48000 

Lead  µg/g  31  3.7  260  70  3.4  3.0  82  52  230  39  41  92 

Lithium  µg/g  3  34  5  5  17  21  10  5  14  8  4  17 

Magnesium  µg/g  3100  35000  1800  8300  20000  28000  7700  3600  18000  6100  3300  23000 

Manganese  µg/g  28  730  31  46  870  250  77  23  67  51  23  470 

Mercury  µg/g  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05 

Molybdenum  µg/g  19  34  32  40  60  29  24  17  25  23  24  71 

Nickel  µg/g  21  62  31  32  40  83  45  37  55  41  12  27 

Phosphorus  µg/g  360  1500  880  1400  1200  1800  420  980  1100  540  500  1100 

Potassium  µg/g  36000  54000  18000  41000  34000  64000  47000  39000  51000  34000  36000  33000 

Selenium  µg/g  < 0.7  < 0.7  1.1  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7 

Silver   µg/g  0.10  0.92  0.49  0.23  0.62  0.30  0.19  0.26  0.21  0.11  0.11  0.72 

Sodium  µg/g  490  970  400  470  380  1000  660  340  680  490  450  390 
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Table 4.4‐7 (Cont.):  Elemental analysis results for scavenger tailings generated from 2014 master ore composites and subjected to humidity cell 
testing.  Adapted from Tables 19 and 20 in SGS (2016b). 

Parameter  Unit 
MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/Composite No.     27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31 / MC‐1  31 / MC‐2 

Strontium  µg/g  130  46  300  350  72  47  100  250  160  50  250  150 

Thallium  µg/g  0.33  1.00  0.19  0.51  0.35  1.2  0.55  0.41  0.57  0.32  0.27  0.41 

Thorium  µg/g  3.3  1.5  3.7  2.2  3.9  0.37  2.7  2.6  0.64  3.4  3.3  2.3 

Tin  µg/g  12  11  9.2  21  22  13  15  12  19  8.1  20  26 

Titanium  µg/g  960  4200  1300  3100  1200  5200  1200  2000  2600  900  910  2100 

Tungsten  µg/g  36  20  36  60  51  23  23  54  24  12  46  47 

Uranium  µg/g  2.2  1.5  1.5  1.8  3.4  0.99  1.2  2.4  0.75  0.78  1.3  2.8 

Vanadium  µg/g  60  170  72  200  130  210  79  120  170  71  96  160 

Yttrium  µg/g  2.2  11  3.9  3.5  8.7  7.3  4.4  4.5  9.4  6.2  1.5  9.4 

Zinc  µg/g  3.6  220  6.3  19  270  120  27  8.8  27  17  6.2  330 
 

1µg/g = micrograms per gram (equivalent to parts per million) 
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Table 4.4‐8:  Particle size distribution data for scavenger tailings generated from 2014 master ore composites and subjected to humidity cell 
testing.  Adapted from Tables 30 and 32 in SGS (2016b). 

   MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/ Composite No.  27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31/MC‐1  31/ MC‐2 

Particle Size 
Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

millimeters (mm)  Percent  Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent

9.500  100.0  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0

4.750  100.0  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0

2.000  100.0  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0

0.850  100.0  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0

0.425  100.0  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0

0.212  86.2  88.6 91.0 89.7 83.9 89.7 89.6  94.7 89.8 94.4 93.7 93.5

0.150  66.1  73.3 69.2 71.2 62.3 73.9 72.1  69.3 67.5 73.7 75.7 79.2

0.075  44.4  55.9 43.4 51.0 41.4 56.3 50.7  35.1 42.4 45.0 50.1 57.2

0.045  34.9  44.3 35.6 38.1 28.0 46.4 19.1  29.2 32.4 38.3 37.9 43.0

0.032  31.0  36.9 27.7 31.2 20.5 39.2 13.4  23.4 24.8 31.0 29.8 35.5

0.023  29.1  32.3 24.7 28.3 18.7 33.9 11.5  21.4 21.0 25.5 27.1 31.7

0.016  25.2  24.9 20.8 25.4 15.9 28.5 8.6  19.5 17.2 18.2 21.7 28.0

0.012  21.3  20.3 17.8 21.5 13.1 22.3 5.7  16.5 13.3 14.6 18.1 22.4

0.009  17.5  15.7 13.9 17.6 9.3 17.8 4.8  13.6 9.5 10.0 12.6 18.7

0.006  11.6  12.0 11.9 12.7 7.5 12.5 3.8  11.7 5.7 7.3 7.2 13.1

0.004  7.8  9.2  7.9 9.8 5.6 10.7 1.9  7.8 3.8 5.5 3.6 11.2

0.001  1.9  3.7  2.0 2.0 2.8 5.4 1.0  1.0 1.0 0.9 0.9 3.7
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Table 4.4‐9:  Particle size classifications and specific gravity data for scavenger tailings generated from 2014 master ore composites and 
subjected to humidity cell testing.  Adapted from Tables 29 and 31 in SGS (2016b). 

Parameter  MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/ Composite No.  27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31/MC‐1  31/ MC‐2 

Sand (percent)  55.6  44.1  56.6  49  58.6  43.7  49.3  64.9  57.6  55  49.9  42.8 

Silt (percent)  39.4  50.9  38.4  46  36.4  51.3  50.7  30.1  37.4  40  45.1  52.2 

Clay (percent)  5  6  5  5  4  7  1  3  2  2  2  7 

Specific Gravity  2.75  2.82  2.73  2.75  2.85  2.83  2.72  2.75  2.75  2.73  2.74  2.81 
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Table 4.4‐10:  Synthetic Precipitation Leaching Procedure (SPLP) results for scavenger tailings generated from 2014 master ore composites and 
subjected to humidity cell testing.  Adapted from Tables 22 and 23 in SGS (2016b). 

Parameter  Unit 
MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/Composite 
No. 

   27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31 / MC‐1  31 / MC‐2 

pH AND ANIONS 

pH 
standard 
units  6.13  9.33  6.10  6.27  9.27  9.74  9.72  8.20  9.82  9.69  6.56  9.41 

Chloride  mg/L1  < 2  < 2  2.3  2.2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  0.31  0.76  5.13  5.46  3.01  2.20  0.35  0.26  0.73  0.32  3.11  0.76 

METALS AND METALLOIDS 

Aluminum  mg/L  0.668  0.0988  2.86  2.19  0.0167  0.128  0.173  0.0238  0.162  0.242  1.08  0.0290 

Antimony  mg/L  < 0.0002  0.0003  0.0002  < 0.0002  0.0002  0.0002  0.0004  < 0.0002  0.0002  0.0002  < 0.0002  0.0002 

Arsenic  mg/L  0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  0.0002  < 0.0002  0.0003  0.0002  < 0.0002  0.0003 

Barium  mg/L  0.0366  0.0256  0.0147  0.0248  0.0222  0.0119  0.0296  0.00459  0.00495  0.0204  0.0391  0.0110 

Beryllium  mg/L  0.002030  0.000011  0.000299  0.00245  < 0.000007  0.000017  0.000024  0.000036  0.000018  0.000030  0.000528  < 0.000007 

Bismuth  mg/L  < 0.000007  < 0.000007  0.000014  0.000018  < 0.000007  0.000008  0.000034  < 0.000007  0.000028  0.000024  < 0.000007  < 0.000007 

Boron  mg/L  0.0768  0.0371  0.0637  0.0547  0.0301  0.0370  0.0528  0.0366  0.0379  0.0350  0.0509  0.0389 

Cadmium  mg/L  0.000464  0.000010  0.000195  0.000630  0.000020  0.000007  0.000009  0.000069  0.000011  0.000003  0.000316  0.000005 

Calcium  mg/L  9.54  31.2  22.5  24.6  27.7  14.4  7.52  12.3  8.48  5.42  8.28  14.0 

Chromium  mg/L  0.00082  0.00061  0.00086  0.00040  0.00042  0.00085  0.00109  0.00030  0.00098  0.00119  0.00027  0.00045 

Cobalt  mg/L  0.0159  0.000074  0.0244  0.0446  0.000972  0.000185  0.000068  0.00597  0.000132  0.000117  0.0143  0.000050 

Copper  mg/L  5.97  0.0108  14.5  3.98  0.00360  0.0157  0.0150  1.38  0.0164  0.0107  2.33  0.00290 

Iron  mg/L  0.183  0.089  0.299  0.084  0.010  0.084  0.100  < 0.002  0.225  0.234  0.017  0.011 

Lead  mg/L  0.00004  < 0.00001  0.00277  0.00004  < 0.00001  < 0.00001  0.00018  < 0.00001  0.00035  0.00034  < 0.00001  0.00006 

Lithium  mg/L  0.00124  0.00306  0.00314  0.00252  0.00165  0.00334  0.000461  0.00173  0.00178  0.000267  0.000619  0.00102 

Magnesium  mg/L  1.36  4.00  1.20  2.32  5.46  2.33  0.731  1.17  1.01  0.533  0.392  2.80 
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Table 4.4‐10 (Cont.):  Synthetic Precipitation Leaching Procedure (SPLP) results for scavenger tailings generated from 2014 master ore 
composites and subjected to humidity cell testing.  Adapted from Tables 22 and 23 in SGS (2016b). 

Parameter  Unit 
MC‐1 
LCT 23 

MC‐3 
LCT 27 

MC‐1 
LCT 35 

MC‐2 
LCT 37 

MC‐3 
LCT 38 

MC‐5 
LCT 42 

MC‐7 
LCT 46 

MC‐1 
LCT 24 

MC‐3 
LCT 28 

MC‐4 
LCT 30 

LCT‐4 
Comb 

Py Sc Tls 

LCT‐6 
Comb 

Py Sc Tls 

Hole/Composite 
No. 

   27C  27C  29A  29A  29A  29A  29A  29B  29B  29B  31 / MC‐1  31 / MC‐2 

METALS AND METALLOIDS (CONT.) 

Manganese  mg/L  0.156  0.0433  0.261  0.164  0.131  0.0568  0.00099  0.163  0.00110  0.00302  0.158  0.0129 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00001  < 0.00001  < 0.00001  < 0.00001  0.00001 

Molybdenum  mg/L  0.00001  0.00636  0.00004  0.00003  0.00665  0.00643  0.00380  0.00004  0.00860  0.00442  0.00008  0.00473 

Nickel  mg/L  0.0444  0.0004  0.0802  0.0702  0.0005  0.0009  0.0005  0.0232  0.0006  0.0011  0.0136  0.0004 

Phosphorus  mg/L  0.668  0.673  0.873  0.652  0.554  0.544  0.538  0.606  0.647  0.684  0.672  0.661 

Potassium  mg/L  3.34  6.61  0.943  4.05  3.37  5.60  1.37  1.22  1.52  0.768  1.66  3.29 

Selenium  mg/L  < 0.001  0.002  0.003  0.002  0.003  0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

Silicon  mg/L  1.40  1.12  1.33  1.22  0.87  1.62  1.45  1.26  1.14  1.25  0.87  0.83 

Silver  mg/L  0.000029  0.000012  0.000017  0.000007  0.000005  0.000008  0.000015  0.000004  0.000022  0.000014  0.000013  0.000010 

Sodium  mg/L  8.03  10.8  8.54  8.21  8.50  12.9  13.6  6.28  10.2  7.08  5.90  8.81 

Strontium  mg/L  0.0230  0.284  0.0632  0.0604  0.129  0.143  0.0319  0.0411  0.0372  0.0249  0.0422  0.0929 

Thallium  mg/L  0.000036  < 0.000005  0.000015  0.000076  < 0.000005  < 0.000005  < 0.000005  < 0.000005  < 0.000005  < 0.000005  < 0.000005  < 0.000005 

Thorium  mg/L  0.00002  0.00002  0.00004  0.00002  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  0.00003  < 0.00001  < 0.00001 

Tin  mg/L  0.00008  0.00007  0.00005  0.00007  0.00006  0.00006  0.00006  0.00008  0.00016  0.00018  0.00006  0.00007 

Titanium  mg/L  0.00014  0.00178  0.00016  0.00021  0.00015  0.00306  0.00161  0.00010  0.00284  0.00180  0.00013  0.00084 

Tungsten  mg/L  0.00022  0.0391  0.00040  0.00013  0.00026  0.00056  0.00017  0.00003  0.00062  0.00012  < 0.00002  0.00055 

Uranium  mg/L  0.00147  0.000117  0.00278  0.00154  0.000104  0.000114  0.000113  0.000165  0.000093  0.000127  0.000183  0.000014 

Vanadium  mg/L  0.00004  0.00024  0.00004  0.00006  0.00006  0.00029  0.00028  0.00004  0.00060  0.00048  0.00004  0.00015 

Yttrium  mg/L  0.000615  0.000020  0.000957  0.000238  0.000005  0.000014  0.000021  0.000050  0.000033  0.000091  0.000073  0.000004 

Zinc  mg/L  0.017  0.003  0.030  0.126  0.002  0.006  0.006  0.014  0.003  0.004  0.033  0.003 
 

1mg/L = milligrams per liter 
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Table 4.5‐1:  Acid base accounting and net acid generation testing results for 2014 pilot plant scavenger 
tailings samples subjected to humidity cell testing.  Adapted from Table 24 in SGS (2016b). 

Parameter  Unit 
P3‐1 Bulk
Ro Tls 

P3‐2 Bulk
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk
Ro Tls 

P3‐5 Bulk 
Ro Tls 

P3‐6 Bulk
Ro Tls 

Paste pH  standard units  7.64  7.39  7.59  7.67  7.67  7.45 

Total Sulfur  weight percent  0.158  0.155  0.160  0.173  0.165  0.179 

Sulfate Sulfur  weight percent  < 0.1  < 0.1  < 0.1  0.1  < 0.1  0.1 

Sulfide Sulfur  weight percent  0.11  0.12  0.12  0.12  0.12  0.12 

Total Inorganic 
Carbon  weight percent  0.046  0.049  0.050  0.053  0.047  0.047 

Carbonate  weight percent  0.090  0.085  0.080  0.070  0.075  0.060 

AGP  T CaCO3/kT1  3.44  3.75  3.75  3.75  3.75  3.75 

Bulk ANP2  T CaCO3/kT  7.7  6.3  6.3  6.4  6.9  6.2 

Carbonate ANP3  T CaCO3/kT  1.5  1.4  1.3  1.2  1.2  1.0 

Bulk NPR  ratio  2.24  1.68  1.68  1.71  1.84  1.65 

Bulk NNP  T CaCO3/kT  4.26  2.55  2.55  2.65  3.15  2.45 

Carbonate NPR  ratio  0.43  0.38  0.35  0.31  0.33  0.27 

Carbonate NNP  T CaCO3/kT  ‐1.9  ‐2.3  ‐2.4  ‐2.6  ‐2.5  ‐2.8 

Final pH  standard units  4.92  5.29  5.62  5.86  5.88  5.64 

NAG (pH 4.5)  kg H2SO4/T
4  0  0  0  0  0  0 

NAG (pH 7.0)  kg H2SO4/T  1.5  1.6  1.5  1.1  0.9  1.3 
 

1T CaCO3/kT = Tons of equivalent calcium carbonate per kiloton of tailings 

2Measured in ABA test 
3Theoretical, based on carbonate content alone 
4kg H2SO4/T = Kilograms of equivalent sulfuric acid per ton of tailings 
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Table 4.5‐2:  Semi‐quantitative x‐ray diffraction (XRD) data for 2014 pilot plant scavenger tailings 
replicates subjected to humidity cell testing.  Adapted from Table 2 in SGS (2016b). 

Mineral  Unit 
P3‐1 Bulk 
Ro Tls 

P3‐2 Bulk
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk
Ro Tls 

P3‐5 Bulk 
Ro Tls 

P3‐6 Bulk 
Ro Tls 

Quartz  weight percent  57.1  55.9  55.1  59.2  54.9  56.7 

Muscovite  weight percent  21.8  24.5  23.6  22.4  24.5  22.9 

Phlogopite  weight percent  11.1  10.2  10.4  8.9  10.7  10.4 

Orthoclase  weight percent  2.5  3.4  3.9  3.1  3.8  4.0 

Illite  weight percent  1.6  1.9  1.6  1.8  1.9  1.7 

Kaolinite  weight percent  2.7  2.0  2.0  2.5  2.2  1.9 

Rutile  weight percent  1.3  1.7  1.2  1.2  1.5  1.7 

Clinochlore  weight percent  0.6  0.5  0.8  0.4  0.4  0.4 

Topaz  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Tremolite  weight percent  ‐  ‐  0.9  ‐  ‐  0.5 

Fluorapatite  weight percent  0.8  ‐  0.6  0.5  ‐  ‐ 

Magnetite  weight percent  0.7  ‐  ‐  ‐  ‐  ‐ 

Pyrite  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Dolomite  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Woodhouseite  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Siderite  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Hematite  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Anhydrite  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

Talc  weight percent  ‐  ‐  ‐  ‐  ‐  ‐ 

TOTAL  weight percent  100  100  100  100  100  100 
 

NOTE: Detection limit for XRD is 0.5 to 2 weight percent and highly dependent on crystallinity of mineral phases.  

Identification of phases present at ≤ 2 weight percent is tentative. 

   



 

Resolution Tailings Geochemistry     
Baseline Report Update 
June 2016   
 
 

Table 4.5‐3:  Quantitative Evaluation of Minerals by Scanning Electron Microscopy (QEMSCAN) data for 

2014 pilot plant scavenger tailings replicates subjected to humidity cell testing. 

Adapted from Table 5 in SGS (2016b). 

Mineral  Unit 
P3‐1 Bulk
Ro Tls 

P3‐2 Bulk
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk 
Ro Tls 

P3‐5 Bulk 
Ro Tls 

P3‐6 Bulk
Ro Tls 

Calculated ESD1 Particle Size   micron (µm)  26  26  26  26  28  25 

Chalcopyrite  weight percent  0.07  0.03  0.07  0.07  0.04  0.07 

Other Cu‐Sulfides  weight percent  0.02  0.01  0.01  0.02  0.04  0.02 

Pyrite  weight percent  0.12  0.12  0.09  0.10  0.07  0.11 

Other Sulfides  weight percent  0.00  0.04  0.00  0.00  0.00  0.01 

Quartz  weight percent  56.2  54.0  53.5  57.8  53.3  55.2 

Feldspars  weight percent  2.40  3.74  3.77  3.04  3.80  3.82 

Epidote  weight percent  0.00  0.00  0.00  0.00  0.00  0.00 

Tremolite  weight percent  0.20  0.10  0.32  0.20  0.13  0.44 

Talc  weight percent  0.05  0.12  0.14  0.09  0.04  0.05 

Muscovite  weight percent  22.9  25.9  25.2  23.3  25.9  24.3 

Biotite/Phlogopite  weight percent  11.1  9.99  10.5  9.00  10.6  10.3 

Chlorites  weight percent  0.53  0.36  0.58  0.58  0.54  0.47 

Illite  weight percent  0.82  0.91  0.79  0.85  0.95  0.91 

Kaolinite  weight percent  2.45  2.02  2.08  2.25  2.00  1.70 

Topaz  weight percent  0.25  0.14  0.15  0.28  0.12  0.16 

Other Silicates  weight percent  0.08  0.02  0.03  0.02  0.06  0.02 

Fe/Ti‐Oxides  weight percent  1.87  1.57  1.50  1.41  1.48  1.59 

Calcite  weight percent  0.07  0.01  0.02  0.04  0.01  0.02 

Dolomite  weight percent  0.08  0.06  0.11  0.13  0.10  0.05 

Ankerite  weight percent  0.00  0.02  0.05  0.00  0.01  0.01 

Siderite  weight percent  0.01  0.03  0.12  0.01  0.05  0.02 

Anhydrite  weight percent  0.02  0.07  0.18  0.08  0.09  0.06 

Jarosite (+fine clay)  weight percent  0.03  0.04  0.03  0.03  0.03  0.02 

Alunite  weight percent  0.01  0.01  0.01  0.00  0.01  0.01 

Woodhouseite  weight percent  0.31  0.23  0.24  0.16  0.19  0.34 

Barite  weight percent  0.00  0.00  0.00  0.03  0.00  0.00 

Apatite  weight percent  0.33  0.27  0.35  0.39  0.30  0.33 

Other  weight percent  0.11  0.12  0.10  0.10  0.19  0.03 

Total  weight percent  100.0  100.0  100.0  100.0  100.0  100.0 
 

 

1ESD = equivalent spherical diameter 

   



 

Resolution Tailings Geochemistry     
Baseline Report Update 
June 2016   
 
 

Table 4.5‐4:  X‐ray fluorescence (XRF) whole rock analyses for 2014 pilot plant scavenger tailings 
replicates subjected to humidity cell testing.  Adapted from Table 15 in SGS (2016b). 

Parameter  Unit 
P3‐1 Bulk 
Ro Tls 

P3‐2 Bulk
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk
Ro Tls 

P3‐5 Bulk
Ro Tls 

P3‐6 Bulk 
Ro Tls 

SiO2  weight percent  73.0  72.4  72.7  73.0  73.0  72.8 

Al2O3  weight percent  13.2  13.2  13.3  13.2  13.3  13.3 

Fe2O3  weight percent  2.35  2.42  2.42  2.45  2.42  2.43 

MgO  weight percent  2.18  2.14  2.13  2.14  2.16  2.17 

CaO  weight percent  0.39  0.40  0.39  0.40  0.38  0.38 

Na2O  weight percent  0.05  0.06  0.06  0.05  0.05  0.07 

K2O  weight percent  4.27  4.28  4.27  4.26  4.28  4.29 

TiO2  weight percent  1.18  1.18  1.19  1.20  1.20  1.18 

P2O5  weight percent  0.22  0.22  0.22  0.21  0.21  0.22 

MnO  weight percent  0.01  0.02  0.03  0.02  0.02  0.02 

Cr2O3  weight percent  0.03  0.02  0.03  0.03  0.03  0.03 

V2O5  weight percent  0.03  0.03  0.04  0.03  0.03  0.03 

LOI1  weight percent  2.72  2.66  2.69  2.79  2.80  2.79 

Sum  weight percent  99.7  99.0  99.4  99.7  99.9  99.6 
 

1LOI = loss on ignition 
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Table 4.5‐5:  Elemental analysis results for 2014 pilot plant scavenger tailings replicates subjected to 
humidity cell testing.  Adapted from Table 18 in SGS (2016b). 

Parameter  Unit 
P3‐1 
Bulk 
Ro Tls 

P3‐2 
Bulk 
Ro Tls 

P3‐3 
Bulk 
Ro Tls 

P3‐4 
Bulk 
Ro Tls 

P3‐5 
Bulk 
Ro Tls 

P3‐6 
Bulk 
Ro Tls 

Silicon 
weight 
percent  33.7  33.7  34.1  34.8  34.2  34.1 

Aluminum  µg/g1  71000  70000  70000  70000  71000  70000 

Antimony  µg/g  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8  < 0.8 

Arsenic  µg/g  1.5  1.4  1.1  1.4  2.3  1.7 

Barium  µg/g  320  290  310  300  300  300 

Beryllium  µg/g  2.7  2.5  2.6  2.5  2.6  2.6 

Bismuth  µg/g  1.9  1.5  1.7  1.7  1.5  1.6 

Boron  µg/g  4  4  4  4  4  4 

Cadmium  µg/g  0.08  0.06  0.08  < 0.02  < 0.02  0.02 

Calcium  µg/g  3000  2900  2900  2900  2900  2900 

Chromium  µg/g  150  150  150  150  160  160 

Cobalt  µg/g  6.3  6.2  6.4  6.2  6.4  6.3 

Copper  µg/g  550  590  540  550  510  510 

Iron  µg/g  17000  17000  17000  17000  17000  17000 

Lead  µg/g  76  72  79  75  74  72 

Lithium  µg/g  11  11  11  11  11  10 

Magnesium  µg/g  13000  13000  13000  13000  13000  13000 

Manganese  µg/g  140  140  150  150  150  140 

Mercury  µg/g  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05 

Molybdenum  µg/g  49  42  48  52  46  44 

Nickel  µg/g  83  78  78  77  84  82 

Phosphorus  µg/g  920  890  910  900  890  880 

Potassium  µg/g  38000  37000  38000  38000  37000  37000 

Selenium  µg/g  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7  < 0.7 

Silver   µg/g  0.36  0.39  0.32  0.29  0.32  0.36 

Sodium  µg/g  500  500  460  460  450  450 

Strontium  µg/g  190  180  190  190  190  190 

Thallium  µg/g  0.55  0.55  0.56  0.54  0.55  0.54 

Thorium  µg/g  3.2  3.0  3.1  3.1  3.0  2.8 

Tin  µg/g  17  16  17  16  16  16 

Titanium  µg/g  2100  2000  2200  2200  2200  2200 

Tungsten  µg/g  33  33  35  34  34  34 

Uranium  µg/g  1.9  1.9  1.9  1.9  2.0  1.8 

Vanadium  µg/g  150  140  150  150  140  140 

Yttrium  µg/g  6.1  6.1  7.3  6.8  6.5  6.4 

Zinc  µg/g  54  54  52  52  51  51 
 

1µg/g = micrograms per gram (equivalent to parts per million) 
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Table 4.5‐6:  Particle size distribution data for 2014 pilot plant scavenger tailings replicates subjected to 
humidity cell testing.  Adapted from Table 28 in SGS (2016b). 

  
P3‐1 Bulk 
Ro Tls 

P3‐2 Bulk 
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk
Ro Tls 

P3‐5 Bulk
Ro Tls 

P3‐6 Bulk
Ro Tls 

Particle Size 
Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

Weight 
Passing 

millimeters (mm)  Percent  Percent  Percent  Percent  Percent  Percent 

0.425  100.0  100.0  100.0  100.0  100.0  100.0 

0.212  93.2  93.3  93.1  93.1  93.3  93.6 

0.150  83.4  83.7  83.2  83.2  83.4  83.8 

0.075  59.6  60.3  59.4  59.9  60.0  60.3 

0.043  45.6  45.9  45.2  46.1  47.3  47.2 

0.031  38.1  37.6  38.6  38.7  39.1  39.9 

0.022  34.4  33.0  32.9  34.1  34.5  35.4 

0.016  28.8  27.5  27.3  28.6  28.2  28.1 

0.012  22.3  22.0  21.6  23.1  22.7  22.7 

0.009  18.6  17.4  16.9  17.5  17.3  17.2 

0.006  13.0  12.8  12.2  12.0  12.7  12.7 

0.004  8.4  9.2  8.5  8.3  8.2  8.2 

0.001  2.8  2.8  2.8  2.8  2.7  2.7 
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Table 4.5‐7:  Particle size classifications and specific gravity data for 2014 pilot plant scavenger tailings 
replicates subjected to humidity cell testing.  Adapted from Table 27 in SGS (2016b). 

Parameter 
P3‐1 Bulk 
Ro Tls 

P3‐2 Bulk 
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk
Ro Tls 

P3‐5 Bulk
Ro Tls 

P3‐6 Bulk 
Ro Tls 

Sand (percent)  40.4  39.7  40.6  40.1  40.0  39.7 

Silt (percent)  54.6  55.3  54.4  54.9  55.0  55.3 

Clay (percent)  5  5  5  5  5  5 

Specific Gravity  2.78  2.77  2.77  2.78  2.79  2.78 
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Table 4.5‐8:  Synthetic Precipitation Leaching Procedure (SPLP) results for 2014 pilot plant scavenger 
tailings samples subjected to humidity cell testing.  Adapted from Table 21 in SGS (2016b). 

Parameter  Unit 
P3‐1 Bulk 
Ro Tls 

P3‐2 Bulk
Ro Tls 

P3‐3 Bulk
Ro Tls 

P3‐4 Bulk
Ro Tls 

P3‐5 Bulk
Ro Tls 

P3‐6 Bulk 
Ro Tls 

pH AND ANIONS 

pH 
standard 
units  7.82  8.60  7.96  7.97  7.75  8.22 

Chloride  mg/L1  < 2  < 2  < 2  < 2  < 2  < 2 

Fluoride  mg/L  2.1  1.14  2.29  2.32  2.08  0.93 

METALS AND METALLOIDS 

Aluminum  mg/L  0.0139  0.0273  0.0239  0.0113  0.0102  0.0181 

Antimony  mg/L  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002  < 0.0002 

Arsenic  mg/L  < 0.0002  0.0014  < 0.0002  0.0008  0.0004  < 0.0002 

Barium  mg/L  0.00885  0.00717  0.00901  0.00892  0.0098  0.007 

Beryllium  mg/L  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007  < 0.000007 

Bismuth  mg/L  < 0.000007  < 0.000007  0.00001  < 0.000007  < 0.000007  < 0.000007 

Boron  mg/L  0.0317  0.037  0.0385  0.0362  0.0315  0.0388 

Cadmium  mg/L  0.000005  0.000008  0.000006  0.000008  0.000012  0.000004 

Calcium  mg/L  15.7  13.6  15.4  15  15.6  13 

Chromium  mg/L  0.00022  0.00033  0.00022  0.00017  0.00017  0.00018 

Cobalt  mg/L  0.000574  0.000321  0.000483  0.000521  0.000648  0.000194 

Copper  mg/L  0.00752  0.00096  0.00096  0.00051  0.00059  0.00082 

Iron  mg/L  0.005  < 0.002  0.003  < 0.002  < 0.002  < 0.002 

Lead  mg/L  0.00016  0.00005  0.00002  < 0.00001  0.00004  0.00002 

Lithium  mg/L  0.0013  0.00128  0.00126  0.00125  0.00123  0.0012 

Magnesium  mg/L  1.2  1.02  1.17  1.14  1.17  0.936 

Manganese  mg/L  0.113  0.0821  0.101  0.104  0.127  0.0556 

Mercury  mg/L  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Molybdenum  mg/L  0.00358  0.00443  0.00366  0.00356  0.00364  0.00432 

Nickel  mg/L  0.0019  0.0014  0.0017  0.0015  0.0017  0.0009 

Phosphorus  mg/L  0.011  0.025  < 0.009  0.019  0.02  0.026 

Potassium  mg/L  3.28  2.98  3.18  3.17  3.26  2.84 

Selenium  mg/L  < 0.001  0.001  < 0.001  < 0.001  < 0.001  0.001 

Silicon  mg/L  0.98  1.03  1.65  1.03  0.98  1.02 

Silver  mg/L  0.000004  0.000007  0.000003  0.000002  0.000003  0.000002 

Sodium  mg/L  4.85  7.67  5.72  5.28  5.31  5.78 

Strontium  mg/L  0.0739  0.064  0.0718  0.0702  0.074  0.0632 

Thallium  mg/L  < 0.000005  < 0.000005  < 0.000005  < 0.000005  < 0.000005  < 0.000005 

Thorium  mg/L  0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001  < 0.00001 

Tin  mg/L  0.00227  0.00007  0.00005  0.00004  0.00004  0.00005 

Titanium  mg/L  0.00038  0.00042  0.00048  0.00014  0.00014  0.00028 

Tungsten  mg/L  0.00007  0.00014  0.00012  0.00007  0.00008  0.00016 

Uranium  mg/L  0.000009  0.000008  0.000005  0.000005  0.000004  0.000006 

Vanadium  mg/L  0.00005  0.00017  0.00009  0.00006  0.00005  0.00008 

Yttrium  mg/L  0.000005  0.000003  0.000006  0.000003  0.000002  0.000003 

Zinc  mg/L  0.008  0.001  < 0.001  < 0.001  0.005  0.003 
 

1mg/L = milligrams per liter 
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Table 4.6‐1:  Pyrite oxidation rates for pyrite in 2014 pilot plant tailings (adapted from Table 1 in Earth Systems 

(2015)). 

Sample ID  Description  Pyrite oxidation rate (POR)1 

     
wt percent 
FeS2/yr  

×10–9 kg O2/t/s  kg S/t/yr 

P4‐RO‐05 
P4 Scavenger Tailings. Tested at VMC2 of 5 percent 
and bulk density3 (dry basis) of 1.55 g/cm3 

66  59  1.0 

P4‐RO‐20 
P4 Scavenger Tailings. Tested at VMC of 20 percent 
and bulk density (dry basis) of 1.55 g/cm3 

150  130  2.2 

P4‐RO‐24 
P4 Scavenger Tailings. Tested at VMC of 24 percent 
(Field Capacity) and bulk density (dry basis) of 1.55 
g/cm3 

230  210  3.5 

P4‐CL‐05 
P4 High‐Sulfide Tailings. Tested at VMC of 5 percent 
and bulk density (dry basis) of 1.73 g/cm3 

22  2700  45 

P4‐CL‐20 
P4 High‐Sulfide Tailings. Tested at VMC of 20 percent 
and bulk density (dry basis) of 1.73 g/cm3 

14  1700  29 

P4‐CL‐40 
P4 High‐Sulfide Tailings. Tested at VMC of 40 percent 
and bulk density (dry basis) of 1.73 g/cm3 

0.35  42  0.70 

P8‐RO‐05 
P8 Scavenger Tailings. Tested at VMC of 5 percent and 
bulk density (dry basis) of 1.55 g/cm3 

32  28  0.47 

P8‐RO‐20 
P8 Scavenger Tailings. Tested at VMC of 20 percent 
and bulk density (dry basis) of 1.55 g/cm3 

40  36  0.60 

P8‐RO‐26 
P8 Scavenger Tailings. Tested at VMC of 26 percent 
and bulk density (dry basis) of 1.55 g/cm3 

81  72  1.2 

P8‐COM‐05 
P8 High‐Sulfide Tailings. Tested at VMC of 5 percent 
and bulk density (dry basis) of 1.73 g/cm3 

5.9  690  12 

P8‐COM‐20 
P8 High‐Sulfide Tailings. Tested at VMC of 20 percent 
and bulk density (dry basis) of 1.73 g/cm3 

12  1400  24 

P8‐COM‐37 
P8 High‐Sulfide Tailings. Tested at VMC of 37 percent 
(Field Capacity) and bulk density (dry basis) of 1.73 
g/cm3 

0.21  25  0.41 

 

1Pyrite oxidation rate (POR) presented in the following units:   

 wt percent FeS2/yr = Weight percent of available pyrite oxidized per year (i.e., normalized with respect to 
pyrite content) 

 kg O2/t/s = kilograms of oxygen consumed per tonne of tailings per second   

 kg S/t/yr = kilograms of sulfur oxidized per tonne of tailings per year   
   
2VMC = volumetric moisture content     
3 bulk density in g/cm3 = grams per cubic centimeter   
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FIGURE 4.4-3. PARTICLE SIZE DISTRIBUTION FOR SCAVENGER TAILINGS FROM 2014
                         MASTER ORE COMPOSITES SUBJECTED TO HUMIDITY CELL TESTING
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FIGURE 4.4-4. HUMIDITY CELL TEST LEACHATES FROM 2014 MASTER COMPOSITE
                         SCAVENGER TAILINGS: pH
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FIGURE 4.4-5. HUMIDITY CELL TEST LEACHATES FROM 2014 MASTER COMPOSITE
                         SCAVENGER TAILINGS: ALKALINITY

NOTE: DATA BELOW DETECTION LIMIT (2 mg/L as CaCO3) 
            NOT SHOWN ON PLOT
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FIGURE 4.4-6.  HUMIDITY CELL TEST LEACHATES FROM 2014 MASTER COMPOSITE
                          SCAVENGER TAILINGS: ACIDITY

NOTE: DATA BELOW DETECTION LIMIT (2 mg/L as CaCO3) 
            NOT SHOWN ON PLOT
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FIGURE 4.4-7.  2014 MASTER COMPOSITE SCAVENGER TAILINGS WITH CIRCUMNEUTRAL HCT
                          LEACHATES: CUMULATIVE SULFIDE SULFUR AND NEUTRALIZATION POTENTIAL (NP)
                          DEPLETION
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FIGURE 4.4-8.  HUMIDITY CELL TEST LEACHATES FROM 2014 MASTER COMPOSITE
                          SCAVENGER TAILINGS: SULFATE
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FIGURE 4.4-9.  2014 MASTER COMPOSITE SCAVENGER TAILINGS WITH INTERMEDIATE pH (TOP ROW) AND 
                          LOW pH (BOTTOM ROW) HCT LEACHATES: CUMULATIVE SULFIDE SULFUR AND NEUTRALIZATION
                          POTENTIAL (NP) DEPLETION
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FIGURE 4.5-1.  PARTICLE SIZE DISTRIBUTION IN REPLICATE SAMPLES OF
                          2014 PILOT PLANT SCAVENGER TAILINGS
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FIGURE 4.5-2.  HUMIDITY CELL TEST LEACHATES FROM REPLICATE SAMPLES OF
                          2014 PILOT PLANT SCAVENGER TAILINGS: pH
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FIGURE 4.5-3.  HUMIDITY CELL TEST LEACHATES FROM REPLICATE SAMPLES OF
                          2014 PILOT PLANT SCAVENGER TAILINGS: ACIDITY

NOTE: DATA BELOW DETECTION LIMIT (2 mg/L as CaCO3) 
            NOT SHOWN ON PLOT
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FIGURE 4.5-4.  HUMIDITY CELL TEST LEACHATES FROM REPLICATE SAMPLES OF 2014 PILOT PLANT SCAVENGER TAILINGS:
                          CUMULATIVE SULFIDE SULFUR AND NEUTRALIZATION POTENTIAL (NP) DEPLETION
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FIGURE 4.5-5.  HUMIDITY CELL TEST LEACHATES FROM REPLICATE SAMPLES OF
                          2014 PILOT PLANT SCAVENGER TAILINGS: SULFATE
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Certificate of Analysis
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1542360 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

10

WATER

Water Water Water Water Water
27-OCT-14 27-OCT-14 29-OCT-14 29-OCT-14 30-OCT-14

KM4420- P1 
MORNING 
PROCESS

KM4420- P1 
AFTERNOON 

PROCESS

KM4420- P3 
MORNING 
PROCESS

KM4420- P3 
AFTERNOON 

PROCESS

KM4420- P4 
MORNING 
PROCESS

L1542360-1 L1542360-2 L1542360-3 L1542360-4 L1542360-5

15:30 15:30 07:15 15:30 07:15

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Dissolved Solids (mg/L)

Acidity (as CaCO3) (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate and Nitrite (as N) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Dissolved Inorganic Carbon (mg/L)

Dissolved Organic Carbon (mg/L)

Total Inorganic Carbon (mg/L)

Total Organic Carbon (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Bismuth (Bi)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

43.5 175 183

7.27 7.82 7.89 7.76 7.78

81 77 186 307 318

3.4 2.6 3.1 3.5 3.4

45.3 39.9 47.2 39.9 39.2

<1.0 <1.0 <1.0 <1.0 <1.0

<1.0 <1.0 <1.0 <1.0 <1.0

45.3 39.9 47.2 39.9 39.2

<0.050 <0.050 <0.050 <0.050 <0.050

3.67 3.64 4.46 5.31 5.32

0.057 0.056 0.625 1.20 1.21

0.0098 0.0084 <0.0051 <0.0051 <0.0051

0.0098 0.0084 <0.0050 <0.0050 <0.0050

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

7.78 7.07 82.7 166 172

8.85 9.22 9.26

1.63 5.00 5.08

9.30 8.72 9.39

1.53 4.98 5.39

0.0182 0.261 0.451

0.00063 <0.00050 0.00056

0.00311 0.00164 0.00283

<0.020 <0.020 0.022

<0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20

<0.10 <0.10 <0.10

0.000122 0.000139 0.000303

15.2 64.0 66.7

<0.0010 <0.0010 0.0014

<0.00030 0.00039 0.00073

0.0174 0.0255 0.0539

0.046 0.275 0.644

0.00929 0.00492 0.0218

<0.0050 <0.0050 <0.0050

1.90 4.68 4.88

0.00794 0.141 0.153

Physical Tests

Anions and 
Nutrients

Organic / 
Inorganic Carbon

Total Metals
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L1542360 CONTD....
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Version: FINAL   

10

WATER

Water Water Water
30-OCT-14 31-OCT-14 31-OCT-14

KM4420- P4 
AFTERNOON 

PROCESS

KM4420- P5 
MORNING 
PROCESS

KM4420- P5 
AFTERNOON 

PROCESS

L1542360-6 L1542360-7 L1542360-8

15:30 07:15 16:00

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Dissolved Solids (mg/L)

Acidity (as CaCO3) (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate and Nitrite (as N) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Dissolved Inorganic Carbon (mg/L)

Dissolved Organic Carbon (mg/L)

Total Inorganic Carbon (mg/L)

Total Organic Carbon (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Bismuth (Bi)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

219 222 245

7.69 7.68 7.66

390 396 373

3.8 3.8 3.7

35.5 37.7 30.0

<1.0 <1.0 <1.0

<1.0 <1.0 <1.0

35.5 37.7 30.0

<0.050 <0.050 <0.050

5.94 5.97 6.40

1.56 1.56 1.75

<0.0051 <0.0051 <0.0051

<0.0050 <0.0050 <0.0050

<0.0010 <0.0010 <0.0010

223 224 254

8.29 9.17 8.83

7.63 7.28 9.02

7.87 8.86 8.65

8.36 7.81 9.89

0.748 0.745 1.00

<0.00050 0.00054 0.00060

0.00141 0.00277 0.00222

<0.020 0.021 0.021

<0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20

<0.10 <0.10 <0.10

0.000144 0.000305 0.000246

77.3 76.3 88.8

0.0019 0.0021 0.0024

0.00074 0.00097 0.00090

0.0624 0.0671 0.103

0.721 0.970 0.951

0.00687 0.0185 0.0148

0.0061 0.0062 0.0064

5.49 5.54 5.21

0.174 0.184 0.170

Physical Tests

Anions and 
Nutrients

Organic / 
Inorganic Carbon

Total Metals
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WATER

Water Water Water Water Water
27-OCT-14 27-OCT-14 29-OCT-14 29-OCT-14 30-OCT-14

KM4420- P1 
MORNING 
PROCESS

KM4420- P1 
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PROCESS

KM4420- P3 
MORNING 
PROCESS

KM4420- P3 
AFTERNOON 

PROCESS

KM4420- P4 
MORNING 
PROCESS

L1542360-1 L1542360-2 L1542360-3 L1542360-4 L1542360-5

15:30 15:30 07:15 15:30 07:15

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Phosphorus (P)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silicon (Si)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Strontium (Sr)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

0.000024 0.000038 0.000147

0.0012 0.0273 0.0270

0.0015 0.0028 0.0045

<0.30 <0.30 <0.30

<2.0 21.4 21.2

0.00115 0.00345 0.00363

2.72 2.34 2.63

0.000060 0.000079 0.000184

6.3 9.8 9.6

0.0798 0.362 0.370

<0.00020 <0.00020 <0.00020

<0.00050 <0.00050 <0.00050

<0.010 0.018 0.028

<0.00020 <0.00020 <0.00020

<0.0010 <0.0010 0.0013

0.0545 0.0248 0.0775

LAB LAB LAB

LAB LAB LAB

0.0095 0.0305 0.0241

0.00056 <0.00050 <0.00050

0.00268 0.00121 0.00153

<0.020 <0.020 <0.020

<0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20

<0.10 <0.10 <0.10

0.000105 0.000129 0.000249

14.5 62.6 65.6

<0.0010 <0.0010 <0.0010

<0.00030 <0.00030 0.00035

0.0112 0.0040 0.0060

<0.030 <0.030 <0.030

0.00381 <0.00050 0.00066

<0.0050 <0.0050 <0.0050

1.76 4.47 4.58

0.00683 0.132 0.143

<0.000010 <0.000010 <0.000010

0.0011 0.0261 0.0266

Total Metals

Dissolved Metals
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WATER

Water Water Water
30-OCT-14 31-OCT-14 31-OCT-14

KM4420- P4 
AFTERNOON 

PROCESS

KM4420- P5 
MORNING 
PROCESS

KM4420- P5 
AFTERNOON 

PROCESS

L1542360-6 L1542360-7 L1542360-8

15:30 07:15 16:00

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Phosphorus (P)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silicon (Si)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Strontium (Sr)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

0.000059 0.000092 <0.000010

0.0373 0.0357 0.0551

0.0039 0.0057 0.0041

<0.30 <0.30 <0.30

27.8 27.5 32.8

0.00526 0.00536 0.00845

2.94 2.93 3.28

0.000172 0.000202 0.000345

11.0 11.0 12.8

0.430 0.429 0.482

<0.00020 <0.00020 <0.00020

0.00055 0.00055 0.00076

0.047 0.051 0.047

<0.00020 <0.00020 0.00021

0.0020 0.0025 0.0025

0.0278 0.0771 0.0541

LAB LAB LAB

LAB LAB LAB

0.0385 0.0267 0.0567

<0.00050 <0.00050 0.00055

0.00095 0.00135 0.00138

<0.020 <0.020 <0.020

<0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20

<0.10 <0.10 <0.10

0.000131 0.000294 0.000193

79.0 80.5 90.2

<0.0010 <0.0010 <0.0010

0.00031 0.00041 0.00032

0.0026 0.0041 0.0040

<0.030 <0.030 <0.030

<0.00050 0.00066 <0.00050

0.0058 0.0060 0.0059

5.22 5.19 4.78

0.170 0.178 0.162

<0.000010 <0.000010 <0.000010

0.0379 0.0366 0.0556

Total Metals

Dissolved Metals
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WATER

Water Water Water Water Water
27-OCT-14 27-OCT-14 29-OCT-14 29-OCT-14 30-OCT-14

KM4420- P1 
MORNING 
PROCESS

KM4420- P1 
AFTERNOON 

PROCESS

KM4420- P3 
MORNING 
PROCESS

KM4420- P3 
AFTERNOON 

PROCESS

KM4420- P4 
MORNING 
PROCESS

L1542360-1 L1542360-2 L1542360-3 L1542360-4 L1542360-5

15:30 15:30 07:15 15:30 07:15

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

0.0013 0.0018 0.0026

<0.30 <0.30 <0.30

<2.0 20.7 20.8

0.00107 0.00319 0.00333

2.58 1.65 1.66

<0.000020 <0.000020 <0.000020

6.0 9.6 9.5

0.0757 0.349 0.362

<0.00020 <0.00020 <0.00020

<0.00050 <0.00050 <0.00050

<0.010 <0.010 <0.010

<0.00020 <0.00020 <0.00020

<0.0010 <0.0010 <0.0010

0.0442 0.0159 0.0529

Dissolved Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time
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WATER

Water Water Water
30-OCT-14 31-OCT-14 31-OCT-14

KM4420- P4 
AFTERNOON 

PROCESS

KM4420- P5 
MORNING 
PROCESS

KM4420- P5 
AFTERNOON 

PROCESS

L1542360-6 L1542360-7 L1542360-8

15:30 07:15 16:00

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

0.0021 0.0027 0.0020

<0.30 <0.30 <0.30

28.6 28.4 32.7

0.00506 0.00514 0.00794

1.48 1.50 1.39

<0.000020 <0.000020 0.000047

11.6 11.6 13.1

0.447 0.446 0.484

<0.00020 <0.00020 <0.00020

<0.00050 <0.00050 0.00055

<0.010 <0.010 0.010

<0.00020 <0.00020 <0.00020

<0.0010 <0.0010 <0.0010

0.0131 0.0528 0.0220

Dissolved Metals



Reference Information

L1542360-1

L1542360-4

L1542360-5

L1542360-6

L1542360-7

L1542360-8

Water sample(s) for total mercury analysis was not submitted in glass or PTFE 
container with HCl preservative.  Results may be biased low.
Water sample(s) for total mercury analysis was not submitted in glass or PTFE 
container with HCl preservative.  Results may be biased low.
Water sample(s) for total mercury analysis was not submitted in glass or PTFE 
container with HCl preservative.  Results may be biased low.
Water sample(s) for total mercury analysis was not submitted in glass or PTFE 
container with HCl preservative.  Results may be biased low.
Water sample(s) for total mercury analysis was not submitted in glass or PTFE 
container with HCl preservative.  Results may be biased low.
Water sample(s) for total mercury analysis was not submitted in glass or PTFE 
container with HCl preservative.  Results may be biased low.

Qualifiers for Individual Samples Listed:

Sample Number

KM4420- P1 MORNING PRO

KM4420- P3 AFTERNOON P

KM4420- P4 MORNING PRO

KM4420- P4 AFTERNOON P

KM4420- P5 MORNING PRO

KM4420- P5 AFTERNOON P

Client Sample  ID       Description      

DLM

MS-B

Detection Limit Adjusted due to sample matrix effects.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

WSMT

WSMT

WSMT

WSMT

WSMT

WSMT

Qualifier      

Description Qualifier      

19-NOV-14 14:29 (MT)

L1542360 CONTD....
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ACY-PCT-VA

ACY-PCT-VA

ALK-PCT-VA

ALK-PCT-VA

ANIONS-BR-IC-VA

ANIONS-CL-IC-VA

ANIONS-F-IC-VA

Acidity by Automatic Titration

Acidity by Automatic Titration

Alkalinity by Auto. Titration

Alkalinity by Auto. Titration

Bromide by Ion Chromatography

Chloride by Ion Chromatography

Fluoride by Ion Chromatography

This analysis is carried out using procedures adapted from APHA Method 2310 "Acidity". Acidity is determined by potentiometric titration to a specified
endpoint.

Samples of industrial wastes, acid mine drainage, or other solutions that contain appreciable amounts of hydrolyzable metal ions such as aluminum, 
iron, and manganese may require hot peroxide treatment to ensure oxidation and hydrolysis of reduced forms of polyvalent cations. Acidity results may
be highly variable if this procedure is not followed. Results in this report for ’Acidity (as CaCO3)’ have not been peroxide treated.

This analysis is carried out using procedures adapted from APHA Method 2310 "Acidity". Acidity is determined by potentiometric titration to a specified
endpoint.

Samples of industrial wastes, acid mine drainage, or other solutions that contain appreciable amounts of hydrolyzable metal ions such as aluminum, 
iron, and manganese may require hot peroxide treatment to ensure oxidation and hydrolysis of reduced forms of polyvalent cations. Acidity results may
be highly variable if this procedure is not followed. Results in this report for ’Acidity (as CaCO3)’ have not been peroxide treated.

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

APHA 2310 "Acidity"

APHA 2310 Acidity

APHA 2320 "Alkalinity"

APHA 2320 Alkalinity

APHA 4110 B.

APHA 4110 B.

APHA 4110 B.

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1542360-1, -2, -3, -4, -5, -6, -7, -8
L1542360-1, -2, -3, -4, -5, -6, -7, -8
L1542360-1, -2, -3, -4, -5, -6, -7, -8
L1542360-1, -2, -3, -4, -5, -6, -7, -8
L1542360-1, -2, -3, -4, -5, -6, -7, -8
L1542360-1, -2, -3, -4, -5, -6, -7, -8
L1542360-8
L1542360-8

Bromide (Br)
Fluoride (F)
Nitrate (as N)
Bromide (Br)
Fluoride (F)
Nitrite (as N)
Total Organic Carbon
Dissolved Organic Carbon

DLM
DLM
DLM
DLM
DLM
DLM
MS-B
MS-B

QC Samples with Qualifiers & Comments:

Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Matrix Spike
Matrix Spike

QC Type Description

10
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ANIONS-N+N-CALC-VA

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

CARBONS-DIC-VA

CARBONS-DOC-VA

CARBONS-TIC-VA

CARBONS-TOC-VA

HARDNESS-CALC-VA

HG-DIS-LOW-CVAFS-VA

HG-TOT-LOW-CVAFS-VA

MET-D-CCMS-VA

MET-DIS-ICP-VA

MET-T-CCMS-VA

MET-TOT-ICP-VA

Nitrite & Nitrate in Water (Calculation)

Nitrite in Water by Ion Chromatography

Nitrate in Water by Ion Chromatography

Sulfate by Ion Chromatography

Dissolved inorganic carbon by CO2 purge

Dissolved organic carbon by combustion

Total inorganic carbon by CO2 purge

Total organic carbon by combustion

Hardness

Dissolved Mercury in Water by CVAFS(Low)

Total Mercury in Water by CVAFS(Low)

Dissolved Metals in Water by CRC ICPMS

Dissolved Metals in Water by ICPOES

Total Metals in Water by CRC ICPMS

Total Metals in Water by ICPOES

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

Nitrate and Nitrite (as N) is a calculated parameter. Nitrate and Nitrite (as N) = Nitrite (as N) + Nitrate (as N).

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrite is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrate is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)". Dissolved inorganic carbon (DIC) 
fractions are determined by filtering the sample through a 0.45 micron membrane filter prior to analysis.

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)". Dissolved carbon (DOC) fractions are 
determined by filtering the sample through a 0.45 micron membrane filter prior to analysis.

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaCO3 equivalents.  
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and 
involves a cold-oxidation of the acidified sample using bromine monochloride prior to reduction of the sample with stannous chloride.  Instrumental 
analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves a cold-oxidation of the acidified sample using bromine monochloride prior to 
reduction of the sample with stannous chloride.  Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption 
spectrophotometry (EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or 
filtration (APHA 3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 
6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves filtration (EPA Method 3005A) and analysis by inductively coupled plasma - 
optical emission spectrophotometry (EPA Method 6010B).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or 
filtration (APHA 3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 
6020A).

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 300.0

EPA 300.0

EPA 300.0

APHA 4110 B.

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 2340B

EPA SW-846 3005A & EPA 245.7

EPA 245.7

APHA 3030 B&E / EPA SW-846 6020A

EPA SW-846 3005A/6010B

APHA 3030 B&E / EPA SW-846 6020A

EPA SW-846 3005A/6010B

Version: FINAL   
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PH-PCT-VA

PH-PCT-VA

TDS-VA

pH by Meter (Automated)

pH by Meter (Automated)

Total Dissolved Solids by Gravimetric

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

Water

Water

Water

APHA 4500-H "pH Value"

APHA 4500-H pH Value

APHA 2540 C - GRAVIMETRIC

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-227970

Version: FINAL   
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Gross Alpha/Beta

Case Narrative 

ALS Environmental 

L1542360

Work Order Number:  1411154 

1. This report consists of the analytical results for one water sample received by ALS on 11/07/14. 

2. This sample was prepared according to the current revision of SOP 702. 

3. The sample was analyzed for gross alpha and beta activity by gas flow proportional counting 
according to the current revision of SOP 724.  The analysis was completed on 11/16/14.  Gross 
alpha results are referenced to 241Am.  Gross beta results are referenced to 90Sr/Y.

4. The analysis results for this sample are reported in units of BQ/L.  The sample was not 
filtered prior to analysis.  

5. No anomalous situations were encountered during the preparation or analysis of this sample.  All 
quality control criteria were met. 

1 of 9



The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 

______________________________    __11/18/14___ 
Mindy Norton       Date 
Radiochemistry Primary Data Reviewer   

______________________________    ___________ 
Radiochemistry Final Data Reviewer    Date 

2 of 9
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OrderNum: 1411154

Client Name: ALS Environmental

Client Project Name:

Client Project Number: L1542360

Client PO Number: L1542360

Lab Sample

Number

Client Sample

Number

Matrix Date

Collected

Time

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1411154-1L1542360-8 WATER 31-Oct-14

Page 1 of 1 Tuesday, November 18, 2014Date Printed:

LIMS Version: 6.727

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC

PAI 724 Rev 11Method Blank Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542360

Work Order Number: 1411154

Lab ID: AB141112-3MB

Date Analyzed: 16-Nov-14

Date Collected: 12-Nov-14

Sample Matrix: WATER

Date Prepared: 12-Nov-14

Prep Batch: AB141112-3

Run ID: AB141112-3B

QCBatchID: AB141112-3-1 Result Units: BQ/l

File Name: ABC1116

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

PAI 724 Rev 11

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA12587-46-1 U0.023BDL 0.111

GROSS BETA12587-47-2 U0.035BDL 0.148

Data Package ID: AB1411154-1

Page 1 of 1Tuesday, November 18, 2014Date Printed:

LIMS Version: 6.727

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Laboratory Control Sample(s)

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 30 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542360

Work Order Number: 1411154

Lab ID: AB141112-3LCS

Date Analyzed: 13-Nov-14

Date Collected: 12-Nov-14

Sample Matrix: WATER

Date Prepared: 12-Nov-14

Prep Batch: AB141112-3

Run ID: AB141112-3B

QCBatchID: AB141112-3-1 Result Units: BQ/l

File Name: ABC1113A

ALS Environmental -- FC

Target

Nuclide

Lab

Qualifier
Spike Added Contro

l LimitsResults +/- s TPU2

MDC % RecCASNO

GROSS ALPHA 8.6 1.5 0.2 P,M37.645 113 70 - 130+/-12587-46-1

GROSS BETA 7.7 1.3 0.5 P,M37.633 101 70 - 130+/-12587-47-2

Data Package ID: AB1411154-1

Page 1 of 1Tuesday, November 18, 2014Date Printed:

LIMS Version: 6.727

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 110 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542360

Work Order Number: 1411154

Field ID: L1542360-8

Lab ID: 1411154-1

Date Analyzed: 15-Nov-14

Date Collected: 31-Oct-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 12-Nov-14

Prep Batch: AB141112-3

Run ID: AB141112-3B

QCBatchID: AB141112-3-1

Result Units: BQ/l

File Name: ABC1115A

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO

ALS Environmental -- FC

Requested

MDC

GROSS ALPHA U0.052BDL12587-46-1 0.111

GROSS BETA 0.071.12 +/- 0.1912587-47-2 0.148

Data Package ID: AB1411154-1

Page 1 of 1Tuesday, November 18, 2014Date Printed:

LIMS Version: 6.727

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]
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21-NOV-14 12:33 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1543754 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

7

WATER

Process Water Process Water Process Water Process Water
04-NOV-14 05-NOV-14 05-NOV-14 06-NOV-14

P7 PM PROCESS 
H20

P8 AM PROCESS 
H20

P8 PM PROCESS 
H20

BLIND SAMPLE 2

L1543754-1 L1543754-2 L1543754-3 L1543754-4

15:30 07:00 15:30

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Dissolved Solids (mg/L)

Acidity (as CaCO3) (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate and Nitrite (as N) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Dissolved Inorganic Carbon (mg/L)

Dissolved Organic Carbon (mg/L)

Total Inorganic Carbon (mg/L)

Total Organic Carbon (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Bismuth (Bi)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

241 233 294 299

7.46 7.23 7.26 7.40

447 420 564 535

2.1 2.7 2.8 2.2

27.1 23.3 25.2 26.7

<1.0 <1.0 <1.0 <1.0

<1.0 <1.0 <1.0 <1.0

27.1 23.3 25.2 26.7

<0.050 <0.050 <0.25 <0.25

6.84 6.66 7.7 7.6

1.99 1.84 2.43 2.41

0.0269 0.0105 <0.025 <0.025

0.0221 0.0068 <0.025 <0.025

0.0048 0.0037 0.0060 <0.0050

245 236 315 311

6.0 4.9 5.9 5.8

7.73 14.0 20.8 21.2

5.9 4.5 5.5 5.3

7.85 13.9 20.6 20.8

0.541 0.262 0.298 0.247

0.00071 0.00072 0.00058 0.00057

0.00218 0.00172 0.00109 0.00109

<0.020 <0.020 <0.020 <0.020

<0.0010 <0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20 <0.20

<0.10 <0.10 <0.10 <0.10

0.000178 0.000196 0.000139 0.000149

87.7 86.8 106 107

0.0020 0.0011 <0.0010 0.0010

0.00073 0.00041 0.00038 0.00037

0.124 0.0414 0.0320 0.0347

0.786 0.310 0.260 0.243

0.0112 0.00846 0.00369 0.00354

0.0055 0.0055 0.0070 0.0067

3.49 3.29 4.17 4.18

0.0794 0.0809 0.0819 0.0831

Physical Tests

Anions and 
Nutrients

Organic / 
Inorganic Carbon

Total Metals

DLM DLM

DLM DLM

DLM

M M M M

M M M M



21-NOV-14 12:33 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1543754 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

7

WATER

Process Water Process Water Process Water Process Water
04-NOV-14 05-NOV-14 05-NOV-14 06-NOV-14

P7 PM PROCESS 
H20

P8 AM PROCESS 
H20

P8 PM PROCESS 
H20

BLIND SAMPLE 2

L1543754-1 L1543754-2 L1543754-3 L1543754-4

15:30 07:00 15:30

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Phosphorus (P)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silicon (Si)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Strontium (Sr)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

0.000012 <0.000010 <0.000010 <0.000010

0.0824 0.0759 0.0802 0.0787

0.0047 0.0023 0.0019 0.0019

<0.30 <0.30 <0.30 <0.30

34.5 33.0 41.0 41.0

0.00919 0.00854 0.00783 0.00900

2.38 1.93 1.77 1.73

0.000486 0.000431 0.000262 0.000253

14.0 14.0 16.3 16.3

0.477 0.450 0.561 0.564

<0.00020 <0.00020 <0.00020 <0.00020

0.00082 0.00071 0.00072 0.00071

0.032 <0.010 <0.010 <0.010

<0.00020 <0.00020 <0.00020 <0.00020

0.0017 <0.0010 <0.0010 <0.0010

0.0328 0.0395 0.0226 0.0251

FIELD FIELD FIELD FIELD

FIELD FIELD FIELD FIELD

0.120 0.0829 0.0854 0.0878

0.00055 0.00057 0.00050 <0.00050

0.00105 0.00113 0.00090 0.00089

<0.020 <0.020 <0.020 <0.020

<0.0010 <0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20 <0.20

<0.10 <0.10 <0.10 <0.10

0.000141 0.000172 0.000127 0.000124

90.8 87.8 110 112

<0.0010 <0.0010 <0.0010 <0.0010

<0.00030 <0.00030 <0.00030 <0.00030

0.0110 0.0146 0.0100 0.0104

<0.030 <0.030 <0.030 <0.030

<0.00050 <0.00050 <0.00050 <0.00050

0.0053 0.0051 0.0069 0.0065

3.37 3.30 4.34 4.39

0.0724 0.0772 0.0804 0.0810

<0.000010 <0.000010 <0.000010 <0.000010

0.0800 0.0718 0.0785 0.0753

Total Metals

Dissolved Metals



21-NOV-14 12:33 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1543754 CONTD....
4PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

7

WATER

Process Water Process Water Process Water Process Water
04-NOV-14 05-NOV-14 05-NOV-14 06-NOV-14

P7 PM PROCESS 
H20

P8 AM PROCESS 
H20

P8 PM PROCESS 
H20

BLIND SAMPLE 2

L1543754-1 L1543754-2 L1543754-3 L1543754-4

15:30 07:00 15:30

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

0.0012 0.0014 0.0013 0.0013

<0.30 <0.30 <0.30 <0.30

35.9 35.9 47.0 47.4

0.00977 0.00863 0.00809 0.00723

1.53 1.65 1.52 1.54

0.000332 0.000325 0.000173 0.000165

14.7 15.1 18.2 18.4

0.494 0.457 0.592 0.596

<0.00020 <0.00020 <0.00020 <0.00020

0.00070 0.00063 0.00070 0.00069

0.013 <0.010 <0.010 <0.010

<0.00020 <0.00020 <0.00020 <0.00020

<0.0010 <0.0010 <0.0010 <0.0010

0.0168 0.0296 0.0165 0.0188

Dissolved Metals



Reference Information

DLA

DLM

M

MS-B

Detection Limit adjusted for required dilution

Detection Limit Adjusted due to sample matrix effects.

A peak has been manually integrated.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

21-NOV-14 12:33 (MT)

L1543754 CONTD....

5PAGE of

ACY-PCT-VA

ACY-PCT-VA

ALK-PCT-VA

Acidity by Automatic Titration

Acidity by Automatic Titration

Alkalinity by Auto. Titration

This analysis is carried out using procedures adapted from APHA Method 2310 "Acidity". Acidity is determined by potentiometric titration to a specified
endpoint.

Samples of industrial wastes, acid mine drainage, or other solutions that contain appreciable amounts of hydrolyzable metal ions such as aluminum, 
iron, and manganese may require hot peroxide treatment to ensure oxidation and hydrolysis of reduced forms of polyvalent cations. Acidity results may
be highly variable if this procedure is not followed. Results in this report for ’Acidity (as CaCO3)’ have not been peroxide treated.

This analysis is carried out using procedures adapted from APHA Method 2310 "Acidity". Acidity is determined by potentiometric titration to a specified
endpoint.

Samples of industrial wastes, acid mine drainage, or other solutions that contain appreciable amounts of hydrolyzable metal ions such as aluminum, 
iron, and manganese may require hot peroxide treatment to ensure oxidation and hydrolysis of reduced forms of polyvalent cations. Acidity results may
be highly variable if this procedure is not followed. Results in this report for ’Acidity (as CaCO3)’ have not been peroxide treated.

ALS Test Code Test Description

Water

Water

Water

APHA 2310 "Acidity"

APHA 2310 Acidity

APHA 2320 "Alkalinity"

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4
L1543754-1, -2, -3, -4

Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Beryllium (Be)-Dissolved
Selenium (Se)-Dissolved
Silver (Ag)-Dissolved
Tin (Sn)-Dissolved
Vanadium (V)-Dissolved
Chloride (Cl)
Bromide (Br)
Fluoride (F)
Nitrite (as N)
Total Inorganic Carbon
Dissolved Inorganic Carbon
Silicon (Si)-Dissolved
Silicon (Si)-Dissolved
Manganese (Mn)-Dissolved
Silicon (Si)-Dissolved
Sodium (Na)-Dissolved
Total Inorganic Carbon
Silicon (Si)-Dissolved
Manganese (Mn)-Dissolved
Silicon (Si)-Dissolved
Silicon (Si)-Dissolved
Sodium (Na)-Dissolved
Calcium (Ca)-Dissolved
Silicon (Si)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Calcium (Ca)-Dissolved

DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLM
DLM
DLM
DLM
M
M
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B
MS-B

QC Samples with Qualifiers & Comments:

Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike

QC Type Description

7



Reference Information 21-NOV-14 12:33 (MT)

L1543754 CONTD....
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ALK-PCT-VA

ANIONS-BR-IC-VA

ANIONS-CL-IC-VA

ANIONS-F-IC-VA

ANIONS-N+N-CALC-VA

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

CARBONS-DIC-VA

CARBONS-DOC-VA

CARBONS-TIC-VA

CARBONS-TOC-VA

HARDNESS-CALC-VA

HG-DIS-LOW-CVAFS-VA

HG-TOT-LOW-CVAFS-VA

MET-D-CCMS-VA

Alkalinity by Auto. Titration

Bromide by Ion Chromatography

Chloride by Ion Chromatography

Fluoride by Ion Chromatography

Nitrite & Nitrate in Water (Calculation)

Nitrite in Water by Ion Chromatography

Nitrate in Water by Ion Chromatography

Sulfate by Ion Chromatography

Dissolved inorganic carbon by CO2 purge

Dissolved organic carbon by combustion

Total inorganic carbon by CO2 purge

Total organic carbon by combustion

Hardness

Dissolved Mercury in Water by CVAFS(Low)

Total Mercury in Water by CVAFS(Low)

Dissolved Metals in Water by CRC ICPMS

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

Nitrate and Nitrite (as N) is a calculated parameter. Nitrate and Nitrite (as N) = Nitrite (as N) + Nitrate (as N).

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrite is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrate is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)". Dissolved inorganic carbon (DIC) 
fractions are determined by filtering the sample through a 0.45 micron membrane filter prior to analysis.

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)". Dissolved carbon (DOC) fractions are 
determined by filtering the sample through a 0.45 micron membrane filter prior to analysis.

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaCO3 equivalents.  
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and 
involves a cold-oxidation of the acidified sample using bromine monochloride prior to reduction of the sample with stannous chloride.  Instrumental 
analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves a cold-oxidation of the acidified sample using bromine monochloride prior to 
reduction of the sample with stannous chloride.  Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption 
spectrophotometry (EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or 
filtration (APHA 3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

APHA 2320 Alkalinity

APHA 4110 B.

APHA 4110 B.

APHA 4110 B.

EPA 300.0

EPA 300.0

EPA 300.0

APHA 4110 B.

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 2340B

EPA SW-846 3005A & EPA 245.7

EPA 245.7

APHA 3030 B&E / EPA SW-846 6020A

Version: FINAL   
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Reference Information 21-NOV-14 12:33 (MT)

L1543754 CONTD....

7PAGE of

MET-DIS-ICP-VA

MET-T-CCMS-VA

MET-TOT-ICP-VA

PH-PCT-VA

PH-PCT-VA

TDS-VA

Dissolved Metals in Water by ICPOES

Total Metals in Water by CRC ICPMS

Total Metals in Water by ICPOES

pH by Meter (Automated)

pH by Meter (Automated)

Total Dissolved Solids by Gravimetric

6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves filtration (EPA Method 3005A) and analysis by inductively coupled plasma - 
optical emission spectrophotometry (EPA Method 6010B).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or 
filtration (APHA 3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 
6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH 
electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

Water

Water

Water

Water

Water

Water

EPA SW-846 3005A/6010B

APHA 3030 B&E / EPA SW-846 6020A

EPA SW-846 3005A/6010B

APHA 4500-H "pH Value"

APHA 4500-H pH Value

APHA 2540 C - GRAVIMETRIC

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-249636

Version: FINAL   
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Gross Alpha/Beta

Case Narrative 

ALS Environmental 

L1543754

Work Order Number:  1411208 

1. This report consists of the analytical results for four water samples received by ALS on 11/11/14. 

2. These samples were prepared according to the current revision of SOP 702. 

3. The samples were analyzed for gross alpha and beta activity by gas flow proportional counting 
according to the current revision of SOP 724.  The analyses were completed on 11/18/14.  Gross 
alpha results are referenced to 241Am.  Gross beta results are referenced to 90Sr/Y.

4. The analysis results for these samples are reported in units of BQ/L.  The samples were not 
filtered prior to analysis.  

5. ALS uses the following convention for reporting significant digits in the TPU and MDC results.  
The TPU value is rounded to two significant digits. The MDC value is rounded to the same 
decimal place as the TPU value.  In practice, this could result in an MDC reported value of zero 
for samples with significant activity, including the batch laboratory control sample.   

6. No anomalous situations were encountered during the preparation or analysis of these samples.  
All quality control criteria were met. 

1 of 12



The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 

______________________________    __11/21/14___ 
Emily Knodel       Date 
Radiochemistry Primary Data Reviewer   

______________________________    ___________ 
Radiochemistry Final Data Reviewer    Date 

2 of 12
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OrderNum: 1411208

Client Name: ALS Environmental

Client Project Name:

Client Project Number: L1543754

Client PO Number: L1543754

Lab Sample

Number

Client Sample

Number

Matrix Date

Collected

Time

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1411208-1L1543754-1 WATER 04-Nov-14

1411208-2L1543754-2 WATER 05-Nov-14

1411208-3L1543754-3 WATER 05-Nov-14

1411208-4L1543754-4 WATER 06-Nov-14

Page 1 of 1 Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC

PAI 724 Rev 11Method Blank Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1543754

Work Order Number: 1411208

Lab ID: AB141113-1MB

Date Analyzed: 18-Nov-14

Date Collected: 13-Nov-14

Sample Matrix: WATER

Date Prepared: 13-Nov-14

Prep Batch: AB141113-1

Run ID: AB141113-1A

QCBatchID: AB141113-1-2 Result Units: BQ/l

File Name: ABC1118

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

PAI 724 Rev 11

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA12587-46-1 U0.028BDL 0.111

GROSS BETA12587-47-2 U0.038BDL 0.148

Data Package ID: AB1411208-1

Page 1 of 1Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Laboratory Control Sample(s)

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 660 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1543754

Work Order Number: 1411208

Lab ID: AB141113-1LCS

Date Analyzed: 17-Nov-14

Date Collected: 13-Nov-14

Sample Matrix: WATER

Date Prepared: 13-Nov-14

Prep Batch: AB141113-1

Run ID: AB141113-1A

QCBatchID: AB141113-1-2 Result Units: BQ/l

File Name: ABC1117I

ALS Environmental -- FC

Target

Nuclide

Lab

Qualifier
Spike Added Control

LimitsResults +/- s TPU2

MDC % RecCASNO

GROSS ALPHA 8.0 1.3 0 P7.645 105 70 - 130+/-12587-46-1

GROSS BETA 7.4 1.2 0.1 P7.631 97.0 70 - 130+/-12587-47-2

Data Package ID: AB1411208-1

Page 1 of 1Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 100 ml

Count Time: 660 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1543754

Work Order Number: 1411208

Field ID: L1543754-1

Lab ID: 1411208-1

Date Analyzed: 17-Nov-14

Date Collected: 04-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 13-Nov-14

Prep Batch: AB141113-1

Run ID: AB141113-1A

QCBatchID: AB141113-1-2

Result Units: BQ/l

File Name: ABC1117I

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.076BDL12587-46-1 0.111

GROSS BETA 0.101.20 +/- 0.2112587-47-2 0.148

Data Package ID: AB1411208-1

Page 1 of 4Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 100 ml

Count Time: 660 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1543754

Work Order Number: 1411208

Field ID: L1543754-2

Lab ID: 1411208-2

Date Analyzed: 17-Nov-14

Date Collected: 05-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 13-Nov-14

Prep Batch: AB141113-1

Run ID: AB141113-1A

QCBatchID: AB141113-1-2

Result Units: BQ/l

File Name: ABC1117I

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.060BDL12587-46-1 0.111

GROSS BETA 0.091.11 +/- 0.1912587-47-2 0.148

Data Package ID: AB1411208-1

Page 2 of 4Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 90.0 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1543754

Work Order Number: 1411208

Field ID: L1543754-3

Lab ID: 1411208-3

Date Analyzed: 18-Nov-14

Date Collected: 05-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 13-Nov-14

Prep Batch: AB141113-1

Run ID: AB141113-1A

QCBatchID: AB141113-1-2

Result Units: BQ/l

File Name: ABC1118

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.080BDL12587-46-1 0.111

GROSS BETA 0.091.41 +/- 0.2412587-47-2 0.148

Data Package ID: AB1411208-1

Page 3 of 4Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 90.0 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1543754

Work Order Number: 1411208

Field ID: L1543754-4

Lab ID: 1411208-4

Date Analyzed: 18-Nov-14

Date Collected: 06-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 13-Nov-14

Prep Batch: AB141113-1

Run ID: AB141113-1A

QCBatchID: AB141113-1-2

Result Units: BQ/l

File Name: ABC1118

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.073BDL12587-46-1 0.111

GROSS BETA 0.091.45 +/- 0.2412587-47-2 0.148

Data Package ID: AB1411208-1

Page 4 of 4Friday, November 21, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]

04-NOV-14

Lab Work Order #:  L1542438

Date Received:ALS Metallurgy

2957 Bowers Place
Kamloops  BC  V1S 1W5

ATTN: Cameron Bruin
FINAL   
01-DEC-14 16:42 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________  

Amber Springer
Account Manager

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 250-828-6157

KM 4420 RESOLUTION COPPERJob Reference: 
1078pProject P.O. #: 

10-246375C of C Numbers: 
Legal Site Desc: 



01-DEC-14 16:42 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1542438 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

10

WATER

Process Water Process Water Process Water Process Water Process Water
03-NOV-14 03-NOV-14 04-NOV-14 04-NOV-14

KM4420 P6 FRESH
WATER SAMPLE

KM4420 P6 PM 
PROCESS WATER

KM4420 P7AM 
PROCESS WATER

KM4420 P6 BLIND 
SAMPLE WATER

KM 4420-P6 AM 
PROCESS H2O

L1542438-1 L1542438-2 L1542438-3 L1542438-4 L1542438-5

11:30 15:30 07:00

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Dissolved Solids (mg/L)

Acidity (as CaCO3) (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate and Nitrite (as N) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Dissolved Inorganic Carbon (mg/L)

Dissolved Organic Carbon (mg/L)

Total Inorganic Carbon (mg/L)

Total Organic Carbon (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Bismuth (Bi)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

42.7 173 182 175 248

8.31 7.79 7.79 7.82 7.66

74 315 330 321 440

<1.0 2.5 2.5 2.5 3.0

37.0 29.5 36.1 34.6 33.6

<1.0 <1.0 <1.0 <1.0 <1.0

<1.0 <1.0 <1.0 <1.0 <1.0

37.0 29.5 36.1 34.6 33.6

<0.050 <0.050 <0.050 <0.050 <0.050

3.83 5.60 6.00 5.74 6.39

0.054 1.21 1.26 1.22 1.67

0.0224 <0.0051 0.0216 0.0256 <0.0051

0.0224 <0.0050 0.0164 0.0196 <0.0050

<0.0010 <0.0010 0.0052 0.0060 <0.0010

5.90 170 177 174 253

8.39 8.20 8.76 43.5 9.43

2.90 8.6 8.3 8.0 7.9

8.36 8.31 9.04 44.1 9.11

2.90 7.9 8.7 8.2 8.1

0.0199 0.396 0.492 0.234 0.140

<0.00050 0.00054 0.00069 <0.00050 0.00075

<0.00050 0.00229 0.00342 0.00155 0.00180

<0.020 <0.020 <0.020 <0.020 0.020

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20 <0.20 <0.20

<0.10 <0.10 <0.10 <0.10 <0.10

<0.000010 0.000163 0.000264 0.000125 0.000495

14.2 65.1 66.7 64.3 86.9

<0.0010 0.0015 0.0021 0.0010 <0.0010

<0.00030 0.00056 0.00079 0.00037 0.00076

0.0094 0.0617 0.109 0.0424 0.0186

0.045 0.574 0.820 0.268 0.182

<0.00050 0.0164 0.0271 0.00929 0.00818

<0.0050 <0.0050 <0.0050 <0.0050 0.0058

1.77 3.36 3.56 3.18 4.46

0.00166 0.0983 0.115 0.0918 0.195

Physical Tests

Anions and 
Nutrients

Organic / Inorganic
Carbon

Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1542438 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

10

WATER

Process Water

KM 4420-P5 PM 
PROCESS WATER

L1542438-6

Hardness (as CaCO3) (mg/L)

pH (pH)

Total Dissolved Solids (mg/L)

Acidity (as CaCO3) (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Bromide (Br) (mg/L)

Chloride (Cl) (mg/L)

Fluoride (F) (mg/L)

Nitrate and Nitrite (as N) (mg/L)

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Sulfate (SO4) (mg/L)

Dissolved Inorganic Carbon (mg/L)

Dissolved Organic Carbon (mg/L)

Total Inorganic Carbon (mg/L)

Total Organic Carbon (mg/L)

Aluminum (Al)-Total (mg/L)

Antimony (Sb)-Total (mg/L)

Arsenic (As)-Total (mg/L)

Barium (Ba)-Total (mg/L)

Beryllium (Be)-Total (mg/L)

Bismuth (Bi)-Total (mg/L)

Boron (B)-Total (mg/L)

Cadmium (Cd)-Total (mg/L)

Calcium (Ca)-Total (mg/L)

Chromium (Cr)-Total (mg/L)

Cobalt (Co)-Total (mg/L)

Copper (Cu)-Total (mg/L)

Iron (Fe)-Total (mg/L)

Lead (Pb)-Total (mg/L)

Lithium (Li)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Manganese (Mn)-Total (mg/L)

249

10.5

10.8

0.830

0.00060

0.00198

<0.020

<0.0010

<0.20

<0.10

0.000241

87.9

0.0023

0.00074

0.0867

0.674

0.0109

0.0064

4.79

0.168

Physical Tests

Anions and 
Nutrients

Organic / Inorganic
Carbon

Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1542438 CONTD....
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* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

10

WATER

Process Water Process Water Process Water Process Water Process Water
03-NOV-14 03-NOV-14 04-NOV-14 04-NOV-14

KM4420 P6 FRESH
WATER SAMPLE

KM4420 P6 PM 
PROCESS WATER

KM4420 P7AM 
PROCESS WATER

KM4420 P6 BLIND 
SAMPLE WATER

KM 4420-P6 AM 
PROCESS H2O

L1542438-1 L1542438-2 L1542438-3 L1542438-4 L1542438-5

11:30 15:30 07:00

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Phosphorus (P)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silicon (Si)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Strontium (Sr)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

<0.000010 <0.000010 <0.000010 <0.000010 <0.000010

<0.0010 0.0451 0.0462 0.0454 0.0519

<0.0010 0.0028 0.0048 0.0025 0.0043

<0.30 <0.30 <0.30 <0.30 <0.30

<2.0 24.0 24.9 23.6 30.6

0.00012 0.00688 0.00686 0.00674 0.00682

2.74 2.49 2.73 2.17 1.64

<0.000020 0.000243 0.000373 0.000206 0.000092

3.8 10.7 11.0 10.5 13.6

0.0714 0.325 0.336 0.316 0.474

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.00050 0.00050 0.00061 <0.00050 0.00060

<0.010 0.025 0.033 0.018 0.015

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.0010 0.0010 0.0015 <0.0010 <0.0010

<0.0050 0.0334 0.0708 0.0336 0.144

FIELD FIELD FIELD FIELD FIELD

FIELD FIELD FIELD FIELD FIELD

0.0125 0.116 0.0778 0.109 0.0484

<0.00050 <0.00050 <0.00050 <0.00050 0.00072

<0.00050 0.00090 0.00141 0.00099 0.00158

<0.020 <0.020 <0.020 <0.020 0.021

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.20 <0.20 <0.20 <0.20 <0.20

<0.10 <0.10 <0.10 <0.10 <0.10

<0.000010 0.000106 0.000173 0.000114 0.000505

14.2 63.9 67.3 64.7 91.6

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.00030 <0.00030 0.00031 <0.00030 0.00072

0.0028 0.0066 0.0125 0.0097 0.0061

<0.030 <0.030 <0.030 <0.030 0.052

<0.00050 <0.00050 0.00064 <0.00050 0.00247

<0.0050 <0.0050 <0.0050 <0.0050 0.0058

1.74 3.19 3.32 3.15 4.61

0.00102 0.0878 0.100 0.0894 0.198

<0.000010 <0.000010 0.000017 <0.000010 <0.000010

<0.0010 0.0422 0.0418 0.0422 0.0517

Total Metals

Dissolved Metals
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Grouping Analyte

Sampled Time
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WATER

Process Water

KM 4420-P5 PM 
PROCESS WATER

L1542438-6

Mercury (Hg)-Total (mg/L)

Molybdenum (Mo)-Total (mg/L)

Nickel (Ni)-Total (mg/L)

Phosphorus (P)-Total (mg/L)

Potassium (K)-Total (mg/L)

Selenium (Se)-Total (mg/L)

Silicon (Si)-Total (mg/L)

Silver (Ag)-Total (mg/L)

Sodium (Na)-Total (mg/L)

Strontium (Sr)-Total (mg/L)

Thallium (Tl)-Total (mg/L)

Tin (Sn)-Total (mg/L)

Titanium (Ti)-Total (mg/L)

Uranium (U)-Total (mg/L)

Vanadium (V)-Total (mg/L)

Zinc (Zn)-Total (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

<0.000010

0.0566

0.0038

<0.30

32.5

0.00782

2.63

0.000321

13.1

0.494

<0.00020

0.00078

0.036

<0.00020

0.0020

0.0493

FIELD

FIELD

0.194

0.00052

0.00135

<0.020

<0.0010

<0.20

<0.10

0.000216

91.9

<0.0010

0.00034

0.0070

<0.030

<0.00050

0.0063

4.64

0.165

<0.000010

0.0559

Total Metals

Dissolved Metals
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WATER

Process Water Process Water Process Water Process Water Process Water
03-NOV-14 03-NOV-14 04-NOV-14 04-NOV-14

KM4420 P6 FRESH
WATER SAMPLE

KM4420 P6 PM 
PROCESS WATER

KM4420 P7AM 
PROCESS WATER

KM4420 P6 BLIND 
SAMPLE WATER

KM 4420-P6 AM 
PROCESS H2O

L1542438-1 L1542438-2 L1542438-3 L1542438-4 L1542438-5

11:30 15:30 07:00

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

<0.0010 0.0012 0.0019 0.0014 0.0038

<0.30 <0.30 <0.30 <0.30 <0.30

<2.0 25.1 26.2 24.3 31.9

0.00013 0.00689 0.00673 0.00711 0.00603

2.75 1.99 2.01 1.98 1.60

<0.000020 0.000093 0.000127 0.000097 <0.000020

3.7 11.0 11.4 10.7 14.3

0.0705 0.320 0.330 0.313 0.492

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.00050 <0.00050 <0.00050 <0.00050 0.00057

<0.010 0.015 0.015 0.014 0.012

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.0010 <0.0010 <0.0010 <0.0010 <0.0010

<0.0050 0.0169 0.0439 0.0237 0.140

Dissolved Metals
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WATER

Process Water

KM 4420-P5 PM 
PROCESS WATER

L1542438-6

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

0.0022

<0.30

33.5

0.00918

1.49

0.000181

13.6

0.506

<0.00020

0.00055

0.012

<0.00020

<0.0010

0.0309

Dissolved Metals



Reference Information

DLA

DLM

MS-B

Detection Limit adjusted for required dilution

Detection Limit Adjusted due to sample matrix effects.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

01-DEC-14 16:42 (MT)

L1542438 CONTD....
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ACY-PCT-VA

ACY-PCT-VA

ALK-PCT-VA

ALK-PCT-VA

ANIONS-BR-IC-VA

Acidity by Automatic Titration

Acidity by Automatic Titration

Alkalinity by Auto. Titration

Alkalinity by Auto. Titration

Bromide by Ion Chromatography

This analysis is carried out using procedures adapted from APHA Method 2310 "Acidity". Acidity is determined by potentiometric titration to a specified 
endpoint.

Samples of industrial wastes, acid mine drainage, or other solutions that contain appreciable amounts of hydrolyzable metal ions such as aluminum, iron, 
and manganese may require hot peroxide treatment to ensure oxidation and hydrolysis of reduced forms of polyvalent cations. Acidity results may be highly 
variable if this procedure is not followed. Results in this report for ’Acidity (as CaCO3)’ have not been peroxide treated.

This analysis is carried out using procedures adapted from APHA Method 2310 "Acidity". Acidity is determined by potentiometric titration to a specified 
endpoint.

Samples of industrial wastes, acid mine drainage, or other solutions that contain appreciable amounts of hydrolyzable metal ions such as aluminum, iron, 
and manganese may require hot peroxide treatment to ensure oxidation and hydrolysis of reduced forms of polyvalent cations. Acidity results may be highly 
variable if this procedure is not followed. Results in this report for ’Acidity (as CaCO3)’ have not been peroxide treated.

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a pH 
4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a pH 
4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent Conductivity" 
and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

ALS Test Code Test Description

Water

Water

Water

Water

Water

APHA 2310 "Acidity"

APHA 2310 Acidity

APHA 2320 "Alkalinity"

APHA 2320 Alkalinity

APHA 4110 B.

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5
L1542438-1, -2, -3, -4, -5
L1542438-1, -2, -3, -4, -5
L1542438-1, -2, -3, -4, -5
L1542438-1, -2, -3, -4, -5
L1542438-1, -2, -3, -4, -5
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6
L1542438-1, -2, -3, -4, -5, -6

Aluminum (Al)-Dissolved
Beryllium (Be)-Dissolved
Lead (Pb)-Dissolved
Selenium (Se)-Dissolved
Silver (Ag)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Vanadium (V)-Dissolved
Aluminum (Al)-Total
Beryllium (Be)-Total
Tin (Sn)-Total
Vanadium (V)-Total
Bromide (Br)
Fluoride (F)
Nitrate (as N)
Bromide (Br)
Fluoride (F)
Nitrite (as N)
Total Organic Carbon
Dissolved Organic Carbon
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Silicon (Si)-Dissolved

DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLA
DLM
DLM
DLM
DLM
DLM
DLM
MS-B
MS-B
MS-B
MS-B
MS-B

QC Samples with Qualifiers & Comments:

Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike
Matrix Spike

QC Type Description

10
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ANIONS-CL-IC-VA

ANIONS-F-IC-VA

ANIONS-N+N-CALC-VA

ANIONS-NO2-IC-VA

ANIONS-NO3-IC-VA

ANIONS-SO4-IC-VA

CARBONS-DIC-VA

CARBONS-DOC-VA

CARBONS-TIC-VA

CARBONS-TOC-VA

HARDNESS-CALC-VA

HG-DIS-LOW-CVAFS-VA

HG-TOT-LOW-CVAFS-VA

MET-D-CCMS-VA

MET-DIS-ICP-VA

MET-T-CCMS-VA

Chloride by Ion Chromatography

Fluoride by Ion Chromatography

Nitrite & Nitrate in Water (Calculation)

Nitrite in Water by Ion Chromatography

Nitrate in Water by Ion Chromatography

Sulfate by Ion Chromatography

Dissolved inorganic carbon by CO2 purge

Dissolved organic carbon by combustion

Total inorganic carbon by CO2 purge

Total organic carbon by combustion

Hardness

Dissolved Mercury in Water by CVAFS(Low)

Total Mercury in Water by CVAFS(Low)

Dissolved Metals in Water by CRC ICPMS

Dissolved Metals in Water by ICPOES

Total Metals in Water by CRC ICPMS

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent Conductivity" 
and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent Conductivity" 
and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

Nitrate and Nitrite (as N) is a calculated parameter. Nitrate and Nitrite (as N) = Nitrite (as N) + Nitrate (as N).

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrite is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography". Nitrate is 
detected by UV absorbance.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent Conductivity" 
and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)". Dissolved inorganic carbon (DIC) fractions 
are determined by filtering the sample through a 0.45 micron membrane filter prior to analysis.

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)". Dissolved carbon (DOC) fractions are 
determined by filtering the sample through a 0.45 micron membrane filter prior to analysis.

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaCO3 equivalents.  
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the American 
Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United States 
Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and involves a cold-
oxidation of the acidified sample using bromine monochloride prior to reduction of the sample with stannous chloride.  Instrumental analysis is by cold 
vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the American 
Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United States 
Environmental Protection Agency (EPA).  The procedure involves a cold-oxidation of the acidified sample using bromine monochloride prior to reduction of 
the sample with stannous chloride.  Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry 
(EPA Method 245.7).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the American 
Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United States 
Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or filtration (APHA 
3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the American 
Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United States 
Environmental Protection Agency (EPA).  The procedure involves filtration (EPA Method 3005A) and analysis by inductively coupled plasma - optical 
emission spectrophotometry (EPA Method 6010B).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the American 
Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United States 

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

APHA 4110 B.

APHA 4110 B.

EPA 300.0

EPA 300.0

EPA 300.0

APHA 4110 B.

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 5310 TOTAL ORGANIC CARBON (TOC)

APHA 2340B

EPA SW-846 3005A & EPA 245.7

EPA 245.7

APHA 3030 B&E / EPA SW-846 6020A

EPA SW-846 3005A/6010B

APHA 3030 B&E / EPA SW-846 6020A

Version: FINAL   
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MET-TOT-ICP-VA

PH-PCT-VA

PH-PCT-VA

TDS-VA

Total Metals in Water by ICPOES

pH by Meter (Automated)

pH by Meter (Automated)

Total Dissolved Solids by Gravimetric

Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using hotblock, or filtration (APHA 
3030B&E).  Instrumental analysis is by collision cell inductively coupled plasma - mass spectrometry (modified from EPA Method 6020A).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the American 
Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United States 
Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or microwave 
oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 6010B).

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH electrode

It is recommended that this analysis be conducted in the field.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

Water

Water

Water

Water

EPA SW-846 3005A/6010B

APHA 4500-H "pH Value"

APHA 4500-H pH Value

APHA 2540 C - GRAVIMETRIC

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-246375

Version: FINAL   
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Gross Alpha/Beta

Case Narrative 

ALS Environmental 

L1542438

Work Order Number:  1411156 

1. This report consists of the analytical results for five water samples received by ALS on 11/07/14. 

2. These samples were prepared according to the current revision of SOP 702. 

3. The samples were analyzed for gross alpha and beta activity by gas flow proportional counting 
according to the current revision of SOP 724.  The analyses were completed on 11/22/14.  Gross 
alpha results are referenced to 241Am.  Gross beta results are referenced to 90Sr/Y.

4. The analysis results for these samples are reported in units of BQ/L.  The samples were not 
filtered prior to analysis.  

5. No anomalous situations were encountered during the preparation or analysis of these samples.  
All quality control criteria were met. 

The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 

______________________________    __11/24/14___ 
Emily Knodel       Date 
Radiochemistry Primary Data Reviewer   

______________________________    ___________ 
Radiochemistry Final Data Reviewer    Date 

1 of 13
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OrderNum: 1411156

Client Name: ALS Environmental

Client Project Name:

Client Project Number: L1542438

Client PO Number: L1542438

Lab Sample

Number

Client Sample

Number

Matrix Date

Collected

Time

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1411156-1L1542438-1 WATER 03-Nov-14

1411156-2L1542438-2 WATER 03-Nov-14

1411156-3L1542438-3 WATER 04-Nov-14

1411156-4L1542438-4 WATER 04-Nov-14

1411156-5L1542438-5 WATER 04-Nov-14

Page 1 of 1 Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

ALS Environmental -- FC

2 of 13



3 of 13



4 of 13



5 of 13



Gross Alpha/Beta Analysis by GFPC

PAI 724 Rev 11Method Blank Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Lab ID: AB141120-1MB

Date Analyzed: 22-Nov-14

Date Collected: 20-Nov-14

Sample Matrix: WATER

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3 Result Units: BQ/l

File Name: ABC1122D

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

PAI 724 Rev 11

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA12587-46-1 U0.027BDL 0.111

GROSS BETA12587-47-2 U0.039BDL 0.148

Data Package ID: AB1411156-1

Page 1 of 1Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS Environmental -- FC

6 of 13



Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Laboratory Control Sample(s)

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 180 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Lab ID: AB141120-1LCS

Date Analyzed: 22-Nov-14

Date Collected: 20-Nov-14

Sample Matrix: WATER

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3 Result Units: BQ/l

File Name: ABC1122

ALS Environmental -- FC

Target

Nuclide

Lab

Qualifier
Spike Added Control

LimitsResults +/- s TPU2

MDC % RecCASNO

GROSS ALPHA 7.8 1.3 0.1 P7.645 103 70 - 130+/-12587-46-1

GROSS BETA 8.2 1.3 0.2 P,M37.629 108 70 - 130+/-12587-47-2

Data Package ID: AB1411156-1

Page 1 of 1Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Matrix Spike Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 180 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Field ID: L1542438-1

Lab ID: 1411156-1MS

Date Analyzed: 22-Nov-14

Date Collected: 03-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3

Result Units: BQ/l

File Name: ABC1122

Prep Basis: Unfiltered

Moisture(%): NA

ALS Environmental -- FC

Target

Nuclide

Matrix

Spike

Lab

Qualifier
Spike

Added

Control

 Limits

Sample

Results

MDC % RecCASNO

GROSS ALPHA 8.6 0.068 0.1 P7.64 70 - 13011112587-46-1

GROSS BETA 8.2 0.045 0.2 P,M37.63 70 - 13010712587-47-2

Data Package ID: AB1411156-1

Page 1 of 1Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

U - Result is less than the sample specific MDC.

N - Matrix Spike Recovery outside control limits

Y1 - Chemical Yield in control at 100-110%. Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

P - Matrix Spike Recovery within control limits

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 180 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Field ID: L1542438-1

Lab ID: 1411156-1

Date Analyzed: 22-Nov-14

Date Collected: 03-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3

Result Units: BQ/l

File Name: ABC1122

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.092BDL12587-46-1 0.111

GROSS BETA U0.099BDL12587-47-2 0.148

Data Package ID: AB1411156-1

Page 1 of 5Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 140 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Field ID: L1542438-2

Lab ID: 1411156-2

Date Analyzed: 22-Nov-14

Date Collected: 03-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3

Result Units: BQ/l

File Name: ABC1122D

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.042BDL12587-46-1 0.111

GROSS BETA 0.050.74 +/- 0.1312587-47-2 0.148

Data Package ID: AB1411156-1

Page 2 of 5Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 140 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Field ID: L1542438-3

Lab ID: 1411156-3

Date Analyzed: 22-Nov-14

Date Collected: 04-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3

Result Units: BQ/l

File Name: ABC1122D

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.044BDL12587-46-1 0.111

GROSS BETA 0.060.80 +/- 0.1412587-47-2 0.148

Data Package ID: AB1411156-1

Page 3 of 5Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 150 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Field ID: L1542438-4

Lab ID: 1411156-4

Date Analyzed: 22-Nov-14

Date Collected: 04-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3

Result Units: BQ/l

File Name: ABC1122D

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.044BDL12587-46-1 0.111

GROSS BETA 0.050.75 +/- 0.1312587-47-2 0.148

Data Package ID: AB1411156-1

Page 4 of 5Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 90.0 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411156

Field ID: L1542438-5

Lab ID: 1411156-5

Date Analyzed: 22-Nov-14

Date Collected: 04-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 20-Nov-14

Prep Batch: AB141120-1

Run ID: AB141120-1B

QCBatchID: AB141120-1-3

Result Units: BQ/l

File Name: ABC1122D

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA U0.057BDL12587-46-1 0.111

GROSS BETA 0.091.02 +/- 0.1812587-47-2 0.148

Data Package ID: AB1411156-1

Page 5 of 5Monday, November 24, 2014Date Printed:

LIMS Version: 6.725

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta

Case Narrative 

ALS Environmental 

L1542438

Work Order Number:  1411251 

1. This report consists of analytical results for one water sample received by ALS on 11/13/2014.   

2. These samples were prepared according to the current revision of SOP 702. 

3. The samples were analyzed for gross alpha and beta activity by gas flow proportional counting 
according to the current revision of SOP 724.  The analyses were completed on 11/25/2014.  
Gross alpha results are referenced to 241Am.  Gross beta results are referenced to 90Sr/Y.

4. The analysis results for these samples are reported in units of pCi/L. The samples were not 
filtered prior to analysis. 

5. Sample volume was insufficient to allow preparation of a duplicate.  A laboratory control sample 
duplicate (LCSD) was prepared in lieu of a client sample duplicate.   

6. No anomalous situations were encountered during the preparation or analysis of these samples.  
All quality control criteria were met. 

The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 

______________________________    __11/30/14___ 
Jill Latelle       Date 
Radiochemistry Primary Data Reviewer   

______________________________    ___________ 
Radiochemistry Final Data Reviewer    Date 

1 of 9
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OrderNum: 1411251

Client Name: ALS Environmental

Client Project Name:

Client Project Number: L1542438

Client PO Number: L1542438

Lab Sample

Number

Client Sample

Number

Matrix Date

Collected

Time

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1411251-1L1542438-6 WATER 04-Nov-14

Page 1 of 1 Saturday, November 29, 2014Date Printed:

LIMS Version: 6.727

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC

PAI 724 Rev 11Method Blank Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411251

Lab ID: AB141121-2MB

Date Analyzed: 25-Nov-14

Date Collected: 21-Nov-14

Sample Matrix: WATER

Date Prepared: 21-Nov-14

Prep Batch: AB141121-2

Run ID: AB141121-2B

QCBatchID: AB141121-2-1 Result Units: BQ/l

File Name: ABC1125B

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

PAI 724 Rev 11

CASNO Requested

MDC

ALS Environmental -- FC

GROSS ALPHA12587-46-1 U0.028BDL 0.111

GROSS BETA12587-47-2 U0.040BDL 0.148

Data Package ID: AB1411251-1

Page 1 of 1Saturday, November 29, 2014Date Printed:

LIMS Version: 6.727

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Laboratory Control Sample(s)

Prep SOP: PAI 702 Rev 20

Final Aliquot: 200 ml

Count Time: 120 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411251

Lab ID: AB141121-2LCS

Date Analyzed: 25-Nov-14

Date Collected: 21-Nov-14

Sample Matrix: WATER

Date Prepared: 21-Nov-14

Prep Batch: AB141121-2

Run ID: AB141121-2B

QCBatchID: AB141121-2-1 Result Units: BQ/l

File Name: ABC1125

ALS Environmental -- FC

Target

Nuclide

Lab

Qualifier
Spike Added Contro

l LimitsResults +/- s TPU2

MDC % RecCASNO

GROSS ALPHA 7.6 1.3 0.1 P7.645 99.3 70 - 130+/-12587-46-1

GROSS BETA 7.8 1.3 0.2 P,M37.627 102 70 - 130+/-12587-47-2

Data Package ID: AB1411251-1

Page 1 of 1Saturday, November 29, 2014Date Printed:

LIMS Version: 6.727

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

ALS Environmental -- FC

8 of 9



Gross Alpha/Beta Analysis by GFPC
PAI 724 Rev 11

Sample Results

Prep SOP: PAI 702 Rev 20

Final Aliquot: 110 ml

Count Time: 1000 minutes

Lab Name:

Client Name: ALS Environmental

ClientProject ID: L1542438

Work Order Number: 1411251

Field ID: L1542438-6

Lab ID: 1411251-1

Date Analyzed: 25-Nov-14

Date Collected: 04-Nov-14

Sample Matrix: WATER

Report Basis: Unfiltered

Date Prepared: 21-Nov-14

Prep Batch: AB141121-2

Run ID: AB141121-2B

QCBatchID: AB141121-2-1

Result Units: BQ/l

File Name: ABC1125B

Target Nuclide Lab QualifierResult +/- s TPU2 MDC

Prep Basis: Unfiltered

Moisture(%): NA

CASNO

ALS Environmental -- FC

Requested

MDC

GROSS ALPHA U0.064BDL12587-46-1 0.111

GROSS BETA 0.071.07 +/- 0.1812587-47-2 0.148

Data Package ID: AB1411251-1

Page 1 of 1Saturday, November 29, 2014Date Printed:

LIMS Version: 6.727

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

Comments:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

ALS Environmental -- FC
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Appendix	B:	

Humidity	cell	test	results	for	scavenger	tailings	

from	2014	master	ore	composites	

 



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 746 1008 1005 934 963 989 966 946 928 930 865
pH units 7.17 7.12 6.89 6.50 6.94 7.02 *7.10 7.19 6.76 6.85 6.89
Acidity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 11 8 4 3 4 5 3 5 3 4 4
Conductivity µS/cm 1190 643 260 196 159 174 146 132 104 104 90
SO4 mg/L 650 300 120 77 63 65 56 50 33 37 32
Hg mg/L < 0.00001 < 0.00001 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L 0.000006 0.000003 < 0.000002 < 0.000002 0.000006 0.000002 --- --- --- --- 0.000003
Al mg/L 0.0043 0.0022 0.0035 0.0047 0.0059 0.0054 --- --- --- --- 0.012
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.0149 0.0105 0.00943 0.0120 0.0126 0.0178 --- --- --- --- 0.0107
Be mg/L 0.000007 0.000008 < 0.000007 < 0.000007 < 0.000007 0.000007 --- --- --- --- < 0.000007
B mg/L 0.0026 0.0018 0.0026 < 0.0002 0.0123 0.0011 --- --- --- --- 0.0005
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 198 93.7 37.3 23.4 20.1 22.5 --- --- --- --- 11.4
Cd mg/L 0.000076 0.000045 0.000010 0.000009 0.000008 0.000007 --- --- --- --- 0.000006
Co mg/L 0.000472 0.000237 0.000063 0.000042 0.000032 0.000041 --- --- --- --- 0.000013
Cr mg/L < 0.00003 < 0.00003 < 0.00003 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.0223 0.0231 0.00969 0.00899 0.00649 0.00893 --- --- --- --- 0.00308
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 37.0 17.6 7.99 5.43 4.71 4.91 --- --- --- --- 2.82
Li mg/L 0.0203 0.0127 0.00439 0.00271 0.00260 0.00257 --- --- --- --- 0.00130
Mg mg/L 30.6 15.9 5.71 3.34 3.02 3.30 --- --- --- --- 1.57
Mn mg/L 1.35 0.736 0.231 0.128 0.112 0.128 --- --- --- --- 0.0585
Mo mg/L 0.0274 0.0167 0.00677 0.00506 0.00530 0.00545 --- --- --- --- 0.00383
Na mg/L 10.8 5.44 2.04 1.09 0.76 0.94 --- --- --- --- 0.35
Ni mg/L 0.0005 0.0002 < 0.0001 < 0.0001 < 0.0001 < 0.0001 --- --- --- --- < 0.0001
P mg/L 0.005 0.008 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00001 0.00002 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0005 0.0003 0.0003 0.0003 < 0.0002 0.0003 --- --- --- --- 0.0002
Se mg/L 0.017 0.008 0.003 0.002 0.002 0.002 --- --- --- --- 0.00089
Si mg/L 0.72 0.52 0.21 0.15 0.17 0.19 --- --- --- --- 0.15
Sn mg/L 0.00384 0.00096 0.00081 0.00094 0.00052 0.00043 --- --- --- --- 0.00025
Sr mg/L 2.00 1.04 0.386 0.264 0.233 0.229 --- --- --- --- 0.109
Ti mg/L < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- --- < 0.00005
Tl mg/L 0.000060 0.000027 0.000011 0.000011 0.000008 0.000011 --- --- --- --- 0.000009
Th mg/L < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000082 0.000072 0.000054 0.000023 0.000013 0.000034 --- --- --- --- 0.000002
V mg/L 0.00005 0.00002 0.00002 0.00003 0.00003 0.00002 --- --- --- --- 0.00002
W mg/L 0.0106 0.00668 0.00387 0.00411 0.00435 0.00380 --- --- --- --- 0.00355
Y mg/L 0.000030 0.000021 0.000008 0.000003 0.000005 0.000008 --- --- --- --- < 0.000002
Zn mg/L 0.007 0.005 0.002 0.004 0.003 0.002 --- --- --- --- < 0.002

*Reassay LIMS 15332-JUN15

MC-3 LCT 27 (Hole 27C)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-3 LCT 27 (Hole 27C)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

940 856 928 877 857 918 855 893 908 894 920
6.98 7.07 6.77 6.80 7.24 6.82 6.89 6.98 6.84 6.91 7.03
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

3 4 4 4 6 4 4 5 4 5 6
104 107 105 82 129 114 122 131 109 104 139
37 37 37 29 48 39 46 45 41 36 52
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000005 --- --- --- --- 0.000003 ---
--- --- --- --- 0.007 --- --- --- --- 0.009 ---
--- --- --- --- 0.0010 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.0111 --- --- --- --- 0.0105 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 0.0026 --- --- --- --- 0.0010 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 16.6 --- --- --- --- 12.1 ---
--- --- --- --- 0.000019 --- --- --- --- 0.000011 ---
--- --- --- --- 0.000040 --- --- --- --- 0.000020 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.00444 --- --- --- --- 0.00438 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 3.66 --- --- --- --- 3.25 ---
--- --- --- --- 0.00210 --- --- --- --- 0.00212 ---
--- --- --- --- 2.19 --- --- --- --- 1.79 ---
--- --- --- --- 0.0749 --- --- --- --- 0.0637 ---
--- --- --- --- 0.00756 --- --- --- --- 0.00631 ---
--- --- --- --- 0.55 --- --- --- --- 0.20 ---
--- --- --- --- < 0.0001 --- --- --- --- < 0.0001 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00013 --- --- --- --- 0.00001 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0002 ---
--- --- --- --- 0.00110 --- --- --- --- 0.00066 ---
--- --- --- --- 0.19 --- --- --- --- 0.19 ---
--- --- --- --- 0.00030 --- --- --- --- 0.00024 ---
--- --- --- --- 0.168 --- --- --- --- 0.110 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000044 --- --- --- --- 0.000009 ---
--- --- --- --- 0.00001 --- --- --- --- 0.00002 ---
--- --- --- --- 0.000034 --- --- --- --- 0.000013 ---
--- --- --- --- 0.00003 --- --- --- --- 0.00003 ---
--- --- --- --- 0.00476 --- --- --- --- 0.00358 ---
--- --- --- --- 0.000007 --- --- --- --- 0.000004 ---
--- --- --- --- < 0.002 --- --- --- --- < 0.002 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-3 LCT 27 (Hole 27C)

22 23 24 25 26 27 28 29 30 31 32
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15 10003-DEC15 10038-DEC15

928 822 909 973 912 956 959 903 830 817 848
7.28 7.76 7.57 7.32 7.52 7.48 7.22 *6.82 7.13 7.19 7.19
< 2 < 2 < 2 < 2 < 2 < 2 < 2 **< 2 < 2 < 2 < 2

10 30 17 17 17 15 9 5 6 7 7
246 328 180 165 131 105 50 42 43 49 63
98 120 59 52 36 28 11 11 10 13 20
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000006 --- --- --- --- 0.000004 --- ---
--- --- --- 0.008 --- --- --- --- 0.014 --- ---
--- --- --- < 0.0002 --- --- --- --- 0.0002 --- ---
--- --- --- 0.0189 --- --- --- --- 0.0106 --- ---
--- --- --- < 0.000007 --- --- --- --- 0.000009 --- ---
--- --- --- 0.0012 --- --- --- --- 0.0006 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 19.5 --- --- --- --- 5.42 --- ---
--- --- --- 0.000013 --- --- --- --- 0.000009 --- ---
--- --- --- 0.000031 --- --- --- --- < 0.000004 --- ---
--- --- --- 0.00005 --- --- --- --- 0.00004 --- ---
--- --- --- 0.00636 --- --- --- --- 0.00233 --- ---
--- --- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- --- 6.16 --- --- --- --- 1.85 --- ---
--- --- --- 0.00353 --- --- --- --- 0.000772 --- ---
--- --- --- 3.58 --- --- --- --- 0.639 --- ---
--- --- --- 0.110 --- --- --- --- 0.0253 --- ---
--- --- --- 0.0114 --- --- --- --- 0.00337 --- ---
--- --- --- 0.07 --- --- --- --- < 0.01 --- ---
--- --- --- < 0.0001 --- --- --- --- < 0.0001 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.0002 --- --- --- --- 0.0003 --- ---
--- --- --- 0.00087 --- --- --- --- 0.00076 --- ---
--- --- --- 0.56 --- --- --- --- 0.23 --- ---
--- --- --- 0.00023 --- --- --- --- 0.00035 --- ---
--- --- --- 0.196 --- --- --- --- 0.0428 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- 0.000007 --- --- --- --- 0.000010 --- ---
--- --- --- 0.00005 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000018 --- --- --- --- 0.000006 --- ---
--- --- --- 0.00004 --- --- --- --- 0.00004 --- ---
--- --- --- 0.00982 --- --- --- --- 0.00641 --- ---
--- --- --- 0.000008 --- --- --- --- 0.000005 --- ---
--- --- --- < 0.002 --- --- --- --- < 0.002 --- ---

*Confirmed by reassay **Reassay LIMS 14562-NOV15

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-3 LCT 27 (Hole 27C)

33 34 35 36 37 38 39 40 41 42 43
10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16 10131-FEB16

841 829 824 834 825 812 837 807 814 920 901
6.89 6.75 6.88 7.26 7.75 7.87 7.89 * 7.22 7.87 7.41 7.98
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

7 8 6 8 35 40 41 9 27 12 41
62 63 60 78 184 144 139 33 97 40 116
19 17 16 22 57 31 18 4.0 14 4.0 11
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.010 --- --- --- --- 0.016 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.0104 --- --- --- --- 0.0151 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 0.0003 --- --- --- --- < 0.002 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 5.86 --- --- --- --- 4.06 --- --- ---
--- --- 0.000003 --- --- --- --- < 0.000003 --- --- ---
--- --- 0.000008 --- --- --- --- 0.000009 --- --- ---
--- --- < 0.00003 --- --- --- --- 0.00004 --- --- ---
--- --- 0.00551 --- --- --- --- 0.00277 --- --- ---
--- --- 0.057 --- --- --- --- < 0.007 --- --- ---
--- --- 1.60 --- --- --- --- 1.74 --- --- ---
--- --- 0.00104 --- --- --- --- 0.000834 --- --- ---
--- --- 0.741 --- --- --- --- 0.511 --- --- ---
--- --- 0.0267 --- --- --- --- 0.0187 --- --- ---
--- --- 0.00472 --- --- --- --- 0.00398 --- --- ---
--- --- 0.10 --- --- --- --- 0.08 --- --- ---
--- --- < 0.0001 --- --- --- --- 0.0001 --- --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00067 --- --- --- --- 0.00068 --- --- ---
--- --- 0.21 --- --- --- --- 0.30 --- --- ---
--- --- 0.00006 --- --- --- --- 0.00023 --- --- ---
--- --- 0.0501 --- --- --- --- 0.0365 --- --- ---
--- --- < 0.00005 --- --- --- --- < 0.00005 --- --- ---
--- --- < 0.000005 --- --- --- --- 0.000009 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- 0.000004 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.00002 --- --- --- --- 0.00004 --- --- ---
--- --- 0.00388 --- --- --- --- 0.00704 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.003 --- --- --- --- < 0.002 --- --- ---

* Reassay LIMS 14052-MAR16

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-3 LCT 27 (Hole 27C)

44 45 46 47 48 49 50 51
10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

820 805 816 803 802 819 799 904
7.82 7.99 7.89 7.98 7.98 8.01 7.93 7.99
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

35 39 45 41 45 42 41 45
93 106 109 103 111 99 101 107
8.1 7.4 7.6 6.8 6.6 5.6 5.9 5.2
--- < 0.00001 --- --- --- --- < 0.00001 ---
--- 0.000003 --- --- --- --- < 0.000002 ---
--- 0.015 --- --- --- --- 0.010 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.0701 --- --- --- --- 0.0924 ---
--- < 0.000007 --- --- --- --- < 0.000007 ---
--- < 0.002 --- --- --- --- 0.004 ---
--- < 0.000007 --- --- --- --- < 0.000007 ---
--- 15.7 --- --- --- --- 15.0 ---
--- 0.000009 --- --- --- --- 0.000008 ---
--- 0.000015 --- --- --- --- 0.000009 ---
--- 0.00016 --- --- --- --- 0.00017 ---
--- 0.00607 --- --- --- --- 0.00603 ---
--- < 0.007 --- --- --- --- < 0.007 ---
--- 6.22 --- --- --- --- 5.97 ---
--- 0.00297 --- --- --- --- 0.00229 ---
--- 1.84 --- --- --- --- 1.83 ---
--- 0.0556 --- --- --- --- 0.0536 ---
--- 0.0115 --- --- --- --- 0.00803 ---
--- 0.03 --- --- --- --- 0.03 ---
--- < 0.0001 --- --- --- --- < 0.0001 ---
--- < 0.003 --- --- --- --- < 0.003 ---
--- < 0.00001 --- --- --- --- 0.00004 ---
--- 0.0002 --- --- --- --- 0.0002 ---
--- 0.00200 --- --- --- --- 0.00188 ---
--- 1.05 --- --- --- --- 1.21 ---
--- 0.00013 --- --- --- --- 0.00018 ---
--- 0.128 --- --- --- --- 0.130 ---
--- 0.00005 --- --- --- --- 0.00007 ---
--- 0.000012 --- --- --- --- 0.000018 ---
--- 0.00003 --- --- --- --- < 0.00001 ---
--- 0.000003 --- --- --- --- 0.000010 ---
--- 0.00006 --- --- --- --- 0.00008 ---
--- 0.0230 --- --- --- --- 0.0252 ---
--- 0.000004 --- --- --- --- 0.000006 ---
--- < 0.002 --- --- --- --- < 0.002 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 810 1000 1006 976 990 976 991 976 919 930 868
pH units 4.30 4.04 4.06 4.26 4.11 4.17 4.14 4.17 4.02 4.10 3.98
Acidity mg/L as CaCO3 237 323 210 110 91 77 70 64 69 70 55

Alkalinity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 820 1050 841 474 397 317 266 214 227 228 207
SO4 mg/L 430 590 460 220 170 140 110 92 77 87 85
Hg mg/L < 0.00001 < 0.00001 0.00012 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 < 0.000002 < 0.000002 0.000002 0.000003 0.000002 --- --- --- --- < 0.000002
Al mg/L 20.4 30.9 18.3 10.3 8.31 6.43 --- --- --- --- 3.78
As mg/L 0.0004 0.0007 0.0005 0.0003 0.0003 0.0003 --- --- --- --- 0.0004
Ba mg/L 0.00601 0.00759 0.00786 0.00618 0.00683 0.00697 --- --- --- --- 0.00413
Be mg/L 0.00164 0.00229 0.00157 0.000767 0.000665 0.000464 --- --- --- --- 0.000181
B mg/L 0.0014 0.0025 0.0035 < 0.0002 0.0117 0.0009 --- --- --- --- 0.0006
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 84.0 110 112 50.2 41.9 34.2 --- --- --- --- 10.8
Cd mg/L 0.00125 0.00174 0.000965 0.000419 0.000309 0.000220 --- --- --- --- 0.000153
Co mg/L 0.172 0.209 0.121 0.0542 0.0404 0.0284 --- --- --- --- 0.0151
Cr mg/L 0.00299 0.00459 0.00392 0.00303 0.00355 0.00362 --- --- --- --- 0.00855
Cu mg/L 105 122 79.6 32.2 31.0 26.6 --- --- --- --- 18.7
Fe mg/L 1.39 3.35 3.14 2.22 2.34 2.08 --- --- --- --- 3.16
K mg/L 4.25 4.69 3.58 1.59 1.44 1.06 --- --- --- --- 0.408
Li mg/L 0.0197 0.0231 0.0136 0.00515 0.00360 0.00210 --- --- --- --- 0.000647
Mg mg/L 6.98 8.41 4.64 1.81 1.19 0.723 --- --- --- --- 0.132
Mn mg/L 1.76 2.12 1.21 0.488 0.334 0.181 --- --- --- --- 0.0433
Mo mg/L 0.00026 0.00013 0.00041 0.00015 0.00017 0.00020 --- --- --- --- 0.00012
Na mg/L 4.42 4.93 2.76 0.98 0.45 0.33 --- --- --- --- 0.04
Ni mg/L 0.589 0.754 0.443 0.178 0.130 0.0888 --- --- --- --- 0.0328
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00411 0.00672 0.00692 0.00405 0.00413 0.00356 --- --- --- --- 0.00190
Sb mg/L 0.0007 0.0002 0.0003 0.0003 0.0002 0.0003 --- --- --- --- 0.0003
Se mg/L 0.022 0.030 0.023 0.013 0.012 0.011 --- --- --- --- 0.00888
Si mg/L 5.20 10.4 10.3 5.19 5.47 4.84 --- --- --- --- 2.84
Sn mg/L 0.00254 0.00176 0.00100 0.00035 0.00027 0.00025 --- --- --- --- 0.00015
Sr mg/L 0.195 0.323 0.276 0.149 0.132 0.107 --- --- --- --- 0.0508
Ti mg/L < 0.00005 0.00012 0.00015 0.00009 0.00011 0.00009 --- --- --- --- 0.00009
Tl mg/L 0.000179 0.000204 0.000140 0.000061 0.000055 0.000044 --- --- --- --- 0.000021
Th mg/L 0.00006 0.00011 0.00018 0.00014 0.00013 0.00006 --- --- --- --- 0.00004
U mg/L 0.0177 0.0254 0.0169 0.00810 0.00754 0.00529 --- --- --- --- 0.00266
V mg/L 0.00004 0.00003 0.00001 0.00004 0.00002 0.00002 --- --- --- --- < 0.00001
W mg/L 0.00022 0.00014 0.00030 0.00014 0.00027 0.00013 --- --- --- --- 0.00033
Y mg/L 0.0100 0.0154 0.0108 0.00525 0.00444 0.00350 --- --- --- --- 0.00229
Zn mg/L 0.206 0.255 0.142 0.062 0.048 0.035 --- --- --- --- 0.023

MC-1 LCT 35 (Hole 29A)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 35 (Hole 29A)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

911 888 894 898 812 875 884 886 895 900 894
3.87 3.94 3.78 3.83 3.75 3.66 3.62 3.64 3.52 3.51 3.50
72 61 61 62 64 71 78 72 94 82 75

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
239 218 223 199 235 253 279 262 312 320 301
90 73 77 74 81 84 92 82 110 98 94
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000015 ---
--- --- --- --- 2.65 --- --- --- --- 2.30 ---
--- --- --- --- 0.0015 --- --- --- --- 0.0005 ---
--- --- --- --- 0.00275 --- --- --- --- 0.00335 ---
--- --- --- --- 0.000109 --- --- --- --- 0.000091 ---
--- --- --- --- 0.0021 --- --- --- --- 0.0010 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 6.32 --- --- --- --- 5.88 ---
--- --- --- --- 0.000162 --- --- --- --- 0.000157 ---
--- --- --- --- 0.0161 --- --- --- --- 0.0176 ---
--- --- --- --- 0.0214 --- --- --- --- 0.04593 ---
--- --- --- --- 23.9 --- --- --- --- 24.0 ---
--- --- --- --- 7.28 --- --- --- --- 13.7 ---
--- --- --- --- 0.202 --- --- --- --- 0.177 ---
--- --- --- --- 0.000559 --- --- --- --- 0.000550 ---
--- --- --- --- 0.099 --- --- --- --- 0.098 ---
--- --- --- --- 0.0373 --- --- --- --- 0.0489 ---
--- --- --- --- 0.00034 --- --- --- --- 0.00047 ---
--- --- --- --- 0.10 --- --- --- --- 0.01 ---
--- --- --- --- 0.0282 --- --- --- --- 0.0306 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00145 --- --- --- --- 0.00177 ---
--- --- --- --- < 0.0002 --- --- --- --- 0.0003 ---
--- --- --- --- 0.00683 --- --- --- --- 0.00661 ---
--- --- --- --- 1.94 --- --- --- --- 2.72 ---
--- --- --- --- 0.00010 --- --- --- --- 0.00010 ---
--- --- --- --- 0.0344 --- --- --- --- 0.0324 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000046 --- --- --- --- 0.000011 ---
--- --- --- --- 0.00008 --- --- --- --- 0.00030 ---
--- --- --- --- 0.00193 --- --- --- --- 0.00142 ---
--- --- --- --- 0.00002 --- --- --- --- 0.00003 ---
--- --- --- --- 0.00021 --- --- --- --- 0.00019 ---
--- --- --- --- 0.00360 --- --- --- --- 0.00558 ---
--- --- --- --- 0.025 --- --- --- --- 0.025 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 35 (Hole 29A)

22 23 24 25 26 27 28 29 30 31 32
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15 10003-DEC15 10038-DEC15

898 871 907 985 956 954 956 921 851 823 825
3.41 3.37 3.25 3.21 3.30 3.27 3.33 3.14 3.17 3.07 3.13
75 76 103 110 88 86 66 109 111 85 107

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
304 341 422 442 360 392 288 421 443 406 421
84 89 120 120 93 98 72 120 100 86 110
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000029 --- --- --- --- 0.000078 --- ---
--- --- --- 2.51 --- --- --- --- 1.37 --- ---
--- --- --- 0.0005 --- --- --- --- 0.0008 --- ---
--- --- --- 0.00206 --- --- --- --- 0.00329 --- ---
--- --- --- 0.000095 --- --- --- --- 0.000062 --- ---
--- --- --- 0.0007 --- --- --- --- 0.0008 --- ---
--- --- --- < 0.000007 --- --- --- --- 0.000018 --- ---
--- --- --- 3.78 --- --- --- --- 2.96 --- ---
--- --- --- 0.000155 --- --- --- --- 0.000106 --- ---
--- --- --- 0.0230 --- --- --- --- 0.0172 --- ---
--- --- --- 0.124 --- --- --- --- 0.0854 --- ---
--- --- --- 14.3 --- --- --- --- 5.97 --- ---
--- --- --- 21.7 --- --- --- --- 21.0 --- ---
--- --- --- 0.112 --- --- --- --- 0.124 --- ---
--- --- --- 0.000449 --- --- --- --- 0.000322 --- ---
--- --- --- 0.128 --- --- --- --- 0.117 --- ---
--- --- --- 0.0653 --- --- --- --- 0.0583 --- ---
--- --- --- 0.00105 --- --- --- --- 0.00036 --- ---
--- --- --- 0.02 --- --- --- --- < 0.01 --- ---
--- --- --- 0.0351 --- --- --- --- 0.0237 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- 0.00103 --- --- --- --- 0.00155 --- ---
--- --- --- 0.0002 --- --- --- --- 0.0003 --- ---
--- --- --- 0.00633 --- --- --- --- 0.00429 --- ---
--- --- --- 2.48 --- --- --- --- 2.26 --- ---
--- --- --- 0.00031 --- --- --- --- 0.00031 --- ---
--- --- --- 0.0218 --- --- --- --- 0.0188 --- ---
--- --- --- < 0.00005 --- --- --- --- 0.00008 --- ---
--- --- --- < 0.000005 --- --- --- --- 0.000008 --- ---
--- --- --- 0.00034 --- --- --- --- 0.00016 --- ---
--- --- --- 0.00142 --- --- --- --- 0.000827 --- ---
--- --- --- 0.00002 --- --- --- --- 0.00004 --- ---
--- --- --- 0.00060 --- --- --- --- 0.00041 --- ---
--- --- --- 0.00585 --- --- --- --- 0.00300 --- ---
--- --- --- 0.029 --- --- --- --- 0.016 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 35 (Hole 29A)

33 34 35 36 37 38 39 40 41 42 43
10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16 10131-FEB16

841 822 821 829 824 805 841 817 796 940 904
2.93 3.08 3.02 3.07 3.15 3.20 3.15 3.19 3.14 3.26 3.27
154 101 119 128 97 86 124 101 120 139 87

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
638 419 518 527 448 402 541 450 532 516 372
170 94 120 120 100 88 130 110 120 150 85
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- 0.000036 --- --- --- --- 0.000050 --- --- ---
--- --- 1.59 --- --- --- --- 1.37 --- --- ---
--- --- 0.0006 --- --- --- --- 0.0007 --- --- ---
--- --- 0.00161 --- --- --- --- 0.00206 --- --- ---
--- --- 0.000061 --- --- --- --- 0.000053 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.002 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 1.02 --- --- --- --- 0.77 --- --- ---
--- --- 0.000062 --- --- --- --- 0.000040 --- --- ---
--- --- 0.0192 --- --- --- --- 0.0187 --- --- ---
--- --- 0.110 --- --- --- --- 0.0951 --- --- ---
--- --- 3.80 --- --- --- --- 2.31 --- --- ---
--- --- 26.3 --- --- --- --- 23.9 --- --- ---
--- --- 0.101 --- --- --- --- 0.088 --- --- ---
--- --- 0.000522 --- --- --- --- 0.000364 --- --- ---
--- --- 0.133 --- --- --- --- 0.120 --- --- ---
--- --- 0.0587 --- --- --- --- 0.0478 --- --- ---
--- --- 0.00056 --- --- --- --- 0.00007 --- --- ---
--- --- 0.03 --- --- --- --- 0.07 --- --- ---
--- --- 0.0273 --- --- --- --- 0.0259 --- --- ---
--- --- 0.004 --- --- --- --- < 0.003 --- --- ---
--- --- 0.00054 --- --- --- --- 0.00069 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00331 --- --- --- --- 0.00301 --- --- ---
--- --- 1.70 --- --- --- --- 1.01 --- --- ---
--- --- 0.00009 --- --- --- --- 0.00014 --- --- ---
--- --- 0.00957 --- --- --- --- 0.00984 --- --- ---
--- --- < 0.00005 --- --- --- --- < 0.00005 --- --- ---
--- --- < 0.000005 --- --- --- --- < 0.000005 --- --- ---
--- --- 0.00013 --- --- --- --- 0.00012 --- --- ---
--- --- 0.000716 --- --- --- --- 0.000642 --- --- ---
--- --- 0.00004 --- --- --- --- 0.00003 --- --- ---
--- --- 0.00021 --- --- --- --- 0.00018 --- --- ---
--- --- 0.00226 --- --- --- --- 0.00163 --- --- ---
--- --- 0.014 --- --- --- --- 0.010 --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 35 (Hole 29A)

44 45 46 47 48 49 50 51
10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

809 808 817 807 798 805 801 824
2.95 3.03 3.09 3.09 3.11 3.23 3.14 3.15
162 105 94 76 73 52 66 61

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
691 570 479 421 427 307 370 363
160 110 87 71 70 54 63 57
--- 0.00009 --- --- --- --- < 0.00001 ---
--- 0.000096 --- --- --- --- 0.000047 ---
--- 1.13 --- --- --- --- 0.586 ---
--- 0.0011 --- --- --- --- 0.0007 ---
--- 0.00949 --- --- --- --- 0.0182 ---
--- 0.000055 --- --- --- --- 0.000027 ---
--- < 0.002 --- --- --- --- < 0.002 ---
--- < 0.000007 --- --- --- --- < 0.000007 ---
--- 1.27 --- --- --- --- 0.20 ---
--- 0.000043 --- --- --- --- 0.000019 ---
--- 0.0177 --- --- --- --- 0.0108 ---
--- 0.0575 --- --- --- --- 0.01926 ---
--- 1.48 --- --- --- --- 0.542 ---
--- 24.1 --- --- --- --- 10.2 ---
--- 0.513 --- --- --- --- 0.674 ---
--- 0.000402 --- --- --- --- 0.000354 ---
--- 0.121 --- --- --- --- 0.067 ---
--- 0.0332 --- --- --- --- 0.0225 ---
--- 0.00039 --- --- --- --- 0.00034 ---
--- 0.02 --- --- --- --- 0.03 ---
--- 0.0261 --- --- --- --- 0.0170 ---
--- < 0.003 --- --- --- --- < 0.003 ---
--- 0.00179 --- --- --- --- 0.00390 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.00504 --- --- --- --- 0.00375 ---
--- 1.97 --- --- --- --- 1.46 ---
--- 0.00020 --- --- --- --- 0.00009 ---
--- 0.0355 --- --- --- --- 0.0357 ---
--- < 0.00005 --- --- --- --- < 0.00005 ---
--- 0.000014 --- --- --- --- 0.000022 ---
--- 0.00006 --- --- --- --- < 0.00001 ---
--- 0.000559 --- --- --- --- 0.000306 ---
--- 0.00024 --- --- --- --- 0.00005 ---
--- 0.00092 --- --- --- --- 0.00094 ---
--- 0.00105 --- --- --- --- 0.000475 ---
--- 0.008 --- --- --- --- 0.004 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 710 988 1000 955 932 1007 984 973 1003 974 895
pH units 4.55 4.41 4.46 5.07 4.77 4.88 *4.84 5.03 4.57 4.66 4.40
Acidity mg/L as CaCO3 176 217 117 35 40 49 42 32 46 46 49

Alkalinity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 907 1090 808 263 247 262 178 129 176 170 199
SO4 mg/L 490 610 430 110 110 110 76 56 63 65 80
Hg mg/L < 0.00001 < 0.00001 0.00002 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 0.000022 0.000013 < 0.000002 < 0.000002 < 0.000002 --- --- --- --- 0.000003
Al mg/L 20.2 27.6 14.3 4.13 4.82 6.16 --- --- --- --- 6.82
As mg/L 0.0003 0.0005 0.0003 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.00896 0.00861 0.00806 0.00417 0.00482 0.00659 --- --- --- --- 0.00407
Be mg/L 0.0126 0.0228 0.0109 0.004002 0.00429 0.00470 --- --- --- --- 0.00343
B mg/L 0.0010 0.0031 0.0023 < 0.0002 0.0110 0.0008 --- --- --- --- 0.0003
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 114 149 119 32.6 29.9 31.2 --- --- --- --- 18.6
Cd mg/L 0.00617 0.00800 0.00386 0.00101 0.000907 0.000974 --- --- --- --- 0.000625
Co mg/L 0.372 0.589 0.220 0.0638 0.0572 0.0580 --- --- --- --- 0.0396
Cr mg/L 0.00060 0.00089 0.00027 0.00014 0.00018 0.00018 --- --- --- --- 0.00078
Cu mg/L 43.9 46.8 27.0 6.40 7.15 8.72 --- --- --- --- 10.4
Fe mg/L 0.670 0.970 0.508 0.171 0.206 0.236 --- --- --- --- 0.109
K mg/L 11.8 16.8 8.86 3.10 3.09 3.94 --- --- --- --- 2.62
Li mg/L 0.0152 0.0255 0.0101 0.00302 0.00282 0.00283 --- --- --- --- 0.00152
Mg mg/L 14.2 22.2 7.93 2.20 1.83 1.94 --- --- --- --- 0.927
Mn mg/L 1.37 2.17 0.795 0.194 0.167 0.157 --- --- --- --- 0.0651
Mo mg/L 0.00014 0.00005 0.00006 0.00005 0.00005 0.00008 --- --- --- --- 0.00002
Na mg/L 5.27 7.43 2.27 0.47 0.21 0.33 --- --- --- --- 0.07
Ni mg/L 0.707 0.858 0.425 0.104 0.0968 0.104 --- --- --- --- 0.0670
P mg/L < 0.003 0.011 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00027 0.00124 0.00008 0.00015 0.00005 < 0.00001 --- --- --- --- 0.00008
Sb mg/L 0.0007 0.0004 0.0006 0.0003 0.0003 0.0003 --- --- --- --- 0.0003
Se mg/L 0.017 0.023 0.014 0.005 0.005 0.006 --- --- --- --- 0.00429
Si mg/L 4.51 10.4 8.35 3.10 3.65 4.78 --- --- --- --- 3.52
Sn mg/L 0.00520 0.00141 0.00081 0.00026 0.00049 0.00022 --- --- --- --- 0.00014
Sr mg/L 0.170 0.278 0.232 0.0723 0.0723 0.0806 --- --- --- --- 0.0466
Ti mg/L 0.00009 0.00016 0.00011 < 0.00005 0.00006 0.00012 --- --- --- --- 0.00008
Tl mg/L 0.000439 0.000458 0.000297 0.000090 0.000096 0.000114 --- --- --- --- 0.000080
Th mg/L 0.00002 0.00007 0.00037 0.00004 0.00004 0.00003 --- --- --- --- 0.00004
U mg/L 0.0112 0.0143 0.00856 0.00252 0.00287 0.00322 --- --- --- --- 0.00384
V mg/L 0.00002 0.00004 0.00002 0.00002 0.00004 0.00001 --- --- --- --- 0.00001
W mg/L 0.00006 < 0.00002 0.00003 0.00004 0.00013 < 0.00002 --- --- --- --- 0.00012
Y mg/L 0.00545 0.00838 0.00477 0.00113 0.00109 0.00117 --- --- --- --- 0.00142
Zn mg/L 1.43 1.69 0.830 0.202 0.190 0.205 --- --- --- --- 0.173

*Reassay LIMS 15332-JUN15

MC-2 LCT 37 (Hole 29A)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-2 LCT 37 (Hole 29A)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

931 902 926 935 905 917 922 923 929 916 930
4.17 4.15 4.05 4.07 4.15 3.87 3.95 3.94 3.86 3.82 3.77
67 74 76 70 68 80 62 58 68 60 63

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
237 269 271 246 250 299 228 239 247 255 254
94 100 110 100 98 120 88 85 97 88 90
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000007 --- --- --- --- 0.000014 ---
--- --- --- --- 8.30 --- --- --- --- 7.23 ---
--- --- --- --- 0.0010 --- --- --- --- 0.0002 ---
--- --- --- --- 0.00319 --- --- --- --- 0.00299 ---
--- --- --- --- 0.00238 --- --- --- --- 0.00134 ---
--- --- --- --- 0.0011 --- --- --- --- < 0.0002 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 20.0 --- --- --- --- 16.0 ---
--- --- --- --- 0.000880 --- --- --- --- 0.000818 ---
--- --- --- --- 0.0464 --- --- --- --- 0.0383 ---
--- --- --- --- 0.00311 --- --- --- --- 0.00567 ---
--- --- --- --- 15.2 --- --- --- --- 11.7 ---
--- --- --- --- 0.269 --- --- --- --- 0.472 ---
--- --- --- --- 2.85 --- --- --- --- 2.62 ---
--- --- --- --- 0.00162 --- --- --- --- 0.00166 ---
--- --- --- --- 1.15 --- --- --- --- 1.29 ---
--- --- --- --- 0.0548 --- --- --- --- 0.0450 ---
--- --- --- --- 0.00009 --- --- --- --- 0.00011 ---
--- --- --- --- 0.12 --- --- --- --- 0.07 ---
--- --- --- --- 0.0712 --- --- --- --- 0.0571 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00015 --- --- --- --- 0.00034 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0004 ---
--- --- --- --- 0.00288 --- --- --- --- 0.00183 ---
--- --- --- --- 4.69 --- --- --- --- 5.17 ---
--- --- --- --- 0.00018 --- --- --- --- 0.00010 ---
--- --- --- --- 0.0397 --- --- --- --- 0.0273 ---
--- --- --- --- 0.00006 --- --- --- --- 0.00008 ---
--- --- --- --- 0.000142 --- --- --- --- 0.000101 ---
--- --- --- --- 0.00015 --- --- --- --- 0.00032 ---
--- --- --- --- 0.00498 --- --- --- --- 0.00307 ---
--- --- --- --- < 0.00001 --- --- --- --- 0.00002 ---
--- --- --- --- 0.00006 --- --- --- --- 0.00004 ---
--- --- --- --- 0.00304 --- --- --- --- 0.00412 ---
--- --- --- --- 0.217 --- --- --- --- 0.174 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-2 LCT 37 (Hole 29A)

22 23 24 25 26 27 28 29 30 31 32
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV1510064-NOV1510094-NOV15 10003-DEC15 10038-DEC15

924 898 900 950 964 972 950 895 886 864 888
3.81 3.81 3.77 3.78 3.90 4.03 3.87 3.69 3.62 3.47 3.58
52 54 54 52 36 38 30 38 46 46 45

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
224 250 243 219 175 172 156 190 239 252 227
78 81 83 72 56 60 53 62 73 78 76
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000017 --- --- --- --- 0.000042 --- ---
--- --- --- 4.35 --- --- --- --- 3.10 --- ---
--- --- --- < 0.0002 --- --- --- --- 0.0004 --- ---
--- --- --- 0.00253 --- --- --- --- 0.00287 --- ---
--- --- --- 0.000958 --- --- --- --- 0.000663 --- ---
--- --- --- 0.0002 --- --- --- --- 0.0003 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 12.8 --- --- --- --- 11.5 --- ---
--- --- --- 0.000780 --- --- --- --- 0.000711 --- ---
--- --- --- 0.0362 --- --- --- --- 0.0319 --- ---
--- --- --- 0.00766 --- --- --- --- 0.00898 --- ---
--- --- --- 6.30 --- --- --- --- 5.92 --- ---
--- --- --- 0.736 --- --- --- --- 1.00 --- ---
--- --- --- 2.53 --- --- --- --- 2.54 --- ---
--- --- --- 0.00164 --- --- --- --- 0.00168 --- ---
--- --- --- 1.67 --- --- --- --- 1.83 --- ---
--- --- --- 0.0427 --- --- --- --- 0.0412 --- ---
--- --- --- 0.00031 --- --- --- --- 0.00008 --- ---
--- --- --- 0.08 --- --- --- --- 0.05 --- ---
--- --- --- 0.0497 --- --- --- --- 0.0432 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- 0.00001 --- --- --- --- 0.00005 --- ---
--- --- --- < 0.0002 --- --- --- --- 0.0003 --- ---
--- --- --- 0.00150 --- --- --- --- 0.00133 --- ---
--- --- --- 4.52 --- --- --- --- 4.71 --- ---
--- --- --- 0.00019 --- --- --- --- 0.00030 --- ---
--- --- --- 0.0194 --- --- --- --- 0.0164 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- 0.000078 --- --- --- --- 0.000113 --- ---
--- --- --- 0.00051 --- --- --- --- 0.00008 --- ---
--- --- --- 0.00221 --- --- --- --- 0.00207 --- ---
--- --- --- 0.00001 --- --- --- --- 0.00003 --- ---
--- --- --- 0.00020 --- --- --- --- 0.00012 --- ---
--- --- --- 0.00475 --- --- --- --- 0.00574 --- ---
--- --- --- 0.154 --- --- --- --- 0.127 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-2 LCT 37 (Hole 29A)

33 34 35 36 37 38 39 40 41 42 43
10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16 10131-FEB16

900 886 892 873 908 890 911 801 802 982 922
3.52 3.53 3.46 3.42 3.51 3.54 3.58 3.61 3.44 3.46 3.58
48 46 48 51 48 41 40 34 51 52 34

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
254 267 276 283 271 240 252 204 339 350 236
76 71 77 79 71 67 61 53 86 91 61
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- 0.000036 --- --- --- --- 0.000057 --- --- ---
--- --- 2.57 --- --- --- --- 1.49 --- --- ---
--- --- 0.0003 --- --- --- --- 0.0004 --- --- ---
--- --- 0.00163 --- --- --- --- 0.00198 --- --- ---
--- --- 0.000509 --- --- --- --- 0.000341 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.002 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 8.15 --- --- --- --- 5.92 --- --- ---
--- --- 0.000675 --- --- --- --- 0.000501 --- --- ---
--- --- 0.0327 --- --- --- --- 0.0254 --- --- ---
--- --- 0.01355 --- --- --- --- 0.00868 --- --- ---
--- --- 4.73 --- --- --- --- 2.84 --- --- ---
--- --- 1.45 --- --- --- --- 0.929 --- --- ---
--- --- 2.33 --- --- --- --- 2.31 --- --- ---
--- --- 0.00168 --- --- --- --- 0.00117 --- --- ---
--- --- 2.03 --- --- --- --- 1.57 --- --- ---
--- --- 0.0415 --- --- --- --- 0.0344 --- --- ---
--- --- 0.00018 --- --- --- --- 0.00004 --- --- ---
--- --- 0.08 --- --- --- --- 0.11 --- --- ---
--- --- 0.0471 --- --- --- --- 0.0344 --- --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- --- ---
--- --- 0.00020 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00071 --- --- --- --- 0.00060 --- --- ---
--- --- 3.72 --- --- --- --- 1.77 --- --- ---
--- --- 0.00017 --- --- --- --- 0.00018 --- --- ---
--- --- 0.0101 --- --- --- --- 0.00752 --- --- ---
--- --- < 0.00005 --- --- --- --- < 0.00005 --- --- ---
--- --- 0.000097 --- --- --- --- 0.000112 --- --- ---
--- --- 0.00003 --- --- --- --- 0.00003 --- --- ---
--- --- 0.00208 --- --- --- --- 0.00128 --- --- ---
--- --- 0.00002 --- --- --- --- 0.00002 --- --- ---
--- --- 0.00006 --- --- --- --- 0.00004 --- --- ---
--- --- 0.00826 --- --- --- --- 0.00439 --- --- ---
--- --- 0.112 --- --- --- --- 0.077 --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-2 LCT 37 (Hole 29A)

44 45 46 47 48 49 50 51
10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

844 812 853 813 840 802 824 868
3.61 3.70 3.68 3.68 3.77 3.91 3.72 3.79
26 22 24 21 19 15 18 17

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
192 172 166 154 136 94 129 110
42 39 37 35 32 24 28 23
--- < 0.00001 --- --- --- --- < 0.00001 ---
--- 0.000026 --- --- --- --- 0.000018 ---
--- 0.963 --- --- --- --- 0.606 ---
--- 0.0007 --- --- --- --- 0.0006 ---
--- 0.0108 --- --- --- --- 0.0161 ---
--- 0.000264 --- --- --- --- 0.000188 ---
--- < 0.002 --- --- --- --- < 0.002 ---
--- < 0.000007 --- --- --- --- < 0.000007 ---
--- 5.26 --- --- --- --- 3.32 ---
--- 0.000262 --- --- --- --- 0.000175 ---
--- 0.0147 --- --- --- --- 0.0104 ---
--- 0.00212 --- --- --- --- 0.00091 ---
--- 1.49 --- --- --- --- 0.981 ---
--- 0.447 --- --- --- --- 0.512 ---
--- 2.87 --- --- --- --- 2.35 ---
--- 0.000896 --- --- --- --- 0.000763 ---
--- 1.10 --- --- --- --- 0.765 ---
--- 0.0229 --- --- --- --- 0.0171 ---
--- 0.00014 --- --- --- --- 0.00008 ---
--- 0.05 --- --- --- --- 0.03 ---
--- 0.0204 --- --- --- --- 0.0140 ---
--- 0.014 --- --- --- --- 0.012 ---
--- 0.00046 --- --- --- --- 0.00182 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.00088 --- --- --- --- 0.00102 ---
--- 2.09 --- --- --- --- 1.89 ---
--- 0.00012 --- --- --- --- 0.00011 ---
--- 0.0103 --- --- --- --- 0.0116 ---
--- 0.00006 --- --- --- --- < 0.00005 ---
--- 0.000112 --- --- --- --- 0.000104 ---
--- 0.00005 --- --- --- --- < 0.00001 ---
--- 0.000453 --- --- --- --- 0.000257 ---
--- < 0.00001 --- --- --- --- 0.00001 ---
--- 0.00022 --- --- --- --- 0.00030 ---
--- 0.00138 --- --- --- --- 0.000586 ---
--- 0.045 --- --- --- --- 0.028 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 694 1007 980 948 1000 980 957 989 1003 980 888
pH units 6.26 6.14 5.62 6.21 6.16 6.08 *5.91 6.16 5.78 6.01 5.79
Acidity mg/L as CaCO3 < 2 2 14 6 2 < 2 < 2 3 2 3 < 2

Alkalinity mg/L as CaCO3 < 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 540 413 144 187 166 152 116 106 112 102 84
SO4 mg/L 250 180 56 72 66 55 44 43 38 38 31
Hg mg/L < 0.00001 < 0.00001 0.00003 < 0.00001 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 0.000012 0.000009 < 0.000002 0.000005 < 0.000002 --- --- --- --- < 0.000002
Al mg/L 0.0043 0.0038 0.0076 0.0068 0.0049 0.0069 --- --- --- --- 0.011
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.0150 0.0121 0.00630 0.00656 0.00997 0.00947 --- --- --- --- 0.00556
Be mg/L 0.000024 0.000022 0.000016 0.000019 0.000016 0.000021 --- --- --- --- 0.000032
B mg/L 0.0023 0.0024 0.0018 0.0005 0.0108 0.0013 --- --- --- --- 0.0008
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 76.2 60.9 16.3 20.9 18.4 17.9 --- --- --- --- 9.22
Cd mg/L 0.000047 0.000034 0.000017 0.000025 0.000029 0.000022 --- --- --- --- 0.000023
Co mg/L 0.00101 0.000691 0.000316 0.000463 0.000547 0.000543 --- --- --- --- 0.000471
Cr mg/L < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.0704 0.0457 0.0337 0.0379 0.0322 0.0432 --- --- --- --- 0.05112
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 15.2 11.3 5.11 5.53 5.59 5.32 --- --- --- --- 3.02
Li mg/L 0.00818 0.00695 0.00302 0.00413 0.00452 0.00410 --- --- --- --- 0.00265
Mg mg/L 11.8 7.98 2.69 3.35 3.34 3.19 --- --- --- --- 1.55
Mn mg/L 0.721 0.559 0.230 0.321 0.356 0.320 --- --- --- --- 0.198
Mo mg/L 0.0162 0.0117 0.00427 0.00393 0.00375 0.00302 --- --- --- --- 0.00116
Na mg/L 5.86 4.19 1.59 1.82 1.73 1.67 --- --- --- --- 0.54
Ni mg/L 0.0014 0.0010 0.0005 0.0006 0.0008 0.0008 --- --- --- --- 0.0009
P mg/L < 0.003 0.011 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00001 0.00002 0.00009 < 0.00001 0.00018 < 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0006 0.0005 0.0004 0.0004 0.0003 0.0003 --- --- --- --- 0.0003
Se mg/L 0.006 0.004 0.001 0.002 0.002 0.002 --- --- --- --- 0.00100
Si mg/L 0.86 0.88 0.42 0.41 0.64 0.63 --- --- --- --- 0.38
Sn mg/L 0.00010 0.00007 0.00004 0.00004 0.00005 0.00003 --- --- --- --- 0.00002
Sr mg/L 0.702 0.537 0.152 0.209 0.202 0.156 --- --- --- --- 0.0895
Ti mg/L 0.00013 < 0.00005 0.00016 < 0.00005 < 0.00005 < 0.00005 --- --- --- --- 0.00010
Tl mg/L 0.000027 0.000016 0.000008 0.000012 0.000006 0.000009 --- --- --- --- 0.000011
Th mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000009 0.000009 0.000007 0.000006 0.000005 0.000010 --- --- --- --- < 0.000002
V mg/L 0.00010 0.00004 0.00003 0.00005 0.00003 0.00003 --- --- --- --- 0.00001
W mg/L 0.00032 0.00025 0.00011 0.00009 0.00015 0.00006 --- --- --- --- 0.00011
Y mg/L 0.000015 0.000014 0.000004 0.000005 0.000004 0.000005 --- --- --- --- 0.000002
Zn mg/L 0.016 0.013 0.007 0.009 0.010 0.010 --- --- --- --- 0.012

*Reassay LIMS 15332-JUN15

MC-5 LCT 42 (Hole 29A)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-5 LCT 42 (Hole 29A)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

952 928 935 941 831 966 939 932 952 947 932
5.45 5.68 5.40 5.56 6.06 6.11 5.24 5.57 5.86 5.06 6.29

2 2 < 2 2 2 < 2 2 < 2 < 2 < 2 < 2

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
90 77 81 55 84 50 44 52 45 47 43
34 26 29 21 30 18 15 17 16 15 15
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000003 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.011 --- --- --- --- 0.011 ---
--- --- --- --- 0.0006 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00815 --- --- --- --- 0.00310 ---
--- --- --- --- 0.000058 --- --- --- --- 0.000058 ---
--- --- --- --- 0.0017 --- --- --- --- 0.0006 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 9.14 --- --- --- --- 4.58 ---
--- --- --- --- 0.000027 --- --- --- --- 0.000015 ---
--- --- --- --- 0.000659 --- --- --- --- 0.000465 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.0817 --- --- --- --- 0.0588 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 2.66 --- --- --- --- 1.83 ---
--- --- --- --- 0.00278 --- --- --- --- 0.00202 ---
--- --- --- --- 1.32 --- --- --- --- 0.652 ---
--- --- --- --- 0.220 --- --- --- --- 0.126 ---
--- --- --- --- 0.00102 --- --- --- --- 0.00079 ---
--- --- --- --- 0.38 --- --- --- --- 0.13 ---
--- --- --- --- 0.0013 --- --- --- --- 0.0010 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00007 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0003 ---
--- --- --- --- 0.00100 --- --- --- --- 0.00070 ---
--- --- --- --- 0.38 --- --- --- --- 0.34 ---
--- --- --- --- 0.00006 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.0926 --- --- --- --- 0.0451 ---
--- --- --- --- < 0.00005 --- --- --- --- 0.00007 ---
--- --- --- --- 0.000053 --- --- --- --- < 0.000005 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000014 --- --- --- --- 0.000004 ---
--- --- --- --- 0.00003 --- --- --- --- 0.00004 ---
--- --- --- --- 0.00003 --- --- --- --- < 0.00002 ---
--- --- --- --- 0.000004 --- --- --- --- 0.000002 ---
--- --- --- --- 0.017 --- --- --- --- 0.014 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-5 LCT 42 (Hole 29A)

22 23 24 25 26 27 28 29 30 31
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15 10003-DEC15

948 944 952 979 985 987 976 942 843 826
5.34 5.71 6.14 5.30 5.90 6.08 5.32 5.42 5.55 5.68

2 < 2 2 2 3 2 2 2 3 2

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
45 49 38 44 42 43 36 34 63 61
15 15 12 15 14 15 13 13 22 21
--- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- 0.014 --- --- --- --- 0.023 ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- 0.00282 --- --- --- --- 0.00534 ---
--- --- --- 0.000082 --- --- --- --- 0.000189 ---
--- --- --- 0.0003 --- --- --- --- 0.0009 ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- 4.30 --- --- --- --- 6.49 ---
--- --- --- 0.000019 --- --- --- --- 0.000046 ---
--- --- --- 0.000577 --- --- --- --- 0.000834 ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- 0.0965 --- --- --- --- 0.148 ---
--- --- --- < 0.007 --- --- --- --- 0.009 ---
--- --- --- 1.65 --- --- --- --- 2.32 ---
--- --- --- 0.00209 --- --- --- --- 0.00280 ---
--- --- --- 0.700 --- --- --- --- 0.893 ---
--- --- --- 0.133 --- --- --- --- 0.180 ---
--- --- --- 0.00075 --- --- --- --- 0.00077 ---
--- --- --- 0.12 --- --- --- --- 0.11 ---
--- --- --- 0.0014 --- --- --- --- 0.0021 ---
--- --- --- < 0.003 --- --- --- --- 0.008 ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- < 0.0002 --- --- --- --- 0.0003 ---
--- --- --- 0.00112 --- --- --- --- 0.00164 ---
--- --- --- 0.34 --- --- --- --- 0.48 ---
--- --- --- < 0.00001 --- --- --- --- 0.00009 ---
--- --- --- 0.0431 --- --- --- --- 0.0615 ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- < 0.000005 --- --- --- --- 0.000008 ---
--- --- --- 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- < 0.000002 --- --- --- --- 0.000007 ---
--- --- --- 0.00001 --- --- --- --- 0.00003 ---
--- --- --- < 0.00002 --- --- --- --- 0.00007 ---
--- --- --- 0.000003 --- --- --- --- 0.000007 ---
--- --- --- 0.021 --- --- --- --- 0.038 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-5 LCT 42 (Hole 29A)

32 33 34 35 36 37 38 39 40 41 42
10038-DEC15 10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN1610040-JAN1610081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16

911 930 942 954 969 972 972 982 973 971 974
5.80 5.78 5.49 5.65 5.43 5.65 5.51 5.81 5.44 5.74 * < 5.76

3 4 < 2 5 3 4 4 2 3 2 3

< 2 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
44 39 46 38 40 35 35 38 32 36 25
16 13 13 12 13 12 12 12 12 12 8.2
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.021 --- --- --- --- 0.029 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00280 --- --- --- --- 0.00252 --- ---
--- --- --- 0.000130 --- --- --- --- 0.000176 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.002 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 3.2 --- --- --- --- 2.78 --- ---
--- --- --- 0.000018 --- --- --- --- 0.000026 --- ---
--- --- --- 0.000479 --- --- --- --- 0.000659 --- ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- --- 0.122 --- --- --- --- 0.164 --- ---
--- --- --- 0.011 --- --- --- --- < 0.007 --- ---
--- --- --- 1.15 --- --- --- --- 1.26 --- ---
--- --- --- 0.00170 --- --- --- --- 0.00174 --- ---
--- --- --- 0.417 --- --- --- --- 0.470 --- ---
--- --- --- 0.0877 --- --- --- --- 0.111 --- ---
--- --- --- 0.00052 --- --- --- --- 0.00012 --- ---
--- --- --- 0.09 --- --- --- --- 0.10 --- ---
--- --- --- 0.0014 --- --- --- --- 0.0019 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00007 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00085 --- --- --- --- 0.00121 --- ---
--- --- --- 0.310 --- --- --- --- 0.37 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00003 --- ---
--- --- --- 0.031 --- --- --- --- 0.0290 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- < 0.000005 --- --- --- --- 0.000006 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- 0.000004 --- ---
--- --- --- 0.00001 --- --- --- --- 0.00001 --- ---
--- --- --- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- --- --- < 0.000002 --- --- --- --- 0.000007 --- ---
--- --- --- 0.021 --- --- --- --- 0.030 --- ---

* Reassay LIMS 14052-M

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-5 LCT 42 (Hole 29A)

43 44 45 46 47 48 49 50 51
10131-FEB16 10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

995 1000 1000 1002 999 999 998 1015 931
5.69 6.03 5.98 5.35 5.43 5.29 5.70 5.61 5.28

4 3 2 4 3 3 4 3 2

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
32 33 32 31 26 29 26 31 22
11 11 9.7 10 8.3 9.9 8.8 10 6.0
--- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- < 0.000002 --- --- --- --- 0.000002 ---
--- --- 0.053 --- --- --- --- 0.075 ---
--- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- 0.00345 --- --- --- --- 0.00403 ---
--- --- 0.000282 --- --- --- --- 0.000334 ---
--- --- < 0.002 --- --- --- --- < 0.002 ---
--- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- 3.11 --- --- --- --- 2.68 ---
--- --- 0.000046 --- --- --- --- 0.000051 ---
--- --- 0.000745 --- --- --- --- 0.000852 ---
--- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- 0.213 --- --- --- --- 0.239 ---
--- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- 1.38 --- --- --- --- 1.40 ---
--- --- 0.00217 --- --- --- --- 0.00218 ---
--- --- 0.537 --- --- --- --- 0.530 ---
--- --- 0.123 --- --- --- --- 0.126 ---
--- --- 0.00019 --- --- --- --- 0.00014 ---
--- --- 0.05 --- --- --- --- 0.04 ---
--- --- 0.0023 --- --- --- --- 0.0024 ---
--- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- 0.00005 --- --- --- --- 0.00006 ---
--- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- 0.00162 --- --- --- --- 0.00156 ---
--- --- 0.80 --- --- --- --- 0.66 ---
--- --- 0.00003 --- --- --- --- < 0.00001 ---
--- --- 0.0290 --- --- --- --- 0.0300 ---
--- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- < 0.000005 --- --- --- --- 0.000005 ---
--- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- < 0.000002 --- --- --- --- 0.000009 ---
--- --- < 0.00001 --- --- --- --- 0.00001 ---
--- --- 0.00002 --- --- --- --- 0.00002 ---
--- --- 0.000006 --- --- --- --- 0.000019 ---
--- --- 0.043 --- --- --- --- 0.047 ---

MAR16

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 709 1010 994 998 975 1004 992 1007 993 1007 995
pH units 7.18 7.31 7.08 7.06 6.93 7.20 7.07 7.21 6.98 7.08 6.84
Acidity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 7 10 7 7 5 7 5 7 5 6 5
Conductivity µS/cm 235 279 153 111 62 86 48 53 39 45 30
SO4 mg/L 82 96 55 34 18 25 13 14 9.0 11 7.4
Hg mg/L < 0.00001 < 0.00001  < 0.00001 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 0.000010 0.000009 0.000006 < 0.000002 0.000005 --- --- --- --- < 0.000002
Al mg/L 0.0118 0.0063 0.0113 0.0082 0.0092 0.0080 --- --- --- --- 0.006
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.0233 0.0160 0.0123 0.0108 0.0147 0.0181 --- --- --- --- 0.00928
Be mg/L < 0.000007 0.000017 0.000008 0.000008 0.000007 0.000007 --- --- --- --- < 0.000007
B mg/L 0.0017 0.0033 0.0028 0.0011 0.0106 0.0011 --- --- --- --- 0.0008
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 31.4 38.7 20.3 13.1 7.20 11.0 --- --- --- --- 3.93
Cd mg/L 0.000012 0.000011 0.000009 0.000007 0.000004 0.000006 --- --- --- --- 0.000003
Co mg/L 0.000286 0.000387 0.000186 0.000116 0.000069 0.000091 --- --- --- --- 0.000040
Cr mg/L < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.00846 0.0129 0.00578 0.00597 0.00393 0.00619 --- --- --- --- 0.00354
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 5.30 5.80 3.51 2.65 1.65 2.46 --- --- --- --- 0.896
Li mg/L 0.000779 0.00110 0.000659 0.000549 0.000241 0.000424 --- --- --- --- 0.000210
Mg mg/L 4.06 4.95 2.37 1.63 0.761 1.20 --- --- --- --- 0.384
Mn mg/L 0.0633 0.0885 0.0423 0.0279 0.0139 0.0188 --- --- --- --- 0.00706
Mo mg/L 0.0148 0.0235 0.0141 0.0108 0.00625 0.00984 --- --- --- --- 0.00433
Na mg/L 3.8 4.27 2.04 1.33 0.54 1.01 --- --- --- --- 0.15
Ni mg/L 0.0003 0.0004 0.0002 0.0001 < 0.0001 < 0.0001 --- --- --- --- < 0.0001
P mg/L < 0.003 0.012 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0009 0.0012 0.0010 0.0009 0.0005 0.0007 --- --- --- --- 0.0005
Se mg/L < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 --- --- --- --- 0.00028
Si mg/L 0.48 0.96 0.72 0.55 0.40 0.62 --- --- --- --- 0.37
Sn mg/L 0.00025 0.00014 0.00013 0.00009 0.00004 0.00007 --- --- --- --- 0.00005
Sr mg/L 0.0947 0.116 0.0625 0.0442 0.0247 0.0351 --- --- --- --- 0.0140
Ti mg/L < 0.00005 < 0.00005 0.00009 0.00008 0.00008 0.00021 --- --- --- --- 0.00010
Tl mg/L 0.000007 < 0.000005 0.000008 0.000007 < 0.000005 < 0.000005 --- --- --- --- < 0.000005
Th mg/L < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000111 0.000502 0.000216 0.000176 0.000050 0.000092 --- --- --- --- 0.000021
V mg/L 0.00004 0.00003 0.00003 0.00004 0.00003 0.00003 --- --- --- --- 0.00002
W mg/L 0.00009 0.00012 0.00011 0.00011 0.00013 0.00007 --- --- --- --- 0.00016
Y mg/L < 0.000002 0.000005 < 0.000002 0.000019 < 0.000002 0.000004 --- --- --- --- < 0.000002
Zn mg/L 0.003 0.005 0.002 0.002 0.001 0.002 --- --- --- --- < 0.002

MC-7 LCT 46 (Hole 29A)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-7 LCT 46 (Hole 29A)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

939 928 929 963 836 962 962 934 984 948 935
6.81 6.83 6.64 6.79 6.51 6.96 6.78 6.55 6.77 6.69 6.85
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

3 3 3 3 2 3 3 3 4 2 2
22 23 19 21 18 20 19 14 18 14 12
5.1 4.6 4.0 5.0 3.9 4.3 3.8 2.9 3.6 3.0 2.8
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.011 --- --- --- --- 0.013 ---
--- --- --- --- 0.0006 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00817 --- --- --- --- 0.0107 ---
--- --- --- --- < 0.000007 --- --- --- --- 0.000007 ---
--- --- --- --- 0.0012 --- --- --- --- 0.0004 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 1.96 --- --- --- --- 1.77 ---
--- --- --- --- 0.000007 --- --- --- --- 0.000005 ---
--- --- --- --- 0.000068 --- --- --- --- 0.000054 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.00382 --- --- --- --- 0.00383 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 0.490 --- --- --- --- 0.571 ---
--- --- --- --- 0.000126 --- --- --- --- 0.000164 ---
--- --- --- --- 0.150 --- --- --- --- 0.156 ---
--- --- --- --- 0.00391 --- --- --- --- 0.00465 ---
--- --- --- --- 0.00223 --- --- --- --- 0.00257 ---
--- --- --- --- 0.10 --- --- --- --- 0.05 ---
--- --- --- --- < 0.0001 --- --- --- --- < 0.0001 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00006 --- --- --- --- 0.00002 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0003 ---
--- --- --- --- 0.00015 --- --- --- --- 0.00016 ---
--- --- --- --- 0.17 --- --- --- --- 0.24 ---
--- --- --- --- 0.00004 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.00742 --- --- --- --- 0.00723 ---
--- --- --- --- 0.00005 --- --- --- --- 0.00008 ---
--- --- --- --- 0.000032 --- --- --- --- < 0.000005 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000011 --- --- --- --- 0.000008 ---
--- --- --- --- 0.00004 --- --- --- --- 0.00003 ---
--- --- --- --- 0.00003 --- --- --- --- < 0.00002 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000002 ---
--- --- --- --- 0.002 --- --- --- --- 0.002 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-7 LCT 46 (Hole 29A)

22 23 24 25 26 27 28 29 30 31 32
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15 10003-DEC15 10038-DEC15

957 963 971 990 998 1004 1010 922 975 933 1000
6.68 6.78 6.93 6.48 6.64 6.83 6.81 6.46 6.48 6.59 6.61
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 3 < 2 < 2

2 3 2 2 3 3 4 2 2 2 2
14 15 15 16 14 18 18 7 12 8 12
2.5 2.9 2.8 3.4 3.0 4.0 4.3 1.5 2.4 1.7 2.5
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.006 --- --- --- --- 0.008 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.0144 --- --- --- --- 0.0146 --- ---
--- --- --- 0.000017 --- --- --- --- 0.000011 --- ---
--- --- --- 0.0006 --- --- --- --- 0.0008 --- ---
--- --- --- < 0.000007 --- --- --- --- 0.000008 --- ---
--- --- --- 1.91 --- --- --- --- 1.51 --- ---
--- --- --- 0.000004 --- --- --- --- < 0.000003 --- ---
--- --- --- 0.000059 --- --- --- --- 0.000088 --- ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- --- 0.00439 --- --- --- --- 0.00337 --- ---
--- --- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- --- 0.481 --- --- --- --- 0.535 --- ---
--- --- --- 0.000114 --- --- --- --- 0.000152 --- ---
--- --- --- 0.165 --- --- --- --- 0.122 --- ---
--- --- --- 0.0048 --- --- --- --- 0.00382 --- ---
--- --- --- 0.00309 --- --- --- --- 0.00319 --- ---
--- --- --- 0.04 --- --- --- --- 0.02 --- ---
--- --- --- < 0.0001 --- --- --- --- < 0.0001 --- ---
--- --- --- < 0.003 --- --- --- --- 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00002 --- ---
--- --- --- 0.0002 --- --- --- --- 0.0004 --- ---
--- --- --- 0.00015 --- --- --- --- 0.00023 --- ---
--- --- --- 0.25 --- --- --- --- 0.32 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00008 --- ---
--- --- --- 0.0076 --- --- --- --- 0.00670 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- 0.000019 --- --- --- --- < 0.000005 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000008 --- --- --- --- 0.000008 --- ---
--- --- --- 0.00001 --- --- --- --- 0.00004 --- ---
--- --- --- 0.00003 --- --- --- --- 0.00009 --- ---
--- --- --- 0.000053 --- --- --- --- 0.000002 --- ---
--- --- --- 0.002 --- --- --- --- 0.003 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-7 LCT 46 (Hole 29A)

33 34 35 36 37 38 39 40 41 42 43
10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16 10131-FEB16

990 1002 1001 995 1005 1008 1001 1001 1002 1006 996
6.55 6.48 6.41 6.51 6.73 6.72 6.91 6.60 6.89 6.82 6.70
< 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2 3 2

3 2 2 4 2 2 3 2 4 3 2
13 12 12 11 11 7 11 10 12 11 7
2.3 2.2 2.1 2.2 1.9 1.9 1.8 1.8 1.8 1.6 1.5
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.004 --- --- --- --- 0.003 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.0150 --- --- --- --- 0.0176 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.002 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 1.17 --- --- --- --- 1.18 --- --- ---
--- --- < 0.000003 --- --- --- --- < 0.000003 --- --- ---
--- --- 0.000050 --- --- --- --- 0.000076 --- --- ---
--- --- < 0.00003 --- --- --- --- < 0.00003 --- --- ---
--- --- 0.00320 --- --- --- --- 0.00217 --- --- ---
--- --- < 0.007 --- --- --- --- < 0.007 --- --- ---
--- --- 0.356 --- --- --- --- 0.362 --- --- ---
--- --- 0.000242 --- --- --- --- 0.000148 --- --- ---
--- --- 0.103 --- --- --- --- 0.092 --- --- ---
--- --- 0.00430 --- --- --- --- 0.00425 --- --- ---
--- --- 0.00275 --- --- --- --- 0.00403 --- --- ---
--- --- 0.04 --- --- --- --- 0.07 --- --- ---
--- --- < 0.0001 --- --- --- --- 0.0001 --- --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.0002 --- --- --- --- 0.0002 --- --- ---
--- --- 0.00010 --- --- --- --- 0.00012 --- --- ---
--- --- 0.27 --- --- --- --- 0.29 --- --- ---
--- --- < 0.00001 --- --- --- --- 0.00007 --- --- ---
--- --- 0.00583 --- --- --- --- 0.00653 --- --- ---
--- --- 0.00005 --- --- --- --- < 0.00005 --- --- ---
--- --- < 0.000005 --- --- --- --- < 0.000005 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.000002 --- --- --- --- 0.000004 --- --- ---
--- --- 0.00002 --- --- --- --- 0.00002 --- --- ---
--- --- < 0.00002 --- --- --- --- 0.00003 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- < 0.002 --- --- --- --- < 0.002 --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-7 LCT 46 (Hole 29A)

44 45 46 47 48 49 50 51
10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

993 947 964 953 958 920 982 844
6.53 6.65 6.55 6.49 6.46 6.32 6.55 6.36
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

< 2 2 < 2 < 2 < 2 < 2 2 < 2
12 6 5 5 6 4 7 5
1.6 1.0 1.2 1.0 1.2 0.9 1.5 1.0
--- < 0.00001 --- --- --- --- < 0.00001 ---
--- < 0.000002 --- --- --- --- < 0.000002 ---
--- 0.009 --- --- --- --- 0.017 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.0109 --- --- --- --- 0.0143 ---
--- 0.000007 --- --- --- --- 0.000009 ---
--- < 0.002 --- --- --- --- < 0.002 ---
--- < 0.000007 --- --- --- --- < 0.000007 ---
--- 0.82 --- --- --- --- 1.04 ---
--- < 0.000003 --- --- --- --- 0.000006 ---
--- 0.000089 --- --- --- --- 0.000098 ---
--- 0.00003 --- --- --- --- < 0.00003 ---
--- 0.00413 --- --- --- --- 0.00410 ---
--- < 0.007 --- --- --- --- < 0.007 ---
--- 0.306 --- --- --- --- 0.335 ---
--- 0.000100 --- --- --- --- 0.000122 ---
--- 0.060 --- --- --- --- 0.076 ---
--- 0.00357 --- --- --- --- 0.00404 ---
--- 0.00370 --- --- --- --- 0.00687 ---
--- < 0.01 --- --- --- --- < 0.01 ---
--- < 0.0001 --- --- --- --- < 0.0001 ---
--- < 0.003 --- --- --- --- < 0.003 ---
--- 0.00002 --- --- --- --- 0.00001 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.00010 --- --- --- --- 0.00013 ---
--- 0.48 --- --- --- --- 0.34 ---
--- 0.00004 --- --- --- --- < 0.00001 ---
--- 0.00419 --- --- --- --- 0.00527 ---
--- < 0.00005 --- --- --- --- 0.00007 ---
--- < 0.000005 --- --- --- --- < 0.000005 ---
--- < 0.00001 --- --- --- --- < 0.00001 ---
--- < 0.000002 --- --- --- --- 0.000054 ---
--- 0.00002 --- --- --- --- 0.00002 ---
--- 0.00004 --- --- --- --- 0.00004 ---
--- < 0.000002 --- --- --- --- < 0.000002 ---
--- < 0.002 --- --- --- --- 0.002 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 691 1011 1004 999 980 973 966 980 1001 964 954
pH units 5.19 4.88 4.58 4.56 4.52 4.48 4.44 4.28 4.18 4.12 4.06
Acidity mg/L as CaCO3 34 51 44 31 27 24 32 37 34 32 36

Alkalinity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 1190 793 427 200 145 110 121 124 120 111 110
SO4 mg/L 650 420 200 78 53 39 44 46 36 35 37
Hg mg/L < 0.00001 < 0.00001 0.00004 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 0.000008 0.000004 0.000003 < 0.000002 < 0.000002 --- --- --- --- < 0.000002
Al mg/L 0.791 1.74 1.53 1.03 0.968 0.903 --- --- --- --- 1.84
As mg/L 0.0003 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.0258 0.0212 0.0177 0.0133 0.0139 0.0130 --- --- --- --- 0.0137
Be mg/L 0.000356 0.000568 0.000595 0.000467 0.000477 0.000419 --- --- --- --- 0.000841
B mg/L 0.0094 0.0105 0.0088 0.0049 0.0146 0.0036 --- --- --- --- 0.0026
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 200 127 58.6 18.0 10.1 5.90 --- --- --- --- 0.99
Cd mg/L 0.00117 0.00126 0.000575 0.000261 0.000155 0.000114 --- --- --- --- 0.000081
Co mg/L 0.117 0.0868 0.0396 0.0189 0.0145 0.0110 --- --- --- --- 0.00834
Cr mg/L 0.00013 0.00016 0.00013 0.00013 0.00013 0.00010 --- --- --- --- 0.00051
Cu mg/L 17.8 25.8 22.5 11.9 12.5 11.5 --- --- --- --- 9.80
Fe mg/L 0.031 0.261 0.389 0.426 0.551 0.641 --- --- --- --- 1.97
K mg/L 19.1 8.87 6.06 3.19 2.44 2.03 --- --- --- --- 1.26
Li mg/L 0.0260 0.0147 0.00834 0.00362 0.00239 0.00140 --- --- --- --- 0.000724
Mg mg/L 23.5 10.2 3.72 1.33 0.808 0.570 --- --- --- --- 0.272
Mn mg/L 3.67 1.93 0.758 0.260 0.172 0.108 --- --- --- --- 0.0494
Mo mg/L 0.00060 0.00021 0.00042 0.00030 0.00024 0.00031 --- --- --- --- 0.00020
Na mg/L 11.7 3.90 1.11 0.24 < 0.01 0.06 --- --- --- --- 0.03
Ni mg/L 0.432 0.397 0.226 0.121 0.102 0.0854 --- --- --- --- 0.0651
P mg/L 0.004 0.010 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00004 0.00007 0.00007 0.00003 0.00010 < 0.00001 --- --- --- --- 0.00001
Sb mg/L 0.0007 0.0004 0.0005 0.0004 0.0002 0.0003 --- --- --- --- 0.0003
Se mg/L 0.013 0.008 0.005 0.003 0.002 0.002 --- --- --- --- 0.00275
Si mg/L 5.59 9.41 9.27 5.97 6.13 5.40 --- --- --- --- 4.87
Sn mg/L 0.00024 0.0001 0.00008 0.00007 0.00002 0.00004 --- --- --- --- 0.00004
Sr mg/L 0.508 0.319 0.186 0.100 0.0827 0.0632 --- --- --- --- 0.0312
Ti mg/L 0.00012 0.00011 0.00012 0.00008 0.00006 0.00005 --- --- --- --- 0.00006
Tl mg/L 0.000185 0.000107 0.000068 0.000046 0.000031 0.000023 --- --- --- --- 0.000018
Th mg/L < 0.00001 < 0.00001 < 0.00001 0.00002 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.00120 0.00350 0.00342 0.00240 0.00243 0.00215 --- --- --- --- 0.00531
V mg/L 0.00003 0.00002 0.00001 0.00002 0.00001 < 0.00001 --- --- --- --- < 0.00001
W mg/L < 0.00002 < 0.00002 < 0.00002 < 0.00002 0.00006 < 0.00002 --- --- --- --- < 0.00002
Y mg/L 0.00350 0.00643 0.00307 0.00110 0.000762 0.000577 --- --- --- --- 0.00126
Zn mg/L 0.206 0.202 0.098 0.046 0.041 0.029 --- --- --- --- 0.025

MC-1 LCT 24 (Hole 29B)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 24 (Hole 29B)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

982 980 982 973 954 1002 975 984 984 989 993
4.04 3.98 4.01 3.98 4.11 3.94 4.36 4.60 3.86 3.79 3.87
30 35 27 30 22 32 9 9 44 45 32

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
108 111 103 106 84 112 35 42 151 160 118
33 31 29 31 25 36 8.7 12 48 43 33
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000003 ---
--- --- --- --- 1.43 --- --- --- --- 2.73 ---
--- --- --- --- 0.0007 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.0102 --- --- --- --- 0.0172 ---
--- --- --- --- 0.000509 --- --- --- --- 0.000711 ---
--- --- --- --- 0.0021 --- --- --- --- 0.0017 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 0.31 --- --- --- --- 0.41 ---
--- --- --- --- 0.000044 --- --- --- --- 0.000089 ---
--- --- --- --- 0.00476 --- --- --- --- 0.00684 ---
--- --- --- --- 0.00057 --- --- --- --- 0.00135 ---
--- --- --- --- 5.10 --- --- --- --- 8.73 ---
--- --- --- --- 1.85 --- --- --- --- 3.90 ---
--- --- --- --- 0.608 --- --- --- --- 1.00 ---
--- --- --- --- 0.000433 --- --- --- --- 0.000600 ---
--- --- --- --- 0.142 --- --- --- --- 0.202 ---
--- --- --- --- 0.0274 --- --- --- --- 0.0425 ---
--- --- --- --- 0.00019 --- --- --- --- 0.00034 ---
--- --- --- --- 0.06 --- --- --- --- 0.03 ---
--- --- --- --- 0.0319 --- --- --- --- 0.0473 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00036 --- --- --- --- 0.00007 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0003 ---
--- --- --- --- 0.00186 --- --- --- --- 0.00297 ---
--- --- --- --- 2.97 --- --- --- --- 4.30 ---
--- --- --- --- 0.00009 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.0172 --- --- --- --- 0.0249 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000041 --- --- --- --- 0.000013 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.00382 --- --- --- --- 0.00538 ---
--- --- --- --- 0.00002 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.00002 --- --- --- --- < 0.00002 ---
--- --- --- --- 0.00112 --- --- --- --- 0.00191 ---
--- --- --- --- 0.014 --- --- --- --- 0.023 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 24 (Hole 29B)

22 23 24 25 26 27 28 29 30 31
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15 10003-DEC15

1005 963 990 992 1007 995 987 991 972 992
3.82 3.87 3.84 3.79 3.89 3.94 3.92 3.78 3.52 3.42
32 30 35 36 29 23 28 34 61 56

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
130 115 122 133 115 92 106 125 241 230
33 29 33 35 30 23 28 34 63 59
--- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- 0.000004 --- --- --- --- 0.000016 ---
--- --- --- 2.58 --- --- --- --- 4.18 ---
--- --- --- < 0.0002 --- --- --- --- 0.0004 ---
--- --- --- 0.0152 --- --- --- --- 0.0224 ---
--- --- --- 0.000441 --- --- --- --- 0.000521 ---
--- --- --- 0.0009 --- --- --- --- 0.0009 ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- 0.37 --- --- --- --- 0.46 ---
--- --- --- 0.000060 --- --- --- --- 0.000139 ---
--- --- --- 0.00485 --- --- --- --- 0.00840 ---
--- --- --- 0.00117 --- --- --- --- 0.00345 ---
--- --- --- 4.91 --- --- --- --- 8.19 ---
--- --- --- 2.59 --- --- --- --- 3.03 ---
--- --- --- 0.672 --- --- --- --- 0.912 ---
--- --- --- 0.000336 --- --- --- --- 0.000650 ---
--- --- --- 0.129 --- --- --- --- 0.233 ---
--- --- --- 0.0248 --- --- --- --- 0.0542 ---
--- --- --- 0.00034 --- --- --- --- 0.00022 ---
--- --- --- 0.02 --- --- --- --- 0.01 ---
--- --- --- 0.0285 --- --- --- --- 0.0497 ---
--- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- 0.00007 --- --- --- --- 0.00005 ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- 0.00289 --- --- --- --- 0.00325 ---
--- --- --- 3.00 --- --- --- --- 5.15 ---
--- --- --- < 0.00001 --- --- --- --- 0.00006 ---
--- --- --- 0.0215 --- --- --- --- 0.0257 ---
--- --- --- < 0.00005 --- --- --- --- 0.00009 ---
--- --- --- 0.000010 --- --- --- --- 0.000010 ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- 0.00297 --- --- --- --- 0.00415 ---
--- --- --- 0.00002 --- --- --- --- 0.00002 ---
--- --- --- < 0.00002 --- --- --- --- 0.00002 ---
--- --- --- 0.00154 --- --- --- --- 0.00260 ---
--- --- --- 0.018 --- --- --- --- 0.031 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 24 (Hole 29B)

32 33 34 35 36 37 38 39 40 41 42
10038-DEC15 10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16

1000 997 1003 997 1000 967 1008 976 989 996 998
3.68 3.54 3.58 3.56 3.65 3.53 3.58 3.47 3.51 3.57 3.79
37 46 37 47 37 49 37 41 47 39 24

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
138 185 139 196 149 207 168 209 202 192 112
39 51 37 49 36 50 40 45 45 38 24
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000003 --- --- --- --- 0.000011 --- ---
--- --- --- 3.34 --- --- --- --- 2.80 --- ---
--- --- --- 0.0006 --- --- --- --- 0.0003 --- ---
--- --- --- 0.0138 --- --- --- --- 0.0161 --- ---
--- --- --- 0.000225 --- --- --- --- 0.000154 --- ---
--- --- --- 0.0004 --- --- --- --- < 0.002 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 0.25 --- --- --- --- 0.23 --- ---
--- --- --- 0.000062 --- --- --- --- 0.000058 --- ---
--- --- --- 0.00494 --- --- --- --- 0.00495 --- ---
--- --- --- 0.00280 --- --- --- --- 0.00336 --- ---
--- --- --- 4.17 --- --- --- --- 2.89 --- ---
--- --- --- 1.35 --- --- --- --- 1.05 --- ---
--- --- --- 0.510 --- --- --- --- 0.532 --- ---
--- --- --- 0.000434 --- --- --- --- 0.000284 --- ---
--- --- --- 0.121 --- --- --- --- 0.102 --- ---
--- --- --- 0.0321 --- --- --- --- 0.0302 --- ---
--- --- --- 0.00033 --- --- --- --- 0.00004 --- ---
--- --- --- 0.07 --- --- --- --- 0.07 --- ---
--- --- --- 0.0280 --- --- --- --- 0.0238 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- 0.00005 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00112 --- --- --- --- 0.00100 --- ---
--- --- --- 3.03 --- --- --- --- 3.04 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00009 --- ---
--- --- --- 0.0144 --- --- --- --- 0.0141 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- < 0.000005 --- --- --- --- 0.000011 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00001 --- ---
--- --- --- 0.00148 --- --- --- --- 0.00123 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00002 --- ---
--- --- --- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- --- --- 0.00158 --- --- --- --- 0.00127 --- ---
--- --- --- 0.019 --- --- --- --- 0.015 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-1 LCT 24 (Hole 29B)

43 44 45 46 47 48 49 50 51
10131-FEB16 10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

989 1005 992 1002 992 1002 956 965 838
3.62 3.68 3.57 3.67 3.62 3.68 3.55 3.45 3.44
38 28 39 32 34 31 34 42 45

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
174 139 194 144 162 131 162 190 208
38 27 37 28 34 25 36 36 42
--- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- 0.000011 --- --- --- --- 0.000009 ---
--- --- 2.77 --- --- --- --- 2.18 ---
--- --- 0.0002 --- --- --- --- 0.0002 ---
--- --- 0.0137 --- --- --- --- 0.0133 ---
--- --- 0.000146 --- --- --- --- 0.000110 ---
--- --- < 0.002 --- --- --- --- < 0.002 ---
--- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- 0.25 --- --- --- --- 0.15 ---
--- --- 0.000068 --- --- --- --- 0.000043 ---
--- --- 0.00468 --- --- --- --- 0.00399 ---
--- --- 0.00390 --- --- --- --- 0.00360 ---
--- --- 2.46 --- --- --- --- 1.72 ---
--- --- 1.18 --- --- --- --- 0.930 ---
--- --- 0.484 --- --- --- --- 0.476 ---
--- --- 0.000275 --- --- --- --- 0.000217 ---
--- --- 0.109 --- --- --- --- 0.099 ---
--- --- 0.0314 --- --- --- --- 0.0271 ---
--- --- 0.00010 --- --- --- --- 0.00039 ---
--- --- 0.02 --- --- --- --- 0.01 ---
--- --- 0.0212 --- --- --- --- 0.0172 ---
--- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- 0.00003 --- --- --- --- 0.00016 ---
--- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- 0.00104 --- --- --- --- 0.00090 ---
--- --- 3.00 --- --- --- --- 2.49 ---
--- --- 0.00003 --- --- --- --- 0.00002 ---
--- --- 0.0115 --- --- --- --- 0.0121 ---
--- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- 0.000006 --- --- --- --- 0.000007 ---
--- --- 0.00001 --- --- --- --- < 0.00001 ---
--- --- 0.000934 --- --- --- --- 0.000837 ---
--- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- < 0.00002 --- --- --- --- < 0.00002 ---
--- --- 0.000942 --- --- --- --- 0.000694 ---
--- --- 0.016 --- --- --- --- 0.016 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 709 1013 1006 1004 996 981 1003 1000 1002 994 929
pH units 7.72 7.87 7.66 7.61 7.69 7.72 7.62 7.71 7.56 7.61 7.55
Acidity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 24 29 27 24 21 22 16 16 22 16 16
Conductivity µS/cm 297 148 89 66 54 57 43 46 45 45 40
SO4 mg/L 80 27 12 6.7 5.0 4.7 3.6 3.7 3.5 3.1 3.3
Hg mg/L < 0.00001 < 0.00001 0.00002 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 0.000005 0.000003 0.000002 < 0.000002 < 0.000002 --- --- --- --- < 0.000002
Al mg/L 0.0476 0.0790 0.0791 0.0765 0.0739 0.0772 --- --- --- --- 0.072
As mg/L 0.0003 0.0002 < 0.0002 < 0.0002 0.0004 0.0003 --- --- --- --- < 0.0002
Ba mg/L 0.0136 0.0285 0.0413 0.0566 0.0778 0.0993 --- --- --- --- 0.131
Be mg/L < 0.000007 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
B mg/L 0.0039 0.0032 0.0026 0.0006 0.0105 0.0005 --- --- --- --- 0.0007
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 32.0 17.1 12.8 8.46 7.75 9.08 --- --- --- --- 6.65
Cd mg/L 0.000016 0.000009 0.000003 < 0.000003 0.000007 < 0.000003 --- --- --- --- 0.000005
Co mg/L 0.000153 0.000097 0.000050 0.000028 0.000103 0.000049 --- --- --- --- 0.000025
Cr mg/L 0.00005 0.00005 < 0.00003 0.00009 0.00008 0.00004 --- --- --- --- 0.00007
Cu mg/L 0.0105 0.00610 0.00328 0.00243 0.00216 0.00253 --- --- --- --- 0.00220
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 9.97 5.55 3.51 2.32 1.90 1.95 --- --- --- --- 0.946
Li mg/L 0.00212 0.00119 0.000812 0.000631 0.000466 0.000506 --- --- --- --- 0.000301
Mg mg/L 6.58 3.13 1.74 1.18 0.841 0.943 --- --- --- --- 0.430
Mn mg/L 0.0650 0.0384 0.0200 0.0147 0.0136 0.0148 --- --- --- --- 0.0134
Mo mg/L 0.0731 0.0452 0.0226 0.0132 0.0106 0.00993 --- --- --- --- 0.00707
Na mg/L 9.07 3.05 0.95 0.31 0.01 0.11 --- --- --- --- 0.03
Ni mg/L 0.0013 0.0005 0.0002 0.0001 0.0001 < 0.0001 --- --- --- --- 0.0001
P mg/L 0.004 0.005 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00002 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0019 0.0016 0.0015 0.0011 0.0008 0.0009 --- --- --- --- 0.0006
Se mg/L < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 --- --- --- --- 0.00048
Si mg/L 1.50 1.64 1.79 1.29 1.38 1.58 --- --- --- --- 1.19
Sn mg/L 0.00057 0.00026 0.00017 0.00013 0.00010 0.00060 --- --- --- --- 0.00006
Sr mg/L 0.147 0.0888 0.0721 0.0584 0.0523 0.0563 --- --- --- --- 0.0378
Ti mg/L 0.00008 0.00022 0.00018 0.00013 0.00011 0.00038 --- --- --- --- 0.00011
Tl mg/L 0.000012 < 0.000005 < 0.000005 0.000005 < 0.000005 < 0.000005 --- --- --- --- < 0.000005
Th mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00004 --- --- --- --- < 0.00001
U mg/L 0.000728 0.000788 0.000566 0.000427 0.000348 0.000345 --- --- --- --- 0.000164
V mg/L 0.00015 0.00019 0.00019 0.00020 0.00016 0.00016 --- --- --- --- 0.00012
W mg/L 0.00019 0.00026 0.00030 0.00026 0.00029 0.00022 --- --- --- --- 0.00012
Y mg/L 0.000006 0.000004 0.000003 0.000004 0.000002 0.000002 --- --- --- --- 0.000002
Zn mg/L < 0.001 0.002 0.002 < 0.001 < 0.001 0.001 --- --- --- --- < 0.002

MC-4 LCT 30 (Hole 29B)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-4 LCT 30 (Hole 29B)

11 12 13 14 15 16 17 18 19 20 21
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15 10114-SEP15

945 922 966 950 901 941 900 938 944 938 957
7.41 7.52 7.54 7.44 7.63 7.54 7.44 7.52 7.32 7.43 7.43
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

15 12 13 13 13 12 12 13 12 12 12
40 38 38 35 35 33 32 36 31 33 30
3.0 2.6 2.5 2.4 2.3 2.2 2.1 2.3 2.0 2.2 2.2
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.053 --- --- --- --- 0.061 ---
--- --- --- --- 0.0014 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.163 --- --- --- --- 0.205 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 0.0010 --- --- --- --- 0.0005 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 5.66 --- --- --- --- 5.27 ---
--- --- --- --- 0.000006 --- --- --- --- 0.000003 ---
--- --- --- --- 0.000059 --- --- --- --- 0.000058 ---
--- --- --- --- 0.00006 --- --- --- --- 0.00009 ---
--- --- --- --- 0.00177 --- --- --- --- 0.00232 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 0.721 --- --- --- --- 0.706 ---
--- --- --- --- 0.000237 --- --- --- --- 0.000265 ---
--- --- --- --- 0.300 --- --- --- --- 0.220 ---
--- --- --- --- 0.0157 --- --- --- --- 0.0196 ---
--- --- --- --- 0.00662 --- --- --- --- 0.00617 ---
--- --- --- --- 0.06 --- --- --- --- 0.03 ---
--- --- --- --- < 0.0001 --- --- --- --- 0.0002 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00003 --- --- --- --- 0.00003 ---
--- --- --- --- 0.0004 --- --- --- --- 0.0004 ---
--- --- --- --- 0.00033 --- --- --- --- 0.00037 ---
--- --- --- --- 0.95 --- --- --- --- 1.04 ---
--- --- --- --- 0.00007 --- --- --- --- 0.00007 ---
--- --- --- --- 0.0328 --- --- --- --- 0.0287 ---
--- --- --- --- 0.00009 --- --- --- --- 0.00016 ---
--- --- --- --- 0.000026 --- --- --- --- < 0.000005 ---
--- --- --- --- 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000127 --- --- --- --- 0.000088 ---
--- --- --- --- 0.00010 --- --- --- --- 0.00012 ---
--- --- --- --- 0.00013 --- --- --- --- 0.00008 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000003 ---
--- --- --- --- < 0.002 --- --- --- --- 0.003 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-4 LCT 30 (Hole 29B)

22 23 24 25 26 27 28 29 30 31 32
10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15 10003-DEC15 10038-DEC15

960 919 938 1002 981 979 978 884 871 860 910
7.34 7.34 7.49 7.12 7.22 7.27 7.24 7.01 7.15 7.24 7.28
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

9 10 11 9 9 9 8 6 7 6 8
29 30 31 25 25 26 22 19 23 22 22
2.0 2.2 2.0 1.5 1.5 1.5 1.5 1.8 2.1 2.1 1.9
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.036 --- --- --- --- 0.044 --- ---
--- --- --- < 0.0002 --- --- --- --- 0.0003 --- ---
--- --- --- 0.177 --- --- --- --- 0.184 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- < 0.0002 --- --- --- --- 0.0003 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 4.02 --- --- --- --- 3.60 --- ---
--- --- --- < 0.000003 --- --- --- --- < 0.000003 --- ---
--- --- --- 0.000040 --- --- --- --- 0.000077 --- ---
--- --- --- 0.00004 --- --- --- --- 0.00009 --- ---
--- --- --- 0.00182 --- --- --- --- 0.00258 --- ---
--- --- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- --- 0.470 --- --- --- --- 0.562 --- ---
--- --- --- 0.000156 --- --- --- --- 0.000180 --- ---
--- --- --- 0.154 --- --- --- --- 0.118 --- ---
--- --- --- 0.0194 --- --- --- --- 0.0176 --- ---
--- --- --- 0.00469 --- --- --- --- 0.00863 --- ---
--- --- --- 0.01 --- --- --- --- < 0.01 --- ---
--- --- --- 0.0002 --- --- --- --- 0.0001 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.0002 --- --- --- --- 0.0004 --- ---
--- --- --- 0.00027 --- --- --- --- 0.00044 --- ---
--- --- --- 0.79 --- --- --- --- 1.00 --- ---
--- --- --- 0.00002 --- --- --- --- 0.00009 --- ---
--- --- --- 0.0213 --- --- --- --- 0.0175 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- < 0.000005 --- --- --- --- < 0.000005 --- ---
--- --- --- 0.00002 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000056 --- --- --- --- 0.000167 --- ---
--- --- --- 0.00007 --- --- --- --- 0.00012 --- ---
--- --- --- 0.00005 --- --- --- --- 0.00011 --- ---
--- --- --- < 0.000002 --- --- --- --- 0.000011 --- ---
--- --- --- 0.002 --- --- --- --- < 0.002 --- ---

*Reassay LIMS 14562-NOV15

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-4 LCT 30 (Hole 29B)

33 34 35 36 37 38 39 40 41 42 43
10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16 10087-FEB16 10131-FEB16

915 904 917 922 914 942 982 928 890 1012 957
6.70 6.55 6.51 6.76 6.77 7.00 7.29 7.03 7.13 7.09 7.08
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

6 4 6 6 6 5 6 5 4 7 5
21 21 21 20 20 18 20 19 17 20 17
1.7 1.7 1.8 1.7 1.7 1.7 1.7 1.7 1.5 1.4 1.3
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.028 --- --- --- --- 0.027 --- --- ---
--- --- 0.0002 --- --- --- --- 0.0002 --- --- ---
--- --- 0.182 --- --- --- --- 0.194 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.002 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 2.82 --- --- --- --- 2.65 --- --- ---
--- --- < 0.000003 --- --- --- --- < 0.000003 --- --- ---
--- --- 0.000056 --- --- --- --- 0.000096 --- --- ---
--- --- 0.00004 --- --- --- --- 0.00007 --- --- ---
--- --- 0.00240 --- --- --- --- 0.00163 --- --- ---
--- --- 0.014 --- --- --- --- < 0.007 --- --- ---
--- --- 0.398 --- --- --- --- 0.409 --- --- ---
--- --- 0.000226 --- --- --- --- 0.000151 --- --- ---
--- --- 0.096 --- --- --- --- 0.083 --- --- ---
--- --- 0.0178 --- --- --- --- 0.0204 --- --- ---
--- --- 0.00561 --- --- --- --- 0.00682 --- --- ---
--- --- 0.04 --- --- --- --- 0.06 --- --- ---
--- --- 0.0002 --- --- --- --- 0.0004 --- --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00018 --- --- --- --- 0.00022 --- --- ---
--- --- 0.83 --- --- --- --- 0.88 --- --- ---
--- --- 0.00002 --- --- --- --- 0.00009 --- --- ---
--- --- 0.0143 --- --- --- --- 0.0144 --- --- ---
--- --- < 0.00005 --- --- --- --- 0.00009 --- --- ---
--- --- < 0.000005 --- --- --- --- < 0.000005 --- --- ---
--- --- < 0.00001 --- --- --- --- 0.00002 --- --- ---
--- --- 0.000021 --- --- --- --- 0.000015 --- --- ---
--- --- 0.00006 --- --- --- --- 0.00007 --- --- ---
--- --- 0.00003 --- --- --- --- 0.00006 --- --- ---
--- --- 0.000004 --- --- --- --- 0.000022 --- --- ---
--- --- < 0.002 --- --- --- --- 0.002 --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

MC-4 LCT 30 (Hole 29B)

44 45 46 47 48 49 50 51
10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

872 841 857 926 907 857 924 908
6.96 6.95 6.99 6.95 6.87 6.80 6.85 6.93
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

6 5 3 5 3 3 3 3
16 16 16 15 15 13 14 14
1.4 1.4 1.4 1.4 1.3 1.3 1.4 1.3
--- < 0.00001 --- --- --- --- < 0.00001 ---
--- < 0.000002 --- --- --- --- < 0.000002 ---
--- 0.031 --- --- --- --- 0.033 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.204 --- --- --- --- 0.213 ---
--- 0.000013 --- --- --- --- 0.000010 ---
--- < 0.002 --- --- --- --- < 0.002 ---
--- < 0.000007 --- --- --- --- < 0.000007 ---
--- 2.51 --- --- --- --- 2.16 ---
--- 0.000012 --- --- --- --- 0.000006 ---
--- 0.000140 --- --- --- --- 0.000161 ---
--- 0.00006 --- --- --- --- 0.00005 ---
--- 0.00255 --- --- --- --- 0.00372 ---
--- 0.014 --- --- --- --- 0.010 ---
--- 0.438 --- --- --- --- 0.381 ---
--- 0.000132 --- --- --- --- 0.000116 ---
--- 0.077 --- --- --- --- 0.070 ---
--- 0.0266 --- --- --- --- 0.0272 ---
--- 0.00481 --- --- --- --- 0.00381 ---
--- 0.01 --- --- --- --- < 0.01 ---
--- 0.0004 --- --- --- --- 0.0006 ---
--- 0.003 --- --- --- --- < 0.003 ---
--- 0.00038 --- --- --- --- 0.00001 ---
--- < 0.0002 --- --- --- --- < 0.0002 ---
--- 0.00020 --- --- --- --- 0.00017 ---
--- 0.99 --- --- --- --- 0.88 ---
--- 0.00002 --- --- --- --- < 0.00001 ---
--- 0.0126 --- --- --- --- 0.0119 ---
--- 0.00018 --- --- --- --- 0.00011 ---
--- < 0.000005 --- --- --- --- < 0.000005 ---
--- 0.00003 --- --- --- --- 0.00001 ---
--- 0.000007 --- --- --- --- 0.000016 ---
--- 0.00006 --- --- --- --- 0.00006 ---
--- 0.00004 --- --- --- --- 0.00004 ---
--- 0.000026 --- --- --- --- 0.000020 ---
--- 0.004 --- --- --- --- 0.003 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15
Hum Cell Leachate Vol mLs 777 993 996 1004 987 1001 970 996 959 977
pH units 4.95 5.00 5.02 4.77 5.00 5.03 5.16 5.13 5.22 5.10
Acidity mg/L as CaCO3 32 33 27 24 34 29 18 17 23 19

Alkalinity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 188 232 166 146 186 143 80 73 64 84
SO4 mg/L 76 94 69 53 75 54 27 27 21 31
Hg mg/L < 0.00001 < 0.00001 0.00003 < 0.00001 < 0.00001 < 0.00001 --- --- --- ---
Ag mg/L < 0.000002 0.000003 0.000004 0.000017 0.000003 0.000003 --- --- --- ---
Al mg/L 2.75 3.45 2.92 2.37 4.05 3.11 --- --- --- ---
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- ---
Ba mg/L 0.00645 0.00581 0.00642 0.00972 0.0118 0.00980 --- --- --- ---
Be mg/L 0.000893 0.00116 0.000909 0.000822 0.00135 0.00102 --- --- --- ---
B mg/L 0.0005 0.0011 0.0015 < 0.0002 0.0102 < 0.0002 --- --- --- ---
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- ---
Ca mg/L 18.7 28.4 17.7 13.6 17.4 13.8 --- --- --- ---
Cd mg/L 0.00105 0.00121 0.000855 0.000712 0.00116 0.000868 --- --- --- ---
Co mg/L 0.0491 0.0545 0.0403 0.0348 0.0530 0.0402 --- --- --- ---
Cr mg/L < 0.00003 < 0.00003 < 0.00003 0.00010 < 0.00003 < 0.00003 --- --- --- ---
Cu mg/L 7.94 8.42 6.79 5.14 9.01 7.13 --- --- --- ---
Fe mg/L 0.036 0.022 0.018 0.023 0.031 0.023 --- --- --- ---
K mg/L 6.06 5.56 4.23 3.45 4.87 3.77 --- --- --- ---
Li mg/L 0.00198 0.00232 0.00168 0.00142 0.00221 0.00146 --- --- --- ---
Mg mg/L 1.11 1.24 0.880 0.747 1.13 0.866 --- --- --- ---
Mn mg/L 0.579 0.617 0.471 0.378 0.586 0.437 --- --- --- ---
Mo mg/L 0.00066 0.00041 0.00089 0.00060 0.00047 0.00047 --- --- --- ---
Na mg/L 1.50 1.61 1.10 0.84 1.18 0.93 --- --- --- ---
Ni mg/L 0.0468 0.0520 0.0384 0.0320 0.0500 0.0391 --- --- --- ---
P mg/L < 0.003 0.007 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- ---
Pb mg/L 0.00006 0.00002 0.00002 0.00004 0.00008 < 0.00001 --- --- --- ---
Sb mg/L 0.0004 < 0.0002 0.0003 0.0003 0.0003 0.0003 --- --- --- ---
Se mg/L 0.002 0.002 0.002 0.001 0.002 0.002 --- --- --- ---
Si mg/L 1.31 2.09 1.78 1.42 2.32 2.04 --- --- --- ---
Sn mg/L 0.00017 0.00021 0.00009 0.00009 0.00018 0.00009 --- --- --- ---
Sr mg/L 0.0612 0.0807 0.0592 0.0492 0.0665 0.0511 --- --- --- ---
Ti mg/L < 0.00005 < 0.00005 < 0.00005 0.00018 < 0.00005 0.00006 --- --- --- ---
Tl mg/L 0.000062 0.000051 0.000036 0.000035 0.000044 0.000034 --- --- --- ---
Th mg/L < 0.00001 < 0.00001 < 0.00001 0.00003 0.00002 0.00003 --- --- --- ---
U mg/L 0.000310 0.000448 0.000312 0.000290 0.000502 0.000346 --- --- --- ---
V mg/L < 0.00001 < 0.00001 0.00001 0.00002 0.00002 0.00001 --- --- --- ---
W mg/L < 0.00002 < 0.00002 0.00003 0.00002 0.00007 < 0.00002 --- --- --- ---
Y mg/L 0.000355 0.000774 0.000517 0.000338 0.000687 0.000455 --- --- --- ---
Zn mg/L 0.112 0.127 0.097 0.078 0.119 0.092 --- --- --- ---

LCT-4 Comb Py Sc Tls (Hole 31)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-4 Comb Py Sc Tls (Hole 31)

10 11 12 13 14 15 16 17 18 19
10020-JUL15 10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15

987 998 1008 1020 976 1008 976 985 975 965
5.32 4.83 4.79 4.84 4.81 4.94 5.05 5.08 4.87 4.87
17 17 13 15 16 23 13 12 11 11

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
74 70 57 63 62 98 51 44 47 41
27 25 17 22 22 36 17 15 15 14

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- 0.000005 --- --- --- ---

1.95 --- --- --- --- 2.85 --- --- --- ---
< 0.0002 --- --- --- --- 0.0008 --- --- --- ---
0.00708 --- --- --- --- 0.00624 --- --- --- ---

0.000724 --- --- --- --- 0.00105 --- --- --- ---
0.0004 --- --- --- --- 0.0011 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
6.92 --- --- --- --- 8.81 --- --- --- ---

0.000377 --- --- --- --- 0.000452 --- --- --- ---
0.0185 --- --- --- --- 0.0252 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
3.39 --- --- --- --- 4.63 --- --- --- ---
0.016 --- --- --- --- 0.029 --- --- --- ---
1.42 --- --- --- --- 1.36 --- --- --- ---

0.000599 --- --- --- --- 0.000625 --- --- --- ---
0.318 --- --- --- --- 0.338 --- --- --- ---
0.154 --- --- --- --- 0.183 --- --- --- ---

0.00036 --- --- --- --- 0.00040 --- --- --- ---
0.24 --- --- --- --- 0.21 --- --- --- ---

0.0180 --- --- --- --- 0.0229 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---

< 0.00001 --- --- --- --- 0.00032 --- --- --- ---
0.0004 --- --- --- --- 0.0002 --- --- --- ---
0.00145 --- --- --- --- 0.00197 --- --- --- ---

1.28 --- --- --- --- 1.70 --- --- --- ---
0.00002 --- --- --- --- 0.00003 --- --- --- ---
0.0285 --- --- --- --- 0.0410 --- --- --- ---
0.00006 --- --- --- --- < 0.00005 --- --- --- ---

0.000015 --- --- --- --- 0.000035 --- --- --- ---
< 0.00001 --- --- --- --- 0.00002 --- --- --- ---
0.000231 --- --- --- --- 0.000410 --- --- --- ---
< 0.00001 --- --- --- --- 0.00002 --- --- --- ---
< 0.00002 --- --- --- --- < 0.00002 --- --- --- ---
0.000190 --- --- --- --- 0.000500 --- --- --- ---

0.043 --- --- --- --- 0.051 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-4 Comb Py Sc Tls (Hole 31)

20 21 22 23 24 25 26 27 28 29
10079-SEP15 10114-SEP15 10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15

983 982 971 961 958 1009 1000 1004 995 951
4.69 4.76 5.34 5.09 5.11 4.68 5.04 5.00 5.13 4.71
11 17 10 10 9 21 17 16 12 10

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
50 48 44 39 36 73 57 53 40 27
16 16 14 13 12 25 20 18 15 8.9

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- 0.000002 --- --- --- ---

1.35 --- --- --- --- 2.39 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00398 --- --- --- --- 0.00799 --- --- --- ---

0.000561 --- --- --- --- 0.000907 --- --- --- ---
0.0003 --- --- --- --- < 0.0002 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
3.83 --- --- --- --- 5.59 --- --- --- ---

0.000165 --- --- --- --- 0.000260 --- --- --- ---
0.0101 --- --- --- --- 0.0160 --- --- --- ---
0.00003 --- --- --- --- < 0.00003 --- --- --- ---

2.15 --- --- --- --- 3.53 --- --- --- ---
0.025 --- --- --- --- 0.028 --- --- --- ---
0.633 --- --- --- --- 0.774 --- --- --- ---

0.000298 --- --- --- --- 0.000392 --- --- --- ---
0.092 --- --- --- --- 0.135 --- --- --- ---

0.0535 --- --- --- --- 0.0737 --- --- --- ---
0.00064 --- --- --- --- 0.00055 --- --- --- ---

0.05 --- --- --- --- 0.06 --- --- --- ---
0.0085 --- --- --- --- 0.0138 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---
0.00002 --- --- --- --- 0.00007 --- --- --- ---
0.0004 --- --- --- --- 0.0002 --- --- --- ---
0.00116 --- --- --- --- 0.00226 --- --- --- ---

0.93 --- --- --- --- 1.21 --- --- --- ---
< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---

0.0189 --- --- --- --- 0.0264 --- --- --- ---
< 0.00005 --- --- --- --- < 0.00005 --- --- --- ---
0.000006 --- --- --- --- < 0.000005 --- --- --- ---
0.00001 --- --- --- --- 0.00006 --- --- --- ---

0.000229 --- --- --- --- 0.000353 --- --- --- ---
0.00002 --- --- --- --- < 0.00001 --- --- --- ---

< 0.00002 --- --- --- --- < 0.00002 --- --- --- ---
0.000135 --- --- --- --- 0.000340 --- --- --- ---

0.021 --- --- --- --- 0.035 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-4 Comb Py Sc Tls (Hole 31)

30 31 32 33 34 35 36 37 38 39
10094-NOV15 10003-DEC15 10038-DEC15 10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16

938 935 950 970 973 986 985 983 968 979
4.72 4.99 4.97 5.03 4.76 4.79 5.12 4.88 4.86 4.84
12 9 11 10 11 13 13 11 10 9

< 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
34 27 30 30 37 38 33 36 29 29
9.5 7.9 10 10 10 11 11 11 9.4 9.0

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- < 0.000002 --- --- --- ---

0.789 --- --- --- --- 0.971 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00550 --- --- --- --- 0.00554 --- --- --- ---

0.000383 --- --- --- --- 0.000376 --- --- --- ---
0.0003 --- --- --- --- < 0.0002 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
2.16 --- --- --- --- 2.20 --- --- --- ---

0.000096 --- --- --- --- 0.000086 --- --- --- ---
0.00589 --- --- --- --- 0.00674 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
1.35 --- --- --- --- 1.61 --- --- --- ---
0.029 --- --- --- --- 0.031 --- --- --- ---
0.375 --- --- --- --- 0.286 --- --- --- ---

0.000123 --- --- --- --- 0.000207 --- --- --- ---
0.037 --- --- --- --- 0.036 --- --- --- ---

0.0216 --- --- --- --- 0.0209 --- --- --- ---
0.00095 --- --- --- --- 0.00063 --- --- --- ---
< 0.01 --- --- --- --- 0.03 --- --- --- ---
0.0044 --- --- --- --- 0.0052 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---
0.00003 --- --- --- --- 0.00002 --- --- --- ---
0.0003 --- --- --- --- < 0.0002 --- --- --- ---
0.00093 --- --- --- --- 0.00101 --- --- --- ---

0.65 --- --- --- --- 0.73 --- --- --- ---
0.00010 --- --- --- --- 0.00003 --- --- --- ---
0.0124 --- --- --- --- 0.0124 --- --- --- ---

< 0.00005 --- --- --- --- < 0.00005 --- --- --- ---
< 0.000005 --- --- --- --- < 0.000005 --- --- --- ---

0.00002 --- --- --- --- 0.00003 --- --- --- ---
0.000228 --- --- --- --- 0.000195 --- --- --- ---
0.00002 --- --- --- --- < 0.00001 --- --- --- ---
0.00003 --- --- --- --- < 0.00002 --- --- --- ---

0.000066 --- --- --- --- 0.000084 --- --- --- ---
0.014 --- --- --- --- 0.014 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-4 Comb Py Sc Tls (Hole 31)

40 41 42 43 44 45 46 47 48 49 50
10004-FEB16 10046-FEB16 10087-FEB16 10131-FEB16 10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 0002-APR1 10040-APR16

994 988 1004 997 992 992 998 997 1003 985 1010
4.77 4.98 5.19 5.23 5.18 5.08 5.02 5.09 4.91 5.14 4.85
14 7 12 11 11 11 11 9 11 8 12

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
42 35 37 30 34 36 35 31 32 21 40
15 11 12 10 12 10 11 10 10 6.8 12

< 0.00001 --- --- --- --- < 0.00001 --- --- --- --- < 0.00001
< 0.000002 --- --- --- --- < 0.000002 --- --- --- --- < 0.000002

1.19 --- --- --- --- 1.05 --- --- --- --- 1.25
0.0002 --- --- --- --- < 0.0002 --- --- --- --- < 0.0002
0.00737 --- --- --- --- 0.00765 --- --- --- --- 0.0112

0.000441 --- --- --- --- 0.000421 --- --- --- --- 0.000430
< 0.002 --- --- --- --- < 0.002 --- --- --- --- < 0.002

< 0.000007 --- --- --- --- < 0.000007 --- --- --- --- < 0.000007
2.74 --- --- --- --- 2.55 --- --- --- --- 2.74

0.000114 --- --- --- --- 0.000113 --- --- --- --- 0.000108
0.00908 --- --- --- --- 0.00738 --- --- --- --- 0.00878

< 0.00003 --- --- --- --- < 0.00003 --- --- --- --- < 0.00003
2.03 --- --- --- --- 1.82 --- --- --- --- 2.16
0.031 --- --- --- --- 0.028 --- --- --- --- 0.030
0.340 --- --- --- --- 0.311 --- --- --- --- 0.368

0.000179 --- --- --- --- 0.000135 --- --- --- --- 0.000146
0.040 --- --- --- --- 0.034 --- --- --- --- 0.038

0.0258 --- --- --- --- 0.0207 --- --- --- --- 0.0220
0.00006 --- --- --- --- 0.00020 --- --- --- --- 0.00024

0.07 --- --- --- --- 0.01 --- --- --- --- 0.01
0.0070 --- --- --- --- 0.0056 --- --- --- --- 0.0065
< 0.003 --- --- --- --- < 0.003 --- --- --- --- < 0.003

< 0.00001 --- --- --- --- 0.00002 --- --- --- --- 0.00003
< 0.0002 --- --- --- --- < 0.0002 --- --- --- --- < 0.0002
0.00158 --- --- --- --- 0.00149 --- --- --- --- 0.00178

0.92 --- --- --- --- 1.12 --- --- --- --- 1.24
0.00005 --- --- --- --- < 0.00001 --- --- --- --- < 0.00001
0.0161 --- --- --- --- 0.0145 --- --- --- --- 0.0193

< 0.00005 --- --- --- --- < 0.00005 --- --- --- --- < 0.00005
0.000005 --- --- --- --- < 0.000005 --- --- --- --- < 0.000005
0.00002 --- --- --- --- 0.00006 --- --- --- --- 0.00002

0.000249 --- --- --- --- 0.000218 --- --- --- --- 0.000286
0.00002 --- --- --- --- < 0.00001 --- --- --- --- < 0.00001

< 0.00002 --- --- --- --- < 0.00002 --- --- --- --- < 0.00002
0.000103 --- --- --- --- 0.000102 --- --- --- --- 0.000125

0.019 --- --- --- --- 0.019 --- --- --- --- 0.021

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-4 Comb Py Sc Tls (Hole 31)

51
10082-APR16

972
4.86

7

< 2
21
5.5
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10208-APR15 10052-MAY15 10055-MAY15 10093-MAY15 10126-MAY15 10003-JUN15 10047-JUN15 10082-JUN15 10115-JUN15 10150-JUN15 10020-JUL15
Hum Cell Leachate Vol mLs 893 993 993 1006 994 1006 998 1001 1004 1010 1015
pH units 7.04 7.07 7.01 7.04 6.81 6.97 7.01 6.92 6.95 7.00 6.90
Acidity mg/L as CaCO3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 7 7 4 6 6 5 4 5 4 5 5
Conductivity µS/cm 321 472 264 228 216 146 138 130 113 120 112
SO4 mg/L 140 210 110 96 86 55 52 48 37 44 41
Hg mg/L < 0.00001 < 0.00001 0.00003 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Ag mg/L < 0.000002 0.000009 0.000010 0.000006 0.000003 0.000003 --- --- --- --- < 0.000002
Al mg/L 0.0033 0.0028 0.0039 0.0039 0.0041 0.0040 --- --- --- --- 0.003
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.00384 0.00858 0.00560 0.00714 0.00723 0.00584 --- --- --- --- 0.00493
Be mg/L 0.000007 0.000013 0.000007 0.000007 0.000007 0.000007 --- --- --- --- < 0.000007
B mg/L 0.0010 0.0017 0.0016 < 0.0002 0.0102 < 0.0002 --- --- --- --- 0.0006
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 41.1 68.6 34.4 27.9 28.7 18.0 --- --- --- --- 13.3
Cd mg/L 0.000033 0.000038 0.000025 0.000036 0.000037 0.000034 --- --- --- --- 0.000042
Co mg/L 0.000408 0.000578 0.000348 0.000373 0.000383 0.000311 --- --- --- --- 0.000236
Cr mg/L < 0.00003 < 0.00003 < 0.00003 0.00006 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.00344 0.00505 0.00254 0.00321 0.00367 0.00443 --- --- --- --- 0.00378
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 8.82 9.96 6.62 5.15 4.92 3.69 --- --- --- --- 2.82
Li mg/L 0.00135 0.00176 0.00104 0.00103 0.000952 0.000689 --- --- --- --- 0.000630
Mg mg/L 7.64 10.9 5.96 5.44 5.25 3.81 --- --- --- --- 2.96
Mn mg/L 0.102 0.151 0.0927 0.103 0.107 0.0849 --- --- --- --- 0.0740
Mo mg/L 0.00475 0.00717 0.00415 0.00362 0.00355 0.00251 --- --- --- --- 0.00228
Na mg/L 3.50 3.88 2.21 1.48 1.10 0.76 --- --- --- --- 0.34
Ni mg/L 0.0009 0.0007 0.0004 0.0004 0.0003 0.0002 --- --- --- --- 0.0002
P mg/L 0.005 0.008 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- 0.00002
Sb mg/L 0.0012 0.0005 0.0004 0.0004 0.0002 0.0002 --- --- --- --- 0.0002
Se mg/L 0.002 0.003 0.003 0.002 0.002 0.001 --- --- --- --- 0.00106
Si mg/L 0.30 0.39 0.23 0.21 0.24 0.21 --- --- --- --- 0.18
Sn mg/L 0.00027 0.00020 0.00014 0.00018 0.00012 0.00012 --- --- --- --- 0.00008
Sr mg/L 0.309 0.471 0.241 0.196 0.190 0.109 --- --- --- --- 0.0788
Ti mg/L < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- --- 0.00005
Tl mg/L 0.000012 0.000019 0.000011 0.000019 0.000012 0.000009 --- --- --- --- 0.000010
Th mg/L < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000052 0.000136 0.000024 0.000035 0.000037 0.000021 --- --- --- --- 0.000012
V mg/L 0.00007 0.00003 0.00002 0.00004 0.00003 0.00002 --- --- --- --- 0.00001
W mg/L 0.00005 0.00006 0.00005 0.00004 0.00010 < 0.00002 --- --- --- --- 0.00003
Y mg/L 0.000005 0.000010 0.000004 0.000005 0.000004 0.000002 --- --- --- --- < 0.000002
Zn mg/L 0.003 0.007 0.002 0.003 0.005 0.005 --- --- --- --- 0.004

LCT-6 Comb Py Sc Tls (Hole 31)

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-6 Comb Py Sc Tls (Hole 31)

11 12 13 14 15 16 17 18 19 20
10051-JUL15 10093-JUL15 10125-JUL15 10004-AUG15 10035-AUG15 10066-AUG15 10124-AUG15 10003-SEP15 10036-SEP15 10079-SEP15

1013 962 980 1030 1015 1006 1015 984 951 960
7.01 7.03 6.76 6.78 6.92 6.83 6.87 6.85 6.61 6.65
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

5 5 4 4 10 4 4 4 3 3
138 92 95 80 187 81 71 73 66 74
51 31 33 28 70 27 24 23 23 24
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- 0.000004 --- --- --- --- < 0.000002
--- --- --- --- 0.002 --- --- --- --- 0.005
--- --- --- --- 0.0006 --- --- --- --- < 0.0002
--- --- --- --- 0.0113 --- --- --- --- 0.00490
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007
--- --- --- --- 0.0020 --- --- --- --- 0.0007
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007
--- --- --- --- 21.1 --- --- --- --- 7.43
--- --- --- --- 0.000064 --- --- --- --- 0.000035
--- --- --- --- 0.000493 --- --- --- --- 0.000178
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003
--- --- --- --- 0.00510 --- --- --- --- 0.00453
--- --- --- --- < 0.007 --- --- --- --- < 0.007
--- --- --- --- 4.89 --- --- --- --- 2.07
--- --- --- --- 0.00139 --- --- --- --- 0.000570
--- --- --- --- 5.50 --- --- --- --- 1.89
--- --- --- --- 0.167 --- --- --- --- 0.0588
--- --- --- --- 0.00543 --- --- --- --- 0.00238
--- --- --- --- 0.41 --- --- --- --- 0.08
--- --- --- --- 0.0002 --- --- --- --- < 0.0001
--- --- --- --- < 0.003 --- --- --- --- < 0.003
--- --- --- --- 0.00001 --- --- --- --- 0.00001
--- --- --- --- 0.0002 --- --- --- --- < 0.0002
--- --- --- --- 0.00120 --- --- --- --- 0.00048
--- --- --- --- 0.35 --- --- --- --- 0.15
--- --- --- --- 0.00019 --- --- --- --- < 0.00001
--- --- --- --- 0.140 --- --- --- --- 0.0470
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005
--- --- --- --- 0.000035 --- --- --- --- 0.000008
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- 0.000049 --- --- --- --- 0.000014
--- --- --- --- 0.00003 --- --- --- --- 0.00003
--- --- --- --- 0.00005 --- --- --- --- < 0.00002
--- --- --- --- 0.000003 --- --- --- --- 0.000002
--- --- --- --- 0.005 --- --- --- --- 0.005

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-6 Comb Py Sc Tls (Hole 31)

21 22 23 24 25 26 27 28 29 30
10114-SEP15 10150-SEP15 10003-OCT15 10044-OCT15 10077-OCT15 10124-OCT15 10003-NOV15 10033-NOV15 10064-NOV15 10094-NOV15

1034 991 1005 1000 1010 1008 1009 1012 948 925
7.02 6.65 6.92 7.25 7.24 7.11 7.04 7.00 6.50 6.30
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 <2

5 3 4 6 8 6 5 6 3 2
85 62 65 96 96 77 70 67 36 51
29 20 21 31 28 24 21 21 12 16
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002
--- --- --- --- 0.003 --- --- --- --- 0.004
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002
--- --- --- --- 0.00595 --- --- --- --- 0.00398
--- --- --- --- < 0.000007 --- --- --- --- 0.000008
--- --- --- --- 0.0003 --- --- --- --- 0.0004
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007
--- --- --- --- 9.47 --- --- --- --- 5.14
--- --- --- --- 0.000047 --- --- --- --- 0.000035
--- --- --- --- 0.000191 --- --- --- --- 0.000105
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003
--- --- --- --- 0.00494 --- --- --- --- 0.00473
--- --- --- --- < 0.007 --- --- --- --- < 0.007
--- --- --- --- 2.76 --- --- --- --- 1.61
--- --- --- --- 0.000684 --- --- --- --- 0.000398
--- --- --- --- 2.50 --- --- --- --- 1.23
--- --- --- --- 0.0736 --- --- --- --- 0.0323
--- --- --- --- 0.00397 --- --- --- --- 0.00260
--- --- --- --- 0.08 --- --- --- --- 0.02
--- --- --- --- < 0.0001 --- --- --- --- < 0.0001
--- --- --- --- < 0.003 --- --- --- --- < 0.003
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.0002 --- --- --- --- 0.0002
--- --- --- --- 0.00093 --- --- --- --- 0.00050
--- --- --- --- 0.23 --- --- --- --- 0.13
--- --- --- --- 0.00007 --- --- --- --- 0.00005
--- --- --- --- 0.0593 --- --- --- --- 0.0284
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005
--- --- --- --- < 0.000005 --- --- --- --- < 0.000005
--- --- --- --- 0.00001 --- --- --- --- < 0.00001
--- --- --- --- 0.000075 --- --- --- --- 0.000004
--- --- --- --- 0.00002 --- --- --- --- 0.00002
--- --- --- --- < 0.00002 --- --- --- --- 0.00004
--- --- --- --- 0.000003 --- --- --- --- 0.000003
--- --- --- --- 0.005 --- --- --- --- 0.006

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-6 Comb Py Sc Tls (Hole 31)

31 32 33 34 35 36 37 38 39 40 41
10003-DEC15 10038-DEC15 10072-DEC15 10109-DEC15 10144-DEC15 10003-JAN16 10040-JAN16 10081-JAN16 10122-JAN16 10004-FEB16 10046-FEB16

907 970 976 970 990 985 986 964 1003 998 995
6.45 6.36 6.42 6.51 6.38 6.52 6.67 6.72 6.77 6.77 7.05
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

2 3 3 2 3 3 3 2 4 3 3
48 59 60 57 66 49 58 40 52 58 62
15 21 19 18 22 16 18 14 16 20 19
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000002 ---
--- --- --- --- 0.002 --- --- --- --- 0.003 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00488 --- --- --- --- 0.00689 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.002 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 5.60 --- --- --- --- 5.68 ---
--- --- --- --- 0.000033 --- --- --- --- 0.000053 ---
--- --- --- --- 0.000117 --- --- --- --- 0.000121 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.00468 --- --- --- --- 0.00341 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 1.49 --- --- --- --- 1.65 ---
--- --- --- --- 0.000431 --- --- --- --- 0.000406 ---
--- --- --- --- 1.57 --- --- --- --- 1.58 ---
--- --- --- --- 0.0366 --- --- --- --- 0.0353 ---
--- --- --- --- 0.00334 --- --- --- --- 0.00538 ---
--- --- --- --- 0.06 --- --- --- --- 0.09 ---
--- --- --- --- < 0.0001 --- --- --- --- 0.0001 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- < 0.00001 --- --- --- --- 0.00002 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00046 --- --- --- --- 0.00051 ---
--- --- --- --- 0.13 --- --- --- --- 0.15 ---
--- --- --- --- < 0.00001 --- --- --- --- 0.00005 ---
--- --- --- --- 0.0335 --- --- --- --- 0.0345 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000007 --- --- --- --- 0.000010 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000004 --- --- --- --- 0.000008 ---
--- --- --- --- 0.00002 --- --- --- --- 0.00002 ---
--- --- --- --- < 0.00002 --- --- --- --- 0.00003 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000004 ---
--- --- --- --- 0.004 --- --- --- --- 0.005 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

LCT-6 Comb Py Sc Tls (Hole 31)

42 43 44 45 46 47 48 49 50 51
10087-FEB16 10131-FEB16 10002-MAR16 10039-MAR16 10076-MAR16 10120-MAR16 10156-MAR16 10002-APR16 10040-APR16 10082-APR16

1012 1012 1011 1012 1007 1013 1016 1011 981 978
6.88 6.98 6.86 6.95 7.03 6.86 6.88 6.94 6.87 6.83
< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

4 6 5 3 4 4 4 4 3 3
62 41 40 41 53 38 50 43 35 32
18 11 11 12 15 11 15 13 9.9 9.0
--- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- 0.003 --- --- --- --- 0.007 ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- 0.00515 --- --- --- --- 0.00433 ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- < 0.002 --- --- --- --- < 0.002 ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- 4.29 --- --- --- --- 3.49 ---
--- --- --- 0.000041 --- --- --- --- 0.000032 ---
--- --- --- 0.000330 --- --- --- --- 0.000097 ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- 0.00435 --- --- --- --- 0.00612 ---
--- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- 1.29 --- --- --- --- 1.23 ---
--- --- --- 0.000315 --- --- --- --- 0.000308 ---
--- --- --- 1.18 --- --- --- --- 1.06 ---
--- --- --- 0.0272 --- --- --- --- 0.0215 ---
--- --- --- 0.00444 --- --- --- --- 0.00530 ---
--- --- --- 0.02 --- --- --- --- 0.02 ---
--- --- --- 0.0003 --- --- --- --- < 0.0001 ---
--- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- 0.00037 --- --- --- --- 0.00028 ---
--- --- --- 0.36 --- --- --- --- 0.13 ---
--- --- --- 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- 0.0234 --- --- --- --- 0.0212 ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- 0.000007 --- --- --- --- 0.000007 ---
--- --- --- 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- 0.000002 --- --- --- --- 0.000007 ---
--- --- --- 0.00002 --- --- --- --- 0.00002 ---
--- --- --- 0.00003 --- --- --- --- 0.00002 ---
--- --- --- < 0.000002 --- --- --- --- 0.000002 ---
--- --- --- 0.006 --- --- --- --- 0.006 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.
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Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10140-MAR15 10052-APR15 10086-APR15 10117-APR15 10146-APR15 10021-MAY15 10056-MAY15 10094-MAY15 10127-MAY15 10004-JUN15 10048-JUN15
Hum Cell Leachate Vol mLs 803 981 1019 1004 1006 1006 1002 1001 981 1005 1011
pH units 6.35 6.89 6.43 6.44 6.24 6.47 6.38 6.28 6.34 6.47 6.35
Acidity mg/L as CaCO3 23 2 3 3 3 < 2 < 2 3 2 < 2 2

Alkalinity mg/L as CaCO3 2 5 2 2 < 2 2 < 2 < 2 < 2 2 < 2
Conductivity µS/cm 391 431 245 247 169 170 146 154 141 175 156
SO4 mg/L 160 190 110 100 66 65 65 63 56 68 66
Hg mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- 0.00002
Ag mg/L 0.000005 < 0.000002 < 0.000002 < 0.000002 < 0.000002 0.000004 --- --- --- --- < 0.000002
Al mg/L 0.0035 0.0018 0.0015 0.0022 0.0026 0.0022 --- --- --- --- 0.0043
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.00719 0.00613 0.00474 0.00355 0.00248 0.00237 --- --- --- --- 0.00271
Be mg/L 0.000025 0.000014 0.000017 0.000016 0.000020 0.000022 --- --- --- --- 0.000017
B mg/L 0.0017 0.0032 0.0007 0.0104 0.0011 0.0013 --- --- --- --- < 0.0002
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 62.2 65.3 36.0 34.8 22.1 24.7 --- --- --- --- 21.1
Cd mg/L 0.000235 0.000224 0.000169 0.000181 0.000110 0.000114 --- --- --- --- 0.000117
Co mg/L 0.00739 0.00718 0.00461 0.00503 0.00361 0.00357 --- --- --- --- 0.00353
Cr mg/L 0.00006 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.0371 0.0199 0.0274 0.0310 0.0268 0.0239 --- --- --- --- 0.0342
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 12.3 11.9 5.69 5.08 3.63 3.54 --- --- --- --- 2.74
Li mg/L 0.00305 0.00304 0.00154 0.00150 0.000885 0.000934 --- --- --- --- 0.000882
Mg mg/L 4.50 6.28 3.60 3.78 2.68 2.90 --- --- --- --- 3.08
Mn mg/L 1.14 1.49 0.919 1.00 0.620 0.663 --- --- --- --- 0.723
Mo mg/L 0.00167 0.00380 0.00082 0.00079 0.00055 0.00054 --- --- --- --- 0.00047
Na mg/L 1.94 1.58 0.62 0.53 0.28 0.26 --- --- --- --- 0.20
Ni mg/L 0.0125 0.0107 0.0065 0.0067 0.0045 0.0044 --- --- --- --- 0.0039
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.004 --- --- --- --- < 0.003
Pb mg/L < 0.00001 < 0.00001 < 0.00001 0.00002 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0007 0.0006 0.0002 0.0002 < 0.0002 0.0002 --- --- --- --- 0.0002
Se mg/L 0.004 0.005 0.002 0.002 0.001 0.001 --- --- --- --- 0.00065
Si mg/L 0.66 0.78 0.41 0.46 0.33 0.38 --- --- --- --- 0.34
Sn mg/L 0.00033 0.00022 < 0.00001 0.00005 0.00003 0.00004 --- --- --- --- 0.00005
Sr mg/L 0.271 0.291 0.142 0.135 0.0793 0.0812 --- --- --- --- 0.0705
Ti mg/L < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- --- < 0.00005
Tl mg/L 0.000053 0.000046 0.000017 0.000020 0.000022 0.000011 --- --- --- --- 0.000005
Th mg/L 0.00002 0.00007 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000008 0.000015 0.000011 0.000008 0.000006 0.000014 --- --- --- --- 0.000011
V mg/L 0.00002 0.00002 0.00003 0.00002 0.00001 < 0.00001 --- --- --- --- < 0.00001
W mg/L < 0.00002 0.00004 0.00017 0.00004 0.00008 0.00005 --- --- --- --- 0.00008
Y mg/L 0.000015 0.000010 0.000004 0.000006 0.000009 0.000009 --- --- --- --- 0.000008
Zn mg/L 0.012 0.006 0.006 0.006 0.007 0.005 --- --- --- --- 0.007

P3-1 Bulk Ro Tls

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-1 Bulk Ro Tls

11 12 13 14 15 16 17 18 19 20 21
10083-JUN15 10116-JUN15 10151-JUN15 10021-JUL15 10052-JUL15 10094-JUL15 10126-JUL15 10005-AUG15 10036-AUG15 10067-AUG15 10125-AUG15

1008 988 1001 1002 1003 1004 1002 998 1004 1006 999
6.11 6.17 6.30 6.22 6.26 6.03 6.13 5.94 6.13 6.25 6.04
< 2 < 2 < 2 < 2 < 2 2 < 2 2 < 2 < 2 2

< 2 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
126 139 114 139 128 119 111 84 86 88 78
51 50 45 59 51 47 43 32 32 32 29
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.004 --- --- --- --- 0.005 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00240 --- --- --- --- 0.00251 ---
--- --- --- --- 0.000015 --- --- --- --- 0.000025 ---
--- --- --- --- 0.0017 --- --- --- --- 0.0009 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 15.9 --- --- --- --- 9.98 ---
--- --- --- --- 0.000108 --- --- --- --- 0.000139 ---
--- --- --- --- 0.00365 --- --- --- --- 0.00316 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.0362 --- --- --- --- 0.0504 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 2.21 --- --- --- --- 1.55 ---
--- --- --- --- 0.000691 --- --- --- --- 0.000688 ---
--- --- --- --- 2.67 --- --- --- --- 1.93 ---
--- --- --- --- 0.646 --- --- --- --- 0.455 ---
--- --- --- --- 0.00071 --- --- --- --- 0.00030 ---
--- --- --- --- 0.10 --- --- --- --- 0.03 ---
--- --- --- --- 0.0033 --- --- --- --- 0.0031 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- < 0.00001 --- --- --- --- 0.00002 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0004 ---
--- --- --- --- 0.00039 --- --- --- --- 0.00036 ---
--- --- --- --- 0.31 --- --- --- --- 0.28 ---
--- --- --- --- 0.00003 --- --- --- --- 0.00001 ---
--- --- --- --- 0.0535 --- --- --- --- 0.0340 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000007 --- --- --- --- 0.000019 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000289 --- --- --- --- 0.000024 ---
--- --- --- --- 0.00001 --- --- --- --- 0.00001 ---
--- --- --- --- < 0.00002 --- --- --- --- 0.00016 ---
--- --- --- --- 0.000008 --- --- --- --- 0.000008 ---
--- --- --- --- 0.009 --- --- --- --- 0.011 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-1 Bulk Ro Tls

22 23 24 25 26 27 28 29 30 31 32
10004-SEP15 10037-SEP15 10080-SEP15 10115-SEP15 10151-SEP15 10004-OCT15 10045-OCT15 10078-OCT15 10125-OCT15 10004-NOV15 10034-NOV15

1003 1000 1003 1003 1010 965 983 1008 992 984 992
6.00 6.10 5.98 6.01 5.96 6.10 5.95 6.01 6.04 5.68 5.90

2 < 2 2 < 2 2 2 < 2 3 3 < 2 2

< 2 < 2 < 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2
72 71 72 68 84 41 48 56 48 47 41
29 27 26 25 30 14 15 19 17 16 15
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.006 --- --- --- --- 0.006 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00204 --- --- --- --- 0.00270 --- ---
--- --- --- 0.000025 --- --- --- --- 0.000019 --- ---
--- --- --- 0.0057 --- --- --- --- 0.0004 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 7.45 --- --- --- --- 4.58 --- ---
--- --- --- 0.000127 --- --- --- --- 0.000089 --- ---
--- --- --- 0.00292 --- --- --- --- 0.00224 --- ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- --- 0.0440 --- --- --- --- 0.0338 --- ---
--- --- --- < 0.007 --- --- --- --- 0.008 --- ---
--- --- --- 1.27 --- --- --- --- 0.968 --- ---
--- --- --- 0.000526 --- --- --- --- 0.000416 --- ---
--- --- --- 1.58 --- --- --- --- 1.23 --- ---
--- --- --- 0.373 --- --- --- --- 0.268 --- ---
--- --- --- 0.00099 --- --- --- --- 0.00058 --- ---
--- --- --- 0.02 --- --- --- --- 0.04 --- ---
--- --- --- 0.0028 --- --- --- --- 0.0021 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.0003 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00027 --- --- --- --- < 0.001 --- ---
--- --- --- 0.28 --- --- --- --- 0.22 --- ---
--- --- --- 0.00008 --- --- --- --- 0.00002 --- ---
--- --- --- 0.0258 --- --- --- --- 0.0189 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- < 0.000005 --- --- --- --- < 0.000005 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000014 --- --- --- --- 0.000022 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00002 --- ---
--- --- --- 0.00010 --- --- --- --- < 0.00002 --- ---
--- --- --- 0.000004 --- --- --- --- 0.000004 --- ---
--- --- --- 0.012 --- --- --- --- 0.011 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-1 Bulk Ro Tls

33 34 35 36 37 38 39 40 41 42 43
10065-NOV15 10096-NOV15 10004-DEC15 10039-DEC15 10073-DEC15 10110-DEC15 10145-DEC15 10004-JAN16 10041-JAN16 10082-JAN16 10123-JAN16

998 996 1005 995 998 1005 1001 1002 1004 1001 998
5.67 5.86 5.72 6.08 5.80 6.35 6.07 5.90 5.90 5.74 5.82

3 3 3 3 2 3 2 4 < 2 < 2 2

< 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
45 55 57 70 60 74 76 50 42 40 37
17 20 20 27 22 26 26 17 13 14 12
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.022 --- --- --- --- 0.029 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00336 --- --- --- --- 0.00455 --- --- ---
--- --- 0.000076 --- --- --- --- 0.000080 --- --- ---
--- --- 0.0026 --- --- --- --- 0.0020 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 5.81 --- --- --- --- 4.34 --- --- ---
--- --- 0.000186 --- --- --- --- 0.000219 --- --- ---
--- --- 0.00416 --- --- --- --- 0.00343 --- --- ---
--- --- < 0.00003 --- --- --- --- < 0.00003 --- --- ---
--- --- 0.0783 --- --- --- --- 0.0911 --- --- ---
--- --- < 0.007 --- --- --- --- < 0.007 --- --- ---
--- --- 1.29 --- --- --- --- 1.10 --- --- ---
--- --- 0.000682 --- --- --- --- 0.000597 --- --- ---
--- --- 1.47 --- --- --- --- 1.15 --- --- ---
--- --- 0.336 --- --- --- --- 0.253 --- --- ---
--- --- 0.00024 --- --- --- --- 0.00025 --- --- ---
--- --- 0.03 --- --- --- --- 0.04 --- --- ---
--- --- 0.0041 --- --- --- --- 0.0037 --- --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00066 --- --- --- --- 0.00040 --- --- ---
--- --- 0.42 --- --- --- --- 0.40 --- --- ---
--- --- < 0.00001 --- --- --- --- 0.00002 --- --- ---
--- --- 0.0205 --- --- --- --- 0.0161 --- --- ---
--- --- 0.00006 --- --- --- --- 0.00011 --- --- ---
--- --- 0.000035 --- --- --- --- < 0.000005 --- --- ---
--- --- < 0.00001 --- --- --- --- 0.00002 --- --- ---
--- --- 0.000034 --- --- --- --- 0.000006 --- --- ---
--- --- 0.00002 --- --- --- --- < 0.00001 --- --- ---
--- --- 0.00018 --- --- --- --- < 0.00002 --- --- ---
--- --- 0.000007 --- --- --- --- 0.000010 --- --- ---
--- --- 0.021 --- --- --- --- 0.021 --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-1 Bulk Ro Tls

44 45 46 47 48 49 50 51 52
10005-FEB16 10047-FEB16 10088-FEB16 10132-FEB16 10003-MAR16 10040-MAR16 10077-MAR16 10121-MAR16 10157-MAR16

1003 1002 999 1003 1009 993 992 994 997
5.86 5.95 6.05 5.82 6.16 6.21 5.63 5.94 5.55

3 3 2 4 3 < 2 3 2 3

< 2 < 2 < 2 < 2 < 2 3 < 2 < 2 < 2
40 38 33 33 40 27 28 31 29
13 12 11 11 14 8.3 8.9 10 9.8
--- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- < 0.000002 --- --- --- --- 0.000004 --- ---
--- 0.036 --- --- --- --- 0.032 --- ---
--- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- 0.00405 --- --- --- --- 0.00409 --- ---
--- 0.000101 --- --- --- --- 0.000104 --- ---
--- < 0.002 --- --- --- --- < 0.002 --- ---
--- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- 3.15 --- --- --- --- 2.50 --- ---
--- 0.000191 --- --- --- --- 0.000227 --- ---
--- 0.00357 --- --- --- --- 0.00353 --- ---
--- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- 0.101 --- --- --- --- 0.0984 --- ---
--- < 0.007 --- --- --- --- < 0.007 --- ---
--- 0.856 --- --- --- --- 0.758 --- ---
--- 0.000566 --- --- --- --- 0.000466 --- ---
--- 0.841 --- --- --- --- 0.699 --- ---
--- 0.210 --- --- --- --- 0.180 --- ---
--- 0.00013 --- --- --- --- 0.00012 --- ---
--- 0.03 --- --- --- --- < 0.01 --- ---
--- 0.0039 --- --- --- --- 0.0037 --- ---
--- < 0.003 --- --- --- --- < 0.003 --- ---
--- < 0.00001 --- --- --- --- 0.00003 --- ---
--- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- 0.00056 --- --- --- --- 0.00051 --- ---
--- 0.35 --- --- --- --- 0.33 --- ---
--- 0.00005 --- --- --- --- < 0.00001 --- ---
--- 0.0118 --- --- --- --- 0.0102 --- ---
--- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- < 0.000005 --- --- --- --- < 0.000005 --- ---
--- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- 0.000003 --- --- --- --- < 0.000002 --- ---
--- 0.00001 --- --- --- --- < 0.00001 --- ---
--- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- 0.000010 --- --- --- --- < 0.000002 --- ---
--- 0.025 --- --- --- --- 0.026 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10140-MAR15 10052-APR15 10086-APR15 10117-APR15 10146-APR15 10021-MAY15 10056-MAY15 10094-MAY15 10127-MAY15 10004-JUN15 10048-JUN15
Hum Cell Leachate Vol mLs 862 974 995 993 987 995 993 994 992 999 1002
pH units 6.36 6.83 6.36 6.38 6.72 6.39 6.38 6.40 6.37 6.38 6.39
Acidity mg/L as CaCO3 22 2 3 3 < 2 < 2 < 2 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 2 3 < 2 2 3 2 < 2 2 2 2 2
Conductivity µS/cm 394 426 220 194 180 166 162 165 156 156 136
SO4 mg/L 160 190 100 75 71 67 67 75 63 61 56
Hg mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- 0.00002
Ag mg/L 0.000002 < 0.000002 < 0.000002 < 0.000002 < 0.000002 0.000002 --- --- --- --- < 0.000002
Al mg/L 0.0025 0.0015 0.0014 0.0017 0.0014 0.0016 --- --- --- --- 0.0018
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.00725 0.00629 0.00484 0.00342 0.00311 0.00291 --- --- --- --- 0.00262
Be mg/L 0.000017 0.000010 0.000011 0.000008 0.000010 0.000012 --- --- --- --- 0.000012
B mg/L 0.0020 0.0027 0.0006 0.0063 0.0008 0.0014 --- --- --- --- < 0.0002
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 58.8 64.5 32.3 25.8 24.1 23.9 --- --- --- --- 17.9
Cd mg/L 0.000236 0.000184 0.000118 0.000088 0.000107 0.000095 --- --- --- --- 0.000109
Co mg/L 0.00645 0.00592 0.00342 0.00315 0.00321 0.00340 --- --- --- --- 0.00283
Cr mg/L < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.0332 0.0151 0.0175 0.0179 0.0234 0.0221 --- --- --- --- 0.0337
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 13.6 11.5 5.41 4.30 3.73 3.52 --- --- --- --- 2.54
Li mg/L 0.00314 0.00272 0.00137 0.00109 0.000923 0.000870 --- --- --- --- 0.000733
Mg mg/L 4.61 5.75 3.19 2.97 2.98 2.88 --- --- --- --- 2.61
Mn mg/L 1.04 1.30 0.782 0.706 0.644 0.645 --- --- --- --- 0.601
Mo mg/L 0.00209 0.00240 0.00100 0.00080 0.00072 0.00099 --- --- --- --- 0.00052
Na mg/L 2.25 1.63 0.63 0.47 0.32 0.29 --- --- --- --- 0.20
Ni mg/L 0.0116 0.0091 0.0047 0.0039 0.0038 0.0039 --- --- --- --- 0.0030
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L < 0.00001 < 0.00001 0.00010 0.00002 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0009 0.0005 < 0.0002 0.0002 < 0.0002 0.0002 --- --- --- --- 0.0003
Se mg/L 0.004 0.004 0.002 0.002 0.001 0.001 --- --- --- --- 0.00035
Si mg/L 0.63 0.67 0.33 0.33 0.28 0.33 --- --- --- --- 0.29
Sn mg/L 0.00063 0.00027 0.00006 0.00014 0.00009 0.00007 --- --- --- --- 0.00006
Sr mg/L 0.288 0.292 0.128 0.103 0.0874 0.0799 --- --- --- --- 0.0603
Ti mg/L < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- --- < 0.00005
Tl mg/L 0.000057 0.000035 0.000007 0.000023 0.000024 0.000015 --- --- --- --- 0.000008
Th mg/L 0.00001 0.00003 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000005 0.000007 0.000004 0.000003 0.000009 0.000005 --- --- --- --- 0.000005
V mg/L 0.00001 0.00002 0.00002 0.00002 0.00002 0.00001 --- --- --- --- 0.00001
W mg/L < 0.00002 0.00004 0.00007 < 0.00002 0.00003 0.00003 --- --- --- --- < 0.00002
Y mg/L 0.000012 0.000010 0.000005 0.000004 0.000005 0.000006 --- --- --- --- 0.000005
Zn mg/L 0.010 0.008 0.008 0.007 0.007 0.008 --- --- --- --- 0.008

P3-2 Bulk Ro Tls

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-2 Bulk Ro Tls

11 12 13 14 15 16 17 18 19 20
10083-JUN15 10116-JUN15 10151-JUN15 10021-JUL15 10052-JUL15 10094-JUL15 10126-JUL15 10005-AUG15 10036-AUG15 10067-AUG15

1001 1002 998 1000 1000 1003 1001 1001 992 999
6.44 6.04 6.27 6.45 6.16 6.28 *6.25 6.33 6.11 5.65
< 2 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2

2 < 2 < 2 < 2 < 2 < 2 3 < 2 2 < 2
141 135 122 121 105 113 106 101 99 96
58 51 48 48 40 43 40 37 38 36
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002
--- --- --- --- 0.001 --- --- --- --- 0.002
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002
--- --- --- --- 0.00231 --- --- --- --- 0.00227
--- --- --- --- 0.000009 --- --- --- --- 0.000014
--- --- --- --- 0.0013 --- --- --- --- 0.0007
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007
--- --- --- --- 13.0 --- --- --- --- 11.0
--- --- --- --- 0.000090 --- --- --- --- 0.000107
--- --- --- --- 0.00260 --- --- --- --- 0.00276
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003
--- --- --- --- 0.0368 --- --- --- --- 0.0525
--- --- --- --- < 0.007 --- --- --- --- < 0.007
--- --- --- --- 1.95 --- --- --- --- 1.67
--- --- --- --- 0.000535 --- --- --- --- 0.000577
--- --- --- --- 2.04 --- --- --- --- 2.04
--- --- --- --- 0.475 --- --- --- --- 0.483
--- --- --- --- 0.00053 --- --- --- --- 0.00044
--- --- --- --- 0.09 --- --- --- --- 0.04
--- --- --- --- 0.0023 --- --- --- --- 0.0024
--- --- --- --- < 0.003 --- --- --- --- < 0.003
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.0002 --- --- --- --- 0.0003
--- --- --- --- 0.00020 --- --- --- --- 0.00025
--- --- --- --- 0.24 --- --- --- --- 0.27
--- --- --- --- < 0.00001 --- --- --- --- 0.00002
--- --- --- --- 0.0430 --- --- --- --- 0.0375
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005
--- --- --- --- 0.000010 --- --- --- --- 0.000012
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- 0.000039 --- --- --- --- 0.000006
--- --- --- --- 0.00001 --- --- --- --- 0.00001
--- --- --- --- < 0.00002 --- --- --- --- 0.00003
--- --- --- --- 0.000003 --- --- --- --- 0.000004
--- --- --- --- 0.007 --- --- --- --- 0.010

*LIMS 10031-AUG15

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-2 Bulk Ro Tls

21 22 23 24 25 26 27 28 29 30 31
10125-AUG15 10004-SEP15 10037-SEP15 10080-SEP15 10115-SEP15 10151-SEP15 10004-OCT15 10045-OCT15 10078-OCT15 10125-OCT15 10004-NOV15

1002 1001 997 1004 992 1007 980 989 999 991 1000
6.02 6.21 6.18 6.37 6.21 6.06 6.26 5.95 6.16 6.41 6.11
< 2 < 2 < 2 < 2 2 < 2 2 < 2 < 2 2 < 2

< 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
89 87 82 79 74 93 63 66 65 62 59
35 33 32 29 27 34 23 23 23 22 21
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.001 --- --- --- --- 0.003 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00235 --- --- --- --- 0.00229 ---
--- --- --- --- 0.000011 --- --- --- --- 0.000012 ---
--- --- --- --- 0.0027 --- --- --- --- 0.0004 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 8.42 --- --- --- --- 6.17 ---
--- --- --- --- 0.000087 --- --- --- --- 0.000095 ---
--- --- --- --- 0.00220 --- --- --- --- 0.00236 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.0299 --- --- --- --- 0.0348 ---
--- --- --- --- 0.014 --- --- --- --- 0.013 ---
--- --- --- --- 1.38 --- --- --- --- 1.16 ---
--- --- --- --- 0.000494 --- --- --- --- 0.000493 ---
--- --- --- --- 1.68 --- --- --- --- 1.60 ---
--- --- --- --- 0.384 --- --- --- --- 0.332 ---
--- --- --- --- 0.00057 --- --- --- --- 0.00042 ---
--- --- --- --- 0.02 --- --- --- --- 0.03 ---
--- --- --- --- 0.0019 --- --- --- --- 0.0020 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.0003 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00021 --- --- --- --- < 0.001 ---
--- --- --- --- 0.27 --- --- --- --- 0.26 ---
--- --- --- --- 0.00007 --- --- --- --- 0.00001 ---
--- --- --- --- 0.0285 --- --- --- --- 0.0240 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- < 0.000005 --- --- --- --- < 0.000005 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000003 --- --- --- --- 0.000004 ---
--- --- --- --- < 0.00001 --- --- --- --- 0.00003 ---
--- --- --- --- 0.00004 --- --- --- --- < 0.00002 ---
--- --- --- --- 0.000002 --- --- --- --- 0.000003 ---
--- --- --- --- 0.008 --- --- --- --- 0.009 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-2 Bulk Ro Tls

32 33 34 35 36 37 38 39 40 41 42
10034-NOV15 10065-NOV15 10096-NOV15 10004-DEC15 10039-DEC15 10073-DEC15 10110-DEC15 10145-DEC15 10004-JAN16 10041-JAN16 10082-JAN16

1000 1002 997 1004 998 1000 1000 998 996 997 1000
6.29 5.93 6.06 6.06 6.20 5.87 6.11 5.93 6.02 6.02 6.09
< 2 2 4 3 < 2 2 3 3 3 < 2 < 2

< 2 < 2 < 2 2 < 2 < 2 2 < 2 < 2 < 2 < 2
50 51 54 58 46 50 69 42 46 51 37
19 20 19 19 17 18 24 12 16 16 12
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.002 --- --- --- --- 0.002 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00337 --- --- --- --- 0.00306 --- ---
--- --- --- 0.000021 --- --- --- --- 0.000016 --- ---
--- --- --- 0.0017 --- --- --- --- 0.0011 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 6.12 --- --- --- --- 4.11 --- ---
--- --- --- 0.000134 --- --- --- --- 0.000090 --- ---
--- --- --- 0.00265 --- --- --- --- 0.00209 --- ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- --- 0.0429 --- --- --- --- 0.0350 --- ---
--- --- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- --- 1.33 --- --- --- --- 0.970 --- ---
--- --- --- 0.000605 --- --- --- --- 0.000473 --- ---
--- --- --- 1.47 --- --- --- --- 1.09 --- ---
--- --- --- 0.312 --- --- --- --- 0.226 --- ---
--- --- --- 0.00043 --- --- --- --- 0.00035 --- ---
--- --- --- 0.03 --- --- --- --- 0.04 --- ---
--- --- --- 0.0022 --- --- --- --- 0.0017 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00057 --- --- --- --- 0.00025 --- ---
--- --- --- 0.37 --- --- --- --- 0.28 --- ---
--- --- --- 0.00002 --- --- --- --- 0.00002 --- ---
--- --- --- 0.0219 --- --- --- --- 0.0151 --- ---
--- --- --- 0.00006 --- --- --- --- < 0.00005 --- ---
--- --- --- 0.000024 --- --- --- --- < 0.000005 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- 0.000005 --- --- --- --- 0.000002 --- ---
--- --- --- 0.00003 --- --- --- --- 0.00002 --- ---
--- --- --- 0.00016 --- --- --- --- < 0.00002 --- ---
--- --- --- 0.000005 --- --- --- --- 0.000004 --- ---
--- --- --- 0.011 --- --- --- --- 0.009 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-2 Bulk Ro Tls

43 44 45 46 47 48 49 50 51 52
10123-JAN16 10005-FEB16 10047-FEB16 10088-FEB16 10132-FEB16 10003-MAR16 10040-MAR16 10077-MAR16 10121-MAR16 10157-MAR16

933 992 995 996 1000 1011 994 972 995 980
6.06 5.98 6.03 6.26 5.97 6.35 6.25 5.86 6.12 5.90

2 2 2 2 3 6 < 2 2 2 3

< 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2
32 43 42 38 37 57 32 27 34 32
9.6 15 13 13 12 16 10 9.1 12 11
--- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- < 0.000002 --- --- --- --- 0.000005 --- ---
--- --- 0.003 --- --- --- --- 0.002 --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- 0.00369 --- --- --- --- 0.00315 --- ---
--- --- 0.000026 --- --- --- --- 0.000019 --- ---
--- --- < 0.002 --- --- --- --- < 0.002 --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- 3.57 --- --- --- --- 2.56 --- ---
--- --- 0.000132 --- --- --- --- 0.000140 --- ---
--- --- 0.00302 --- --- --- --- 0.00259 --- ---
--- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- 0.0416 --- --- --- --- 0.0504 --- ---
--- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- 0.889 --- --- --- --- 0.724 --- ---
--- --- 0.000505 --- --- --- --- 0.000376 --- ---
--- --- 0.971 --- --- --- --- 0.712 --- ---
--- --- 0.234 --- --- --- --- 0.174 --- ---
--- --- 0.00029 --- --- --- --- 0.00019 --- ---
--- --- 0.02 --- --- --- --- < 0.01 --- ---
--- --- 0.0025 --- --- --- --- 0.0022 --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- < 0.00001 --- --- --- --- 0.00001 --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- 0.00057 --- --- --- --- 0.00037 --- ---
--- --- 0.29 --- --- --- --- 0.23 --- ---
--- --- 0.00003 --- --- --- --- < 0.00001 --- ---
--- --- 0.0138 --- --- --- --- 0.00967 --- ---
--- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- < 0.000005 --- --- --- --- < 0.000005 --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- 0.000003 --- --- --- --- < 0.000002 --- ---
--- --- 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- 0.014 --- --- --- --- 0.015 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10140-MAR15 10052-APR15 10086-APR15 10117-APR15 10146-APR15 10021-MAY15 10056-MAY15 10094-MAY15 10127-MAY15 10004-JUN15 10048-JUN15
Hum Cell Leachate Vol mLs 760 968 999 1006 990 1009 996 993 1000 975 949
pH units 6.50 6.43 6.43 6.39 6.39 6.38 6.42 6.41 6.26 6.23 6.10
Acidity mg/L as CaCO3 28 15 4 3 < 2 < 2 2 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 2 2 2 2 < 2 2 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 285 219 223 198 204 173 152 146 140 144 117
SO4 mg/L 98 85 120 80 85 67 61 61 53 54 47
Hg mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- 0.00002
Ag mg/L 0.000002 < 0.000002 < 0.000002 < 0.000002 < 0.000002 0.000004 --- --- --- --- < 0.000002
Al mg/L 0.0048 0.0015 0.0008 0.0013 0.0017 0.0017 --- --- --- --- 0.0029
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.00632 0.00425 0.00453 0.00411 0.00609 0.00857 --- --- --- --- 0.00513
Be mg/L 0.000019 0.000013 0.000010 0.000009 0.000008 0.000007 --- --- --- --- 0.000007
B mg/L 0.0013 0.0018 0.0005 0.0051 0.0008 0.0007 --- --- --- --- < 0.0002
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 39.1 31.9 33.5 28.7 27.8 24.5 --- --- --- --- 14.2
Cd mg/L 0.000169 0.000095 0.000116 0.000105 0.000096 0.000076 --- --- --- --- 0.000099
Co mg/L 0.00537 0.00292 0.00319 0.00346 0.00309 0.00300 --- --- --- --- 0.00301
Cr mg/L 0.00005 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.0286 0.0158 0.0182 0.0169 0.0131 0.0115 --- --- --- --- 0.0164
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 9.71 5.48 5.36 4.46 4.46 3.92 --- --- --- --- 2.49
Li mg/L 0.00227 0.00141 0.00129 0.00112 0.001037 0.000936 --- --- --- --- 0.000739
Mg mg/L 3.22 2.57 3.04 2.90 3.09 2.94 --- --- --- --- 2.52
Mn mg/L 0.776 0.577 0.764 0.734 0.667 0.639 --- --- --- --- 0.565
Mo mg/L 0.00160 0.00128 0.00085 0.00068 0.00086 0.00079 --- --- --- --- 0.00042
Na mg/L 1.44 0.72 0.67 0.53 0.43 0.38 --- --- --- --- 0.24
Ni mg/L 0.0087 0.0042 0.0047 0.0044 0.0038 0.0034 --- --- --- --- 0.0026
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00006 < 0.00001 0.00004 < 0.00001 0.00009 0.00002 --- --- --- --- < 0.00001
Sb mg/L 0.0007 0.0004 < 0.0002 0.0002 < 0.0002 < 0.0002 --- --- --- --- 0.0002
Se mg/L 0.003 0.002 0.002 0.002 0.002 0.002 --- --- --- --- 0.00108
Si mg/L 0.49 0.33 0.31 0.36 0.28 0.32 --- --- --- --- 0.19
Sn mg/L 0.00484 0.00078 0.00060 0.00057 0.00103 0.00077 --- --- --- --- 0.00020
Sr mg/L 0.186 0.127 0.132 0.110 0.108 0.0967 --- --- --- --- 0.0548
Ti mg/L 0.00006 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- --- < 0.00005
Tl mg/L 0.000043 0.000021 0.000005 0.000022 0.000024 0.000018 --- --- --- --- 0.000008
Th mg/L 0.00001 < 0.00001 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000007 0.000004 0.000003 0.000003 0.000002 0.000003 --- --- --- --- < 0.000002
V mg/L 0.00002 0.00002 0.00001 0.00002 0.00001 < 0.00001 --- --- --- --- 0.00002
W mg/L < 0.00002 0.00003 0.00003 < 0.00002 0.00004 0.00002 --- --- --- --- < 0.00002
Y mg/L 0.000009 0.000007 0.000004 0.000005 0.000004 0.000004 --- --- --- --- 0.000004
Zn mg/L 0.010 0.005 0.005 0.005 0.004 0.004 --- --- --- --- 0.004

P3-3 Bulk Ro Tls

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-3 Bulk Ro Tls

11 12 13 14 15 16 17 18 19 20
10083-JUN15 10116-JUN15 10151-JUN15 10021-JUL15 10052-JUL15 10094-JUL15 10126-JUL15 10005-AUG15 10036-AUG15 10067-AUG15

957 942 953 935 959 937 954 944 859 983
5.98 6.16 5.87 6.30 6.03 5.75 5.94 5.88 6.26 5.40

2 2 < 2 < 2 5 2 < 2 < 2 < 2 3

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
118 118 117 120 119 108 101 87 102 99
47 45 47 48 47 42 39 31 39 37
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.000002 --- --- --- --- 0.000004
--- --- --- --- 0.002 --- --- --- --- 0.002
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002
--- --- --- --- 0.00511 --- --- --- --- 0.00579
--- --- --- --- < 0.000007 --- --- --- --- 0.000009
--- --- --- --- 0.0013 --- --- --- --- 0.0005
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007
--- --- --- --- 14.9 --- --- --- --- 11.3
--- --- --- --- 0.000120 --- --- --- --- 0.000126
--- --- --- --- 0.00415 --- --- --- --- 0.00460
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003
--- --- --- --- 0.0214 --- --- --- --- 0.0385
--- --- --- --- < 0.007 --- --- --- --- < 0.007
--- --- --- --- 2.39 --- --- --- --- 1.76
--- --- --- --- 0.000727 --- --- --- --- 0.000789
--- --- --- --- 2.72 --- --- --- --- 2.33
--- --- --- --- 0.628 --- --- --- --- 0.558
--- --- --- --- 0.00048 --- --- --- --- 0.00041
--- --- --- --- 0.14 --- --- --- --- 0.05
--- --- --- --- 0.0031 --- --- --- --- 0.0034
--- --- --- --- < 0.003 --- --- --- --- < 0.003
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.0002 --- --- --- --- 0.0002
--- --- --- --- 0.00077 --- --- --- --- 0.00066
--- --- --- --- 0.22 --- --- --- --- 0.23
--- --- --- --- 0.00013 --- --- --- --- 0.00011
--- --- --- --- 0.0541 --- --- --- --- 0.0393
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005
--- --- --- --- 0.000012 --- --- --- --- 0.000017
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- 0.000018 --- --- --- --- 0.000003
--- --- --- --- 0.00001 --- --- --- --- 0.00001
--- --- --- --- < 0.00002 --- --- --- --- < 0.00002
--- --- --- --- 0.000004 --- --- --- --- 0.000005
--- --- --- --- 0.005 --- --- --- --- 0.009

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-3 Bulk Ro Tls

21 22 23 24 25 26 27 28 29 30 31
10125-AUG15 10004-SEP15 10037-SEP15 10080-SEP15 10115-SEP15 10151-SEP15 10004-OCT15 10045-OCT15 10078-OCT15 10125-OCT15 10004-NOV15

917 931 1020 947 960 1006 950 985 1010 1008 1008
5.70 5.75 6.01 5.79 6.16 5.92 5.77 5.75 6.03 6.25 6.14

2 2 3 2 < 2 2 5 < 2 2 3 2

< 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2
86 77 138 78 83 184 75 74 88 85 64
33 29 57 29 31 76 27 26 32 31 22
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.002 --- --- --- --- 0.005 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00431 --- --- --- --- 0.0153 ---
--- --- --- --- 0.000016 --- --- --- --- 0.000032 ---
--- --- --- --- 0.0020 --- --- --- --- 0.0006 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 8.79 --- --- --- --- 8.22 ---
--- --- --- --- 0.000164 --- --- --- --- 0.000210 ---
--- --- --- --- 0.00507 --- --- --- --- 0.00694 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.0408 --- --- --- --- 0.0477 ---
--- --- --- --- < 0.007 --- --- --- --- 0.015 ---
--- --- --- --- 1.56 --- --- --- --- 1.84 ---
--- --- --- --- 0.000721 --- --- --- --- 0.00115 ---
--- --- --- --- 2.05 --- --- --- --- 2.48 ---
--- --- --- --- 0.518 --- --- --- --- 0.589 ---
--- --- --- --- 0.00047 --- --- --- --- 0.00044 ---
--- --- --- --- 0.04 --- --- --- --- 0.05 ---
--- --- --- --- 0.0039 --- --- --- --- 0.0055 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00002 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.0006 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00084 --- --- --- --- < 0.001 ---
--- --- --- --- 0.25 --- --- --- --- 0.37 ---
--- --- --- --- 0.00025 --- --- --- --- 0.00020 ---
--- --- --- --- 0.0321 --- --- --- --- 0.0385 ---
--- --- --- --- < 0.00005 --- --- --- --- 0.00007 ---
--- --- --- --- < 0.000005 --- --- --- --- < 0.000005 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000004 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.00002 --- --- --- --- 0.00002 ---
--- --- --- --- 0.00003 --- --- --- --- < 0.00002 ---
--- --- --- --- 0.000003 --- --- --- --- 0.000005 ---
--- --- --- --- 0.013 --- --- --- --- 0.018 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-3 Bulk Ro Tls

32 33 34 35 36 37 38 39 40 41 42
10034-NOV15 10065-NOV15 10096-NOV15 10004-DEC15 10039-DEC15 10073-DEC15 10110-DEC15 10145-DEC15 10004-JAN16 10041-JAN16 10082-JAN16

1015 914 875 872 923 978 920 967 929 942 906
6.10 6.11 5.77 5.97 6.04 5.94 5.83 5.65 5.55 5.51 5.42

2 3 4 3 3 3 4 5 3 2 3

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
49 46 51 51 50 56 54 57 59 59 50
18 17 18 18 19 20 19 19 21 21 17
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.005 --- --- --- --- 0.022 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00937 --- --- --- --- 0.00623 --- ---
--- --- --- 0.000038 --- --- --- --- 0.000092 --- ---
--- --- --- 0.0008 --- --- --- --- 0.0005 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 6.14 --- --- --- --- 5.81 --- ---
--- --- --- 0.000159 --- --- --- --- 0.000242 --- ---
--- --- --- 0.00339 --- --- --- --- 0.00548 --- ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- --- 0.0578 --- --- --- --- 0.148 --- ---
--- --- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- --- 1.03 --- --- --- --- 1.01 --- ---
--- --- --- 0.000455 --- --- --- --- 0.000630 --- ---
--- --- --- 0.765 --- --- --- --- 1.03 --- ---
--- --- --- 0.196 --- --- --- --- 0.255 --- ---
--- --- --- 0.00137 --- --- --- --- 0.00023 --- ---
--- --- --- 0.02 --- --- --- --- 0.04 --- ---
--- --- --- 0.0028 --- --- --- --- 0.0058 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00055 --- --- --- --- 0.00090 --- ---
--- --- --- 0.24 --- --- --- --- 0.22 --- ---
--- --- --- 0.00017 --- --- --- --- 0.00006 --- ---
--- --- --- 0.0217 --- --- --- --- 0.0196 --- ---
--- --- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- --- 0.000022 --- --- --- --- 0.000007 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00002 --- ---
--- --- --- 0.000004 --- --- --- --- 0.000018 --- ---
--- --- --- 0.00002 --- --- --- --- 0.00001 --- ---
--- --- --- 0.00012 --- --- --- --- < 0.00002 --- ---
--- --- --- 0.000005 --- --- --- --- 0.000009 --- ---
--- --- --- 0.013 --- --- --- --- 0.027 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-3 Bulk Ro Tls

43 44 45 46 47 48 49 50 51 52
10123-JAN16 10005-FEB16 10047-FEB16 10088-FEB16 10132-FEB16 10003-MAR16 10040-MAR16 10077-MAR16 10121-MAR16 10157-MAR16

985 974 955 1008 1004 952 965 976 957 984
5.43 5.43 5.85 5.76 5.85 5.72 5.88 5.25 5.70 5.09

3 4 4 4 4 3 3 5 5 5

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
64 61 59 93 61 52 50 48 45 52
22 22 20 34 22 18 17 17 16 18
--- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- < 0.000002 --- --- --- --- 0.000005 --- ---
--- --- 0.088 --- --- --- --- 0.150 --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- 0.00524 --- --- --- --- 0.00631 --- ---
--- --- 0.000206 --- --- --- --- 0.000302 --- ---
--- --- < 0.002 --- --- --- --- < 0.002 --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- 5.42 --- --- --- --- 4.55 --- ---
--- --- 0.000420 --- --- --- --- 0.000458 --- ---
--- --- 0.00864 --- --- --- --- 0.00803 --- ---
--- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- 0.313 --- --- --- --- 0.409 --- ---
--- --- < 0.007 --- --- --- --- < 0.007 --- ---
--- --- 1.01 --- --- --- --- 0.942 --- ---
--- --- 0.000893 --- --- --- --- 0.000801 --- ---
--- --- 1.26 --- --- --- --- 1.10 --- ---
--- --- 0.344 --- --- --- --- 0.296 --- ---
--- --- 0.00015 --- --- --- --- 0.00014 --- ---
--- --- 0.03 --- --- --- --- < 0.01 --- ---
--- --- 0.0092 --- --- --- --- 0.0091 --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- < 0.00001 --- --- --- --- 0.00003 --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- --- 0.00153 --- --- --- --- 0.00140 --- ---
--- --- 0.28 --- --- --- --- 0.30 --- ---
--- --- 0.00015 --- --- --- --- 0.00004 --- ---
--- --- 0.0182 --- --- --- --- 0.0156 --- ---
--- --- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- --- 0.000007 --- --- --- --- < 0.000005 --- ---
--- --- < 0.00001 --- --- --- --- 0.00002 --- ---
--- --- 0.000007 --- --- --- --- 0.000006 --- ---
--- --- 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- --- 0.000035 --- --- --- --- 0.000035 --- ---
--- --- 0.053 --- --- --- --- 0.056 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9
LIMS 10140-MAR15 10052-APR15 10086-APR15 10117-APR15 10146-APR15 10021-MAY15 10056-MAY15 10094-MAY15 10127-MAY15 10004-JUN15
Hum Cell Leachate Vol mLs 762 985 1014 1001 978 991 987 979 994 984
pH units 6.49 6.51 6.15 6.46 6.54 6.23 6.12 6.40 6.37 6.31
Acidity mg/L as CaCO3 26 15 3 2 < 2 2 < 2 < 2 < 2 < 2

Alkalinity mg/L as CaCO3 2 2 < 2 < 2 2 < 2 < 2 2 < 2 < 2
Conductivity µS/cm 259 209 216 178 148 177 126 129 137 117
SO4 mg/L 95 82 94 68 57 72 50 51 53 44
Hg mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 --- --- --- ---
Ag mg/L 0.000003 < 0.000002 < 0.000002 < 0.000002 < 0.000002 0.000003 --- --- --- ---
Al mg/L 0.0028 0.0014 0.0009 0.0014 0.0015 0.0018 --- --- --- ---
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- ---
Ba mg/L 0.00674 0.00459 0.00540 0.00541 0.00432 0.00516 --- --- --- ---
Be mg/L 0.000020 0.000009 0.000009 0.000007 < 0.000007 < 0.000007 --- --- --- ---
B mg/L 0.0013 0.0016 0.0005 0.0042 0.0006 0.0008 --- --- --- ---
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- ---
Ca mg/L 34.3 30.0 31.3 25.1 19.6 23.8 --- --- --- ---
Cd mg/L 0.000173 0.000096 0.000110 0.000097 0.000084 0.000086 --- --- --- ---
Co mg/L 0.00529 0.00294 0.00317 0.00269 0.00180 0.00224 --- --- --- ---
Cr mg/L 0.00005 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- ---
Cu mg/L 0.0299 0.0142 0.0163 0.0134 0.0128 0.0138 --- --- --- ---
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- ---
K mg/L 8.82 5.52 5.37 4.08 3.48 4.14 --- --- --- ---
Li mg/L 0.00224 0.00135 0.00120 0.000948 0.000707 0.000850 --- --- --- ---
Mg mg/L 2.97 2.53 2.94 2.36 2.19 3.23 --- --- --- ---
Mn mg/L 0.721 0.590 0.754 0.591 0.456 0.607 --- --- --- ---
Mo mg/L 0.00143 0.00120 0.00076 0.00075 0.00074 0.00083 --- --- --- ---
Na mg/L 1.27 0.73 0.65 0.40 0.32 0.44 --- --- --- ---
Ni mg/L 0.0082 0.0043 0.0048 0.0036 0.0023 0.0028 --- --- --- ---
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.004 --- --- --- ---
Pb mg/L < 0.00001 < 0.00001 0.00012 < 0.00001 < 0.00001 0.00002 --- --- --- ---
Sb mg/L 0.0006 0.0003 < 0.0002 0.0002 < 0.0002 0.0003 --- --- --- ---
Se mg/L 0.003 0.002 0.002 0.002 0.001 0.002 --- --- --- ---
Si mg/L 0.44 0.34 0.31 0.35 0.21 0.27 --- --- --- ---
Sn mg/L 0.00356 0.00060 0.00035 0.00040 0.00033 0.00059 --- --- --- ---
Sr mg/L 0.170 0.120 0.127 0.0987 0.0755 0.0883 --- --- --- ---
Ti mg/L < 0.00005 0.00006 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- ---
Tl mg/L 0.000038 0.000014 < 0.000005 0.000020 0.000019 0.000017 --- --- --- ---
Th mg/L 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- ---
U mg/L 0.000004 0.000004 0.000003 0.000002 0.000002 0.000009 --- --- --- ---
V mg/L 0.00003 0.00002 0.00001 0.00001 0.00002 0.00001 --- --- --- ---
W mg/L < 0.00002 < 0.00002 0.00003 < 0.00002 0.00003 0.00004 --- --- --- ---
Y mg/L 0.000011 0.000005 0.000004 0.000002 0.000004 0.000004 --- --- --- ---
Zn mg/L 0.010 0.005 0.006 0.007 0.005 0.005 --- --- --- ---

P3-4 Bulk Ro Tls

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-4 Bulk Ro Tls

10 11 12 13 14 15 16 17 18 19
10048-JUN15 10083-JUN15 10116-JUN15 10151-JUN15 10021-JUL15 10052-JUL15 10094-JUL15 10126-JUL15 10005-AUG15 10036-AUG15

991 984 981 979 983 994 988 994 991 984
6.24 6.27 6.08 6.18 6.07 6.63 5.87 6.08 5.78 6.35
< 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2 < 2

< 2 < 2 < 2 < 2 < 2 8 < 2 < 2 < 2 2
100 102 99 110 105 134 104 105 94 86
39 41 37 43 42 49 39 42 35 32

0.00002 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- < 0.000002 --- --- --- ---

0.0016 --- --- --- --- 0.002 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00274 --- --- --- --- 0.00324 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
< 0.0002 --- --- --- --- 0.0012 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
12.4 --- --- --- --- 15.3 --- --- --- ---

0.000059 --- --- --- --- 0.000073 --- --- --- ---
0.00151 --- --- --- --- 0.00234 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
0.0150 --- --- --- --- 0.0147 --- --- --- ---
< 0.007 --- --- --- --- < 0.007 --- --- --- ---

2.12 --- --- --- --- 2.28 --- --- --- ---
0.000526 --- --- --- --- 0.000601 --- --- --- ---

1.94 --- --- --- --- 2.56 --- --- --- ---
0.400 --- --- --- --- 0.573 --- --- --- ---

0.00048 --- --- --- --- 0.00060 --- --- --- ---
0.20 --- --- --- --- 0.14 --- --- --- ---

0.0015 --- --- --- --- 0.0019 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00069 --- --- --- --- 0.00064 --- --- --- ---

0.19 --- --- --- --- 0.21 --- --- --- ---
0.00012 --- --- --- --- 0.00017 --- --- --- ---
0.0438 --- --- --- --- 0.0528 --- --- --- ---

< 0.00005 --- --- --- --- < 0.00005 --- --- --- ---
< 0.000005 --- --- --- --- 0.000008 --- --- --- ---
< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
0.000002 --- --- --- --- 0.000013 --- --- --- ---
0.00001 --- --- --- --- 0.00001 --- --- --- ---

< 0.00002 --- --- --- --- < 0.00002 --- --- --- ---
0.000004 --- --- --- --- 0.000003 --- --- --- ---

0.004 --- --- --- --- 0.004 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-4 Bulk Ro Tls

20 21 22 23 24 25 26 27 28 29
10067-AUG15 10125-AUG15 10004-SEP15 10037-SEP15 10080-SEP15 10115-SEP15 10151-SEP15 10004-OCT15 10045-OCT15 10078-OCT15

1004 991 993 986 994 968 1005 945 980 1010
6.28 6.15 5.75 5.84 6.32 5.83 6.20 5.72 5.92 6.21

2 2 2 < 2 < 2 < 2 < 2 < 2 2 2

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
104 91 83 78 86 92 262 58 59 68
39 34 31 31 32 35 110 20 20 23

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
0.000003 --- --- --- --- < 0.000002 --- --- --- ---

0.001 --- --- --- --- < 0.001 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00247 --- --- --- --- 0.00189 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
0.0004 --- --- --- --- 0.0016 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
11.8 --- --- --- --- 10.6 --- --- --- ---

0.000084 --- --- --- --- 0.000088 --- --- --- ---
0.00239 --- --- --- --- 0.00223 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
0.0271 --- --- --- --- 0.0163 --- --- --- ---
< 0.007 --- --- --- --- < 0.007 --- --- --- ---

1.71 --- --- --- --- 1.43 --- --- --- ---
0.000544 --- --- --- --- 0.000538 --- --- --- ---

2.24 --- --- --- --- 1.96 --- --- --- ---
0.498 --- --- --- --- 0.463 --- --- --- ---

0.00051 --- --- --- --- 0.00042 --- --- --- ---
0.05 --- --- --- --- 0.04 --- --- --- ---

0.0018 --- --- --- --- 0.0017 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
0.0003 --- --- --- --- 0.0003 --- --- --- ---
0.00045 --- --- --- --- 0.00050 --- --- --- ---

0.22 --- --- --- --- 0.22 --- --- --- ---
0.00017 --- --- --- --- 0.00015 --- --- --- ---
0.0403 --- --- --- --- 0.0353 --- --- --- ---

< 0.00005 --- --- --- --- 0.00010 --- --- --- ---
0.000016 --- --- --- --- < 0.000005 --- --- --- ---
< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
0.000002 --- --- --- --- 0.000002 --- --- --- ---
0.00001 --- --- --- --- < 0.00001 --- --- --- ---

< 0.00002 --- --- --- --- 0.00003 --- --- --- ---
0.000004 --- --- --- --- < 0.000002 --- --- --- ---

0.005 --- --- --- --- 0.006 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-4 Bulk Ro Tls

30 31 32 33 34 35 36 37 38 39
10125-OCT15 10004-NOV15 10034-NOV15 10065-NOV15 10096-NOV15 10004-DEC15 10039-DEC15 10073-DEC15 10110-DEC15 10145-DEC15

1000 1011 1016 870 877 852 938 975 914 966
5.72 6.22 5.99 5.34 5.81 5.87 6.00 5.87 6.02 5.75

3 2 2 3 4 2 3 4 4 4

2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
70 89 38 37 61 60 61 60 67 55
25 32 14 14 22 21 23 22 21 18

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- < 0.000002 --- --- --- ---

0.002 --- --- --- --- 0.002 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.0109 --- --- --- --- 0.0110 --- --- --- ---

0.000008 --- --- --- --- 0.000030 --- --- --- ---
0.0004 --- --- --- --- 0.0004 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
7.13 --- --- --- --- 7.70 --- --- --- ---

0.000130 --- --- --- --- 0.000172 --- --- --- ---
0.00427 --- --- --- --- 0.00344 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
0.0255 --- --- --- --- 0.0486 --- --- --- ---
0.016 --- --- --- --- < 0.007 --- --- --- ---
1.42 --- --- --- --- 1.11 --- --- --- ---

0.000813 --- --- --- --- 0.000474 --- --- --- ---
1.68 --- --- --- --- 0.778 --- --- --- ---
0.439 --- --- --- --- 0.216 --- --- --- ---

0.00046 --- --- --- --- 0.00114 --- --- --- ---
0.04 --- --- --- --- 0.02 --- --- --- ---

0.0032 --- --- --- --- 0.0027 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
< 0.001 --- --- --- --- 0.00066 --- --- --- ---

0.31 --- --- --- --- 0.28 --- --- --- ---
0.00018 --- --- --- --- 0.00007 --- --- --- ---
0.0348 --- --- --- --- 0.0316 --- --- --- ---
0.00006 --- --- --- --- < 0.00005 --- --- --- ---

< 0.000005 --- --- --- --- 0.000018 --- --- --- ---
< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---

< 0.000002 --- --- --- --- 0.000002 --- --- --- ---
0.00002 --- --- --- --- 0.00001 --- --- --- ---

< 0.00002 --- --- --- --- 0.00010 --- --- --- ---
< 0.000002 --- --- --- --- 0.000002 --- --- --- ---

0.010 --- --- --- --- 0.022 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-4 Bulk Ro Tls

40 41 42 43 44 45 46 47 48 49
10004-JAN16 10041-JAN16 10082-JAN16 10123-JAN16 10005-FEB16 10047-FEB16 10088-FEB16 10132-FEB16 10003-MAR16 10040-MAR16

963 970 953 960 986 977 1006 990 990 986
5.61 5.72 5.57 5.48 5.63 5.85 5.85 5.77 5.71 5.84

3 < 2 3 3 4 3 4 4 3 3

< 2 < 2 < 2 < 2 < 2 < 2 < 2 2 < 2 < 2
56 50 49 58 64 54 72 52 55 46
20 17 17 20 22 19 26 18 20 16

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- < 0.000002 --- --- --- ---

0.014 --- --- --- --- 0.050 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00808 --- --- --- --- 0.00675 --- --- --- ---

0.000078 --- --- --- --- 0.000156 --- --- --- ---
< 0.0002 --- --- --- --- < 0.002 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
5.37 --- --- --- --- 4.95 --- --- --- ---

0.000234 --- --- --- --- 0.000386 --- --- --- ---
0.00589 --- --- --- --- 0.00832 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
0.103 --- --- --- --- 0.203 --- --- --- ---

< 0.007 --- --- --- --- < 0.007 --- --- --- ---
0.967 --- --- --- --- 0.931 --- --- --- ---

0.000693 --- --- --- --- 0.000838 --- --- --- ---
1.05 --- --- --- --- 1.15 --- --- --- ---
0.283 --- --- --- --- 0.334 --- --- --- ---

0.00018 --- --- --- --- 0.00012 --- --- --- ---
0.04 --- --- --- --- 0.02 --- --- --- ---

0.0052 --- --- --- --- 0.0081 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---

< 0.00001 --- --- --- --- 0.00001 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00111 --- --- --- --- 0.00145 --- --- --- ---

0.21 --- --- --- --- 0.26 --- --- --- ---
0.00003 --- --- --- --- 0.00008 --- --- --- ---
0.0200 --- --- --- --- 0.0175 --- --- --- ---

< 0.00005 --- --- --- --- < 0.00005 --- --- --- ---
0.000007 --- --- --- --- 0.000008 --- --- --- ---
< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
0.000002 --- --- --- --- 0.000006 --- --- --- ---
< 0.00001 --- --- --- --- 0.00001 --- --- --- ---
< 0.00002 --- --- --- --- < 0.00002 --- --- --- ---
0.000013 --- --- --- --- 0.000021 --- --- --- ---

0.025 --- --- --- --- 0.041 --- --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-4 Bulk Ro Tls

50 51 52
10077-MAR16 10121-MAR16 10157-MAR16

987 980 993
5.29 5.59 5.38

4 4 4

< 2 < 2 < 2
47 42 53
17 15 18

< 0.00001 --- ---
0.000007 --- ---

0.106 --- ---
< 0.0002 --- ---
0.00591 --- ---

0.000269 --- ---
< 0.002 --- ---

< 0.000007 --- ---
4.23 --- ---

0.000506 --- ---
0.00959 --- ---

< 0.00003 --- ---
0.319 --- ---

< 0.007 --- ---
0.979 --- ---

0.000930 --- ---
1.29 --- ---
0.370 --- ---

0.00009 --- ---
< 0.01 --- ---
0.0104 --- ---
< 0.003 --- ---
0.00002 --- ---
< 0.0002 --- ---
0.00170 --- ---

0.33 --- ---
< 0.00001 --- ---

0.0154 --- ---
< 0.00005 --- ---

< 0.000005 --- ---
< 0.00001 --- ---
0.000012 --- ---
< 0.00001 --- ---
< 0.00002 --- ---
0.000027 --- ---

0.060 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9 10
LIMS 10140-MAR15 10052-APR15 10086-APR15 10117-APR15 10146-APR15 10021-MAY15 10056-MAY15 10094-MAY15 10127-MAY15 10004-JUN15 10048-JUN15
Hum Cell Leachate Vol mLs 770 970 1017 1004 1012 995 1000 995 991 960 973
pH units 6.43 6.61 6.35 6.37 6.35 6.46 6.38 6.48 6.40 6.34 6.16
Acidity mg/L as CaCO3 24 9 3 3 2 < 2 < 2 2 < 2 2 3

Alkalinity mg/L as CaCO3 2 3 2 < 2 2 2 < 2 < 2 < 2 < 2 < 2
Conductivity µS/cm 310 263 227 171 192 198 134 129 121 121 108
SO4 mg/L 120 110 95 68 80 80 52 52 43 46 43
Hg mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- 0.00001
Ag mg/L < 0.000002 < 0.000002 < 0.000002 < 0.000002 < 0.000002 0.000003 --- --- --- --- 0.000002
Al mg/L 0.0070 0.0012 0.0010 0.0015 0.0014 0.0015 --- --- --- --- 0.0025
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- --- < 0.0002
Ba mg/L 0.00635 0.00498 0.00591 0.00560 0.00643 0.0115 --- --- --- --- 0.00560
Be mg/L 0.000019 0.000010 0.000010 0.000007 0.000007 0.000008 --- --- --- --- 0.000007
B mg/L 0.0017 0.0020 0.0005 0.0039 0.0006 0.0010 --- --- --- --- < 0.0002
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- --- < 0.000007
Ca mg/L 44.8 38.3 33.5 24.1 25.6 27.3 --- --- --- --- 12.8
Cd mg/L 0.000203 0.000126 0.000114 0.000073 0.000080 0.000089 --- --- --- --- 0.000086
Co mg/L 0.00641 0.00405 0.00307 0.00273 0.00263 0.00323 --- --- --- --- 0.00321
Cr mg/L 0.00007 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- --- < 0.00003
Cu mg/L 0.0389 0.0148 0.0157 0.0104 0.00967 0.00796 --- --- --- --- 0.0180
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- --- < 0.007
K mg/L 10.6 6.99 5.54 3.88 4.47 4.62 --- --- --- --- 2.44
Li mg/L 0.00264 0.00177 0.00130 0.000971 0.001066 0.00125 --- --- --- --- 0.000758
Mg mg/L 3.71 3.49 3.13 2.40 3.11 3.65 --- --- --- --- 2.52
Mn mg/L 0.917 0.816 0.778 0.619 0.660 0.779 --- --- --- --- 0.582
Mo mg/L 0.00153 0.00140 0.00089 0.00077 0.00096 0.00095 --- --- --- --- 0.00047
Na mg/L 1.74 0.95 0.68 0.41 0.44 0.49 --- --- --- --- 0.22
Ni mg/L 0.0106 0.0061 0.0047 0.0036 0.0032 0.0035 --- --- --- --- 0.0028
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.003 --- --- --- --- < 0.003
Pb mg/L 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 --- --- --- --- < 0.00001
Sb mg/L 0.0007 0.0004 < 0.0002 0.0003 < 0.0002 0.0003 --- --- --- --- 0.0002
Se mg/L 0.003 0.003 0.002 0.002 0.002 0.002 --- --- --- --- 0.00114
Si mg/L 0.50 0.47 0.31 0.36 0.31 0.40 --- --- --- --- 0.20
Sn mg/L 0.00390 0.00100 0.00060 0.00101 0.00067 0.00065 --- --- --- --- 0.00014
Sr mg/L 0.216 0.159 0.129 0.0932 0.100 0.106 --- --- --- --- 0.0540
Ti mg/L < 0.00005 < 0.00005 < 0.00005 < 0.00005 0.00008 < 0.00005 --- --- --- --- < 0.00005
Tl mg/L 0.000055 0.000020 0.000011 0.000019 0.000025 0.000019 --- --- --- --- 0.000009
Th mg/L 0.00001 0.00003 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- --- < 0.00001
U mg/L 0.000013 0.000005 0.000004 0.000002 0.000002 0.000014 --- --- --- --- 0.000004
V mg/L 0.00002 0.00002 < 0.00001 0.00002 0.00002 0.00002 --- --- --- --- 0.00001
W mg/L 0.00003 0.00003 < 0.00002 0.00004 0.00008 0.00005 --- --- --- --- < 0.00002
Y mg/L 0.000010 0.000005 0.000005 0.000003 0.000003 0.000004 --- --- --- --- 0.000003
Zn mg/L 0.017 0.006 0.006 0.004 0.003 0.004 --- --- --- --- 0.004

P3-5 Bulk Ro Tls

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-5 Bulk Ro Tls

11 12 13 14 15 16 17 18 19 20 21
10083-JUN15 10116-JUN15 10151-JUN15 10021-JUL15 10052-JUL15 10094-JUL15 10126-JUL15 10005-AUG15 10036-AUG15 10067-AUG15 10125-AUG15

1003 959 1006 1012 1012 951 940 944 990 1006 1004
*6.48 5.87 6.26 6.24 6.55 6.13 6.09 5.96 6.20 5.89 5.99

3 2 < 2 < 2 < 2 < 2 3 2 < 2 2 < 2

< 2 < 2 < 2 < 2 6 2 < 2 < 2 < 2 < 2 < 2
153 99 139 101 148 81 84 72 90 112 102
63 38 56 40 57 30 31 25 33 42 39
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000003 ---
--- --- --- --- 0.002 --- --- --- --- 0.002 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.0143 --- --- --- --- 0.0120 ---
--- --- --- --- < 0.000007 --- --- --- --- 0.000012 ---
--- --- --- --- 0.0014 --- --- --- --- 0.0008 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 15.9 --- --- --- --- 11.1 ---
--- --- --- --- 0.000129 --- --- --- --- 0.000160 ---
--- --- --- --- 0.00568 --- --- --- --- 0.00578 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.0215 --- --- --- --- 0.0328 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 3.60 --- --- --- --- 2.64 ---
--- --- --- --- 0.00128 --- --- --- --- 0.00125 ---
--- --- --- --- 3.67 --- --- --- --- 3.09 ---
--- --- --- --- 0.875 --- --- --- --- 0.739 ---
--- --- --- --- 0.00077 --- --- --- --- 0.00065 ---
--- --- --- --- 0.18 --- --- --- --- 0.06 ---
--- --- --- --- 0.0039 --- --- --- --- 0.0041 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.0002 --- --- --- --- 0.0003 ---
--- --- --- --- 0.00144 --- --- --- --- 0.00114 ---
--- --- --- --- 0.39 --- --- --- --- 0.36 ---
--- --- --- --- 0.00024 --- --- --- --- 0.00043 ---
--- --- --- --- 0.0639 --- --- --- --- 0.0447 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000020 --- --- --- --- 0.000021 ---
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- 0.000012 --- --- --- --- < 0.000002 ---
--- --- --- --- 0.00002 --- --- --- --- 0.00002 ---
--- --- --- --- < 0.00002 --- --- --- --- < 0.00002 ---
--- --- --- --- 0.000003 --- --- --- --- 0.000008 ---
--- --- --- --- 0.005 --- --- --- --- 0.008 ---

*Reassay LIMS 15331-JUN15

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-5 Bulk Ro Tls

22 23 24 25 26 27 28 29 30 31 32
10004-SEP15 10037-SEP15 10080-SEP15 10115-SEP15 10151-SEP15 10004-OCT15 10045-OCT15 10078-OCT15 10125-OCT15 10004-NOV15 10034-NOV15

952 941 998 955 1009 942 973 1011 999 1005 1015
5.75 5.61 5.99 5.68 5.94 *5.89 5.77 6.03 5.97 5.81 6.14
< 2 < 2 2 2 2 < 2 2 2 2 2 2

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
64 61 79 71 140 70 63 80 84 73 65
23 23 29 26 55 25 22 28 31 26 20
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.002 --- --- --- --- 0.005 --- ---
--- --- --- 0.0008 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00672 --- --- --- --- 0.0137 --- ---
--- --- --- 0.000017 --- --- --- --- 0.000039 --- ---
--- --- --- 0.0013 --- --- --- --- 0.0006 --- ---
--- --- --- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- --- --- 7.43 --- --- --- --- 7.98 --- ---
--- --- --- 0.000161 --- --- --- --- 0.000240 --- ---
--- --- --- 0.00482 --- --- --- --- 0.00817 --- ---
--- --- --- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- --- --- 0.0308 --- --- --- --- 0.0640 --- ---
--- --- --- < 0.007 --- --- --- --- 0.016 --- ---
--- --- --- 1.30 --- --- --- --- 1.88 --- ---
--- --- --- 0.000627 --- --- --- --- 0.00125 --- ---
--- --- --- 1.71 --- --- --- --- 2.52 --- ---
--- --- --- 0.438 --- --- --- --- 0.619 --- ---
--- --- --- 0.00030 --- --- --- --- 0.00038 --- ---
--- --- --- 0.03 --- --- --- --- 0.05 --- ---
--- --- --- 0.0037 --- --- --- --- 0.0066 --- ---
--- --- --- < 0.003 --- --- --- --- < 0.003 --- ---
--- --- --- < 0.00001 --- --- --- --- 0.00002 --- ---
--- --- --- 0.0003 --- --- --- --- < 0.0002 --- ---
--- --- --- 0.00090 --- --- --- --- < 0.001 --- ---
--- --- --- 0.23 --- --- --- --- 0.35 --- ---
--- --- --- 0.00022 --- --- --- --- 0.00031 --- ---
--- --- --- 0.0280 --- --- --- --- 0.0376 --- ---
--- --- --- < 0.00005 --- --- --- --- 0.00009 --- ---
--- --- --- < 0.000005 --- --- --- --- < 0.000005 --- ---
--- --- --- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- --- --- < 0.000002 --- --- --- --- < 0.000002 --- ---
--- --- --- 0.00001 --- --- --- --- 0.00002 --- ---
--- --- --- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- --- --- 0.000002 --- --- --- --- 0.000004 --- ---
--- --- --- 0.012 --- --- --- --- 0.022 --- ---

* Reassay 14539-OCT15

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-5 Bulk Ro Tls

33 34 35 36 37 38 39 40 41 42 43
10065-NOV15 10096-NOV15 10004-DEC15 10039-DEC15 10073-DEC15 10110-DEC15 10145-DEC15 10004-JAN16 10041-JAN16 10082-JAN16 10123-JAN16

888 861 852 944 963 943 962 955 962 947 958
5.51 5.82 5.72 5.74 5.92 5.76 5.57 5.35 5.38 5.48 5.53

3 3 3 3 5 2 3 4 5 4 3

< 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
47 63 62 54 61 72 57 60 66 56 56
18 24 22 20 22 21 18 21 22 20 19
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.000002 --- --- --- --- < 0.000002 --- --- ---
--- --- 0.008 --- --- --- --- 0.038 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.0103 --- --- --- --- 0.00958 --- --- ---
--- --- 0.000062 --- --- --- --- 0.000117 --- --- ---
--- --- 0.0003 --- --- --- --- < 0.0002 --- --- ---
--- --- < 0.000007 --- --- --- --- < 0.000007 --- --- ---
--- --- 7.79 --- --- --- --- 5.83 --- --- ---
--- --- 0.000160 --- --- --- --- 0.000303 --- --- ---
--- --- 0.00442 --- --- --- --- 0.00633 --- --- ---
--- --- < 0.00003 --- --- --- --- < 0.00003 --- --- ---
--- --- 0.0769 --- --- --- --- 0.178 --- --- ---
--- --- < 0.007 --- --- --- --- < 0.007 --- --- ---
--- --- 1.10 --- --- --- --- 0.979 --- --- ---
--- --- 0.000473 --- --- --- --- 0.000661 --- --- ---
--- --- 0.828 --- --- --- --- 1.08 --- --- ---
--- --- 0.221 --- --- --- --- 0.263 --- --- ---
--- --- 0.00085 --- --- --- --- 0.00020 --- --- ---
--- --- 0.02 --- --- --- --- 0.03 --- --- ---
--- --- 0.0038 --- --- --- --- 0.0064 --- --- ---
--- --- < 0.003 --- --- --- --- < 0.003 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- < 0.0002 --- --- --- --- < 0.0002 --- --- ---
--- --- 0.00056 --- --- --- --- 0.00089 --- --- ---
--- --- 0.28 --- --- --- --- 0.24 --- --- ---
--- --- 0.00015 --- --- --- --- 0.00008 --- --- ---
--- --- 0.0262 --- --- --- --- 0.0179 --- --- ---
--- --- < 0.00005 --- --- --- --- < 0.00005 --- --- ---
--- --- 0.000021 --- --- --- --- 0.000008 --- --- ---
--- --- < 0.00001 --- --- --- --- < 0.00001 --- --- ---
--- --- 0.000005 --- --- --- --- 0.000005 --- --- ---
--- --- 0.00001 --- --- --- --- 0.00001 --- --- ---
--- --- 0.00009 --- --- --- --- < 0.00002 --- --- ---
--- --- 0.000010 --- --- --- --- 0.000018 --- --- ---
--- --- 0.018 --- --- --- --- 0.032 --- --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-5 Bulk Ro Tls

44 45 46 47 48 49 50 51 52
10005-FEB16 10047-FEB16 10088-FEB16 10132-FEB16 10003-MAR16 10040-MAR16 10077-MAR16 10121-MAR16 10157-MAR16

970 948 994 978 958 967 969 968 978
5.51 5.67 5.73 5.81 5.50 5.63 5.57 5.59 5.41

4 4 3 4 4 4 4 5 4

< 2 < 2 < 2 3 < 2 2 < 2 < 2 < 2
56 53 56 48 52 50 44 43 44
20 18 20 17 18 17 16 15 15
--- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- < 0.000002 --- --- --- --- 0.000007 --- ---
--- 0.098 --- --- --- --- 0.144 --- ---
--- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- 0.00634 --- --- --- --- 0.0248 --- ---
--- 0.000224 --- --- --- --- 0.000319 --- ---
--- < 0.002 --- --- --- --- < 0.002 --- ---
--- < 0.000007 --- --- --- --- < 0.000007 --- ---
--- 4.69 --- --- --- --- 4.25 --- ---
--- 0.000388 --- --- --- --- 0.000464 --- ---
--- 0.00761 --- --- --- --- 0.00794 --- ---
--- < 0.00003 --- --- --- --- < 0.00003 --- ---
--- 0.344 --- --- --- --- 0.462 --- ---
--- < 0.007 --- --- --- --- < 0.007 --- ---
--- 0.915 --- --- --- --- 0.962 --- ---
--- 0.000730 --- --- --- --- 0.000782 --- ---
--- 0.997 --- --- --- --- 1.02 --- ---
--- 0.271 --- --- --- --- 0.275 --- ---
--- 0.00013 --- --- --- --- 0.00013 --- ---
--- 0.02 --- --- --- --- < 0.01 --- ---
--- 0.0084 --- --- --- --- 0.0094 --- ---
--- < 0.003 --- --- --- --- < 0.003 --- ---
--- < 0.00001 --- --- --- --- 0.00003 --- ---
--- < 0.0002 --- --- --- --- < 0.0002 --- ---
--- 0.00114 --- --- --- --- 0.00131 --- ---
--- 0.26 --- --- --- --- 0.32 --- ---
--- 0.00013 --- --- --- --- 0.00002 --- ---
--- 0.0152 --- --- --- --- 0.0151 --- ---
--- < 0.00005 --- --- --- --- < 0.00005 --- ---
--- 0.000006 --- --- --- --- < 0.000005 --- ---
--- < 0.00001 --- --- --- --- < 0.00001 --- ---
--- 0.000009 --- --- --- --- 0.000073 --- ---
--- 0.00001 --- --- --- --- < 0.00001 --- ---
--- < 0.00002 --- --- --- --- < 0.00002 --- ---
--- 0.000032 --- --- --- --- 0.000010 --- ---
--- 0.048 --- --- --- --- 0.061 --- ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB 0 1 2 3 4 5 6 7 8 9
LIMS 10140-MAR15 10052-APR15 10086-APR15 10117-APR15 10146-APR15 10021-MAY15 10056-MAY15 10094-MAY15 10127-MAY15 10004-JUN15
Hum Cell Leachate Vol mLs 862 908 963 1009 980 998 1002 1005 1005 1006
pH units 6.72 6.45 6.29 6.49 6.38 6.40 6.35 6.48 6.19 6.26
Acidity mg/L as CaCO3 20 6 2 2 2 < 2 < 2 < 2 2 < 2

Alkalinity mg/L as CaCO3 3 2 < 2 2 < 2 < 2 2 2 2 < 2
Conductivity µS/cm 372 373 150 146 186 184 156 152 142 134
SO4 mg/L 140 160 65 56 71 74 66 58 54 51
Hg mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 --- --- --- ---
Ag mg/L 0.000002 < 0.000002 < 0.000002 < 0.000002 < 0.000002 0.000002 --- --- --- ---
Al mg/L 0.0026 0.0019 0.0010 0.0015 0.0016 0.0016 --- --- --- ---
As mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 --- --- --- ---
Ba mg/L 0.00777 0.00690 0.00401 0.00414 0.00715 0.0119 --- --- --- ---
Be mg/L 0.000009 0.000009 0.000010 0.000009 < 0.000007 0.000010 --- --- --- ---
B mg/L 0.0022 0.0024 0.0003 0.0032 0.0007 0.0009 --- --- --- ---
Bi mg/L < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 < 0.000007 --- --- --- ---
Ca mg/L 52.9 57.7 20.8 20.4 25.1 26.2 --- --- --- ---
Cd mg/L 0.000125 0.000122 0.000075 0.000072 0.000081 0.000080 --- --- --- ---
Co mg/L 0.00347 0.00386 0.00199 0.00196 0.00262 0.00321 --- --- --- ---
Cr mg/L 0.00004 < 0.00003 < 0.00003 < 0.00003 < 0.00003 < 0.00003 --- --- --- ---
Cu mg/L 0.0162 0.0117 0.0156 0.0134 0.0110 0.0107 --- --- --- ---
Fe mg/L < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 --- --- --- ---
K mg/L 13.5 10.7 4.14 3.39 4.18 4.40 --- --- --- ---
Li mg/L 0.00265 0.00232 0.000958 0.000766 0.000979 0.00105 --- --- --- ---
Mg mg/L 3.92 4.63 2.00 1.96 2.85 3.48 --- --- --- ---
Mn mg/L 0.694 0.924 0.465 0.448 0.597 0.730 --- --- --- ---
Mo mg/L 0.00289 0.00205 0.00074 0.00065 0.00080 0.00085 --- --- --- ---
Na mg/L 2.56 1.60 0.49 0.40 0.41 0.43 --- --- --- ---
Ni mg/L 0.0071 0.0059 0.0030 0.0026 0.0032 0.0037 --- --- --- ---
P mg/L < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 --- --- --- ---
Pb mg/L < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 --- --- --- ---
Sb mg/L 0.0006 0.0006 < 0.0002 0.0003 < 0.0002 0.0003 --- --- --- ---
Se mg/L 0.003 0.003 0.001 < 0.001 < 0.001 < 0.001 --- --- --- ---
Si mg/L 0.61 0.59 0.25 0.25 0.26 0.34 --- --- --- ---
Sn mg/L 0.00515 0.00119 0.00032 0.00076 0.00061 0.00042 --- --- --- ---
Sr mg/L 0.280 0.250 0.0838 0.0786 0.103 0.103 --- --- --- ---
Ti mg/L < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 --- --- --- ---
Tl mg/L 0.000040 0.000032 < 0.000005 0.000018 0.000023 0.000014 --- --- --- ---
Th mg/L < 0.00001 0.00003 < 0.00001 < 0.00001 < 0.00001 < 0.00001 --- --- --- ---
U mg/L 0.000005 0.000004 0.000004 0.000003 0.000002 0.000015 --- --- --- ---
V mg/L 0.00003 0.00004 < 0.00001 0.00002 0.00002 < 0.00001 --- --- --- ---
W mg/L 0.00003 0.00003 < 0.00002 0.00003 0.00003 0.00005 --- --- --- ---
Y mg/L 0.000008 0.000008 0.000004 0.000002 0.000004 0.000003 --- --- --- ---
Zn mg/L 0.008 0.005 0.004 0.004 0.005 0.005 --- --- --- ---

P3-6 Bulk Ro Tls

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-6 Bulk Ro Tls

10 11 12 13 14 15 16 17 18 19
10048-JUN15 10083-JUN15 10116-JUN15 10151-JUN15 10021-JUL15 10052-JUL15 10094-JUL15 10126-JUL15 10005-AUG15 10036-AUG15

1009 1006 1003 1007 972 1021 1013 1012 1040 997
6.30 *6.43 6.18 6.28 6.11 6.13 5.86 6.00 5.91 6.32

2 < 2 2 < 2 < 2 2 2 3 2 < 2

< 2 2 < 2 < 2 < 2 < 2 2 < 2 < 2 < 2
118 118 117 116 118 113 109 101 96 115
47 46 45 46 48 46 42 39 35 44

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
< 0.000002 --- --- --- --- < 0.000002 --- --- --- ---

0.0029 --- --- --- --- 0.002 --- --- --- ---
< 0.0002 --- --- --- --- < 0.0002 --- --- --- ---
0.00916 --- --- --- --- 0.0119 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
< 0.0002 --- --- --- --- 0.0011 --- --- --- ---

< 0.000007 --- --- --- --- < 0.000007 --- --- --- ---
14.2 --- --- --- --- 13.6 --- --- --- ---

0.000091 --- --- --- --- 0.000134 --- --- --- ---
0.00352 --- --- --- --- 0.00557 --- --- --- ---

< 0.00003 --- --- --- --- < 0.00003 --- --- --- ---
0.0133 --- --- --- --- 0.0206 --- --- --- ---
< 0.007 --- --- --- --- < 0.007 --- --- --- ---

2.66 --- --- --- --- 2.42 --- --- --- ---
0.000881 --- --- --- --- 0.000936 --- --- --- ---

2.87 --- --- --- --- 2.96 --- --- --- ---
0.686 --- --- --- --- 0.752 --- --- --- ---

0.00049 --- --- --- --- 0.00050 --- --- --- ---
0.20 --- --- --- --- 0.10 --- --- --- ---

0.0032 --- --- --- --- 0.0042 --- --- --- ---
< 0.003 --- --- --- --- < 0.003 --- --- --- ---

< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---
0.0003 --- --- --- --- 0.0002 --- --- --- ---
0.00053 --- --- --- --- 0.00075 --- --- --- ---

0.24 --- --- --- --- 0.26 --- --- --- ---
0.00026 --- --- --- --- 0.00022 --- --- --- ---
0.0600 --- --- --- --- 0.0505 --- --- --- ---

< 0.00005 --- --- --- --- < 0.00005 --- --- --- ---
0.000012 --- --- --- --- 0.000013 --- --- --- ---
< 0.00001 --- --- --- --- < 0.00001 --- --- --- ---

< 0.000002 --- --- --- --- 0.000009 --- --- --- ---
0.00001 --- --- --- --- 0.00001 --- --- --- ---

< 0.00002 --- --- --- --- < 0.00002 --- --- --- ---
0.000003 --- --- --- --- 0.000002 --- --- --- ---

0.004 --- --- --- --- 0.006 --- --- --- ---
*Reassay LIMS 15331-JUN15

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-6 Bulk Ro Tls

20 21 22 23 24 25 26 27 28 29 30
10067-AUG15 10125-AUG15 10004-SEP15 10037-SEP15 10080-SEP15 10115-SEP15 10151-SEP15 10004-OCT15 10045-OCT15 10078-OCT15 10125-OCT15

998 964 978 969 979 1006 1011 869 926 998 987
5.89 5.72 6.26 5.65 6.05 5.75 5.73 5.76 5.63 5.81 5.60

3 < 2 < 2 3 2 < 2 3 < 2 < 2 3 2

< 2 < 2 2 < 2 < 2 < 2 < 2 < 2 2 < 2 < 2
112 95 100 104 102 102 123 69 69 78 73
42 37 38 42 39 39 48 24 25 28 27

< 0.00001 --- --- --- --- < 0.00001 --- --- --- --- < 0.00001
0.000002 --- --- --- --- < 0.000002 --- --- --- --- < 0.000002

0.002 --- --- --- --- 0.003 --- --- --- --- 0.016
< 0.0002 --- --- --- --- 0.0007 --- --- --- --- < 0.0002
0.00928 --- --- --- --- 0.00841 --- --- --- --- 0.00608

0.000014 --- --- --- --- 0.000033 --- --- --- --- 0.000060
0.0006 --- --- --- --- 0.0013 --- --- --- --- 0.0003

< 0.000007 --- --- --- --- < 0.000007 --- --- --- --- < 0.000007
11.9 --- --- --- --- 11.5 --- --- --- --- 7.72

0.000176 --- --- --- --- 0.000260 --- --- --- --- 0.000236
0.00737 --- --- --- --- 0.00891 --- --- --- --- 0.00791

< 0.00003 --- --- --- --- < 0.00003 --- --- --- --- < 0.00003
0.0386 --- --- --- --- 0.0567 --- --- --- --- 0.101
< 0.007 --- --- --- --- < 0.007 --- --- --- --- 0.015

2.04 --- --- --- --- 1.67 --- --- --- --- 1.25
0.00106 --- --- --- --- 0.00104 --- --- --- --- 0.000853

2.92 --- --- --- --- 2.46 --- --- --- --- 1.80
0.750 --- --- --- --- 0.668 --- --- --- --- 0.417

0.00039 --- --- --- --- 0.00025 --- --- --- --- 0.00015
0.02 --- --- --- --- 0.03 --- --- --- --- 0.02

0.0058 --- --- --- --- 0.0072 --- --- --- --- 0.0070
< 0.003 --- --- --- --- < 0.003 --- --- --- --- < 0.003

< 0.00001 --- --- --- --- < 0.00001 --- --- --- --- 0.00001
0.0003 --- --- --- --- 0.0004 --- --- --- --- < 0.0002
0.00125 --- --- --- --- 0.00217 --- --- --- --- < 0.001

0.26 --- --- --- --- 0.30 --- --- --- --- 0.24
0.00029 --- --- --- --- 0.00019 --- --- --- --- 0.00026
0.0461 --- --- --- --- 0.0411 --- --- --- --- 0.0321

< 0.00005 --- --- --- --- < 0.00005 --- --- --- --- 0.00006
0.000014 --- --- --- --- 0.000005 --- --- --- --- < 0.000005
< 0.00001 --- --- --- --- < 0.00001 --- --- --- --- < 0.00001

< 0.000002 --- --- --- --- < 0.000002 --- --- --- --- < 0.000002
0.00002 --- --- --- --- < 0.00001 --- --- --- --- < 0.00001

< 0.00002 --- --- --- --- < 0.00002 --- --- --- --- < 0.00002
0.000008 --- --- --- --- 0.000004 --- --- --- --- 0.000008

0.012 --- --- --- --- 0.020 --- --- --- --- 0.026

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-6 Bulk Ro Tls

31 32 33 34 35 36 37 38 39 40
10004-NOV15 10034-NOV15 10065-NOV15 10096-NOV15 10004-DEC15 10039-DEC15 10073-DEC15 10110-DEC15 10145-DEC15 10004-JAN16

965 1017 881 855 852 928 958 952 953 964
5.93 5.66 5.58 5.58 5.59 5.70 5.58 5.51 5.42 5.45
< 2 2 6 3 2 3 4 < 2 7 < 2

< 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2 3
73 80 56 79 79 66 65 70 58 73
26 32 22 29 29 26 24 21 20 26
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.000002 --- --- --- --- < 0.000002
--- --- --- --- 0.029 --- --- --- --- 0.157
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002
--- --- --- --- 0.0111 --- --- --- --- 0.00465
--- --- --- --- 0.000134 --- --- --- --- 0.000311
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007
--- --- --- --- 10.7 --- --- --- --- 6.50
--- --- --- --- 0.000302 --- --- --- --- 0.000640
--- --- --- --- 0.00625 --- --- --- --- 0.0110
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003
--- --- --- --- 0.129 --- --- --- --- 0.545
--- --- --- --- < 0.007 --- --- --- --- < 0.007
--- --- --- --- 1.17 --- --- --- --- 1.27
--- --- --- --- 0.000544 --- --- --- --- 0.00104
--- --- --- --- 0.935 --- --- --- --- 1.51
--- --- --- --- 0.250 --- --- --- --- 0.383
--- --- --- --- 0.00057 --- --- --- --- 0.00008
--- --- --- --- 0.02 --- --- --- --- 0.04
--- --- --- --- 0.0060 --- --- --- --- 0.0127
--- --- --- --- < 0.003 --- --- --- --- < 0.003
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002
--- --- --- --- 0.00086 --- --- --- --- 0.00173
--- --- --- --- 0.29 --- --- --- --- 0.32
--- --- --- --- 0.00012 --- --- --- --- 0.00016
--- --- --- --- 0.0341 --- --- --- --- 0.0202
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005
--- --- --- --- 0.000016 --- --- --- --- 0.000013
--- --- --- --- < 0.00001 --- --- --- --- 0.00001
--- --- --- --- 0.000004 --- --- --- --- 0.000012
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001
--- --- --- --- 0.00006 --- --- --- --- < 0.00002
--- --- --- --- 0.000019 --- --- --- --- 0.000068
--- --- --- --- 0.031 --- --- --- --- 0.070

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-6 Bulk Ro Tls

41 42 43 44 45 46 47 48 49 50 51
10041-JAN16 10082-JAN16 10123-JAN16 10005-FEB16 10047-FEB16 10088-FEB16 10132-FEB16 10003-MAR16 10040-MAR16 10077-MAR16 10121-MAR16

968 960 972 972 951 975 992 960 972 971 977
5.47 5.58 5.66 5.75 5.49 5.69 5.64 5.66 5.69 5.18 5.44

5 3 5 4 5 5 7 5 4 7 7

< 2 < 2 < 2 < 2 < 2 < 2 2 < 2 < 2 < 2 < 2
65 56 65 64 53 52 68 53 53 49 52
23 20 24 23 18 19 25 19 18 18 19
--- --- --- --- < 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.000002 --- --- --- --- 0.000005 ---
--- --- --- --- 0.228 --- --- --- --- 0.404 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00458 --- --- --- --- 0.00515 ---
--- --- --- --- 0.000367 --- --- --- --- 0.000619 ---
--- --- --- --- < 0.002 --- --- --- --- < 0.002 ---
--- --- --- --- < 0.000007 --- --- --- --- < 0.000007 ---
--- --- --- --- 4.35 --- --- --- --- 4.18 ---
--- --- --- --- 0.000558 --- --- --- --- 0.000657 ---
--- --- --- --- 0.00933 --- --- --- --- 0.00979 ---
--- --- --- --- < 0.00003 --- --- --- --- < 0.00003 ---
--- --- --- --- 0.659 --- --- --- --- 0.907 ---
--- --- --- --- < 0.007 --- --- --- --- < 0.007 ---
--- --- --- --- 0.979 --- --- --- --- 1.05 ---
--- --- --- --- 0.000822 --- --- --- --- 0.000902 ---
--- --- --- --- 1.07 --- --- --- --- 1.11 ---
--- --- --- --- 0.289 --- --- --- --- 0.288 ---
--- --- --- --- 0.00006 --- --- --- --- 0.00005 ---
--- --- --- --- 0.02 --- --- --- --- < 0.01 ---
--- --- --- --- 0.0119 --- --- --- --- 0.0142 ---
--- --- --- --- < 0.003 --- --- --- --- < 0.003 ---
--- --- --- --- 0.00001 --- --- --- --- 0.00003 ---
--- --- --- --- < 0.0002 --- --- --- --- < 0.0002 ---
--- --- --- --- 0.00158 --- --- --- --- 0.00187 ---
--- --- --- --- 0.28 --- --- --- --- 0.35 ---
--- --- --- --- 0.00015 --- --- --- --- 0.00006 ---
--- --- --- --- 0.0138 --- --- --- --- 0.0137 ---
--- --- --- --- < 0.00005 --- --- --- --- < 0.00005 ---
--- --- --- --- 0.000008 --- --- --- --- 0.000005 ---
--- --- --- --- < 0.00001 --- --- --- --- 0.00003 ---
--- --- --- --- 0.000021 --- --- --- --- 0.000033 ---
--- --- --- --- 0.00001 --- --- --- --- < 0.00001 ---
--- --- --- --- < 0.00002 --- --- --- --- < 0.00002 ---
--- --- --- --- 0.000052 --- --- --- --- 0.000091 ---
--- --- --- --- 0.069 --- --- --- --- 0.084 ---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.



Kinetic Testing of Locked Cycle Test and Pilot Plant Flotation Tailings
Resolution Copper Mine

SGS Reference No.: 12074-007

Test Specimen
Sample Weight (g)

1000

Analysis of Weekly Humidity Cell Leachate
Parameter Units WB
LIMS
Hum Cell Leachate Vol mLs
pH units
Acidity mg/L as CaCO3

Alkalinity mg/L as CaCO3

Conductivity µS/cm
SO4 mg/L
Hg mg/L
Ag mg/L
Al mg/L
As mg/L
Ba mg/L
Be mg/L
B mg/L
Bi mg/L
Ca mg/L
Cd mg/L
Co mg/L
Cr mg/L
Cu mg/L
Fe mg/L
K mg/L
Li mg/L
Mg mg/L
Mn mg/L
Mo mg/L
Na mg/L
Ni mg/L
P mg/L
Pb mg/L
Sb mg/L
Se mg/L
Si mg/L
Sn mg/L
Sr mg/L
Ti mg/L
Tl mg/L
Th mg/L
U mg/L
V mg/L
W mg/L
Y mg/L
Zn mg/L

P3-6 Bulk Ro Tls

52
10157-MAR16

968
5.19

6

< 2
48
17
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---

This report refers to the samples as-received. SGS Minerals Services is not responsible for any use of this data beyond the result of this test method.
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