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EXECUTIVE SUMMARY
A characterization study was completed for waste rock associated with the proposed open 
pit mining operations at the former Hollinger Mine in Timmins, ON.  The investigation was 
focused on identifying and assessing potential environmental risks associated with waste 
rock from the proposed mining operation.  Goldcorp collected and submitted over 80 
diamond drill core samples for static testing, including metal content, Acid Base Accounting 
(ABA) and Synthetic Precipitate Leachate Procedure (SPLP) analyses. The samples were 
organized by rock type as identified by PGM geologists into groups including feldspar 
porphyry, mafic volcanics  and various sedimentary lithologies. 

The ABA results suggest that acid generation is not likely to be an issue with the waste rock 
generated from the proposed Hollinger Open Pit.  There appears to be sufficient useful NP 
in all rock types to prevent acidification.  Metal content analyses suggest that the key 
constituents of potential concern include antimony, arsenic and zinc.  However, results of 
the SPLP tests suggest that most constituents of potential concern (COPC) appear to be 
relatively immobile and leachate concentrations were typically below laboratory detection 
limits.  Arsenic and zinc have the highest leachate concentrations relative to water quality 
objectives and these results suggest further assessment of these COPCs. 

Temporal trends in sulphate loadings from humidity cell testing on the argillite sediments 
are indicative of both flushing of soluble products from the rock and longer term oxidative 
release.  The loadings of cobalt, molybdenum, selenium and zinc in the argillite sediments 
appear to be correlated with sulphate concentrations, and are indicative of rinsing of the 
rock (selenium and molybdenum) and longer term release due to oxidation (cobalt and 
zinc).  Steady state loadings of cobalt and zinc from the argillite sediments averages about 
42 and 520 kg/Mt/a, respectively, based on humidity cells with no adjustment for field 
conditions.

Arsenic loadings from the feldspar porphyries are indicative of flushing of residual arsenic 
from the surface of the rock.  However, peak loading rates ranged between 2,600 and 
4,680 kg/Mt/a for the two duplicate samples.  The elevated arsenic levels are consistent 
with arsenic observations in tailings associated with the Hollinger and McIntyre mines. 

Further assessment is required for the argillite sediments during the Hollinger Feasibility 
stage and should include evaluation of management options for the waste materials, 
including the potential for segregation of the various wastes, as part of the feasibility study.  
Volume estimates of each potential waste type should be completed to allow for estimation 
of the total loadings from the waste and to assist with the assessment of potential 
segregation strategies. 
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1.0 INTRODUCTION 
Goldcorp Canada Ltd. Porcupine Gold Mines (PGM) is currently evaluating the possibility of 
resuming mining operations at the former Hollinger Mine in Timmins, ON.   PGM has been 
actively exploring the site over the past few years and has collected a substantial amount of 
diamond drill core.  As part of the pre-feasibility study, PGM requires an assessment of the 
potential environmental issues related to drainage from potential waste rock associated with 
the open pit mine and implications for managing the waste rock. 

EcoMetrix Incorporated (EcoMetrix) was retained by PGM to provide a preliminary 
characterization of the waste rock inventory for the proposed Hollinger Mine.  The results of 
the investigation are intended to provide guidance for mitigation of the potential 
environmental issues related to drainage from waste rock, as appropriate, through 
classification and management of each of the waste rock types during the mining operation. 

The overall objective of the program is to provide assistance with appropriate classification 
and management of each of the waste rock types during the mining operation.   
Specifically, the program was focused on identifying and assessing potential environmental 
concerns from waste rock from the proposed open pit mine.  Once the rock types are 
classified in terms of potential environmental behavior, operational monitoring and 
management strategies will be required to provide cost effective and safe storage of waste 
rock for the long term. 

This program involved characterization of the rock and assessment of the environmental 
implications of the various rock types. The data collected to date indicates that much of the 
waste rock will likely represent a low risk for environmental effects.  However, there is 
potential for some of the waste rock to represent a higher risk to drainage quality.  The 
results of the current testing assist in differentiating between the majority of low risk material 
and the minority of higher risk materials, and also assist in determining cost effective 
mitigation strategies for these higher risk rock types.   
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2.0 WASTE CHARACTERIZATION AND CLASSIFICATION 
In 2006 a drilling program was initiated at the Hollinger Mine and carried out by PGM. Since 
then, PGM has submitted over 80 core samples, collected as approximately 1m sections, 
for static testing, including metal content, Acid Base Accounting (ABA) and Synthetic 
Precipitate Leachate Procedure (SPLP with 20:1 water:solids ratio).  

The samples are organized by rock type identified by PGM geologists into groups including 
feldspar porphyries (F), mafic volcanics (VM) and various sedimentary lithologies (SS). 

Results from the metal content analysis are summarized as minimum, maximum and 
geometric mean values in Table 2.1 and are compared to average crustal abundances for 
each potential constituent of concern.  Results from the ABA and SPLP testing are 
summarized in Tables 2.2 and 2.3, respectively.  Complete results as analyzed by SGS 
Lakefield Research Limited (SGS Lakefield) and provided by PGM are presented in 
Appendix 1. 

Review of the ABA results (Table 2.2) suggest that the majority of rock samples will not be 
at risk for acid generation, with only 4 of the 80 samples (5%) categorized as possibly acid 
generating (Sobek-NP/AP ratios less than 2) based on criteria provided in BC Draft 
Guidelines (Price, 1997).  An additional 4 samples exhibited ratios between 2 and 4, 
suggesting low potential for acid generation (Figure 2.1).  All but one of these samples with 
low NP/AP ratios are of mafic volcanic lithology, and the other sample is a feldspar 
porphyry sample.   

Based on the samples to date, there appears to be sufficient useful NP to prevent 
acidification, therefore, acid generation is not likely to be an issue with the waste rock 
generated from the proposed Hollinger Open Pit.  This conclusion is further supported by 
data available from historical and current mining operations in the Timmins area (McIntyre, 
Hollinger, Pamour) for which there are abundant data for the historic tailings on surface in 
that area. 

In general, carbonate NP values, which are calculated from the carbonate content of the 
rock material, are slightly greater than the Sobek NP values which are determined through 
laboratory titrations (Figure 2.2). This suggests that a small portion of the carbonate 
minerals either react slowly or may not provide any net neutralization capacity, as would be 
the case with iron or manganese carbonate.  

Although the waste rock is not expected to pose an acid generation problem, assessment 
of metal leaching at neutral pH required consideration for the assessment and development 
of waste rock management strategies.  The geometric mean of the arsenic content of the 
potential waste rock is 12.6 mg/kg, with antimony and zinc contents with geometric means 
of 0.4 and 148 mg/kg, respectively (Table 2.1). The geometric mean is 48 mg/kg for nickel 
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and 53 mg/kg for copper.  However, results of the SPLP tests (Table 2.3) suggest that most 
parameters appear to be relatively immobile as leachate concentrations were typically low 
and below laboratory detection limits, although the low concentrations may be a result of 
dilution due to the high water to solids ratio.   

Based on screening criteria of 10x the average crustal abundance and SPLP testing, the 
results suggest that the key constituents of potential concern include antimony, arsenic and 
zinc.  It is important to note that although the concentration of molybdenum in the solids is 
low (geometric mean=0.35 mg/kg), molybdenum was easily leached from some samples 
during the SPLP testing. The concentration of molybdenum leached during the tests ranged 
between 0.002 and 278 mg/kg.   In addition, previous evaluations of mine tailings from the 
Hollinger area (McIntyre, former Hollinger Mine) suggest that leaching of cadmium, cobalt, 
copper, nickel, lead and selenium may also represent potential environmental risks.  
Although tailings geochemistry may be more representative of ore materials, the results 
from the historic mines provide an indication of constituents of potential concern that 
warrant further scrutiny. 
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3.0 LABORATORY TESTING 
As part of the pre-feasibility study for resuming mining operations at the Hollinger Mine, 
PGM requires an assessment of the potential environmental issues related to drainage from 
waste rock associated with the open pit mine.  Characteristics of the waste rock have 
previously been investigated by PGM using ABA and SPLP testing, as described above. In 
order to further evaluate the waste rock at the Hollinger Mine, EcoMetrix completed 
laboratory studies in order to assess the leachability of metals from potential waste rock.  

3.1 Sample Selection 

Crushed rock samples from the 80 core segments used for the metals, ABA and SPLP 
analyses were delivered to EcoMetrix and divided into three composites, representing the 
three different rock types, feldspar porphyry (19 core samples), mafic volcanics (55 core 
samples) and argillite sediments (8 core samples).  Each composite sample comprised of 
equal amounts of each core segment to create a 4kg sample.  Two 1kg sub-samples of 
each composite were used for the humidity cell testing with the remaining composite 
material archived for further analysis, if required.  

3.2 Humidity Cell Test Methods 

The modified humidity cell test procedure involved weekly flushing and collection of 
leachate for analysis for the duplicate composite rock samples representing feldspar 
porphyries (F-1 and F-2), mafic volcanics (VM-1 and VM-2) and argillite sediments (SS-1 
and SS-2).  Approximately 1 kg (dry weight) of the crushed rock material was placed into 
the top portion of a high density polyethylene (HDPE) funnel (Figure 3.1). A layer of Nitex 
screen between two sheets of Whatman filter paper was placed in the bottom of the funnel, 
prior to rock addition, in order to retain the rock, while allowing for water to filter through. 
Each week, distilled water was poured over the rock and allowed to gravity drain into 
dedicated collection flasks. Samples were taken from the collection flasks and the 
conductivity and pH were measured immediately after sample collection.  After sampling, 
the funnels were loosely covered with cellophane to prevent excessive evaporation and left 
undisturbed until the next sampling event. Leachate samples for metals analysis were 
filtered using (45 µm), acidified (nitric acid to pH < 2) and stored at 4 °C prior to submission 
for analysis. Samples collected for alkalinity/acidity were filtered and stored at 4°C prior to 
analysis. All samples were submitted to ALS Environmental Laboratories (ALS) in 
Mississauga, ON for analysis. 

3.3 Humidity Cell Test Results 

The results for the humidity cell test are presented in Figure 3.2.  As the methods used for 
the humidity cell tests are consistent over time, the time trends for the loading rates of 
individual COCs are similar to the trends for concentrations, thus, loading rates are 
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presented as mg-metal/kg-tailings/week. Complete results of the humidity cell tests are 
provided in Appendix 2. 

Although fluctuations were observed in the weekly pH measurements, the pH values of the 
leachate from all the samples generally ranged between 6.5 and 8.5. Some exceptions with 
respect to the general pH range existed during the initial stages of testing.  Sample SS-2 
exhibited an initial leachate pH of 6.2 on the first day of testing, while samples F-1, F-2 and 
VM-2 had pH values of between 8.5 and 9.0 on the first sampling event (Day 0). 

Concentrations of antimony, copper, cadmium, nickel and lead in the humidity cell 
leachates were generally below detection limits for all samples over the course of the 
testing, and therefore are not discussed further in this section of the report.  

The highest arsenic loading trends were observed in the feldspar porphyry samples, F-1 
and F-2 (Figure 3.2), with maximum loadings of 0.092 and 0.05 mg/kg/wk, respectively, or 
between 2,600 and 4,680 Kg/Mt/a. All other samples had arsenic loadings less than 
0.02 mg/kg/wk, with either a steady or slightly decreasing trend with time, with the 
exception of VM-2, which appeared to have slightly increasing trend during the first 
15 weeks before exhibiting a slight decrease after 15 weeks.    

Loadings of cobalt, molybdenum and selenium were generally below detection (0.0005, 
0.001 and 0.005 mg/L, respectively) in all of the feldspar porphyry and mafic volcanic 
samples. However, concentrations were detected in the argillite sediment samples with 
cobalt loadings ranging between <0.0005 and 0.0016 mg/kg/wk and with no consistent 
trend over time. Concentrations of molybdenum were highest in the initial flushing of the 
humidity cells, with loadings of 0.011 and 0.007 mg/kg/wk for the SS-1 and SS-2 samples, 
respectively.  Maximum selenium loadings of approximately 0.021 and 0.018 mg/kg/wk 
were observed within a few weeks of rinsing and decreased with further testing.   

The loadings of zinc during the beginning of testing were below or near detection limits for 
the feldspar porphyry and mafic volcanic samples (F-1, F-2, VM-1 and VM-2).  However, 
after about 15 weeks of testing, spikes in zinc loadings were observed, although the overall 
loading of the samples generally remained below 0.005 mg/kg/wk.  Zinc loadings in the 
SS-1 and SS-2 samples exhibited a general increasing trend, with maximum loadings of 
about 0.017 and 0.012 mg/kg/wk, respectively.  

Sulphate loadings were relatively constant and below 20 mg/kg/wk for the feldspar porphyry 
and mafic volcanic samples, with the exception of sample F-2 which exhibited increases 
after 14 weeks of testing (Figure 3.2).  The argillite sediment samples had sulphate 
loadings ranging between 27 and 111 mg/kg/wk for sample SS-1 and 24 and 75 for sample 
SS-2.  In general, sulphate loadings show an overall decreasing trend with time in the 
sediment samples. 
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4.0 ENVIRONMENTAL IMPLICATIONS 
The humidity cell testing was completed to provide a screening evaluation for any potential 
environmental issues related to drainage from the waste rock arising from the proposed 
Hollinger Mine and was not corrected for field conditions.  The investigation was intended to 
allow for identification of any additional screening of COCs and/or rock types that could be 
completed as part of the feasibility program for the proposed mine should results of this 
study suggest that environmental effects were anticipated.   

The results of Humidity Cell testing in addition to the ABA results indicate that the potential 
risk for acid generation is low if rock is stored in large stockpiles on surface.  All samples 
exhibited neutral pH values in the humidity cell leachate, providing no indication that the 
samples could go acidic during the test period.  However, sulphate loadings were steady 
around 30 mg/kg/wk for the argillite sediments by the end of the testing period.  The initial 
loading of sulphate is likely a result of flushing of sulphate contained on the rock as a result 
of oxidation during sample collection and processing (crushing) prior to testing.  However, 
the constant loadings at the end of the testing are an indication of longer-term oxidation and 
suggest that sulphate is being produced and that sulphide minerals will be subject to 
ongoing oxidation.  The sulphate loadings also suggest that other metals may be subject to 
ongoing release during oxidation.   

Loadings of cobalt, molybdenum, selenium and zinc in the argillite sediments correlate with 
sulphate release, and represent both flushing of these constituents from the rock (selenium 
and molybdenum) and longer term release due to oxidation (cobalt and zinc).  Steady-state 
loadings from the argillite sediment samples averaged around 0.0008 and 0.01 mg/kg/wk 
for cobalt and zinc, respectively, or about 42 and 520 kg/Mt/a, respectively.   

Sulphate loadings from one of the two duplicate feldspar samples exhibited increases after 
14 weeks, although the second duplicate sample had not yet exhibited this increasing trend 
in concentration at week 20.  The observed increase suggests that longer-term oxidation 
may also be occurring for the feldspar material.   However, there were no correlated metal 
releases observed with the increased sulphate release.   

The observed trend in arsenic loadings for the feldspar material is consistent with flushing 
of soluble arsenic contained on the rock as a result of oxidation during sample collection 
and processing.  In addition, the lack of correlation with sulphate in the same sample cells 
suggests that these concentrations have not resulted from oxidative leaching.  None-the-
less, peak arsenic loadings during the initial rinsing of the waste may represent an 
environmental concern, and should be re-assessed after waste inventories and water flow 
balances are better defined.   

The metal loadings observed for the argillite sediments indicates a potential risk and 
suggests that further assessment is warranted in the feasibility study for the site to evaluate 
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the management options for waste disposal.  As part of the feasibility stage, an assessment 
of grade control should be completed, including screening of blast hole cuttings to allow for 
material identification and potential separation during drilling of potential metal leaching 
material.
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5.0 SHAFT WATER FROM THE EXISITNG HOLLINGER 
UNDERGROUND MINE 

Concern for the water quality in the Hollinger shaft was expressed by Goldcorp personnel 
after excessive corrosion of the water pump was noted in 2008.  The pump and associated 
steel parts required replacement after only one year of operation compared to the ongoing 
operation of a similar pump in the McIntyre shaft.  Goldcorp requested that EcoMetrix 
assess the conditions that may be responsible for the conditions related to the pump 
corrosion in the Hollinger shaft.  Samples of sludge were collected from the pump when it 
was removed for maintenance and sent for chemical analysis. Water samples from the 
shaft were also collected and analyzed. 

The sludge sample contained approximately 39% iron and 9% sulphur (Table 5.1).  The 
sulphur is the key to understanding the corrosion issue.  It appears that the iron is corroded 
by the formation of FeS rather than iron oxide.  The FeS is consistent with the appearance 
of the “black” coloured sludge. 

The water samples support this hypothesis (Table 5.2).  The water contains sulphate (600 
to 2,700 mg/L) and therefore has a source of sulphur.  Only one sample was analyzed for 
dissolved sulphide and that sample exhibited a concentration of 0.03 mg/L, a relatively high 
value for sulphide in water.  In addition, the water had a neutral pH (7.4) and elevated 
alkalinity (460 to 580 mg/L and CaCO3).  The neutral pH suggests that the water is not 
corrosive due to acidic conditions.  The high alkalinity is consistent with sulphate reduction 
or the production of sulphide (dissolved or gas) during reactions between sulphate and 
some organic source.

It is understood that the current flow rate from the Hollinger shaft is relatively low 
(approximately 1,000 m3/d).  This means that there is a long residence time in the shaft and 
adequate time for bacterial activity to mediate the sulphate reduction reactions.  However, if 
mine dewatering is planned in the future, then greater pumping rates are anticipated and 
shorter residence times are expected.  It is likely that greater pumping will not allow as 
much sulphate reduction and the potential for corrosion by this mechanism will decline.  If 
small pumping rates are expected to continue, then stainless steel pumps or other 
mitigation (such as aeration of shaft water) should be considered. 
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6.0 CONCLUSIONS 
The following conclusions are based on the results of this investigation: 

� ABA results indicate that the majority of the potential waste rock material is not likely 
to produce acid, with only 8 of the 80 samples having NP/AP ratios less than 4 and 
all samples exhibiting NP/AP values greater than 1; 

� SPLP testing suggests that most parameters appear to be relatively immobile as 
leachate concentrations were typically low and below laboratory detection limits, 
although the low concentrations may be a result of dilution due to the high 20:1 
water to solids ratio.  Arsenic and zinc exhibited the highest leachate concentrations 
relative to water quality objectives; 

� Constituents of Primary Concern include arsenic, cobalt, molybdenum, selenium 
and zinc; 

� Temporal trends in sulphate loadings from humidity cell testing on the argillite 
sediments are indicative of both flushing from the rock and longer term oxidation; 

� The loadings of cobalt, molybdenum, selenium and zinc in the argillite sediments 
appear to be correlated with sulphate concentrations, and are indicative of rinsing of 
the rock (selenium and molybdenum) and longer term release due to oxidation 
(cobalt and zinc); 

� Steady state loadings of cobalt and zinc from the argillite sediments averages about 
42 and 520 kg/Mt/a, respectively, based on humidity cells with no adjustment for 
field conditions; 

� Arsenic loadings from the feldspar porphyries are indicative of flushing of residual 
arsenic from the surface of the rock.  However, peak concentrations ranged 
between 2,600 and 4,680 kg/Mt/a for the two duplicate samples.  The elevated 
arsenic levels are consistent with arsenic observations in tailings associated with the 
Hollinger and McIntyre mines. 

� Further assessment is required for the argillite sediments during the Hollinger 
Feasibility stage and should include evaluation of management options for the 
waste material.  In addition, segregation should be considered for various wastes as 
part of the feasibility study; and 

� Volume estimates of each potential waste type should be completed to allow for 
estimation of the total loadings from the waste. 
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Parameter
Average Crustal 

Abundance (mg/kg) 1
Minimum (mg/kg) Maximum (mg/kg)

Geometric Mean (mg/kg) 
2,3

Felspar Porphyries (n=19)
Antimony 0.20 0.20 2.90 0.66
Arsenic 1 <2 91 15.3
Cobalt 29 4.30 91.0 13.6
Copper 75 1.80 96.0 10.4
Iron 24,830 15,000 65,000 25,455
Lead 8 2.50 178 16.6
Molybdenum 1 0.08 24.0 0.44
Nickel 105 7.20 91.0 26.4
Selenium 0.05 <1 2 1
Zinc 80 28 2500 192
Mafic Volcanics (n=55)
Antimony 0.20 <0.1 1.30 0.28
Arsenic 1 <2 130 11.3
Cobalt 29 18.0 100 38.7
Copper 75 27.0 550 80.6
Iron 24,830 39,000 147,000 68,945
Lead 8 0.20 14 2.0
Molybdenum 1 <0.05 12 0.30
Nickel 105 13.0 300 60.1
Selenium 0.05 <1 7 2
Zinc 80 37 1800 112
Sedimentary Lithologies (n=8)
Antimony 0.20 0.60 2.70 1.07
Arsenic 1 20 96 41.3
Cobalt 29 32.0 60.0 39.2
Copper 75 77 540 234
Iron 24,830 30,000 108,000 67,296
Lead 8 3.90 170 11.3
Molybdenum 1 0.42 10 1.76
Nickel 105 56 90 72.3
Selenium 0.05 2 6 3
Zinc 80 110 2900 978

Notes:
1 - From Faure (1998) Geochemistry of Natural Waters. Prentice-Hall, Table A.10 pg. 513
2 - Assumes a value equivalent to detection limit for values in data set reported less than detection
3 - Bold values are more than 10 times average crustal abundance

Table 2.1
Summary of Metal Contents in Waste Rock



Parameter Units Minimum Maximum Geometric Mean

Feldspar Porphyries (n=19)
pH --- 8.40 9.35 8.81
Acid Generating Potential kg CaCO3/t 0.31 69.6 5.0
Sobek Neuralization Potential kg CaCO3/t 48 284 167
Carbonate Neutralization Potential kg CaCO3/t 64 331 206
Sobek NP/AP --- 1.70 771 33.0
Carbonate NP/AP --- 3.50 927 40.8
Sulphide Sulphur % 0.01 2.23 0.16
Total Sulphur % 0.06 2.72 0.24
Sulphate Sulphur % <0.4 <0.4 <0.4
CO2 % 2.94 19.6 10.8
Mafic Volcanics (n=55)
pH --- 8.44 9.86 9.21
Acid Generating Potential kg CaCO3/t 0.31 65.3 3.82
Sobek Neuralization Potential kg CaCO3/t 58 331 139
Carbonate Neutralization Potential kg CaCO3/t 86 394 165
Sobek NP/AP --- 1.30 1067 36.5
Carbonate NP/AP --- 1.93 1272 43.3
Sulphide Sulphur % 0.01 2.09 0.12
Total Sulphur % 0.01 2.75 0.20
Sulphate Sulphur % <0.4 <0.4 <0.4
CO2 % 4.33 21.7 8.58
Sedimentary Lithologies (n=8)
pH --- 8.29 9.21 8.75
Acid Generating Potential kg CaCO3/t 0.31 27 3.1
Sobek Neuralization Potential kg CaCO3/t 85 263 162
Carbonate Neutralization Potential kg CaCO3/t 122 310 212
Sobek NP/AP --- 5.90 850 52.7
Carbonate NP/AP --- 9.01 1000 68.9
Sulphide Sulphur % 0.01 0.85 0.10
Total Sulphur % 0.09 1.2 0.31
Sulphate Sulphur % <0.4 <0.4 <0.4
CO2 % 5.71 17.2 10.7

Table 2.2
Summary of Acid Base Accounting Results for Waste Rock
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Sludge
3-Mar-08

 Antimony mg/kg <10
 Arsenic mg/kg 710
 Cobalt mg/kg 850
 Copper mg/kg 630

 Iron % 39
 Molybdenum mg/kg 41

 Nickel mg/kg 700
 Zinc mg/kg 440

Sulphur % 8.98

Sample ID
Sample Date

Table 5.1
Summary of Hollinger Shaft Sludge Chemistry
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EcoMetrix
 I N C O R P O R A T E D

Modified Humidity Test Cell Set-up

Goldcorp Canada Ltd. - Porcupine Gold Mines

April 2008 Figure 3.1



EcoMetrix
 I N C O R P O R A T E D

Summary of Humidity Cell Testing Results for

Selected Constituents of Concern

Goldcorp Canada Ltd. - Porcupine Gold Mines

April 2008 Figure 3.2
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APPENDIX 1 

Compilation of Metal, ABA and SPLP Data 
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