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1.0 BACKGROUND 

Several decades of Giant mine operations have created changes to the original conditions 
within the mining lease area.  The following report present an overview of the conditions 
within the Giant minesite in 2001, and highlight aspects of the site conditions that must 
be addressed in the restoration plan, exclusive of soil arsenic concentrations and 
underground arsenic storage chambers.  The most prevalent potential contaminant on the 
site, and the one that is likely to dictate the contaminant mitigation aspects of the 
restoration plan, is arsenic.  Most of the other potential contaminants are associated with 
it, either because of common origin (such as metal leached from rock) or because of 
association with common mine facilities (such as fuel oils being used near the ore 
processing facilities).   It is important to view the site conditions in the context of 
regional arsenic contamination.  Arsenic is widely available in exposed bedrock and so 
provides high background levels of arsenic in soil and surface water. 

1.1 Occurrence of Arsenic 

Arsenic is a ubiquitous element occurring in soil, water, air, plants, and tissues of living 
organisms, at concentrations ranging from parts per billion to parts per million.  Naturally 
elevated concentrations of arsenic are often associated with mineralized zones where 
weathering of ore-bearing rocks can increase the levels of arsenic in soil and water.  Most 
arsenic is introduced into the environment by industrial processes that use arsenic to 
manufacture agricultural products, such as insecticides, herbicides, fungicides, 
algaecides, wood preservatives, and growth stimulants for plants and animals.  Additional 
potential arsenic sources include mine tailing, smelter wastes, and roaster emissions.  
Arsenic concentrations in soil and surface waters around smelters typically are elevated 
as a result of arsenic trioxide (As2O3) fallout from stack emissions. 

The Giant Minesite is located over an arsenic-rich, gold-bearing ore body.  The arsenic in 
the mineralized rock occurs principally as arsenopyrite (FeAsS) and as a trace constituent 
of pyrite (FeS2) (Lewis, 1985).  Soils around the Giant Minesite not impacted by mineral 
extraction/processing contain relatively elevated concentrations of arsenic from 
weathering of the arsenic-rich ore body.  A recent study by the Royal Military College of 
Canada (RMC, 2000) estimates the natural or background arsenic levels in the Giant 
Minesite area, and in the Yellowknife area, approximately 150 mg/kg. 

1.2 Comparative Guidelines 

For comparative purposes, the geochemical results obtained for mining wastes, soil, creek 
sediments, groundwater, and surface water were evaluated against the most appropriate 
guideline, as described in this section. 
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1.2.1 Acid Drainage Potential of Mining Wastes 

The potential of a geologic material to generate acid rock drainage (ARD) can be 
described by the ratio of the amount of neutralizing minerals expressed as neutralization 
potential (NP, expressed as equivalent kilograms of calcium carbonate rock per tonne of 
rock) to the amount of sulphide minerals expressed as acid potential (AP, same unit as 
NP) present in the rock.  This ratio is referred to as the Neutralization Potential Ratio 
(NPR).  The evaluation of ARD potential of mine waste material at Giant followed the 
procedure described in Guidelines for Acid Rock Drainage Prediction in the North
(SRK/BC Research, 1992).  The suggested guidelines are as follows: 

NPR ARD Potential 

Greater than 3 Acid Neutralizing 

1 – 3 Uncertain ARD Potential 

Less than 1 Acid Generating 

ARD potential can also be evaluated by calculating the Net Neutralization Potential, or 
NNP, which is the difference between AP and NP values (NNP = NP - AP).  Negative 
NNP values suggest that the rock has insufficient neutralizing capacity for a given acid 
potential, indicating that the rock might have a potential to generate acidic drainage.  A 
positive NNP suggests that the rock has a capacity to neutralize the acidity generated. 

NPR is considered a more appropriate tool and was used in this study to evaluate the 
propensity of rock to generate acidic drainage. 

1.2.2 Metal Leaching Potential of Mining Wastes 

The potential of mining materials (open pit walls, waste rock, water treatment sludges, 
etc.) to leach metals to the environment is evaluated to determine the potential effects of 
leaching on surface water quality.  Metal concentrations in leachate were compared to 
both Canadian Council of Ministers of the Environment (CCME) recommended 
guidelines for freshwater aquatic life and to allowable concentrations outlined in Giant 
Minewater License Permit N1L2-0043.  These criteria were used for a qualitative 
comparison only.  “True” runoff concentrations generated by exposure of mine wastes to 
water (through rain or flooding) depend on a number of factors that are difficult to 
simulate in static laboratory tests (e.g., grain size distribution, solution to solid ratio, 
sulphide oxidation, etc.). 
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1.2.3 Sediment Arsenic and Metal Concentrations 

In 2001, the Northwest Territories has not established guidelines for concentrations of 
metals in soils.  The recommended soil quality guidelines outlined in the CCME (2000) 
are typically used as a reference.  The CCME guidelines are intended for general 
guidance only. 

The Yellowknife area, including Giant Mine, is located over a mineralized zone 
characterized by arsenic-rich ores.  Studies performed by Ollson (2000) and the 
Environmental Science Group of RMC (2000) on background soil arsenic levels in the 
Yellowknife area estimate these levels to be 100 mg/kg to 150 mg/kg, respectively.  In 
this document, sediment arsenic concentrations below 100 mg/kg have been considered 
equivalent to background conditions.  The Yellowknife Soil Arsenic Remediation 
Committee (YSARC) is also reviewing the natural or background levels of arsenic in soil 
in the Yellowknife area. 

In 1997, Golder Associates (Golder) conducted a study for Miramar Con Mine that 
indicated that soil arsenic concentrations lower than 372 ppm (mg/kg) represented a 
minimal risk for human health, based on worker exposure at an industrial site 
(Golder, 1998).  Because of the similarity of site use, geology, and the nature of the 
mining wastes generated by Con and Giant Mines, the results of the Con Mine Risk 
Assessment were applied to the Giant Minesite.  In this document, a total arsenic 
concentration of 350 ppm was used as a guideline below which the potential risk to 
human health at the Giant Minesite is considered minimal. 

1.2.4 Water Quality 

No criteria exist for evaluation of groundwater quality at the Giant Minesite.  For 
illustrative purposes only, surface water quality for samples collected at or close to the 
Surveillance Network Program (SNP) monitoring stations was compared to the criteria 
specified in Giant Minewater Use and Waste Disposal Permit N1L2-0043.  The water 
quality of the other surface water collection sites was compared to CCME guidelines for 
freshwater aquatic life.  Similar to the CCME guidelines for soils, the freshwater aquatic 
life CCME guidelines are intended for general guidance only and do not constitute 
legally binding criteria.  For arsenic, the criterion is 5 g/L, applicable to total arsenic 
concentration.  The criteria for individual trace metal concentrations in water are 
tabulated together with results of the laboratory analyses. 
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2.0 OPEN PITS 

2.1 Objectives 

The objective of the open pits investigation was to verify and refine the chemical 
characterization of open pit wall rock previously reported by others.  The chemical 
characterization focused on the potential for ARD generation and leaching of arsenic and 
metals.   

The objective of the open pit sediment investigation was to determine whether the 
sediments present at the base of open pits A1, B1, and B2 consisted of tailings. 

2.2 Investigations/Sampling 

2.2.1 Open Pit Wall Rock Sampling 

On July 21st and 22nd, 2000, a total of 43 wall rock samples (including duplicates) were 
collected from the walls of 8 different open pits throughout the Giant Minesite.  Access 
permitting, representative, equidistant grab samples of wall rock were collected within 
each pit, or whenever a lithological change was encountered.  Samples were collected 
using a geologist pick, bagged, and identified by writing a sample number on both the 
plastic bag and the sample itself.  In addition, sample locations were photographed, and 
their positions noted on a field map.  The following table lists the open pits included in 
the sampling effort and the number of samples collected. 

Location Rock Types Number of 
Samples Collected 

Number of 
Samples Analyzed 

Open Pit A1 Andesite/Schist 6 Samples 3 Samples 

Open Pit A2 Schist 5 Samples 3 Samples 

Open Pit B1 Andesite/Schist 8 Samples 4 Samples 

Open Pit B2 Andesite/Schist 7 Samples 3 Samples 

Open Pit B3 Schist 3 Samples 2 Samples 

Open Pit B4 Andesite 4 Samples 3 Samples 

Brock Pit Andesite 4 Samples 2 Samples 

Open Pit C1 Andesite / Schist 6 Samples 3 Samples 
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Selected rock samples were subsequently packed in plastic boxes, and shipped by air 
freight to CEMI Laboratory in Vancouver for chemical analysis.  Four pit wall samples 
were sent to Dr. John Jambor, of Leslie Investment in Tsawwassen, BC, for 
mineralogical analysis.  Chain-of-Custody forms were attached to each shipment of 
samples. 

2.2.2 Open Pit Sediment Sampling 

The presence of sediments was observed at the base of open pits A1, B1, B2, and C1.  
Sediment samples were collected in pits A1, B1, and B2 to determine the nature of the 
sediments, in particular whether the sediment consisted of natural soil or tailing.  
Sediment in pit C1 was previously documented to consist of tailings 
(Deton’Cho Environmental Alliance, 1999).  The three sediment samples were collected 
using a clean shovel and put in a plastic bag.  The following table presents sample 
information. 

Location Number of Samples 
Collected

Number of Samples 
Analyzed 

Open Pit A1 1 1 

Open Pit B1 1 1 

Open Pit B2 1 1 

Since the analysis of open pit sediments was intended to provide information on the 
origin of the sediment, no duplicates were obtained.  The procedures described for pit 
wall rock sample identification, documentation, packaging, and shipping were followed 
for open pit sediment samples.  The sediment samples were shipped to Enviro-Test 
Laboratories in Edmonton for analysis. 

2.3 Analytical 

2.3.1 Open Pit Wall Rock 

During sample collection, rock types were identified and the presence of sulphide 
minerals was noted.  A representative selection of 23 rock samples was analyzed by 
CEMI Laboratory for: 

1. major and trace element chemistry through triple-acid digestion and ICP scan 
(with the exception of arsenic and antimony, which were determined by hydride 
extraction); 

2. ARD potential through the modified Sobek method of acid-base accounting (ABA); 
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3. paste pH analysis; and 

4. carbonate neutralization potential. 

Twelve of the 23 samples were selected for Shake Flask Extraction (SFE) analysis to 
determine water-soluble constituents of the rock samples.  The SFE analysis consisted of 
24-hour agitated leaching with de-ionized water in a 2:1 liquid to solid ratio.  Sample 
selection for SFE analysis was based on metal scan and ABA results. 

Two of the 23 open pit rock samples analyzed were submitted as blind duplicates, and an 
additional two replicate analyses were performed by CEMI Laboratory for ICP and 
ABA analyses. 

Mineralogical analysis consisted of transmitted and reflected light optical microscopy and 
X-ray diffractometry.  Sample selection for mineralogical analysis was based on the 
representation of the various types of rock present in the pits, as well as ABA and ICP 
metal scan results.  The study focused on the identification and characterization of 
neutralizing minerals, sulphides, arsenic-bearing minerals, and secondary precipitates.

2.3.2 Open Pit Sediments 

All three open pit sediment samples collected were analyzed for metals, paste pH, 
sulphates, and acid volatile sulphides (AVS) at Enviro-Test Laboratories.  Total metal 
content was determined by ICP scan following a triple-acid digestion.  Arsenic and 
antimony were analyzed by hydride extraction. 

2.4 Results – Open Pit Wall Rocks 

Analytical reports on ABA analysis, rock chemistry, and leachate extraction for open pit 
samples are presented in Appendix I and summarized in Tables 1 to 3 respectively.  The 
mineralogical assessment report is provided in Appendix II. 

2.4.1 Acid Rock Drainage Potential 

Twenty of the 23 samples analyzed had an NPR greater than 3 (ranging from 6.4 to 377), 
indicating that most open pit wall rocks are acid consuming.  As shown in the following 
table, analytical results indicate an NPR < 3 for three open pit wall rock samples. 
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Sample ID Location Rock Type NPR ARD Potential 

OPA1-01-2100 Open Pit A1 Schist 1.2 Uncertain 

OPA1-05-2100 Open Pit A1 Andesite 2.5 Uncertain 

OPA2-03-2100 Open Pit A2 Schist 2.3 Uncertain 

It should be noted that the AP was calculated using the total sulphur content.  This likely 
represents an overestimation of the AP, since not all sulphur may react to form ARD.  
Although sulphate sulphur appears to be essentially non-existent, if the total sulphur 
fraction contains a non-reactive component, the AP would be reduced proportionally.  
Furthermore, a significant number of samples (13 of 23) contained less than 0.3 wt% total 
sulphur.  According to Price (1997), a sulphide sulphur content < 0.3 wt% combined with 
a paste pH > 5.5 indicates that a material is not acid generating.  All values for paste pH 
demonstrated alkaline conditions, with paste pH ranging from 8.9 to 9.8.  These values 
are in agreement with the abrasion pH for dolomite (9-10) provided in Price (1997). 

Figure 1 shows the relationship between carbonate NP and modified Sobek NP.  Also 
included on the graph is a line denoting a 1:1 ratio.  As demonstrated by this figure, the 
neutralization potential of the rock is almost entirely provided by carbonate minerals.  
Optical mineralogy identified the carbonates as being an iron-rich dolomite.  Although 
the iron component of the Fe-dolomite does not generate any net alkalinity, the values for 
carbonate and Sobek NP are sufficiently large that an excess NP is considered available.  
Therefore, since more than 85% of the samples are acid consuming, with neutralization 
provided by a large supply of reactive carbonate minerals, and only three samples are 
characterized by an uncertain potential to generate acidic drainage, the overall potential 
for ARD generation by open pit rocks is considered minor.  This conclusion is 
corroborated by a study previously conducted by Royal Oak Mines (1994), in which all 
rock samples collected from open pit walls were determined to be net acid consuming. 

2.4.2 Whole Rock Chemistry 

Arsenic concentrations varied widely, ranging from 15 to 40,200 mg/kg (i.e., three orders 
of magnitude).  Wall rock samples in pits B2, B3, B4, and Brock had arsenic 
concentrations around or below 100 mg/kg.  One sample each from pits A1 and C1 had 
significantly elevated arsenic (40,200 and 7,700 mg/kg, respectively); the other samples 
from these pits had relatively low arsenic concentrations (below 179 mg/kg).  Most 
samples from pits A2 and B1 had slightly higher average arsenic concentration (ranging 
from 102 to 6,330 mg/kg).  Concentration ranges for other metals were not as variable 
ranging generally over no more than one order of magnitude: copper (6 to 203 mg/kg); 
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chromium (52 to 262 mg/kg); nickel (39 to 117 mg/kg); lead (2 to 32 mg/kg); zinc  
(40 to 156 mg/kg); and antimony (4 to 49 mg/kg). 

Correlation analysis shows that arsenic is weakly correlated with cadmium, lead, and 
antimony (R  0.6).  These correlations likely reflect a common origin and/or 
geochemical similarities.  Based on the mineralogical investigations, likely mineral 
candidates for element substitution are pyrite and arsenopyrite.  Stronger correlations  
(R  0.7) are found between barium and potassium, cobalt and copper, and iron and 
vanadium.  Once again, the geochemical similarity between these element pairs may lead 
to substitution in the silicates, sulphides, and/or carbonates identified in open pit rock. 

2.4.3 Metal Leaching Potential 

Trace metal concentrations of arsenic and manganese were present above detection limits 
in leachates from all open pit wall rock samples analyzed.  Other trace metals were not 
encountered at levels above their respective detection limits.  Leachable arsenic 
concentrations ranged from 0.0031 to 0.19 mg/L, with the lower leachable arsenic 
concentrations in pits B2, B3, B4, and Brock, and higher concentrations in samples from 
pits A1 and A2.  This trend is consistent with the concentration of arsenic in the rock 
samples, as evidenced by a weak correlation (R  0.6) between total and leached arsenic.  
The proportion of water-soluble arsenic in open pit wall rocks ranged from 0.001% by 
weight to 0.3%, with an average of approximately 0.08%. 

Leachable manganese concentrations were also detected, ranging from 0.007 to  
0.083 mg/L.  Sulphate concentrations in leachates ranged from 5 mg/L to 82 mg/L, 
indicating dissolution of primary sulphates or secondary sulphates formed by limited 
oxidation of sulphides.  Calcium to sulphate ratios in the leachate of approximately 1 
suggest that gypsum was likely present in samples containing the most elevated sulphate 
concentrations from pits A2, B2, and C1.  Leachate concentrations of antimony, 
chromium, copper, lead, and zinc were all below detection limits. 

A qualitative comparison with CCME guidelines shows that leachable arsenic 
concentrations are above CCME guideline values for seven samples collected in most 
open pits (A1, A2, B1, B2, B3, and C1).  Concentrations above CCME guidelines for 
manganese occur for two of these seven samples, in open pits A1 and A2.  Leachate 
metal concentrations were consistently below Giant Mine effluent discharge permit 
requirements. 

Based on the static leach testing, it appears that the open pit wall rocks have a limited 
ability to release dissolved metals to surface water.  However, for arsenic and manganese, 
wall rock should be considered a potential source.  The limited leachability of arsenic is 
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likely related to the fact that this trace element primarily occurs in the form of insoluble 
sulphides.

The potential for metals to dissolve and exceed water quality criteria likely varies over 
time.  Flushing episodes, such as rainfall after a period of drought or snowmelt runoff, 
probably represent the events of most concern, as these may cause metals concentrations 
to increase in water that accumulates at the base of the pit and/or is diverted to Baker 
Creek.

2.4.4 Quality Assurance/Quality Control 

Two duplicate open pit wall rock samples were submitted for chemical analysis 
(ICP metal scan).  Analytical results are presented in Table 4.  For the two samples, 1 and 
6 analytes, respectively, (out of 20) had relative percent differences (RPDs) above 35%, 
which is the threshold accepted by the U.S. EPA for duplicate soil analyses (EPA, 1994).  
In both cases, arsenic analyses were reproduced with sufficient precision (13 and 9% 
RPD).  The ICP analyses are considered precise for the trace metals of concern and most 
other analytes.  The apparent lack of analytical precision for some parameters is most 
likely related to material heterogeneity rather than analytical deficiency. 

Two field duplicate samples of open pit wall rock were submitted for ABA analyses.  
Analytical results are presented in Table 5.  The laboratory analyzed an additional two 
replicate samples.  RPD values for field duplicates all were less than 35%, with the 
exception of the NP determination in one of the two duplicate sets (RPD = 50%).  All 
laboratory replicate analyses were well below 35% RPD.  Since ABA results are 
generally accepted to suffer from relatively poor reproducibility (as compared to 
“traditional” techniques such as metal analysis), all ABA results are considered to be 
sufficiently precise for decision-making purposes. 

2.5 Discussion - Open Pit Wall Rocks  

The analytical results indicate that open pit wall rocks can be a limited source of 
dissolved metals to water coming in contact with the rock.  Should CCME guidelines 
become applicable to surface water on site, arsenic and manganese concentrations in pit 
water may exceed this guideline if the open pits become flooded.  Pit wall rock generally 
is not considered acid generating. 
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2.6 Results – Open Pit Sediments 

Analytical reports are presented in Appendix III and summarized in Table 6. 

The sample collected in open pit A1 returned an arsenic concentration of 101 mg/kg and 
antimony below the detection limit of 0.1 mg/kg (antimony is used to help establish a 
tailing signature).  Although the arsenic concentration is above CCME guidelines for 
industrial land use, such a concentration is within background levels for the Yellowknife 
area.  Concentrations of other elements for this sample are all below CCME guidelines.  
The analytical results suggest that the sample collected in pit A1 is representative of a 
native clayey soil for the Yellowknife area, and there is no reason to assume that tailing is 
present in these sediments. 

The sample collected in open pit B1 returned an arsenic concentration of 1,200 mg/kg.  
No other metals were above CCME guidelines for industrial land use.  The elevated 
arsenic concentration, combined with a relatively high value for antimony (2.4 mg/kg), is 
consistent with the chemistry of tailing (Section 5.0), suggesting that this sediment 
sample may contain a tailing component. 

The sample collected in open pit B2 showed an arsenic concentration of 2,070 mg/kg and 
a relatively elevated concentration of antimony (11.2 mg/kg).  The nickel concentration 
(58 mg/kg) for this sample is above CCME guidelines for industrial land use.  Similar to 
the sediment sample in B1 pit, the analytical results for the B2 pit sample suggest that 
tailing may be present in this sample. 

Since the sediment characterization consisted of evaluation of single samples from open 
pits A1, B1, and B2, collection and analysis of additional samples from each of these 
three pits is required to confirm the characteristics and origin(s) of the bulk sediment. 



September 2001 -11 - 002-2418 

Golder Associates 

3.0 WASTE ROCK 

3.1 Objectives 

The primary objective of the waste rock piles investigation was to verify and refine the 
preliminary ARD potential reported by others and to characterize the metal leaching 
potential of the waste rock.  Results of the investigations will be used in identifying and 
evaluating closure options. 

3.2 Investigations/Sampling 

On July 22nd and 23rd, 2000, a total of 24 waste rock samples were collected from 
13 different waste rock piles throughout the Giant Minesite.  The following table 
summarizes the location and the number of samples collected and analyzed from each 
pile.

Location
Number of 

Samples
Collected

Number of 
Samples
Analyzed 

North end of pit, from access 
ramp to pit floor 

2 Samples 2 Samples 

Open Pit A2 
Northwest corner of pit, from 
top of pit to access ramp 

3 Samples 3 Samples 

Northeast corner 1 Sample 1 Sample 

Northwest corner 1 Sample 1 Sample Open Pit B1 
South end of pit, from top of 
pit to access ramp 

1 Sample 1 Sample 

Open Pit B3 South Wall 2 Samples 2 Samples 

Open Pit B4 Base of pit 2 Samples 2 Samples 

Brock Pit Along south and west edges 
of pit 

2 Samples 2 Samples 

Open Pit C1 South Wall 3 Samples 3 Samples 

Northeast Pile 3 Samples 2 Samples 

Northwest Pile 2 Samples 1 Samples 

Along B2 Pit Access 
Road (approximately 
300 m before B2 Pit 

access ramp) Southwest Pile 2 Samples 2 Samples 
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When only one waste rock sample was collected from a pile, the sample was a composite 
from various locations within the pile.  When several samples were collected within a 
pile, each composite sample was gathered along equidistant points across the pile.  
Procedures followed for sample identification, documentation, packaging, and shipping 
were identical to those reported for open pit rock samples.  All waste rock samples were 
shipped by air freight to CEMI Laboratory for chemical analyses (Appendix I).  Four 
waste rock samples were sent to Dr. John Jambor for mineralogical analysis 
(Appendix II). 

3.3 Analytical 

During sample collection, rock types were identified and the presence of sulphide 
minerals was noted.  A representative selection of 22 rock samples was analyzed by 
CEMI Laboratory for major and trace elements chemistry, ARD potential 
(modified Sobek method), paste pH, and carbonate neutralization potential.  Eight of the 
22 samples were subjected to a Shake Flask Extraction test for determination of water-
soluble constituents.  Similar to open pit samples, selection was based rock chemistry and 
ABA results. 

Two of the 22 samples were submitted as laboratory blind duplicates for ABA and ICP 
metal scan analyses.  CEMI Laboratory replicated one other sample for ABA assessment. 

Mineralogical analyses performed on the waste rock samples were identical to those for 
the open pit rock samples. 

3.4 Results 

Analytical reports on ABA analysis, rock chemistry, and leachate extraction for waste 
rock samples are presented in Appendix I and summarized in Tables 1 to 3, respectively.  
The mineralogical assessment report is provided in Appendix II. 

3.4.1 Acid Rock Drainage Potential 

Nineteen of the 22 samples analyzed had an NPR greater than 3 (ranging from 3.7 to 
38.9), thus indicating that the waste rock is generally acid consuming.  Three samples 
showed an NPR between 1 and 3, falling in the “uncertain ARD potential” range.  As 
with open pit rock, the NPR was calculated using total sulphur values, thereby potentially 
overestimating the AP.  The three samples with an NPR < 3 are presented in the 
following table. 
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Sample ID Location Rock Type NPR ARD Potential

WR-OPA2-01-2300 Waste Pile near A2 Pit Andesite 2.7 Uncertain 

WR-OPC1-01-2300 Andesite 2.4 Uncertain 

WR-OPC1-02-2300
Waste Pile near C1 Pit 

Andesite 2.2 Uncertain 

Similar to open pit rocks, the neutralization potential of the rock is almost entirely 
provided by carbonate minerals (Figure 1), identified by optical mineralogy as consisting 
primarily of an iron-rich dolomite.  A significant number of samples (13 of 22) contained 
less than 0.3 wt% total sulphur.  According to Price (1997), a sulphide-sulphur content 
< 0.3 wt% combined with a paste pH > 5.5 indicates that a material is not acid 
generating.  All values for paste pH are alkaline, with paste pH ranging from 8.8 to 9.5.  
These values are in agreement with the abrasion pH for dolomite (9-10) provided in Price 
(1997).

The overall potential for ARD generation by the waste rock tested is considered minor.  
This conclusion is corroborated by a study previously conducted by Royal Oak Mines 
(1994, 1995), in which all waste rock samples were determined to be net acid consuming. 

3.4.2 Whole Rock Chemistry 

Similar to open pit rock samples, arsenic concentration in waste rock samples varied 
widely, ranging from 11 to 8,960 mg/kg, with an average of 1,119 mg/kg.  More than half 
the samples had an arsenic concentration below 100 mg/kg; most of the other samples 
had an arsenic concentration above 1,000 mg/kg.  The high-level arsenic samples were 
found in each of the waste rock piles sampled, with the exception of waste rock from 
Open Pit B4.  Concentration ranges for other metals were less variable than for arsenic, 
but slightly greater than for the open pit wall samples: copper (54 to 276 mg/kg); 
chromium (105 to 494 mg/kg); nickel (54 to 117 mg/kg); lead (2 to 82 mg/kg); zinc  
(66 to 238 mg/kg); and antimony (4 to 74 mg/kg). 

Correlation analysis shows that arsenic is weakly correlated with lead and zinc  
(R  0.6-0.7).  This is likely related to the presence of sulphides in which these trace 
elements coexist.  Strong correlation is found between arsenic and cadmium.  
Correlations also exist between barium and potassium, calcium and strontium, cobalt and 
nickel, and lead and zinc.  Geochemical similarity between these element pairs may lead 
to substitution in a number of mineral phases, including the silicates, sulphides, and 
carbonates identified by mineralogical analysis. 
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3.4.3 Metal Leaching Potential 

Water-soluble arsenic and manganese concentrations above detection limits were present 
in leachates from all waste rock samples analyzed.  In addition, two results for copper 
(0.01 mg/L) and one for zinc (0.013 mg/L) were also above detection limits.  Leachable 
arsenic concentrations ranged from 0.0077 to 0.105 mg/L, and leachable manganese 
concentrations ranged from 0.010 to 0.039 mg/L.  Leachate concentrations of antimony, 
chromium, nickel, and lead were all below their respective detection limits.  The 
proportion of water-soluble arsenic in waste rock is somewhat lower than that of open pit 
wall rock, ranging from 0.001% by weight to 0.09%, with an average of 0.02% as 
compared to an average of 0.08% for open pit rocks.  Correlation between arsenic content 
and arsenic leachability is excellent, with a correlation coefficient of 0.9. 

Leach extraction results were compared to both CCME guidelines for freshwater aquatic 
life and standards from the Giant Minewater license effluent discharge criteria.  
Leachable arsenic concentrations exceeded CCME guidelines for a total of four waste 
rock samples collected at A2, B1, B3, and Brock open pits.  No leachable metal 
concentrations were above Giant Minewater license requirements for effluent discharge. 

As with the open pit rock, the leach testing demonstrates that the waste rock has a limited 
ability to act as a source of arsenic and other trace metals to receiving waters.  The strong 
correlation between total arsenic content and arsenic concentration in the leachate 
suggests that a small fraction of the arsenic is readily available, and that leaching of this 
arsenic is not significantly affected by kinetic impediments.  However, the bulk of the 
arsenic is considered not available for leaching since arsenic is largely present in 
insoluble form as arsenopyrite and possibly in pyrite. 

3.4.4 Quality Assurance/Quality Control 

Two duplicate waste rock samples were submitted for chemical analysis.  Analytical 
results are presented in Table 4.  For each sample, 7 and 10 of the analytes, respectively, 
(out of 20) had an RPD above 35%.  Arsenic RPDs were 52 and 192%, respectively.  The 
high RPD values for arsenic most likely reflect the heterogeneous nature of the arsenic 
distribution within the samples rather than analytical imprecision. 

Two field duplicate samples were submitted for ABA analysis and an additional sample 
was replicated by the laboratory.  Analytical results are presented in Table 5.  All results 
for the field duplicates had RPD values well over 35%.  This is consistent with the high 
RPD values for the duplicate chemical analysis, suggesting that the field duplicates may 
not have been representative of the same material.  The replicate laboratory analysis 
shows a maximum RPD of 6%, indicating that laboratory precision in homogenized 
samples was excellent. 
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3.5 Discussion 

Waste rock is a potential source of dissolved metals to surface water, particularly of 
arsenic and manganese, and possibly zinc and copper.  Should CCME guidelines become 
applicable to surface water on site, arsenic concentrations in waste rock runoff and/or 
seepage may exceed this guideline.  Waste rock generally is not considered acid 
generating.
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4.0 MINESITE BUILDINGS 

4.1 Objectives 

Buildings and other structures on the Giant Minesite will be dismantled progressively 
upon closure of the mine.  The minesite structures were inspected for the presence of 
asbestos-containing material and arsenic to develop and incorporate appropriate work 
procedures and material disposal options upon dismantling.  In addition, minesite 
structures were evaluated for the presence of gold to determine if any of the materials 
might hold residual value. 

4.2 Investigations/Sampling 

Representative samples of a variety of suspected asbestos-containing materials were 
collected.  By far the most common asbestos-containing material noted was asbestos-
cement siding and insulation board.  However, significant quantities of compact and 
loose asbestos insulation and pipe coatings were also noted.  The materials examined for 
arsenic and gold content consisted of concrete surfaces, wood beams, and surface 
residues.

4.3 Analytical 

Suspect asbestos-containing material was shipped to Enviro-Test Laboratories for 
asbestos characterization.  Chip samples from concrete surfaces, shavings from wooden 
beams, and floor residues were collected and also shipped to Enviro-Test Laboratories for 
analysis of arsenite, arsenate, and gold. 

4.4 Results 

Analytical results from the asbestos and arsenic-gold investigations are presented in 
Tables 7 and 8, respectively.  The total arsenic values reported consist of the sum of 
arsenite and arsenate, as reported by the laboratory. 

Four of the five samples analyzed were reported to contain 75-100% chrysotile 
(serpentine) asbestos fibres and the remaining sample, which consisted of insulation from 
the north wall of the Roaster building, contained 75-100% amosite (amphibole) asbestos 
fibres.  Serpentine fibres are flexible and curvy, while amphibole fibres are straight and 
needle-like.  Amphibole fibres tend to become airborne more easily and therefore require 
more care during handling and exposure.

As demonstrated by the analytical results in Table 8, certain materials within the Giant 
Mine ore processing facilities are contaminated with arsenic residues and will likely 
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require special handling during demolition and disposal.  Some materials also have 
residual gold values that may be recoverable, depending on the overall quantities. 

4.5 Discussion 

The sampling conducted for gold and arsenic content of building materials was not 
exhaustive, and only represents an indication of the extent of arsenic contamination and 
residual gold values.  However, the results do indicate that a more methodical sampling 
and analysis program needs to be devised prior to dismantling of the buildings. 

4.6 Environment, Health and Safety Implications 

Minesite structures can contain asbestos and other materials that may be contaminated by 
arsenic.

The handling of asbestos and arsenic-contaminated materials will require workers to wear 
appropriate protective equipment.  Depending on the type and level of contact, this could 
range from simple protective clothing, dust respirators, safety glasses, and gloves to full 
positive pressure suits with supplied air.  It may also require the workers to report to 
decontamination areas prior to leaving the work area.  Working with arsenic-
contaminated materials may require workers to undergo medical surveillance that may 
include monitoring of blood, urine, and hair samples. 

The transportation and disposal of asbestos and arsenic-contaminated material would 
require special consideration, especially if disposal is off-site.  The materials may be 
subject to the Transportation of Dangerous Goods Act and would require disposal in a 
licensed facility.  The proposed disposal option for the mine building is the north side of 
the Northwest pond. 
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5.0 TAILING AND WATER TREATMENT PLANT SLUDGE 

5.1 Objectives 

The objective of the tailing investigation was to verify and refine the chemical 
characterization previously reported by others.  The chemical characterization focused on 
metal leaching potential of arsenic and other metals in order to help define closure 
options.

The initial scope of work for finalizing the Giant Mine Abandonment and Restoration 
Plan (A&R Plan) did not include investigation of the water treatment plant sludges.  A 
preliminary evaluation of the solubility of the sludge was carried out to provide some 
information on its leachability upon exposure to ambient environmental conditions, 
should this closure option be considered in the final A&R Plan. 

Deton’Cho (1999) and Riveros and Dutrizac (2000) describe the process of arsenic 
elimination from minewater at Giant.  In 1981, a wastewater treatment plant was installed 
to reduce cyanide levels in the effluent using alkaline chlorination, which was replaced in 
1988 by hydrogen peroxide oxidation.  Both oxidation processes also oxidize arsenite 
species (As3+) to arsenates (As5+).  Ferric sulphate is added at a lime-adjusted pH of 
approximately 8.5 and an iron to arsenic molar ratio of 10:1.  This process is reported to 
precipitate 98% of the arsenic, likely as a poorly crystalline, ferric oxyhydroxide phase 
containing adsorbed/co-precipitated arsenate.  This phase is also referred to as arsenical 
ferrihydrite of the form AsO4

3-•FeO(OH)(H2O)x.  The chemical stability or leachability 
of these sludges is of concern at Giant because of the potential impact on receiving 
waters should arsenic be released from the sludge to the environment. 

5.2 Investigations/Sampling 

5.2.1 Tailing 

On July 22nd and 26th, 2000, a total of 16 tailing samples were collected by Golder at 
several shallow locations throughout the South, Central, and North impoundments 
(original tailing area), and from a borehole drilled into the Northwest impoundment.  
Three samples  were collected from the South impoundment, 3 from the Central 
impoundment, 5  from the North impoundment, and 5 within borehole MW00-01, in the 
Northwest impoundment.   

In the South, Central, and North impoundments, grab samples were collected using a 
shovel.  Sample depths ranged from surface to approximately 0.5 m below ground 
surface.  In borehole MW00-01, samples were collected using a split spoon lowered 

  (including 1 field duplicate) 
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through HQ drill rods.  A total of five depth ranges were sampled from the surface to a 
depth of 4 m.  Although the borehole extended to a depth of 10 m, sample collection was 
not possible below a depth of 4 m.  Additional tailing samples, collected in winter 2000 
by Miramar staff in the South, Central, and North impoundments, were made available to 
Golder for further analyses.  These samples were obtained from boreholes drilled through 
the entire thickness of the tailing in the impoundments.  A description of the samples 
collected for analysis by Golder is presented below. 

Tailing Impoundment 
Number of Samples 

Collected by 
Golder

Number of Samples 
Obtained from 

Miramar 

Number of 
Samples
Analyzed 

South Impoundment 3 5 8 

Central Impoundment 3 5 8 

North Impoundment 5 8 13 

Northwest
Impoundment 

5 - 5 

Procedures for sample identification, documentation, packaging, and shipping were 
similar to those described for open pit and waste rock samples.  Samples were shipped by 
air freight to CEMI Laboratory for chemical analysis, with the exception of tail samples 
collected by Miramar staff, which were analyzed by Eco-Tech Laboratory of Kamloops.  
Nine tailing samples were selected from the Central, North, and Northwest 
impoundments and sent to Dr. John Jambor for mineralogical analyses. 

5.2.2 Water Treatment Plant Sludge 

On July 24th, 2000, two sludge samples were collected from the settling pond adjacent to 
the water treatment plant.  One grab sample was collected at the mouth of the effluent 
discharge; the second sample was collected downstream from the first, along the south 
shore of the pond.  The samples were collected with a shovel and stored in a 10-litre 
plastic pail fitted with a hermetically closing lid.  Settling pond water was added to each 
sample to minimize chemical transformation during transport.  Procedures described 
above for sample identification, documentation, packaging, and shipping were followed.  
Both samples were sent to CEMI Laboratory for whole rock analysis by ICP and for 
sequential leach extraction (at 2:1 liquid to solid ratio) using de-ionized water. 
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5.3 Analytical 

5.3.1 Tailing 

All 16 tailing samples collected by Golder field staff were analyzed for major and trace 
elements chemistry, ARD potential (modified Sobek method), paste pH, and carbonate 
neutralization potential.  Eight of the 16 samples were analyzed for soluble constituents 
using Shake Flask Extraction, selected based on their ABA results and rock chemistry.  
The selected samples had a relatively low NPR or elevated concentrations of arsenic or 
other metals. 

Two of the 16 samples were submitted as laboratory blind duplicates for ABA and rock 
chemistry.  CEMI Laboratory performed three additional replicate analyses for 
ABA assessment. 

Mineralogical analyses performed on the tailing samples were the same as those 
performed on open pit and waste rock samples. 

In March 2000, Miramar staff obtained tailing samples from the South, Central, and 
North impoundments as part of a pilot project to reprocess and treat arsenic residues.  A 
total of 280 samples were collected from 14 boreholes drilled into the old impoundments.  
The location of these boreholes is shown on Figure 2.  The samples were analyzed for 
gold, arsenic, and iron by fire assay at Eco-Tech Laboratory.  Of these samples, 
63 composites were prepared and analyzed for major and trace element chemistry by 
ICP scan.  The analytical results and remaining dried and ground samples were made 
available to Golder for further analyses.  A total of 18 samples from 4 boreholes were 
retained:  5 samples at different depths from borehole 2000-04 in the South 
impoundment; 5 samples from borehole 2000-14 in the Central impoundment, and 
4 samples each from borehole 2000-24 and 2000-26 in the North impoundment.  These 
samples were analyzed at Eco-Tech Laboratory for their potential to generate acidity 
(modified Sobek method), paste pH, and carbonate neutralization potential.  12 samples 
were selected for water-soluble constituent analysis.  The selection criteria were the same 
as for the tailing samples collected by Golder. 

5.3.2 Water Treatment Plant Sludge 

Two sludge samples were analyzed by CEMI Laboratory for major and trace elements, 
and sequential leach analysis to evaluate the solubility and chemical stability of the 
material.  The sequential leach test consisted of three sequential extractions of the sludge 
sample using de-ionized water at a 2:1 liquid to solid ratio, each extraction using fresh 
de-ionized water.  Each leachate was then analyzed for dissolved metals and low-level 
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dissolved arsenic.  Fire assays of each sample was also performed to obtain more 
accurate As:Fe molar ratios. 

5.4 Results  Tailing 

Analytical reports on ABA analysis, rock chemistry, and leachate extraction for tailing 
and water treatment sludge samples, as well as fire assay results for sludges, are 
presented in Appendix I and summarized in Tables 9 to 11.  The mineralogical 
assessment report is provided in Appendix II. 

5.4.1 Acid Rock Drainage Potential 

NPR values, calculated using total sulphur, range from 5.1 to 69.5 for all tailing samples, 
indicating that the tailing samples are net acid consuming.  The potential for the tailing to 
generate ARD is considered minor for each impoundment.  The paste pH values, ranging 
between 7.2 and 9.0, further confirm the lack of ARD generation potential. 

Samples obtained from different depths within the same borehole in each of the old 
impoundments showed a decreasing NPR with depth.  Figures 3 and 4 show that the 
decrease in NPR with depth generally is related to a lower acid potential in surficial 
tailing.  Relative enrichment in sulphate concentration in surface tailing samples was also 
observed.  Although tailing are net acid consuming, oxidation in the near-surface 
environments in the old tailing impoundments is occurring, as evidenced by the 
enrichment in sulphate together with the decreasing acid potential with depth.  However, 
any acidity generated under near-surface conditions is readily counteracted by the large 
reservoir of neutralizing components.  This trend was not observed in samples from the 
Northwest impoundment, where oxidation in the area sampled is largely prevented by the 
presence of a water-cover through most of the year.  Oxidation may be occurring in areas 
of this impoundment where tailing are generally exposed for most of the year. 

5.4.2 Mineralogy 

The mineralogical investigation indicated that tailing grain size in the Central, North, and 
Northwest impoundments is generally less than 50 m, with a small portion of relatively 
coarse material of up to 150 m observed in some samples.  The bulk of the tailing 
consists of quartz [SiO2] and carbonate minerals (calcite [CaCO3] and dolomite 
[CaMg(CO3)2]), with some muscovite [KAl3Si3O10(OH)2] and chlorite 
[(Mg,Fe)6(AlSi3)O10(OH)8]).  Sulphides form a relatively small proportion of the tailing, 
represented mainly by pyrite [FeS2], with some chalcopyrite [CuFeS2], pyrrhotite  
[Fe1-xS], and arsenopyrite [FeAsS].  Zoned hematite [Fe2O3] is also common, either as 
single grains or as replacement rims around pyrite grains.  This form of alteration of 
pyrite is typical of sulphide roasting products, or calcine, which was identified in all 
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tailing samples from the Central, North, and Northwest impoundments.  No sulphide 
minerals were found to have alteration rims consisting of goethite [ -FeOOH] or iron 
sulphates, characteristic of weathering under ambient environmental conditions, although 
gypsum was observed in some of the surficial tailing samples. 

5.4.3 Tailing Chemistry 

Arsenic concentrations were less variable than for rock samples, typically ranging from 
1,325 to 4,990 mg/kg, with the exception of Northwest pond samples taken from between 
1 and 2 m depth (arsenic concentrations of 338 to 543 mg/kg).  Antimony generally 
showed much higher concentrations than in rock samples, ranging from 14 to 745 mg/kg, 
with an average of 261 mg/kg.  Concentration ranges for other metals were copper 
(40 to 2,767 mg/kg), chromium (58 to 235 mg/kg), nickel (27 to 99 mg/kg), lead 
(12 to 404 mg/kg), and zinc (72 to 738 mg/kg). 

Correlation analysis shows that arsenic correlates with zinc (R  0.7).  Significant 
correlation for other trace metals is almost non-existent.  Strong correlation is observed 
between major elements (e.g., Al, Ca, Na, K, Mg). 

5.4.4 Metal Leaching Potential 

Figure 5 shows that, in general, arsenic is slightly more water-soluble in tailing than in 
open pit wall or waste rocks.  The proportion of water-soluble arsenic in tailing ranges 
from 0.001% by weight to 1.2%, with an average of 0.2% as compared to an average of 
0.08% and 0.02% for open pit wall rocks and waste rocks, respectively. 

Arsenic and manganese concentrations in tailing leachates were above laboratory 
detection limits for all tailing samples tested, with the exception of the deepest sample in 
the Northwest pond.  Manganese concentrations ranged from 0.015 to 0.17 mg/L, slightly 
higher than rock leachates.  Arsenic concentrations ranged from < 0.2 to 10.3 mg/L, with 
the highest concentration originating from surficial tailing in the South and North 
impoundments.  Figure 6 shows the proportion of water-soluble arsenic in tailing with 
depth.  Although secondary arsenic phases were not identified by the mineralogical 
analysis, the higher solubility of arsenic in surficial tailing may be caused by the fact that 
arsenic-bearing weathering products generally are more soluble than primary arsenic-
bearing phases.  In addition, arsenic may be sorbed onto the hematite known to be present 
in the calcines.  This arsenic would also represent a reservoir of labile arsenic.  Weak 
correlation (R  0.5) is found between total arsenic in the tailing and the arsenic 
concentration in the leachates.  Antimony, copper, and iron concentrations were above 
detection limits in most samples; antimony ranged from < 0.2 to 6.6 mg/L; copper from  
< 0.01 to 0.18 mg/L; and iron from < 0.03 to 0.62 mg/L.  Zinc concentrations were above 
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the detection limit in about half the samples, ranging from 0.005 to 0.11 mg/L.  
Chromium, lead, and nickel were below detection limits in all leachates. 

A qualitative comparison with Giant Minewater license effluent discharge criteria and 
CCME guidelines shows that arsenic concentrations are above both the maximum 
average concentration and maximum allowable arsenic concentration for 11 of the 
20 samples tested, and are above CCME guidelines for 19 of the 20 samples.  Antimony 
concentrations are above CCME guidelines for 18 of the 20 samples; manganese and iron 
are above CCME guidelines for 8 and 4 of the 20 samples, respectively.  Antimony, 
manganese, and iron concentrations are not regulated in the Giant Minewater license. 

5.4.5 Quality Assurance/Quality Control 

The two tailing samples submitted as blind duplicates for rock chemistry have 
RPD values below 35% for all analytes, indicative of precise analyses.  The same 
duplicate tailing samples were analyzed, along with three additional laboratory replicates, 
for ABA.  All ABA samples have RPD values below 35%.  The ABA analyses are 
therefore also considered precise.  QAQC results are presented in Tables 4 and 5. 

5.5 Discussion  Tailing 

All tailing investigated in each of the impoundments are net acid consuming.  A general 
decrease of NPR with depth and the presence of sulphates in surficial tailing indicate that 
oxidation is occurring superficially.  Surficial oxidation was not observed in areas where 
tailing is typically water-covered throughout most of the year, such as in the central part 
of the Northwest tailing impoundment. 

The typical arsenic concentration of tailing is approximately 2,000 to 4,000 ppm, with a 
few samples in the 5,000 ppm range.  Although only a small proportion of arsenic in the 
tailing (average of 0.2% by weight) is water-soluble, a much smaller proportion than 
arsenic in mill soils, leaching of tailing may generate arsenic concentrations that exceed 
Giant Mine discharge permit levels.  Should the surface of the tailing impoundments be 
left uncovered, water infiltrating through the tailing and discharging through seeps will 
likely continue to be captured and treated prior to release to the environment. 

Tailing principally consist of quartz and carbonate minerals, with a small proportion of 
sulphides, including arsenopyrite, which are generally not altered or oxidized.  Roaster 
products, or calcine, are also abundant in most tailing samples.  The soluble arsenic is 
most likely associated with the calcine, in which arsenic likely occurs adsorbed onto 
hematite particles.  Arsenic is more readily amenable to be released to the environment 
through desorption from hematite than as arsenic generated by oxidation/dissolution of 
arsenopyrite or arsenic-bearing pyrite tailing grains. 
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5.6 Results - Water Treatment Plant Sludges 

Analytical reports on sludge chemistry, both from ICP analysis and fire assay, along with 
sequential leach extraction are presented in Appendix I and summarized in  
Tables 10 and 11. 

5.6.1 Sludge Chemistry and Assay Results 

The arsenic content of the two water treatment plant sludge samples was 1 and 4.2 wt%, 
respectively, and the iron content 6 and 30 wt%, respectively, with the sample obtained at 
the mouth of the treatment plant outlet containing the higher concentration of arsenic and 
iron.  These concentrations yield a molar ratio of iron to arsenic of approximately 8 and 
9, respectively.  The sludges also contained an elevated calcium content (4 wt% and  
21 wt%), copper (more than 1 wt% in both samples), antimony (5,300 and 758 mg/kg), 
nickel (2,286 and 566 mg/kg), some zinc (340 and 184 mg/kg), and a relatively small 
concentration of lead (86 mg/kg for both samples). 

5.6.2 Metal Leaching Potential 

The evolution of arsenic concentration with leaching cycles is presented in Figure 7.  For 
sample SL-SE-01, arsenic concentrations rose from 0.04 mg/L in the first leach cycle to 
0.106 mg/L in the third cycle.  Released arsenic was higher in sample SL-SE-02; from 
0.6 mg/L in the first leach cycle to 0.3 mg/L in the third cycle.  It is not known why the 
second cycle for this sample returned such a low arsenic concentration of 0.0063 mg/L, 
however, based on the other five data points, this value appears to be an outlier.  The 
average arsenic extraction from sludge samples 1 (containing 4.2% arsenic) and 
2 (containing 1% arsenic) was 0.0004 wt% and 0.006 wt%, respectively. 

A qualitative comparison of sludge leachate results with the CCME guidelines for 
freshwater aquatic life and Giant Minewater licence effluent discharge criteria shows that 
leachate arsenic is generally above the CCME guidelines for freshwater aquatic life.  In 
addition, the first leaching cycle from sample SL-SE-02 generated an arsenic 
concentration above the permitted effluent discharge limit (for maximum average 
concentration only). 

For sample SL-SE-01, leachable concentrations of antimony, copper, iron, manganese, 
and zinc above laboratory detection limits were observed.  Concentration ranges were  
antimony (0.6 mg/L), copper (0.08 to 0.29 mg/L), iron (0.18 to 1.74 mg/L), manganese 
(0.056 to 0.159 mg/L), and zinc (0.109 to 0.273 mg/L).  Concentrations of chromium and 
lead were below detection limits.  For sample SL-SE-02, leachable concentrations of 
copper and zinc above detection limits were observed.  Copper concentrations ranged 
from 0.29 to 1.22 mg/L, and zinc concentrations from 0.013 to 0.045 mg/L.  Antimony, 
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chromium, iron, lead, and manganese concentrations were generally below detection 
limits. 

Leachate pH values ranged from 7.75 to 11.90.  The upper values are higher than the 
CCME aesthetic objective range and Giant Minewater licence effluent discharge criteria 
value of 6.0 to 9.0 and 9.5, respectively. 

5.7 Discussion  Water Treatment Sludge 

Assay results indicate that the iron:arsenic ratio in the sludge is approximately 8-9:1.  
Many factors can affect the solubility of arsenic in the water treatment sludge, one of 
which is the chemical composition of the material.  Various studies presented by Riveros 
and Dutrizac (2000) indicate that iron to arsenic ratios greater than 3:1 decrease the 
solubility of the sludge and increase its chemical stability in the pH range of 4 to 7.  The 
presence of trace elements, such as copper and zinc, further increases the stability range 
of the arsenical ferrihydrite up to a pH of about 10 (Harris and Monette, 1988; Godbehere 
and others, 1995).  It has been demonstrated that the presence of trace amounts of 
calcium and magnesium in the precipitate may result in reaction with atmospheric CO2 to 
produce a carbonate phase and release arsenate in solution (Robins and Tozawa, 1982). 

The stability of the arsenic and sludge produced at Giant can best be measured through 
leaching tests under conditions that would represent the final disposal environment.  The 
sequential leach tests, meant to simulate exposure of the sludge to ambient conditions, 
indicate that a very small proportion of the arsenic in the sludge is water-soluble (up to 
0.006% by weight), along with other elements present in the sludge. Leachate water 
quality indicates that, should the sludge be exposed to freshwater precipitation, 
concentrations of antimony, copper, iron, and manganese in the drainage may exceed 
CCME guidelines for freshwater aquatic life.  The proportion of water-soluble arsenic 
and the aqueous arsenic concentration generated by water leaching of the sludge are 
nonetheless much lower than that for tailing or soils.  Should the sludge be dredged and 
disposed of in one of the tailing ponds, the effects of sludge disposal on tailing water 
quality may not be significant, provided conditions within the sludge pile remain 
approximately constant. 
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6.0 GROUNDWATER 

6.1 Objectives 

The principal objective of the limited groundwater investigation carried out for the 
Abandonment and Restoration Plan was to assess groundwater quality at and around the 
tailing impoundments to verify the effects, if any, of tailing on groundwater quality and 
on the transport of aqueous species in the subsurface.  This characterization was not 
intended to provide detailed information on the hydrogeology and groundwater flow 
regime throughout the minesite. 

6.2 Investigations/Sampling 

6.2.1 Borehole Drilling 

During the period of July 26th to July 31st, 2000, a total of six boreholes were drilled.  A 
J.T. Thomas diamond drill rig with HQ size diamond bit and rods was used.  Borehole 
MW00-01 was drilled into the Northwest tailing impoundment.  MW00-02 was drilled 
immediately south of Dam 21B, east of a tank farm.  MW00-3A and MW00-3B were 
drilled along the east side of Vee Lake Road, between Dam 22A and Trapper Lake.  
Finally, MW-4A and MW00-4B were drilled to the southeast of Dam 3C, just below 
Dam 3.  The locations of the six boreholes (well locations) are presented on Figure 9.  
With the exception of borehole MW00-01, which was drilled entirely into unconsolidated 
material, HW size casing was set into sound bedrock at each borehole.  At MW00-01, a 
1.5-m length of HW size casing was left in the hole, about 0.4 m of which protrudes 
above the ground surface.  Following completion, each borehole was flushed with clean 
water for at least 30 minutes or until clean water return was achieved.  Following 
piezometer installation, HW steel casings were topped with bright yellow steel caps.  
Consequently, HW size steel casings act as protective casings for the monitoring wells.  
Well completion schematics are presented in Appendix IV and include GPS coordinates 
for each borehole. 

6.2.2 Piezometer Installation 

Piezometers were installed within each borehole drilled.  Each piezometer consisted of a 
blank PVC pipe string with a screened section at its base.  The blank pipe used was 
schedule 80, 1.25 inch ID, PVC pipe.  The screened sections were schedule 80, 1.25 inch 
ID, #10 slot size PVC pipe.  The annular space around the screened portion of the 
piezometer was backfilled with 10-20 size silica sand, up to a height of about 1 to  
2 m above the top of the screen.  Upon completion of the sand pack, a bentonite grout 
seal was set on top of the sand.  Both the sand and bentonite grout were conveyed to the 
desired depth through the use of a 1.0-inch, schedule 80 tremie pipe.  Exceptions to the 
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above procedure include installation at MW00-01 and MW00-4B.  Because  
MW00-01 was drilled through tailing, it was impractical to construct a sand pack around 
its screen.  Consequently, tailing was allowed to collapse around the screen and a grout 
seal was subsequently put in place.  In order to prevent fine-grained material from 
entering the screen at MW00-01, a geotextile membrane was attached to the outside of 
the screened interval.  At MW00-4B, a grout seal was not installed since this piezometer 
was aimed at providing information on water table elevation. 

6.2.3 Groundwater Sampling 

The monitoring wells were developed and purged using a Waterra™ pump and sampled 
using a peristaltic pump, with the exception of well MW00-02, which was purged and 
sampled using a WaterraTM pump because the depth to water was beyond the reach of a 
peristaltic pump.  During development, the wellhead chemistry, including pH, electrical 
conductivity, and temperature was measured at regular intervals.  Once the wellhead 
chemistry had stabilized over several consecutive readings, and at least six standing 
volumes of water had been removed from the well, it was considered developed. 

After well development, unfiltered samples were collected for measurement of field 
parameters (pH, redox potential (Eh), electrical conductivity, and temperature) by passing 
groundwater directly into a flow-through cell from which readings were taken.  At 
MW00-02, where groundwater could not be pumped directly into a flow-through cell, the 
groundwater was collected into a clean bucket and then fed by a peristaltic pump into the 
flow-through cell.  The flow-through cell and/or the collection container were rinsed at 
least three times with sample water before collecting the sample for measurement and 
three times with de-ionized water after sampling. 

When taking measurements for pH and Eh, the flow rate was kept low  
(i.e., < 10 mL/min) to prevent streaming-potential errors.  The flow-through cell was then 
disconnected and a volume of 25 mL of unfiltered water was collected directly into the 
sample cup provided in the CHEMet® Dissolved Oxygen Test Kit using ampoules for 
colourimetric determination dissolved oxygen (DO).  Field alkalinity was measured on 
filtered water.  Following the measurements of the field parameters, water samples were 
collected for laboratory analyses.  Groundwater samples were collected from all wells 
except MW00-4B, which remained dry after purging.  The peristaltic pump was used to 
fill the sample bottles directly from the well, with the exception of well MW00-02. 

Sample containers were rinsed at least three times with the sample water before filling the 
container.  The exceptions were water samples collected in pre-preserved containers, 
which were not rinsed before filling.  Sample bottles were filled completely, and the cap 
was placed on snugly.  For pre-preserved bottles, care was taken not to overfill the 
bottles.  Details of the sampling of each well are presented on the water sampling sheets 
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in Appendix V.  Samples analyzed for dissolved constituents were field-filtred and 
preserved, whereas samples analyzed for total constituents were not filtred but preserved 
only.  Following collection, samples for chemical analysis were immediately placed in a 
cooler at the sampling site and kept cool (2ºC to 4ºC) and dark. 

An in-line filtre was connected to the sample collection tubing of the peristaltic pump.  
Approximately 1 L of sample fluid was pumped through the filtre prior to sampling.  The 
filtre and tubing were disposed of after use. 

Samples were shipped by air to the laboratory to meet the recommended holding times.  
Samples were kept cool at 2ºC to 4ºC during shipment, using ice packs.  The coolers 
were sealed with tape in such a way that it was necessary to break the seal to open the 
cooler.  The sampler’s initials were written on the seal in such a way that seal removal 
destroyed the signature.  Analytical request forms (Chains-of-Custody) accompanied all 
samples submitted for analysis. 

To prevent cross-contamination between samples, the equipment was decontaminated by 
rinsing with de-ionized water.  Sampling and pump tubing were always replaced after 
each sample was taken.  Silicon tubing and filtres were disposed of after each use. 

Quality assurance and quality control (QA/QC) was provided through the collection and 
analysis of one duplicate sample and the calculation of charge balances for all analyses. 

6.3 Analytical 

The groundwater samples were analyzed by Enviro-Test Laboratories.  Analytical 
parameters included alkalinity, conductivity, dissolved oxygen, hardness, pH, TDS, TSS, 
cyanide, dissolved and total metals, anions, nutrients, and oil and grease. 

6.4 Results 

Groundwater analytical results are presented in Appendix VI, along with the analytical 
request forms.  Groundwater chemistry is summarized in Table 12 and 13.  The 
geochemical analysis code AquaChem  (WHI-version 3.7) was used to characterize and 
compare the water chemistry of all groundwater and surface water samples.  Water types 
determined for each sample are presented in Table 14. 

The tailing pore water in the Northwest impoundment (at MW00-01) is characterized by 
elevated sulphate, chloride, and total dissolved solids (TDS) and low dissolved oxygen 
levels (less than 0.5 mg/L).  It is of the sulphate-chloride type, with calcium and sodium 
as the major cations.  Arsenic concentration in the duplicate pair of MW00-01 is around  
4.4 mg/L, with the arsenic present mostly as arsenate.  The tailing pore water is also 
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characterized by higher concentrations of trace metals (1.8 mg/L antimony, 0.5 mg/L 
boron, and 0.011 mg/L nickel) than groundwater samples obtained outside the 
impoundment.  This water type is typical of tailing pond water, although with a lower 
arsenic concentration, as discussed in Section 7.0. 

Groundwater in wells located near the Northwest (MW00-02 and MW00-03A, B) and 
North (MW00-04A) impoundments has a signature typical of tailing water mixed with 
surface water.  These samples are characterized by slightly lower TDS and chloride levels 
than tailing pore water or pond water, but similar sulphate concentrations.  Alkalinity and 
dissolved oxygen levels are higher in these wells, typical of mixing with surface water.  
Dissolved arsenic concentrations are lower in these wells, ranging from 0.04 to  
0.28 mg/L, generally as arsenate, except for well MW00-02 where most of the arsenic is 
present as arsenite.  The following dissolved metal concentrations were also recorded: 
antimony (0.0056 to 0.124 mg/L), copper (0.002 to 0.015 mg/L), manganese  
(0.118 to 0.494 mg/L), nickel (0.004 to 0.007 mg/L), and zinc (0.003 to 0.011 mg/L).  
Dissolved cadmium, chromium, and lead were below detection limit at all wells. 

6.4.1 Quality Assurance/Quality Control 

QA/QC results of all water analyses are presented in Table 15.  The duplicate pair of 
sample MW00-01 returned RPDs of less than 20% for most elements of concern.  Some 
analyses returned RPD values over 20%:  nitrate (22%) and dissolved aluminum and 
mercury (67% and 150%, respectively), as well as total aluminum, iron, titanium, and 
vanadium (55%, 21%, 32%, and 22%, respectively).  Dissolved speciated arsenic values 
had RPDs less than 20%, whereas total and dissolved arsenic concentrations had 
RPD values of less than 1%.  The groundwater analyses for the parameters of concern are 
considered sufficiently precise to assist in decision-making. 

6.5 Discussion 

The effects of mining wastes on groundwater quality are discussed along with surface 
water in Section 7.5 of this report. 
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7.0 SURFACE WATER 

7.1 Objectives 

The objectives of the surface water investigation were to assess the water quality in 
surficial water throughout the property and to verify the effects, if any, of mine wastes 
and mining activities on surface water quality.  Water quality was evaluated for tailing 
supernatant water, seeps, and ponds throughout the Giant Mine property, as well as in 
Baker and Trapper Creeks.  The Baker Creek investigation had the additional objective of 
providing information to identify options for rehabilitation based on current mine 
activities and plans for eventual closure of the mine. 

7.2 Investigations/Sampling 

On September 19th, 20th, 21st, and October 16th, 2000, a total of 32 surface water samples 
were collected throughout the Giant Minesite.  Of these 32 samples, four were duplicates, 
three were inter-laboratory duplicates, and one was collected as a field blank.  Sampling 
locations are listed in the table below.  All samples collected were analyzed. 

Location Number of Samples 
Collected and Analyzed 

Baker Creek Upstream and Downstream of 
Effluent Discharge 5

Trapper Creek South of ICG Tank Farm 1 

Effluent Discharge West of B3 Pit before entering 
Baker Creek 1

Tailing Impoundment 
Supernatant 

South, Central, North, and 
Northwest Ponds 3

Seeps Dam 3, 3C, 7, 9, 11, 21B, 22B 18 

Open Pits Ponds in Open Pit B2 and C1 3 

Gar Lake Pond Downstream of Gar 
Lake 1

Whenever a seep was present, the water sample was collected from the upstream side of 
the impoundment.  Supernatant water from the Northwest impoundment was collected at 
the north end of the pond, opposite the tailing outfall pipe.  At each sampling location, a 
description of the sample site was made and GPS coordinates recorded.  Sample locations 
were also marked on a field map and are shown on Figure 10. 
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Whenever possible, surface water samples were collected from at least 2.5 cm below the 
surface and care was taken not to disturb the underlying substrate.  Sample bottles and 
equipment were rinsed three times with sample water before sampling each site.  
Preservatives were added to the bottles as required.  All surface water samples collected 
were kept cool and shipped to the laboratory for analysis, with the Chain-of-Custody 
forms attached to each shipment. 

7.3 Analytical 

At the time of sampling, field physical parameters were recorded for all samples 
collected.  These parameters included pH, electrical conductivity, redox potential, 
temperature, and dissolved oxygen.  The surface water samples were analyzed by Enviro-
Test Laboratories.  Analyses performed include alkalinity, conductivity, dissolved 
oxygen, hardness, pH, TDS, TSS, dissolved and total metals, anions, and nutrients.  
Selected samples were also analyzed for arsenic speciation and total cyanide. 

7.4 Results 

Analytical results of surface chemistry are presented in Appendix VI along with the 
analytical request forms.  Surface water chemistry is summarized in Table 16.  The 
geochemical analysis code AquaChem  (WHI-version 3.7) was used to characterize and 
compare the water chemistry of groundwater and surface water samples.  Water types 
determined for each sample are presented in Table 14.  A trilinear diagram (Piper plot) of 
water chemistry for all water samples was created using AquaChem, as shown in 
Figure 11.  Piper plots are graphical representations of water quality, generated using the 
relative proportion of major cations (calcium, magnesium, potassium, and sodium) and 
anions (chloride, sulphate, bicarbonate) in a water sample.  Results from each area 
investigated are discussed below. 

7.4.1 Tailing Impoundment Area 

The supernatant water collected by Golder from the North, South, and Northwest 
impoundments is characterized by elevated sulphate, chloride, and TDS.  It is of the 
sulphate-chloride type, with calcium and sodium as the dominant cations, similar to the 
pore water in the Northwest pond.  Arsenic concentrations in tailing pond supernatant 
range from 9.9 to 13.2 mg/L, which is higher than tailing pore water.  Arsenic is mostly 
present as arsenate.  These arsenic concentrations are similar to those obtained previously 
by others (INAC database, 2000).  The tailing supernatant contains the highest 
concentration of trace metals of all surface and groundwater samples collected: antimony 
(1.3 to 2.6 mg/L), boron (0.43 to 0.65 mg/L), copper (0.016 to 0.044 mg/L), manganese 
(0.2 to 0.34 mg/L), nickel (0.05 to 0.1 mg/L), and zinc (0.009 to 0.026 mg/L).  The water 
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quality data from tailing supernatant corroborate water quality results obtained by others 
(INAC, 2000; SRK, 2001). 

7.4.2 Water Ponds and Seepage from Impoundments 

Surface water samples were collected at four sampling points downstream of Dam 11.  
These points are, with increasing distance from Dam 11 TLG-11, TLG-7A, TLG-7B, and 
TLG-7C.  Samples were also obtained from surface water ponds east of the Central 
impoundment (TLG-9) and downstream of Dams 3 and 3C.  In the Northwest 
impoundment area, water samples were collected downstream of Dams 22B and 21B.  
Sampling location TLG-22B is a seep that flows year-round, located upstream of the 
collection pond below Dam 22B.  TLG-22CP is a wet area downstream of the collection 
pond located below Dam 22B. 

Seep water from Dam 22 (TLG-22B and -22CP) is characterized by elevated chloride, 
sulphate, and TDS, similar to tailing water, but with higher alkalinity and a higher 
proportion of magnesium.  This water represents a mixture of tailing water and surface 
(fresh) water infiltration.  The higher proportion of chloride in these seeps compared to 
the seep at the south end of the Northwest impoundment, and around the old 
impoundment area, confirms the more direct hydraulic connection of these ponds with 
tailing water relative to other seeps.  The geochemical data corroborate field observations 
of Dam 22B seepage flowing practically year-round. 

Seeps and ponds located south of the Northwest impoundment, and around the old 
impoundment area, have a similar geochemical signature.  They are generally 
characterized by low to moderate chloride concentrations, but with sulphate levels and 
TDS similar to those of tailing water.  They are of the sulphate type, with calcium and 
magnesium being the dominant cations. 

The concentrations of dissolved arsenic and trace metals of concern around the Northwest 
impoundment were of the same order of magnitude as those recorded around the old 
tailing area.  Dissolved arsenic concentrations for all seeps and ponds ranged from 
0.282 to 4.2 mg/L, with arsenic being mostly present as arsenate.  Arsenic concentrations 
generally decreased with distance from the impoundment.  Trace metal concentrations for 
parameters of concern ranged as follows: antimony (0.008 to 1.38 mg/L), copper  
(0.005 to 0.246 mg/L), nickel (0.005 to 0.039 mg/L), and zinc (0.002 to 0.1 mg/L).  
Chromium, mercury and lead were below detection limits in surface water samples.  
Similar to arsenic, a decrease in trace metal concentration could generally be observed 
with distance from the impoundments. 

There is no evidence to indicate whether the arsenic and metal concentrations in pond 
water downstream of Dams 11 and 7 are a result of chemical interaction with historic 
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tailing on which these ponds are located, or if they originate from migration of tailing 
water seeping through the dams.  Similar order-of-magnitude concentrations of dissolved 
arsenic and trace metals were found in other areas downstream of impoundments in 
which underlying tailing deposits were absent.  This suggests that chemical interaction 
with tailing may not be the dominant control on water quality in the historic tailing 
deposit area. 

7.4.3 Open Pit Water 

Water samples were collected from water ponded in open pits B2 and C1, both of which 
contain tailing material at their bases.  Water in these open pits is characterized by low 
chloride, moderate alkalinity, and TDS and sulphate concentrations similar to those of 
tailing water.  Calcium and magnesium are the dominant cations.  B2 pit water is a 
sulphate-type water; C1 pit water is a sulphate-bicarbonate type. 

Dissolved arsenic and trace metal concentrations are generally higher in water from 
B2 pit than C1 pit.  Duplicate pair analysis of B2 pit water returned dissolved arsenic 
concentrations of 4.11 and 4.15 mg/L, mainly as arsenate, which is similar to that of 
tailing pore water.  Other trace metal ranges were antimony (0.388 to 0.391 mg/L), 
copper (0.004 mg/L), nickel (0.076 to 0.078 mg/L), and zinc (0.014 to 0.018 mg/L).  
C12 pit water was characterized by a dissolved arsenic concentration of 0.171 mg/L, 
along with antimony (0.0586 mg/L), copper (0.005 mg/L), nickel (0.012 mg/L), and zinc  
(0.011 mg/L).  Lead and chromium were below their respective detection limits in both 
open pit waters. 

7.4.4 Trapper Lake and Trapper Creek 

TLG-TL is located at the inflow of Dam 22B seepage into Trapper Lake and represents a 
mixture of mine seepage and lake water.  Sample TLG-TC was collected in Trapper 
Creek, immediately south of the propane tank farm.  These waters are generally more 
diluted than other minesite surface waters, with relatively low alkalinity and sulphate and 
chloride concentrations.  They are of the sulphate-bicarbonate type, with calcium and 
magnesium as the dominant cations.  Concentrations of dissolved arsenic and trace 
metals are also low compared to minesite waters.  Dissolved arsenic at the inflow to 
Trapper Lake was 0.3 mg/L as compared to 0.08 mg/L downstream of Trapper Lake in 
Trapper Creek.  The antimony concentration also showed a decrease between these two 
sampling locations, from 0.008 to 0.02 mg/L.  Zinc at Trapper Creek was slightly higher 
than at the Trapper Lake inflow (0.009 and 0.006 mg/L, respectively).  Copper  
(0.002 mg/L) and nickel (0.003 and < 0.002 mg/L) had similar concentrations at both 
sites, whereas chromium, lead, and mercury were below their detection limits. 
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7.4.5 Gar Lake Area 

Sample TLG-GL was collected in a shallow pond south of Gar Lake.  Similar to Trapper 
Lake water, it is characterized by diluted concentrations of arsenic and metals, and low 
TDS.  The dominant anions are bicarbonate and sulphate, and the dominant cations are 
calcium and magnesium.  It is of the bicarbonate-sulphate type.  The dissolved arsenic 
concentration is also low at 0.2 mg/L, along with that of copper (0.002 mg/L), nickel 
(0.003 mg/L), and zinc (0.019 mg/L).  Chromium and lead levels were below detection 
limits. 

7.4.6 Effluent Discharge 

The effluent discharge sample TLG-EFF was collected within 3 m of the effluent 
discharge pipe outlet on the east side of Ingraham Trail.  This sampling location is 
comparable to Miramar Giant SNP station 43-1 outlined in the effluent discharge permit.  
Effluent water has similar characteristics to that of tailing water, albeit arsenic and 
antimony are lower since these are partially removed by the water treatment plant.  It 
contains elevated sulphate and chloride, with calcium and sodium as the dominant 
cations.  Samples collected on September 20th, 2000 returned a dissolved arsenic 
concentration of 0.48 mg/L.  This concentration is higher than database records dating 
since 1995 from Royal Oak Mines, Miramar Giant, and INAC, which show arsenic levels 
fluctuating between 0.2 and 0.4 mg/L.  Trace metal concentrations measured in 
September 2000 included antimony (0.721 mg/L), chromium (0.006 mg/L), copper 
(0.031 mg/L), nickel (0.118 mg/L), and zinc (0.021 mg/L).  Lead and mercury were 
below their detection limits.  Dissolved arsenic and trace metals were within the range of 
values obtained from pond and seep samples around the site, whereas the nickel 
concentration was approximately one order of magnitude higher. 

7.4.7 Baker Creek 

Three samples were collected from Baker Creek, one upstream from the mine effluent 
discharge and two downstream.  The upstream sample (BC-US) can be correlated to the 
SNP water monitoring station 43-11, also located upstream of the effluent discharge, 
although at a different location than BC-US.  The upstream sample collected on 
September 20th, 2000 is characterized by the lowest concentrations of arsenic and metals 
of all surface water samples collected.  It is dominated by bicarbonate, calcium, and 
magnesium ions and is a bicarbonate-type water, typical of immature freshwater.  
Similarly, dissolved arsenic concentrations are low (0.014 mg/L), as well as antimony 
(0.0016 mg/L), and zinc (0.021 mg/L).  Chromium, copper, lead, nickel, and mercury 
levels were below detection limits.  Results obtained by Golder corroborate those of the 
Giant Mine database. 
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Sampling station BC-DS1 was located downstream of the effluent discharge point, 
between open pits B1 and B2, on the west side of Ingraham Trail.  Sampling station  
BC-DS2 was located about 10 m upstream of Baker Creek inflow into Back Bay.  Water 
from both sampling points downstream of effluent discharge is very similar to the 
discharge itself.  Both DS1 and DS2 have similar sulphate and chloride levels as the 
effluent, with calcium and sodium as the dominant cations.  The effluent discharge has a 
slightly greater proportion of magnesium than the downstream samples.  Similar to 
effluent discharge, both downstream samples are of the sulphate-chloride type.  
Dissolved arsenic concentrations at both locations are between 0.32 mg/L and 0.35 mg/L, 
within the range of database values for effluent discharge, indicating that arsenic 
attenuation along Baker Creek was minimal at the time of sampling.  Similar trace metal 
concentrations were also recorded at both downstream locations for antimony (0.67 mg/L 
at both locations), copper (0.021 and 0.026 mg/L), nickel (0.101 and 0.103 mg/L), and 
zinc (0.001 and 0.023 mg/L).  Chromium levels were at or below its detection limit and 
lead was not detected. 

7.4.8 Comparison with CCME Guidelines 

Surface water quality for samples collected at or close to the Surveillance Network 
Program (SNP) monitoring stations were compared to the criteria specified in Giant 
Minewater Use and Waste Disposal Permit N1L2-0043.  These samples included the 
effluent discharge (close to SNP43-1), Baker Creek upstream (SNP43-11), and Trapper 
Creek (SNP43-16).  Other surface water samples were compared to CCME guidelines for 
freshwater aquatic life.  Both sets of criteria apply to total parameter concentration rather 
than the dissolved fraction.  The comparison is provided for qualitative assessment 
purposes only. 

The total arsenic concentration in the grab sample of effluent discharge (0.55 mg/L) was 
slightly above the maximum allowable average concentration for arsenic (0.5 mg/L), but 
below that for a grab sample (1 mg/L).  The water quality in Baker Creek upstream and 
Trapper Creek samples met all permit levels. 

Samples downstream of the effluent discharge contained total aluminum, antimony, 
copper, nickel, and cyanide levels above CCME guidelines.  Antimony was also above 
guidelines in the Baker Creek upstream sample, suggesting that background 
concentrations may be higher than the guideline level for this parameter.  Total aluminum 
was above CCME guidelines in the field filtre blank sample and the Baker Creek 
upstream sample.  Aluminum may have been introduced during filtring.  This will need to 
be verified during future monitoring events. 
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The open pit water quality in pit C1 showed exceedances of CCME guidelines for 
aluminum, arsenic, and copper.  B2 pit water showed additional exceedances of iron, 
nickel, and zinc. 

Seep water quality exceeded CCME guidelines for freshwater aquatic life at all sampling 
points for aluminum, arsenic, and copper, and at the majority of monitored sites for total 
cyanide.  Arsenic levels also exceeded maximum average and grab concentrations 
downstream of Dams 3, 3C, 7, 11, and 22B.  Other sporadic CCME exceedances include 
total iron downstream of Dams 3, 3C, 9, 11, 21B, and 22B, and total zinc downstream of 
Dams 3C, 9, and 11. 

7.4.9 Quality Assurance/Quality Control 

A total of four field duplicate pairs were submitted as blind duplicates for analysis of the 
full suite of parameters, and three samples were submitted to a second laboratory 
(referred to as inter-laboratory duplicates) for the analysis of a selected suite of 
parameters.  RPD calculations are presented in Table 15.  The field duplicate pairs 
returned values with RPDs less than 20% for most dissolved parameters, with the 
exception of dissolved zinc, where the RPD ranged from 25% to 100% for each of the 
duplicate pairs.  One of the four duplicate pairs showed an RPD greater than 20% for 
dissolved manganese, chromium, nitrate, and ammonia (on different sample pairs).  Inter-
laboratory duplicates also returned good RPD values, with only nitrate having RPDs  
> 20% in two pairs and cobalt in one pair. 

Duplicate analyses of total metals more frequently resulted in RPD values above 20%.  
The table below lists the parameters and number of duplicate pairs for which RPD values 
exceeded 20% for total metals analyses. 

Parameter Number of duplicate pairs where 
RPD > 20% 

cyanide 4 of 4 

zinc, titanium, aluminum 3 of 4 

copper 2 of 4 

barium, manganese, phosphorus, nickel, 
sodium, vanadium 

1 of 4 

The above table indicates that duplicate total metal analyses and cyanide analyses were 
not as consistently precise as the dissolved metals.  Disparities between cyanide analyses 
are likely related to the short preservation period and the distance of Giant Minesite to the 
laboratory.  The analytical precision is considered adequate for the majority of 



September 2001 -37 - 002-2418 

Golder Associates 

parameters of concern for most duplicate pair analyses (arsenic, antimony, copper, nickel, 
lead).

7.5 Discussion 

The following range of arsenic concentrations was recorded during the 2000 sampling 
season carried out by Golder: 

Surface Water Samples 
Permit Level1/

CCME guideline2

(mg/L)

Total As 
(mg/L)

Dissolved As 
(mg/L)

Supernatant - 9.0 - 12.3 9.9 – 13.2 

Seeps and Ponds 0.005 0.009 - 3.8 0.3 – 4.2 

Baker Creek Upstream 0.005 0.01 0.01* 

Effluent Discharge 0.5 (average) 
1.0 (grab) 0.55 0.48*

Baker Creek Downstream 0.005 0.34 - 0.37 0.32 – 0.35 

Open Pit Water 0.005 0.2 - 4.4 0.2 – 4.2 
1 Total arsenic  
2 CCME guideline for aquatic life 
* Only one data point in Golder 2000 database 

The concentrations in the table are in general agreement with the results from the  
1995 - 2000 Giant minewater quality database (INAC, Royal Oak Mines, and Miramar 
Giant).  One exception is the effluent discharge, for which the historic concentrations are 
generally lower (0.2 to 0.4 mg/L) than the Golder value obtained in September 2000. 

The trilinear plot presented on Figure 11 shows that the tailing pore water and tailing 
pond water plot in the same area, demonstrating the close relationship between the two 
waters.  Some attenuation of arsenic appears to occur as pond water migrates downward 
to the base of the impoundment.  The mechanisms of arsenic attenuation are not known at 
this time.  Water obtained from ponds located downgradient of Dams 22 (Northwest 
impoundment), Dam 9 (Central impoundment), and Dam 7 (South impoundment) also 
plot in the area of tailing water, indicating that these waters likely originate principally 
from seeps through the dams, with further attenuation of arsenic along the flow path.  
Baker Creek water samples obtained downgradient of the effluent discharge point also 
plot in this grouping.  Baker Creek water downstream of the discharge point consists of 
treated effluent discharge with little influence from upstream water chemistry (at the time 
of sampling, upstream flow in the creek was observed to be minimal).  Freshet sampling 
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of effluent and upstream/downstream water will help to verify if this relationship is 
maintained when upstream flows are larger. 

Water from monitoring wells MW00-2, -3A, -3B, and -4A located downgradient from 
tailing impoundments shows an intermediate composition between that of tailing pond 
water and fresh water (i.e., Baker Creek upstream of effluent discharge).  This grouping 
also includes the surface water samples obtained from the inflow of tailing water seepage 
into Trapper Lake, from Trapper Creek, and from a pond adjacent to Gar Lake.  These 
waters have low levels of chloride and sulphate, but higher alkalinity than tailing water, 
likely indicative of impacts, to varying degrees, by mining activity. 

Ponded water downstream of Dams 3 and 3C, as well as from open pits B2 and C1, is 
distinguished by its higher proportion of sulphate than the other samples, with sulphate 
concentrations similar to those present in tailing water and effluent discharge.  In the case 
of B2 and C1 pit water, the mixed signature of surface water and elevated sulphate 
concentrations may be indicative of active sulphide oxidation (and subsequent 
neutralization) of wall rock, waste rock, and/or tailing present at the base of these pits. 
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8.0 BAKER CREEK SEDIMENT 

8.1 Objectives 

The objectives of the sediment investigation in Baker Creek were to verify the chemical 
characteristics of these sediments and to identify rehabilitation options for Baker Creek to 
be included in the closure plan. 

8.2 Investigations/Sampling 

Baker Creek sediment samples were collected on September 9th, 2000.  Recognizing that 
fine sediment is sparsely present in Baker Creek, four sampling locations were selected 
from presumed areas of deposition within the creek (Figure 12).  Sediment sampling 
locations coincided with water quality sampling locations in Baker Creek.  In addition, 
sediment samples were collected in the marsh area behind the dyke in Yellowknife Bay 
and on the eastside of the dyke.  A description of each sampling location is provided in 
Table 17.  Two grab samples were collected from each of the six sampling locations for a 
total of 12 sediment samples.  Each grab sample was analyzed individually.  Sediments 
were put into glass jars that were labeled with an individual sample number.  Chain-of-
Custody forms were filled out with required analyses and sent with the sediment samples 
to Enviro-Test Laboratories for chemical analyses. 

8.3 Analytical 

All sediment samples were analyzed for the following parameters: 

Organic carbon (%); 

Inorganic carbon (%); 

Arsenic speciation: 

o Trivalent arsenic (As3+);

o Pentavalent arsenic (As5+);

o Water-soluble arsenic; 

o Total arsenic; 

Total metals (full suite); and 

Water-soluble metals (full suite). 
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Metals, specifically arsenic, are the principal elements of concern at the Giant Minesite, 
and consequently chemical analyses were focussed on these parameters.  No 
hydrocarbons or other organic contaminants were anticipated to be present in high 
concentrations at the minesite and thus, these were not measured in sediment samples.  
Water-soluble metals were measured in selected sediment samples to determine 
availability/mobility of these metals under normal weathering conditions.  Trivalent and 
pentavalent arsenic were measured to determine whether arsenic originated from an 
oxidized phase, such as oxidized sulphide tailing. 

Total metal concentrations were measured following triple-acid digestion.  Arsenic 
speciation analysis was carried out on all 12 sediment samples.  The extraction method 
used for this determination is still under development by Enviro-Test Laboratories and 
therefore, the data presented on solid-phase arsenic species are considered qualitative.  
Water-soluble arsenic was determined using a 24-hour shake extraction, with de-ionized 
water at a liquid to solid ratio of 4:1. 

Concentrations of metals in Baker Creek sediments were compared to CCME Interim 
Freshwater Sediment Quality Guidelines for the protection of aquatic life (CCME 1999).  
Concentrations were compared to the Interim Sediment Quality Guideline (ISQG) and 
the Probable Effects Level (PEL); above which adverse effects are predicted to frequently 
occur.

8.4 Results 

Concentrations of metals measured in Baker Creek sediments are provided in Table 18.  
Raw data are provided in Appendix III.  Arsenic concentrations exceeded the CCME 
interim freshwater sediment quality criteria at all sampling locations.  Total arsenic 
concentrations ranged from 47 mg/kg in the marsh area of Yellowknife Bay, near the 
mouth of Baker Creek, to 5,030 mg/kg just upstream of the mouth of Baker Creek.  In 
general, concentrations of arsenic were an order of magnitude higher at sampling 
locations downstream of the effluent discharge, but no trend in arsenic concentrations 
with distance from the effluent discharge was observed (Figure 13).  Concentrations of 
arsenic in sediments collected from Baker Creek, upstream of the effluent discharge, also 
exceeded CCME criteria (171-205 mg/kg), but were lower than downstream sediments.  
Arsenic concentrations in sediment from the marsh area in Yellowknife Bay were lowest 
of all locations sampled. 

In general, concentrations of water-soluble (leachable) arsenic were low compared to 
total arsenic concentrations, and ranged from 1.9 mg/kg in sediment collected from the 
east side of the dyke in Yellowknife Bay to 9.29 mg/kg in sediments collected just 
upstream of the mouth of Baker Creek (Table 19).  An increase in water-soluble arsenic 
concentrations was observed from the effluent discharge sampling location downstream 
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to the mouth of Baker Creek, but lower water-soluble arsenic concentrations were 
observed at the east side of the dyke in Yellowknife Bay (Figure 14).  The percent water-
soluble arsenic to total arsenic concentration was highly variable between sampling 
locations and ranged from 0.12 to 0.25% (Table 19).  These proportions are similar to 
proportions found in tailing (Section 5.0), and higher than those measured in mine waste 
rock (Section 3.0).  The concentration of water-soluble arsenic in Baker Creek sediments 
was lower than those reported by Mace (1998) (Table 19). 

8.4.1 Other Metal Concentrations in Baker Creek Sediment 

Concentrations of cadmium, chromium, copper, lead, nickel, and zinc exceeded CCME 
criteria at the effluent discharge point and at sampling locations further downstream.  The 
exceptions were concentrations of these metals upstream of the effluent discharge, and 
concentrations of lead, nickel, and zinc in the marsh area in Yellowknife Bay, which 
were below CCME guidelines (Table 18).  No trend was observed in concentrations of 
these metals with distance from the effluent discharge point (Figures 15-20).  In general, 
water-soluble concentrations of most metals in selected sediments were below detection 
limits.  Elevated concentrations of water-soluble metals were observed for zinc and 
ranged from 0.002 to 0.01% of total zinc concentrations. 

8.4.2 Quality Assurance/Quality Control 

Relative percent difference (RPD) values were calculated between samples to determine 
the degree of variability in sediments.  RPD values were calculated for the two sediment 
samples collected at each of the six sampling locations, and for each metal that exceeded 
CCME guidelines.  RPD values <50% were commonly observed at the upstream site, 
effluent discharge site and downstream near the mill shaft (DS1) (Table 20).  RPD values 
for lead at the upstream point, organic carbon and pentavalent arsenic at the effluent 
discharge location, and pentavalent arsenic at the mill shaft (DS1) exceeded 50%.  Just 
downstream of the mouth of Baker Creek most RPD values exceeded 50%, which 
included all RPDs for arsenic speciation, cadmium, and lead.  Lower RPD values were 
calculated for chemical parameters in Yellowknife Bay near the marsh and east of the 
dyke.  Consequently, RPD values show that sediments are heterogeneous as would be 
expected.

8.5 Discussion 

8.5.1 Total Metal Concentrations 

Elevated metal concentrations in Baker Creek sediments are indicative of anthropogenic 
sources.  The elevated concentrations of arsenic in Baker Creek sediments downstream of 
the effluent discharge (with the exception of the marsh area in Yellowknife Bay) ranged 
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from 1,940 mg/kg to 5,030 mg/kg.  These concentrations fall within the range of arsenic 
concentrations measured in sediments at other impacted sites globally and within those 
reported in previous studies conducted in the Yellowknife area (Table 21).  More 
specifically, arsenic concentrations in Baker Creek sediments fall within the range of 
arsenic concentrations reported by Mace at the Giant Mine (1998), and within those 
reported by Ollson (1999) at the nearby Con Mine. 

These levels of arsenic concentrations measured in Baker Creek sediments have the 
potential to adversely affect aquatic life.  Although information in the literature is limited, 
several studies have shown adverse effects on aquatic organisms from sediment arsenic 
concentrations ranging from approximately 40 mg/kg to approximately  
700 mg/kg (CEPA, 1993).  Effects within this range have included chronic toxicity in 
freshwater benthos at concentrations <100 mg/kg, and acute effects in bacteria at 
concentrations between 100 and 700 mg/kg. 

Arsenic concentrations in sediments collected downstream of the effluent discharge point 
in Baker Creek were higher than arsenic concentrations in sediment collected upstream of 
the effluent discharge.  This observation indicates a source, or sources, of anthropogenic 
arsenic.  Concentrations of arsenic in Baker Creek sediment upstream of the effluent 
discharge also fall within the range of background concentrations reported in the 
literature (Table 21).  However, arsenic concentrations in Baker Creek sediments 
measured in this study (171-205 mg/kg) were higher than background concentrations of 
arsenic reported by Ollson for the Yellowknife Bay area, and by Mace for a Northwest 
Territories creek.  The slightly elevated concentrations of arsenic observed in Baker 
Creek sediments upstream of the effluent discharge may be reflective of the weathering 
of rocks naturally high in arsenic and from the dispersion of arsenic via air emissions 
from the stacks during mining operations.  However, concentrations are not sufficiently 
high to suspect input from tailing or runoff from contaminated soil.  Nevertheless, 
comparisons of arsenic concentrations in sediments upstream of the effluent discharge to 
concentrations in sediments downstream of the effluent discharge indicate an introduction 
of arsenic above natural background levels, and the possibility of adverse effects to the 
aquatic environment. 

Concentrations of arsenic in sediments collected from the marsh area in Yellowknife 
Bay, near the mouth of Baker Creek, were lower than arsenic concentrations measured 
upstream of the effluent discharge in Baker Creek. Mace also reported lower arsenic 
concentrations in this area (i.e., 278 mg/kg).  Mace suggested that deposition of 
contaminated sediments from Baker Creek did not occur in this area, and that 
contaminated sediments were transported and distributed to areas further away from the 
mouth of Baker Creek.  Alternatively, it may be that a significant amount of arsenic is 
removed from the sediments by the high density of macrophytes growing in this area 
(Mace 1998).
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Concentrations of arsenic measured in sediments collected from the east side of the dyke 
are 75-fold higher than the CCME PEL for the protection of aquatic life.  Mace also 
reported higher concentrations of arsenic in sediments in this area of Yellowknife Bay.  It 
is likely that the source of arsenic contamination in this area is predominantly arsenic-
contaminated soil from the adjacent land (i.e., old town site), which was introduced into 
the bay via runoff rather than from Baker Creek.  High concentrations of arsenic are 
reported in soil samples collected from the shoreline near the dyke. 

8.5.2 Water-Soluble Arsenic Concentrations 

Water-soluble arsenic and other metals concentrations were measured to determine the 
degree of mobility of arsenic present in Baker Creek sediments.  This is important as 
sediments often can act as a source of contaminants long after the anthropogenic source 
has ceased.  Concentrations of water-soluble arsenic measured in this study were low 
compared to concentrations of total arsenic in Baker Creek sediments.  However, it is 
unclear whether these low concentrations of water-soluble arsenic can have an impact on 
aquatic life.  Mace reported that most of the arsenic in Baker Creek sediments was a 
result of the effluent discharge and that it had co-precipitated with iron and manganese 
oxides.  The author also states that the release of this bound arsenic may occur during 
anoxic conditions, which is unlikely due to the continuous water flows in Baker Creek.  
However, bulk transport of arsenic-bound sediment may occur (e.g., strong freshet) 
resulting in the re-distribution of arsenic and the potential release of leachable arsenic in 
other areas of Baker Creek or Yellowknife Bay. 

Concentrations of water-soluble arsenic concentrations reported in this study were lower 
than those previously reported by Mace (Table 19).  However, comparison of leachable 
arsenic concentrations between the two studies does not necessary indicate a reduction in 
these concentrations between 1997 and 2000.  Not only were sampling locations 
different, but analytical methods also differed.  Mace extracted leachable arsenic using 
acetic acid in addition to water.  Acetic acid removes organic-bound arsenic, resulting in 
more arsenic per quantity of leachate.  Consequently, the amount of leachable arsenic 
determined by using acetic acid would be greater.  The use of water in the extraction 
process, as applied in the current study, is thought to reflect natural weathering conditions 
and thus, the amount of leachable arsenic that would be present under natural conditions 
in Baker Creek. 

In a further attempt to assess the mobility of arsenic, Mace and Ollson conducted studies 
to determine the flux of arsenic from the sediment into the water column in Yellowknife 
Bay, near the Giant Mine, and in the Meg-Keg-Peg Lake watershed, near the Con Mine, 
respectively.  Based on pore water arsenic concentrations, Mace reported a high flux of 
arsenic from sediments into the water column of Yellowknife Bay, Back Bay, and in the 
vicinity of the Beach Tailing.  Ollson also reported arsenic mobility from the sediment 
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into the water column of the Meg-Keg-Peg Lake watershed, which was primarily 
attributed to the remobilization of arsenic from historically contaminated sediment, rather 
than to current mining practices.  Ollson also observed that arsenic remobilization was 
lower in areas of less contamination.  Arsenic flux studies conducted by Mace and Ollson 
may not be directly applicable to conditions in Baker Creek due to differences in the 
physical/chemical environment in the sediments, and to differences in arsenic speciation 
from various inputs (e.g., tailing, runoff, atmospheric deposition).  However, the 
possibility of remobilization and flux from the sediments into the water column of Baker 
Creek, and subsequent potential adverse effects to aquatic life, should not be disregarded, 
and requires further investigation. 

8.6 Discussion 

The high concentrations of arsenic and other metals in Baker Creek sediments are the 
result of inputs from mine operations that may have included a combination of arsenic 
trioxide dust from air emissions, runoff from contaminated soil, tailing, and effluent 
discharge.  Although these sources of contamination will be minimized or eliminated 
following mine closure, Baker Creek sediments may continue to be a source of metal 
contamination to the surrounding aquatic environment for an extended period following 
closure.  Concentrations of arsenic measured in this study in Baker Creek sediments and 
Yellowknife Bay exceed CCME interim sediment quality guidelines for the protection of 
aquatic life.  There is insufficient information in the following areas to confidently 
predict the potential risk to aquatic life due to post-closure arsenic concentrations in 
sediments in Baker Creek: 

the flux of arsenic from the sediments into the water column; 

the hydrological regime of Baker Creek under natural conditions (i.e., when effluent 
flows cease); 

the bulk transport of arsenic-bound sediment in Baker Creek; and 

information relating arsenic concentrations in sediments and their potential adverse 
effects to aquatic life. 

8.7 Recommendations 

Natural flow conditions of Baker Creek need to be estimated before a final closure plan 
can be developed.  From historical records and field observations during the habitat 
mapping study (Supporting Document A4), natural flows in Baker Creek will be highest 
in spring, during the freshet, followed by a rapid decrease to low levels for the remainder 
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of the year.  The habitat provided by Baker Creek under natural conditions is most likely 
limited to spring spawning. 

Given the anticipated drastic decrease in flows following mine closure, the potential for 
the flux of arsenic from the sediments into the water column and the bulk transport of 
arsenic-bound sediments in Baker Creek will decrease.  The degree to which these events 
will decrease needs to be determined before recommendations for remediation 
(e.g., dredging) can be considered. 

Sediment and water toxicity testing (both chronic and acute) should be implemented to 
determine present and future risks to aquatic life in Baker Creek. 

Once the hydrological and toxicity data have been obtained, a risk-based approach could 
be used to examine a variety of scenarios concerning closure, including: 

the risk to aquatic life in Baker Creek and Yellowknife Bay if sediments in Baker 
Creek are dredged; 

the risk to aquatic life in Baker Creek and Yellowknife Bay if sediments in Baker 
Creek are not dredged; and 

the risk to aquatic life in Baker Creek and Yellowknife Bay if sediments in Baker 
Creek are dredged and habitat improvements are made in Baker Creek to create or 
improve spawning habitat for spring spawning species (e.g., northern pike, longnose 
suckers). 

N:\Final\2003\1413\03-1413-009\Appendix I\Rep 1118 2004 Giant Mine Geochem SRK A & R.doc 



September 2001 -46 - 002-2418 

Golder Associates 

REFERENCES 

Canadian Council of Ministers of the Environment (CCME).  1999.  Canadian Sediment 
Quality Guidelines for the Protection of Aquatic Life. 

Canadian Council of Ministers of the Environment, (CCME), 2000, Canadian 
Environmental Quality Guidelines, 2000  
http://www.ccme.ca/pdfs/ceqg_rcqe/summary_table_e.pdf.

Canadian Environmental Protection Act (CEPA).  1993.  Priority Substances List 
Assessment Report:  Arsenic and its Compounds.  Government of Canada, 
Environment Canada, and Health and Welfare Canada. 56 pp. 

Canadian Environmental Protection Agency (CEPA).  1993.  Arsenic and its Compounds,
Priority Substance List Assessment Report. 

Deton’Cho Environmental Alliance, 1999.  Environmental Site Assessment and Cost 
Estimate, Giant Mine, Final Report, Prepared for Government of the Northwest 
Territories and Indian and Northern Affairs Canada, November 1999. 

Dutrizac, J.E., Riveros, P.A., Chen, T.T. and Dubreuil, A., 2000.  Recovery and 
Purification of Arsenic Oxide – Giant Mine. Report by CANMET Mining and 
Mineral Sciences Laboratories project No. 601903, MMSL 2000-004 (CR), 
January 2000. 

Environmental Protection Agency, 1994.  USEPA Contract Laboratory Program 
National Functional Guidelines for Inorganic Data Review.  EPA-540/R-94-013. 

Godbehere, P., Pinard, D., and Guimont, J., 1995. Development of a Treatment Process 
for an Arsenic-bearing Weak Acid Effluent Using Iron and Zinc Derived from 
Acid Mine Drainage and Smelter Precipitator Dust.  In:  Proceedings of Copper 
95-Cobre 95 International Conference, Casali, Dobby, Molina and Thoburn, 
Editors. Vol. II, p. 377-387. 

Golder Associates Ltd., 1998.  Interim Abandonment and Restoration Plan, Miramar 
Con Mine Ltd., Yellowknife, NWT.  Report no. 972-1459 submitted to Miramar 
Con Mine Ltd., November 1998. 

Harris, G.B. and Monette, S., 1988.  The Stability of Arsenic-bearing Residues.  In:  
Arsenic Metallurgy Fundamentals and Applications.  Reddy, Hendrix and 
Queneau, Editors.  The Minerals, Metals and Materials Society, Warrendale PA,  
p. 469-498. 

http://www.ccme.ca/pdfs/ceqg_rcqe/summary_table_e.pdf


September 2001 -47 - 002-2418 

Golder Associates 

Indian and Northern Affairs Canada (INAC), 2000.  Water quality database for Giant 
minesite for 1995-2000, internal document, last update November 2000. 

Lewis, D.W.T., 1985.  The Giant Yellowknife Gold Mine:  The Geology of an Archean 
Epithermal Precious Metal System.  Giant Yellowknife Mines Limited document, 
December 1985. 

Mace, I.S.  1998.  A study of arsenic contamination from the Royal Oak Giant Mine, 
Yellowknife, NWT.  Master’s Thesis.  Department of Chemistry and Chemical 
Engineering, Royal Military College of Canada, Kingston, ON.  135 pp. 

Ollson, C.A.  1999.  Arsenic concentrations of the terrestrial and freshwater environment 
impacted by gold mining operations, Yellowknife, NWT.  102 pp. 

Ollson, C.A., 2000. Arsenic Contamination of the Terrestrial and Freshwater 
Environment Impacted by Gold Mining Operations, Yellowknife, NWT.  Master’s 
Thesis, Royal Military College of Canada, Chemical Engineering, 102 pages. 

Price, W.A., 1997.  Draft Guidelines and Recommended Methods for the Prediction of 
Metal Leaching and Acid Rock Drainage at Minesites in British Columbia.
Ministry of Employment and Investment, Smithers, BC. 

Riveros, P.A. and Dutrizac, J.E., 2000.  A Review of Arsenic Disposal Practices for the 
Giant Mine, Yellowknife, Northwest Territories.  Report by CANMET Mining 
and Mineral Sciences Laboratories, project No. 602015, MMSL 2000-039 (CR), 
September 2000. 

Robins, R.G. and Tozawa, K., 1982.  Arsenic Removal From Gold Processing Waste 
Waters:  The Potential  Ineffectiveness of Lime.  CIM Bulletin, April 1982,  
pp. 171-174. 

Royal Military College of Canada, 2000.  Environmental Study of Arsenic 
Contamination from the Giant Mine, Yellowknife, NWT.  Report prepared for 
Indian and Northern Affairs Canada, November 2000. 

Royal Oak Mines Ltd., 1994.  Internal Memo on Acid Generation Potential Testing, 
August 31, 1994. 

Royal Oak Mines Ltd., 1995. Surface Contamination Study, The Giant Minesite, 
Yellowknife, N.W.T., Water License N1L3-0043.  Report prepared for Northwest 
Territories Water Board, March 22, 1995. 

N:\FINAL\2003\1413\03-1413-009\APPENDIX I\REP 1118 2004 GIANT MINE GEOCHEM SRK A & R.DOC 



TABLES



September 2001 Table 1
Acid-Base Accounting Results for

Open Pit and Waste Rock
Miramar Giant Mine

002-2418

CLIENT :  GOLDER ASSOCIATES
PROJECT :  MIRAMAR GIANT MINE YELLOWKNIFE
PROJECT  # :  0033
TEST :  MODIFIED SOBEK METHOD ACID-BASE ACCOUNTING

ROCK TYPE VISIBLE PASTE S(T) S(SO4) AP NP NET NP/AP CARBONATE
SULPHIDE pH % % NP NP*

Open Pit A1
OPA1-01-2100 schist Yes 9.3 6.47 0.01 201.9 246.3 44.4 1.2 270.9
OPA1-05-2100 andesite Yes 9.8 0.90 <0.01 28.1 70.3 42.2 2.5 55.8
OPA1-06-2100 schist Not Observed 9.0 0.18 <0.01 5.6 149.1 143.4 26.5 147.5
OPA1-06-2100  RE schist Not Observed 8.9 0.18 <0.01 5.6 141.6 135.9 25.2 148.3
Open Pit A2
OPA2-01-2100 schist Not Observed 9.1 0.05 <0.01 1.6 143.1 141.6 91.6 145.8
OPA2-03-2100 schist Yes 9.2 4.01 0.01 125.0 287.5 162.5 2.3 313.4
OPA2-04-2100 schist Yes 9.1 0.64 <0.01 20.0 224.7 204.7 11.2 227.5
Open Pit B1
OPB1-03-2200 andesite Not Observed 9.0 0.41 <0.01 12.8 95.6 82.8 7.5 107.5
OPB1-04-2200 schist Not Observed 9.0 0.66 <0.01 20.6 166.3 145.6 8.1 171.7
OPB1-04-A schist Not Observed 8.9 0.92 <0.01 28.8 272.5 243.8 9.5 301.7
OPB1-06-2200 schist Yes 9.0 0.39 <0.01 12.2 77.5 65.3 6.4 91.7
Open Pit B2
OPB2-03-2100 schist Not Observed 9.1 0.18 <0.01 5.6 196.9 191.3 35.0 221.7
OPB2-05-2100 schist Yes 9.0 0.32 <0.01 10.0 159.4 149.4 15.9 179.2
OPB2-06-2100 andesite Not Observed 8.9 0.05 <0.01 1.6 153.1 151.6 98.0 150.8
Open Pit B3
OPB3-02-2200 schist - 8.9 0.01 <0.01 0.3 117.8 117.5 377.0 121.7
OPB3-02-2200  RE schist - 8.9 0.01 <0.01 0.3 117.5 117.2 376.0 120.8
OPB3-03-2200 schist - 9.4 0.25 <0.01 7.8 202.5 194.7 25.9 241.7
Open Pit B4
OPB4-01-2200 andesite Not Observed 9.1 0.08 <0.01 2.5 176.3 173.8 70.5 167.5
OPB4-01-A andesite Not Observed 9.0 0.10 <0.01 3.1 131.9 128.8 42.2 125.8
OPB4-02-2200 andesite - 9.0 0.13 <0.01 4.1 220.0 215.9 54.2 220.0
Brock Pit
OPBR-01-2100 andesite Not Observed 9.2 0.22 <0.01 6.9 118.1 111.3 17.2 111.7
OPBR-02-2100 andesite Not Observed 9.3 <0.01 <0.01 0.0 92.5 92.5 - 83.3
Open Pit C1
OPC1-01-2100 schist Not Observed 9.1 1.52 <0.01 47.5 646.9 599.4 13.6 707.5
OPC1-03-2100 andesite Not Observed 9.0 0.05 <0.01 1.6 191.3 189.7 122.4 186.7
OPC1-05-2100 schist Not Observed 9.2 0.07 <0.01 2.2 152.2 150.0 69.6 150.0
Waste Rock Open Pit A2
WR-OPA2-01-2300 andesite Yes 9.2 0.99 <0.01 30.9 84.4 53.4 2.7 79.2
WR-OPA2-02-2300 andesite Yes 9.4 0.16 <0.01 5.0 56.6 51.6 11.3 54.2
WR-OPA2-03-2300 andesite - 9.1 0.17 <0.01 5.3 157.2 151.9 29.6 155.0
WR-OPA2-03-A andesite - 9.5 0.06 <0.01 1.9 30.0 28.1 16.0 25.0
WR-OPA2-04-2300 andesite Yes 9.1 0.62 <0.01 19.4 168.4 149.1 8.7 165.8
Waste Rock Open Pit B1
WR-OPB1-01-2300 schist/andesite - 9.0 1.94 <0.01 60.6 223.8 163.1 3.7 237.5
WR-OPB1-02-2300 schist/andesite - 8.8 0.56 <0.01 17.5 211.3 193.8 12.1 220.0
WR-OPB1-03-2300 schist/andesite - 8.8 0.32 <0.01 10.0 181.3 171.3 18.1 191.7
Waste Rock Open Pit B3
WR-OPB3-01-2300 - - 8.8 1.13 <0.01 35.3 195.6 160.3 5.5 200.8
WR-OPB3-02-2300 - - 9.1 1.02 <0.01 31.9 175.0 143.1 5.5 192.5
Waste Rock Open Pit B4
WR-OPB4-01-2200 - - 9.0 0.24 <0.01 7.5 131.9 124.4 17.6 137.5
WR-OPB4-02-2200 - - 9.0 0.21 <0.01 6.6 130.3 123.8 19.9 138.3
Waste Rock Brock Pit
WR-OPBR-01-2300 andesite Yes 9.4 0.09 <0.01 2.8 40.3 37.4 14.3 33.3
WR-OPBR-02-2300 andesite Yes 9.1 0.56 <0.01 17.5 150.6 133.1 8.6 156.7
Waste Rock Open Pit C1
WR-OPC1-01-2300 andesite - 9.3 0.58 <0.01 18.1 42.0 23.9 2.3 33.3
WR-OPC1-01-2300  RE andesite - 9.2 0.58 <0.01 18.1 43.5 25.4 2.4 34.2
WR-OPC1-01-A andesite - 9.1 0.10 <0.01 3.1 65.3 62.1 20.9 56.7
WR-OPC1-02-2300 andesite - 9.3 0.68 <0.01 21.3 45.8 24.5 2.2 40.0
Waste Rock Pile
WR1-01-2300 andesite Yes 9.2 0.22 <0.01 6.9 75.3 68.4 11.0 66.7
WR1-02-2300 andesite Yes 9.1 0.10 <0.01 3.1 50.3 47.1 16.1 42.5
WR2-01-2300 andesite Yes 9.2 0.11 <0.01 3.4 71.1 67.7 20.7 74.2
WR2-03-2300 - - 9.3 0.13 <0.01 4.1 30.9 26.8 7.6 48.3
WR3-01-2300 andesite Yes 9.3 0.05 <0.01 1.6 60.8 59.2 38.9 53.3
WR3-02-2300 andesite Yes 9.2 0.11 <0.01 3.4 39.0 35.6 11.3 32.5
AP  =  ACID POTENTIAL IN TONNES CaCO3 EQUIVALENT PER 1000 TONNES OF MATERIAL.
NP  =  NEUTRALIZATION POTENTIAL IN TONNES CaCO3 EQUIVALENT PER 1000 TONNES OF MATERIAL.
NET NP = NET NEUTRALIZATION POTENTIAL = TONNES CaCO3 EQUIVALENT PER 1000 TONNES OF MATERIAL.
NOTE: WHEN S(T) AND/OR S(SO4) IS REPORTED AS <0.01, IT IS ASSUMED TO BE ZERO FOR THE AP CALCULATION.
* CARBONATE NP CALCULATED FROM TOTAL INORGANIC CARBON (TIC) ASSAY.
RE = REPLICATE.

SAMPLE
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Date Printed: 12/15/2004 Table 2
Rock Chemical Analysis

Miramar Giant Mine

 002-2418

ROCK TYPE VISIBLE Ag Al As Ba Be Bi Ca Cd Co Cr Cu Fe K Mg Mn Mo Na Ni P Pb Sb Sr Ti V W Zn
SAMPLE ID SULPHIDE ppm % ppm ppm ppm ppm % ppm ppm ppm ppm % % % ppm ppm % ppm ppm ppm ppm ppm % ppm ppm ppm
Open Pit A1
OPA1-01-2100 schist Yes 3 5.73 40200 170 <0.5 <5 5.06 >100 40 138 134 9.11 2.59 2.82 1320 <2 0.36 80 470 22 49 55 0.04 237 <10 48
OPA1-05-2100 andesite Yes <1 4.59 179 20 <0.5 <5 3.42 4 54 118 6 10.95 0.15 2.65 2670 <2 1.48 41 1480 <2 8 32 0.89 224 <10 108
OPA1-06-2100 schist Not Observed <1 6.71 94 170 <0.5 <5 2.83 3 41 94 203 9.11 0.99 4.68 970 2 0.51 73 530 4 6 27 0.05 281 <10 120
Open Pit A2
OPA2-01-2100 schist Not Observed <1 6.80 133 150 <0.5 <5 2.73 4 42 252 97 7.71 0.90 5.59 600 <2 0.57 117 320 <2 8 21 0.05 208 <10 120
OPA2-03-2100 schist Yes <1 4.79 6330 180 <0.5 <5 5.66 >100 28 166 68 5.71 2.03 3.04 1260 4 0.58 56 240 32 8 55 0.03 160 <10 40
OPA2-04-2100 schist Yes <1 5.78 3610 120 <0.5 <5 4.22 98 29 76 59 7.36 0.85 5.06 735 <2 0.64 52 370 4 5 38 0.05 209 <10 108
Open Pit B1
OPB1-03-2200 andesite Not Observed <1 6.61 322 40 <0.5 <5 4.69 9 50 95 165 9.76 0.28 3.90 1330 <2 1.08 79 450 2 13 108 0.57 323 <10 110
OPB1-04-2200 schist Not Observed 1 6.42 404 70 <0.5 <5 3.93 12 33 94 123 9.48 0.71 4.72 1100 <2 0.50 77 530 10 23 46 0.20 277 <10 156
OPB1-04-A schist Not Observed 1 5.90 461 110 <0.5 <5 5.79 13 36 147 99 8.65 1.08 5.33 1335 <2 0.44 74 340 8 29 38 0.03 227 <10 146
OPB1-06-2200 schist Yes 1 6.70 102 140 0.5 <5 1.82 3 32 194 77 7.37 1.07 4.03 615 <2 0.46 87 300 4 17 30 0.03 224 <10 126
Open Pit B2
OPB2-03-2100 schist Not Observed <1 6.97 80 80 <0.5 <5 4.23 3 38 262 124 8.93 0.92 4.91 1220 <2 0.86 93 420 4 42 71 0.04 243 <10 98
OPB2-05-2100 schist Yes <1 6.92 69 110 0.5 <5 3.43 2 33 198 70 9.16 1.09 4.35 1385 <2 0.64 89 430 6 6 42 0.03 292 <10 104
OPB2-06-2100 andesite Not Observed <1 6.47 15 50 <0.5 <5 6.38 1 39 204 13 8.57 0.24 4.07 1610 <2 1.37 95 420 <2 9 68 0.48 249 <10 102
Open Pit B3
OPB3-02-2200 schist - <1 5.89 76 50 <0.5 <5 2.23 2 34 189 18 7.99 0.27 7.19 950 <2 0.56 100 320 8 6 39 0.02 214 <10 86
OPB3-03-2200 schist - <1 6.33 119 160 0.5 <5 4.53 3 34 73 70 7.14 1.83 3.45 1105 <2 0.53 49 340 4 22 60 0.04 196 <10 96
Open Pit B4
OPB4-01-2200 andesite Not Observed <1 6.55 47 60 <0.5 <5 6.98 1 37 102 111 8.21 0.32 3.16 1400 <2 1.84 61 400 <2 8 181 0.43 223 <10 86
OPB4-01-A andesite Not Observed <1 6.81 43 50 <0.5 <5 5.39 2 47 91 126 9.52 0.23 3.70 1405 <2 1.83 74 480 <2 8 135 0.56 270 <10 96
OPB4-02-2200 andesite - <1 5.05 40 100 <0.5 <5 7.96 2 27 61 174 6.48 0.44 2.27 1245 <2 1.31 43 450 <2 14 126 0.06 207 <10 54
Brock Pit
OPBR-01-2100 andesite Not Observed <1 6.99 53 50 <0.5 <5 4.53 1 39 192 21 7.06 0.27 3.27 800 <2 2.71 80 570 <2 10 103 0.36 212 <10 68
OPBR-02-2100 andesite Not Observed <1 6.69 16 80 <0.5 <5 2.81 1 20 187 10 5.57 0.34 3.18 750 2 2.83 69 810 2 4 72 0.21 137 <10 64
Open Pit C1
OPC1-01-2100 schist Not Observed 1 1.82 7700 60 <0.5 <5 12.50 >100 17 74 23 6.09 0.65 6.16 2620 2 0.33 39 120 14 12 68 0.02 82 <10 84
OPC1-03-2100 andesite Not Observed <1 5.38 71 50 <0.5 <5 6.72 2 37 88 105 8.18 0.31 3.36 1265 2 1.00 55 340 4 4 66 0.28 193 <10 66
OPC1-05-2100 schist Not Observed <1 6.30 40 50 <0.5 <5 5.91 1 45 52 100 7.64 0.27 3.56 1195 <2 1.84 53 360 <2 7 77 0.45 223 <10 80
Waste Rock Open Pit A2
WR-OPA2-01-2300 andesite Yes <1 5.98 1370 90 <0.5 <5 5.67 35 46 343 62 9.33 0.51 4.71 1985 <2 1.48 106 330 16 16 62 0.30 224 <10 110
WR-OPA2-02-2300 andesite Yes <1 5.82 21 50 <0.5 <5 5.02 1 43 402 85 8.21 0.31 3.90 2115 <2 2.42 91 300 4 6 49 0.37 221 <10 78
WR-OPA2-03-2300 andesite - <1 5.93 41 110 <0.5 <5 5.77 1 38 190 245 7.45 0.55 3.96 1490 <2 1.39 69 390 <2 4 67 0.17 228 <10 88
WR-OPA2-03-A andesite - <1 5.71 24 70 <0.5 <5 4.48 1 41 404 54 8.27 0.46 4.05 2185 <2 1.76 75 410 <2 8 60 0.39 198 <10 78
WR-OPA2-04-2300 andesite Yes 1 5.07 2930 100 <0.5 <5 5.82 74 37 204 73 8.38 0.56 4.70 1995 <2 1.40 55 510 8 6 69 0.50 215 <10 108
Waste Rock Open Pit B1
WR-OPB1-01-2300 schist/andesite - 2 5.66 8960 180 <0.5 <5 5.89 >100 34 161 136 6.80 1.39 3.60 1015 <2 0.94 69 360 82 32 77 0.13 179 <10 234
WR-OPB1-02-2300 schist/andesite - 3 6.35 1880 130 <0.5 <5 3.98 50 37 197 170 7.40 1.48 4.52 1260 2 0.51 89 370 46 35 38 0.03 227 <10 238
WR-OPB1-03-2300 schist/andesite - <1 5.79 89 90 <0.5 <5 4.29 2 35 239 216 6.91 2.07 4.34 1250 4 0.83 78 330 4 12 33 0.04 206 <10 106
Waste Rock Open Pit B3
WR-OPB3-01-2300 - - <1 6.39 3980 150 <0.5 <5 6.84 >100 28 105 151 7.27 1.32 2.69 1045 <2 0.93 54 560 14 20 108 0.09 199 <10 112
WR-OPB3-02-2300 - - 2 6.89 1110 150 <0.5 <5 4.61 31 38 144 184 7.39 1.61 3.45 1105 <2 1.12 80 440 40 74 75 0.16 220 <10 118
Waste Rock Open Pit B4
WR-OPB4-01-2200 - - 1 6.45 80 80 <0.5 <5 3.92 3 38 141 128 8.77 0.61 3.95 1325 <2 1.37 75 430 32 18 77 0.24 257 <10 98
WR-OPB4-02-2200 - - <1 6.91 42 120 <0.5 <5 5.03 1 44 108 98 8.78 1.02 3.47 1285 <2 0.99 80 470 16 9 95 0.23 271 <10 92
Waste Rock Brock Pit
WR-OPBR-01-2300 andesite Yes <1 6.88 31 40 <0.5 <5 5.44 1 48 216 87 8.13 0.12 4.42 1265 <2 2.06 117 400 <2 9 81 0.57 239 <10 88
WR-OPBR-02-2300 andesite Yes 1 6.10 2360 60 <0.5 <5 6.87 61 34 211 92 6.53 0.48 3.39 1250 <2 1.67 78 510 10 19 153 0.42 172 <10 66
Waste Rock Open Pit C1
WR-OPC1-01-2300 andesite - <1 6.06 2310 130 <0.5 <5 5.17 59 46 438 91 10.22 0.81 4.19 2405 <2 1.12 80 450 2 13 101 0.52 248 <10 102
WR-OPC1-01-A andesite - <1 6.36 46 70 <0.5 <5 5.35 2 42 494 107 8.54 0.37 5.30 2090 <2 1.63 115 310 38 9 93 0.37 217 <10 162
WR-OPC1-02-2300 andesite - <1 6.19 73 90 <0.5 <5 4.94 2 45 385 276 9.46 0.62 4.46 2070 <2 1.43 95 300 4 6 56 0.31 224 <10 112
Waste Rock Pile
WR1-01-2300 andesite Yes <1 6.79 271 40 <0.5 <5 7.75 8 42 253 251 8.30 0.27 3.75 1250 <2 1.14 102 410 <2 8 205 0.68 285 <10 70
WR1-02-2300 andesite Yes <1 7.15 21 40 <0.5 <5 4.73 <1 50 207 173 8.80 0.16 5.51 1235 <2 1.36 114 400 <2 12 93 0.61 266 <10 90
WR2-01-2300 andesite Yes <1 7.06 39 50 <0.5 <5 5.29 1 38 173 117 6.60 0.28 3.84 990 <2 2.02 100 290 <2 9 105 0.36 196 <10 68
WR2-03-2300 - - <1 6.93 11 100 <0.5 <5 5.35 1 48 159 150 8.05 0.34 4.14 1150 <2 1.89 100 330 <2 9 106 0.53 244 <10 74
WR3-01-2300 andesite Yes <1 7.07 33 90 <0.5 <5 6.10 1 46 174 94 7.56 0.26 4.10 1210 <2 1.67 107 360 8 9 100 0.47 222 <10 92
WR3-02-2300 andesite Yes <1 6.96 14 50 <0.5 <5 5.89 1 46 168 83 7.99 0.28 4.19 1180 <2 1.65 100 380 <2 11 130 0.56 245 <10 74
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September 2001 Table 3
Rock Leachate Extraction Chemical Analysis

Miramar Giant Mine

 002-2418

LEACHATE ANALYSIS BY ICP

Visible D.I. Water Sample pH Cond. Alkalinity Acidity Acidity
SAMPLE ID Rock Type Sulphide Volume Weight (pH 4.5) (pH 8.3) SO4 Ag Al As B Ba Be Bi Ca Cd Co Cr Cu Fe

(ml) (g) (uS/cm) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
CCME Guidelines for Surface 
Water - - - 0.025 5 1 - - - 0.005 - 0.05 1 0.3
Permit Maximum Average 
Concentration - - - 0.50 - - - - - - - - 0.30 -
Permit Maximum 
Concentration of any Grab 
Sample - - - 1.00 - - - - - - - - 0.60 -
Open Pit A1
OPA1-01-2100 schist Yes 400 200 7.97 104 40.0 0.0 1.3 13 <0.01 <0.2 0.19 <0.1 <0.01 <0.005 <0.1 13.8 <0.01 <0.01 <0.01 <0.01 <0.03
Open Pit A2
OPA2-01-2100 schist Not Observed 400 200 7.93 118 42.0 0.0 1.0 17 <0.01 <0.2 0.19 <0.1 <0.01 <0.005 <0.1 15.9 <0.01 <0.01 <0.01 <0.01 <0.03
OPA2-03-2100 schist Yes 400 200 7.95 231 44.0 0.0 1.3 79 <0.01 <0.2 0.05 <0.1 <0.01 <0.005 <0.1 33.1 <0.01 <0.01 <0.01 <0.01 <0.03
Open Pit B1
OPB1-03-2200 andesite Not Observed 400 200 8.10 129 66.0 0.0 2.0 5 <0.01 <0.2 0.02 <0.1 <0.01 <0.005 <0.1 23.3 <0.01 <0.01 <0.01 <0.01 <0.03
OPB1-06-2200 schist Yes 400 200 7.92 98 37.5 0.0 2.5 10 <0.01 <0.2 0.09 <0.1 <0.01 <0.005 <0.1 13.4 <0.01 <0.01 <0.01 <0.01 <0.03
Open Pit B2
OPB2-05-2100 schist Yes 400 200 7.99 132 44.0 0.0 1.0 28 <0.01 <0.2 0.04 <0.1 <0.01 <0.005 <0.1 18 <0.01 <0.01 <0.01 <0.01 <0.03
Open Pit B3
OPB3-03-2200 schist - 400 200 8.05 108 57.0 0.0 3.5 5 <0.01 <0.2 0.03 <0.1 <0.01 <0.005 <0.1 15.5 <0.01 <0.01 <0.01 <0.01 <0.03
Open Pit B4
OPB4-01-2200 andesite Not Observed 400 200 8.11 148 64.5 0.0 1.5 19 <0.01 <0.2 0.004 <0.1 <0.01 <0.005 <0.1 31.4 <0.01 <0.01 <0.01 <0.01 <0.03
OPB4-01-A andesite Not Observed 400 200 8.14 139 65.0 0.0 1.5 13 <0.01 <0.2 0.003 <0.1 <0.01 <0.005 <0.1 29.1 <0.01 <0.01 <0.01 <0.01 <0.03
Brock Pit
OPBR-02-2100 andesite Not Observed 400 200 8.17 115 63.0 0.0 1.0 5 <0.01 <0.2 0.01 <0.1 <0.01 <0.005 <0.1 23 <0.01 <0.01 <0.01 0.01 <0.03
Open Pit C1
OPC1-01-2100 schist Not Observed 400 200 8.18 259 67.0 0.0 1.0 82 <0.01 <0.2 0.06 <0.1 <0.01 <0.005 <0.1 44.7 <0.01 <0.01 <0.01 <0.01 <0.03
OPC1-05-2100 schist Not Observed 400 200 8.20 130 63.0 0.0 1.0 9 <0.01 <0.2 0.01 <0.1 <0.01 <0.005 <0.1 25.3 <0.01 <0.01 <0.01 <0.01 <0.03
Waste Rock Open Pit A2
WR-OPA2-04-2300 andesite Yes 400 200 8.01 126 67.5 0.0 1.8 7 <0.01 <0.2 0.07 <0.1 <0.01 <0.005 <0.1 19.4 <0.01 <0.01 <0.01 <0.01 <0.03
Waste Rock Open Pit B1
WR-OPB1-01-2300 schist/andesite - 400 200 8.24 149 66.5 0.0 1.0 10 <0.01 <0.2 0.11 <0.1 <0.01 <0.005 <0.1 24.5 <0.01 <0.01 <0.01 <0.01 <0.03
Waste Rock Open Pit B3
WR-OPB3-01-2300 - - 400 200 8.03 288 58.5 0.0 3.0 67 <0.01 <0.2 0.03 <0.1 <0.01 <0.005 <0.1 40.1 <0.01 <0.01 <0.01 0.01 <0.03
Waste Rock Brock Pit
WR-OPBR-02-2300 andesite Yes 400 200 8.07 141 70.5 0.0 3.5 7 <0.01 <0.2 0.04 <0.1 <0.01 <0.005 <0.1 22.7 <0.01 <0.01 <0.01 0.01 <0.03
Waste Rock Open Pit C1
WR-OPC1-01-2300 andesite - 400 200 8.07 115 63.5 0.0 2.0 5 <0.01 <0.2 0.03 <0.1 <0.01 <0.005 <0.1 19.3 <0.01 <0.01 <0.01 <0.01 <0.03
WR-OPC1-02-2300 andesite - 400 200 8.10 120 65.5 0.0 2.5 5 <0.01 <0.2 0.011 <0.1 <0.01 <0.005 <0.1 21.9 <0.01 <0.01 <0.01 <0.01 <0.03
Waste Rock Pile
WR1-01-2300 andesite Yes 400 200 8.20 118 67.0 0.0 0.5 4 <0.01 <0.2 0.0077 <0.1 <0.01 <0.005 <0.1 21.4 <0.01 <0.01 <0.01 <0.01 <0.03
WR3-01-2300 andesite Yes 400 200 8.16 126 61.0 0.0 1.0 4 <0.01 <0.2 0.016 <0.1 0.11 <0.005 <0.1 23.3 <0.01 <0.01 <0.01 <0.01 <0.03

(mg CaCO3/L)
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September 2001 Table 3
Rock Leachate Extraction Chemical Analysis

Miramar Giant Mine

 002-2418

LEACHATE ANALYSIS BY ICP

SAMPLE ID Rock Type

CCME Guidelines for Surface 
Water
Permit Maximum Average 
Concentration
Permit Maximum 
Concentration of any Grab 
Sample
Open Pit A1
OPA1-01-2100 schist
Open Pit A2
OPA2-01-2100 schist
OPA2-03-2100 schist
Open Pit B1
OPB1-03-2200 andesite
OPB1-06-2200 schist
Open Pit B2
OPB2-05-2100 schist
Open Pit B3
OPB3-03-2200 schist
Open Pit B4
OPB4-01-2200 andesite
OPB4-01-A andesite
Brock Pit
OPBR-02-2100 andesite
Open Pit C1
OPC1-01-2100 schist
OPC1-05-2100 schist
Waste Rock Open Pit A2
WR-OPA2-04-2300 andesite
Waste Rock Open Pit B1
WR-OPB1-01-2300 schist/andesite
Waste Rock Open Pit B3
WR-OPB3-01-2300 -
Waste Rock Brock Pit
WR-OPBR-02-2300 andesite
Waste Rock Open Pit C1
WR-OPC1-01-2300 andesite
WR-OPC1-02-2300 andesite
Waste Rock Pile
WR1-01-2300 andesite
WR3-01-2300 andesite

K Li Mg Mn Mo Na Ni P Pb Sb Se Si Sn Sr Ti Tl V Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

- - - 0.05 - - - - 0.01 0.006 - - - - - - - 5

- - - - - - 0.50 - 0.20 - - - - - - - - 0.20

- - - - - - 1.00 - 0.40 - - - - - - - - 0.40

2 <0.01 5.0 0.055 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.38 <0.03 0.021 <0.01 <0.2 <0.03 <0.005

<2 <0.01 5.9 0.007 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.71 <0.03 0.039 <0.01 <0.2 <0.03 <0.005
4 <0.01 11.6 0.083 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.64 <0.03 0.047 <0.01 <0.2 <0.03 <0.005

<2 <0.01 3.2 0.012 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.71 <0.03 0.080 <0.01 <0.2 <0.03 <0.005
2 <0.01 4.6 0.016 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.52 <0.03 0.023 <0.01 <0.2 <0.03 <0.005

2 <0.01 6.7 0.025 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.66 <0.03 0.026 <0.01 <0.2 <0.03 <0.005

3 <0.01 5.2 0.032 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.45 <0.03 0.032 <0.01 <0.2 <0.03 <0.005

<2 <0.01 1.6 0.027 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.52 <0.03 0.053 <0.01 <0.2 <0.03 <0.005
<2 <0.01 1.8 0.022 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.64 <0.03 0.048 <0.01 <0.2 <0.03 <0.005

<2 <0.01 2.3 0.016 <0.03 2 <0.05 <0.3 <0.05 <0.2 <0.2 0.80 <0.03 0.039 <0.01 <0.2 <0.03 <0.005

<2 <0.01 10 0.036 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.49 <0.03 0.06 <0.01 <0.2 <0.03 <0.005
<2 <0.01 2.2 0.013 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.56 <0.03 0.034 <0.01 <0.2 <0.03 <0.005

<2 <0.01 4.6 0.014 <0.03 5 <0.05 <0.3 <0.05 <0.2 <0.2 1.09 <0.03 0.064 <0.01 <0.2 <0.03 <0.005

2 <0.01 4.9 0.028 <0.03 <2 <0.05 <0.3 <0.05 <0.2 <0.2 0.72 <0.03 0.041 <0.01 <0.2 <0.03 <0.005

4 <0.01 10.1 0.039 <0.03 7 <0.05 <0.3 <0.05 <0.2 <0.2 0.61 <0.03 0.121 <0.01 <0.2 <0.03 0.013

<2 <0.01 4.2 0.017 <0.03 3 <0.05 <0.3 <0.05 <0.2 <0.2 0.89 <0.03 0.103 <0.01 <0.2 <0.03 <0.005

<2 <0.01 3.2 0.018 <0.03 3 <0.05 <0.3 <0.05 <0.2 <0.2 0.97 <0.03 0.048 <0.01 <0.2 <0.03 <0.005
<2 <0.01 2.5 0.012 <0.03 3 <0.05 <0.3 <0.05 <0.2 <0.2 0.98 <0.03 0.044 <0.01 <0.2 <0.03 <0.005

<2 <0.01 2.5 0.010 <0.03 3 <0.05 <0.3 <0.05 <0.2 <0.2 1.13 <0.03 0.096 <0.01 <0.2 <0.03 <0.005
<2 <0.01 2.0 0.020 <0.03 3 <0.05 <0.3 <0.05 <0.2 <0.2 0.93 <0.03 0.077 <0.01 <0.2 <0.03 <0.005
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September 2001 Table 4
QA/QC - Chemical Analysis

Miramar Giant Mine

002-2418

ROCK TYPE Ag Al As Ba Be Bi Ca Cd Co Cr Cu Fe K Mg Mn Mo Na Ni P Pb Sb Sr Ti V W Zn
ppm % ppm ppm ppm ppm % ppm ppm ppm ppm % % % ppm ppm % ppm ppm ppm ppm ppm % ppm ppm ppm

OPB1-04-2200 schist 1 6.42 404 70 <0.5 <5 3.93 12 33 94 123 9.48 0.71 4.72 1100 <2 0.50 77 530 10 23 46 0.20 277 <10 156
OPB1-04-A schist 1 5.90 461 110 <0.5 <5 5.79 13 36 147 99 8.65 1.08 5.33 1335 <2 0.44 74 340 8 29 38 0.03 227 <10 146

RPD (%) 0 6 9 28 - - 24 5 6 27 15 6 26 8 12 - 9 3 31 15 15 13 131 14 - 4
OPB4-01-2200 andesite <1 6.55 47 60 <0.5 <5 6.98 1 37 102 111 8.21 0.32 3.16 1400 <2 1.84 61 400 <2 8 181 0.43 223 <10 86
OPB4-01-A andesite <1 6.81 43 50 <0.5 <5 5.39 2 47 91 126 9.52 0.23 3.70 1405 <2 1.83 74 480 <2 8 135 0.56 270 <10 96

RPD (%) - 3 6 13 - - 18 40 15 8 8 10 23 10 0 - 0 12 12 - 0 20 17 12 - 7
WR-OPA2-03-2300 andesite <1 5.93 41 110 <0.5 <5 5.77 1 38 190 245 7.45 0.55 3.96 1490 <2 1.39 69 390 <2 4 67 0.17 228 <10 88
WR-OPA2-03-A andesite <1 5.71 24 70 <0.5 <5 4.48 1 41 404 54 8.27 0.46 4.05 2185 <2 1.76 75 410 <2 8 60 0.39 198 <10 78

RPD (%) - 3 38 32 - - 18 0 5 43 108 7 12 1 24 - 15 5 3 - 40 7 46 10 - 8
WR-OPC1-01-2300 andesite <1 6.06 2310 130 <0.5 <5 5.17 59 46 438 91 10.22 0.81 4.19 2405 <2 1.12 80 450 2 13 101 0.52 248 <10 102
WR-OPC1-01-A andesite <1 6.36 46 70 <0.5 <5 5.35 2 42 494 107 8.54 0.37 5.30 2090 <2 1.63 115 310 38 9 93 0.37 217 <10 162

RPD (%) - 3 189 44 - - 2 181 6 8 10 12 57 15 10 - 23 23 26 92 26 6 24 9 - 28
TSPO2-2300 - 1 5.39 1890 150 <0.5 10 5.38 49 21 134 51 6.24 1.40 2.80 1050 <2 0.61 57 480 150 181 66 0.06 178 <10 214
TSPO2-2300A - 1 5.98 1760 170 <0.5 <5 5.40 45 20 148 56 6.36 1.59 2.89 1060 2 0.83 52 480 148 157 72 0.07 194 <10 222

RPD (%) 0 7 5 8 - - 0.2 6 3 7 6 1 8 2 1 - 19 6 0 1 10 6 10 6 - 2
TNPO1-2300 - 1 4.81 4740 170 <0.5 <5 4.71 >100 28 140 2547 5.73 1.45 3.10 870 2 0.71 92 360 150 107 87 0.06 151 <10 674
TNPO1-2300A - 1 4.87 4990 170 <0.5 <5 4.31 >100 27 132 2767 5.54 1.46 2.97 840 2 0.70 91 340 156 114 82 0.06 150 <10 738

RPD (%) 0 1 3 0 - - 6 - 2 4 5 2 0 3 2 0 1 1 4 3 4 4 0 0 - 6

RPD = Relative percent difference
RE = Laboratory replicate analysis
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September 2001 Table 5
QA/QC Table - ABA Analyses

Miramar Giant Mine

 002-2418

ROCK PASTE S(T) S(SO4) AP NP NET NP/AP CARBONATE
 TYPE pH % % NP NP

OPB1-04-2200 schist 9.0 0.66 <0.01 20.6 166.3 145.6 8.1 171.7
OPB1-04-A schist 8.9 0.92 <0.01 28.8 272.5 243.8 9.5 301.7

RPD (%) 1 33 - 33 48 50 16 55
OPB4-01-2200 andesite 9.1 0.08 <0.01 2.5 176.3 173.8 70.5 167.5
OPB4-01-A andesite 9.0 0.10 <0.01 3.1 131.9 128.8 42.2 125.8

RPD (%) 1 22 - 22 29 30 50 28
OPA1-06-2100 schist 9.0 0.18 <0.01 5.6 149.1 143.4 26.5 147.5
OPA1-06-2100  RE schist 8.9 0.18 <0.01 5.6 141.6 135.9 25.2 148.3

RPD (%) 1 0 - 0 5 5 5 1
OPB3-02-2200 schist 8.9 0.01 <0.01 0.3 117.8 117.5 377.0 121.7
OPB3-02-2200  RE schist 8.9 0.01 <0.01 0.3 117.5 117.2 376.0 120.8

RPD (%) 0 0 - 0 0 0 0 1
WR-OPA2-03-2300 andesite 9.1 0.17 <0.01 5.3 157.2 151.9 29.6 155.0
WR-OPA2-03-A andesite 9.5 0.06 <0.01 1.9 30.0 28.1 16.0 25.0

RPD (%) 4 96 - 96 136 138 60 144
WR-OPC1-01-2300 andesite 9.3 0.58 <0.01 18.1 42.0 23.9 2.3 33.3
WR-OPC1-01-A andesite 9.1 0.10 <0.01 3.1 65.3 62.1 20.9 56.7

RPD (%) 2 141 - 141 43 89 160 52
WR-OPC1-01-2300 andesite 9.3 0.58 <0.01 18.1 42.0 23.9 2.3 33.3
WR-OPC1-01-2300  RE andesite 9.2 0.58 <0.01 18.1 43.5 25.4 2.4 34.2

RPD (%) 1 0 - 0 4 6 4 2
TSPO2-2300 - 8.8 0.21 0.02 5.9 208.1 202.2 35.1 226.7
TSPO2-2300A - 8.7 0.19 0.02 5.3 202.5 197.2 38.1 223.3

RPD (%) 1 10 - 11 3 3 8 1
TNPO1-2300 - 8.3 1.41 1.14 8.4 170.9 162.5 20.3 184.2
TNPO1-2300A - 8.3 1.26 0.98 8.8 170.0 161.3 19.4 180.8

RPD (%) 0 11 - 4 1 1 4 2
TSPO1-2300 - 8.2 0.51 0.06 14.1 213.8 199.7 15.2 237.5
TSPO1-2300  RE - 8.4 0.54 0.06 15.0 218.1 203.1 14.5 236.7

RPD (%) 2 6 - 6 2 2 4 0
TSPO2-2300A - 8.7 0.19 0.02 5.3 202.5 197.2 38.1 223.3
TSPO2-2300A  RE - 8.6 0.19 0.02 5.3 202.5 197.2 38.1 224.2

RPD (%) 1 0 - 0 0 0 0 0
T-NW-01-2600-01 - 8.5 0.33 0.02 9.7 218.1 208.4 22.5 240.0
T-NW-01-2600-01  RE - 8.4 0.34 0.02 10.0 218.4 208.4 21.8 240.8

RPD (%) 1 3 - 3 0 0 3 0

RPD = Relative percent difference
RE = Laboratory replicate analysis
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September 2001 Table 6
Chemical Results for
Open Pit Sediments
Miramar Giant Mine

002-2418

Open Pit Location A-1 B-1 B-2
Lab ID CCME CCME L14671-39 L14671-40 L14671-41

Sample ID Guidelines Guidelines OP-A1-SE-2100 OP-B1-SE-01-2200 SE-OPB2-01-2300
Depth (m) for for 0.1 0.1 0.1

Date Sampled Res/Park Industrial 21-Jul-00 22-Jul-00 23-Jul-00
QA/QC Land Use Land Use

Water Soluble Arsenic
Total Soluble Arsenic (mg/L) - - -
Total Soluble Arsenic (mg/kg) - - -

Ammonia-N <1 <1 <1
Antimony <0.1 2.4 11.2
Mercury 6.6 50 0.05 0.05 0.05
Oil - Gravimetric 200 100 <100
Sulphate (SO4) 258 269 1900
pH 7.1 7.5 7.7
Metals (Strong Acid Rec.)
Silver <1 <1 <1
Aluminum 6970 5230 4990
Arsenic (Total) 12 12 101 1200 2070
Barium 500 2000 228 22.9 16.6
Beryllium <1 <1 <1
Calcium 5900 38800 40800
Cadmium 10 22 <0.5 <0.5 1.9
Cobalt 13 9 24
Chromium 64 87 56.7 33 39.3
Copper 63 91 31 28 85
Iron 25300 25800 38300
Potassium 3920 900 1010
Magnesium 10100 16700 17500
Manganese 330 800 790
Molybdenum <1 <1 <1
Sodium 700 200 200
Nickel 50 50 36 27 58
Phosphorus 440 280 240
Lead 140 600 12 59 240
Tin <5 <5 <5
Strontium 44 28 23
Titanium 715 120 193
Thallium 1 1 <1 <1 <1
Vanadium 130 130 50 39 43
Zinc 200 360 63.2 80 337
Notes:
1.  Results are expressed in milligrams per kilograms (mg/kg), except for soluble arsenic concentration expressed in mg/L.
2.  Chromium guidelines are for total chromium.  Cr(VI) guidelines are 0.4 mg/kg for Res/Park land use, and 1.4 mg/kg
 for industrial land use.  No Cr(III) guidelines exist.
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N:\FINAL\2003\1413\03-1413-009\APPENDIX I\TABLE 7 AND 8.DOC GOLDER ASSOCIATES 

SEPTEMBER 2001 TABLE 7 002-2418 

ASBESTOS CHARACTERIZATION RESULTS 

SAMPLE DESCRIPTION MATERIAL 
TESTED

ASBESTOS
CONTENT (%) 

ASBESTOS
TYPE

P110-CS-01-07/00-AB
P110-CS-04-07/00-AB
P142-CS-06-07/00-AB
P134-CS-08-07/00-AB
P134-CS-10-07/00-AB

SIDING
INSULATION
INSULATION
INSULATION
SIDING

75-100 
75-100 
75-100 
75-100 
25-50 

CHRYSOTILE 
CHRYSOTILE 
AMOSITE
CHRYSOTILE 
CHRYSOTILE 

SEPTEMBER 2001 TABLE 8 002-2418 

ARSENIC AND RESIDUAL GOLD VALUES 

SAMPLE DESCRIPTION TOTAL ARSENIC 
(MG/KG) 

GOLD 
(MG/KG) MATERIAL TESTED 

P110-CC-02-07/00-AS,AU 80 6 CONCRETE 

P110-CS-03-07/00-AS,AU 766 15 WOOD 

P142-CC-05-07/00-AS,AU 20 4 CONCRETE 

P142-CS-07-07/00-AS,AU 6 24 WOOD 

P134-CC-09-07/00-AS,AU 15 34 CONCRETE 

P106-CS-11-07/00-AS,AU 158 195 WOOD 

P106-CC-12-07/00-AS,AU 9 4 CONCRETE 

P106-SD-13-07/00-AS,AU 606 47 RESIDUE 

P106-CS-14-07/00-AS,AU 3 <1 WOOD 

P101-CS-15-07/00-AS,AU 4 <1 WOOD 

P101-CC-16-07/00-AS,AU 0.1 18 CONCRETE 



September 2001 Table 9
Acid Base Accounting Results - Tailings

Miramar Giant Mine

002-2418

CLIENT :  GOLDER ASSOCIATES
PROJECT :  GIANT YELLOWKNIFE
PROJECT  # :  0033
TEST :  MODIFIED SOBEK METHOD ACID-BASE ACCOUNTING

SAMPLE PASTE S(T) S(SO4) AP NP NET NP/AP CARBONATE
DEPTH (m) pH % % NP NP*

South Tailings Pond
TSPO1-2300 0.5 8.2 0.51 0.06 14.1 213.8 199.7 15.2 237.5
TSPO1-2300  RE 0.5 8.4 0.54 0.06 15.0 218.1 203.1 14.5 236.7
TSPO2-2300 0.5 8.8 0.21 0.02 5.9 208.1 202.2 35.1 226.7
TSPO2-2300A 0.5 8.7 0.19 0.02 5.3 202.5 197.2 38.1 223.3
TSPO2-2300A  RE 0.5 8.6 0.19 0.02 5.3 202.5 197.2 38.1 224.2
32711 1.4 8.2 0.30 0.02 9.4 211.1 201.7 22.5 insuf.
32713 3.5 8.1 0.35 0.02 10.9 208.3 197.4 19.1 insuf.
32719 8.5 8.2 0.67 0.02 20.9 228.1 207.1 10.9 insuf.
32724 12.8 8.2 0.39 0.02 12.2 217.7 205.5 17.8 insuf.
32730 16.8 8.2 0.43 0.02 13.4 216.1 202.7 16.1 insuf.
Central Tailings Pond
TCPO1-2300 0.1 8.6 0.51 0.02 15.3 226.9 211.6 14.8 248.3
TCPO2-2300-02 0.1 8.4 0.27 0.04 7.2 212.5 205.3 29.6 233.3
TCPO3-2300 0.1 8.3 0.95 0.74 6.6 218.1 211.6 33.2 246.7
32761 1.1 8.0 0.46 0.02 14.4 221.1 206.8 15.4 insuf.
32763 3.0 8.0 0.32 0.08 10.0 213.7 203.7 21.4 insuf.
32769 7.9 8.1 0.64 0.02 20.0 225.3 205.3 11.3 insuf.
32777 14.0 8.2 0.69 0.02 21.6 168.3 146.7 7.8 insuf.
32787 19.5 7.2 0.23 0.02 7.2 234.1 226.9 32.5 insuf.
North Tailings Pond
TNPO1-2300 0.05 8.3 1.41 1.14 8.4 170.9 162.5 20.3 184.2
TNPO1-2300A 0.05 8.3 1.26 0.98 8.8 170.0 161.3 19.4 180.8
TNPO2-2300 0.5 8.4 0.24 0.14 3.1 197.5 194.4 63.2 211.7
TNPO3-2300 0.5 8.4 0.22 0.14 2.5 173.8 171.3 69.5 180.8
TNPO4-2300 0.5 8.4 0.34 0.12 6.9 192.5 185.6 28.0 220.0
1st hole
32951 0.8 8.1 0.60 0.02 18.8 208.9 190.2 11.1 insuf.
32953 2.3 8.2 0.52 0.02 16.3 211.3 195.1 13.0 insuf.
32957 5.3 8.1 0.38 0.02 11.9 196.4 184.5 16.5 insuf.
32964 9.8 8.1 0.61 0.02 19.1 191.6 172.5 10.0 insuf.
2nd hole
33001 0.6 7.9 0.46 0.04 14.4 206.0 191.6 14.3 insuf.
33003 2.4 8.0 0.57 0.02 17.8 207.7 189.9 11.7 insuf.
33006 4.6 7.9 0.69 0.02 21.6 189.8 168.2 8.8 insuf.
33011 8.0 8.0 0.70 0.02 21.9 193.4 171.6 8.8 insuf.
Northwest Tailings Pond
T-NW-01-2600-01 0.1 - 0.5 8.5 0.33 0.02 9.7 218.1 208.4 22.5 240.0
T-NW-01-2600-01  RE 0.1 - 0.5 8.4 0.34 0.02 10.0 218.4 208.4 21.8 240.8
T-NW-01-2600-02 0.6 - 1.0 8.5 0.30 0.04 8.1 165.0 156.9 20.3 177.5
T-NW-01-2600-03 1.1 - 1.5 8.8 0.19 <0.01 5.9 124.1 118.1 20.9 120.8
T-NW-01-2600-04 1.6 - 2.0 8.8 0.36 <0.01 11.3 111.6 100.3 9.9 119.2
T-NW-01-2600-05 3.6 - 4.0 9.0 1.05 <0.01 32.8 166.6 133.8 5.1 169.2

AP  =  ACID POTENTIAL IN TONNES CaCO3 EQUIVALENT PER 1000 TONNES OF MATERIAL.
NP  =  NEUTRALIZATION POTENTIAL IN TONNES CaCO3 EQUIVALENT PER 1000 TONNES OF MATERIAL.
NET NP = NET NEUTRALIZATION POTENTIAL = TONNES CaCO3 EQUIVALENT PER 1000 TONNES OF MATERIAL.
NOTE: WHEN S(T) AND/OR S(SO4) IS REPORTED AS <0.01, IT IS ASSUMED TO BE ZERO FOR THE AP CALCULATION.
* CARBONATE NP CALCULATED FROM TOTAL INORGANIC CARBON (TIC) ASSAY.
RE = REPLICATE;  Insuf. = INSUFFFICIENT SAMPLE.

SAMPLE
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September 2001 Table 10
Tailings and Water Treatment Sludge 

Chemical Analysis
Miramar Giant Mine

 002-2418

TEST :  METAL SCAN BY ICP (MULTI-ACID DIGESTION) PLUS ARSENIC AND ANTIMONY ASSAYS

Sample Ag Al As Ba Be Bi Ca Cd Co Cr Cu Fe K Mg Mn Mo Na Ni P Pb Sb Sr Ti V W Zn
SAMPLE ID Depth (m) ppm % ppm ppm ppm ppm % ppm ppm ppm ppm % % % ppm ppm % ppm ppm ppm ppm ppm % ppm ppm ppm
South TCA
TSPO1-2300 0.5 2 3.90 2610 140 <0.5 25 4.83 63 32 87 50 6.53 1.17 2.45 1010 2 0.87 67 300 170 129 57 0.04 132 <10 196
TSPO2-2300 0.5 1 5.39 1890 150 <0.5 10 5.38 49 21 134 51 6.24 1.40 2.80 1050 <2 0.61 57 480 150 181 66 0.06 178 <10 214
TSPO2-2300A 0.5 1 5.98 1760 170 <0.5 <5 5.40 45 20 148 56 6.36 1.59 2.89 1060 2 0.83 52 480 148 157 72 0.07 194 <10 222
32711 1.4 2.3 1.65 2485 75 - 10 3.00 <1 35 109 69 5.80 0.69 0.46 1177 3 0.03 63 430 304 590 37 0.05 176 <10 267
32711 1.4 2.3 1.56 2440 60 - 15 3.06 <1 36 104 71 5.84 0.68 0.35 1226 3 0.02 67 430 322 635 31 0.05 170 <10 277
32713 3.5 2.2 1.87 2285 70 - 15 2.37 <1 34 105 78 5.55 0.71 0.51 1109 4 <0.01 63 350 260 285 28 0.03 173 <10 358
32719 8.5 12.2 0.61 2990 60 - 25 3.01 <1 51 58 71 6.42 0.53 0.72 1108 3 <0.01 73 240 198 270 27 0.04 106 <10 378
32724 12.8 1.5 2.35 2700 70 - 15 2.43 <1 26 105 53 4.64 0.79 0.57 1066 3 <0.01 51 280 214 390 30 0.03 182 <10 214
32730 16.8 3.8 1.39 2295 60 - 20 2.34 3 35 102 73 5.49 0.67 0.44 1080 3 <0.01 57 330 204 245 24 0.04 152 <10 341
Central TCA
TCPO1-2300 0.1 1 4.35 3850 130 <0.5 10 5.29 96 36 104 63 6.54 1.11 2.60 1040 <2 0.60 71 400 318 309 61 0.05 139 <10 342
TCPO2-2300-02 0.1 1 5.99 3280 190 <0.5 5 5.28 83 24 133 70 6.41 1.73 2.93 1075 <2 0.78 62 430 332 274 72 0.06 191 <10 340
TCPO3-2300 0.1 1 4.76 2720 120 <0.5 <5 5.12 65 23 112 45 5.33 1.40 3.22 995 2 0.74 51 310 152 123 63 0.04 159 <10 232

32761 1.07 2.1 2.02 2635 70 - 15 2.65 <1 28 96 54 4.90 0.74 0.59 1054 3 <0.01 51 260 252 305 27 0.03 170 <10 307
32763 3.0 1.3 1.47 1995 60 - 20 2.42 <1 30 102 49 5.01 0.64 0.43 1078 3 <0.01 54 280 166 205 25 0.03 160 <10 346
32769 7.9 2.1 0.93 2550 55 - 10 2.89 <1 44 86 58 5.63 0.56 0.58 1105 4 <0.01 73 260 218 215 23 0.03 132 <10 312
32777 14.0 1.9 1.15 2665 50 - 15 2.41 <1 35 71 47 5.14 0.61 0.37 874 4 0.02 62 240 278 745 27 0.02 111 <10 351
32787 19.5 4.0 0.45 1325 55 - 10 3.03 <1 14 105 42 2.97 0.67 0.58 1121 4 0.02 27 240 94 120 26 0.03 106 <10 127
North TCA
TNPO1-2300 0.05 1 4.81 4740 170 <0.5 <5 4.71 >100 28 140 2547 5.73 1.45 3.10 870 2 0.71 92 360 150 107 87 0.06 151 <10 674
TNPO1-2300A 0.05 1 4.87 4990 170 <0.5 <5 4.31 >100 27 132 2767 5.54 1.46 2.97 840 2 0.70 91 340 156 114 82 0.06 150 <10 738
TNPO2-2300 0.5 1 6.41 2430 160 <0.5 <5 4.47 61 20 186 103 5.56 1.88 3.49 905 <2 0.54 56 380 162 66 55 0.05 220 <10 224
TNPO3-2300 0.5 <1 7.29 2550 200 <0.5 <5 4.34 65 21 201 93 6.41 1.93 3.59 930 <2 0.68 71 380 170 46 60 0.07 247 <10 388
TNPO4-2300 0.5 1 5.01 3130 130 <0.5 <5 4.95 81 30 126 114 6.34 1.34 3.02 985 <2 0.54 72 350 222 99 52 0.04 171 <10 416

32951 0.8 1.6 1.83 3410 95 - 15 3.68 <1 40 125 61 6.01 0.70 0.83 1209 5 0.01 66 360 194 295 39 0.04 161 <10 283
32953 2.3 1.7 1.66 2945 80 - 15 3.49 <1 41 113 84 6.03 0.67 0.69 1192 5 0.01 74 360 200 320 35 0.04 155 <10 323
32957 5.3 2.1 3.24 2095 120 - 15 3.75 <1 29 127 40 4.94 0.74 0.93 1015 3 <0.01 54 340 326 295 39 0.03 191 <10 497
32964 9.8 6.5 1.92 2615 90 - 20 3.44 <1 41 102 60 5.83 0.68 0.85 1026 3 0.01 74 300 268 370 33 0.05 156 <10 348

33001 0.6 1.3 1.84 2460 85 - 15 3.67 <1 40 108 55 5.84 0.66 0.71 1107 4 0.01 66 320 188 270 42 0.04 159 <10 301
33003 2.4 1.7 2.01 2690 90 - 10 3.58 <1 43 111 84 6.14 0.66 0.74 1044 4 <0.01 81 310 240 260 33 0.04 158 <10 397
33006 4.6 2.4 1.42 3545 85 - 20 2.81 <1 56 101 68 7.48 0.60 0.75 977 5 <0.01 95 240 368 560 25 0.03 142 <10 416
33011 8.0 2.6 1.27 3505 90 - 25 2.87 <1 59 97 67 7.66 0.62 0.71 1032 6 <0.01 99 260 404 600 30 0.03 138 <10 454
Northwest TCA
T-NW-01-2600-01 0.1 - 0.5 1 4.60 3340 120 <0.5 <5 5.91 93 32 109 72 6.66 1.14 2.92 1115 <2 0.73 70 340 274 351 69 0.07 154 <10 272
T-NW-01-2600-02 0.6 - 1.0 1 5.42 2110 120 <0.5 <5 5.11 57 29 165 88 6.69 0.87 2.88 1105 <2 0.98 70 520 146 150 104 0.19 159 <10 196
T-NW-01-2600-03 1.1 - 1.5 <1 6.22 338 110 <0.5 <5 4.35 10 38 131 144 8.47 0.52 3.68 1165 <2 0.92 75 580 26 29 109 0.31 220 <10 122
T-NW-01-2600-04 1.6 - 2.0 <1 6.71 543 170 <0.5 <5 4.28 16 37 146 159 8.44 0.87 3.67 1115 <2 1.14 78 620 44 27 105 0.27 221 <10 126
T-NW-01-2600-05 3.6 - 4.0 <1 7.16 3220 190 <0.5 <5 3.89 86 32 235 180 6.66 2.04 3.86 850 <2 0.50 80 540 12 14 59 0.10 237 <10 72

Sludge
SL-SE-01-2300 0.1 26 0.68 42300 60 <0.5 10 10.35 >100 61 23 >10000 >15.00 0.20 0.50 1990 28 0.14 2286 550 86 5300 566 0.06 44 <10 340
SL-SE-02-2300 0.1 5 2.21 10500 150 <0.5 <5 >15.00 >100 21 47 >10000 5.44 0.55 2.62 765 6 0.47 566 350 86 758 235 0.05 67 <10 184

Fire Assay Results SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 MnO P2O5 Ba Sr Zr Y Sc LOI Total
% % % % % % % % % % ppm ppm ppm ppm ppm % %

SL-SE-01-2300 - 13.69 1.55 41.79 5.68 1.56 0.05 0.38 0.02 0.98 3.58 2880 90 40 40 2 30.05 99.62
SL-SE-02-2300 - 20.83 4.62 8.55 29.84 4.70 0.68 0.69 0.30 0.12 0.23 120 270 40 10 10 27.80 98.40
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September 2001 Table 11
Tailings Leachate Extraction Chemical Analysis

Miramar Giant Mine

 002-2418

LEACHATE ANALYSIS BY ICP

Sample D.I. Water Sample pH Cond. Alkalinity Acidity Acidity
SAMPLE ID Depth Volume Weight (pH 4.5) (pH 8.3) SO4 Ag Al As B Ba Be Bi Ca Cd Co Cr Cu Fe

(m) (ml) (g) (uS/cm) (mg CaCO3/L) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
CCME Guidelines for 
Surface Water - - - 0.025 5 1 - - - 0.005 - 0.05 1 0.3
Permit Maximum Average 
Concentration - - - 0.50 - - - - - - - - 0.30 -
Permit Maximum 
Concentration of any Grab 
Sample - - - 1.00 - - - - - - - - 0.60 -
South TCA
TSPO2-2300 0.5 400 200 7.96 361 63.0 0.0 1.5 114 <0.01 <0.2 1.4 <0.1 <0.01 <0.005 <0.1 50.7 <0.01 0.01 <0.01 <0.01 0.14
32711 1.4 123 41 8.13 710 n/a n/a n/a 213 <0.01 <0.2 10.3 0.1 <0.01 <0.005 <0.1 94.6 <0.02 0.04 <0.01 0.02 0.20
32713 3.5 186 62 7.98 815 79.0 n/a n/a 335 <0.01 <0.2 1.6 <0.1 <0.01 <0.005 <0.1 128 <0.01 0.03 <0.01 0.03 0.26
32724 12.8 156 52 8.07 729 81.0 n/a n/a 248 <0.01 <0.2 2.6 <0.1 <0.01 <0.005 <0.1 86.5 <0.01 0.02 <0.01 0.02 0.40
Central TCA
TCPO1-2300 0.1 400 200 8.00 307 59.0 0.0 1.5 100 <0.01 <0.2 0.6 <0.1 <0.01 <0.005 <0.1 49.3 <0.01 0.02 <0.01 0.01 0.05
32761 1.1 196 98 7.83 2150 61.0 n/a n/a 2170 <0.01 <0.2 2.5 <0.1 0.01 <0.005 <0.2 619 <0.01 0.05 <0.01 0.03 0.23
32763 3.0 83 41.3 7.76 1400 n/a n/a n/a n/a <0.01 <0.2 0.61 <0.1 0.01 <0.005 <0.1 424 <0.01 0.05 <0.01 0.03 0.62
32777 14.0 182 91 8.20 544 86.0 n/a n/a 196 <0.01 <0.2 1.5 <0.1 <0.01 <0.005 <0.1 67.0 <0.01 <0.01 <0.01 0.03 0.18
North TCA
TNPO1-2300 0.05 400 200 7.95 4200 62.0 0.0 4.5 5220 <0.02 <0.4 9.5 <0.2 0.04 <0.01 <3 446 <0.02 0.11 <0.02 0.14 0.1
TNPO1-2300A 0.05 400 200 7.87 4720 61.5 0.0 5.0 6370 <0.02 <0.4 10 <0.2 0.03 <0.01 <3 368 <0.02 0.14 <0.02 0.18 0.09
TNPO3-2300 0.50 400 200 7.93 1055 43.5 0.0 2.0 667 <0.01 <0.2 0.3 <0.1 <0.01 <0.005 <0.1 171 <0.01 0.01 <0.01 0.01 0.05
32951 0.8 152 76 8.20 749 90.0 n/a n/a 230 <0.01 <0.2 0.9 <0.1 <0.01 <0.005 <0.1 78.9 <0.01 0.05 <0.01 0.03 0.39
32953 2.3 180 90 8.27 536 99.0 n/a n/a 134 <0.01 <0.2 0.9 0.1 <0.01 <0.005 <0.1 51.6 <0.01 0.05 <0.01 0.03 0.43
32964 9.8 210 105 8.20 607 92.0 n/a n/a 212 <0.01 <0.2 1.2 <0.1 <0.01 <0.005 <0.1 73.2 <0.01 0.02 <0.01 0.04 0.14

33001 0.6 184 92 7.93 1590 58.0 n/a n/a 1300 <0.01 <0.2 1.0 0.2 0.01 <0.005 <0.1 405 <0.01 0.06 <0.01 0.04 0.14
33003 2.4 130 65 8.10 915 74.0 n/a n/a 411 <0.01 <0.2 0.56 <0.1 <0.01 <0.005 <0.1 135 <0.01 0.04 <0.01 0.07 0.22
33011 8.0 130 65 8.09 784 76.0 n/a n/a 331 <0.01 <0.2 0.55 <0.1 <0.01 <0.005 <0.1 106 <0.01 0.02 <0.01 0.02 0.08
Northwest TCA
T-NW-01-2600-01 0.1 - 0.5 400 200 8.03 486 60.0 0.0 2.0 130 <0.01 <0.2 1.3 <0.1 <0.01 <0.005 <0.1 58.3 <0.01 0.03 <0.01 0.01 0.04
T-NW-01-2600-03 1.1 - 1.5 365 183 8.07 280 58.0 0.0 2.0 70 <0.01 <0.2 0.3 <0.1 <0.01 <0.005 <0.1 45.2 <0.01 <0.01 <0.01 0.01 <0.03
T-NW-01-2600-05 3.6 - 4.0 125 62 8.20 254 75.0 n/a n/a 57 <0.01 <0.2 <0.2 0.2 <0.01 <0.005 <0.1 42.7 <0.01 <0.01 <0.01 0.01 <0.03
Sludges
SL-SE-01, L1 0.10 2000 1000 7.75 1200 43.5 0.0 4.0 503 0.01 <0.2 0.04 0.7 0.12 <0.005 <0.1 171 <0.01 0.65 <0.01 0.29 1.74
SL-SE-01, L2 7.90 820 50.5 0.0 3.0 412 <0.01 <0.2 0.088 0.7 0.05 <0.005 <0.1 129 <0.01 0.50 <0.01 0.09 0.64
SL-SE-01, L3 7.78 564 53.0 0.0 3.3 282 <0.01 <0.2 0.106 0.6 0.03 <0.005 <0.1 88.8 <0.01 0.29 <0.01 0.08 0.18
SL-SE-02, L1 0.10 2000 1000 11.90 5740 1135.0 0.0 0.0 1100 0.01 0.4 0.6 0.2 0.10 <0.005 <0.1 912 <0.01 0.47 0.02 1.22 <0.03
SL-SE-02, L2 11.85 4730 932.0 0.0 0.0 282 <0.01 0.4 0.0063 <0.1 0.09 <0.005 <0.1 481 <0.01 0.09 <0.01 0.37 <0.03
SL-SE-02, L3 11.70 3450 818.0 0.0 0.0 176 <0.01 0.5 0.3 <0.1 0.10 <0.005 <0.1 430 <0.01 0.05 <0.01 0.29 <0.03

(mg CaCO3/L)
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September 2001 Table 11
Tailings Leachate Extraction Chemical Analysis

Miramar Giant Mine

 002-2418

LEACHATE ANALYSIS BY ICP

Sample
SAMPLE ID Depth 

(m)
CCME Guidelines for 
Surface Water
Permit Maximum Average 
Concentration
Permit Maximum 
Concentration of any Grab 
Sample
South TCA
TSPO2-2300 0.5
32711 1.4
32713 3.5
32724 12.8
Central TCA
TCPO1-2300 0.1
32761 1.1
32763 3.0
32777 14.0
North TCA
TNPO1-2300 0.05
TNPO1-2300A 0.05
TNPO3-2300 0.50
32951 0.8
32953 2.3
32964 9.8

33001 0.6
33003 2.4
33011 8.0
Northwest TCA
T-NW-01-2600-01 0.1 - 0.5
T-NW-01-2600-03 1.1 - 1.5
T-NW-01-2600-05 3.6 - 4.0
Sludges
SL-SE-01, L1 0.10
SL-SE-01, L2
SL-SE-01, L3
SL-SE-02, L1 0.10
SL-SE-02, L2
SL-SE-02, L3

K Li Mg Mn Mo Na Ni P Pb Sb Se Si Sn Sr Ti Tl V Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

- - - 0.05 - - - - 0.01 0.006 - - - - - - - 5

- - - - - - 0.50 - 0.20 - - - - - - - - 0.20

- - - - - - 1.00 - 0.40 - - - - - - - - 0.40

5 <0.01 13.0 0.026 <0.03 18 <0.05 <0.3 <0.05 2.2 <0.2 1.19 <0.03 0.228 <0.01 <0.2 <0.03 0.005
24 0.01 23.2 0.022 0.04 32 <0.05 <0.3 <0.05 6.6 <0.2 2.44 <0.03 0.294 <0.01 <0.2 <0.03 0.008
19 0.01 29.3 0.041 0.03 29 <0.05 <0.3 <0.05 2.2 <0.2 2.24 <0.03 0.404 <0.01 <0.2 <0.03 0.008
20 0.01 29.7 0.023 <0.03 31 <0.05 <0.3 <0.05 3.6 <0.2 2.61 <0.03 0.318 <0.01 <0.2 <0.03 0.007

3 <0.01 8.7 0.027 <0.03 13 <0.05 <0.3 <0.05 1.1 <0.2 0.76 <0.03 0.132 <0.01 <0.2 <0.03 <0.005
47 <0.01 171 0.137 0.06 133 <0.05 <0.3 <0.05 1.1 <0.2 3.01 <0.03 1.33 <0.01 <0.2 <0.03 0.012
35 <0.01 47.4 0.081 <0.03 35 <0.05 <0.3 <0.05 0.8 <0.2 2.22 <0.03 0.777 <0.01 <0.2 <0.03 0.015
32 <0.01 20.6 0.015 0.06 20 <0.05 <0.3 <0.05 5.0 <0.2 2.31 <0.03 0.066 <0.01 <0.2 <0.03 <0.005

66 0.05 1140 0.150 0.20 510 <0.1 <0.6 <0.1 0.9 <0.4 1.40 <0.06 2.31 <0.02 <0.4 <0.06 0.060
80 0.05 1450 0.17 0.25 638 <0.1 <0.6 <0.1 1 <0.4 1.40 <0.06 1.98 <0.02 <0.4 <0.06 0.109
6 <0.01 53.4 0.055 <0.03 19 <0.05 <0.3 <0.05 <0.2 <0.2 1.42 <0.03 0.49 <0.01 <0.2 <0.03 0.005
29 <0.01 30.9 0.031 <0.03 34 <0.05 <0.3 <0.05 1.1 <0.2 2.08 <0.03 0.246 <0.01 <0.2 <0.03 <0.005
29 <0.01 22.8 0.018 <0.03 24 <0.05 <0.3 <0.05 1.1 <0.2 2.05 <0.03 0.162 <0.01 <0.2 <0.03 <0.005
24 <0.01 24.1 0.019 <0.03 30 <0.05 <0.3 <0.05 1.7 <0.2 2.37 <0.03 0.129 <0.01 <0.2 <0.03 <0.005

31 <0.01 72.3 0.101 0.04 97 <0.05 <0.3 <0.05 1.2 <0.2 2.66 <0.03 1.20 <0.01 <0.2 <0.03 0.008
35 <0.01 30.0 0.030 <0.03 29 <0.05 <0.3 <0.05 0.4 <0.2 2.01 <0.03 0.325 <0.01 <0.2 <0.03 <0.005
28 <0.01 31.6 0.024 0.04 22 <0.05 <0.3 <0.05 1.1 <0.2 2.14 <0.03 0.228 <0.01 <0.2 <0.03 <0.005

6 <0.01 13.5 0.060 <0.03 31 <0.05 <0.3 <0.05 1.6 <0.2 0.84 <0.03 0.154 <0.01 <0.2 <0.03 <0.005
3 <0.01 5.7 0.054 <0.03 8 <0.05 <0.3 <0.05 0.2 <0.2 0.61 <0.03 0.194 <0.01 <0.2 <0.03 <0.005
3 <0.01 7.0 0.022 <0.03 6 <0.05 <0.3 <0.05 <0.2 <0.2 1.15 <0.03 0.168 <0.01 <0.2 <0.03 <0.005

9 0.01 34.6 0.159 0.12 79 0.07 <0.3 <0.05 0.6 <0.2 1.18 <0.03 1.90 <0.01 <0.2 <0.03 0.273
7 0.01 26.3 0.101 0.14 41 0.06 <0.3 <0.05 0.6 <0.2 1.20 <0.03 1.48 <0.01 <0.2 <0.03 0.111
6 <0.01 18.5 0.056 0.14 18 <0.05 <0.3 <0.05 0.6 <0.2 1.12 <0.03 1.01 <0.01 <0.2 <0.03 0.109
75 0.03 <0.1 <0.005 0.07 447 <0.05 <0.3 <0.05 <0.2 <0.2 0.30 <0.03 3.51 <0.01 <0.2 <0.03 0.013
32 0.02 <0.1 <0.005 <0.03 166 <0.05 <0.3 <0.05 <0.2 <0.2 0.29 <0.03 2.09 <0.01 <0.2 <0.03 0.045
14 0.02 0.10 <0.005 <0.03 65 <0.05 <0.3 <0.05 <0.2 <0.2 0.35 <0.03 1.45 <0.01 <0.2 <0.03 0.017
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September 2001 Table 12
Groundwater Analytical Results-Dissolved Metals

Miramar Giant Mine

002-2418

Easting 636191 636191 635969 636098 636098 637310
Northing 6934689 6934689 6934326 6935537 6935537 6934220

Lab ID L14821-6 L14821-7 L14821-4 L14821-2 L14821-3 L14821-8
Sample ID MW00-01 MW00-01A MW00-2 MW00-3A MW00-3B MW00-4A

PARAMETERS Depth (m) 8.5 8.5 22.7 8.5 16.5 8.5
Date Sampled 1-Aug-00 1-Aug-00 1-Aug-00 1-Aug-00 1-Aug-00 1-Aug-00

QA/QC FD
Routine Parameters UNITS
Alkalinity (total field) as CaCO3 mg/L 115 115 205 187.5 167.5 200
Alkalinity (bicarbonate) HCO3 mg/L 155 153 280 251 217 269
Alkalinity (carbonate) CO3 mg/L <5 <5 <5 <5 <5 <5
Alkalinity (hydroxide) OH mg/L <5 <5 <5 <5 <5 <5
Alkalinity (total as CaCO3) as CaCO3 mg/L 127 126 229 206 178 220
Conductivity (field) Cond µS/cm 1624 1624 1170 1240 856 758
Conductivity (lab) Cond µS/cm 2040 2070 1530 1790 1260 972
Dissolved oxygen (field) DO mg/L 0.35 0.35 2.5 1.5 1.5 4.0
Hardness (as CaCO3) Hard mg/L 760 757 698 618 526 423
pH (field) pH pH units 7.95 7.95 7.72 7.45 7.58 7.80
pH (lab) pH pH units 7.8 7.8 7.7 7.5 7.7 7.7
Redox potential (field) Eh mV -79.0 -79.0 65.5 88 87.4 83.1
Temperature (field) Temp oC 9.5 9.5 6.5 4.3 3.3 6.5
Total dissolved solids TDS mg/L 1340 1350 1090 1190 863 693
Total suspended solids TSS mg/L 41 35 7540 2120 1830 3470
Anions
Chloride Cl mg/L 291 293 73 132 102 2
Sulphate SO4 mg/L 511 519 548 544 378 337

Nutrients
Nitrate+Nitrite (N) N mg/L 6.5 7.8 0.1 0.3 0.1 0.5
Amonia (N) NH3 mg/L 3.34 3.59 3.17 1.26 0.78 0.18
Nitrate (N) NO3 mg/L 5.7 7.1 0.1 0.3 0.1 <0.1
Nitrite (N) NO2 mg/L 0.74 0.72 <0.05 <0.05 <0.05 <0.05
Hydrocarbons
Oil & Grease mg/L <1 <1 <1 <1 <1 <1
Dissolved Metals
Aluminum Al mg/L 0.02 0.01 0.09 0.32 0.14 0.20
Antimony Sb mg/L 1.80 1.81 0.124 0.0056 0.0183 0.0115
Arsenic 3+ As3+ mg/L 0.305 0.291 0.166 0.0042 <0.0002 0.093
Arsenic 5+ As5+ mg/L 2.19 2.58 0.0010 0.0318 0.0267 0.0841
Total (diss.) Arsenic As mg/L 4.40 4.39 0.275 0.0748 0.0465 0.169

Barium Ba mg/L 0.014 0.014 0.053 0.044 0.061 0.013
Beryllium Be mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Boron B mg/L 0.50 0.50 0.15 0.19 0.13 0.06
Cadmium Cd mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calcium Ca mg/L 218 217 167 156 133 88.1
Chromium Cr mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Cobalt Co mg/L 0.066 0.066 0.032 0.052 0.033 0.006
Copper Cu mg/L 0.015 0.014 0.002 0.003 0.005 0.015
Iron Fe mg/L 0.054 0.061 <0.005 1.23 0.067 0.289
Lead Pb mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Magnesium Mg mg/L 52.4 52.2 68.3 55.6 47.2 49.2
Manganese Mn mg/L 0.237 0.239 0.494 0.435 0.285 0.118
Mercury Hg mg/L 0.0014 0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Molybdenum Mo mg/L 0.027 0.027 0.024 0.011 0.013 0.007
Nickel Ni mg/L 0.011 0.011 0.007 0.006 0.004 0.004
Phosphorus P mg/L <0.1 <0.1 0.9 7.5 2.5 5.9
Potassium K mg/L 13.3 13.3 10.9 11.5 9.1 4.3
Silver Ag mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Sodium Na mg/L 148 147 83 163 86 78
Strontium Sr mg/L 2.04 2.09 1.43 1.63 1.42 0.357
Thallium Tl mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tin Sn mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Titanium Ti mg/L <0.001 <0.001 <0.001 0.010 <0.001 0.006
Vanadium V mg/L 0.003 0.003 0.003 0.009 0.009 0.006
Zinc Zn mg/L 0.010 0.008 0.003 0.003 0.004 0.011
No applicable groundwater quality criteria 

N:\Final\2003\1413\03-1413-009\Appendix I\
Table 12 Groundwater - Dissolved Metals Golder Associates Page 1 of 1



September 2001 Table 13
Groundwater Analytical Results-Total Metals

Miramar Giant Mine

002-2418

Location MW00-01 MW00-01 MW00-2 MW00-3A MW00-3B MW00-4A
Easting 636191 636191 635969 636098 636098 637310

Northing 6934689 6934689 6934326 6935537 6935537 6934220
Lab ID L14821-6 L14821-7 L14821-4 L14821-2 L14821-3 L14821-8

Sample ID Maximum Aesthetic MW00-01 MW00-01A MW00-2 MW00-3A MW00-3B MW00-4A
PARAMETERS Depth (m) Allowable Objectives 8.5 8.5 22.7 8.5 16.5 8.5

Date Sampled Concentration 1-Aug-00 1-Aug-00 1-Aug-00 1-Aug-00 1-Aug-00 1-Aug-00
QA/QC (mg/L) (mg/L) FD

Total Metals UNITS
Aluminum Al mg/L - - 1.74 0.99 204 43.5 44.9 130
Antimony Sb mg/L 0.006 - 1.92 1.92 0.167 0.0031 0.0133 0.0127
Arsenic As mg/L 0.025 - 4.91 4.94 2.58 0.0811 0.0667 0.452
Barium Ba mg/L 1 - 0.020 0.017 1.10 0.740 0.520 0.627
Beryllium Be mg/L - - <0.002 <0.002 0.004 0.003 <0.002 0.002
Boron B mg/L 5 - 0.63 0.65 0.17 0.22 0.14 0.12
Cadmium Cd mg/L 0.005 - <0.001 <0.001 0.002 <0.001 <0.001 <0.001
Chromium Cr mg/L 0.05 - 0.005 0.006 1.07 0.009 0.052 0.310
Cobalt Co mg/L - - 0.081 0.081 0.382 0.060 0.054 0.147
Copper Cu mg/L - 1 0.028 0.027 0.745 0.021 0.092 0.437
Iron Fe mg/L - 0.3 2.33 1.89 348 22.6 59.5 160
Lead Pb mg/L 0.01 - 0.015 0.014 0.111 0.053 0.035 0.038
Manganese Mn mg/L - 0.05 0.314 0.310 8.21 0.963 1.93 3.87
Mercury Hg mg/L 0.001 - <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Molybdenum Mo mg/L - - 0.032 0.032 0.035 0.011 0.014 0.011
Nickel Ni mg/L - - 0.013 0.012 0.538 0.021 0.037 0.183
Phosphorus P mg/L - - 0.14 0.14 4.15 9.59 3.08 9.17
Silver Ag mg/L - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Strontium Sr mg/L - - 2.27 2.34 2.03 2.17 1.73 0.706
Thallium Tl mg/L - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tin Sn mg/L - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Titanium Ti mg/L - - 0.018 0.013 8.29 0.204 1.85 7.13
Vanadium V mg/L - - 0.010 0.008 1.01 0.030 0.149 0.532
Zinc Zn mg/L - 5 0.025 0.026 0.520 0.125 0.158 0.348
Cyanide
Total Cyanide CN mg/L 0.2 - 0.183 0.172 0.160 0.022 0.014 0.010

Charge Balance
Ion Balance % - - 101 98.7 98.8 103 101 104
CCME guidelines for surface water; used for comparative purposes only. 

CCME GUIDELINES
WATER : COMMUNITY
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September 2001 Table 14
Groundwater and Surface Water Chemical Types

Miramar Giant Mine

 002-2418

Sample id
Sampling

date Water type
BC-DS1              Baker Creek            downstream 1 9/19/2000 Ca-Na-SO4-Cl        
BC-DS2              Baker Creek            downstream 2                9/19/2000 Ca-Na-SO4-Cl        
BC-Eff              Effluent discharge 9/20/2000 Ca-Na-Mg-SO4-Cl     
BC-US               Baker Creek            up stream of discharge  9/20/2000 Ca-Mg-HCO3          
MW00-1              Groundwater NWPond tails                 8/1/2000 Ca-Na-SO4-Cl        
MW00-2              Groundwater propane tank farm         8/1/2000 Ca-Mg-Na-SO4-HCO3   
MW00-3A             Groundwater V Lake rd                     8/1/2000 Ca-Na-Mg-SO4-HCO3   
MW00-3B             Groundwater V Lake rd, 20m              8/1/2000 Ca-Mg-Na-SO4-HCO3   
MW00-4A             Groundwater North Pond, 10m           8/1/2000 Ca-Mg-Na-SO4-HCO3   
OP-B2               Giant surf water      open pit B2                   9/19/2000 Ca-Mg-SO4           
OP-C1               Giant surf water      open pit C1                   9/19/2000 Ca-Mg-SO4-HCO3      
TLG-21B             NWPtails seep        propane dam 21B          9/20/2000 Ca-Mg-SO4           
TLG-22B             seep                  MWPond seep               9/20/2000 Ca-Mg-Na-SO4-Cl     
TLG-22CP            seep                  NWPond seep               9/20/2000 Ca-Mg-Na-SO4-Cl     
TLG-3               seep                  north, NPond                 9/20/2000 Ca-Mg-SO4           
TLG-3C              seep                  North pond, north          9/20/2000 Ca-Mg-SO4           
TLG-7A-SW           seep                        dam 7                         9/20/2000 Ca-Mg-SO4           
TLG-7B-SW           seep                        dam7                          9/20/2000 Ca-Mg-SO4-HCO3      
TLG-9-SW-09/00      seep                  central pond                  9/20/2000 Ca-Mg-HCO3-SO4      
TLG-NP-SW-09/00   pond water              north pond                    9/20/2000 Ca-Na-Mg-SO4-Cl     
TLG-NWP             pond water              NWpond water               9/20/2000 Ca-Na-Mg-SO4-Cl     
TLG-SP-SW-09/00   pond water              south pond water           9/20/2000 Ca-Na-Mg-SO4-Cl     
TLG-TC              Trapper Creek        ditch at propane tanks   9/20/2000 Ca-Mg-SO4-HCO3      
TLG-TL              Trapper Lake          inflow                        9/20/2000 Ca-Mg-HCO3-SO4      
TLG-GL              surface water          off site                      9/20/2000 Ca-Mg-HCO3-SO4      

Location
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September 2004 Table 15
QAQC Results for All Water Analyses

002-2418

Monitoring well Monitoring well Open Pit B2 Open Pit B2 Baker Creek Baker Creek Baker Creek Baker Creek Dam 11 Dam 11 Dam 22B Dam 22B Dam 7 Dam 7
L14821-6 L14821-7 L17746-7 L17746-8 L17746-3 L17746-5 L32566-4 L32566-5 L19648-3 L19648-4 L17833-10 L17833-13 L19648-1 3353-2

PARAMETERS MW00-01 MW00-01A OP-B2-SW-09/00 OP-B2-SW-09/00-B BC-DS2-SW-09/00 BC-DS2-SW-09/00-C BC-DS2-SW-05/01 BC-DS2-SW-05/01-C TLG-11-SW-10/00 TLG-11A-SW-10/00 TLG-22B-SW-09/00 TLG-22B-SW-09/00-A TLG-7A-SW-10/00 TLG-7A-SW-10/00
1-Aug-00 1-Aug-00 19-Sep-00 19-Sep-00 19-Sep-00 19-Sep-00 15-May-01 15-May-01 16-Oct-00 16-Oct-00 20-Sep-00 20-Sep-00 16-Oct-00 16-Oct-00

FD of L14821-6 RPD FD of L17746-7 RPD FD of L17746-3 RPD FD of L32566-4 RPD FD of L19648-3 RPD FD of L17833-10 RPD ID RPD
Standard Tests
Alkalinity (total as CaCO3) 127 126 0.8 157 157 0.0 83 78 6.2 47 48 2.1 131 - - 159 158 0.6 161 169 4.8
Conductivity (lab) 2040 2070 1.5 1980 1970 0.5 2220 2140 3.7 156.0 157.0 0.6 - - - 2040 2020 1.0 - - -
Hardness (as CaCO3) 760 757 0.4 1210 1200 0.8 908 883 2.8 64.0 64.0 0.0 - - - 835 835 0.0 - 771 -
pH (lab) 7.8 7.8 0.0 7.7 7.7 0.0 7.7 7.7 0.0 7.5 7.5 0.0 - - - 7.6 7.6 0.0 - - -
Total Dissolved Solids 1340 1350 0.7 1670 1650 1.2 1570 1520 3.2 77.0 79.0 2.6 - - - 1410 1400 0.7 - - -
Dissolved Organic Carbon - - - 9 9 0.0 6 6 0.0 13.0 13.0 0.0 7 6 15 6 7 15 10 9 11
Anions
Chloride 291 293 0.7 18 18 0.0 291 285 2.1 4.0 4.0 0.0 - - - 222 223 0.4 - - -
Sulphate 511 519 1.6 970 970 0.0 679 659 3.0 17.1 17.8 4.0 - - - 636 633 0.5 - - -
Nutrients
Nitrate+Nitrite (N) 6.5 7.8 18 30.2 27.7 8.6 13 12.6 3.1 <0.1 <0.1 NC - - - 6.1 6.1 0.0 - - -
Ammonia (N) 3.34 3.59 7.2 1.27 1.28 0.8 0.28 0.49 55 0.2 0.2 0 <0.05 <0.05 - 1.39 1.4 0.7 - - -
Nitrate (N) 5.7 7.1 22 29.3 26.9 8.5 12.9 12.4 4.0 <0.1 <0.1 NC 3 5.2 54 6.1 6.1 0.0 0.7 0.86 21
Nitrite (N) 0.74 0.72 2.7 0.82 0.8 2.5 0.14 0.24 - <0.05 <0.05 NC <0.05 <0.05 - <0.05 <0.05 - <0.05 0.01 -
Dissolved Metals
Aluminum 0.02 0.01 67 <0.01 <0.01 - 0.01 <0.01 - 0.03 0.03 0.0 <0.01 <0.01 - <0.01 <0.01 - - <0.05 -
Antimony 1.80 1.81 0.6 0.388 0.391 0.8 0.671 0.663 1.2 0.0073 0.0074 1.4 0.511 0.521 1.9 1.38 1.35 2.2 - 0.2 -
Arsenic 3+ 0.305 0.291 4.7 0.116 0.115 0.9 0.008 0.008 0.0 0.015 0.0148 1.3 0.395 0.395 0.0 0.035 0.035 0.0 0.196 - -
Arsenic 5+ 2.19 2.58 16 3.96 3.67 7.6 0.307 0.269 13 0.0798 0.0808 1 1.94 1.87 3.7 1.28 1.37 6.8 1.12 - -
Total Dissolved Arsenic 4.40 4.39 0.2 4.11 4.15 1.0 0.35 0.316 10 0.0933 0.0927 1 2.33 2.26 3.1 1.53 1.47 4.0 1.32 1.4 5.9
Barium 0.014 0.014 0.0 0.028 0.029 3.5 0.022 0.019 15 0.011 0.011 0 0.035 0.035 0.0 0.036 0.035 2.8 - 0.04 -
Beryllium <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 NC <0.001 <0.001 - <0.001 <0.001 - - <0.005 -
Boron 0.50 0.50 0.0 0.15 0.15 0.0 0.5 0.49 2.0 <0.05 <0.05 NC 0.3 0.3 0.0 0.55 0.54 1.8 - 0.2 -
Cadmium <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 NC <0.001 <0.001 - <0.001 <0.001 - - <0.002 -
Calcium 218 217 0.5 308 307 0.3 267 260 2.7 15.3 15.3 0.0 273 275 0.7 227 227 0.0 - 203 -
Chromium <0.005 <0.005 - <0.005 <0.005 - <0.005 0.005 - <0.005 <0.005 NC <0.005 <0.005 - 0.005 0.008 46 - <0.01 -
Cobalt 0.066 0.066 0.0 0.042 0.042 0.0 0.062 0.068 9.2 <0.002 <0.002 NC 0.074 0.074 0.0 0.072 0.071 1.4 - 0.03 -
Copper 0.015 0.014 6.9 0.004 0.004 0.0 0.021 0.024 13 0.005 0.005 0.0 0.246 0.246 0.0 0.049 0.046 6.3 - 0.01 -
Iron 0.054 0.061 12 <0.005 <0.005 - <0.005 <0.005 - 0.097 0.097 0.0 <0.005 <0.005 - 0.357 0.411 14 - <0.03 -
Lead <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 NC <0.005 <0.005 - <0.005 <0.005 - - <0.01 -
Magnesium 52.4 52.2 0.4 106 106 0.0 58.7 56.8 3.3 4.76 4.71 1.1 96 97.4 1.4 65.1 65.2 0.2 - 64.2 -
Manganese 0.237 0.239 0.8 0.273 0.268 1.8 0.028 0.046 49 0.065 0.065 0.0 0.388 0.391 0.8 0.708 0.785 10 - 0.046 -
Mercury 0.0014 0.0002 150 - - - - - - <0.0002 <0.0002 NC <0.0002 <0.0002 - <0.0002 <0.0002 - - <0.00005 -
Molybdenum 0.027 0.027 0.0 0.032 0.033 3.1 0.023 0.024 4.3 <0.005 <0.005 NC 0.028 0.029 3.5 0.03 0.029 3.4 - <0.03 -
Nickel 0.011 0.011 0.0 0.078 0.076 2.6 0.101 0.102 1.0 0.002 0.002 0.0 0.039 0.039 0.0 0.031 0.03 3.3 - <0.05 -
Phosphorus <0.1 <0.1 - <0.1 <0.1 - <0.1 <0.1 - <0.1 <0.1 NC <0.1 <0.1 - <0.1 <0.1 - - - -
Potassium 13.3 13.3 0.0 10.6 10.6 0.0 11.9 11.9 0.0 1.5 1.4 6.9 10 10.1 1.0 13.0 13 0.0 - - -
Silver <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 NC <0.005 <0.005 - <0.005 <0.005 - - <0.001 -
Sodium 148 147 0.7 26 23 12.2 155 142 8.8 4.0 4.0 0.0 99.2 100 0.8 120 121 0.8 - 81 -
Strontium 2.04 2.09 2.4 0.778 0.788 1.3 2.18 2.18 0.051 0.051 0.0
Thallium <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 NC <0.05 <0.05 - <0.05 <0.05 - - 0.002 -
Tin <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 NC <0.05 <0.05 - <0.05 <0.05 - - - -
Titanium <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 NC <0.001 0.003 - 0.001 0.001 0.0 - - -
Vanadium 0.003 0.003 0.0 0.003 0.003 0.0 0.002 0.002 0.0 <0.001 <0.001 NC 0.004 0.004 0.0 0.004 0.004 0.0 - - -
Zinc 0.010 0.008 22 0.018 0.014 25 0.001 0.023 183 0.005 0.005 0.0 0.016 0.02 22 0.006 0.002 100 - <0.005 -

Total Metals
Aluminum 1.74 0.99 55 0.06 0.75 170 0.15 0.02 153 1.43 1.77 21.3 0.91 0.79 14 0.02 0.05 86 - - -
Antimony 1.92 1.92 0.0 0.389 0.425 8.8 0.685 0.78 13 0.0196 0.0206 5 0.516 0.469 9.5 1.35 1.35 0.0 - - -
Arsenic 4.91 4.94 0.6 4.13 4.35 5.2 0.365 0.37 1.4 0.231 0.229 0.9 2.66 2.5 6.2 1.34 1.34 0.0 - - -
Barium 0.020 0.017 16 0.029 0.033 13 0.025 0.024 4.1 0.033 0.034 3.0 0.042 0.034 21 0.035 0.035 0.0 - - -
Beryllium <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 NC <0.002 <0.002 - <0.002 <0.002 - - - -
Cadmium <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 NC <0.001 <0.001 - <0.001 <0.001 - - - -
Calcium - - - 292 334 13 260 282 8.1 15.3 15.2 0.7 264 270 2.2 216 216 0.0 - - -
Chromium 0.005 0.006 18 <0.005 <0.005 - 0.007 0.008 13 <0.005 <0.005 NC <0.005 0.005 - 0.006 0.006 0.0 - - -
Cobalt 0.081 0.081 0.0 0.047 0.054 14 0.075 0.09 18 0.005 0.005 0.0 0.068 0.065 4.5 0.067 0.067 0.0 - - -
Copper 0.028 0.027 3.6 0.019 0.006 104 0.028 0.04 35 0.018 0.018 0.0 0.252 0.24 4.9 0.053 0.053 0.0 - - -
Iron 2.33 1.89 21 <0.005 1.38 - 0.257 <0.005 - 0.869 1.08 21.7 0.916 0.997 8.5 0.402 0.415 3.2 - - -
Lead 0.015 0.014 6.9 <0.005 <0.005 - <0.005 <0.005 - 0.006 0.007 15.4 <0.005 <0.005 - <0.005 <0.005 - - - -
Magnesium 0.314 0.310 1.3 83.2 91.4 9.4 49.6 53.6 7.8 5.1 5.1 0.0 91.2 65.4 33 58 59.1 1.9 - - -
Manganese <0.0002 <0.0002 - 0.298 0.365 20 0.055 0.062 12 0.079 0.080 1.3 0.389 0.372 4.5 0.799 0.799 0.0 - - -
Molybdenum 0.032 0.032 0.0 0.033 0.039 17 0.027 0.031 14 <0.005 <0.005 NC 0.027 0.027 0.0 0.03 0.029 3.4 - - -
Nickel 0.013 0.012 8.0 0.085 0.099 15 0.122 0.14 14 0.008 0.008 0.0 0.015 0.039 89 0.031 0.031 0.0 - - -
Phosphorus 0.14 0.14 0.0 0.06 0.17 96 0.07 0.08 13 0.17 0.18 5.7 0.07 0.08 13 0.07 0.07 0.0 - - -
Potassium - - - 8.9 9.7 8.6 9.4 10.1 7.2 1.8 1.8 0.0 9.6 8.9 7.6 13 13.1 0.8 - - -
Silver <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 NC <0.005 <0.005 - <0.005 <0.005 - - - -
Sodium - - - 17 18 5.7 199 199 0.0 4 4 0.0 97 131 30 118 120 1.7 - - -
Strontium 2.27 2.34 3.0 0.779 0.911 16 2.31 2.53 9.1 0.10 0.10 0.0 1.24 1.2 3.3 1.27 1.28 0.8 - - -
Thallium <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 NC <0.05 <0.05 - <0.05 <0.05 - - - -
Tin <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 NC <0.05 <0.05 - <0.05 <0.05 - - - -
Titanium 0.018 0.013 32 0.001 0.013 171 0.008 0.004 67 0.087 0.061 35.1 0.035 0.028 22 0.003 0.003 0.0 - - -
Vanadium 0.010 0.008 22 0.003 0.006 67 0.003 0.003 0.0 0.004 0.005 22.2 0.006 0.005 18 0.004 0.004 0.0 - - -
Zinc 0.025 0.026 3.9 0.032 0.026 21 0.009 0.059 147 0.024 0.034 34.5 0.101 0.008 171 0.009 0.006 40 - - -
Cyanide
Total Cyanide 0.183 0.172 6.2 - - - 0.036 0.046 24 <0.002 <0.002 NC 0.027 0.019 35 0.027 0.019 35 0.016 0.033 69
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September 2004 Table 15
QAQC Results for All Water Analyses

002-2418

PARAMETERS

Standard Tests
Alkalinity (total as CaCO3)
Conductivity (lab)
Hardness (as CaCO3)
pH (lab)
Total Dissolved Solids
Dissolved Organic Carbon
Anions
Chloride
Sulphate
Nutrients
Nitrate+Nitrite (N)
Ammonia (N)
Nitrate (N)
Nitrite (N)
Dissolved Metals
Aluminum
Antimony
Arsenic 3+
Arsenic 5+
Total Dissolved Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Silver
Sodium
Strontium
Thallium
Tin
Titanium
Vanadium
Zinc

Total Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Phosphorus
Potassium
Silver
Sodium
Strontium
Thallium
Tin
Titanium
Vanadium
Zinc
Cyanide
Total Cyanide

Dam 7 Dam 7 Dam 11 Dam 11
L19648-2 3353-3 L19648-3 3353-1

TLG-7B-SW-10/00 TLG-7B-SW-10/00 TLG-11-SW-10/00 TLG-11-SW-10/00
16-Oct-00 16-Oct-00 16-Oct-00 16-Oct-00

ID RPD ID RPD

221 252 13 131 136 3.7
- - - - - -
- 588 - - 1140 -
- - - - - -
- - - - - -
9 8.7 3.4 7 6.1 14

- - - - - -
- - - - - -

- - - - - -
- - - <0.05 - -

<0.1 0.007 - 3 6.31 71
<0.05 0.001 - <0.05 0.006 -

- <0.05 - <0.01 <0.05 -
- <0.2 - 0.511 0.5 2.2

0.0548 - - 0.395 - -
0.297 - - 1.94 - -
0.352 0.3 16 2.33 2.8 18

- 0.03 - 0.035 0.03 15
- <0.005 - <0.001 <0.005 -
- <0.1 - 0.3 0.3 0.0
- <0.002 - <0.001 <0.002 -
- 166 - 273 296 8.1
- <0.01 - <0.005 <0.01 -
- 0.01 - 0.074 0.06 21
- <0.01 - 0.246 0.21 16
- <0.03 - <0.005 <0.03 -
- <0.01 - <0.005 <0.01 -
- 42.5 - 96 98.4 2.5
- 0.055 - 0.388 0.333 15
- <0.00005 - <0.0002 <0.00005 -
- <0.03 - 0.028 <0.03 -
- <0.05 - 0.039 <0.05 -
- - - <0.1 - -
- - - 10 - -
- <0.001 - <0.005 <0.001 -
- 36 - 99.2 111 11

- 0.001 - <0.05 0.002 -
- - - <0.05 - -
- - - <0.001 - -
- - - 0.004 - -
- <0.005 - 0.016 0.015 6.5

- - - 0.91 - -
- - - 0.516 - -
- - - 2.66 - -
- - - 0.042 - -
- - - <0.002 - -
- - - <0.001 - -
- - - 264 - -
- - - <0.005 - -
- - - 0.068 - -
- - - 0.252 - -
- - - 0.916 - -
- - - <0.005 - -
- - - 91.2 - -
- - - 0.389 - -
- - - 0.027 - -
- - - 0.015 - -
- - - 0.07 - -
- - - 9.6 - -
- - - <0.005 - -
- - - 97 - -
- - - 1.24 - -
- - - <0.05 - -
- - - <0.05 - -
- - - 0.035 - -
- - - 0.006 - -
- - - 0.101 - -

-
0.005 0.018 113 0.027 0.053 65
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Date Printed:  9/07/01 Table 16
Surface Water Quality

Total Metals for Baker Creek (Sept. '00 May '01)
Miramar Giant Mine 

002-2418

Location Baker Creek Baker Creek Baker Creek Baker Creek Baker Creek Effluent Discharge Baker Creek
Northing 6932932 6932932 6931262 6931262 6933915 6933802 6933917

Easting 635938 635938 635860 635860 635720 636168 635727
Lab ID L17746-4 L17833-3 L17746-3 L17746-5 L17833-1 L17833-2 L32566-1

PARAMETERS Sample ID BC-DS1-SW-09/00 BC-DS1-SW-09/00 -D BC-DS2-SW-09/00 BC-DS2-SW-09/00-C BC-US-SW-09/00 BC-EFF-SW-09/00 BC-US-SW-05/01
Sample Date 19-Sep-00 20-Sep-00 19-Sep-00 19-Sep-00 20-Sep-00 20-Sep-00 15-May-01

QAQC Filter blank FD of L17746-3

Total Metals UNITS MDL
Aluminum Al mg/L 0.005-0.1 0.08 0.03 0.15 0.02 0.05 0.06 0.07
Antimony Sb mg/L 0.721 0.0005 0.685 0.78 0.0015 0.872 0.0019
Arsenic As mg/L 0.005 0.5 1 0.342 <0.0004 0.365 0.37 0.0145 0.549 0.0399
Barium Ba mg/L 0.022 <0.003 0.025 0.024 0.01 0.019 0.013
Beryllium Be mg/L <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Cadmium Cd mg/L 0.000017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calcium Ca mg/L 263 <0.5 260 282 22 332 12.7
Chromium Cr mg/L 0.007 <0.005 0.007 0.008 <0.005 0.005 <0.005
Cobalt Co mg/L 0.082 <0.002 0.075 0.09 <0.002 0.095 <0.002
Copper Cu mg/L 0.002-0.004 0.3 0.6 0.036 0.001 0.028 0.04 <0.001 0.042 0.003

Iron Fe mg/L 0.3 <0.005 0.038 0.257 <0.005 0.166 0.548 0.179
Lead Pb mg/L 0.001-0.007 0.2 0.4 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Magnesium Mg mg/L 50.3 <0.1 49.6 53.6 7.4 70.6 4.4
Manganese Mn mg/L 0.055 0.002 0.055 0.062 0.025 0.135 0.097
Mercury 0.0001 - <0.0002 - - <0.0002 <0.0002 <0.0002

Molybdenum Mo mg/L 0.073 0.029 <0.005 0.027 0.031 <0.005 0.034 <0.005
Nickel Ni mg/L 0.025-0.15 0.5 1 0.127 <0.002 0.122 0.14 <0.002 0.138 <0.002
Phosphorus P mg/L 0.06 0.1 0.07 0.08 0.21 0.08 0.08
Potassium K mg/L 9.7 0.1 9.4 10.1 1.6 16.8 1.5
Silver Ag mg/L 0.0001 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005

Sodium Na mg/L 190 <1 199 199 5 176 3
Strontium Sr mg/L 2.34 <0.002 2.31 2.53 0.078 2.83 0.052
Thallium Tl mg/L 0.0008 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tin Sn mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Titanium Ti mg/L 0.002 <0.001 0.008 0.004 <0.001 0.003 0.001
Vanadium V mg/L 0.003 <0.001 0.003 0.003 <0.001 0.004 <0.001
Zinc Zn mg/L 0.03 0.2 0.4 0.013 0.018 0.009 0.059 0.02 0.027 0.004

Cyanide
Total Cyanide CN mg/L 0.005 0.8 1.6 0.054 - 0.036 0.046 - 0.048 -

Ion Balance Calculation
Ion Balance % 101 - 101 99.8 107 97.7 107
Notes:
All concentrations in mg/L, unless otherwise stated.

Water Quality
Discharge Permit

CCME
Aquatic

Life

Maximum
Average

Concentration

Maximum
Concentration
of Any Grab 

Sample
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Date Printed:  9/07/01 Table 16
Surface Water Quality

Total Metals for Baker Creek (Sept. '00 May '01)
Miramar Giant Mine 

002-2418

Location
Northing

Easting
Lab ID

PARAMETERS Sample ID
Sample Date

QAQC

Total Metals UNITS MDL
Aluminum Al mg/L 0.005-0.1
Antimony Sb mg/L
Arsenic As mg/L 0.005 0.5 1
Barium Ba mg/L
Beryllium Be mg/L

Cadmium Cd mg/L 0.000017
Calcium Ca mg/L
Chromium Cr mg/L
Cobalt Co mg/L
Copper Cu mg/L 0.002-0.004 0.3 0.6

Iron Fe mg/L 0.3
Lead Pb mg/L 0.001-0.007 0.2 0.4
Magnesium Mg mg/L
Manganese Mn mg/L
Mercury 0.0001

Molybdenum Mo mg/L 0.073
Nickel Ni mg/L 0.025-0.15 0.5 1
Phosphorus P mg/L
Potassium K mg/L
Silver Ag mg/L 0.0001

Sodium Na mg/L
Strontium Sr mg/L
Thallium Tl mg/L 0.0008
Tin Sn mg/L
Titanium Ti mg/L
Vanadium V mg/L
Zinc Zn mg/L 0.03 0.2 0.4

Cyanide
Total Cyanide CN mg/L 0.005 0.8 1.6

Ion Balance Calculation
Ion Balance %
Notes:
All concentrations in mg/L, unless otherwise stated.

Water Quality
Discharge Permit

CCME
Aquatic

Life

Maximum
Average

Concentration

Maximum
Concentration
of Any Grab 

Sample

Baker Creek Baker Creek Baker Creek Baker Creek
6933804 6932904 6931184 6931184
636071 635934 6366021 6366021

L32566-2 L32566-3 L32566-4 L32566-5
BC-EFF-SW-05/01 BC-DS1-SW-05/01 BC-DS2-SW-05/01 BC-DS2-SW-05/01-C

15-May-01 15-May-01 15-May-01 15-May-01
FD of L32566-4

0.72 0.56 1.43 1.77
0.0258 0.131 0.0196 0.0206
0.166 0.662 0.231 0.229
0.019 0.010 0.033 0.034

<0.002 <0.002 <0.002 <0.002

<0.001 <0.001 <0.001 <0.001
19.4 22.6 15.3 15.2

<0.005 <0.005 <0.005 <0.005
<0.002 <0.002 0.005 0.005
0.006 0.008 0.018 0.018

0.633 0.874 0.869 1.08
<0.005 <0.005 0.006 0.007

6.4 5.3 5.1 5.1
0.081 0.049 0.079 0.080

<0.0002 <0.0002 <0.0002 <0.0002

<0.005 <0.005 <0.005 <0.005
0.004 0.003 0.008 0.008
0.08 0.08 0.17 0.18
2.2 1.7 1.8 1.8

<0.005 <0.005 <0.005 <0.005

5 3 4 4
0.064 0.054 0.10 0.10
<0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05
0.087 0.013 0.087 0.061
0.002 0.002 0.004 0.005
0.022 0.006 0.024 0.034

<0.002 <0.002 <0.002 <0.002

102 104 106 105
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Golder Associates 

September 2001 Table 17 002-2418 
Sediment Sampling Location in Baker Creek and Yellowknife Bay 

Near Giant Mine 

Sample
Location 

Sample Site Description Sample 
Code

Analysis 

Baker Creek 
1 Baker Creek 

Upstream 
Baker Creek upstream of the mine 
discharge  

BC-US-SD-09/00-01
                            -02 

Total Metals 
as Spec’n 
TOC

2 Baker Creek 
“effluent”

Upstream end of the large pond into 
which the effluent discharges 

BC-EFF-SD-09/00-01 
                              -02 

Total Metals 
as Spec’n 
TOC

3 Baker Creek 
Downstream #1 

Baker Creek downstream of effluent 
discharge point in marshy area west of 
the mill/shaft 

BC-DS1-SD-09/00-01 
                               -02 

Total Metals 
as Spec’n 
TOC

4 Baker Creek 
Downstream #2 

Baker Creek prior to flowing into 
Yellowknife Bay – approximately 10 m 
upstream of outlet 

BC-DS2-SD-09/00-01 
                              -02 

Total Metals 
as Spec’n 
TOC

5 Yellowknife Bay 
near Baker Creek 
Outlet Marsh 
(Downstream #3)  

Marsh area in Yellowknife Bay on the 
west side of the dyke 

BC-DS3-SD-09/00-01 
                              -02 

Total Metals 
as Spec’n 
TOC

6 Yellowknife Bay 
(Downstream #4) 

East side of the dyke in Yellowknife Bay BC-DS4-SD-09/00-01 
                               -02 

Total Metals 
as Spec’n 
TOC

N:\Final\2003\1413\03-1413-009\Appendix I\Rep 1118 2004 Giant Mine Geochem SRK A & R.doc 



September 2001 Table 18
Chemical Analyses of Baker Creek Sediments, Giant Mine

 002-2418

Location CCME 1999 Interim CCME(1999) draft BC-US-SD-09/00-01 BC-US-SD-09/00-02 BC-EFF-SD-09/00-01 BC-EFF-SD-09/00-02 BC-DS1-SD-09/00-01 BC-DS1-SD-09/00-02 BC-DS2-SD-09/00-01
Sample Control Number Freshwater Sediment Freshwater Sediment L17890-7 L17890-8 L17890-9 L17890-10 L17890-11 L17890-12 L17890-13
Date Sampled Quality Guidelines Quality Criteria 21/09/00 21/09/00 21/09/00 21/09/00 21/09/00 21/09/00 21/09/00

 ISQG PEL

Carbon
Organic Carbon (%) 1.80 1.70 0.20 0.10 1.30 1.70 0.80
Inorganic Carbon (%) 0.08 0.11 1.83 1.77 1.24 1.37 0.68
Total Carbon (%) 1.90 1.80 2.10 1.90 2.50 3.10 1.50

Arsenic
Arsenic +3 85.1 132 973 940 642 724 1320
Arsenic +5 30.6 40.4 544 1050 421 94.1 350
Arsenic (5+,3+) 116 172 1520 1990 1060 818 1670
Soluble Arsenic nm nm 3.45 3.76 3.9 5.8 9.29
Total Arsenic 5.9 17 171 205 1940 2490 3380 3190 5030

Total Metals
Aluminum  6700 6500 21200 20900 20900 24400 19900
Ammonia <1 <1 2 4 3 5 5
Barium 77.9 75.1 12.8 15 58.4 82.7 60.5
Beryllium <1 <1 <1 <1 <1 <1 <1
Calcium 3400 3400 42200 39700 28600 38200 18500
Cadmium 0.6 3.5 <0.5 <0.5 4.2 4.3 1.3 1.1 3.1
Chromium 37.3 90 29.9 29.3 59.8 58.8 59.9 73.2 62.2
Cobalt 6 7 29 29 44 33 41
Copper 35.7 197 20 18 97 70 328 211 295
Iron 13600 13900 64900 62800 40900 41500 58700
Lead 35.0 91 10 19 644 647 218 177 463
Phosphorus 380 410 330 310 430 410 430
Potassium 1150 970 860 1130 2000 2650 1880
Magnesium 4930 5010 20200 19500 20400 23900 15400
Manganese 840 920 830 780 620 650 520
Molybdenum <1 <1 1 1 1 1 1
Nickel 49 15 16 71 66 105 84 99
Silver 2.2 <1 <1 <1 <1 2 1 1
Sodium 200 100 200 200 300 300 300
Strontium 15 14 30 28 30 37 26
Thallium <1 <1 <1 <1 <1 <1 <1
Tin <5 <5 <5 <5 <5 <5 <5
Titanium 362 325 52 49 476 530 308
Vanadium 32 24 66 67 70 80 65
Zinc 123 315 53.2 67.3 822 828 316 281 820

Notes:
1) All concentrations are in micrograms per gram (mg/kg).
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September 2001 Table 18
Chemical Analyses of Baker Creek Sediments, Giant Mine

 002-2418

Location CCME 1999 Interim CCME(1999) draft
Sample Control Number Freshwater Sediment Freshwater Sediment 
Date Sampled Quality Guidelines Quality Criteria

 ISQG PEL

Carbon
Organic Carbon (%)
Inorganic Carbon (%)
Total Carbon (%)

Arsenic
Arsenic +3
Arsenic +5
Arsenic (5+,3+)
Soluble Arsenic
Total Arsenic 5.9 17

Total Metals
Aluminum  
Ammonia
Barium
Beryllium
Calcium
Cadmium 0.6 3.5
Chromium 37.3 90
Cobalt
Copper 35.7 197
Iron
Lead 35.0 91
Phosphorus
Potassium
Magnesium
Manganese
Molybdenum
Nickel 49
Silver 2.2
Sodium
Strontium
Thallium
Tin
Titanium
Vanadium
Zinc 123 315

Notes:
1) All concentrations are in micrograms per gram (mg/kg).

BC-DS2-SD-09/00-02 BC-DS3-SD-09/00-01 BC-DS3-SD-09/00-02 BC-DS4-SD-09/00-01 BC-DS4-SD-09/00-02
L17890-14 L17890-15 L17890-16 L17890-17 L17890-18
21/09/00 21/09/00 21/09/00 21/09/00 21/09/00

0.60 0.40 0.80 2.30 0.40
0.52 0.09 0.09 0.38 1.09
1.10 0.50 0.80 2.60 1.50

616 17.3 23.2 445 377
24.8 34.8 13.5 47.1 145
640 - 36.3 492 536
2.86 nm nm 2.78 1.9
2240 47 81.2 1110 1440

20500 17200 17300 19800 21400
5 <1 <1 3 2

113 133 143 119 87.5
<1 <1 <1 <1 <1

14400 3300 3700 9100 13900
1.8 <0.5 <0.5 0.5 0.6

52.8 41.5 42.1 53 61.2
24 9 8 28 52
223 38 36 264 266

34000 25800 20800 28200 35300
222 10 14 64 70
440 460 410 470 450

3290 3160 3190 3330 3090
11900 6790 6820 10800 13100
400 220 200 320 480
<1 <1 <1 <1 1
65 24 25 72 90
<1 <1 <1 <1 <1
400 300 300 500 500
39 36 35 39 37
<1 <1 <1 <1 <1
<5 <5 <5 <5 <5
496 554 562 583 624
61 46 46 59 74
544 63.2 62.1 195 246
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Golder Associates 

September 2001 Table 19 002-2418 
Concentration of Water-Soluble and Total Arsenic Concentrations 

 in Baker Creek Sediments 

Sampling Location 
Leachable/Water-
soluble arsenic 
concentration 
(mg/kg) 

Total arsenic 
concentration 
(mg/kg) 

Percent 
leachable/water-
soluble arsenic (%) 

Golder (2000): 

BC-EFF-SD-01 
BC-EFF-SD-02 

BC-DS1-SD-01 
BC-DS1-SD-02 

BC-DS2-SD-01 
BC-DS2-SD-02 

BC-DS4-SD-01 
BC-DS4-SD-02 

3.45
3.76

3.9
5.8

9.29
2.86

2.78
1.9

1940
2490

3380
3190

5030
2240

1110
1440

0.17
0.15

0.12
0.18

0.18
0.13

0.25
0.13

Mace (1998) 

Baker Creek - #16 

Baker Creek - #18 

Baker Creek - #20 

11

68

78

1764

2838

1736

0.62

2.40

4.49
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September 2001 Table 20
Relative Percent Difference Chemical Parameters of Baker Creek Sediments

 002-2418

Location CCME 1999 Interim CCME(1999) draft BC-US-SD-09/00-01 BC-US-SD-09/00-02 BC-EFF-SD-09/00-01 BC-EFF-SD-09/00-02 BC-DS1-SD-09/00-01 BC-DS1-SD-09/00-02

Sample Control Number Freshwater Sediment Freshwater Sediment L17890-7 L17890-8 RPD L17890-9 L17890-10 RPD L17890-11 L17890-12 RPD

Date Sampled Quality Guidelines Quality Criteria 21/09/00 21/09/00 % 21/09/00 21/09/00 % 21/09/00 21/09/00 %

 ISQG PEL

Carbon

Organic Carbon (%) 1.80 1.70 5.7% 0.20 0.10 66.7% 1.30 1.70 26.7%

Inorganic Carbon (%) 0.08 0.11 31.6% 1.83 1.77 3.3% 1.24 1.37 10.0%

Total Carbon (%) 1.90 1.80 5.4% 2.10 1.90 10.0% 2.50 3.10 21.4%

   

Arsenic    

Arsenic +3 85.1 132 43.2% 973 940 3.5% 642 724 12.0%

Arsenic +5 30.6 40.4 27.6% 544 1050 63.5% 421 94.1 126.9%

Arsenic (5+,3+) 116 172 38.9% 1520 1990 26.8% 1060 818 25.8%

Soluble Arsenic nm nm - 3.45 3.76 8.6% 3.9 5.8 39.2%

Total Arsenic 5.9 17 171 205 18.1% 1940 2490 24.8% 3380 3190 5.8%

   

Total Metals    

Cadmium 0.6 3.5 <0.5 <0.5 NC 4.2 4.3 2.4% 1.3 1.1 16.7%

Chromium 37.3 90 29.9 29.3 2.0% 59.8 58.8 1.7% 59.9 73.2 20.0%

Copper 35.7 197 20 18 10.5% 97 70 32.3% 328 211 43.4%

Lead 35.0 91 10 19 62.1% 644 647 0.5% 218 177 20.8%

Nickel 49 15 16 6.5% 71 66 7.3% 105 84 22.2%

Zinc 123 315 53.2 67.3 23.4% 822 828 0.7% 316 281 11.7%

Notes:

1) All concentrations are in micrograms per kilogram (mg/kg).
RPD = Relative Percent Difference

NC = Not calculated (one or both of the values are below the detection limit)

RPD values greater than 50% are bolded
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September 2001 Table 20
Relative Percent Difference Chemical Parameters of Baker Creek Sediments

 002-2418

Location CCME 1999 Interim CCME(1999) draft

Sample Control Number Freshwater Sediment Freshwater Sediment 

Date Sampled Quality Guidelines Quality Criteria

 ISQG PEL

Carbon

Organic Carbon (%)

Inorganic Carbon (%)

Total Carbon (%)

Arsenic

Arsenic +3

Arsenic +5

Arsenic (5+,3+)

Soluble Arsenic

Total Arsenic 5.9 17

Total Metals

Cadmium 0.6 3.5

Chromium 37.3 90

Copper 35.7 197

Lead 35.0 91

Nickel 49

Zinc 123 315

Notes:

1) All concentrations are in micrograms per kilogram (mg/kg).
RPD = Relative Percent Difference

NC = Not calculated (one or both of the values are below the detection limit)

RPD values greater than 50% are bolded

BC-DS2-SD-09/00-01 BC-DS2-SD-09/00-02 BC-DS3-SD-09/00-01 BC-DS3-SD-09/00-02 BC-DS4-SD-09/00-01 BC-DS4-SD-09/00-02

L17890-13 L17890-14 RPD L17890-15 L17890-16 RPD L17890-17 L17890-18 RPD

21/09/00 21/09/00 % 21/09/00 21/09/00 % 21/09/00 21/09/00 %

0.80 0.60 28.6% 0.40 0.80 66.7% 2.30 0.40 140.7%

0.68 0.52 26.7% 0.09 0.09 0.0% 0.38 1.09 96.6%

1.50 1.10 30.8% 0.50 0.80 46.2% 2.60 1.50 53.7%

1320 616 72.7% 17.3 23.2 29.1% 445 377 16.5%

350 24.8 173.5% 34.8 13.5 88.2% 47.1 145 101.9%

1670 640 89.2% - 36.3 - 492 536 8.6%

9.29 2.86 105.8% nm nm - 2.78 1.9 37.6%

5030 2240 76.8% 47 81.2 53.4% 1110 1440 25.9%

3.1 1.8 53.1% <0.5 <0.5 NC 0.5 0.6 18.2%

62.2 52.8 16.3% 41.5 42.1 1.4% 53 61.2 14.4%

295 223 27.8% 38 36 5.4% 264 266 0.8%

463 222 70.4% 10 14 33.3% 64 70 9.0%

99 65 41.5% 24 25 4.1% 72 90 22.2%

820 544 40.5% 63.2 62.1 1.8% 195 246 23.1%
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September 2001 Table 21
Arsenic Concentrations in Aquatic Sediments

at other Mine Sites

002-2418

LOCATION AS CONCENTRATION (mg/kg) REFERENCE
Background Concentrations:
Canada <20 Mace, 1998
Canada 100-5000 CEPA 1993
NWT creek 6.5 Mace 1998
Halifax Harbour 65 CEPA 1993
Nova Scotia 262 CEPA 1993
Several provinces in Canada 100-200 (average)

650 (maximum)
CEPA 1993

Yellowknife River 6 Mace, 1998
Yellowknife area, natural 
sediment concentration
Yellowknife Bay area

6-100, median 68

7-104

Ollson, 1999

Baker Creek Background 41-114 Mace 1998
Western Coast of Washington State  7-37 Mace, 1998
and British Columbia
Upper Mississippi River 0.6-6.2, mean 2.6 Eisler, 1988
Lake Michigan  5-30 Eisler, 1988
Oceanic <0.4-455, mean 33.7 Eisler, 1988
Lacustrine  5-26.9 Eisler, 1988

Impacted Sites:

Yellowknife, NWT Area:
Giant Yellowknife Mine
Yellowknife Bay
Beach Tailings area
Baker Creek
  Upstream of effluent discharge
  Downstream of effluent discharge

1193-3140
64.6-1016

41-114
238-3821

Mace 1998

Giant Yellowknife Mine
Baker Creek:
  Upstream of effluent discharge
  Downstream of effluent discharge
  Marsh at mouth
Yellowknife Bay

171-205
1940-5030
47-81
1110-1440

Golder, in progress

Giant Yellowknife Mine
Tailings Pond effluent 1975
Yellowknife Bay
Back Bay

1.5-20.4
4-3000
6-534

Moore et al. (1978)

Giant Yellowknife Mine
Back Bay Tailings 15-3685

Back Bay TLG
Investigation 2000
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September 2001 Table 21
Arsenic Concentrations in Aquatic Sediments

at other Mine Sites

002-2418

LOCATION AS CONCENTRATION (mg/kg) REFERENCE
Con Mine Ollson, 1999
Kam Lake, downstream from Con
Mine 130-1571, mean 1110
Meg Lake 174-865
Keg Lake 132-2150
Peg Lake 79.8-5550
Great Slave Lake Outflow 10-380
Baker Creek (downstream of Giant
discharge), Kam Lake (downstream 
of historical Con discharge), and 
Keg Lake (drainage system of Con 
effluent discharge) 380-3821, median 1164
Keg Lake, Great Slave Lake outflow, 
Yellowknife Bay, Back Bay, and 
Baker Creek outflow 155-681, median 302
Kam, Grace, Keg, Likely, and Chitty
Lakes 6-3500 (total)
Yellowknife Back Bay Area 7.68-~2500 Jackson et al. 1996

Back Bay <0.08-0.12 Sutherland, 1989
Yellowknife Bay 79-633
Beach Area 65-1016 Mace, 1998
Yellowknife River and Yellowknife
Bay  6-3140
Baker Creek Mace, 1998
Baker Creek Pond 1736
Mill Samples 2838-3821
Downstream 1764-1946
Baker Creek Marsh 278-1825

Areas around Canada:
Ontario Mace, 1998
Moira Lake 545-1000

Miscellaneous Areas:
From areas contaminated by Eisler, 1988
smelteries, arsenical herbicides, or 
mine tailings:
Surface 198-3500
Subsurface  12-25
Gold mines & abandoned precious 700-5000 CEPA 1993
metals refinery 18,650 (maximum)
Gold mine, S. Colombia Grosser et al., 1994
Background 46.3-110.6
Impacted Sites 980.8-6300.9
Coeur d'Alene River, Idaho 10.68-209.09 Mok & Wai, 1990
Panther and Blackbird Creek, Idaho 42.1-2550.4 Mok & Wai, 1990
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Golder Associates 

Table A1-21 

Concentration of Water-Soluble and Total Arsenic Concentrations in Baker 
Creek Sediments 

Sampling Location 
Leachable/Water-
soluble arsenic 
concentration 

(mg/kg) 

Total arsenic 
concentration 

(mg/kg) 

Percent 
leachable/water-

soluble arsenic (%) 

Golder (2000): 

BC-EFF-SD-01 
BC-EFF-SD-02 

BC-DS1-SD-01 
BC-DS1-SD-02 

BC-DS2-SD-01 
BC-DS2-SD-02 

BC-DS4-SD-01 
BC-DS4-SD-02 

3.45
3.76

3.9
5.8

9.29
2.86

2.78
1.9

1940
2490

3380
3190

5030
2240

1110
1440

0.17
0.15

0.12
0.18

0.18
0.13

0.25
0.13

Mace (1998) 

Baker Creek - #16 

Baker Creek - #18 

Baker Creek - #20

11

68

78

1764

2838

1736

0.62

2.40

4.49
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Figure 1
Carbonate NP vs Modified Sobek NP

Tailings, Open Pit Walls and Waste Rock Pile Samples
Miramar Giant Mine
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Figure 3
NPR with Depth of Tailings

Miramar Giant Mine
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Figure 4
Acid Potential with Depth of Tailings

Miramar Giant Mine
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Figure 5
Total  vs Water-Soluble Arsenic - Tailings and Rock

Miramar Giant Mine
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Figure 6
Leachable Arsenic Concentration of Tailing vs Depth

Miramar Giant Mine
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Figure 7
Sequential Leach Extraction of Water Treatment Sludge

Miramar Giant Mine
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Figure 8 

Total vs Water-Soluble Arsenic Concentrations 
Miramar Giant Mine 
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APPENDIX  II 

MINERALOGICAL  ASSESSMENT  REPORT 
LESLIE  INVESTMENTS  LTD. 

























































































APPENDIX  III 

OPEN   PIT  AND  BAKER  CREEK  SEDIMENTS 
ANALYTICAL REPORTS AND 

CHAIN-OF-CUSTODY  RECORDS 



































































































































































































































































































































APPENDIX  VI 

GROUNDWATER  AND  SURFACE  WATER 
ANALYTICAL REPORTS AND 

CHAIN-OF-CUSTODY RECORDS













APPENDIX  VII 

HABITAT  MAPPING  STUDY  NOTES 




























































































































































