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1. EXECUTIVE SUMMARY IN INUKTITUT 
Refer to Appendix 1 for an executive summary of plans, reports and studies conducted under this 
licence during the period October 1, 2003 to December 31, 2003 that has been translated into 
Inuktitut. 

2. INTRODUCTION 
This is the fourth quarterly Decommissioning and Reclamation progress report submitted in 
relation to the Polaris Mine’s Decommissioning and Reclamation Plan (‘Closure Plan’) and in 
compliance of the Water Licence NWB1POL0311 issued on April 24, 2003 with and effective 
date of March 1, 2003. 
 
The Polaris Closure Plan dated March 2001 received its initial conditional approval April 15, 
2002.  The Closure Plan was jointly conditionally approved by the Nunavut Water Board 
(‘NWB’) and the Department of Indian and Northern Affairs Canada (‘INAC’).  The Closure 
Plan has subsequently received further approvals.  The approvals contain reporting requirements 
and this document has been prepared to consolidate all of the reporting requirements into one 
document.  This report is being submitted to both NWB and INAC on a quarterly basis with an 
annual report completed by March 31st of the subsequent year.   

3. STATUS OF AUTHORIZATIONS AND/OR APPROVALS 
As of December, 2003, the status of project approvals received during the quarter was as 
follows: 

1. Polaris Mine Decommissioning and Reclamation Plan – March 1, 2001 
• Previously approved. 

2. DFO Authorization Under the Fisheries Act to Decommission Garrow Lake Dam and 
Decommission the Marine Dock and Adjacent Shoreline 
• Previously approved. 

3. Application to the NWB and INAC for additional underground storage locations for 
disposal of hydrocarbon contaminated soils submitted on September 16, 2003. 
• Approved during the 4th Quarter. 

4. Request for Modification of Haulage Location (Garrow Lake dam core material into the 
barge excavation) dated October 15, 2004.  
• Outstanding at the end of the 4th Quarter. 

5. Application to Place Metals Contaminated Soils in LRDQL and Remaining Hydrocarbon 
Contaminated Soils Underground in the Mine dated December 19, 2003. 
• This was approved during the 4th Quarter. 

  

4. UNAUTHORIZED DISCHARGES AND SUMMARY OF FOLLOW UP 
ACTIONS 

There were no unauthorized discharges of water or effluent during the 4th Quarter of 2003.   
 



 

 

5. PROGRESS REPORT OF STUDIES / PLANS REQUESTED   
The routine monitoring required as part of the Closure Plan approvals and the Water Licence are 
included in other sections of the report and so are not duplicated in this section of the report. 
 
The Closure Plan approvals and/or the Water Licence require submission of the following plans 
and/or reports: 

a) Certified landfill cover design specifications and plans were submitted during the 3rd 
Quarter.   
• Approval with conditions was granted in the 4th Quarter. 

b) Certified design drawings and specifications for Garrow Lake Dam Decommissioning 
were submitted during the 3rd Quarter. 
• Approval with conditions was granted in the 4th Quarter 

c) Certified specifications and design drawings for sealing the mine entrances were 
submitted during the 3rd Quarter. 
• Approval was granted in the 4th Quarter.   
• The following design modifications and/or actions will be done to address 

concerns identified in the Approval: 
a. TCL will relocate the North Portal seal deeper into the mine to ensure 

there is at least 10 metres of cover (or approximately 2 tunnel diameters) 
of rock cover which is in excess of what has been requested.   

b. Determining actual overburden thickness versus rock thickness is not 
practical at this time.  To ensure there is more than adequate cover 
thickness over the concrete seals, we will ensure that all the seals are 
placed deep enough into the mine that there is at least 10 metres of cover 
over the seal.  This represents approximately 2 times the tunnel height (or 
more).  Revised locations will be presented on the as-built drawings after 
construction of the seals has been completed. 

c. The area where the seals are installed will be inspected prior to installation 
to confirm that there are no faults in the vicinity. 

d. There will be no void space above the concrete portal seal.  Muck placed 
between the seal and the tunnel entrance will be packed as tight as 
possible by mobile equipment.  In no case shall the void space above the 
muck pile be more than 0.5 metres in height.  This will be done by 
pushing the muck to the back using a scooptram with a push plate 
attached. 

• The portal seal design drawings were also submitted to the Workers’ 
Compensation Board for review and approval.  Appendix 9 of this report contains 
a copy of a letter from Sylvestor Wong, Chief Inspector of Mines approving the 
designs as submitted. 

d) Certified specifications and design drawings for Decommissioning the Marine Dock 
and Adjacent Shoreline were submitted during the 3rd Quarter. 
• Approval with conditions was granted in the 4th Quarter 

e) Questions Regarding the Garrow Lake Wave Break Structure from the NWB and 
DIAND were received December 22, 2003. 



 

 

• Response from Teck Cominco Limited (TCL) was outstanding at the end of the 
quarter. 

f) Requirement to Submit a Spill Response Plan as per the Water Licence. 
• A spill response plan was submitted earlier in 2003 with regulator reviews 

resulting in requests for revisions.  The Spill Plan was updated and re-submitted 
in December addressing the regulators comments and updating the Plan to reflect 
personnel and other changes at the site during the year. 

• Appendix 8 contains a listing supplied by SNC–Lavalin Engineers and 
Constructors of the emergency spill response training conducted during the year.  
In March, 2003 there was a spill of diesel fuel (reported as required) due to a leak 
in a fuel line.  SNC-Lavalin responded to the spill in accordance with the spill 
response plan and the incident in itself became a practice session that was real 
rather than simulated. 

g) Environmental Effects Monitoring (EEM) Program Progress. 
• In December, TCL and its consultants met with the technical advisory committee 

of Environment Canada to review the results of the 2003 field season EEM study 
results and to discuss the scope and details of the 2004 field work being 
considered.  At the end of the quarter TCL is awaiting response of its proposals 
from Environment Canada. 

h) During August, the field work for study program required under the Department of 
Fisheries and Oceans (DFO) Fisheries Authorization related to Garrow Lake was 
undertaken.  Water quality data was collected, sediments sampled and sculpins 
collected for analysis.   
• At the end of the quarter, work had begun on preparation of the report for DFO 

which should be available by early 2nd quarter of 2004.  
i) TCL’s request to store additional hydrocarbon contaminated soils underground was 

approved in a letter dated December 22, 2004.   
• The approval contained disposal requirements which will be complied with as the 

hydrocarbon contaminated soils are placed underground. 
• The authorization also requires that a table of information be developed and 

submitted with this quarterly report that: 
• Presents data to the end of the 3rd Quarter 2003.   
• Presents the original volumes of contaminated materials identified in the DRP. 
• Presents the quantities of soils disposed of to date. 
• Presents the predicted volume of soils yet to be disposed of.  
• Presents the volume of the mine workings filled with contaminated soils and 

the usable volume of the mine remaining available. 
This information is presented in Appendix 6 along with the mine plans of areas 
filled to date. 

j) In December, TCL received a letter from NWB and DIAND commenting on the 
contents of the 1st and 2nd quarterly reports. 
• Additional information regarding percentage completion of the project and the 

various elements was requested.  This has been incorporated into Section 7 
(‘Update of Decommissioning and Reclamation Schedule’) of this report.  



 

 

• Additional information was requested related to cost estimates provided and 
explanations of variances from the original budgets.  This has been incorporated 
into this report along with the 4th Quarter budget update in Section 8 of this 
report. 

6. DECOMMISSIONING AND RECLAMATION PROGRESS REPORT 
Reclamation activities continued at higher than expected levels for the fall season to accomplish 
as much work as possible due to the increased quantities of contaminated soils over original 
estimates.  Work also continued later in the fall than planned to gain as much extra earthmoving 
time as possible.  Work related to earth excavation proceeded until the ground froze hard enough 
that productivity became unacceptably low.  Manpower then decreased to minimal level as 
Christmas approached.  Manpower levels were as follows: 
     Peak   Minimum 
   October 120        94 
   November 105        72 
   December 72        20  
 

6.1. Building Demolition 
6.1.1. Mill / Offices / Warehouse Facilities / Barge 

• As previously reported the barge has been demolished and the debris hauled to 
LRDQL and laid out in the pit bottom awaiting burial.  Barge hull debris is being 
further processed (cut into smaller pieces) in LRDQL to lower the height of the 
debris to ensure there are no voids created by burying sections that are too large.   

6.1.2. Concentrate Storage Building 
• Five column stubs are all that remain of the building structure.  They will be 

removed in the early spring of 2004. 
6.1.3. Thickener Building 

• A short section of tails line remaining near Garrow Lake shoreline was removed 
in December.  There is a run of tailings line remaining up slope from the former 
Concentrate Storage Building.  It will be removed in the spring.   

• Final clean up by hand around the thickener building area remains outstanding.  
To be done in the spring once the snow melts. 

6.1.4. CRF Plant 
• Previously completed. 

6.1.5. Fuel Tank Farm 
• No further activity until 2004. 

6.1.6. Accommodations Building 
• No demolition activities in this area have been initiated as the facility will remain 

in active use until the summer of 2004. 
6.1.7. Other Buildings / Structures 

• No activities. 



 

 

 
6.2. Earthworks  

6.2.1. Marine Dock and Adjacent Shoreline 
• Work ceased in the dock area early in October waiting for the sea ice to form.  

Weather during October delayed further significant work until early spring of 
2004. 

• Re-contouring of the shoreline north of the dock was on-going from Oct 10th to 
the end of November.  Much of the protective berm at the edge of shoreline was 
removed once the sea ice thickened north of the dock.  The sea ice will protect the 
shoreline from wave action until re-contouring work has been completed. 

6.2.2. Garrow Lake Dam 
• Excavation of the dam proceeded through until November using an excavator 

with a ripper to avoid the need for blasting.  The ground became too hard to 
productively work so activities were suspended until March/April of 2004. 

6.2.3. Operational Landfill 
• As of November 16, approximately 16,000 cu.m. of limestone cap material was 

reported to have been placed by SNC.  Hauling continued until November 30th at 
which time 98% of the cap had been placed.  Will complete next spring once the 
snow is gone. 

6.2.4. Little Red Dog Quarry Landfill (‘LRDQL’) 
• Blasting from Bench 3 and 4 of LRDQL was on-going during the quarter until 

November 17th to supply limestone cover materials for the Operational Landfill.  
Dam shell and core materials (c/w Styrofoam insulation) were hauled and placed 
into LRDQL as fill for burying demolition materials. 

6.2.5. Back 40 Area (Including CRF Area, New Quarry, North Pit, Subsidence 
Area, North Portal Area) 

• Minimal activities re-contouring in this area due to winter weather. Substantial 
progress was made the previous quarter when the active layer was thawed. 

6.2.6. Exploration Waste Rock Dump 
• Continuing to remove contaminated soils from this area until ceasing work 

November 16th.   
6.2.7. Temporary Dock  

• Is forecast to be removed in March.  The temporary dock consists of a number of 
robust steel I beams anchored into the sea bottom.  There are no sheet piles 
associated with the temporary dock either now or in the past.    In March while the 
ice extends to the base of the I-beams (they are in shallow water), the ice can be 
dug out with an excavator and the I-beams cut off just below the sea bottom.  In 
this way sedimentation during the removal process will not be a concern. 

6.2.8. Roadways 
• No activity other than snow clearing. 
 

6.3. Contaminated Soil Remediation 
The Polaris Mine Decommissioning and Reclamation Plan (DRP) identified a number of 
locations at the mine site that had potential environmental concerns (Figure 18, Volume 1 of 
the DRP).  These areas were identified as a result of the environmental assessments 



 

 

conducted by Gartner Lee Ltd. (GLL) in 1999 and 2000 and reported in Volumes 3 and 4 of 
the DRP.   Teck Cominco Limited (TCL) has contracted GLL to oversee the detailed 
assessment of these areas and to monitor the soil remediation activities.  GLL has updated 
Figure 18 from the DRP renumbering the areas to more precisely identify them (Refer to 
Figure 1 in Appendix 2 of this report).  TCL has been methodically remediating each of these 
areas.  GLL guides the remediation work utilizing field screening tools such as the X-ray 
Fluorescence Analyzer (which can analyze for metals), Photo Ionization Detector (for 
hydrocarbon vapor testing) and Handby kit (for hydrocarbon concentrations in soils).  As the 
remediation of each area is completed, GLL conducts confirmatory sampling and forwards 
the samples to a commercial laboratory for analysis.  Once the laboratory results are received 
and a review of the data confirms that the remedial targets (approved in the DRP) have been 
achieved, then GLL prepares a ‘Close-Out’ report to document that successful remediation of 
the area has been completed.  As remediation of soils in each of the areas is completed, 
Figure 1 of Appendix 2 will be updated to identify where work has been completed and 
where remedial work remains outstanding. 
 
TCL’s schedule has been to complete all of the required work on site by September 2004 (as 
indicated in the DRP).  At that time, TCL will demobilize all personnel and equipment from 
the site.  It is our intent to provide regulators with documentation of successful remedial 
work as far in advance of this date as possible.  If there is additional remedial work required 
it is critical that this be identified as far in advance of the demobilization date as possible so 
that follow up work can be completed.  For this reason TCL is submitting documentation of 
completed contaminated soils remediation as the work is completed for each discrete area 
rather than submitting one massive report at the end of the project for review.   
 
TCL requests that the NWB and DIAND review the Close-Out reports as they are 
submitted in the quarterly reports and identifies any unresolved issues or concerns related 
to the areas being reported.  TCL will assume that regulators are satisfied with soils 
remediation in these areas if no comments are received. 

 
6.3.1. Concentrate Storage Shed and Area 

• During October, final clean-up of the floor area was completed.  In some areas 
contaminated soils were removed to bedrock.  Small quantities of residual 
contaminated concentrate dusts have filtered into the cracks of the bedrock 
preventing further contaminant removal.  Clean beach gravel fill was hauled in as 
a cover material which was completed October 26th.  Refer to Appendix 2-A for a 
detailed discussion of remedial efforts employed for the Concentrate Storage Shed 
in the Close-Out report titled ‘Former Concentrate Storage Shed Area’. 

• Areas surrounding the perimeter of the Concentrate Storage have only limited 
remedial work completed to date and will be address in 2004.       

6.3.2. Cemented Rock Fill (CRF) Plant Area 
• As previously reported, both building demolition and soils remediation have been 

completed.  Refer to Appendix 2-B for the GLL Close-Out report titled ‘Former 
CRF Plant Fuel Storage Tank’. 

 



 

 

6.3.3. Former Quonset Huts Fuel Storage Area 
• An area of potential concern was identified in the 1999/2000 environmental site 

assessment, locally known as the High Arctic Club and associated maintenance 
shed.  This was an area suspected of having hydrocarbon contaminated soils.  
Additional investigations were completed by GLL staff and confirmatory samples 
indicated no hydrocarbon concentrations exceeding the remedial targets.  GLL’s 
Close-Out report for this area is included in Appendix 2-C and is titled ‘Former 
Quonset Huts Fuel Storage Area’. 

6.3.4. Tailings Thickener Building and Area 
• While some minor clean-up of building debris is still required in this area, the 

soils in the area have either been verified as meeting the remedial targets (without 
requiring remedial work) or as in the case of the spills pond beside the thickener, 
remedial activities have been undertaken and successfully completed.  The results 
of the remedial efforts are reported in Appendix 2-D in the GLL report titled 
‘Former Tailings Thickener Area’. 

6.3.5. Former Fuel Bladder Storage Area 
• Remedial work in this area was competed earlier in the year.  Attached in 

Appendix 2-E is the GLL Close-Out report for this area titled ‘Former Fuel 
Bladder Storage Area’. 

6.3.6. Former Crusher Area 
• This area was identified as having potential for metals contaminated soils in the 

1999/2000 environmental site assessments.  In early August approximately 1,800 
cu.m. (loose volume) of metals contaminated soils were excavated in this area.  In 
the 3rd Quarter, confirmatory sampling was completed.  Appendix 2-F includes 
the GLL Close-Out report for this area titled ‘Old Crusher Area’. 

6.3.7. Main Snow Dump 
• Remedial work was completed in the 3rd Quarter.  The GLL Close-Out report 

titled ‘Main Snow Dump’ is included in Appendix 2-G. 
6.3.8. North Portal Ore Stockpile 

• Remedial work was completed in the 3rd Quarter with confirmatory sampling 
results received in the 4th Quarter.  Refer to Appendix 2-H for the GLL Close-Out 
report titled ‘North Portal Stockpile’. 

6.3.9. Exploration Waste Dump / Stockpile Area and Shoreline North of Dock 
• The exploration waste rock dump was identified as an area of contamination in 

the DRP without a quantity being assigned.  Substantial contaminated soils have 
been identified and remediated in this area.  As the contamination in this area has 
been quantified, it has increased the estimate of the overall quantities of 
contaminated soils to be remediated at site.  Remedial activities in this area have 
now been completed.  This area is adjacent to the shoreline north of the dock and 
is reported in the Close-Out Report titled ‘‘Exploration Stockpile and Shoreline 
North of the Dock’ (Figure 1, Area #23) and is attached in Appendix 2-I of this 
report. 

• This does not infer that the final contouring or re-grading has been completed in 
this area, only that the contaminated soils have been remediated.  Additional work 
re-grading of the foreshore remains to be completed. 



 

 

 
6.3.10. June 2002 Oil Spill Area 

• Polaris had an oil spill at the tank farm facilities on June 25/26, 2002.  Terrestrial 
remediation was initiated immediately and soils above the foreshore of the ocean 
were remediated by July 6, 2002.  Gartner Lee Ltd. was on site to monitor the 
clean up activities and conducted the confirmatory sampling confirming the 
remedial targets were achieved.  GLL prepared an assessment report dated 
November 2002 and it was submitted to the NWB and DIAND on December 2, 
2002.   

• Remediation of the foreshore remained outstanding at the end of 2002 and was 
completed early in the spring of 2003.  GLL has prepared a Close-Out report 
titled ‘2002 Fuel Spill’ for the foreshore area and it is enclosed in Appendix 2-J. 

6.3.11. Marine Dock and Adjacent Foreshore Areas 
• Minor excavation in the dock area occurred at the beginning of October removing 

the final remains of the hydrocarbon contamination in Cell #3. Confirmatory 
sampling results will be provided once excavation work is complete in this area. 

• Excavation in the shoreline north of the dock continued until November 4th and 
activity ceased until the new year.      

6.3.12. Barge Area 
• Hauling of metals and hydrocarbon contaminated soils for disposal in the mine 

was on-going until work ceased in mid November.  Hydrocarbon contamination is 
extending beyond expected boundaries, increasing the forecast quantities of 
contaminated soils.  As a result additional assessment of adjacent areas using a 
drill was conducted to better define contaminant boundaries and to improve the 
accuracy of forecast quantities.  As of November 10th, all excavated hydrocarbon 
contamination had been placed underground and approximately 30,000 cu.m. of 
metals contaminated soils had been stockpiled.  Additional metals and 
hydrocarbon contaminated soils remain to be excavated from this area in 2004. 

 
6.4. Disposal of Hazardous Materials / Special Wastes 
As of December 3, 2003 the following inventory of fluids was on hand: 

 
• 15W30 and 0W30 used oil  252 drums 
• Coolant (clean)     72 drums 
• Methyl Hydrate      28 drums 
• Tellus Arctic     20 drums 
• Varsol         4 drums 
• Glycol      150 drums 
• Equipment Lube oil      40 drums 
• Waste Oil         90 drums 
• Waste Fuel      160 drums 

 



 

 

Incineration of waste hydrocarbons continued during the period with the following quantities 
being incinerated during the quarter: 

 
 

 
 
 
 
 

 
       Units – Imperial Gallons 

 
• The Incinerator was mothballed in December as crew levels were decreased for 

the Christmas period.  It will be utilized in 2004 to complete incineration of 
remaining hydrocarbon wastes and newly generated wastes (oil changes in mobile 
equipment, draining glycol from equipment as it is scrapped and from cleaning 
fuel tanks as they are decommissioned). 

7. UPDATE OF DECOMMISSIONING AND RECLAMATION 
SCHEDULE 

Appendix 3 contains an updated decommissioning schedule current as of December 31, 2003.  
The source of the data for the schedule is primarily from our demolition contactor.  There are 
some revisions to the near term portions of the schedule as more detailed planning occurred.  The 
project is still forecast to be completed by the end of September of 2004. 
 
Reviews of previous quarterly reports indicated a desire to obtain regular updates on the 
percentage completion of the various work elements of the project.  An additional column has 
been added to the schedule presented in Appendix 3 which estimates this for each line item in the 
schedule.  This will be updated each quarter. 
 
Reviews of previous quarterly reports indicated a desire to obtain regular updates on the 
percentage completion of the project as a whole.  It is our judgment that as of December 31, 
2003 the project is 71% complete (excluding site monitoring required subsequent to 2004). 
 

8. PROJECT COST ESTIMATE UPDATE 
8.1. Update of Estimated Mine Decommissioning, Reclamation and Monitoring Costs 
Appendix 4 contains the detailed estimate of the Polaris Mine Decommissioning and 
Reclamation Plan (DRP) cost forecast updated as of December 31, 2003 in accordance with 
Part B, Item 3 and Part G, Item 21 and forecasts costs to the end of 2011. 
 
In summary, total DRP costs to December 31, 2003 were $43,655,000.  Estimated costs to 
complete decommissioning, reclamation and monitoring through to 2011 have increased to 
$62,312,000 from an original budget of $47,500,000.  The cost report included in Appendix 

2003 Wastes Fuel 
October 10,876 2,306
November 15,616 2,743
December 0 0 
Total Quarter 26,492 5,049
Total YTD 50,118 8,559



 

 

4 contains discussions of the forecast project cost variances relative to the original budget as 
requested in the quarterly report review document submitted to TCL in December by the 
NWB and INAC. 

9. RECLAMATION SECURITY REQUIREMENTS 
Teck Cominco has submitted detailed documentation in the quarterly reports to the NWB and 
INAC.  Excellent progress has been made in decommissioning and reclamation activities at 
the site on all fronts in accordance with the approved Decommissioning and Reclamation 
plan.  The project as a whole is approximately 71% complete at year end.   
 
While TCL has identified that there are substantial increases in quantities of contaminated 
soils over original estimates, TCL has been addressing this by extending the fall work season 
later than originally anticipated and by increasing crew sizes sooner in the New Year than 
originally anticipated in order to keep the project on schedule. Work is still forecasted to be 
completed on schedule in the fall of 2004.     
 
Outstanding reclamation liabilities have been decreasing rapidly due to the high level of 
reclamation effort expended in 2003.  At the end of the 4th Quarter of 2003 a detailed review 
of costs was conducted based on the progress made during the year and with the updated 
knowledge that the quantities of contaminated soils have increased substantially.  The current 
forecast of the outstanding liability has decreased to $18,600,000 as of December 31, 2003.  
Teck Cominco currently has submitted $18,000,000 in security.   
 
Work is continuing to progress at the site and by the time that this report is reviewed by the 
NWB and INAC the outstanding liability at the site will be less than $18,000,000.  
 

Teck Cominco requests that as provided in the Water Licence under Part B, 
Paragraph 3 that the NWB and INAC agree to adjust the security requirements 
to $18,000,000. 
 

10. PUBLIC CONSULTATION / PARTICIPATION 
There were no public meetings held in the quarter.   
Inuit employment was 14 people in October, 10 people in November and two people in 
December.  This was a reflection of earthmoving activities decreasing as temperatures on site 
decreased into the winter season.  Anticipate that Inuit employment will increase as earth moving 
activities increase again 2004. 

11. SUMMARY OF WORK DONE IN RESPONSE TO INSPECTION / 
COMPLIANCE REPORTS 

There were no site inspections during the 4th Quarter.  The review of TCL’s 1st and 2nd Quarter 
2003 reports by the NWB and INAC contained a request for additional information regarding the 
project cost variances relative to the original budget.  The requested information is included in 
the Section 8 ‘Project Cost Estimate Update’ in the 4th Quarter report and will continue to be 



 

 

submitted with the quarterly reports in the future.  The quarterly report review also requested that 
percentage complete estimates be included in the quarterly reports and this is being done starting 
with this report. 
 
The review also requests TCL to state whether or not TCL is requesting a reduction in security 
requirements.  TCL is requesting an adjustment to the security requirements as identified above 
in Section 9 of this report. 

12. FRESHWATER USE 
Freshwater use from Frustration Lake for all uses during the 4th Quarter of 2003 was: 

October 2003      3,514 cu.m. 
November 2003     4,814 cu.m. 
December 2003   18,926 cu.m.  
Total 4th Quarter   64,695 cu.m. 
Total 3rd Quarter              27,254 cu.m. 
Total 2nd Quarter   29,088 cu.m. 
Total 1st Quarter   56,927 cu.m. 
Total Annual Used 2003        177,964 cu.m. 

 
Water use for the year was within the 250,000 cubic metres authorized for 2003 in Part C of the 
Water Licence. 

13. PHYSICAL MONITORING OF SITE 
13.1. Disposal of Demolition Debris and Contaminated Soils 

13.1.1. Disposal of Demolition Debris Into Little Red Dog Quarry Landfill 
The approval letter for Landfill protocols requires us to report a record of materials 
(preferably in digital form).  Refer to Appendix 5 for a listing of both quantities and 
general descriptions of the types of demolition debris transported to LRDQL during the 
quarter, drawings of disposal locations, and a photographic log of the work during the 
period.  Any equipment originally containing hazardous materials such as hydraulic oils, 
fuel, greases and/or batteries are required to undergo an inspection to verify they have 
been properly prepared for disposal.  As decommissioning of the mechanical portions of 
the barge facility was completed in prior periods, and there were no mobile equipment 
discarded in the period, there are no hazardous material inspections to report this period. 

 
13.1.2. Disposal of Metals / Hydrocarbon Contaminated Soils Underground in the 

Mine 
In the December 22, 2003 letter of approval for disposal of additional hydrocarbon 
contaminated soils underground, it was requested that a table be submitted that identifies: 

• The original volumes of contaminated materials identified in the DRP. 
• The quantities of soils disposed of to date. 
• The predicted volume of soils yet to be disposed of.  
• The volume of the mine workings filled with contaminated soils to date. 
• The usable volume of the mine remaining available. 



 

 

A table has been developed and is included in Appendix 6 of this report.  Also included 
in Appendix 6 are the detailed plans of the mine levels showing where the contaminated 
soils have been place to the end of December 2003. 

13.2. Thermistors Data 
13.2.1. Garrow Lake Dam 
Siphoning of Garrow Lake was completed in the 3rd Quarter of 2003.  Removal of the 
dam commenced so that the thermistors in the dam have been decommissioned so there is 
no temperature data to be reported in the 4th Quarter of 2003 or beyond. 
13.2.2. Operational Landfill 
The Operational Landfill has the cover cap approximately 98% installed by the end of the 
4th Quarter.  As the work on the cap is not complete, the current thermistors would not 
provide relevant data so that recording of temperature data has been temporarily 
discontinued.  Once construction of the cap is complete in the spring of 2004, monitoring 
of temperature data will resume.  The Closure Plan states that a minimum of three will be 
maintained to confirm that freezing of the landfill has occurred.    
13.2.3. Little Red Dog Quarry Landfill 
Filling of LRDQL continues.  The heavy metal pipes installed as housings for the 
thermistors have remained in intact while LRDQL is filled debris and soils.  Once placing 
of the debris and soils are complete and the pipes are extended to their final elevation, 
thermistor strings will be installed in the pipes.  Thermistor readings will then be 
recorded on a monthly basis while personnel are on site and after the fall of 2004, they 
will be monitored during regular site inspections. 

13.3. Erosion Monitoring  
13.3.1. Garrow Lake Erosion Pins 
Not required in the winter season as the lake is frozen. 
13.3.2. Marine Dock and Adjacent Foreshore Erosion Monitoring 
Not required in the winter season as the ocean is frozen.  Early in the 4th Quarter before 
the ocean froze, there was no active work occurring below high tide level. 

14. GARROW LAKE STRATIGRAPHIC MONITORING 
The Water Licence requires that a monitoring event of Garrow Lake Stratigraphy be conducted 
during the mid-winter, maximum ice thickness and at maximum ice melt during the summer.  In 
previous reports, the mid winter and maximum ice thickness sampling have been submitted.  The 
maximum ice melt sampling is normally conducted during mid August when there is usually (but 
not always) a brief period where Garrow Lake is ice free.  Due to personnel and equipment 
problems the summer sampling of Garrow Lake was not able to be completed while it was ice 
free.  To attempt to sample as soon after the maximum ice free period as possible, the ice 
thickness of Garrow was monitored so that the sampling event could be accomplished after the 
ice became strong enough to be safe to work from.  However, testing of the ice thickness in 
October indicated that it was still not safe to take equipment out onto the ice so that the 
meaningful time to do the open water sampling long since passed.    
 



 

 

Despite the low site activity planned in January, a GLL staff member will be contracted to travel 
to site specifically to ensure the January sampling of Garrow Lake occurs as scheduled. 

15. SUMMARY OF EFFLUENT MONITORING AND EFFLUENT 
CHARACTERIZATION  

No effluent was discharged during the quarter so effluent sampling was not required.  Appendix 
7 contains the effluent monitoring report submitted to Environment as required under the Metal 
Mining Effluent Regulations. 

16. SUMMARY OF EEM STUDY PROGRAM PROGRESS 
In December, Teck Cominco and its consultants (Azimuth Consulting) met with the 
Environment Canada’s Technical Advisory Committee (‘TAC’) to review the 2003 summer field 
program and results.  The purpose of the meeting was to obtain guidance regarding the 
requirements for the 2004 sampling program so that planning can proceed.  Field conditions 
were extreme in 2003 and only through the diligence and hard efforts of the seasoned consultants 
was the program successfully undertaken.  At the end of the quarter, formal response from the 
TAC was outstanding. 

17. SUMMARY OF GARROW LAKE DFO STUDY PROGRAM 
PROGRESS 

Laboratory results from the 2003 summer field program were received.  Reporting of results will 
occur in the New Year.   
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13.3. wloq5 

1   xsMypkzJ6 NwoQxymJ6 si]v6 wktg3g6 
2 rh[]jm]z5 
3 ckwozoiE/q5 xqtk5 xmlFs?li5 NmQ/symJ5 

4 xqbsymqg5 f=tbs]i5 xml NwoQx3ymJ6 raixi 
ckwoQx3ymom]zb 

5 W?oxiqi4 si]v6 cspnisJiFxeQxDti4 gyCstsJ5  

6 wAt3bsiz ckwgizkl sttbsizb ckwozizb sivz 
6.1 w[li wAtEi6 

6.1.1 n=C/4nc=4FttC=4Fy3lxc=4FS4b]M3g6 w[l 
6.1.2 n=C/4nc=s2 y3lxc=z 
6.1.3 ri3tEstos3=4 w[l 
6.1.4 efu4 wlohbsJ6 nN=s2 u4]n 
6.1.5 s3hxlc=sJ6 
6.1.6  xqCc=sJ5 w[lw5 
6.1.7 xyq5 w[lw5Frhc3]=5 

6.2 kNoEi6 
6.2.1 gM4b3=4 ciQ/zl y4/6 
6.2.2 rxD bys2 yuz 
6.2.3 xg3bsJ6 x4b3=4 
6.2.4 xsX3gfl eu wlg3tymJ6 
6.2.5 rhD]l/c=4 
6.2.6 cspn3Xoxo]n3tlQ5 x4b3==i6 
6.2.7 gM4b3=svwN3g6 
6.2.8 xd]t5 

6.2 hDymJ5 kNw5 nlm3nbsiq5 
6.3.1 n=C/4nc=s2 y3lxz ciQ/zl 
6.3.2 ef3u4 wlo3hbsJ6 wlc=xb u4n 
6.3.3 gWs/slt4 s3hxlc==]i5 kNzb u4n 
6.3.4 ri3gos=s2 w4lz xml kNzb u4n 
6.3.5 s3hxlcstc==i6 xsbJi kNzb u4n 
6.3.6 ycott=ixb u4n 
6.3.7 xSbw/w=4 
6.3.8 sxNziin6 suxJxj syoh3=4 n=C/4n3i4 
6.3.9 cspn3Xoxo]n3tlQ5 xb==i6Fs/C4b3=4 xml y4/Xyz sxNziin 
6.3.10 2002u s3hxlu f=/si]f2 kNz 
6.3.11 gM4b3=4 ciQ/zl y4/zb ciQ/z 
6.3.12 w[]l2 S4b]M3]g2 ciQ]/ 

6.3 wQti6 hfNgcgi rhgwN3i4FWgwNsqg5 wQb4nw5 



 

ii 

7. ckwozom]z5 wAtEi6 ckwgi=izkl sttbsinzb 
xebsymiq5 

8. cyClxm]z5 nlmnbsizb sluj5 xrz 
8.1 cyClxChQ/sMs]g2 wAtbsis2, ckwgi=izk sttbsinz xml 

cspnbsqNixis2 xrq5 cysom]zb 

8. sttbsizb rNs/qb cyi W/Excm]zb 

9. wko]mi5 gnChi6FwMs/Excg5 

10. NwN3ymJ5 ckwosymom]zb cspnbsij vJytbsd/sMsg5 
mod/symJl sivq5 

11. wmtx?u4 xg3i6 

12. bwviME4Lt4 cspn3g5 kNzi4 
13.1 wQbsiq5 wAtbsifw5 hDymJl kNw5 

!#.!.!. wQbsiq5 wAtbsifw5 xsX3g6 euflj wlg3tymJ3jbsiq5 
!#.!.@ wQbsiq5 n=C/w5Fs3hxlDJw5 hDtbsymJ5 kNq5 s/C3b=sJ3jbsiq5 

13.2 iMhizb cspnbsJtzb ttCbsiq5 
13.2.1  rxD bys2 yuz 
!#.@.@ xg3bs]J2 wlo3hbsiz 
!#.@.# xsXg6 euf]l2 wlg3tbsymiz 

13.3 n3?s?oxmzb cspni6 
13.3.1 rxD byzi n3?s?oxmzb NlNwfbq5 
13.3.2 gM4b3=4 xml y/3Xyzb cspnbsiq5 

8 rxD byzi coEoiqb cspnbsiq5 

9 NwoQx3ymJ5 fiqb cspnbsiqi4 xml fiq5 ck xyp3Xoxm]zb 

10 NwoQx3ymJ5 x?ts2 hibsizb cspnbsiz ckwozom]z5 

11 NwoQx3ymJ6 rxD byzi wmusboEpf5 cspniz 
ckwozom]z5 
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wMQxDtq5 
 

 
wMQxD]b 1   xsMypkzJ6 NwoQxymJ6 si]v6 wktg5 

wMQxD]b 2   hDymJ5 kNw5 @))#u mg/sytlA si]vox5 

wMQxD]b 3  ckwozom]z5 wAtbsiz ckwgizkl xsMiz 

wMQxD]b 4  ckwozom]z5 cyClxC/iz s?Cb3=s2 wAtbsiz, sttbsiz 

ckwgi=izk5 cspnbsizbl xrq5 

wMQxD]b 5  ttCymJ5 wQbsJ5 rhm]zb xsXg6 euflj wl3noxaymJ3j5 

wMQxD]b 6 ttCbsymiq5 bwfz3bsJ5 n=C/w5FhDymJ5 sh3lxlDJj5 kNz 

kNs2 xbkcbsJ5 n=C/nw/3=sJ3u5 

wMQxD]b 7  NwoQx3ymJ6 ]fgw cspnbsiq5 ]f4gwl ck xyp3Xoxmzb 
 
wMQxD]b 8  f=Jc]vM4X5 ckwosExcm]zb woixiz 
 
wMQxD]b 9  cEbs/f5 ttCbsymiz si]v6 eoguo3tlA 



 

 

1. xsMypkzJ6 NwoQxymJ6 si]v6 wktg3g6 
sivlxbsJ6 scymJ6 wMQxD]b !ugD6. 
 

2. rh[]jm]z5 
sN tnmQo3bz tnmwoczJi wAtbsizk ckwgi=izkl sttbsizb sivz 
gi/sMsymJ6 Wjtcgu SoxE{u s?Cys3=s2 wAtbsiz ckwgi=izkl 
sttbsizkzJ6. 

3. ckwozoiE/q5 xqtk5 xmlFs?li5 NmQ/symJ5 
bwmzi5 tyWE #!, @))#ui5, bwfx vJytgm/K5 xqbsymJ5 b?i tnmQobzi 
wmwgK5: 

1. SoxE{ s?Cys3=zb wAtbsiz ckwgi=izkl sttbsi6 _ mp !, @))! 
• yKixi xq3bsymJ6 

2. wm3usboepf5 WJN3tyJ]b molA wmusboEpf moZz wAtbsNhiz rxD 
byzb yuz xml wAtbsiz gMb3=s2 ciQ/zl y4/3Xy4 
• yKixi xq3bsymJ6 

3. gyCst4 wmoEpf5 vtmpqi5 wkoEpgcfil y3lx3bviDmlt4 kNs xbi 
wQbsJni4 s3hxlDJk hDbsymJi kNi4 gJbsMsg6 ytWE !^, @))#atlA. 
• xq3bsJ6 ybmzi ybmwoczJ5 x=4gymilxzi.. 

4. gyCi6 xeQx3bsdlA syv3b3= W9lA GrxD bys2 yuzb s/Cz etzi5 
S4b]M3g2 w[]l2 wizk3bsdlAH s9lz s4gX !%, @))$. 
• ho rs/symqg5 tnmwhyJ2 x=gymiqb tnmzb kaxi. 

5. gyCst4 n=C/w5 hDymJ5 wlnoxaymJ3j ns/sJnsbsJmlt4 xml xuxfq5 
s3hxlDJk hDymJ5 kNw5 xbkbsJmlt4 s/Cb3=sJj5 ttCbsJ5 tyWE !(, 
@))#atlA. 
• ho rs/symqg5 tnmwhyJ2 x=gymiqb tnmzb kaxi. 

4. xqbsymqg5 f=tbs]i5 xml NwoQxymJ5 raixi 
ckwoQxymom]zb 

xqbsymqg3i4 wm3u f=tyJcMsqg6 ]ftyJclili5 bmgmisJ6 tnmwoczJ3u 
@))$u.   

5. W?oxiq5 si]6 cspnisJiFxeQxDti4 gyCstsJ5 
mginzb xebsymiq5b xqbsymiq5 xmlFs?li5 wmj5 WJNst4 scymJ6 
giy/ExcgA5 ckwosDmmzb xmlFs?li sivoxaymJi4: 

wH xq3bsymJ6 ns/sJw cX4nz xebsymJ6 xml ckwosDmmzb 
ttCymJq5 gi/sMsg5 WzJzi tnmwoczJi5 
• xqbsMsgA5 moQxcbcLb tnmzi tnmwoczJ3i. 

WH  xqbsymJ5 ttCs/3ymJ5 xml moQx]o5 rxD byzb yuzb wAtbsinzb 
gi/sMsg5 WzJzi tnmwoczJi5. 

• xqbsMsgA6 moQxcbcLb tnmzi tnmwoczJi5. 
tH xqbsymJ5 ckwozinq5 xml ttCs/3ymJ5 s/Cb=s2 wy3b=zb 

yu4bsinq5 giDbsMsymJ5 WzJzi tnmwoczJi5. 
• xqbsMsg6 moQxcbcLb tnmzi tnmwoczJi5. 
 



 

 

rH xqbsymJ5 ckwozinq5 ttCs/ymJl wAtbsizk gM4b3=s2 xml 
ciQ/zb y/zi gi/sMsg5 WzJzi tnmwoczJw. 
• xqbsMsg6 moQxcbcLb tnmzi tnmwoczJw5. 

QH xWd]t5 WJt]o5 rxD bys2 mo3bwomJt4 xebsymJ6 kNKu wmoEpqb 
vtmpqi5 wkoEpgcfil WMsbK5 tyWE @@, @))#u. 
• ho rs/symMsqg5A5 t4 vuf out5fi5 iaxi tnmwoczJi. 

uH W/s/Excg5 gJbslt4 f=Jci3X5 ckwosExcm]zb xeymJi wmj 
WJNstz molA. 
• f=JciX5 ckwosExcmzb xeym/z5 giMsbz5 @))#atlA xml 

xeQx3bsMsg6 gi/sviLil tyWEstlA. 
iH x?ts2 x4g3bsizk5 cspni6 vJytbsiz ckwozom]z5. 

• scsysMsg5 @))#u csonDbsMsg5 x?toEpfl WctQ/slt4 xml 
xCA]Mg6 vJytbsMDmJ5. rsJtq5 ho sbe/sJ5. 

yH xZystlA, bwviMb3gi cspndpiz vJyd/siz wmusboEpfi5 xml 
wmusboEpf5 xzJcqi5 gCzJ5 rxD byj5 vJytbsMs3g5. 
• sivoxaJ5 wmusboEpfk3g4n6 xgwNsoExo4 xwXE/zi 

tnmwoczJi5 @))$ao3X5.  
oH vuff5 gyCDtQym/z y3lxbviDmlt4 kNs2 xbi hDymJi s3hxlDji5 

xqbsMsg6 ttc ttCbsif5 tyWE @@, @))$atlA..  
=H tyWEstlA, vuff5 ttcsyxMsg5 kNKu wmoEpqb vtmpqi5 

wkoEpgcfil scsycgi5 yKoXzi xwXzil sivoxaymJi5. 

6. wAt3bsiz ckwgizkl sttbsizb ckwozizb sivz 
ckwgi=izk sttbsNhij5 WoExaJ5 vJyMsg5 yK?yminslt4 iEsQ/siqi5 
srsnf5 eMusnoJ6 WNhxDNdlQ5 xqinsizk5 hDymJ6 kN 
ckwgNhQ/siEMsbzi xqinsm5. bwm wcNw/3]t5 skqoQxMsg5 
skqiXEJNbzk tyWEa3tlA. wcNw/tq5 !@)sMsg5 x4gXu @)aLt d=xh=u. 
 
6.1 wli4 wAtE]i5 

6.1.1. y=C/nf=4FttC=4Fy3lxc=sJ5FS4b]M3g6 w[l 
• wAtEi6 S4b]M3g3u w]lu4 W/EMsg6 raoXzi tnmwoczJ5.     

6.1.2. n=C/4nc=sJ6 y3lx6 
• bomw5 nwiq5 w4lw5 xuxfgo3g5 wlu5. ]W/3bsM3g5 sWznzi 

@))$u. 
6.1.3. ei3gos3=4 w[l 

• s/CbbsJ5 xuxflfqb h9l-iq5 y=ziug5 xuxfgo3g5 bwhmz 
n=C/4nc=s]J2 y3lx=izi5. sWznf5 ]W3bs]M3g6..   

• rao3XaJ3u nlmnwi6 xsMstkqg6 nlmnwi4n6 ei3bos==is 
wizb sWzna]Mg6 WQxbs]M3g6 xS5 xs4X5. 

6.1.4. eff=4 
• W/EbsMsg6 yKixi. 

6.1.5. s3hxlcstsJ5 cbs/f=4 
• WQx3bsMsqg6 @))$a3m5 ryxi. 

6.1.6. xqCc=sJ5 w[lw5 
 
 
 



 

 

• bN w[l ho bwmwozix3g6 xgbsixg6 xs/a3X5 ryxi @))$a3X5. 
6.1.7. xyq5 w4lw5FWdt=5 

• WoExaqg5. 
 

6.2 kNoEi6  
6.2.1 gM4b3=4 ciQ/zl y4/ 

• x4gXs2 WQx3izi gMb3=oEi kcMsg6 yftxE/sli.   
• kNzb xehbsiz sxNXyxi y/s2 gMb3=Xy3u ho vJyMsg6 

k=WEs2 kaxk trLA. xbqXlLA nSlb6 xebsymMsg6 yMbk 
f=/wf]b W/3bsMsg6 yf wJ3tgx3m5. 

6.2.2 rxD bys2 yuz 
• W/3bsiz ]fj5 yus2 vJyMsg6 k=WEa3LA W/wJtxlu4 xg3Lt4 

cttEvbdNQ5..   
6.2.3 xg3bsJ6 x4b3=4 

• (*Snu4 W/Eymog6 cXo3hbsiz. W/Ebs]M3g6 sWzvi3X5 xSt 
xsgwNs4X5. 

6.2.4 xsX3gfl4 eu slg3tymJ6 
• c3tEi xsXg6 euflu ho vJyMsg6 k=WE !&j trLA cXn3u W-

sNh4li x1]m4n/u s/Cb3=sli mNsJ6 m3lf3=n3jgnu. 
• ]f2 yuzb s/Cn/q5 Gsegn/u wrx3unu wMo4H syv3bbsMsg5 xsXg6 

eufljD/sli ns/s/nsbsli wAtbs?oxJi ns/scbsli. 
6.2.5 rhDl/c=4 GwMslt4 eff=4, k]b6 gxX4b3=4, sxNXyxig6 wl3n6, 

vbtxE/sJ3l kN, sxNXyzig3l gMb3=s2 ciQ]/H 
• kNzb xehbsQxMiz urgMsg6 srsaiz WJtQlA. 

6.2.6 cspn3Xoxon3tlQ5 x4b==i6 
• ho hDivi4 gxX1u4 W/wJ5 bmz WNhxiz bmguz kcMsctNA 

k=WE !^u.  
6.2.7 gM4b3=svwN3g6  

• NMs]n3bsymJ6 W/bsix3g6 mpso3X5. 
6.2.8 xd]t5 

• rhoEqg5 xSbw/wis2 xyxi4. 
6.3 hDymJ5 kNw5 nlm3nbsiq5 
SoxE{ s/Cys3=zb wAtbsiz ckwgi=izkl sttbsiz NlNwyymog6 
xuhi s/Cb=sJ=i3i4 x?tj5 h]igwNExoi4 wh]mlbsJN3gi4. vuff5 vgCymog5 
pMMfi4 bmN cspndlA NlNwymtx3gi4 bfiz kNsJ3i4 xml cspn3lt4 
kNzb xehbsizi4 ckwo?oxizi4. ckwgi-izk sttbsNh4tlQ5 xgi 
W/EXb, pMMf5 hoiCwJi4 gxXblt4l cspnbsJni4 gJtQlQ5 cspntk5 
ckwmzb cspn3tMEfkD/slt4. bwm W/sXb csp/siq5 nlmnbsNhiz 
nlmbsMb3]g3Xb, bwm pMMf5 sivoxoult4 “mgJ6” ttCymiz5 ckwgi=izk5 
sttbsNhi=izi4 W/Ebsizi kNsJ2 NlNwyJt4. 
 
vuff5 xeym/z wmwozMsg6 bmfx WoEx4nsJ5 W/Ebsymtxlt4 ytWE 
@))$a3X5. bwhmistlA, vuff5 wcNw/tui bwvigi3tyix3g5 xml 
sdmwgistq5 kNf]J2 bwvigi3lt4. wmwgmKA5 bmfx moZ3i4 mo4typsJ5 
XwX3i4 Wymolt4 vmfx WoExaJmymJ5 W/EymtxoiCymJi4 ckwgi=izk 
sttbsNhiz bmgm yKixi eMusnoJ6 xJ3NqX5. 



 

 

wMQxDtbcvi3X5 ckwgi=izk sttbsNh4tlA WmExlK6 bN 
csp/stbsno/Exo4 NlNwbsvstQ/Exo4 eMusnoJ6 bmN raixi 
WoExa/Exo4 vJyJNdlA. bmN WJtQlA vuff5 gJwymJ5 ttCymJi 
W/EbsymJi hDymMsgi gxXi4 ckwgi=izk sttbsNhiz W/Eymoizi 
xgi kNsJi wlw]vlqz3tlA gJbsNi xgi W/ECzb cspnbscbixmb.   
 
vuff5 gyCymJ5 kNK3u wmoEpqb vtmpqi5 wkoEpgcfil euDdplt4 
mgiqb sivqi4 gi/scbmb tnmwoczlt4 sivoxaymJ5 xml 
W/Ebsymqg5 s?l]i5 wh]mlbsJ5 s?li5 xyq5 kNw5 sivsysJ5. vuff5 
moZi vJyty]p5 ckwnqNhQliQ5 gn=Q/sviqft4. 

 
6.3.1 n=C/4nc=s2 y3lxz ciQ/zl 

• x4gXstlA, rao3]X6 nlmnwi6bcMsg6 Ntz W/EbsMsg6. bfvi3lA 
wMQxD5 @_wug6 ttCymtxvi3g6 sttbsNhizk5 ckwgi=izk5 
wcNw/tbsJ5 n=C/4nc=s2 yx3lxz mgi3jzJ5 si]v bw/sJ6 
“n=C/4nc==i6 yc3lxc==i6”u4 bw/sJ6. 

6.3.2 ef3u4 wlo3hbsJ6 w[lc=xb u4n 
• bm3u4 w[]l4 wAtbsiEixMs3bq5 xml hDymJw5 kNq5 W/EymJ5. 

bfvi3lA wMQxD]b @_Wug6 pMMfi. mg/sizk5 si]v6 bw/sJyo4 
“ef3tymJ6 w]l=i6 s3hxlcstc==i6”u4. 

6.3.3 gWs/slt4 s3hxlc==]i5 kNzb u4n 
• cspnbsJt=]i5 NlNwyMsg5 hDymif s3hxlDJcDiizi4 

szbig]li5 WsytbsNhis2 gCZs2. pMMf5 mgij5 sivoxz bhjz 
wMscbsJ6 wMQxDt4 @_tug6 bw/sli “gWs/slt4 s3hxlc==]i5 
hNzb u4n”i4 xto1u4. 

6.3.4 ri3gos=s2 w[lz xml kNzb u4n 
• ckwgi=izk stttNhi vJyymog6 xml W/E3bsymtxoLt4. 

ckwgi=izk sttNhi=iqb cspnbsiq5 sivoxaymJ5 wMQxDt4 
@_r ug5 pMMf5 sivoxqi bw/sJ5 “ri3gos3==is2 w[]l2 wi=iz 
kNzbl u4]n” bw/sJyElis4. 

6.3.5 s3hxlcstc==i5 xsbJi kNzb u4n 
• ckwgi=izk sttbsiz b?i W/EbsMsg6 b?i xC]A2 WQx3izi. 

wMsJ6 wMQxDt4 @_Q ug5 pMMf5 mgizk sivox=iz bw/sli 
s3hxlc==i6 xsbJi kNzb u4n”u4 bw/sJyo4. 

6.3.6 ycott=ixb u4n 
• W/bsiz hDym]J2 gxXs W/]Ebsymog6. wMQxD5 @_u wMsJ6 pMMf5 

mgizk5 sivoxqig6 b?i bw/sJ6 “ycott=is2 u4]n”. 
6.3.7 xSbw/w=4 

• ckwgi=izk sttbsiz W/EbsMsg6 WzJzi tnmwoczJ5. 
pMMf5 mgizk sivoxqig5 bw/sJ3u “xSbw/w=4” wMsJ6 wMQxD5 
@_i”ug6 

6.3.8 sxNzii3n6 suxJxj5 syoh3=4 n=C/ni4 
• ckwgi=izk sttbsiz W/EbsMsg6 WzJzi ybmwoczJi. 

bflA wMQxD5 @_y pMMf5 sivoxqi bw/sJ6 sxNzi gMb=s. 
6.3.9 cspn3Xoxo]n3tlQ5 xb3==i6Fs/C4b=4 xml y4/Xyz sxNziin 

• ckwgi=izk sttbsiz bhm W/Ebsymo3g6. bmN ciQ/ig6 
y4/3Xys2 sxNzi gM4b3=s2 xmlsivoxz mgiu sivig6 bw/sli” 



 

 

cspn3Xoxo]n3tlQ5 vtbsifw5 xml y4/Xyxi sxNzig6 gMb3=s2 
GkNax !, kNz @#H xml wMsJ6 xMQxD5 @_o b?i siv3u. 

6.3.10 Ji @))@u s3hx]l2 f==Qifx 
• ckwgi=izk WNhx3i6 nlmnwi hDymJi kNzi W/Eymog6 

xs/zi @))@ xml y/zb ciQ/I sWznzi @))#atlA. 
cspnbsJt=iq5 @))@u WoEx=i5 sivsys/EymJ5. 

• pMMf5 W/EyymJ5 sivoxnui mgizk5 bw/sJ6 “@))@u s3hxlu 
f=if” bw/sJb wMscbsJ6 b?i wMQxD5 @_p ug6. 

6.3.11 gM4b3=4 ciQ/zl y4/zb ciQ/z 
• xZbsiz y4/3Xyzi sxNzig6 gMb3=s2 ho vJyMsg6 trLA 

k=WE $ xml kcMsg6 xCA kbaChizi. 
6.3.12 w[l S4b]M3]g2 ciQ]/ 

• k=WE !)u, bmuo]m6 s3hxlj hDymJ5 kNs2 xbkcbsMsg5 wmc 
@),)) r4XEyymJ5 ubw n=C/I hDymJi gxXu coEoytbsMsg6. 
wMQxD]b n=C/4 xml s3hxlj hDymJ6 kNz ho xZbsQxMix3g6 
]W/3bsli bmz @))$u. 

6.4. wQbsiz hDymJw5 rhD]l/w5FWgwNsqg5 wQb4nw5 
• bhm sivz scsycg6 wmw5 wQb4nw5 y3lxug5 bwvi wrbsMsqiqi 

xmlFs?li5 xsMs/sMsqiqi clNk5. wrbsiq5 wQbsJ4n5 
s3hx=]i5 vJytx3g5. 

7.  kwozom]z5 wAtEi6 ckwgi=izil sttbsinzb 
xebsymiq5 

wMQxD]b # ttCymJ3bo4 ckwozom]zb wAtEij xebsymiq5 tyWE #!, @))#j5 
trLA..   
 
whmQ/K5 tyWE #!, @))#atlA &!Snlxu W/EymoMsgA5 (wMsqtlA bw?4huz 
cspnisJ6 bwmwnExcm5 raitxzi @)_)$H. 

8. cyClxm]z5 nlm3nbsizb sluj5 xrz 
8.1 cyClxXlymom]z5 s/C4b3=u wAtEtlQ5, stttlQ5 cspnizbl xrz 
wMQxD]b $ ttCymJ3bo cyCixDyQ/sm]z5 SoxE{ s/C4ys=zb wAt3bsiz 
ckwgi=izkl sttbsNhizb cyCChQ/sZ/mzb xeQxbsMsg5 ytWE #!, 
@))#atlA. 
 
NwoQx3lA, bm3u vtLQ5 xro3]hbsJ5 tyWE #!, @))#atlA R$%,^%%,)))aMsg5. 
cyCixChQ/siz W/EX5 wAtbsiz, ckwgi=izk sttbsiz xml 
cspnbsiz @)!!j trlA xqoQx3g6 R^#,#!@,)))j5 R$&,%))),)))u5.   

9. sttbsizb rNs/qb cyi W/Excm]zb 
vuff5 NlNwyymotlQ5 xqJ3JxClu xroQxviExcixbzi4 ckgQ xqtQm]z5 
hDymJ5 kNw5 ckwgNhQ/Msmzb, vuff5 NlNwyymog5 bmN WoEisJ6 
b4OQx3bsJ6 srx4]nvi3j5 yKou5 xebsMsg3u5 xyp3g6 xml wcNw/tq5 
xuhDExbslt4 xCA WQxizi bmN WoEisJ6 xamtdlA xebsymMsg3u4. 
WNhx3isJ6 ho iEsQ/sJ6 W/EMDmlb xeymJ3u srxnzi @))$.    
 



 

 

ckwgi=izk5 sttbsNhizk ra?zJw hvJxlu4 xat?oxJ5 WJtQlA 
x4hDLt4 WNhxiEMsiqk5 @))#atlA. kaxi tnmzi tnmwoczJw5 
@))#atlA gryNytymJ5 euD/s]i5 xeq5 gz=]o5 ckwozoiE/qi4 b?i 
xCAJ3u NostymJi4 cspm/sJi ck xqtQm]z5 hDymJ5 kNw 
xqo]?o3gxliqi4. mNsJ6 iEsN3g6 ra?ymJ5 xatQx3g5 R!*,^)),)))j5 
tyWE #!, @))#u. vuff5 mNsJ6 giyymJ5 R!*,))),)))u4 NosfmaJ6. 
 
WNhx3isJ6 vJytxg6 mDoeu xml sm sivz euD/so3tlA kNK3u 
wmoEpqb vtmpqk wkoEpgcfkl Nosf]m6 R!*,))),)))aJ6 urinso]Mg6.  
 

vuff5 gyCg5 W=ctbsmb xml5 WJNst4 wmj5 wMqxD]b Wu, WzJzi 
gro]E5 kNKu wmoEpf5 vtmpqb wkoEpgcfl xqctQAtQMsbzi 
xeQxdlA Nlsf]m6 R!*,))),)))j5.  

10. wko]m3i5 gnChi6FwMs/Excg5 
wko]m3i4 vtztbsJcMsqgy bmgmi. 
wkw5 wcNw/3tQ/sJ5 !$aMsg5 x4gXu, !)aJ5 k=WEu xml m]D4 tyWEu. bN 
bwmwiE/z netyJ6 kNu4 xsMyissJ6 hvwoQxMsg6 i4Mhiz WJtQlA 
srsa3X5. iEsN3g6 wkw5 wcNw/tq5 xuhDExMvi]M3g5 kNu4 xsMyisJ6 
xqoQxvi3u4X5 @))$atlA. 

11. NwN3ymJ5 ckwosymom]zb cspnbsij5 vJytbsd/sMsg5 
mod/symJl sivq5 

kNQ/z bmgmi tnmQ/zi tnmwoczJi WbcMsqg6.   

12. wmtx?u xgi6 
wmtx?u xgi6 by6 KC{gEnu5 WJNsts]J2 NlNwym/ziMsg6. xuhiz 
sivsysymJ6 b?i siv3u. 

13. bwviME4Lt4 cspn3g5 kNzi 
13.1 wQbsiq5 wAtbsifw5 hDymJl kNw5 
13.1.1 wQbsiq5 wAtbsifw5 xsXg6 euflj wlgtymJjbsiq5 

xqJqg3u wQbsJcMsg6 euflj5 mNsJ6 tnmwoczJi. wMQxD5 bomz 
gnDtu4 Wbcvi3g6. 

13.1.2 wQbsiq5 n=C/w5Fs3hxlDJw5 hDtbsymJ5 kNq5 s/C4b=sJjbsiq5 
mN sivaJ3u scsysJ6 xqoQxymiq5 hDymJ5 kNw5 vmQ/siq5 b?i 
mDoeu. 
 
 
 
 
  



 

 

13.4. i4Mhizb cspnbsJtzb ttCbsiq5 

13.2.1 rxD bys2 yuz 
ulxyi6 rxD byzi4 W/EbsMsg6 WzJzi tnmwoczJw5 @))#atlA. 
]W/3bsiz WQxMsg6 i4Mhizb cspnbsJtq5 yu4ug5 wAt3bsJNdlnstQ5 
bwm cktQ iM4h4tQmz ttCymJi sivk3bsJcDNQg6. 

13.2.2 xg3bs]J2 wlo3hbsiz 
nN/siz W9lA bmi, sNiz iMhizli5 cspnsu kcymvwN3g6 mNsJ6.  

13.2.3 xsX3g6 eufl wlg3tbsymiz 
ho xgwNsqg5 cspnbsij5 kNs iMhizi4 sobsX5 ryxi gxX4j5. 

13.3 n3?s?oxmzb cspni6  

13.3.1 rxD byzi n3?s?oxmzb NlNwfbq5 
Not required in the winter season as the lake is frozen. 

13.3.2 gM4b3=4 xml y4/Xyzb cspn3bsiq5 
bmN srsf5 vmQ/scbqg6 by6 yfcizk5. 

14. rxD byzi coEoiqb cspn3bsiq5 
Wbcqg6 bmgmi tnmwoczJi. 

15. NwoQx3ymJ6 fiqb dpnbsiqi xml diq5 ck 
xyp3Xoxm]zb  

wMQxD]b & ttCymJ3bo fu cspnisJ5 sivqi gi/sMsg5 x?toEpfk5. 

16. NwoQxymJ5 x?ts2 hibsizb cspnbsiz ckwozom]z5 
kaxi bmgm gnmwocz]J2, sbeMsCb x?toEpfi5 vNbu rsixmb 
cspniEJm/ti4 @))$u. 

17. NwoQxymJ6 rxD byzi wmusboEpf5 cspniz ckwozom]z5 
sivosi6 cspnisMsg5 ckwMsmzb kb3u xCAJ3u nebsvi]M3g5.  
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February 16, 2004

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 - Contaminated Soil Remediation 2003 Close Out Reports
Polaris Mine, Nunavut

We are pleased to submit close out reports on the areas of contaminated soil remediated during
2003 at the Polaris Mine site.  The remediation of ten (10) areas has been completed to the meet
the Polaris Mine remedial targets, as documented in the approved Polaris Mine Decommissioning
and Reclamation Plan, March 2001.  Each area remediated during 2003, as shown on Figure 1:
Contaminated Soils Remediation Progress Plan, December 31, 2003, is presented as a separate
appendix to this letter.  These close out reports serve to document the remedial activities that
were undertaken and the sample results that verify completion of activities.  The areas, as shown
on Figure 1, are based on the Areas of Potential Environmental Concern identified in the 2000
Decommissioning and Reclamation Plan.

We trust that this is satisfactory and that you will find the information presented in this report to
be complete and thorough.  In our consideration, this work completes the needs for environmental
remediation of the areas presented.

Yours very truly,
GARTNER LEE LIMITED

Stephen R. Morison, M.Sc., P.Geol.
Principal
AL:kms

Enclosures: Polaris Mine Operations Contaminated Soil Remediation Close Out Reports:
Appendix A Concentrate Storage Shed Area
Appendix B Cemented Rock Fill (CRF) Plant Fuel Storage Tank
Appendix C Former Quonset Huts Fuel Storage Area
Appendix D Tailings Thickener Area
Appendix E Former Fuel Bladder Storage Area
Appendix F Old Crusher Area
Appendix G Main Snow Dump
Appendix H North Portal Stockpile
Appendix I Exploration Stockpile and Shoreline North of Dock
Appendix J 2002 Fuel Spill
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Appendices

Polaris Mine Operations Contaminated Soil Remediation Close
Out Reports:

Appendix A Concentrate Storage Shed Area
Appendix B Cemented Rock Fill (CRF) Plant Fuel Storage Tank
Appendix C Former Quonset Huts Fuel Storage Area
Appendix D Tailings Thickener Area
Appendix E Former Fuel Bladder Storage Area
Appendix F Old Crusher Area
Appendix G Main Snow Dump
Appendix H North Portal Stockpile
Appendix I Exploration Stockpile and Shoreline North of Dock
Appendix J 2002 Fuel Spill



 

Appendix A

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report:  Concentrate Storage Shed Area



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation
Close Out Report:  Concentrate Storage Shed Area

SUMMARY

The Decommissioning and Reclamation Plan (March 2001) for the Polaris Mine calls for the
removal of soils with concentrations of lead and zinc above the site-specific, risk based, Soil
Quality Remediation Objectives (SQROs) and for the subsequent disposal of this material into the
underground mine workings.  This report describes and discusses the results of remediation work
conducted during 2003 related to the Concentrate Storage Shed Area shown as Area 3 on
Figure 1:  Contaminated Soils Remedial Progress Plan.  Remedial work to date has demonstrated
that it is not possible to recover enough of the residual lead and zinc concentrate dust from a
portion of the former concentrate storage shed floor to achieve the SQROs and that an alternate
remedial strategy is required for this area.

The soil remediation of the area west of the former concentrate storage shed, the western portion
of the floor, and the east wall of the former shed, has been completed to meet the Polaris Mine
remedial targets.  This conclusion is based on confirmatory sampling, consistent with the
approved site specific sampling procedures and protocols.  However, where limestone bedrock
was encountered along the eastern portion of the floor of the former shed, significant lead and
zinc concentration dust was detected within the bedrock fractures.  It was not proven practical to
effectively remove the concentrate dust contained within these fractures with the equipment
available.  The Decommissioning and Reclamation Program being implemented at the Polaris
Mine was developed to limit the exposure of lead and zinc to human and other ecological
receptors.  The plan included soil remediation.  It did not include the excavation of bedrock. 

In consultation with Teck Cominco Limited (TCL), a soil cover was used to for the mitigation of
the residual concentrate dust within the bedrock fractures.  The area of bedrock with residual



Page 2
Teck Cominco Limited

December 31, 2003

23305 C3.doc

concentrate dust has been isolated from the environment as a measure of due diligence, under a
durable cover of well-graded sand and gravel material.  The cover has been placed to manage
against the potential contact of residual concentrate dust by human or ecological receptors.  The
use of a cover is consistent with the intent of the human health and ecological risk assessment
closure objectives.

Soil remediation is ongoing at the Polaris Mine site.  Areas adjacent to the former concentrate
storage shed are to be remediated in 2004.  The final contouring of the area will be undertaken
following the remediation of the adjacent areas. 

BACKGROUND

The former concentrate storage shed area, shown as Area 3 on Figure 1:  Contaminated Soils
Remediation Progress Plan, December 31, 2003, is located south of the process barge and
shiploading dock.  The metal-clad, steel frame shed was used to store lead and zinc concentrates
produced in the mill through the winter for shipment to market in the short summer shipping
season.  The concentrate storage shed was subdivided to provide storage capacity for
40,000 tonnes lead concentrate at the north end and 175,000 tonnes zinc concentrate at the south
end.  The concentrate load-out conveyors were located along the west wall of the concentrate
storage shed and fed the shiploader at the loading dock.  The building was demolished in August
2003.

The Environmental Site Assessment (ESA) conducted in 1999 and 2000 documented the presence
of metal contaminated soil around the load-out conveyors and surrounding areas, as shown on
Figure CSHED-03-1.  An investigation of conditions across the floor of the concentrate storage
shed was not practical when the mine was operating.  However, it was concluded that the soils on
the floor would be contaminated and would require remediation.  The depth to bedrock
underlying the floor was not known and represented a significant uncertainty at the onset of 2003
field remediation program.

Total lead and zinc concentrations greater than the SQROs were identified in test pits excavated
outside of the concentrate storage shed at depths of up to 1.0 m during the ESA.  The deepest soil
contamination was encountered downgradient of the north doors of the concentrate storage shed.

Leachate testing (Table 6, Volume 4, ESA) of soil samples yielded low levels of leachable lead
and zinc (up to 0.13 mg/L lead and 1.68 mg/L zinc) when compared to the BC Special Waste
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Regulation1 Leachate Quality Standards for lead (5 mg/L) and zinc (500 mg/L).  These samples
were collected adjacent to the concentrate storage shed.  The results indicated that the potential
metal leachate is low.

The original topography of the area is shown on Figure CSHED-03-1.  Prior to demolition, the
cut slope along the east wall outside the concentrate storage shed was backfilled with locally
available soils to allow access for equipment.  The soil used as backfill contained elevated lead
and zinc concentrations and would require remediation.

METHODOLOGY

Delineation

A 25 m x 25 m grid was established to direct the field screening sample of soil inside the former
concentrate storage shed and to the west towards the former outdoor bulk chemical storage area
and the shoreline.

Commencing August 21, 2003, Gartner Lee Limited (GLL) sampled near-surface soil to depths
of up to 5 cm across the floor of the former shed in accordance with standard GLL and Teck
Cominco Limited (TCL) procedures and protocols.  Samples were collected and analysed on-site
using a Niton portable X-Ray fluorescence (XRF) elemental analyser.  The results showed that
residual lead and zinc concentrate was present across the surface.

On August 23 and 24, 2003, additional samples were collected from test pits excavated inside the
former shed and outside the former west wall of the concentrate storage shed, to determine the
depth of metal contamination.  The results of this field screening investigation indicated that the
depth of contamination was less than 0.5 m.

On September 15 and 16, 2003, discrete surface soil samples were collected at 25 m intervals
along the near-vertical slope of the east wall of the excavation area, at depths of up to 5 cm.  The
field screening results indicated that the soil remaining outside of the former concentrate storage
shed wall had lead and zinc concentrations greater than SQROs.

                                                     
1 British Columbia Waste Management Act, Special Waste Regulation (SWR), BC Reg. 63/88, O.C.
268/88, Schedule 1.2, 1995 06 09, amended 2002.
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Excavation

Soil
Initially, soils were excavated and removed to a depth of 0.3 m inside the former shed and to the
west of the former shed on the basis of the 2003 test pit results and the results of the ESA.

The excavated floor of the concentrate storage shed was sampled on August 27 and 29, 2003.
The field screening results identified concentrations of lead and zinc above the SQROs.
Successive lifts, approximately 0.3 m thick, of metal contaminated soil were then excavated until
either the field screening results indicated that the SQROs for lead and zinc had been achieved or
bedrock was encountered.  Excavation resulted in the removal of approximately 1.0 m of
contaminated soils.

The excavation in the area west of the former shed was sampled on September 1 and 2, 2003.
The field screening results of samples collected in the vicinity of the former load-out conveyor
and to the west of the north end of the former shed, indicated elevated lead and zinc
concentrations above the SQROs.  These areas were further excavated and sample field screened
in 0.3 m thick lifts to a maximum depth of 0.9 m.  Excavation of the area continued until field
screening of discrete samples achieved results of lead and zinc concentrations below the SQROs.
The contaminated soils present in this area were considered remediated and confirmation samples
collected.

Based on the field screening samples gathered on September 15 and 16, 2003 from the east slope
of the excavation limits, an additional 2 m to 3 m thick layer of soil was removed from the slope.
All soil excavated was disposed of in the underground mine workings in accordance with
regulatory approvals.

Rock
Fractured limestone bedrock was encountered along the east portion of the former footprint of the
concentrate storage shed following the removal of 0.4 m to 1.0 m of contaminated soil.  A variety
of equipment and innovative approaches were used to scrape or scour the bedrock surface and
recover the remaining fine-grained lead and zinc concentrate.  The remaining soil cover above the
bedrock is extremely thin or non-existent and consists of sand and silt within coarse
unmineralized limestone fragments.  The best efforts did not result in the complete removal of the
concentrate dust from within the fractured bedrock surface.  The excavated bedrock and residual
concentrate was disposed of in the underground mine workings.

Confirmatory Sampling

Confirmatory samples of soil and rock were collected at the excavation limits.  The samples were
collected and prepared in accordance with standard GLL and TCL procedures and protocols and
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submitted to the analytical laboratory, Aurora Laboratory Services Ltd. (ALS) of Vancouver, BC,
to verify that the soil remediation objectives are met.

Floor Samples
Composite samples were collected from each 25 m x 25 m area over the base of the excavation.
Randomly selected discrete samples were also collected to provide an indication of the variability
present in the soil of the composite samples.  Additional excavation was undertaken in areas of
the floor that did not meet the SQROs, and where bedrock had not been encountered. 

Wall Samples
On September 29, 2003, discrete samples were collected from the 4 m to 5 m high east slope with
the aid of an excavator.  The excavator positioned on top of the slope scrapped its bucket
(approximately 1.2 m wide) along the near-vertical surface of the slope every 5 m to 10 m.  Wall
samples were collected directly from the bucket of the excavator and any residual material left in
the bucket between scrapings was either dumped or swept out of the bucket.

SNC Lavalin surveyed the surface elevation of the final excavation limits, prior to the area being
backfilled.

ANALYTICAL RESULTS

The analytical laboratory results are summarized on Table CSHED-03-1 and Table CSHED-03-2.
A total of sixty (60) confirmatory samples of soil and rock were submitted from the former
concentrate shed storage area:  forty (40) floor composites; eight (8) floor discretes; nine (9) wall
composites; two (2) wall discretes; and one (1) duplicate.  The soil quality results and the lateral
limits of the excavation are shown on Figure CSHED-03-2. 

The analytical results of all samples from the area west of the concentrate shed and the eastern
slope of the excavation limits had concentrations of lead and zinc below the SQROs.  Of the
twenty-nine (29) samples (twenty-three [23] composite, six [6] discrete) collected from the floor
of the former concentrate shed, sixteen (16) samples, generally from the west side of the former
building, met the SQROs.

The thirteen (13) confirmation (ten [10] composite and three [3] discrete) samples, as shown on
Figure CSHED-03-2 that exceeded the SQROs for lead and/or zinc were collected from areas
excavated to bedrock.  Lead exceedances occur in the northeast end where lead was historically
stored and bedrock was encountered.  Zinc exceedances occur in the southeast end where zinc
was historically stored and bedrock was encountered.  Residual lead exceedances range from
6,720 mg/kg to 23,300 mg/kg and zinc exceedances range from 10,500 mg/kg to 34,100 mg/kg. 
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Discrete samples were collected along with the following composite samples:

Composite Sample
ID

Lead
(mg/kg)

Zinc
(mg/kg)

Discrete
Sample ID

Lead
(mg/kg)

Zinc
(mg/kg)

CSHED-544-F-D 6720 9260CSHED-537-F-C 1120 1980
CSHED-545-F-D <100 132

CSHED-520-F-C 236 353 CSHED-546-F-D <100 150
CSHED-531-F-C 111 1620 CSHED-535-F-D 653 20700
CSHED-533-F-C 172 5950 CSHED-536-F-D 716 29300
CSHED-530-F-C 127 2270 CSHED-534-F-D 478 1540
CSHED-360-F-C 713 1070 CSHED-316-F-C 912 3110
CSHED-367-F-C 133 404 CSHED-352-F-D 338 456
CSHED-499-W-C <100 274 CSHED-497-W-D <100 290
CSHED-503-W-C <100 196 CSHED-493-W-D <100 92

Total metal analyses were performed on eight randomly selected confirmation samples taken
from the final floor and walls of the excavation.  Two samples returned barium concentrations,
(not identified as a metal of concern in the ESA), greater than the generic Canadian Council of
Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) for
parkland land use.  Barium concentrations in the samples which had lead and zinc below the
SQROs, were relatively high when compared to the generic CCME CEQG for parkland land use.
In contrast, the results from samples collected from the bedrock surface where lead and zinc
exceeded the SQROs, exhibited low barium concentrations.

Quality Assurance and Quality Control (QA/QC)

Relative percent differences (RpD’s) have been calculated and compiled in Table CSHED-03-3
for the twenty (20) field screening duplicate results, the single analytical laboratory duplicate
result and the seven (7) laboratory replicate results.

Some of the samples returned results below the practical quantitation limit (PQL) in which case
the RpD value has been identified as “na” (not available).  The remaining RpD values are below
50% indicating acceptable repeatability in accordance with the approved standard GLL and TCL
procedures and protocols.
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DISCUSSION 

Variability of Soil Analytical Results

Comparison of discrete and composite sample results collected from within the same 25 m x 25 m
area indicates significantly variable results, as shown on the summary table above.  The samples
with the greatest variability between a discrete and its composite were all collected from within
areas of bedrock.  Thus the trend in variability is attributed to the inhomogeneous distribution of
lead and zinc concentrate dust within an area.

Barium in Soil

Barium is a common gangue mineral associated with lead sulfides, and it is found in cavities in
limestone and dolostone.  Thus, the presence of elevated concentrations of barium can be
attributed to natural mineralization associated with the Polaris limestone/dolostone hosted
lead/zinc orebody.  The approved site-specific remedial objectives allow for minor exceedances
in a small percentage (less than 5%) of the confirmatory samples so long as the concentration is
less than twice the remedial target.  The residual soils within the excavation limits are considered
to be in accordance with the Polaris Mine remedial objectives, since the barium concentrations
are less than twice the remedial target.

Bedrock Contamination

Bedrock was encountered along the eastern portion of the floor of the former shed at
unexpectedly shallow depths following the removal of 0.5 m to 1.0 m of soil contaminated with
lead and zinc concentrate.

Concentrate dust appears to have migrated vertically through the soil layer overlying the bedrock
surface during mine operations and during remedial excavations.  

During ship loading operations it is reported that the mine scoop was used on occasion to loadout
lead and zinc concentrate from the floor of the shed.  The use of the scoop would have created
pits in the soil overlying the bedrock.  This created isolated pockets of concentrate in contact with
bedrock.  Initial intrusive investigations had not identified the variability in the vertical extent of
contamination along the floor of the former concentrate storage shed.

The remedial excavation method used has resulted in lead and zinc concentrate blending with the
underlying soil and infiltrating the rock.  The use of a ripper tooth to break up the soil and
fractured bedrock caused lead and zinc concentrate dust to be furrowed into the underlying clean
material.
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To meet the sampling protocol, fine-grained soil was preferentially scoured from within the
fractured surface of the limestone bedrock during sample collection.  This practice resulted in
sampling that focused on the concentrate dust enriched soil present within the rock fractures and
therefore produced higher overall values lead and zinc.

Samples collected from bedrock were predominantly composed of coarse unmineralized
limestone fragments larger than 2 mm.  Sample preparation protocols dictate that soil samples are
sieved to remove clasts larger than 2 mm prior to field screening and/or laboratory analysis.
Typically this procedure is intended to homogenize the soil sample to improve repeatability,
however in the case of bedrock samples the analytical results likely represent of the mix of soil
and concentrate that has been worked into the bedrock fractures either during operations or during
remediation excavation activities.

The SQROs and the decommissioning and reclamation plan was developed for the remediation of
contaminated soil, not rock.  The occurrence of contaminated soil within bedrock fractures
warrants a different remediation approach.

ALTERNATE REMEDIAL STRATEGY

Removal of small quantities of residual soil impacted with lead and zinc concentrate from within
the fractured limestone bedrock by the remedial methods originally proposed proved impractical.
Therefore, GLL investigated alternative methods to limit the contact of this material to human or
ecological receptors and found that the best alternative was to isolate the residual concentrate dust
under a durable cover of sand and gravel, a soil cover.  The placement of the soil cover meets the
principal objective of the original remediation plan, which is to eliminate the exposure pathways
of the lead and zinc concentrate to human and ecological receptors at the Polaris Mine site.  This
alternate remedial strategy is discussed in the following section.

Exposure Pathways

Dissolved Phase Pathways
Theoretically, lead and zinc sulfides could disassociate into elemental compounds and migrate in
the dissolved phase thus producing metal leachate.  However, it is anticipated mobilization of
dissolved metals in water will not result from the residual concentrate dust in volumes or
concentrations high enough to pose a threat to the environment, based on the following:
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• a low potential for the concentrate dust to migrate in the dissolved phase as indicated by the
1999/2000 ESA leachate test results;

• the low average ground temperature and the short thaw season attributed to the high latitude
location of Little Cornwallis Island, as documented in the ESA, restricts the rate of oxidation
reactions;

• extremely low precipitation on Little Cornwallis Island limits the infiltration and generation
of runoff water;

• the small quantity of concentrate distributed over a relatively large area and tied up within
bedrock;

• no visible evidence of acid rock drainage (ARD) on Little Cornwallis Island from outcrops of
metal sulphides;

• the calcareous nature of the limestone bedrock would neutralize small amounts of acidity.

Direct And Indirect Pathways
In the risk assessment used to develop the Decommissioning and Reclamation Plan for the Polaris
Mine, the primary concern was based entirely on direct and indirect soil contact in order to limit
the exposure of lead and zinc to human and other ecological receptors.  Therefore, it is important
to consider the depth of influence of human or biological activity in the subsurface as this dictates
the thickness of cover that is required to prevent direct or indirect soil contact. 

Depth of Cover 

The depth of influence of human or biological activity in the subsurface is an important
consideration in determining the thickness of cover required to prevent direct or indirect soil
contact.  At Little Cornwallis Island, the typical plant root depth is within the upper 10 cm of the
soil.

Within British Columbia, the Ministry of Water Land and Air protection considers the top 15 cm
of soil to be the effective plant root zone in most cases and the area inhabited by most soil-
dwelling invertebrates.  It is also assumed that human exposure as a result of incidental ingestion
(e.g., soil inhalation of re-suspended dust), or dermal contact would all be limited to the surficial
soil layer.  Similarly, ecological exposure as a result of burrowing activity, incidental ingestion of
soil, inhalation of impacted dust and consumption of indirectly impacted plants or prey would
also be limited to the top soil layer. 

The BC Ministry of Energy and Mines (BC MEM) considers that a well-graded silty, sand and
gravel cover two or three times the depth of the rooting zone provides a conservative estimate of
the required cover in circumstances where the prevention of oxidation is not an issue (personal
communication Kim Bellefontaine, Senior Mine Review Geologist, BC MEM).  
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The placement of the soil cover to a minimum thickness of 0.5 m is considered to be conservative
as a remedial measure given the anticipated lack of human redevelopment and occupation of the
site or biological (shallow rooted plants or burrowing organisms) activity in this area.  Therefore,
based on the above information, a minimum cover thickness of 0.5 m was considered sufficient to
effectively break the indirect and direct exposure pathways.

Soil Cover 

The cover was placed to minimize potential human or ecological receptor contact with the floor
of the excavation where contaminated soils were trapped in the fractured bedrock and could not
be effectively removed.  

Areal Coverage
The area that required a soil cover was determined by the screening and confirmatory sample
results from the former concentrate storage shed floor. (i.e., areas with bedrock outcrop that could
not meet the remedial target concentrations).  The area requiring full soil cover (0.5 m thick) is
shown on Figure CSHED-03-3 and correlates approximately with the area of exposed bedrock as
illustrated on Figure CSHED-03-2.

Cover Material
The soil cover consists of a well-graded material containing a sufficient proportion of fine-
grained material in order to encapsulate the residual concentrate in soil particles of roughly
comparable dimensions.  The cover is also coarse enough so that it is resistant to erosion by wind
and water.  Use of a well-graded sand and gravel with trace to some silt meets both requirements.
A significant quantity of surficial runoff is not expected and water erosion of the cover should not
be a significant concern, since the area is predominantly flat lying and upslope contouring will
provide drainage control.

At the Polaris Mine Site, there were two readily available materials for use as potential cover in
the Concentrate Storage Shed area – quarried shale or deposits of sand and gravel.  Preliminary
grain size analysis from two samples of quarried shale indicated that these shale samples
consisted of primarily gravel sized particles.  It was therefore determined that the quarried shale
did not possess a suitable grain size gradation to be used as a source for the cover material.
Gravel from the area east of the Operational Landfill is described as a clean, fairly well-graded,
sandy gravel to a well-graded, sand and gravel with a of trace silt.  Of the sources available, this
material was available in sufficient quantities that best suit the requirements for the cover.

Cover Thickness
The minimum cover thickness of 0.5 m has been applied wherever the confirmatory samples
indicate that lead or zinc concentrations exceed the remediation criteria. .  At the west side of the



Page 11
Teck Cominco Limited

December 31, 2003

23305 C3.doc

former shed, where the soil meets the remediation criteria, the cover thickness is thinner and
graded to blend in with the existing ground surface.  Surveying was undertaken by SNC Lavalin
to document the elevations of the excavation limits and the boundaries of the impacted areas that
have been delineated.  Placement of the cover material over the impacted areas was completed to
a survey controlled thickness.  A final survey of the finished surface following remediation of the
adjacent remaining contaminated soils is to be completed in 2004.

Drainage Control
The slope of the final cover over the floor of the former concentrate storage shed has been
contoured to ensure that the area will drain.  To further limit the amount of runoff that traverses
the cover surface, it is proposed that the area upslope of the former shed will be graded to deflect
the flow around the cover.

Once the reclamation of the area upslope of the former concentrate storage shed has been
completed, final contouring of the area will be done to provide a more aesthetically pleasing
appearance to the area.  Any contouring will result in additional native materials being placed
over top of the soil cover and in no instances will the contouring reduce the thickness of the soil
cover.

CONCLUSIONS

The soil remediation of the area west of the former concentrate storage shed, the western portion
of the floor, and the east wall of the former shed, has been completed to meet the Polaris Mine
remedial targets, as documented in the approved Polaris Mine Decommissioning and
Remediation Plan, March 2001. 

It has not been practical to remove concentrate in the fractures of the limestone bedrock surface in
this area.  An alternate method has been implemented to mitigate these residual concentrates.. 

Furthermore, it is inappropriate to apply the SQROs to the concentration of fines that are bound
in the interstices of the fractured bedrock surface.  Applying these soil criteria in this situation is
beyond the original intent of the risk assessment and the soil remediation targets that were
developed as a result of the risk assessment.  The current situation can be best explained as a
minor quantity of concentrate dust that remains within the fractured bedrock surface.  It is
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recognized that the confirmatory test results for samples obtained at the bedrock surface do not
accurately reflect the effectiveness of the remediation due to the overstatement of the residual
concentrations. 

In recognition of these issues, GLL recommended mitigation measures to limit human or
ecological contact.  Isolation under a durable cover of naturally occurring sand and gravel
material that is available nearby was determined to be the most practical and effective.  The cover
constructed is composed of native gravels that were obtained near to the Operational Landfill
area.  This gravel has a suitable gradation to resist erosion from wind and surficial runoff.  This
natural material will also blend in with the natural surroundings and will contribute to enhancing
the aesthetics of the resulting surface.

The following recommendations are provided planning of completion of the site remediation in
2004:

• Upon completion of the excavation of the remaining contaminated soils present to the north,
east and south of the former concentrate storage shed area, contouring of the cover material
should be undertaken to blend in with the natural surroundings.  

• The hillside upslope of the Concentrate Shed will be contoured to effectively divert the
majority of runoff water around the covered area.  

• Confirmation of the cover thickness should be confirmed by survey data and/or test pits.
• The follow up site monitoring program to be initiated at the conclusion of the remediation

should include cover stability monitoring.  Results of this inspection should be included in the
reporting and submitted to the regulators.

LIMITATIONS

This report has been prepared by Gartner Lee Limited, and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 
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The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

If you should have any questions or comments with any of the aspects of this technical letter,
please call the undersigned at your convenience

Yours very truly,
GARTNER LEE LIMITED
Prepared By:

ORIGINAL COPY SIGNED AND STAMPED

Tom Pye, M.Sc., P.Geol.
Senior Hydrogeologist

ORIGINAL COPY SIGNED AND STAMPED

Arlene Laudrum, P.Geol.
Remediation Supervisor, Polaris Mine Project

Reviewed By:

ORIGINAL COPY SIGNED

Stephen R. Morison, M.Sc., P.Geol.
Principal
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Figure CSHED-03-3: Concentrate Storage Shed –Soil Cover



Table CSHED-03-1.     Concentrate Storage Shed Remediation Confirmation Soil Samples - Metals

CSHED-255-F-C CHED-256-F-C CSHED-257-F-C CSHED-316-F-D CSHED-352-F-D CSHED-358-F-C CSHED-359-F-C CSHED-360-F-C CSHED-361-F-C

8/31/2003 8/31/2003 8/31/2003 9/2/2003 9/2/2003 9/2/2003 9/2/2003 9/2/2003 9/2/2003
na na na 700.74 285.95 na na na na
na na na 3788.79 830.27 na na na na

Analytical Results

CEQG  (PL)b SQROc

Physical Tests
pH - - - - - 8.22 - - - - -

Total Metals
Antimony    T-Sb mg/kg 20d - - - - <20f - - - - -
Arsenic     T-As mg/kg 12 - - - - <10 - - - - -
Barium      T-Ba mg/kg 500 - - - - 484 - - - - -
Beryllium   T-Be mg/kg 4d - - - - <1 - - - - -
Cadmium     T-Cd mg/kg 10 - - - - 8 - - - - -
Chromium    T-Cr mg/kg 64 - - - - 5 - - - - -
Cobalt      T-Co mg/kg 50d - - - - <4 - - - - -
Copper      T-Cu mg/kg 63 - - - - 12 - - - - -
Lead        T-Pb mg/kg - 2000 1300 118 281 912 338 574 622 713 270
Mercury     T-Hg mg/kg 6.6 - - - - <0.05 - - - - -
Molybdenum  T-Mo mg/kg 10d - - - - <8 - - - - -
Nickel      T-Ni mg/kg 50 - - - - <10 - - - - -
Selenium    T-Se mg/kg 1 - - - - <4f - - - - -
Silver      T-Ag mg/kg 20d - - - - <4 - - - - -
Tin         T-Sn mg/kg 50d - - - - <10 - - - - -
Vanadium    T-V mg/kg 130 - - - - 20 - - - - -
Zinc        T-Zn mg/kg - 10000 2700 1820 2890 3110 456 999 2050 1070 1080

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available

` a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Parameter Units

Location
Sample ID

Date Sampled

Concentrate Storage Shed

Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines
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Table CSHED-03-1.     Concentrate Storage Shed Remediation Confirmation Soil Samples - Metals

CEQG  (PL)b SQROc

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

`

Parameter Units

Location
Sample ID

Date Sampled
Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines

CSHED-362-F-C CSHED-363-F-C CSHED-364-F-C CSHED-365-F-C CSHED-366-F-C CSHED-367-F-C CSHED-403-F-C CSHED-404-F-C CSHED-429-F-C

9/2/2003 9/2/2003 9/2/2003 9/2/2003 9/2/2003 9/2/2003 9/1/2003 9/1/2003 9/1/2003
na na na na na na na na na
na na na na na na na na na

Analytical Results

- - - - - 8.48 - - -

- - - - - <20f - - -
- - - - - <10 - - -
- - - - - 631 - - -
- - - - - <1 - - -
- - - - - 2 - - -
- - - - - 5 - - -
- - - - - <4 - - -
- - - - - 10 - - -

321 139 113 266 <100 133 <100 118 307
- - - - - <0.05 - - -
- - - - - <8 - - -
- - - - - <10 - - -
- - - - - <4f - - -
- - - - - <4 - - -
- - - - - <10 - - -
- - - - - 33 - - -

917 469 290 1060 441 404 684 442 2140

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available
a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Concentrate Storage Shed
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Table CSHED-03-1.     Concentrate Storage Shed Remediation Confirmation Soil Samples - Metals

CEQG  (PL)b SQROc

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

`

Parameter Units

Location
Sample ID

Date Sampled
Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines

CSHED-462-F-C CSHED-463-F-C CSHED-464-F-C CSHED-465-F-C CSHED-466-F-Q CSHED-479-W-D CSHED-493-W-D CSHED-496-W-C

9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003
463.55 64.44 66.72 430.36 48.66 35.15 257.91
7674.39 435.08 654.63 1861.07 309.02 242.37 3699

Analytical Results

- - - - 8.03 8.39 - -

- - - - <20f <20f - -
- - - - <10 <10 - -
- - - - 719 117 - -
- - - - <1 <1 - -
- - - - 6 1 - -
- - - - 7 5 - -
- - - - <4 <4 - -
- - - - 12 4 - -

514 170 105 618 653 <100 <100 256
- - - - <0.05 <0.05 - -
- - - - <8 <8 - -
- - - - 11 <10 - -
- - - - <4f <6f - -
- - - - <4 <4 - -
- - - - <10 <10 - -
- - - - 37 15 - -

6010 305 672 2350 1920 290 92 3930

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available
a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Concentrate Storage Shed

duplicate of CSHED-
465-F-C
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Table CSHED-03-1.     Concentrate Storage Shed Remediation Confirmation Soil Samples - Metals

CEQG  (PL)b SQROc

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

`

Parameter Units

Location
Sample ID

Date Sampled
Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines

CSHED-497-W-C CSHED-498-W-C CSHED-499-W-C CSHED-500-W-C CSHED-501-W-C CSHED-502-W-C CSHED-503-W-C CSHED-506-W-C

9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/29/2003
98.38 261.19 68.47 325.56 84.25 67.75 31.84 na

850.45 4148.73 661.99 7402.38 1174.38 1233.88 378.09 na

Analytical Results

- - - - - - - -

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

101 1150 <100 301 <100 <100 <100 <100
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -

459 5250 274 4530 1030 712 196 1070

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available
a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Concentrate Storage Shed
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Table CSHED-03-1.     Concentrate Storage Shed Remediation Confirmation Soil Samples - Metals

CEQG  (PL)b SQROc

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

`

Parameter Units

Location
Sample ID

Date Sampled
Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines

CSHED-514-F-C CSHED-515-F-C CSHED-520-F-C CSHED-530-F-C CSHED-531-F-C CSHED-534-F-D CSHED-546-F-D

10/3/2003 10/3/2003 10/4/2003 10/3/2003 10/3/2003 10/3/2003 10/4/2003
60.53 58.83 141.24 178.47 106.13 265.92 50.76

342.54 404.77 565.54 4517.23 1666.95 1813.42 269.11

Analytical Results

8.1 8.12 - 8.42 - - -

<20f <20f - <20f - - -
<10 <10 - <10 - - -
399 413 - 161 - - -
<1 <1 - <1 - - -
<1 <1 - 6 - - -
7 6 - 4 - - -

<4 <4 - <4 - - -
6 6 - 6 - - -

<100 <100 236 127 111 478 <100
<0.05 <0.05 - <0.05 - - -

<8 <8 - <8 - - -
12 12 - <10 - - -
<4f <7f - <4f - - -
<4 <4 - <4 - - -

<10 <10 - <10 - - -
22 29 - 17 - - -
183 226 353 2270 1620 1540 150

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available
a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Concentrate Storage Shed
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Table CSHED-03-2.     Concentrate Storage Shed Remediation Confirmation Rock Samples - Metals

CSHED-516-F-C CSHED-517-F-C CSHED-518-F-C CSHED-521-F-C CSHED-522-F-C CSHED-523-F-C CSHED-524-F-C CSHED-525-F-C CSHED-526-F-C

10/4/2003 10/4/2003 10/4/2003 10/4/2003 10/4/2003 10/4/2003 10/4/2003 10/4/2003 10/4/2003
5490.88 10767.14 1540.11 2166.75 4464.66 10651.02 198.95 569.6 433.2
6295.81 21223.17 22499.83 2857.05 14802.96 45129.58 8245.83 25098.48 14624.52

Analytical Results

CEQG  (PL)b SQROc

Physical Tests
pH - - - - - - - - - - -

Total Metals
Antimony    T-Sb mg/kg 20d - - - - - - - - - -
Arsenic     T-As mg/kg 12 - - - - - - - - - -
Barium      T-Ba mg/kg 500 - - - - - - - - - -
Beryllium   T-Be mg/kg 4d - - - - - - - - - -
Cadmium     T-Cd mg/kg 10 - - - - - - - - - -
Chromium    T-Cr mg/kg 64 - - - - - - - - - -
Cobalt      T-Co mg/kg 50d - - - - - - - - - -
Copper      T-Cu mg/kg 63 - - - - - - - - - -
Lead        T-Pb mg/kg - 2000 10100 23300 1970 1880 10800 6680 221 565 447
Mercury     T-Hg mg/kg 6.6 - - - - - - - - - -
Molybdenum  T-Mo mg/kg 10d - - - - - - - - - -
Nickel      T-Ni mg/kg 50 - - - - - - - - - -
Selenium    T-Se mg/kg 1 - - - - - - - - - -
Silver      T-Ag mg/kg 20d - - - - - - - - - -
Tin         T-Sn mg/kg 50d - - - - - - - - - -
Vanadium    T-V mg/kg 130 - - - - - - - - - -
Zinc        T-Zn mg/kg - 10000 4840 20000 15300 1290 23500 9450 4880 20700 10500

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available

` a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Parameter Units

Date Sampled
Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines

Concentrate Storage ShedLocation
Sample ID
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Table CSHED-03-2.     Concentrate Storage Shed Remediation Confirmation Rock Samples - Metals

CEQG  (PL)b SQROc

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

`

Parameter Units

Date Sampled
Field Screen Pb e (ppm)
Field Screen Zn e (ppm)

Federal CCME a 

Guidelines

Location
Sample ID CSHED-527-F-C CSHED-528-F-C CSHED-529-F-C CSHED-532-F-C CSHED-533-F-C CSHED-535-F-D CSHED-536-F-D CSHED-537-F-C CSHED-544-F-D CSHED-545-F-D

10/4/2003 10/4/2003 10/4/2003 10/3/2003 10/3/2003 10/3/2003 10/3/2003 10/4/2003 10/4/2003 10/4/2003
511.23 489.81 691.03 627.31 777.42 550.63 151.97 1039.65 3829.4 97.7

32282.59 9076.14 46067 31635.7 49825.97 26207.94 8199.65 2928.35 9202.68 312.64

Analytical Results

- - - - - - - 8.32 - -

- - - - - - - <20f - -
- - - - - - - <10 - -
- - - - - - - 487 - -
- - - - - - - <1 - -
- - - - - - - 5 - -
- - - - - - - 4 - -
- - - - - - - <4 - -
- - - - - - - 4 - -

646 626 822 567 716 653 172 1120 6720 <100
- - - - - - - <0.05 - -
- - - - - - - <8 - -
- - - - - - - <10 - -
- - - - - - - <4f - -
- - - - - - - <4 - -
- - - - - - - <10 - -
- - - - - - - 12 - -

31900 7800 34100 17800 29300 20700 5950 1980 9260 132

Associated ALS Analytics files: T5093, T4927, T4772, T4634, T4151, T4079, T4071, T3583

Bold  Concentration greater than or equal to the CCME generic soil quality guideline for Parkland (PL) land use.
Bold  Concentration greater than or equal to the Site-Specific Risk-Based CCME SQRO for the Polaris Mine site

Notes:
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
"na" = no field screening result available
a)  Canadian Council of Ministers of the Environment (CCME) standards and guidelines provides criteria based on land use activities and 
    applies the most stringent criteria based on site-specific receptors and exposure pathway. 
b) CCME Canadian Environmental Quality Guidelines (CEQG) Tier 1 Soil Quality Guidelines for Parkland (PL) land use.
   The site specific factors used for determining the soil quality guideline include: soil ingestion, soil contact, and nutrient cycling.
c) Site-Specific Risk-Based CCME Tier 3 Soil Quality Remediation Objective (SQRO) for the Polaris Mine site.
d) CCME CEQG Tier 1 PL land use interim remediation criteria for soil.  Soil Quality Guidelines based on the CCME soil protocol 
    have not yet been developed for a given chemical.
e) Field screening measurements are from the Niton portable X-Ray Fluorescence (XRF) elemental analyser.
f) The analytical method detection limit (MDL) exceeds the Generic CCME CEQG for Parkland (PL) land use.

Concentrate Storage Shed
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Table CSHED-03-3.     Concentrate Storage Shed Quality Assurance and Quality Control Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

CSHED-265-I-D CSHED-561-I-Q 70 350 150 750 1039.43 1282.39 20.9 15353.33 20150.07 27.0
CSHED-277-I-D CSHED-562-I-Q 70 350 150 750 291.32 416.70 na 2464.36 3557.9 36.3
CSHED-289-I-D CSHED-563-I-Q 70 350 150 750 882.72 996.04 12.1 1799.25 2147.82 17.7
CSHED-302-I-D CSHED-564-I-Q 70 350 150 750 503.14 466.81 7.5 1813.45 1547.64 15.8
CSHED-335-I-D CSHED-565-I-Q 70 350 150 750 101.91 92.78 na 580.10 723.04 na
CSHED-346-I-D CSHED-566-I-Q 70 350 150 750 53.55 44.07 na 333.88 329.32 na
CSHED-393-I-D CSHED-567-I-Q 70 350 150 750 50.64 79.35 na 551.86 600.28 na
CSHED-449-I-D CSHED-568-I-Q 70 350 150 750 100.17 119.53 na 1104.99 1594.15 36.2
CSHED-467-W-D CSHED-569-W-Q 70 350 150 750 885.26 709.95 22.0 13309.28 11821.18 11.8
CSHED-478-W-D CSHED-570-W-Q 70 350 150 750 49.75 73.62 na 267.29 324 na
CSHED-489-W-D CSHED-571-W-Q 70 350 150 750 152.50 183.06 na 2751.98 4248 42.8
CSHED-43-W-D CSHED-574-W-Q 70 350 150 750 379.34 334.00 na 1958.45 1736 12.0
CSHED-194-I-D CSHED-575-I-Q 70 350 150 750 550.24 423.82 na 6083.64 4638 27.0
CSHED-205-I-D CSHED-576-I-Q 70 350 150 750 122071.22 125311.18 2.6 839056.75 829004 1.2
CSHED-206-I-D CSHED-577-I-Q 70 350 150 750 757.22 692.51 8.9 3685.68 3399 8.1
CSHED-217-I-D CSHED-578-I-Q 70 350 150 750 3506.13 3427.62 2.3 908.04 853 6.2
CSHED-218-I-D CSHED-579-I-Q 70 350 150 750 3694.48 4937.02 28.8 962.66 1153 18.0
CSHED-225-I-D CSHED-580-I-Q 70 350 150 750 2678.75 2434.17 9.6 78068.78 74599 4.5
CSHED-233-I-D CSHED-581-I-Q 70 350 150 750 1308.80 1356.69 3.6 91405.45 95032 3.9
CSHED-355-F-C CSHED-583-F-Q 70 350 150 750 6959.30 6160.91 12.2 119372.92 106503 11.4
Analytical Laboratory Duplicates
CSHED-465-F-C CSHED-466-F-C 100 500 2 10 618 653 5.5 2350 1920 20.1

CSHED-534-F-D QC# 358812 100 500 2 10 478 225 na 1540 1070 36
CSHED-514-F-C QC# 358194 100 500 2 10 <100 <100 na 183 150 20
CSHED-520-F-C QC# 358195 100 500 2 10 236 162 na 353 250 34
CSHED-500-W-C QC# 357530 100 500 2 10 301 242 na 4530 3690 20
CSHED-463-F-C QC# 356998 100 500 2 10 170 <100 na 305 334 9
CSHED-359-F-C QC# 355056 100 500 2 10 622 647 4 2050 1350 41
CSHED-401-F-C QC# 355053 100 500 2 10 327 314 na 2140 2160 0.9

Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

Notes:

"na" = RpD value is not applicable because one or both results are less than the practical

          quantitation limit (PQL).

"-" = no result for given parameter

"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100

b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

On Site Field Screening Duplicates

Analytical Laboratory Replicates

Sample     Pb Duplicate PbMDL PQLb

Pb Zn

Duplicate Zn RpDa         

(%)
RpDa         

(%)
Sample Zn

Pb Zn

MDL PQLb
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FORMER LOCATION OF 
CONCENTRATE STORAGE SHED

CSHED-03-1
Figure No.

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT
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FORMER LOCATION OF 
CONCENTRATE STORAGE SHED

CSHED-03-2
Figure No.

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

2003 CONFIRMATION SAMPLES

Sample ID Lead (mg/kg) Zinc (mg/kg)

CSHED-255-F-C 1300 2700
CSHED-256-F-C 118 1820
CSHED-257-F-C 281 2890
CSHED-316-F-D 912 3110
CSHED-352-F-D 338 456
CSHED-358-F-C 574 999
CSHED-359-F-C 622 2050
CSHED-360-F-C 713 1070
CSHED-361-F-C 270 1080
CSHED-362-F-C 321 917
CSHED-363-F-C 139 469
CSHED-364-F-C 113 290
CSHED-365-F-C 266 1060
CSHED-366-F-C <100 441
CSHED-367-F-C 133 404
CSHED-403-F-C <100 684
CSHED-404-F-C 118 442
CSHED-429-F-C 307 2140
CSHED-462-F-C 514 6010
CSHED-463-F-C 170 305
CSHED-464-F-C 105 672
CSHED-465-F-C 618 2350
CSHED-466-F-Q 653 1920

CSHED-514-F-C <100 183
CSHED-515-F-C <100 226
CSHED-516-F-C 4840
CSHED-517-F-C
CSHED-518-F-C 1970
CSHED-520-F-C 236 353
CSHED-521-F-C 1880 1290
CSHED-522-F-C
CSHED-523-F-C 9450
CSHED-524-F-C 221 4880
CSHED-525-F-C 565
CSHED-526-F-C 447
CSHED-527-F-C 646
CSHED-528-F-C 626 7800
CSHED-529-F-C 822
CSHED-530-F-C 127 2270
CSHED-531-F-C 111 1620
CSHED-532-F-C 567
CSHED-533-F-C 716
CSHED-534-F-D 478 1540
CSHED-535-F-D 653
CSHED-536-F-D 172 5950
CSHED-537-F-C 1120 1980
CSHED-544-F-D 9260
CSHED-545-F-D <100 132
CSHED-546-F-D <100 150

CSHED-479-W-D <100 290
CSHED-493-W-D <100 92
CSHED-496-W-C 256 3930
CSHED-497-W-C 101 459
CSHED-498-W-C 1150 5250
CSHED-499-W-C <100 274
CSHED-500-W-C 301 4530
CSHED-501-W-C <100 1030
CSHED-502-W-C <100 712
CSHED-503-W-C <100 196
CSHED-506-W-C <100 1070

FLOOR SAMPLES

Zinc (mg/kg)Lead (mg/kg)Sample ID

WALL SAMPLES

 
Less than detection limit

Lead or Zinc concentrations obtained from ALS analytical laboratory 

NOTES:

 <100 
  
Lead, Zinc

Duplicate of CSHED-465-F-C

RESULTS IN  INDICATE SAMPLE CONTAINING
>  2000 mg/kg LEAD   OR   > 10,000 mg/kg  ZINC
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Appendix B

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report:  Cemented Rock Fill (CRF) Plant Fuel Storage
Tank 



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Cemented Rock Fill (CRF) Plant Fuel Storage Tank Area

BACKGROUND

The Cemented Rock Fill (CRF) plant (shown as Area 4 on Figure 1:  Contaminated Soils
Remedial Progress Plan) was located south of the old quarry between 3300E and 1980E on the
mine grid.  The CRF was used to produce quarried limestone backfill material for the
underground mine. Contaminant sources at the CRF plant include two above ground storage tanks
(ASTs) used for storage and dispensing diesel fuel.

The 1999 Environmental Site Assessment (ESA) revealed hydrocarbon contamination in the
direct vicinity of the ASTs located at the west and south wall of the CRF plant.  In 2000, three
step-out test pits were excavated to determine the extent of the contamination.  Sample test results
from the test pits did not show any hydrocarbon contamination. 

METHODOLOGY

Excavation

The excavation of the CRF plant fuel storage area proceeded, based on the results of the ESA data
gathered in 1999 and 2000, that identified localised hydrocarbon contamination as shown in
Figure CRF-04-1.  No further delineation work was conducted in 2003.

.
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Excavation of hydrocarbon contamination at the CRF plant occurred on June 27, 2003 in two
isolated areas.  The limits of the excavation are outlined in Figure CRF-04-2 and soils were
removed to a depth of 1.0 m.  A very weak olfactory indication of hydrocarbon impacted soil was
detected from one of the two areas.  The soil excavated from this area was disposed of in the
underground mine workings in accordance with regulatory approvals.  Upon completion of the
excavation, composite samples were collected in accordance with standard GLL and TCL
sampling procedures and protocols.  The samples were deposited into sealable polyethylene bags
and the field screening measurements were obtained using a portable photoionization detector
(PID) to measure the concentrations of organic vapours in the headspace of the sample bags.  The
field screening results did not detect elevated organic vapour concentrations, so these samples
were sent to Aurora Laboratory Services Ltd. (ALS) as confirmation samples..  Sample locations
are located in Figure CRF-04-2.

ANALYTICAL RESULTS

Approximately 40 m3 of contaminated soil was removed from the CRF plant area.  Laboratory
results for the CRF plant excavation are summarized in Table CRF-04-1.  A total of five (5)
samples were submitted for this area: one (1) discrete wall, two (2) discrete floors and two (2)
composite floors.  All samples submitted returned concentrations below the Polaris Mine SQRO.

Quality Assurance/ Quality Control (QA/QC)

QA/QC was performed on one analytical laboratory replicate from the former CRF plant fuel
storage area.  Since the lab results were below the practical quantitation limit this QA/QC result
could not be assessed, as summarized in Table CRF-04-2.  

CONCLUSIONS

Based on confirmatory sampling, consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the former CRF plant fuel storage area has
been completed to meet the Polaris Mine remedial targets as documented in the approved Polaris
Mine Decommissioning and Remediation Plan, March 2001.
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LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED

Arlene Laudrum, P.Geol.
Remediation Supervisor, Polaris Mine Project

AL:KT
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ATTACHMENTS

Tables
Table CRF-04-1: Cemented Rock Fill Plant Remediation Confirmation Soil Samples -

Hydrocarbons
Table CRF-04-2: Cemented Rock Fill Plant Quality Assurance and Quality Control

Remediation Soil Samples

Figures
Figure CRF-04-1: Cemented Rock Fill Plant Area Conditions Before Remediation 

(December 31, 2003)
Figure CRF-04-2: Cemented Rock Fill Plant Area Conditions After Remediation 

(December 31, 2003)



Table CRF-04-1.     Cemented Rock Fill Pant Remediation Confirmation Soil Samples - Hydrocarbons

Location

Sample ID CRF-4-F-C CRF-6-F-D
CRF-12-F-Q 
(duplicate of 
CRF-6-F-D)

CRF-7-W-D CRF-8-F-C CRF-11-W-D

Date 6/28/2003 6/28/2003 6/28/2003 6/28/2003 6/28/2003 6/28/2003
Field Screen (ppm)b 15 20 na na 10 20

Parameter Units Polaris Mine SQROsa Analytical Results

Moisture % - 6.4 4.8 7.6 5.9 5.2 5.2

EPH C10-C19 mg/kg 1000 d <200 <200 <200 <200 <200 <200
EPH C19-C32 mg/kg 1000 d <200 <200 <200 <200 <200 <200
LEPH mg/kg 1000 - - - - - -
HEPH mg/kg 1000 - - - - - -
Associated ALS Analytics Files: S9892
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site

"<" = less than analytical method detection limit
"-" = no result for given parameter, or no guideline
"na" = no field screening result 

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use 
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.

Extractable Hydrocarbons

Cemented Rock Fill (CRF) Plant

Physical Tests
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Table CRF-04-2.     Cemented Rock Fill Plant Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

CRF-6-F-D CRF-12-F-Q 200 1000 200 1000 <200 <200 na <200 <200 na

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

EPH C19-C32

PQLb

EPH C10-C19 EPH C19-C32 EPH C10-C19

Duplicate 
EPH C19-C32

RpDa         

(%)
Sample EPH 

C19-C32

Analytical Laboratory Duplicate

Sample EPH 
C10-C19

Duplicate 
EPH C10-C19

RpDa        

(%)
MDL PQLb MDL
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Figure No.
CRF-04-1

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT



Figure No.
CRF-04-2

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

CRF-12-F-Q

CRF-8-F-C

CRF-6-F-D
<200CRF-4-F-D

EPH19-32 (mg/kg)EPH10-19 (mg/kg)Sample ID

FLOOR SAMPLES

 
Less than detection limit

Extractable Petroleum Hydrocarbon 
(Carbon fraction 10-19) concentration
obtained from ALS analytical 
laboratory

Extractable Petroleum Hydrocarbon 
(Carbon fraction 19-32) concentration
obtained from ALS analytical 
laboratory

NOTES:

<200

EHP10-19

EPH19-32

<200
<200 <200

<200 <200

<200 <200

<200<200
<200<200CRF-7-W-D

CRF-11-W-D

EPH19-32 (mg/kg)EPH10-19 (mg/kg)Sample ID

WALL SAMPLES

2003 CONFIRMATION SAMPLES

Duplicate of CRF-6-F-D



 

Appendix C

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: Former Quonset Huts Fuel Storage Area



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Former Quonset Huts Fuel Storage Area

BACKGROUND

The former Quonset Huts area (shown as Area 6 on Figure 1:  Contaminated Soils Remedial
Progress Plan) is located east of Loon Lake at 1320E and 1670N on the mine grid.  This area
housed the maintenance shed as well as the High Arctic Club recreation room.  The shed
contained various pieces of equipment, fuels, and lube oils.  Areas of hydrocarbon stained soils
were observed within the Quonset Hut where refueling facilities consisting of hand pumps
attached to fuel drums were located.  Contaminants of concern in this area were gasoline, diesel
and lubricants.  Figure QH-06-1 shows the area of suspected hydrocarbon concern identified
during the Environmental Site Assessment (ESA) conducted in 1999 and 2000.

METHODOLOGY

Delineation

The area of suspected petroleum hydrocarbon contamination identified in the ESA was
demarcated in the field.

Delineation of the hydrocarbon impacted area was accomplished through screening level
sampling of the surface and subsurface material in the targeted area for remediation.  This was
undertaken using test pits advanced with an excavator to allow for observation of subsurface soil
conditions such as fill, hydrocarbon odours, and soil discolouration.  The testpits were excavated
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to a depth of 1 m, approximately 0.3 m below the active permafrost layer. Samples were collected
at 0.3 m intervals (0 m-0.3 m, 0.3 m-0.6 m, and 0.6 m-0.9 m) in accordance with standard GLL
and TCL sampling procedures and protocols.

A line of three test pits (QH1, QH2, and QH3), spaced approximately15 m apart, within the
centre of the suspected contaminated area, were excavated and sampled.  The location of the test
pits are shown in Figure QH-06-01.  The olfactory condition and field screening measurements of
the concentrations of organic vapours in the soil samples from the centre test pit (QH2) indicated
possible subsurface hydrocarbon contamination.  Therefore, two additional test pits were
excavated and sampled eight meters to the east (QH4) and eight meters to the west (QH5) of the
centre test pit (QH2). 

Field screening samples were collected by hand in accordance with standard GLL and TCL
sampling procedures and protocols.  These samples were deposited into sealable polyethylene
bags and the field screening measurements were obtained using a portable photoionization
detector (PID) to measure the concentrations of organic vapours in the headspace of the sample
bags. 

Excavation

No excavation was required at the former Quonset Huts area.

Confirmatory Sampling

The field screening results indicated vapour readings below 65 ppm. A subset of the on site field
screening samples were sent to Aurora Laboratory Services, Ltd. (ALS) of Vancouver BC, in
clean Teflon lined jars to confirm the presence and nature of hydrocarbon compounds.  To
confirm a clean vertical profile, samples above and below the elevated organic vapour reading in
test pit QH2 were sent for lab analysis.  To confirm a clean horizontal profile, samples from each
test pit with the highest PID reading were sent for lab analysis.  Confirmation sampling locations
are shown on Figure QH-06-01. 

ANALYTICAL RESULTS

All samples sent to the analytical laboratory confirmed Extractable Petroleum Hydrocarbons
(EPH) EPH (C10-C19) concentrations below the method detection limit, except for one sample
from QH2 1-2 ft (0.305 m-0.61 m).  However, this sample returned results below the soil quality
remediation objective (SQRO) of 1,000 mg/kg.  All samples confirmed EPH (C19-C32)
concentrations just above the method detection limit and well below the SQRO of 1,000 mg/kg. 
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These results indicate that the elevated petroleum hydrocarbon concentration below the SQROs
from test pit QH2 1-2 ft (0.305 m-0.61 m) did not migrate.

Analytical laboratory results for EPHs are summarized in Table QH-06-1.  A total of seven (7)
remediation confirmation samples were submitted for the former Quonset Hut area, all of which
are wall composite samples collected from the test pits.

Quality Assurance and Quality Control (QA/QC)

QA/QC was performed on one laboratory replicate sample from the Quonset Area.  Since the lab
results were below the practical quantitation limit this QA/QC result could not be assessed as
shown in Table QH-06-2. 

CONCLUSIONS

Based on confirmatory sampling consistent with good practice and the approved site specific
sampling procedures and protocols, investigations confirm that no exceedances of remedial
targets exist at the former Quonset Huts Area.  Therefore, no remedial action was required in this
area to meet the Polaris Mine remedial targets as documented in the approved Polaris Mine
Decommissioning and Remediation Plan, March 2001.  

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
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normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Karlette Tunaley, E.I.T.
Remediation Supervisor, Polaris Mine Project Field Scientist
Senior Geologist

AL:KT

ATTACHMENTS

Tables

Table QH-06-1: Former Quonset Huts Fuel Storage Area Remediation Confirmation Soil
Samples - Hydrocarbons

Table QH-06-2: Former Quonset Huts Fuel Storage Area Quality Assurance and Quality
Control Remediation Soil Samples

Figures

Figure QH-06-1: Former Quonset Hut Area (December 31, 2003)



Table QH-06-1.     Former Quonset Huts Fuel Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location
Sample ID QH1 1-2ft-C QH2 0-1ft-C QH2 1-2ft-C QH2 2-3ft-C QH3 1-2ft-C QH4 1-2ft-C QH5 2-3ft-C

Date Sampled 8/8/2003 8/8/2003 8/8/2003 8/8/2003 8/8/2003 8/8/2003 8/8/2003
Field Screen (ppm)b

10 15 65 20 15 20 20

Parameter Units Polaris Mine SQROsa Analytical Results
Physical Tests
Moisture % - 6.3 6.7 9.4 8.4 11.4 10.4 4.9

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e <200 <200 908 <200 <200 <200 <200
EPH C19-C32

c mg/kg 1000e <200 248 319 <200 285 216 <200
LEPHd mg/kg 1000 - - - - - - -
HEPHd mg/kg 1000 - - - - - - -
Associated ALS Analytics Files: T2588

Notes:
Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site

"<" = less than analytical method detection limit
"-" = no result for given parameter, or no guideline
"na" = no field screening result 

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use 
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the EPH remediation
    objective is conservative.

Quonset Huts
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Table QH-06-2.     Former Quonset Huts Fuel Storage Area Quality Assurance and Quality Control Remediation Soil Samples 

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

QH4 1-2ft-C QC# 349327 200 1000 200 1000 <200 <200 na 216 <200 na

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

EPH C19-C32

MDL PQLb MDL PQLb

Analytical Laboratory Replicates

EPH C19-C32

Sample EPH 
C10-C19

Duplicate 
EPH C10-C19

RpDa         

(%)
Sample EPH 

C19-C32

Duplicate 
EPH C19-C32

RpDa        

(%)

EPH C10-C19EPH C10-C19
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Figure No.
QH-06-1

AREA OF
DETAIL

TEST PIT SAMPLES

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

2003 CONFIRMATION SAMPLES

 
Less than detection limit

Extractable Petroleum Hydrocarbon 
(Carbon fraction 10-19) concentration 
obtained from ALS analytical laboratory

Extractable Petroleum Hydrocarbon 
(Carbon fraction 19-32) concentration  
obtained from ALS analytical laboratory

NOTES:

<200

EHP10-19

EPH19-32

QH1 1-2ft-C
QH2 0-1ft-C
QH2 1-2ft-C
QH2 2-3ft-C
QH3 1-2ft-C
QH4 1-2ft-C
QH5 2-3ft-C

<200
<200

908
<200
<200
<200
<200

<200
248
319

<200
285
216

<200

Sample ID
EPH 10-19

(mg/kg)
EPH 19-32

(mg/kg)



 

Appendix D

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: Tailings Thickener Area



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Tailings Thickener Area

BACKGROUND

The tailings thickener was located at the height of land to the west of the Garrow Lake tailings
disposal area, approximately 4 km from the concentrator (shown as Area 11 on Figure 1:
Contaminated Soils Remediation Progress Plan, December 31, 2003).  The tailings thickener
consisted of a 40 m diameter steel tank, approximately 5 m high.  It was fitted with motorized
rakes and enclosed within a metal-clad, steel-frame structure, and included pumps, piping, and
reagent tanks.  The entire facility was mounted on a concrete foundation.  A skid mounted
emergency power generator, an above-ground fuel storage tank, and an emergency tailings
impoundment basin (spill pond) were located adjacent to the building. 

Incidents of tailing spills in the vicinity of the thickener area have been documented as part of the
Environmental Site Assessment (ESA) conducted in 1999 and 2000.  In April 1983 a valve
coupling broke at the tailings thickener and 150-200 tonnes of tailings spilled into the emergency
berm and also across the road.  In April 1986 the tailings line was broken approximately 100 m
north of the thickener by a D-8 Cat pushing snow, releasing 20 tonnes of tailings.  Mine
operations cleaned the spills immediately after each incident, but no environmental sampling was
conducted to evaluate the effectiveness of the clean up activities.

The ESA identified the area as containing elevated concentrations of metals due to the tailings
spills and possible wind blown dispersion of tailings and surface water runoff.  It also identified
possible hydrocarbon contamination around the above ground fuel storage tank, though no
surficial soil staining was observed during the ESA investigation. 
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METHODOLOGY

Delineation

The preliminary boundary of the remedial area, as identified in the ESA, was demarcated in the
field with survey stakes.  To direct the field screening sampling of soil and excavation activities a
25m x 25m sampling grid was also established over the area.  The surface elevation was surveyed
by SNC Lavalin.

The suspected metal contamination in the tailings thickener area, as shown on Figure TT-11-1,
was attributed to air borne dispersion of tailings, and surface water runoff containing tailings
sourced from the tailings thickener spill pond and the tailings line break.  Therefore, delineation
of the metals impacted areas was accomplished through screening-level sampling.  GLL sampled
near surface soil to depths up to 5 cm in accordance with standard GLL and TCL sampling
procedures and protocols.  Samples were analysed on site using a portable Niton X-ray
fluorescence (XRF) elemental analyser. Subsets of samples field screened on site were sent to the
analytical laboratory, Aurora Laboratory Services Ltd. (ALS) of Vancouver BC, to confirm the
level of metals in the soil.  Based on the results of the field screening sampling, GLL modified the
boundaries of the area to be remediated and directed excavation.

A visual, olfactory and field screening sample inspection of the area of potential hydrocarbon
contamination, shown on Figure TT-11-1, did not identify any hydrocarbon contamination.  The
three field screening samples of near-surface soil (depth of 0 to 30cm) were collected in
accordance with standard GLL and TCL sampling procedures and protocols.  These samples were
deposited into sealable polyethylene bags.  The field screening measurements were obtained
using a portable photoionization detector (PID) to measure the concentrations of organic vapours
in the headspace of the sample bags.  The field screening results did not detect any elevated
organic vapour concentrations, so these samples were sent to ALS as hydrocarbon confirmation
samples.

Excavation

The tailings thickener building footprint and the tailings thicken spill pond were sampled and
screened for metals contamination using the Niton XRF and laboratory analyses in May 2003.
Screening results indicated that the south half of the tailings thickener spill pond contained lead
and zinc concentrations above the Soil Quality Remediation Objectives (SQROs).  In early
August 2003, the south half of the tailings thickener spill pond was excavated to a depth of 0.5 m.
Confirmation sampling of the excavation and the north half of the pond was performed in mid
August 2003. 
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The area west of the former tailings thickener building, in the vicinity of the 1986 tailings line
break, was sampled and screened for metals contamination using the Niton XRF in July 2003.
Screening results indicated two areas, one either side of the access road, approximately 100m
west of the former tailings thickener building to have lead and zinc concentrations above the
SQROs.  In early August 2003, these areas were excavated to a depth of 0.3 m.  Confirmation
sampling of the excavation was performed in mid August 2003.

The area southwest of the former tailings thickener building and spill pond, identified as possibly
contaminated due to wind blown dispersion and surface water runoff of tailings was also sampled
and screened for metals using the Niton XRF in July 2003.  Field screening results from discrete
samples TT-56-F-D and TT-46-F-D (see Figure TT-11-2) returned elevated lead concentrations
of 2,018 ppm and 1,792 ppm respectively with the Niton XRF.  Four composite samples and one
discrete sample (TT-108-F-C, TT-109-F-C, TT-110-F-C, TT-111-F-C, TT-112-F-D) surrounding
the field screening exceedances were collected and submitted to the analytical laboratory.
Laboratory results confirmed that the soil in this area met the SQROs.  Based on these laboratory
results, no remedial excavation was performed southwest of the former thickener building.

The perimeter of the berm containing the tailings thickener spill pond was sampled and screened
for metals contamination in July 2003.  Screening results did not detect lead or zinc
concentrations above the Niton confidence limit (1,500 ppm for Pb and 7,500 ppm for Zn).
Therefore no remedial excavation was required outside the tailings thickener impoundment basin.

ANALYTICAL RESULTS

Analytical laboratory results for hydrocarbons and metals are summarized in Table TT-11-1 and
TT-11-2 respectively along with the approved Polaris mine SQROs for petroleum hydrocarbons
and lead and zinc.  A total of twenty nine (29) remediation confirmation samples were submitted
to the analytical laboratory from the tailings thickener area.  Three (3) floor composite samples
were analysed for hydrocarbons and twenty six (26) samples were analysed for metals: eleven
(11) floor composites, four (4) floor discretes, eight (8) wall composites, two (2) wall discretes,
and one (1) laboratory duplicate.

All of the hydrocarbon remediation confirmation samples returned results below the Polaris mine
SQROs. 

The metal remediation confirmation samples met the approved closure plan objectives for the
contaminants of concern.  One discrete metals sample from the tailings spill pond excavation, TT-
203-F-D, returned results from the analytical laboratory slightly above the Polaris mine SQRO for
lead. And, one composite sample north of the tailings spill pond excavation, TT-194-I-C, returned
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field screening results above the Niton XRF confidence limit for zinc.  Both the lead exceedance
of 2,140 mg/kg, and the zinc exceedance of 8,643 mg/kg are less than two times the SQRO and
are therefore in accordance with the site specific remedial protocol permitting for minor
exceedances in less than 5% of confirmatory samples. 

Total metals analysis was performed on three confirmation samples, from which two samples
returned barium concentrations more than three times the generic Canadian Council of Ministers
of Environment (CCME) Canadian Environmental Quality Guideline (CEQG) for Parkland land
use of 500mg/kg in soil.  The presence of barium can be explained by its association with lead
sulphides and cavities in limestones and dolostones as commonly observed at the Polaris mine
site.  Lime, naturally occurring in the soil on Little Cornwallis Island, will easily immobilize
barium by forming the relatively insoluble BaCO3 and BaSO4, and barium is easily precipitated to
sulphate or carbonate (CCME 1999).  The immobile nature of the barium encountered on site was
also demonstrated in the 1999 ESA leachate analyses that returned barium concentrations at
levels less than detection and it was therefore not identified as a contaminate of concern in the
Polaris Mine ESA.

Quality Assurance and Quality Control (QA/QC)

Relative percent differences (RpD) have been calculated and compiled in table TT-11-3 for 15 on
site field screened duplicates, one (1) analytical laboratory duplicate, and four (4) analytical
laboratory replicates.

Some of the samples returned results below the practical quantitation limit in which case the RpD
value has been identified as “na” (not available).  The remaining RpD values are below 50%,
indicating acceptable repeatability.

CONCLUSION

Based on confirmatory sampling consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the former tailings thickener area has been
completed to meet the Polaris Mine remedial targets, as documented in the approved Polaris Mine
Decommissioning and Remediation Plan, March 2001.  

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
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reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory.

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Karlette Tunaley, EIT
Remediation Supervisor, Polaris Mine Project Field Scientist
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Table TT-11-1 Tailings Thickener Area Remediation Confirmation Soil Samples
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Table TT-11-2 Tailings Thickener Area Remediation Confirmation Soil Samples - Metals
Table TT-11-2: Tailings Thickener Area Quality Assurance and Quality Control Remediation

Soil Samples

Figures

Figure TT-11-1: Tailings Thickener Area Conditions Before Remediation (December 31, 2003)
Figure TT-11-2: Tailings Thickener Area Conditions After Remediation (December 31, 2003)



Table TT-11-1.      Tailings Thickener Area Remediation Confirmation Soil Samples - Hydrocarbons

Location
Sample ID TT-167-F-C TT-168-F-C TT-169-F-C

Date Sampled 7/29/2003 7/29/2003 7/29/2003
Field Screen (ppm)b na na na

Analytical Results

Physical Tests
Moisture % - 7 13.2 10.5

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e
<200 <200 <200

EPH C19-C32
c mg/kg 1000e

250 414 242

LEPHd mg/kg 1000 - - -

HEPHd mg/kg 1000 - - -

Associated ALS Analytics files: T2239

Notes:
Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site

"<" = less than analytical method detection limit
"-" = no result for given parameter, or no guideline
"na" = no field screening result 

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use 
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.

Tailings Thickener

Parameter Units Polaris Mine SQROsa

23305-TT-Table-13-Feb-2004.xls:Table 11-1-HC 1 of 1



Table TT-11-2.      Tailings Thickener Area Remediation Confirmation Soil Samples - Metals

TT-108-F-C* TT-109-F-C* TT-110-F-C* TT-111-F-C* TT-112-F-D* TT-170-F-C TT-173-F-C TT-179-W-C TT-189-W-C

7/29/2003 7/29/2003 7/29/2003 7/29/2003 7/29/2003 8/4/2003 8/4/2003 8/7/2003 8/7/2003
317.14 933.37 650.03 685.53 792.2 1039.77 164 156.21 126.85
848.6 2805.02 1827.42 1959.98 1966.24 3681.11 296.33 416.14 355.86

Analytical Results

CEQG  (PL)a SQROb

Physical Tests
pH - - - - - 8.07 - - 8.4 - -

Total Metals
Antimony    T-Sb mg/kg 20d - - - - <20e - - <10 - -
Arsenic     T-As mg/kg 12 - - - - 11 - - 6 - -
Barium      T-Ba mg/kg 500 - - - - 290 - - 1910 - -
Beryllium   T-Be mg/kg 4d - - - - <1 - - <0.5 - -
Cadmium     T-Cd mg/kg 10 - - - - 5 - - 1.1 - -
Chromium    T-Cr mg/kg 64 - - - - 17 - - 14 - -
Cobalt      T-Co mg/kg 50d - - - - 6 - - 5 - -
Copper      T-Cu mg/kg 63 - - - - 36 - - 19 - -
Lead        T-Pb mg/kg - 2000 186 794 707 567 523 66 <50 110 <100
Mercury     T-Hg mg/kg 6.6 - - - - <0.05 - - 0.05 - -
Molybdenum  T-Mo mg/kg 10d - - - - <8 - - <4 - -
Nickel      T-Ni mg/kg 50 - - - - 31 - - 27 - -
Selenium    T-Se mg/kg 1 - - - - <3e - - <2e - -
Silver      T-Ag mg/kg 20d - - - - <4 - - <2 - -
Tin         T-Sn mg/kg 50d - - - - <10 - - <5 - -
Vanadium    T-V mg/kg 130 - - - - 88 - - 67 - -
Zinc        T-Zn mg/kg - 10000 700 3090 1940 1570 1300 285 130 624 147

Associated ALS Analytics files: S8646, T2239, T2587, T2886, T4719, T6630
Notes:

Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Samples TT-108-F-C, TT-109-F-C, TT-110-F-C, TT-111-F-C, and TT-112-F-D are recorded as TT-108-C, TT-109-C. TT-110-C, TT-111-C, and TT-112-D in ALS report T2239

Parameter Units

Location

Sample ID

Date Sampled
Field Screen Pb c (ppm)
Field Screen Zn c (ppm)

Tailings Thickener

Federal CCME Guidelines
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Table TT-11-2.      Tailings Thickener Area Remediation Confirmation Soil Samples - Metals

CEQG  (PL)a SQROb

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units

Location

Sample ID

Date Sampled
Field Screen Pb c (ppm)
Field Screen Zn c (ppm)

Federal CCME Guidelines

TT-192-F-C TT-198-F-C TT-199-F-D TT-200-F-C TT-201-F-D TT-202-F-C TT-203-F-D TT-204-F-C TT-205-W-C

8/10/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003
87.6 547.54 972.97 495.18 543.6 518.03 584.3 595.41 546.08

491.55 4033.51 4818.04 3745.8 3114.82 3594.29 4012.64 4018 3157.78

Analytical Results

8.25 - - - - - - - -

<10 - - - - - - - -
9 - - - - - - - -

1750 - - - - - - - -
<0.5 - - - - - - - -
1.6 - - - - - - - -
16 - - - - - - - -
5 - - - - - - - -

24 - - - - - - - -
<100 <50 <100 81 1530 <100 2140 68 68
<0.05 - - - - - - - -

<4 - - - - - - - -
30 - - - - - - - -
<2e - - - - - - - -
<2 - - - - - - - -
<5 - - - - - - - -
79 - - - - - - - -
247 313 401 481 4790 293 2970 411 859

Associated ALS Analytics files: S8646, T2239, T2587, T2886, T4719, T6630
Notes:

Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

Tailings Thickener
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Table TT-11-2.      Tailings Thickener Area Remediation Confirmation Soil Samples - Metals

CEQG  (PL)a SQROb

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units

Location

Sample ID

Date Sampled
Field Screen Pb c (ppm)
Field Screen Zn c (ppm)

Federal CCME Guidelines

TT-206-W-C TT-207-W-C TT-208-W-C TT-209-W-C TT-210-W-C TT-211-W-D TT-212-W-D TT-213-W-Q* (duplicate of 
TT-212-W-D)

8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003 8/15/2003
606.34 635.34 537.52 587.84 540.97 561.56 561.56 502.05

3372.76 3265.26 3174.71 3804.01 3326.74 3035.47 3035.47 2879.27

Analytical Results

- - - - - - - -

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

<50 61 880 66 210 880 <100 120
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -

299 402 3910 514 1310 6940 699 413

Associated ALS Analytics files: S8646, T2239, T2587, T2886, T4719, T6630
Notes:

Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Sample TT-213-W-Q is recorded incorrectly as TT-213-F-Q in ALS report T6630

Tailings Thickener
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Table TT-11-3.     Tailings Thickener Area Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

TT-56-I-D TT-214-I-Q 70 350 150 750 - - 2018 2059 2.0 3987 4038 1.3
TT-60-I-D TT-215-I-Q 70 350 150 750 - - 263 127 na 663 272 na
TT-66-I-D TT-216-I-Q 70 350 150 750 - - 551 567 2.8 1827 1882 3.0
TT-84-I-D TT-217-I-Q 70 350 150 750 - - 119 170 na 188 309 na
TT-102-I-D TT-218-I-Q 70 350 150 750 - - 165 190 na 336 335 na
TT-107-I-D TT-219-I-Q 70 350 150 750 - - 286 312 na 712 704 na
TT-113-I-D TT-220-I-Q 70 350 150 750 - - 144 114 na 345 354 na
TT-130-I-D TT-221-I-Q 70 350 150 750 - - 128 146 na 238 334 na
TT-134-I-D TT-222-I-Q 70 350 150 750 - - 136 148 na 234 296 na
TT-146-I-D TT-223-I-Q 70 350 150 750 - - 4102 4382 6.6 24625 24151 1.9
TT-173-F-C TT-190-F-Q 70 350 150 750 - - 164 136.43 na 296.33 314.24 na
TT-179-W-C TT-225-W-Q 70 350 150 750 - - 156.21 158.75 na 416.14 380.68 na
TT-185-W-D TT-191-W-Q 70 350 150 750 - - 121.23 106.06 na 346.87 212.49 na
TT-189-W-C TT-226-W-Q 70 350 150 750 - - 126.85 139.87 na 355.86 324 na
TT-198-F-C TT-227-F-Q 70 350 150 750 - - 547.54 585.16 6.6 4033.51 3914.66 3.0
Analytical Laboratory Duplicates
TT-212-W-D TT-213-W-Q 100 500 2 10 - - <100 120 na 699 413 na

TT-168-I-C QC# 348009 - - - - 200 1000 - - - - - -
TT-173-F-C QC# 349326 50 250 1 5 - - <50 <50 na 130 149 13.6
TT-199-F-D QC# 364669 100 500 2 10 - - <100 <100 na 401 452 na
TT-212-W-D QC# 364670 100 500 2 10 - - <100 120 na 699 351 na

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

EPH

MDL PQLb

Total Pb

On Site Field Screening Duplicates

Analytical Laboratory Replicates

Pb

Sample Pb Duplicate Pb RpDa        

(%)
Sample Zn Duplicate Zn RpDa        

(%)

Total ZnZn

MDL PQLb MDL PQLb
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Table TT-11-3.     Tailings Thickener Area Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

TT-56-I-D TT-214-I-Q 70 350 150 750
TT-60-I-D TT-215-I-Q 70 350 150 750
TT-66-I-D TT-216-I-Q 70 350 150 750
TT-84-I-D TT-217-I-Q 70 350 150 750
TT-102-I-D TT-218-I-Q 70 350 150 750
TT-107-I-D TT-219-I-Q 70 350 150 750
TT-113-I-D TT-220-I-Q 70 350 150 750
TT-130-I-D TT-221-I-Q 70 350 150 750
TT-134-I-D TT-222-I-Q 70 350 150 750
TT-146-I-D TT-223-I-Q 70 350 150 750
TT-173-F-C TT-190-F-Q 70 350 150 750
TT-179-W-C TT-225-W-Q 70 350 150 750
TT-185-W-D TT-191-W-Q 70 350 150 750
TT-189-W-C TT-226-W-Q 70 350 150 750
TT-198-F-C TT-227-F-Q 70 350 150 750
Analytical Laboratory Duplicates
TT-212-W-D TT-213-W-Q 100 500 2 10

TT-168-I-C QC# 348009 - - - -
TT-173-F-C QC# 349326 50 250 1 5
TT-199-F-D QC# 364669 100 500 2 10
TT-212-W-D QC# 364670 100 500 2 10

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (P

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

On Site Field Screening Duplicates

Analytical Laboratory Replicates

Pb Zn

MDL PQLb MDL PQLb

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

<200 <200 na 414 467 na
- - - - - -
- - - - - -
- - - - - -

EPH C19-C32

Sample EPH 
C10-C19

Duplicate 
EPH C10-C19

RpDa        

(%)
Sample EPH 

C19-C32

Duplicate 
EPH C19-C32

RpDa        

(%)

EPH C10-C19

23305-TT-Table-13-Feb-2004.xls:Table 11-3-QAQC 2 of 2



Figure No.

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

TT-11-1



TT-11-2
Figure No.

FLOOR SAMPLES

WALL SAMPLES

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

Sample ID Pb-N (mg/kg) Zn-N (mg/kg) Pb (mg/kg) Zn (mg/kg) EPH10-19 (mg/kg) EPH19-32 (mg/kg)

TT-108-F-C - - 186 700 - -

TT-109-F-C - - 794 3090 - -

TT-110-F-C - - 707 1940 - -

TT-111-F-C - - 567 1570 - -

TT-112-F-D - - 523 1300 - -

TT-167-F-C - - - - <200 250
TT-168-F-C - - - - <200 414
TT-169-F-C - - - - <200 242
TT-170-F-C - - 66 285 - -

TT-171-I-D 157.53 406.68 - - - -

TT-172-I-D 139.56 219.4 - - - -

TT-173-F-C - - <50 130 - -

TT-180-F-D 138.19 362.62 - - - -

TT-181-F-D 261.31 748.06 - - - -

TT-182-F-D 286.81 1209.61 - - - -

TT-183-F-D 147.53 641.83 - - - -

TT-192-F-C - - <100 247 - -

TT-193-I-C 1271.25 5761.06 - - - -

TT-194-I-C 1377.38 - - - -

TT-195-I-D 27.69 280.45 - - - -

TT-196-I-D 826.84 5009.6 - - - -

TT-197-I-D 1030.98 3189.89 - - - -

TT-198-F-C - - <50 313 - -

TT-199-F-D - - <100 401 - -

TT-200-F-C - - 81 481 - -

TT-201-F-D - - 1530 4790 - -

TT-202-F-C - - <100 293 - -

TT-203-F-D - - 2970 - -

TT-204-F-C - - 68 411 - -

TT-224-I-D 1383 6075 - - - -

Sample ID Pb-N (mg/kg) Zn-N (mg/kg) Pb (mg/kg) Zn (mg/kg)

TT-174-W-D 616.6 1827.06 - -

TT-175-W-D 150.23 381.45 - -

TT-176-W-D 239.83 1272.42 - -

TT-177-W-D 123.35 291.47 - -

TT-178-W-D 148.4 317.41 - -

TT-179-W-C - - 110 624
TT-184-W-D 352.84 908.66 - -

TT-185-W-D 121.23 346.87 - -

TT-186-W-D 108.52 265.73 - -

TT-187-W-D 95.67 289.49 - -

TT-188-W-D 124.24 337.58 - -

TT-189-W-C - - <100 147
TT-191-W-Q Duplicate of TT-189-W-C 106.06 212.49 - -

TT-205-W-C - - 68 859
TT-206-W-C - - -50 299
TT-207-W-C - - 61 402
TT-208-W-C - - 880 3910
TT-209-W-C - - 66 514
TT-210-W-C - - 210 1310
TT-211-W-D - - 880 6940
TT-212-W-D - - <100 699

TT-213-W-Q Duplicate of TT-212-W-D - - 120 413

NOTES:

<200, <50, <100 

         -

Pb-N   Zn-N  

Pb   Zn

EHP10-19

EPH19-32

 
Less than detection limit

Sample not analyzed

Lead or Zinc concentrations - Field measurements from the Niton 
portable X-ray fluorescence (XRF) elemental analyses

Lead or Zinc concentrations obtained from ALS analytical laboratory 

Extractable Petroleum Hydrocarbon (Carbon fraction 10-19) 
concentration obtained from ALS analytical laboratory

Extractable Petroleum Hydrocarbon (Carbon fraction 19-32) 
concentration obtained from ALS analytical laboratory

----3914.66585.16TT-227-F-Q Duplicate of TT-198-F-C

2003 CONFIRMATION SAMPLES

RESULTS IN  INDICATE SAMPLE CONTAINING
>  2000 mg/kg LEAD   OR   > 10,000 mg/kg  ZINC



 

Appendix E

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: Former Fuel Bladder Storage Area



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23845 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Former Fuel Bladder Storage Area

BACKGROUND

The former fuel bladder storage area (shown as Area 12 in Figure 1:  Contaminated Soils
Remediation Progress Plan, December 31, 2003) is located to the east of the south end of the
airstrip.  The fuel storage area was used during construction of the mine facility and was
decommissioned in late 1981.  Anecdotal information indicated that a spill incident occurred in
this area late in 1981. 

The Environmental Site Assessment (ESA) conducted in 1999 and 2000 found petroleum
hydrocarbon contamination within the saturated interval of the active permafrost layer, generally
from 0.4 m to 0.6 m below ground level to the depth of continuous permafrost at 0.8 m to 1.0 m.
The contamination was found to extend south of the fuel bladder storage area and down a south-
facing slope toward the tailings line, terminating at the top of the operational landfill.  Figure
BLA-12-1 shows the location and results of testpits from the ESA and the preliminary boundary
of the targeted area for remediation. 

The depth of hydrocarbon contamination identified during the ESA testpitting at the former fuel
bladder storage area ranged between 0.4 m to 0.9 m below the surface.  Testpitting down the
slope and adjacent to the tailings line at the operational landfill indicated that the hydrocarbon
contamination extended to a depth of 1.0 m.
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METHODOLOGY

Delineation

The preliminary boundary of the remedial area, as identified in the ESA, was demarcated in the
field with survey stakes and the surface elevation was surveyed by SNC Lavalin.  To direct the
field screening sampling of soil and excavation activities, a 25 m x 25 m sampling grid was
established over the former fuel bladder storage area (upper bladder excavation).  A 10 m x 10 m
sampling grid was established on the south-facing slope, and at the operational landfill (lower
bladder excavation). 

Delineation of the hydrocarbon impacted area was accomplished through screening level
sampling of the surface and subsurface material in the targeted area for remediation.  GLL
sampled the soil in accordance with standard GLL and TCL sampling procedures and protocols.

Frozen near-surface soils (depth of 0 to 30cm) were broken up using a D10 bulldozer with a
ripper tooth .  Soil samples for field screening were collected by hand and deposited into a
sealable polyethylene bag.  Ripping of soil within the targeted area for remediation commenced
April 23, 2003.  Eight discrete soil samples were collected in each 25 m x 25 m grid cell over the
former fuel bladder storage area.  

Commencing May 3, 2003, subsurface sampling was performed in boreholes at a nominal 10m
spacing along the south-facing slope and at the operational landfill.  Boreholes were advanced
with an air rotary quarry drill.  Boreholes were drilled to a depth up to 1.5 m.  Composite soil
samples were collected at 0.5 m intervals of the drill returns that accumulated at the mouth of the
borehole.  Following the collection of each sample the surface surrounding the borehole was
cleared of the drill cuttings to expose fresh snow.

To delineate hydrocarbon contamination for excavation the visual appearance and odour of the
soil was used, along with field screening measurements of the concentrations of organic vapours
in the soil samples.  The field screening measurements were obtained using a portable photo-
ionization detector (PID) to measure the concentrations of organic vapours in the headspace of
the sample bags. Subsets of the samples field screened on site were sent to the analytical
laboratory, Aurora Laboratory Services Ltd. (ALS) of Vancouver, BC, to verify the presence and
nature of the hydrocarbon compounds.  Based on results of the field screening sampling, GLL
modified-relocated the area to be remediated and excavation commenced.
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Excavation

On April 28, 2003 excavation of the upper fuel bladder area commenced, based on revised
boundaries provided by GLL to TCL and SNC Lavalin on April 25, 2003.  The ripped soil within
the excavation boundaries was pushed up into a stockpile using the D10 bulldozer and loaded out
into trucks with an excavator.  Initially, a swath approximately 10 m wide inside the excavation
limits was removed with the bucket of an excavator.  The upper bladder excavation was
undertaken in five lifts.  Approximately 30 cm thickness of soil was removed with each lift.
Screening level sampling was undertaken at the base of each lift to re-define the remedial
boundary for excavation. 

Excavation limits for the lower fuel bladder area were provided to TCL and SNC Lavalin on
May 8, 2003.  Drill results indicated that the hydrocarbon contamination extended to a depth of
1.0 m.  Excavation of the lower fuel bladder area was accomplished by the removal of the upper
1 m lift using the D10 bulldozer, prior to GLL undertaking additional field screening sampling,
and directing the removal of discrete areas of residual elevated hydrocarbon contaminated soil. 

The limits of the excavation are shown on Figure BLA-12-2.  A volume of approximately
12,500 m3 was excavated from the former fuel bladder storage area. This material was disposed
of in the underground mine workings in accordance with regulatory approvals.

Confirmatory Sampling

Soil samples were collected at the excavation limits and submitted to ALS for extractable
petroleum hydrocarbons (EPH) and polycyclic aromatic hydrocarbons (PAH).   Composite
samples were collected from 25 m x 25 m areas of the floor of the excavation and over a length of
25 m on the wall of the excavation.  Additional excavation was undertaken in areas that did not
meet the soil quality remediation objectives (SQROs).  Upon receipt of soil results that met the
SQROs the final excavation limits were surveyed and the area backfilled to inhibit erosion.

ANALYTICAL RESULTS

Analytical laboratory results for Extractable Petroleum Hydrocarbons (EPH) and Polycyclic
Aromatic Hydrocarbons (PAH) are summarized in Tables BLA-12-1 and BLA 12-2 respectively,
along with the approved Polaris Mine SQROs for petroleum hydrocarbons.  A total of fifty three
(53) remediation confirmation soil samples were submitted for the former fuel bladder storage
area and returned concentrations below the SQROs:  twenty nine (29) composite floors, five (5)
discrete floors, fifteen (15) composite walls, and four (4) QA/QC duplicate samples.  The soil
quality results and the lateral limits of the excavation are shown on Figure BLA-12-2.
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All confirmatory soil sample results from the former fuel bladder storage area meet the SQROs
for Polaris Mine. 

Quality Assurance and Quality Control (QA/QC)

QA/QC measures associated with collecting and analysing soil were implemented during the
remediation of the bladder area, including submission of blind duplicates to the analytical
laboratory, analysis of analytical laboratory replicates, and comparison of analytical laboratory
EPH results with the portable photoionization detector (PID) organic vapour headspace
measurements.

Relative percent differences (RpDs) have been calculated and compiled in Table BLA-12-3 for
the analytical laboratory duplicate results and the laboratory replicate results.  All of the samples
returned results below the practical quantitation limit in which case the RpD value has been
identified as “na” (not available) in Table BLA-12-3.  

CONCLUSION

Based on confirmatory sampling, consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the former fuel bladder storage area has
been completed to meet the Polaris Mine remedial targets, as documented in the approved Polaris
Mine Decommissioning and Remediation Plan, March 2001.  

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
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not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Karlette Tunaley, E.I.T.
Remediation Supervisor, Polaris Mine Project Field Scientist
Senior Geologist

AL:KT

ATTACHMENTS

Tables

Table BLA-12-1: Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples
Hydrocarbon

Table BLA-12-2: Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples
Polycyclic Aromatic Hydrocarbons (PAHs)

Table BLA-12-3: Former Fuel Bladder Storage Area Quality Assurance and Quality Control
Remediation Soil Samples

Figures

Figure BLA-12-1: Former Fuel Bladder Storage Area Conditions, Before Remediation
(December 31, 2003)

Figure BLA-12-2: Former Fuel Bladder Storage Area Conditions, After Remediation
(December 31, 2003)



Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID BLA-162-I-D BLA-249-F-C BLA-252-F-C BLA-253-F-C BLA-254-F-C BLA-255-F-C BLA-256-I-C BLA-260-W-C

Date Sampled 5/2/2003 5/14/2003 5/14/2003 5/14/2003 5/14/2003 5/14/2003 5/14/2003 5/14/2003

Field Screen (ppm)b 30 75 65 60 60 60 60 55
Parameter Units Polaris Mine SQROsa Analytical Results
Physical Tests
Moisture % - 13.1 11.4 14.8 6.5 24.6 13.4 5.5 31

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e
<200 617 621 385 <200 <200 913 <200

EPH C19-C32
c mg/kg 1000e

<200 <200 <200 <200 <200 <200 <200 219

LEPHd mg/kg 1000 <200 - - - - <200 - -

HEPHd mg/kg 1000 <200 - - - - <200 - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline.
"na" = no field screening result .

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use .
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.

Bladder
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Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID 

Date Sampled 
Field Screen (ppm)b

Parameter Units Polaris Mine SQROsa

Physical Tests
Moisture % -

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e

EPH C19-C32
c mg/kg 1000e

LEPHd mg/kg 1000
HEPHd mg/kg 1000

BLA-261-I-C
BLA-262-F-Q 
(duplicate of 

BLA-255-F-C)

BLA-263-I-Q 
(duplicate of 

BLA-256-I-C)
BLA-308-W-C BLA-310-W-C BLA-311-F-C BLA-312-W-C BLA-313-F-C

5/14/2003 5/14/2003 5/14/2003 5/28/2003 5/28/2003 5/28/2003 5/28/2003 5/28/2003

50 60 60 na 50 na 40 na
Analytical Results

7.4 15.7 10.9 9.3 7.2 11.1 9.7 9.9

825 <200 788 633 <200 256 263 <200

<200 <200 <200 <200 <200 <200 <200 <200

- <200 - - - - - -

- <200 - - - - - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline.
"na" = no field screening result .

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial .
    Contaminated Sites Regulation (CSR) for Parkland Land Use .
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.
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Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID 

Date Sampled 
Field Screen (ppm)b

Parameter Units Polaris Mine SQROsa

Physical Tests
Moisture % -

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e

EPH C19-C32
c mg/kg 1000e

LEPHd mg/kg 1000
HEPHd mg/kg 1000

BLA-314-F-C BLA-315-F-C BLA-316-F-C BLA-317-F-C BLA-318-F-C Bla-332-F-C Bla-333-F-C Bla-334-F-C

5/28/2003 5/28/2003 5/28/2003 5/28/2003 5/28/2003 6/7/2003 6/7/2003 6/7/2003

35 na 35 na 30 5 0 0
Analytical Results

9.4 10.4 8.9 11 12.7 8.3 11.3 13.5

576 385 <200 376 215 894 <200 <200

<200 <200 <200 <200 <200 <200 <200 <200

- - <200 - - - - -

- - <200 - - - - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline.
"na" = no field screening result .

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use.
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.

Bladder
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Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID 

Date Sampled 
Field Screen (ppm)b

Parameter Units Polaris Mine SQROsa

Physical Tests
Moisture % -

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e

EPH C19-C32
c mg/kg 1000e

LEPHd mg/kg 1000
HEPHd mg/kg 1000

Bla-336-F-C Bla-338-F-C BLA-339-F-C BLA-341-W-C BLA-342-F-C BLA-343-F-C BLA-344-F-C BLA-345-W-C

6/7/2003 6/7/2003 6/14/2003 6/14/2003 6/14/2003 6/25/2003 6/25/2003 6/14/2003

10 0 0 0 0 24 0 0
Analytical Results

11 7 9.9 5.6 6.2 9.2 9.9 6.2

214 <200 <200 <200 <200 <200 296 <200

<200 <200 <200 250 <200 <200 <200 <200

- - - - - - - -

- - - - - - - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline.
"na" = no field screening result .

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use .
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.
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Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID 

Date Sampled 
Field Screen (ppm)b

Parameter Units Polaris Mine SQROsa

Physical Tests
Moisture % -

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e

EPH C19-C32
c mg/kg 1000e

LEPHd mg/kg 1000
HEPHd mg/kg 1000

BLA-346-W-C BLA-348-W-C BLA-349-W-C BLA-350-W-C BLA-351-W-C BLA-357-F-D BLA-358-F-D BLA-359-F-C

6/14/2003 6/14/2003 6/14/2003 6/14/2003 6/14/2003 6/25/2003 6/25/2003 6/25/2003

0 0 0 0 0 10 10 0
Analytical Results

10 7.7 7.3 8.1 9 11.7 6.5 7.8

<200 <200 <200 <200 <200 <200 <200 <200

<200 <200 <200 <200 <200 <200 <200 <200

- <200 - - - - - -

- <200 - - - - - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline.
"na" = no field screening result .

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use .
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.

Bladder
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Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID 

Date Sampled 
Field Screen (ppm)b

Parameter Units Polaris Mine SQROsa

Physical Tests
Moisture % -

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e

EPH C19-C32
c mg/kg 1000e

LEPHd mg/kg 1000
HEPHd mg/kg 1000

BLA-360-F-C BLA-361-F-D BLA-362-F-D
BLA-363-F-Q 
(duplicate of 

BLA-361-F-D)

BLA-364-F-Q 
(duplicate of 

BLA-344-F-C)
BLA-374-F-C BLA-375-W-C BLA-376-F-C

6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/28/2003 6/28/2003 6/28/2003

25 5 25 na na 30 25 25
Analytical Results

9.6 10.9 9.3 10.9 10.4 0.1 0.1 0.1

748 <200 <200 <200 <200 <200 213 <200

<200 <200 <200 <200 <200 <200 <200 <200

- - - - - <200 - -

- - - - - <200 - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline
"na" = no field screening result .

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use.
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.
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Table BLA-12-1.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Hydrocarbons

Location 

Sample ID 

Date Sampled 
Field Screen (ppm)b

Parameter Units Polaris Mine SQROsa

Physical Tests
Moisture % -

Extractable Hydrocarbons
EPH C10-C19

c mg/kg 1000e

EPH C19-C32
c mg/kg 1000e

LEPHd mg/kg 1000
HEPHd mg/kg 1000

BLA-377-F-C BLA-378-W-C BLA-379-F-C BLA-380-F-D BLA-381-W-C BLA-382-W-C

6/28/2003 6/28/2003 8/22/2003 8/22/2003 8/22/2003 8/22/2003

25 10 10 10 15 10
Analytical Results

0.1 0.1 11.4 21.6 10 11.2

<200 <200 <200 <200 443 <200

<200 221 232 <200 <200 <200

- - - - - -

- - - - - -

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.
Notes:

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site.

"<" = less than analytical method detection limit.
"-" = no result for given parameter, or no guideline.
"na" = no field screening result..

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial 
    Contaminated Sites Regulation (CSR) for Parkland Land Use .
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to 
    a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon.
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the
    EPH remediation objective is conservative.

Bladder
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Table BLA-12-2.     Former Fuel Bladder Storage Area Remediation Confirmation Soil Samples - Polycyclic Aromatic Hydrocarbons 
(PAHs) 

Location

ALS Sample ID BLA-162-I-D BLA-255-F-C

BLA-262-F-Q 
(duplicate of BLA-

255-F-C) BLA-316-F-C BLA-348-W-C BLA-374-F-C

Date Sampled 5/2/2003 5/14/2003 5/14/2003 5/28/2003 6/14/2003 6/28/2003

Parameter Units Analytical Results
Polycyclic Aromatic Hydrocarbons CEQG b

Acenaphthene - mg/kg <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
Acenaphthylene - mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Anthracene - mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Benz(a)anthracene 1c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Benzo(a)pyrene 0.7 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Benzo(b)fluoranthene 1c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Benzo(g,h,I)perylene - mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Benzo(k)fluoranthene 1c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Chrysene - mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Dibenz(a,h)anthracene 1c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Fluoranthene - mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Fluorene - mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Indeno(1,2,3,-c,d)pyrene 1c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Napthalene 0.6 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phenanthrene 5c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Pyrene 10c mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Associated ALS Analytics Files: T3179, S9893, S9892, S9797, S9214, S8818, S8240, S7847.

Notes:
a)  "<" = less than analytical method detection limit.
b)   CEQG = Canadian Environmental Quality Guidelines for Parkland Land Use. 
c)  This interim remediation criterion (CCME 1991) was put in place prior to the development of the soil protocol (CCME 1996). The
     criterion should be used until superseded by a full guideline.

Bladder

Polaris Mine

Remediation 
Objectives
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Table BLA-12-3.     Former Fuel Bladder Storage Area Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

BLA-255-F-C BLA-262-F-Q 200 1000 200 1000 <200 <200 na <200 <200 na
BLA-256-I-C BLA-263-I-Q 200 1000 200 1000 913 <200 na <200 <200 na
BLA-361-F-D BLA-363-F-Q 200 1000 200 1000 100 <200 na <200 <200 na
BLA-344-F-C BLA-364-F-Q 200 1000 200 1000 296 <200 na <200 <200 na

BLA-314-F-C QC# 337956 200 1000 200 1000 576 524 na <200 <200 na
BLA-379-F-C QC# 351478 200 1000 200 1000 <200 <200 na 232.0 223.0 na

Notes:
Bold RpD value is greater than or equal to 50% and the concentration.

of both samples are greater than the practical quantitation limit (PQL).

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter.
"<" = less than analytical method detection limit.

a)  Relative Percent Difference = RpD = (Difference/Average) * 100.
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL).

RpDa         

(%)

EPH C19-C32

Sample EPH 
C19-C32

Duplicate 
EPH C19-C32

Analytical Laboratory Duplicates

Analytical Laboratory Replicates

RpDa        

(%)
Sample EPH 

C10-C19

Duplicate 
EPH C10-C19

EPH C10-C19EPH C10-C19 EPH C19-C32

MDL PQLb MDL PQLb
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Figure No.

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

BLA-12-1



BLA-12-2
Figure No.

EXCAVATION FLOOR SAMPLES

EXCAVATION WALL SAMPLES

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

 
Less than detection limit

Extractable Petroleum Hydrocarbon (Carbon fraction 10-19) 
concentration obtained from ALS analytical laboratory

Extractable Petroleum Hydrocarbon (Carbon fraction 19-32) 
concentration  obtained from ALS analytical laboratory

NOTES:

<200 

EHP10-19

EPH19-32

2003 CONFIRMATION SAMPLES

Sample ID EPH 10-19 (mg/kg) EPH 19-32  (mg/kg)

BLA-260-W-C <200 219
BLA-308-W-C 633 <200
BLA-310-W-C <200 <200
BLA-312-W-C 263 <200
BLA-341-W-C <200 250
BLA-345-W-C <200 <200
BLA-346-W-C <200 <200
BLA-348-W-C <200 <200
BLA-349-W-C <200 <200
BLA-350-W-C <200 <200
BLA-351-W-C <200 <200
BLA-375-W-C 213 <200
BLA-378-W-C <200 221
BLA-381-W-C 443 <200
BLA-382-W-C <200 <200

Sample ID EPH 10-19 (mg/kg) EPH 19-32  (mg/kg)

BLA-162-I-D <200 <200
BLA-249-F-C 617 <200
BLA-252-F-C 621 <200
BLA-253-F-C 385 <200
BLA-254-F-C <200 <200
BLA-255-F-C <200 <200

BLA-262-F-Q (duplicate of 
BLA-255-F-C) <200 <200
BLA-256-I-C 913 <200

BLA-263-I-Q (duplicate of 
BLA-256-I-C) 788 <200
BLA-261-I-C 825 <200
BLA-311-F-C 256 <200
BLA-313-F-C <200 <200
BLA-314-F-C 576 <200
BLA-315-F-C 385 <200
BLA-316-F-C <200 <200
BLA-317-F-C 376 <200
BLA-318-F-C 215 <200
BLA-332-F-C 894 <200
BLA-333-F-C <200 <200
BLA-334-F-C <200 <200
BLA-336-F-C 214 <200
BLA-338-F-C <200 <200
BLA-339-F-C <200 <200
BLA-342-F-C <200 <200
BLA-343-F-C <200 <200
BLA-344-F-C 296 <200

BLA-364-F-Q (duplicate of 
BLA-344-F-C) <200 <200
BLA-357-F-D <200 <200
BLA-358-F-D <200 <200
BLA-359-F-C <200 <200
BLA-360-F-C 748 <200
BLA-361-F-D <200 <200

BLA-363-F-Q (duplicate of 
BLA-361-F-D) <200 <200
BLA-362-F-D <200 <200
BLA-374-F-C <200 <200
BLA-376-F-C <200 <200
BLA-377-F-C <200 <200
BLA-379-F-C <200 232
BLA-380-F-D <200 <200



 

Appendix F

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: Old Crusher Area



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Old Crusher Area

BACKGROUND

The area known as the old crusher (shown as area 15 on Figure 1:  Contaminated Soils
Remediation Program Plan, December 31, 2003) was the site of the Cedar Rapids Crusher and
was located at 1840E and 1270N on the mine grid.  The Crusher was used to crush and process
lead ore.  This structure was in operation for only three years after which, the ore was shipped to
the barge for direct processing.  Contamination in this area was assumed to be due to wind
dispersion.

METHODOLOGY

Delineation

A 20 m x 20 m sampling grid was established in the area of suspected metals contamination
identified in the Environmental Site Assessment (ESA) as shown in Figure CR-15-1.

Delineation of the metals impacted area was accomplished through screening level sampling of
the surface material within the sampling grid. These samples were collected by hand in
accordance with standard GLL and TCL sampling procedures.  On August 3, 2003, a total of
62 soil samples were collected from the area covered by the grid.  Soil samples from the initial
field screening were prepared and analyzed with the Niton XRF.  Based on the results of
screening sampling GLL modified the area to be remediated to include two zones of
contamination.  One sample (CR-48-I-D) collected outside of these two areas returned field
screening results of lead at 1,554 mg/kg and zinc at 2,360 mg/kg.  Given these relatively low field
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screening results, remediation at this sample point, shown on Figure CR-15-1, was not considered
necessary.  

Excavation

The initial screening of the field results indicated that there were two zones of contamination.
These two areas were demarcated in the field and excavated to a depth of 0.5 m.  Samples were
collected from the floors and walls of the excavated area on August 10, 2003.  All of the samples
collected after the excavation met the soil quality remediation objectives (SQROs).  

The limits of the excavation together with the sample locations are located in Figure CR-15-2.
The soil excavated was disposed of in the underground mine workings in accordance with
regulatory approvals.

ANALYTICAL RESULTS

Analytical laboratory results for the former crusher are presented in Table CR-15-1.  A total of
14 samples were submitted for this area: two (2) discrete floor, eight (8) composite walls, three
(3) composite floors, and one (1) duplicate.  All samples submitted returned concentrations below
the Polaris Mine SQROs.

Quality Assurance and Quality Control (QA/QC)

QA/QC was performed on one analytical laboratory replicate, one analytical laboratory duplicate,
and four on-site field screening duplicates. Relative percent differences (RpDs) for the duplicate
and replicate results have been calculated and summarized in Table CR-15-2 providing
confidence that the SQROs have been met.

The RpDs generated from the laboratory replicate results are below the site specific remediation
protocol of 50% and therefore acceptable. 

The RpD generated from the laboratory duplicate zinc results is above 50%, however both the
sample and duplicate results were well below the SQROs, providing confidence that the
confirmatory sample result is acceptable in showing the zinc concentration below the remediation
target.  The variance between the sample and its duplicate is likely a result of sample
inhomogeneity caused by the presence of coarse ore fragments.
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One on-site field screening sample and duplicate returned lead and zinc RpD’s above 50%.
However, the area represented by those samples was further excavated until the SQROs were
met. 

CONCLUSIONS

Based on confirmatory sampling, consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the old crusher area has been completed to
meet the Polaris Mine remedial targets as documented in the approved Polaris Mine
Decommissioning and Remediation Plan, March 2001.  

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Brenda Bolton, GIT
Remediation Supervisor, Polaris Mine Project Field Scientist
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Table CR-15-1.      Old Crusher Area Remediation Confirmation Soil Samples - Metals

CR-66-F-C CR-67-F-C
CR-79-F-Q* 

(duplicate of 
CR-67-F-C)

CR-68-F-C CR-69-F-C CR-70-W-C CR-71-W-C CR-72-W-C CR-73-W-C CR-74-W-C CR-75-W-C

8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003 8/10/2003
150.59 186.06 29.63 208.03 153.41 48.37 37.11 92.77 17.18 107.2 36.87
341.99 416.65 283.37 430.14 395 271.84 212.81 256.59 207.59 409.4 268.28

CEQG (PL)a SQROb 

Physical Tests
pH - 8.81 - - - - - - - - - -

Total Metals
Antimony    T-Sb mg/kg 20d <20 - - - - - - - - - -
Arsenic     T-As mg/kg 12 11 - - - - - - - - - -
Barium      T-Ba mg/kg 500 798 - - - - - - - - - -
Beryllium   T-Be mg/kg 4d <1 - - - - - - - - - -
Cadmium     T-Cd mg/kg 10 <1 - - - - - - - - - -
Chromium    T-Cr mg/kg 64 12 - - - - - - - - - -
Cobalt      T-Co mg/kg 50d 4 - - - - - - - - - -
Copper      T-Cu mg/kg 63 18 - - - - - - - - - -
Lead        T-Pb mg/kg 2000 <200 209 328 235 <200 <200 <200 <200 <200 <200 <200
Mercury     T-Hg mg/kg 6.6 0.07 - - - - - - - - - -
Molybdenum  T-Mo mg/kg 10d <8 - - - - - - - - - -
Nickel      T-Ni mg/kg 50 21 - - - - - - - - - -
Selenium    T-Se mg/kg 1 <3e - - - - - - - - - -
Silver      T-Ag mg/kg 20d <4 - - - - - - - - - -
Tin         T-Sn mg/kg 50d <10 - - - - - - - - - -
Vanadium    T-V mg/kg 130 61 - - - - - - - - - -
Zinc        T-Zn mg/kg 10000 155 170 400 228 141 55 52 65 49 108 85

Associated ALS Analytics files: T2886

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

*Sample CR-79-F-Q is recorded as CR-79-F-C in ALS report T2886

Field Screen Pb (ppm)c 

Analytical Results

Field Screen Zn (ppm)c 

Old Crusher

Parameter Units
Federal CCME Guidelines

Location

Sample ID

Date Sampled
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Table CR-15-1.      Old Crusher Area Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH -

Total Metals
Antimony    T-Sb mg/kg 20d

Arsenic     T-As mg/kg 12
Barium      T-Ba mg/kg 500
Beryllium   T-Be mg/kg 4d

Cadmium     T-Cd mg/kg 10
Chromium    T-Cr mg/kg 64
Cobalt      T-Co mg/kg 50d

Copper      T-Cu mg/kg 63
Lead        T-Pb mg/kg 2000
Mercury     T-Hg mg/kg 6.6
Molybdenum  T-Mo mg/kg 10d

Nickel      T-Ni mg/kg 50
Selenium    T-Se mg/kg 1
Silver      T-Ag mg/kg 20d

Tin         T-Sn mg/kg 50d

Vanadium    T-V mg/kg 130
Zinc        T-Zn mg/kg 10000

Field Screen Pb (ppm)c 

Field Screen Zn (ppm)c 

Parameter Units
Federal CCME Guidelines

Location

Sample ID

Date Sampled

CR-76-W-C CR-77-F-D* CR-78-F-D**

8/10/2003 8/10/2003 8/10/2003
292.62 290.15 308.5
535.48 683.87 560.14

- - -

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

227 <200 184
- - -
- - -
- - -
- - -
- - -
- - -
- - -

202 331 201

Associated ALS Analytics files: T2886

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

*Sample CR-77-F-D is recorded as CR-77-D in ALS report T2886 **Sample CR-78-F-D is recorded incorrectly as CR-78-P-D in ALS report T2886

Analytical Results

Old Crusher
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Table CR-15-2.     Old Crusher Area Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

CR-12-I-D CR-64-I-Q 20 100 60 300 483 376 25.1 818 681 18.3
CR-23-I-D CR-37-I-Q 20 100 60 300 182 395 74.1 659 1701 88.3
CR-47-I-D CR-63-I-D 20 100 60 300 422 285 38.9 752 648 14.8
CR-49-I-D CR-65-I-D 20 100 60 300 498 453 9.6 961 954 0.7
Analytical Laboratory Duplicate
CR-67-F-C CR-79-F-Q 200 1000 4 20 209 328 na 170 400 80.7

CR-76-W-C QC# 350293 200 1000 4 20 227 223 na 202 185 8.8

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

Analytical Laboratory Replicates

Total Zn

Sample Pb Duplicate Pb RpDa         

(%)
Sample Zn Duplicate Pb RpDa        

(%)

On Site Field Screening Duplicates

Total PbPb Zn

MDL PQLb MDL PQLb
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EXC-2

EXC-1

Figure No.

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

CR-15-1



Figure No.
CR-15-2

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

WALL SAMPLES

Sample ID

CR-71-W-C
CR-70-W-C 55

52

400328

201184

331<200
141<200
228235

170

NOTES:

<200

Pb,   Zn

 
Less than detection limit

Lead or Zinc concentrations obtained 
from ALS analytical laboratory

FLOOR SAMPLES

Sample ID

CR-67-F-C 209

CR-68-F-C
CR-69-F-C
CR-77-F-D
CR-78-F-D

CR-79-F-Q

Pb (mg/kg) Zn (mg/kg)

Zn (mg/kg)Pb (mg/kg)

CR-76-W-C
CR-75-W-C
CR-74-W-C
CR-73-W-C
CR-72-W-C 65

<200 49
<200 108

<200 85
227 202

<200
<200

<200

2003 CONFIRMATION SAMPLES

Duplicate of CR-67-F-C

<200CR-66-F-C 155



 

Appendix G

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: Main Snow Dump



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Main Snow Dump

BACKGROUND

The main snow dump (shown as Area 17 shown Figure 1:  Contaminated Soils Remediation
Progress Plan) was one of four locations used for the storage of snow that had been collected
from travel routes on the Polaris mine site.  The snow dumps were identified as areas of
environmental concern in the Environmental Site Assessment (ESA), due to the inclusion of
particulates with elevated lead and zinc concentrations.  Prior to the ESA, snow dumping at the
main snow dump had ceased, and any remaining snow had been removed.

The main snow dump (MSD) was located at the southern tip of the mine site peninsula.  Once the
Snow Dump was removed, five test pits were excavated in the underlying soils during the
Environmental Site Assessment (ESA) conducted in 1999 and 2000 as shown in Figure SD-17-1.
Test pits MSD-1 through MSD-4 were excavated downslope between the former Snow Dump
and the ocean.  Test pit MSD-5 was excavated upslope of the former Snow Dump to provide
background metal concentrations in soils for the area. 

The ESA testpit results are as follows: 

• the stratigraphy in the vicinity of the main snow dump consists of beach gravels, sands and
stones, underlain by bedrock at depths ranging from 0.2 m to 0.55 m below ground surface;

• MSD-1 intersected lead and zinc concentrations greater than the soil quality remediation
objective (SQRO) of 2,000 mg/kg for lead and 10,000 mg/kg for zinc from 0.1 m to 0.5 m;

• MSD-2 intersected lead and zinc concentrations greater than the SQROs from 0.1 m to 0.3 m;
• MSD-3 intersected lead and zinc concentrations greater than the SQROs  from 0.1 m to

0.3 m; 



Page 2
Teck Cominco Limited

December 31, 2003

23305-SD-LTR-13-Feb-2004.doc

• MSD-5 background concentrations of lead and zinc were: 652 mg/kg of lead and 788 of
mg/kg  zinc; and

• MSD-4 located to the west of the Snow Dump did not intersect elevated concentrations of
lead or zinc indicating that the contamination did not extend outside the immediate area of the
snow dump face.

Total metal analysis of the samples collected at the snow dump showed that cadmium
concentrations were greater than the generic Canadian Council of Ministers of Environment
(CCME) Canadian Environmental Quality Guidelines (CEQG) for Parkland land use in test pits
MSD-1, 2, 3, located at the snow dump face.

METHODOLOGY

Excavation

The excavation of the main snow dump proceeded based on the results of the 1999/2000 ESA
data.

Three 25 m x 25 m square blocks were excavated to a depth of 0.5 m using MSD-1, MSD-2 and
MSD-3 as their respective center points.  The initial excavation was completed on August 13,
2003, and 18 samples were collected the same day. Soil samples from the initial excavation were
prepared and field screened with the Niton X-Ray Fluorescence (XRF) elemental analyzer.

The contaminated portions of the floors and walls were identified and an additional 0.3m of
material was excavated from the floor. The excavation limits surrounding MSD-3 and MSD-1
were also expanded as follows:

• The 25 m x 25 m square block around MSD-3 was stepped out 10m to the north and 15 m to
the south, creating a 50 m x 25 m block; and

• The 25 m x 25 m square block surrounding MSD-1 was stepped out 10m to the north and
10 m to the east, creating a 35 m x 35 m block.

The second sampling event occurred on August 19, 2003, and a total of fourteen (14) floor and
wall samples were collected. Results of this sampling event indicated that, while the majority of
the samples met the SQROs, some metal contamination remained in the floor.

The third excavation of 0.3 m was completed on August 24, 2003, and samples were taken on the
same day.  A total of six (6) confirmation samples were collected, and all of them passed the field
screening.



Page 3
Teck Cominco Limited

December 31, 2003

23305-SD-LTR-13-Feb-2004.doc

The limits of the excavation are outlined in Figure SD-17-2 and soils were removed to a
maximum depth of 0.9 m in some areas.  This material was disposed of in the underground
workings in accordance with regulatory approvals.  Sample locations are also shown in Figure
SD-17-2.

ANALYTICAL RESULTS

Laboratory results for the main snow dump are located in Table SD-17-1.  A total of
17 confirmatory samples were submitted for this area:  two (2) discrete wall; one (1) discrete
floor; seven (7) composite floors; and seven (7) composite walls.  All samples submitted returned
lead and zinc concentrations below the Polaris Mine SQRO’s.

Total metal analyses were performed on four (4) composite confirmatory samples.  The approved
site specific remedial objectives allow for minor exceedances in a small percentage (less than 5%)
of the confirmatory samples, so long as the concentration is less than twice the remedial target.
One floor sample, located in the southernmost excavation grid cell, returned a nickel
concentration of 63 mg/kg, which is greater than the generic CCME, CEQG for Parkland land
use, 50 mg/kg.  The total metal analyses and leachate analyses conducted during the ESA did not
identify nickel as a contaminate of concern.

Given the immobile nature of nickel encountered on site, demonstrated by the leachate results and
relatively low level of concentrations, no further remedial excavation work is considered
necessary to meet the approved closure plan objectives.

Quality Assurance and Quality Control (QA/QC)

Relative percent differences (RpD) have been calculated and compiled in table SD-17-2 for
five (5) on site field screening duplicates and two (2) analytical laboratory duplicates of
confirmatory samples. 

The analytical laboratory replicate QA/QC results provide confidence that the SQROs have been
met despite the RpD value above 50% for two QA/QC sets.  All sample results and replicate
results were well below the SQRO.  The variance between the sample and its replicate may be a
result of sample inhomogeneity as the material sampled was very coarse.

Three of the RpDs generated from the field screening duplicates are above the site specific
protocol of 50%.  These include the field screening sample and duplicate results from:
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• SD-25-W-C and SD-36-W-Q for lead;
• SD-25-W-C and SD-36-W-Q for zinc; and
• SD-43-F-C and SD-44-F-Q for zinc.

In each instance, the field screening sample and its duplicate both returned Niton XRF results
well below the SQRO suggesting that these sample results are acceptable in meeting the remedial
objectives.  However, it indicates the variability. The variance between the sample and its
duplicate is likely a result of sample heterogeneity.

CONCLUSION

Based on confirmatory sampling consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the main snow dump area has been
completed to meet the Polaris Mine remedial targets, as documented in the approved Polaris Mine
Decommissioning and Remediation Plan, March 2001.  

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 
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Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Karlette Tunaley, EIT
Remediation Supervisor, Polaris Mine Project Field Scientist
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Figure SD-17-2: Main Snow Dump Area Conditions, After Remediation (December 31, 2003)



Table SD-17-1.     Main Snow Dump Remediation Confirmation Soil Samples - Metals

SD-7-F-C* SD-8-F-D** SD-10-W-C SD-12-W-C SD-13-F-C SD-22-F-C SD-24-W-C SD-28-W-C SD-33-F-C SD-34-W-C
8/18/2003 8/18/2003 8/18/2003 8/18/2003 8/18/2003 8/19/2003 8/19/2003 8/19/2003 8/19/2003 8/19/2003

159.32 205.84 256.07 363.77 136.37 290.02 224.46 256.96 301.51 287.42
934.42 1058.66 1141.67 386.82 573.55 369.9 354.53 299.97 444.73 336.33

CEQG  (PL)a SQROb

Physical Tests
pH - - - - - 8.25 9.4 9.22 - - -

Total Metals
Antimony    T-Sb mg/kg 20d - - - - - <30e <20 <20 - - -
Arsenic     T-As mg/kg 12 - - - - - <20e <10 <10 - - -
Barium      T-Ba mg/kg 500 - - - - - 469 318 274 - - -
Beryllium   T-Be mg/kg 4d - - - - - <2 <1 <1 - - -
Cadmium     T-Cd mg/kg 10 - - - - - <2 <1 <1 - - -
Chromium    T-Cr mg/kg 64 - - - - - <6 5 4 - - -
Cobalt      T-Co mg/kg 50d - - - - - <6 <4 <4 - - -
Copper      T-Cu mg/kg 63 - - - - - <3 9 7 - - -
Lead        T-Pb mg/kg - 2000 <200 <200 <200 250 <200 194 200 181 239 189
Mercury     T-Hg mg/kg 6.6 - - - - - <0.05 <0.05 <0.05 - - -
Molybdenum  T-Mo mg/kg 10d - - - - - <20e <8 <8 - - -
Nickel      T-Ni mg/kg 50 - - - - - <20 <10 <10 - - -
Selenium    T-Se mg/kg 1 - - - - - <2e <3e <3e - - -
Silver      T-Ag mg/kg 20d - - - - - <6 <4 <4 - - -
Tin         T-Sn mg/kg 50d - - - - - <20 <10 <10 - - -
Vanadium    T-V mg/kg 130 - - - - - 11 34 31 - - -
Zinc        T-Zn mg/kg - 10000 316 433 215 2480 101 110 101 95 129 110

Associated ALS Analytics files: T4634, T4071, T3279, T3191, T3069
Notes:

Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Sample SD-7-F-C is recorded as SD-07-F-C in ALS report T3191 **Sample SD-8-F-D is recorded as SD-08-F-D in ALS report T3191

Analytical ResultsParameter Units
Federal CCME Guidelines

Field Screen Zn c (ppm)

Snow DumpLocation
Sample ID

Date Sampled
Field Screen Pb c (ppm)
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Table SD-17-1.     Main Snow Dump Remediation Confirmation Soil Samples - Metals

CEQG  (PL)a SQROb

Physical Tests
pH -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 6.6 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Field Screen Zn c (ppm)

Location
Sample ID

Date Sampled
Field Screen Pb c (ppm)

SD-37-W-C SD-38-W-D* SD-39-W-C SD-40-W-D SD-41-F-C SD-47-F-C
8/24/2003 8/24/2003 8/24/2003 8/24/2003 8/24/2003 9/27/2003

58.5 91.03 73.12 269.84 269.38 na
295.15 1048.22 573.7 1306.18 827.22 na

- - - - 8.48 -

- - - - <10 -
- - - - 10 -
- - - - 83 -
- - - - 0.7 -
- - - - 3.5 -
- - - - 46 -
- - - - 18 -
- - - - 16 -

<50 93 265 859 231 1120
- - - - <0.05 -
- - - - <4 -
- - - - 63 -
- - - - <2e -
- - - - <2 -
- - - - <5 -
- - - - 46 -

200 638 1020 1040 1090 2920

Associated ALS Analytics files: T4634, T4071, T3279, T3191, T3069
Notes:

Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Sample SD-38-W-D is recorded incorrectly as SD-38-W-C in ALS report T3279

Analytical Results

Snow Dump
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Table SD-17-2.     Main Snow Dump Quality Assurance Quality Control Remediation  Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

SD-3-W-C SD-19-W-Q 70 350 150 750 523 682 26.4 1806 1808 0.1
SD-12-W-C SD-35-W-Q 70 350 150 750 364 330 na 387 352 na
SD-25-W-C SD-36-W-Q 70 350 150 750 476 1166 84.1 1704 4401 88.4
SD-41-F-C SD-45-F-Q 70 350 150 750 269 135 na 827 409 na
SD-43-F-C SD-44-F-Q 70 350 150 750 2779 2653 4.7 4224 1901 75.8

SD-34-W-C QC# 351553 100 500 2 10 189 194 na 110 138 22.6
SD-12-W-C QC# 351520 100 500 2 10 250 226 na 2480 255 162.7

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

On Site Field Screening Duplicates

Analytical Laboratory Replicates

Total Zn

Sample Pb Duplicate Pb RpDa         

(%)
Sample Zn Duplicate Zn RpDa        

(%)

Total PbPb Zn

MDL PQLb MDL PQLb
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Figure No.
SD-17-1

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT



Figure.
SD-17-2

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

2003 CONFIRMATION SAMPLES

NOTES:

<200
 
Lead, Zinc

 
Less than detection limit

Lead or Zinc concentrations obtained from ALS analytical laboratory 

Sample ID Lead (mg/kg) Zinc (mg/kg)
SD-7-F-C <200 316
SD-8-F-D <200 433

SD-13-F-C <200 101
SD-22-F-C 194 110
SD-33-F-C 239 129
SD-41-F-C 231 1090
SD-47-F 1120 2920

Sample ID Lead (mg/kg) Zinc (mg/kg)
SD-10-W-C <200 215
SD-12-W-C 250 2480
SD-24-W-C 200 101
SD-28-W-C 181 95
SD-34-W-C 189 110
SD-37-W-C <50 200
SD-38-W-D 93 638
SD-39-W-C 265 1020
SD-40-W-D 859 1040

FLOOR SAMPLES

WALL SAMPLES



 

Appendix H

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: North Portal Stockpile



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  North Portal Stockpile

BACKGROUND

The north portal stockpile is located north east of the airstrip on North Bay and it is shown as
Area 22 on Figure 1:  Contaminated Soils Remediation Progress Plan, December 31, 2003.
During the exploration and pre-mining phases, waste rock produced underground was stockpiled
at the north portal.  More recently, the north portal stockpile was used as a temporary storage area
for high grade lead ore.

Waste rock material from the underground mine comprises limestone and shale.  Geochemical
testing of representative samples of limestone and shale waste rock was conducted in 1999 as part
of the Environmental Site Assessment (ESA) performed by Gartner Lee Limited (GLL).   The test
results indicated these rock types are not acid generating and do not present a risk of metal
leaching.  

No intrusive sampling (test pitting or drilling) was undertaken at the north portal during the ESA
investigations.  The area was identified as metal contaminated in the 2000 ESA, based on the use
of the area for storage of high grade lead ore.
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METHODOLOGY

Delineation

To direct field screening sampling of soil and excavation activities a 25 m x 25 m sampling grid
was established in the area of suspected metals contamination identified in the 2000 ESA.  The
surface elevation was surveyed by SNC Lavalin.

Primary delineation of the metals impacted area commenced June 28, 2003, and sampling of the
subsurface material was accomplished by drilling boreholes at the accessible 25 m x 25 m grid
points.  The presence of a snow pile at the time of drilling and the active use of the underground
portal, limited the accessible points.  Twenty two (22) boreholes were advanced with an air rotary
quarry drill to depths of up to 6.5 m.  Composite soil samples of the drill returns that accumulated
at the mouth of the borehole were collected at 0.5 m intervals.  Following the collection of each
sample, the surface surrounding the borehole was cleared of the drill cuttings to expose fresh
snow. 

Samples were analysed on site using a Niton portable X-Ray Fluorescence (XRF) elemental
analyzer.  The results of this field screening exercise indicated that there were elevated lead and
zinc concentrations in seven (7) of the boreholes, to depths ranging from 0.5 m to 3.5 m as shown
on Figure NP-22-1.  

Subsets of samples field screened on-site were sent to the analytical laboratory Aurora Laboratory
Services Ltd. (ALS) of Vancouver BC, to confirm the level of metals in the soil.  The results are
shown in the following table:

Lead Concentration (mg/kg) Zinc Concentration (mg/kg)
Sample
Number

Niton Portable
XRF

Analytical
Laboratory

Niton Portable
XRF

Analytical
Laboratory

NP-BH-12-4 935 1,430 6,438 8,450
NP-BH-14-1 1,800 1,950 7,987 7,290
NP-BH-17-2 3,427 3,980 9,555 8,450

These results demonstrate that treating on-site field screening concentrations of lead greater than
1,500 mg/kg and zinc greater than 8,500 mg/kg as if they exceeded the site specific Soil Quality
Remediation Objectives (SQROs) for lead (2,000 mg/kg) and zinc (10,000 mg/kg) is conservative
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for the specific type of contaminated soil in this area.  GLL directed remedial excavation based
on the results of the field screening sampling.  

Excavation

Teck Cominco Limited (TCL) and GLL established a plan to direct excavation around six (6) of
the borehole locations NP-BH-12, NP-BH-4, NP-BH-17, NP-BH-16, NP-BH-21, and NP-BH-22
with elevated lead and zinc concentrations.  Because the analytical laboratory result for
NP-BH-14-1 met the SQROs, no remedial excavation was performed around this isolated
borehole.

Excavation was restricted to elevations above the original ground surface prior to stockpiling
activities.  The plan stipulated that excavation adjacent to the tidal zone be permitted only at low
tide.

Excavation of the north portal stockpile area commenced in early August 2003.  Soil was ripped
within the excavation boundaries using a ripper tooth, and pushed into stockpiles that were loaded
onto trucks with an excavator.  Excavation was subdivided into two areas, an east and a west.
This material was disposed of in the underground workings in accordance with regulatory
approvals.

Confirmation Sampling

To further direct the excavation, soil samples were collected across the floor and along the wall of
the excavation limits in accordance with standard GLL and TCL sampling procedures and
protocols.  The samples analyzed using the Niton XRF.  Composite samples were collected from
25 m x 25 m areas of the floor of the excavation and over a length of 25 m on the wall of the
excavation.  

Samples were submitted to ALS to verify the concentration of metals.  Additional excavation was
undertaken in areas that did not meet the SQROs.  The east excavation removed material depths
between 0.3 m and 1.0 m and the west excavation extended to depths between 1.5 m and 5.0 m.
Upon receipt of the soil results that met the SQROs the final excavation limits were surveyed.
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ANALYTICAL RESULTS

Analytical laboratory results for metals are summarized in Table NP-22-1, along with the
approved Polaris Mine SQROs for lead and zinc.  A total of forty three (43) remediation
confirmation samples were submitted from the former north portal area: seventeen (17) composite
floors, five (5) discrete floors, eighteen (18) composite walls, two (2) discrete walls, and two (2)
quality assurance quality control (QA/QC) samples.  The soil quality results and the lateral limits
of the excavation are shown on Figure NP-22-2.  

The metal remediation confirmation samples met the approved closure plan objectives.  The
approved site-specific remedial objectives allow for minor exceedances in a small percentage
(less than 5%) of the confirmatory samples, so long as the concentration is less than twice the
remedial target.  Minor exceedances were obtained from one duplicate QA/QC sample,
NP-165-W-Q, with a lead and zinc concentrations (2,030 mg/kg lead, 12,100 mg/kg zinc) above
the SQROs.  However, the analytical results for the duplicate NP-164-W-C met the SQROs.  

Three (3) of the four (4), confirmation samples analyzed for total metals analysis returned minor
exceedances of nickel.  Nickel concentrations ranged from 52 mg/kg to 63 mg/kg.  The generic
Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality
Guideline (CEQG) for parkland land use is 50 mg/kg nickel in soil.  Nickel was not identified as
a contaminant of concern in the Polaris Mine ESA.  No exceedances were obtained during the
investigations in 1999 and 2000, and the leachate analysis returned nickel concentrations at levels
less than detection.  Given the immobile nature of the nickel encountered on site, as demonstrated
by the leachate results and the relatively low level of concentrations, no further remedial
excavation work is considered necessary to meet the approved closure plan objectives.

Quality Assurance and Quality Control (QA/QC)

Relative percent differences have been calculated and compiled in Table NP-22-2 for sixteen (16)
on site field screened duplicates, two (2) analytical laboratory duplicates, and five (5) analytical
laboratory replicates for a total of twenty three (23) QA/QC samples. 

Twenty (20) of the sample results and their duplicate/replicate results returned acceptable RpDs,
below the site specific remediation protocol of 50%.  Some of the samples returned results below
the practical quantitation limit in which case the RpD value has been identified as “na” (not
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applicable).  The RpDs for sample NP-164-W-C and its duplicate, NP-165-W-Q met the RpD
objective even though the results for NP-165-W-Q were above the SQROs for lead and zinc.  The
results for NP-164-W-C met the remedial objectives for these parameters.

Three (3) analytical laboratory samples and their laboratory replicates returned RpDs above 50%.
Analytical laboratory sample NP-65-W-C and its duplicate, NP-182-W-Q, returned a lead RpD
above the 50%.  Sample NP-74-F-C and its replicate returned their lead and zinc RpDs above
50%.  Sample NP-89-W-C and its replicate returned their zinc RpD above 50%. 

The variance between the sample and its duplicate is likely a result of sample inhomogeneity
caused by the presence of very coarse high grade ore fragments.  Therefore, the QA/QC samples
from the north portal area serve to document the variable nature of the metal concentrations in the
soil and to provide confidence that the remediation of the north portal area complies with the
SQROs.

CONCLUSIONS

Based on confirmatory sampling consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the former north portal stockpile area has
been completed to meet the Polaris Mine remedial targets, as documented in the approved Polaris
Mine Decommissioning and Remediation Plan, March 2001.

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
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undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Karlette Tunaley, EIT
Remediation Supervisor, Polaris Mine Project Field Scientist

AL:KT

ATTACHMENTS

Tables

Table NP-22-1: North Portal Stockpile Remediation Confirmation Soil Samples - Metals
Table NP-22-2: North Portal Stockpile Quality Assurance and Quality Control Remediation Soil

Samples

Figures

Figure NP-22-1: North Portal Stockpile Conditions Before Remediation (December 31, 2003)
Figure NP-22-2: North Portal Stockpile Conditions After Remediation (December 31, 2003)



Table NP-22-1.     North Portal Stockpile Remediation Confirmation Soil Samples - Metals

NP-BH-14-1 NP-63-F-C* NP-64-W-C NP-65-W-C** NP-66-F-C NP-69-W-C NP-71-F-C NP-72-F-C NP-73-F-C NP-74-F-C NP-75-F-D

6/29/2003 8/24/2003 8/19/2003 8/24/2003 8/19/2003 8/19/03 8/19/2003 8/19/2003 8/19/2003 8/19/2003 8/19/2003
1800 na na na na na 121.83 108.42 134.87 117.4 200.2

7987.2 na na na na na 746.82 674.1 821.5 1179.27 1036.9

Analytical Results

CEQG (PL)a SQROb 

Physical Tests
pH - - - - - - 9 - - - - - -

Total Metals
Antimony    T-Sb mg/kg 20d - - - - - <10 - - - - - -
Arsenic     T-As mg/kg 12 - - - - - 9 - - - - - -
Barium      T-Ba mg/kg 500 - - - - - 111 - - - - - -
Beryllium   T-Be mg/kg 4d - - - - - 1 - - - - - -
Cadmium     T-Cd mg/kg 10 - - - - - 3 - - - - - -
Chromium    T-Cr mg/kg 64 - - - - - 43 - - - - - -
Cobalt      T-Co mg/kg 50d - - - - - 15 - - - - - -
Copper      T-Cu mg/kg 63 - - - - - 14 - - - - - -
Lead        T-Pb mg/kg - 2000 1950 230 557 307 400 1910 344 120 168 284 143
Mercury     T-Hg mg/kg 7 - - - - - <0.05 - - - - - -
Molybdenum  T-Mo mg/kg 10d - - - - - <4 - - - - - -
Nickel      T-Ni mg/kg 50 - - - - - 56 - - - - - -
Selenium    T-Se mg/kg 1 - - - - - <2e - - - - - -
Silver      T-Ag mg/kg 20d - - - - - <2 - - - - - -
Tin         T-Sn mg/kg 50d - - - - - <5 - - - - - -
Vanadium    T-V mg/kg 130 - - - - - 45 - - - - - -
Zinc        T-Zn mg/kg - 10000 7290 764 4740 1740 1300 7100 708 633 703 1710 611

Associated ALS Analytics files: T6438, T5345, T4772, T4327, T4151, T3279, T3069, T1369

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
* Sample NP-63-F-C is recorded as NP-63 in ALS report T3279 **Sample NP-65-W-C is recorded as NP-65 in ALS report T3279

Parameter Units
Federal CCME Guidelines

Sample ID

Date Sampled..

Location

Field Screen Pbc (ppm)
Field Screen Znc (ppm) 

North Portal Stockpile
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Table NP-22-1.     North Portal Stockpile Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 7 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Sample ID

Date Sampled..

Location

Field Screen Pbc (ppm)
Field Screen Znc (ppm) 

NP-76-F-C NP-77-F-C NP-78-W-D NP-79-W-C NP-80-W-C* NP-81-W-C NP-82-F-C NP-83-F-C NP-84-W-C NP-85-W-C** NP-86-W-C

8/19/2003 8/19/2003 8/19/2003 8/19/2003 19/8/2003 8/19/2003 8/19/2003 8/19/2003 8/19/2003 19/8/2003 8/19/2003
111.17 146.05 130.6 29.26 307.04 141.96 89.08 100.28 215.07 133.86 106.46
1106.64 915.34 659.31 364.36 1671.55 651.02 445.45 349.5 1297.16 747.25 528.52

Analytical Results

- - - - - - - - - - -

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

114 333 303 759 363 139 211 191 1630 384 105
- - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -

756 908 449 389 1820 705 443 888 1720 1340 538

Associated ALS Analytics files: T6438, T5345, T4772, T4327, T4151, T3279, T3069, T1369

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Sample NP-80-W-C is recorded as NP-80 in ALS report T6438 **Sample NP-85-W-C is recorded as NP-85 in ALS report T6438

North Portal Stockpile
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Table NP-22-1.     North Portal Stockpile Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 7 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Sample ID

Date Sampled..

Location

Field Screen Pbc (ppm)
Field Screen Znc (ppm) 

NP-87-F-C NP-88-W-C NP-89-W-C* NP-90-F-C NP-91-F-C NP-92-W-C NP-93-W-C* NP-95-W-C NP-97-W-D NP-127-W-C NP-128-W-C

8/19/2003 8/19/2003 19/8/2003 8/19/2003 8/19/2003 8/19/2003 19/8/2003 8/19/2003 8/19/2003 9/14/2003 9/14/2003
422.24 254.65 312.59 392.25 195.11 280.59 207.44 167.03 539.49 81.22 728.67
2559.36 1918.12 1840.07 1854.87 1068.8 1503.76 1351.7 1015.26 2211.77 355.88 6292.34

Analytical Results

9 - - - - - - - - - -

<10 - - - - - - - - - -
10 - - - - - - - - - -

107 - - - - - - - - - -
1 - - - - - - - - - -
11 - - - - - - - - - -
45 - - - - - - - - - -
18 - - - - - - - - - -
17 - - - - - - - - - -

1500 462 444 480 302 149 333 106 579 <100 477
<0.05 - - - - - - - - - -

<4 - - - - - - - - - -
63 - - - - - - - - - -
<2e - - - - - - - - - -
<2 - - - - - - - - - -
<5 - - - - - - - - - -
48 - - - - - - - - - -

3520 1370 2990 1820 1590 566 855 722 1170 333 6240

Associated ALS Analytics files: T6438, T5345, T4772, T4327, T4151, T3279, T3069, T1369

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Sample NP-89-W-C is recorded as NP-89 in ALS report T6438 **Sample NP-93-W-C is recorded as NP-93 in ALS report T6438

North Portal Stockpile
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Table NP-22-1.     North Portal Stockpile Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 7 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Sample ID

Date Sampled..

Location

Field Screen Pbc (ppm)
Field Screen Znc (ppm) 

NP-131-F-C NP-160-F-C NP-161-W-C NP-164-W-C
NP-165-W-Q 

(Duplicate of NP-
164-W-C)

NP-169-F-D NP-171-F-D NP-174-F-D NP-180-F-C* NP-181-F-C
NP-182-W-Q 

(Duplicate of NP-
65-W-C)**

9/14/2003 9/19/2003 9/19/2003 9/30/2003 9/30/2003 10/8/2003 10/8/2003 10/8/2003 10/11/2003 10/11/2003 8/24/2003
840.46 na na 1231.08 1607.1 431.14 347.19 807.06 94.16 808.64 na
5609.83 na na 7364.82 11013.15 1295.24 2040.79 4414.62 565.45 5466.62 na

Analytical Results

- 8 - - - 8 - - - - -

- <10 - - - <30e - - - - -
- 11 - - - <20e - - - - -
- 65 - - - 207 - - - - -
- 1 - - - <2 - - - - -
- 9 - - - 7 - - - - -
- 24 - - - <6 - - - - -
- 15 - - - <6 - - - - -
- 11 - - - 6 - - - - -

1550 353 1240 1820 2030 1050 449 1330 97 1090 613
- <0.05 - - - <0.05 - - - - -
- <4 - - - <20e - - - - -
- 52 - - - <20 - - - - -
- <2e - - - <4e - - - - -
- <2 - - - <6 - - - - -
- <5 - - - <20 - - - - -
- 27 - - - 8 - - - - -

6310 3030 9350 8600 12100 2990 2240 5610 844 8690 2320

Associated ALS Analytics files: T6438, T5345, T4772, T4327, T4151, T3279, T3069, T1369

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).
*Sample NP-180-F-C is recorded incorrectly as NP-180-F-C in ALS report T5345 **Sample NP-182-W-Q is recorded as NP-65-dup in ALS report T3279

North Portal Stockpile
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Table NP-22-2.     North Portal Stockpile Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

NP-BH-2-6 NP-BH-2-9 20 100 60 300 175 194 10.2 1470 1250 16.2
NP-BH-4-5 NP-BH-4-7 20 100 60 300 290 250 15.0 2949 2600 12.6
NP-BH-5-6 NP-BH-5-11 20 100 60 300 226 174 26.3 1970 1880 4.7
NP-BH-8-6 NP-BH-8-3 20 100 60 300 177 192 8.3 2130 1909 10.9
NP-BH-10-2 NP-BH-10-3 20 100 60 300 55 49 11.6 193 167 na
NP-BH-12-10 NP-BH-12-4 20 100 60 300 1040 935 10.6 6739 6438 4.6
NP-BH-12-9 NP-BH-12-7 20 100 60 300 187 82 na 597 564 5.7
NP-BH-15-4 NP-BH-15-8 20 100 60 300 45 46 na 344 295 na
NP-BH-16-5 NP-BH-16-9 20 100 60 300 464 545 16.0 4608 4160 10.2
NP-BH-17-14 NP-BH-17-5 20 100 60 300 2040 1560 26.7 4627 3850 18.3
NP-BH-18-15 NP-BH-18-2 20 100 60 300 417 273 41.7 803 600 28.8
NP-BH-18-4 NP-BH-18-13 20 100 60 300 188 187 0.1 530 474 11.2
NP-BH-18-10 NP-BH-18-14 20 100 60 300 42 20 na 60 560 na
NP-BH-19-8 NP-BH-19-13 20 100 60 300 20 20 na 60 60 na
NP-BH-20-12 NP-BH-20-13 20 100 60 300 20 20 na 60 60 na
NP-BH-22-8 NP-BH-22-1 20 100 60 300 8218 7795 5.3 35277 30899 13.2
Analytical Laboratory Duplicates
NP-164-W-C NP-165-W-C 50 250 1 5 1820 2030 10.9 8600 12100 33.8
NP-65-W-C NP-182-W-C 50 250 1 5 307 613 66.5 1740 2320 28.6

NP-74-F-C QC# 351552 50 250 1 5 284 1460 135 1710 3160 60
NP-92-W-C QC# 351551 50 250 1 5 149 97 42 566 694 20
NP-128-W-C QC# 355290 50 250 1 5 477 657 32 6240 10100 47
NP-174-F-D QC# 359675 200 1000 3 15 1330 916 36.9 5610 5910 5.2
NP-89-W-C QC# 363881 50 250 1 5 444 486 9.0 2990 1580 61.7

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

Pb Zn Total Pb Total Zn

MDL PQLb MDL PQLb RpDa        

(%)

On Site Field Screening Duplicates

Analytical Laboratory Replicates

RpDa         

(%)
Sample Zn Duplicate ZnSample Pb Duplicate Pb
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Figure No.
NP-22-1

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

AREA OF
DETAIL



Figure No.
NP-22-2

AREA OF
DETAIL

CONTAMINATED SOIL REMEDIATION 
2003 CLOSE OUT REPORT

POLARIS MINE, NUNAVUT

2003 CONFIRMATION SAMPLES

NOTES:
 <100 
Lead, Zinc

 
Less than detection limit
Lead or Zinc concentrations obtained from ALS analytical laboratory 

RESULTS IN  INDICATE SAMPLE CONTAINING
>  2000 mg/kg LEAD   OR   > 10,000 mg/kg  ZINC

Sample ID Lead (mg/kg) Zinc (mg/kg)
NP-63-F-C 230 764
NP-66-F-C 400 1300
NP-71-F-C 344 708
NP-72-F-C 120 633
NP-73-F-C 168 703
NP-74-F-C 284 1710
NP-75-F-D 143 611
NP-76-F-C 114 756
NP-77-F-C 333 908
NP-82-F-C 211 443
NP-83-F-C 191 888
NP-87-F-C 1500 3520
NP-90-F-C 480 1820
NP-91-F-C 302 1590

NP-131-F-C 1550 6310
NP-160-F-C 353 3030
NP-169-F-D 1050 2990
NP-171-F-D 449 2240
NP-174-F-D 1330 5610
NP-180-F-C 97 844
NP-181-F-C 1090 8690

Sample ID Lead (mg/kg) Zinc (mg/kg)
NP-64-W-C 557 4740
NP-65-W-C 307 1740

613 2320

NP-78-W-D 303 449
NP-79-W-C 759 389
NP-80-W-C 363 1820
NP-81-W-C 139 705
NP-84-W-C 1630 1720
NP-85-W-C 384 1340
NP-86-W-C 105 538
NP-88-W-C 462 1370
NP-89-W-C 444 2990
NP-92-W-C 149 566
NP-93-W-C 333 855
NP-95-W-C 106 722
NP-97-W-D 579 1170

NP-127-W-C <100 333

NP-161-W-C 1240 9350
NP-164-W-C 1820 8600

FLOOR SAMPLES

NP-182-W-Q (Duplicate of NP-65-W-C)

NP-165-W-Q (Duplicate of NP-164-W-C)

WALL SAMPLES

71001910NP-69-W-C

6240477NP-128-W-C



 

Appendix I

Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: Exploration Stockpile and Shoreline North of
Dock



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  Exploration Stockpile and Shoreline North of Dock

BACKGROUND

The exploration stockpile was located adjacent the shoreline north of the dock and to the west of
the 1972 portal and is shown as Area 23 on Figure 1:  Contaminated Soils Remediation Progress
Plan, December 31, 2003.  Waste rock from both the exploration phase and the pre-development
phase of mining at Polaris was deposited in rock dumps near the portal.  Ore was stockpiled in
this area during the exploration phase prior to being shipped off site to provide bulk samples for
metallurgical test work.  During the development phase ore was stockpile at this location to
provide a readily accessible ore source for the mill during the early production months. 

Interviews were conducted during the 1999 and 2000 Environmental Site Assessment (ESA) with
long term Polaris personnel indicate that the ore stockpiles were removed for milling by 1984.
The historic ore piles were located in close proximity to the Firehall snow dump area used during
mine operations.  The ESA documented the presence of elevated metal concentrations in testpits
and surface samples as shown on Figure ESP-23-1.  Hydrocarbon contamination at depths of
0.3 m to 0.9 m was also identified in testpits excavated at the southeast of the exploration
stockpile (FH6 and FH7).

Waste rock material from the underground mine comprises limestone shale.  Geochemical testing
of representative samples of limestone and shale waste rock was conducted in 1999 as part of the
ESA performed by Gartner Lee Limited (GLL).  The test results indicated these rock types are
not acid generating and do not present a risk of metal leaching.
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METHODOLOGY

Delineation

To direct field screening sampling of soil and excavation activities a 25 m x 25 m sampling grid
was established in the area of suspected metals contamination identified in the 2000 ESA and the
surface elevation surveyed by SNC Lavalin. 

Delineation of the metals impacted area was accomplished through screening level sampling of
the surface and subsurface material.  Commencing July 16, 2003, GLL sampled near-surface soil
to depths of up to 5cm in accordance with standard GLL and Teck Cominco Limited (TCL)
procedures and protocols.  The locations of delineation samples are shown on Figure ESP-23-1.

Samples were analysed on-site using a Niton portable X-Ray Fluorescence (XRF) elemental
analyzer.  Subsets of field samples field screened on site were sent to the analytical laboratory
Aurora Laboratory Services Ltd. (ALS) of Vancouver, BC, to confirm the level of metals in the
soil.  Based on the field screening sampling, GLL modified the boundaries of the area to be
remediated and directed excavation. 

The depth of metal contamination at the south end of the exploration stockpile area was
investigated by advancing testpits with an excavator to allow for observation of subsurface soil
conditions and the collection of samples at depth.  The testpits were excavated to depths between
0.3 m and 1.2 m and samples were collected at 0.3 m intervals.

Excavation

Excavation of the exploration stockpile (ESP) and shoreline north of the dock commenced in late
July 2003.  Soil within the area delineated as metal contaminated was pushed into stockpiles
using the D10 bulldozer and loaded out onto trucks with an excavator. 

The contaminated soil was removed in layers ranging from 0.3 m to 1.2 m.  Screening level
sampling was undertaken after each layer was removed to redefine the remedial boundary of
excavation and to direct the removal of discrete areas of residual metals contaminated soil.  The
depth of the excavation ranged between 0.3 m and 2.0 m within the exploration stockpile area.
The limits of the excavation are shown on Figure ESP-23-2.

During excavation a berm was retained along the shoreline of the ESP to prevent the ocean from
washing metal contaminated sediment into the marine environment.  The removal of the shoreline
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berm commenced in October 2003, once the sea ice had formed sufficiently to act as a sediment
barrier.

Remediation of the hydrocarbon impacted area identified to the southwest corner exploration
stockpile area is currently being addressed under the remediation of the firehall area.

Confirmation Sampling

Soil samples were collected at the excavation limits and submitted to ALS to verify the
concentration of metals and additional excavation was undertaken in areas that did not meet
the Soil Quality Remediation Objectives (SQROs).  Composite samples were collected from
25 m x 25 m areas of the floor of the excavation and over a length of 25 m on the wall of the
excavation.  Upon receipt of the soil results that met the SQROs the final excavation limits were
surveyed. 

ANALYTICAL RESULTS

Analytical laboratory results for metals are summarized in Table ESP-23-1, along with the
approved Polaris Mine SQRO for lead and zinc.  A total of forty one (41) remediation
confirmation samples were submitted from the area:  twenty nine (29) composite floors, four (4)
discrete floors, four (4) composite walls, two (2) discrete walls, and two (2) quality assurance
quality control (QA/QC) samples.  The soil quality results and the lateral limits of the excavation
are shown in Figure ESP-23-2.  

The metal remediation confirmation samples met the approved closure plan objectives for the
contaminants of concern.  The approved site-specific remedial objectives allow for minor
exceedances in a small percentage (less than 5%) of the confirmatory samples so long as the
concentration is less than twice the remedial target.  Minor exceedances were obtained from one
confirmation composite floor sample, ESP-247-F-C, returned a lead concentration (2,820 mg/kg
lead) above the SQROs.  The other forty (40) confirmation samples had lead and zinc
concentrations below the SQROs.

Total metal analyses were performed on five (5) randomly selected confirmation samples taken
from the final floor of the excavation.  Two samples, ESP-128-W-D, ESP-195-F-C, returned
barium concentrations, greater than the generic Canadian Council of Ministers of Environment
(CCME) Canadian Environmental Quality Guidelines (CEQG) for parkland land use of
500 mg/kg barium in soil.  The lead and zinc concentrations in samples ESP-128-W-D and ESP-
195-F-C met the SQROs (<100 mg/kg lead, 499 mg/kg zinc and 306 mg/kg lead, 1,570 mg/kg
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zinc respectively).  No further remedial excavation work is considered necessary to meet the
approved closure plan objectives.

Barium is a common gangue mineral associated with lead sulfides, and it is found in cavities in
limestone and dolostone.  Thus, the presence of elevated concentrations of barium can be
attributed to natural mineralization associated with the Polaris limestone/dolostone hosted
lead/zinc orebody.  The immobile nature of the barium encountered on site was also demonstrated
in the 1999 ESA leachate analysis that returned barium concentrations at levels less than
detection and it was therefore not identified as a contaminant of concern in the Polaris Mine ESA.

Quality Assurance and Quality Control (QA/QC)

Relative percent differences (RpDs) have been calculated and compiled in Table ESP-23-2 for
twelve (12) on-site field screened duplicates, two (2) analytical laboratory duplicates, and five (5)
analytical laboratory replicates for a total of nineteen (19) QA/QC samples. 

Eighteen (18) of the sample results and their duplicate/replicate results returned acceptable RpDs,
below the site specific remediation protocol of 50%.  Some of the samples returned results below
the practical quantitation limit in which case the RpD value has been identified as “na” (not
applicable).  One analytical laboratory sample, ESP-186-F-C and its replicate returned a zinc
RpD of 59%, which above the objective.  The variance between the sample and its replicate may
be a result of sample heterogeneity or it may be attributed to the low level of zinc concentrations
being analyzed with the sample and the calibration of the laboratory equipment for higher-level
concentrations of zinc.

The QA/QC samples from the exploration stockpile area provide confidence that the remediation
of the exploration stock area complies with the SQROs.

CONCLUSIONS

Based on confirmatory sampling consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the exploration stockpile area has been
completed to meet the Polaris Mine remedial targets, as documented in the approved Polaris Mine
Decommissioning and Remediation Plan, March 2001.
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LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is
not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED ORIGINAL COPY SIGNED

Arlene Laudrum, P.Geol. Karlette Tunaley, EIT
Remediation Supervisor, Polaris Mine Project Field Scientist

AL:KT
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ATTACHMENTS

Tables

Table ESP-23-1: Exploration Stockpile and Shoreline North of Dock Remediation 
Confirmation Soil Samples - Metals

Table ESP-23-2: Exploration Stockpile and Shoreline North of Dock Quality Assurance and 
Quality Control Remediation Soil Samples

Figures

Figure ESP-23-1: Exploration Stockpile and Shoreline North of Dock Conditions Before
Remediation (December 31, 2003)

Figure ESP-23-2: Exploration Stockpile and Shoreline North of Dock Conditions After 
Remediation (December 31, 2003)



Table ESP-23-1.  Exploration Stockpile and Shoreline North of Dock Remediation Confirmation Soil Samples - Metals

ESP-103-F-C ESP-104-F-C ESP-105-F-C ESP-106-F-C ESP-109-F-C* ESP-110-F-C ESP-114-F-C ESP-115-F-C ESP-120-F-D ESP-124-W-C ESP-125-W-C ESP-126-W-D

4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003 4/8/2003
285.66 328.58 804.73 1506.34 616.7 506.7 208.19 447.24 380.73 274.73 1066.33 362.41
1069.16 1043.82 3143.54 5223.84 4120.57 1994.05 598.35 2258.26 2387.01 990.75 5978.18 1547.92

Analytical Results
CEQG (PL)a SQROb 

Physical Tests
pH - - 9 - - - - - - - - - - -

Total Metals
Antimony    T-Sb mg/kg 20d - <20e - - - - - - - - - - -
Arsenic     T-As mg/kg 12 - <10 - - - - - - - - - - -
Barium      T-Ba mg/kg 500 - 398 - - - - - - - - - - -
Beryllium   T-Be mg/kg 4d - <1 - - - - - - - - - - -
Cadmium     T-Cd mg/kg 10 - 2 - - - - - - - - - - -
Chromium    T-Cr mg/kg 64 - 8 - - - - - - - - - - -
Cobalt      T-Co mg/kg 50d - <4 - - - - - - - - - - -
Copper      T-Cu mg/kg 63 - 7 - - - - - - - - - - -
Lead        T-Pb mg/kg - 2000 194 164 1250 1530 527 778 192 287 163 101 520 146
Mercury     T-Hg mg/kg 7 - <0.05 - - - - - - - - - - -
Molybdenum  T-Mo mg/kg 10d - <8 - - - - - - - - - - -
Nickel      T-Ni mg/kg 50 - 15 - - - - - - - - - - -
Selenium    T-Se mg/kg 1 - <3e - - - - - - - - - - -
Silver      T-Ag mg/kg 20d - <4 - - - - - - - - - - -
Tin         T-Sn mg/kg 50d - <10 - - - - - - - - - - -
Vanadium    T-V mg/kg 130 - 22 - - - - - - - - - - -
Zinc        T-Zn mg/kg - 10000 839 467 6850 4410 2200 4680 521 3600 674 375 2550 519

Associated ALS Analytics files: T6394, T4327, T3582, T3279, T2886, T2587

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

* Sample ESP-109-F-C is recorded incorrectly as ESP-109-Comp-F in ALS report T2587

Exploration Stockpile and Shoreline North of Dock

Parameter Units
Federal CCME Guidelines

Location

Sample ID

Date Sampled..
Field Screen Pbc (ppm)
Field Screen Znc (ppm)
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Table ESP-23-1.  Exploration Stockpile and Shoreline North of Dock Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 7 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Location

Sample ID

Date Sampled..
Field Screen Pbc (ppm)
Field Screen Znc (ppm)

ESP-128-W-D* ESP-129-F-D ESP-133-I-C ESP-135-I-C ESP-136-I-C ESP-137-I-C ESP-138-I-C ESP-139-I-C ESP-140-I-C** ESP-141-I-C ESP-142-I-C ESP-143-I-C

4/8/2003 7/28/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003 9/8/2003
240.22 497.58 700 419.07 390.25 415.81 473 424.01 393.34 324.51 325.85 415.17
1231.01 2060.01 1787.57 1341.62 1188.88 1459.92 1362.37 1137.64 1252.45 768.96 905.02 1179.04

Analytical Results

9 - - - - - 9 - - - - 9

<20e - - - - - <20e - - - - <20e

<10 - - - - - <10 - - - - <10
565 - - - - - 49 - - - - 96
<1 - - - - - <1 - - - - <1
<1 - - - - - 2 - - - - 5
<4 - - - - - <4 - - - - <4
<4 - - - - - <4 - - - - <4
<2 - - - - - <2 - - - - 2

<100 <100 301 221 218 740 <200 265 785 <200 <200 511
<0.05 - - - - - <0.05 - - - - <0.05

<8 - - - - - <8 - - - - <8
<10 - - - - - <10 - - - - <10
<2e - - - - - <3e - - - - <3e

<4 - - - - - <4 - - - - <4
<10 - - - - - <10 - - - - <10
12 - - - - - 9 - - - - 9
499 1750 1300 819 786 1700 659 798 2770 464 906 1980

Associated ALS Analytics files: T6394, T4327, T3582, T3279, T2886, T2587

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

*Sample ESP-128-W-D is recorded incorrectly as sample ESP-128-D in ALS report T2587

** Sample ESP-140-I-C is recorded incorrectly as sample ESP-140-I-D in ALS report T2886

Exploration Stockpile and Shoreline North of Dock
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Table ESP-23-1.  Exploration Stockpile and Shoreline North of Dock Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 7 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Location

Sample ID

Date Sampled..
Field Screen Pbc (ppm)
Field Screen Znc (ppm)

ESP-150-I-D* ESP-151-I-D**
ESP-153-I-Q 

(duplicate of ESP-
137-I-C)***

ESP-168-F-C ESP-169-F-C ESP-170-F-C ESP-171-F-C ESP-172-F-C ESP-173-F-C ESP-186-F-C**** ESP-195-F-C ESP-196-W-C

9/8/2003 9/8/2003 10/8/2003 25/8/2003 25/8/2003 25/8/2003 25/8/2003 25/8/2003 25/8/2003 29/8/2003 19/09/2003 19/09/2003
468.37 350.07 495.91 2684.4 202.22 9207.62 3575.91 9387.91 3354.58 na 276.23 469.47
1450.99 866.05 1895.58 25161.48 1296.78 71470.59 26125.28 64278.2 20872.24 na 1347.23 2585.3

Analytical Results

- - - - - - - - - - 8 -

- - - - - - - - - - <20e -
- - - - - - - - - - <10 -
- - - - - - - - - - 1280 -
- - - - - - - - - - <1 -
- - - - - - - - - - 4 -
- - - - - - - - - - 7 -
- - - - - - - - - - <4 -
- - - - - - - - - - 7 -

312 <200 1510 256 514 254 345 97 246 143 306 674
- - - - - - - - - - <0.05 -
- - - - - - - - - - <8 -
- - - - - - - - - - 13 -
- - - - - - - - - - <4e -
- - - - - - - - - - <4 -
- - - - - - - - - - <10 -
- - - - - - - - - - 24 -

953 527 4130 614 1030 1350 1600 802 1090 719 1570 1520

Associated ALS Analytics files: T6394, T4327, T3582, T3279, T2886, T2587

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

* Sample ESP-150-I-D is incorrectly recorded as ESP-150-I-C in ALS report T2886 *** Sample ESP-153-I-Q  was recorded as ESP-153-I-C in ALS report T2886

** Sample ESP-151-I-D is incorrectly recorded as ESP-151-I-C in ALS report T2886 **** Sample ESP-186-F-C was incorrectly recorded as ESP-186-W-C in ALS report T3582

Exploration Stockpile and Shoreline North of Dock
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Table ESP-23-1.  Exploration Stockpile and Shoreline North of Dock Remediation Confirmation Soil Samples - Metals

CEQG (PL)a SQROb 

Physical Tests
pH - -

Total Metals
Antimony    T-Sb mg/kg 20d -
Arsenic     T-As mg/kg 12 -
Barium      T-Ba mg/kg 500 -
Beryllium   T-Be mg/kg 4d -
Cadmium     T-Cd mg/kg 10 -
Chromium    T-Cr mg/kg 64 -
Cobalt      T-Co mg/kg 50d -
Copper      T-Cu mg/kg 63 -
Lead        T-Pb mg/kg - 2000
Mercury     T-Hg mg/kg 7 -
Molybdenum  T-Mo mg/kg 10d -
Nickel      T-Ni mg/kg 50 -
Selenium    T-Se mg/kg 1 -
Silver      T-Ag mg/kg 20d -
Tin         T-Sn mg/kg 50d -
Vanadium    T-V mg/kg 130 -
Zinc        T-Zn mg/kg - 10000

Parameter Units
Federal CCME Guidelines

Location

Sample ID

Date Sampled..
Field Screen Pbc (ppm)
Field Screen Znc (ppm)

ESP-197-W-C
ESP-198-F-Q 

(Duplicate of ESP
195-F-C)

ESP-245-F-C ESP-246-F-C ESP-247-F-C

19/09/2003 19/9/2003 4/11/2003 4/11/2003 4/11/2003
427.61 276.23 na na na
1455.17 1347.23 na na na

Analytical Results

- - - - -

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

264 677 670 1090 2820
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

767 2440 5410 8250 3700

Associated ALS Analytics files: T6394, T4327, T3582, T3279, T2886, T2587

Notes:
Bold Exceeds the CCME Tier 1 Soil Quality Guidelines for Parkland Land Use
Bold Exceeds the CCME Tier 3 Risk-Based Soil Soil Quality Remedial Objectives for the

Polaris Mine Site
 <= Less than analytical method detection limit
"-" = No analysis performed for given parameter, or no guideline
na = No field screening result available
a) Canadian Council of Ministers of Environment (CCME) Canadian Environmental Quality Guidelines (CEQG) -
    Tier 1 soil quality remediation guidelines for parkland land use (PL). The site specific factors used for determining the soil quality
    guideline include: soil ingestion, soil contact, and nutrient cycling.
b) Canadian Council of Ministers of Environment (CCME) Tier 3 Risk based soil quality remedial objective (SQRO)
     for the Polaris Mine Site.
c) Field screening measurements are based on the Niton XLi 700 Series portable X-Ray Fluorescence (XRF) elemental analyser.
d) Canadian Council of Ministers of Environment (CCME) Tier 1 parkland land use interim remediation criteria, where soil quality 
    gudelines based on the CCME soil protocol have not been developed yet.
e) The analytical method detection limit (MDL) exceeds the CCME Tier 1 Soil Quality Remediation Guidelines
     for parkland land use (PL).

Exploration Stockpile and Shoreline North of Dock
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Table ESP-23-2.  Exploration Stockpile and Shoreline North of Dock Quality Assurance and Quality Control Remediation Soil Samples

Parameter
Relative Percent 

Difference (RpD)a

Sample ID Duplicate ID

ESP-5-I-D ESP-255-I-Q 70 350 150 750 1346 1489 5.0 8890 9719 4.5
ESP-8-I-D ESP-256-I-Q 70 350 150 750 1189 1140 2.1 6724 4502 19.8
ESP-17-I-D ESP-257-I-Q 70 350 150 750 10085 10720 3.1 53793 54310 0.5
ESP-21-I-D ESP-258-I-Q 70 350 150 750 18831 17590 3.4 101748 100336 0.7
ESP-24-I-D ESP-259-I-Q 70 350 150 750 16199 17585 4.1 81551 85831 2.6
ESP-42-I-D ESP-260-I-Q 70 350 150 750 1240 2269 29.3 8186 15745 31.6
ESP-45-I-D ESP-261-I-Q 70 350 150 750 1605 1725 3.6 10958 9550 6.9
ESP-69-I-D ESP-254-I-Q 70 350 150 750 3122 2538 10.3 28713 23305 10.4
ESP-137-I-C ESP-153-I-Q 70 350 150 750 416 496 8.8 1460 1896 13.0
ESP-203-I-C ESP-250-I-Q 70 350 150 750 6314 8684 15.8 58072 71141 10.1
ESP-204-I-D ESP-251-I-Q 70 350 150 750 9334 9331 0.0 64902 65516 0.5
ESP-209-I-D ESP-252-I-Q 70 350 150 750 5225 2923 28.3 107142 54187 32.8
Analytical Laboratory Duplicates
ESP-137-I-C ESP-153-I-Q 200 1000 4 20 740 1510 na 1700 4130 41.7
ESP-195-F-C ESP-198-F-Q 100 500 2 10 306 677 na 1570 2440 21.7

ESP-129-F-D QC# 349325 100 500 2 10 <100 257 na 1750 1070 24
ESP-135-I-C QC# 350294 200 1000 4 20 221 437 na 819 1940 41
ESP-169-F-C QC# 351835 50 250 1 5 514 446 7 1030 770 14
ESP-186-F-C QC# 352936 100 500 2 10 143 215 na 719 2770 58.8
ESP-195-F-C QC# 356057 100 500 2 10 306 315 na 1570 1630 1.9

Notes:
Bold RpD value is greater than or equal to 50% and the concentrations

of both samples are greater than the practical quantitation limit (PQL)

"na" = RpD value is not applicable because one or both results are less than the practical
          quantitation limit (PQL).
"-" = no result for given parameter
"<" = less than analytical method detection limit

a)  Relative Percent Difference = RpD = (Difference/Average) * 100
b)  Practical Quantitation Limit (PQL)=5 * Method Detection Limit (MDL)

Pb Zn Total Pb Total Zn

MDL PQLb MDL PQLb RpDa          

(%)

On Site Field Screening Duplicates

Analytical Laboratory Replicates

RpDa           

(%)
Sample Zn Duplicate ZnSample Pb Duplicate Pb
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Less than detection limit

Lead or Zinc concentrations obtained from ALS analytical laboratory 

NOTES:

 <100, <200
  
Lead, Zinc

Sample ID Lead (mg/kg) Zinc (mg/kg)
ESP-103-F-C 194 839
ESP-104-F-C 164 467
ESP-105-F-C 1250 6850
ESP-106-F-C 1530 4410
ESP-109-F-C 527 2200
ESP-110-F-C 778 4680
ESP-114-F-C 192 521
ESP-115-F-C 287 3600
ESP-120-F-D 163 674
ESP-129-F-D <100 1750
ESP-133-I-C 301 1300
ESP-135-I-C 221 819
ESP-136-I-C 218 786
ESP-137-I-C 740 1700

ESP-153-I-Q
(duplicate of ESP-137-I-C) 1510 4130

ESP-138-I-C <200 659
ESP-139-I-C 265 798
ESP-140-I-C 785 2770
ESP-141-I-C <200 464
ESP-142-I-C <200 906
ESP-143-I-C 511 1980
ESP-150-I-D 312 953
ESP-151-I-D <200 527
ESP-168-F-C 256 614
ESP-169-F-C 514 1030
ESP-170-F-C 254 1350
ESP-171-F-C 345 1600
ESP-172-F-C 97 802
ESP-173-F-C 246 1090
ESP-186-F-C 143 719
ESP-195-F-C 306 1570
ESP-198-F-Q

 (Duplicate of ESP-195-F-C) 677 2440
ESP-245-F-C 670 5410
ESP-246-F-C 1090 8250
ESP-247-F-C 3700

ESP-124-W-C 101 375
ESP-125-W-C 520 2550
ESP-126-W-D 146 519
ESP-128-W-D <100 499
ESP-196-W-C 674 1520
ESP-197-W-C 264 767

FLOOR SAMPLES

WALL SAMPLES

2003 CONFIRMATION SAMPLES

RESULTS IN  INDICATE SAMPLE CONTAINING
>  2000 mg/kg LEAD   OR   > 10,000 mg/kg  ZINC
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Polaris Mine Operations Contaminated Soil Remediation
Close Out Report: 2002 Fuel Spill



December 31, 2003

Mr. Bruce Donald
Teck Cominco Limited
Bag 2000
Kimberley, BC  V1A 3E1

Dear Mr. Donald:

Re: 23305 – Polaris Mine Operations Contaminated Soil Remediation 
Close Out Report:  2002 Fuel Spill

BACKGROUND

On June 25, 2002, a fuel spill occurred at the Polaris Mine site, as a result of the discharge of
standing water that was impacted with diesel fuel, from within the containment berm of the fuel
tank farm.  Residual hydrocarbon contaminated sediment remained present down gradient of the
point of discharge following clean up efforts in 2002.  The 2002 Fuel Spill is located down
gradient of the fuel tank farm and it is shown as Area 24 on Figure 1:  Contaminated Soils
Remediation Progress Plan, December 31, 2003.

The spill response measures undertaken and the results of an environmental investigation
conducted by Gartner Lee Limited (GLL) are documented in the 2002 Fuel Spill Assessment,
Polaris Mine, Nunavut, dated November 2002.  The results of a field investigation concluded that
hydrocarbon contamination remained between the down slope boundary of a ditch on the west
side of the road, the West Interceptor Ditch, and the low tide contour over a length of 40 meters,
the “40 m Zone”.  The 2002 Fuel Spill Assessment concluded that residual impacted soil could be
removed during the overall site remediation.

In 2003, the hydrocarbon impacts within the 40 m Zone appeared as discontinuous hydrocarbon
stains within the beach sediment as shown on Figure SPL02-24-1.  The residual impacted
sediment was removed during the overall Site remediation in accordance with the approved
Polaris Mine Decommission and Remediation Plan, March 2001.
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METHODOLOGY

Excavation

On June 26, 2003, excavation of the 40 m Zone commenced between the low tide contour and the
West Interceptor Ditch.  At the time of excavation, the sea ice was frozen to the ocean floor.  The
ice conditions therefore, acted as a silt barrier between the excavation and the aquatic
environment.  To further minimize ocean sediment disturbance, excavation was undertaken at low
tide.  

Absorbent booms and pads were kept on site to mitigate any possible petroleum hydrocarbon
seeps into the marine environment. 

To direct the excavation of the hydrocarbon contaminated sediment, visual and olfactory
indications were used, along with field screening measurements of the concentrations of organic
vapours in sediment samples.  The field screening measurements were obtained using a portable
photo- ionization detector (PID) to measure the concentrations of organic vapours in the
headspace of the sample bags.  The limits of the excavation are shown on Figure SPL02-24-2.
The material excavated was disposed of underground mine workings in accordance with
regulatory approvals.

Confirmation Sampling

Discrete sediment samples were collected at 10 m intervals from within the excavation on
July 11, 2003 and September 5, 2003 and sent to Aurora Laboratory Services Ltd. (ALS) of
Vancouver, BC, to verify the presence and nature of the hydrocarbon compounds.  Upon receipt
of these results the area was backfilled in order to control erosion of the roadway.

ANALYTICAL RESULTS

The analytical laboratory results are summarized in Tables SPL02-24-1 and SPL02-24-2, along
with the approved Polaris Mine soil quality remediation objectives (SQROs)1 for hydrocarbons

                                                     
1  Polaris Mine Decommission and Remediation Plan, March 2001.
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 and the generic Canadian Environmental Quality Guidelines (CEQG) for hydrocarbons in marine
sediment2, respectively.  A total of nine (9) discrete floor remediation confirmation soil samples
were submitted for analyses.  All samples returned hydrocarbon concentrations below the
SQROs.  Two (2) samples were analyzed for polycyclic aromatic hydrocarbons and both samples
returned results below the generic CEQG probable effect levels for marine sediment.  The
sediment quality results and the lateral limits of the excavation are shown on Figure SPL02-24-2.

CONCLUSIONS

Based on confirmatory sampling, consistent with good practice and the approved site specific
sampling procedures and protocols, the remediation of the 2002 Fuel Spill area has been
completed to meet the Polaris Mine remedial targets, as documented in the approved Polaris
Mine Decommissioning and Remediation Plan, March 2001 and the CEQG guidelines for marine
sediment.

LIMITATIONS

This report has been prepared by Gartner Lee Limited and the information in this report is
intended for the use of Teck Cominco Metals Limited during the decommissioning and
reclamation program currently underway at the Polaris Mine Site.  Any use which a third party
makes of this report, or any reliance on or decisions made on the basis of the information in this
report is the responsibility of such third parties.  Gartner Lee Limited accepts no responsibility for
damages, if any, suffered by the third party, based on the use of or reliance on any information
contained in this report. 

The scope of Gartner Lee Limited's work was limited to that described in this report.  The
confirmation of environmental conditions at the site of the remedial work is based on sampling at
specific wall and floor locations within the excavation limits.  Gartner Lee Limited has used
judgement in the interpretation of the available information but subsurface physical and/or
chemical characteristics may vary between or beyond sampling locations.  Gartner Lee Limited is

                                                     
2 Canadian Environmental Quality Guidelines (CEQG) for sediment, Canadian Council of
Ministers of the Environment (CCME), Winnipeg MB, 1999.
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not a guarantor of the environmental condition of the site but warrants only that its work was
undertaken and its report prepared in a manner consistent with the level of skill and diligence
normally exercised by competent environmental professionals practicing in the Nunavut
Territory. 

Yours very truly,
GARTNER LEE LIMITED

ORIGINAL COPY SIGNED AND STAMPED

Arlene Laudrum, P.Geol.
Remediation Supervisor, Polaris Mine

AL:KT

ATTACHMENTS

Tables

Table SPL02-24-1: 2002 Fuel Spill Remediation Confirmation Soil Samples – Extractable
Petroleum Hydrocarbon

Table SPL02-24-2: 2002 Fuel Spill Remediation Confirmation Soil Samples – Polycyclic
Aromatic Hydrocarbon

Figures

Figure SPL02-24-1: 2002 Fuel Spill Conditions Before Remediation
Figure SPL02-24-2: 2002 Fuel Spill Conditions After Remediation



Table SPL 02-24-1.     2002 Fuel Spill Remediation Confirmation Sediment Samples - Hydrocarbons 

Location
Sample ID SPL02-2-F-D SPL02-3-F-D SPL02-4-F-D SPL02-5-F-D SPL02-6-F-D SPL02-7-F-D SPL02-8-F-D SPL02-9-F-D SPL02-10-F-D

Date 7/12/2003 7/12/2003 7/12/2003 7/12/2003 9/5/2003 9/5/2003 9/5/2003 9/5/2003 9/5/2003
Field Screen (ppm)b 20 25 45 25 - - - - -

Extractable Hydrocarbons

EPH (C10-C19)
c mg/kg 1000 d <200 <200 271 <200 <200 <200 <200 <200 <200

EPH (C19-C32)
c mg/kg 1000 d <200 <200 <200 <200 <200 <200 <200 <200 <200

LEPH (C10-C19)
d mg/kg 1000 - <200 - - - - <200 - -

HEPH (C19-C32)
d mg/kg 1000 - <200 - - - - <200 - -

Associated ALS Files : T1541, T4079

Bold Concentration exceeds the Soil Quality Remediation Objective (SQRO) for the Polaris Mine Site

"<" = less than analytical method detection limit
"-" = no result for given parameter

a) The Soil Quality Remediation Objective for the Polaris Mine Site is based on the Yukon Territorial Contaminated Sites Regulation (CSR) for Parkland Use 
b) Field screening measurements are based on the 'dry headspace' method using a combustible gas meter calibrated to a hexane standard.
c) EPH stands for extractable petroleum hydrocarbon
d) LEPH and HEPH stand for light and heavy extractable petroleum hydrocarbons. 
e) LEPH/HEPH is determined by subtracting polycyclic aromatic hydrocarbons (PAH) from EPH, therefore use of the EPH remediation objective is conservative.
   

  Analytical Results

June 2002 Spill Zone

Polaris Mine 
SQROsaParameter Units
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Table SPL 02-24-2.     2002 Spill Fuel Remedition Confirmation Sediment Samples - Polycyclic Aromatic Hydrocarbons

Sample Location 
Sample ID  SPL02-3-F-C SPL02-8-F-D

Date Sampled  7/12/2003 9/5/2003
ISQG b PELc Field Screen (ppm)d 25 -

Parameter Units
Polycyclic Aromatic Hydrocarbons (PAHs)
Acenaphthene 0.00671 0.0889 mg/kg <0.04 <0.04
Acenaphthylene 0.00587 0.128 mg/kg <0.05 <0.05
Anthracene 0.0469 0.245 mg/kg <0.05 <0.05
Benz(a)anthracene 0.0748 0.693 mg/kg <0.05 <0.05
Benzo(a)pyrene 0.0888 0.763 mg/kg <0.05 <0.05
Benzo(b)fluoranthene - - mg/kg <0.05 <0.05
Benzo(g,h,i)perylene - - mg/kg <0.05 <0.05
Benzo(k)fluoranthene - - mg/kg <0.05 <0.05
Chrysene 0.108 0.846 mg/kg <0.05 <0.05
Dibenz(a,h)anthracene 0.00622 0.135 mg/kg <0.05 <0.05
Fluoranthene 0.113 11.494 mg/kg <0.05 <0.05
Fluorene 0.0212 0.144 mg/kg <0.05 <0.05
Indeno(1,2,3-c,d)pyrene - - mg/kg <0.05 <0.05
Naphthalene 0.0346 0.391 mg/kg <0.05 <0.05
Phenanthrene 0.0867 0.544 mg/kg <0.05 <0.05
Pyrene 0.153 1.398 mg/kg <0.05 <0.05
Associated ALS files: T4079, T1541

BOLD Concentration greater than or equal the generic CEQG PEL for marine sediment

Notes:
< =  Less than the detection limit indicated.
-  =  Analysis not conducted, or no guideline.

a  CEQG - Canadian Environmental Quality Guidelines 
b  ISQG  - Interim Sediment Quality Guidelines (dry weight)
c  PEL - Probable Effect Levels (dry weight)
d  Field screening results are measured based on a 'dry headspace' method.

Marine Sediment

FEDERAL CEQG 
GUIDELINES

June 2002 Fuel Spill

Analytical Results
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Sample ID EPH 10-19 (mg/kg) EPH 19-32  (mg/kg)

SPL02-6-F-D <200 <200
SPL02-7-F-D <200 <200
SPL02-8-F-D <200 <200
SPL02-9-F-D <200 <200

SPL02-10-F-D <200 <200

SPL02-2-F-D <200 <200
SPL02-3-F-D <200 <200
SPL02-4-F-D 271 <200
SPL02-5-F-D <200 <200

NOTES:

<200 

EHP10-19

EPH19-32

 
Less than detection limit

Extractable Petroleum Hydrocarbon (Carbon fraction 10-19) 
concentration obtained from ALS analytical laboratory

Extractable Petroleum Hydrocarbon (Carbon fraction 19-32) 
concentration  obtained from ALS analytical laboratory

2003 CONFIRMATION SAMPLES

EXCAVATION FLOOR SAMPLES



 
 
 

APPENDIX 3 
 
 
 

UPDATE OF  
 

DECOMMISSIONING AND RECLAMATION  
 

SCHEDULE 
 



Percent
Complete

Prior As Of
Periods Dec 31/03

CONTRACTOR MOBILIZATION
Pre-mobilization Planning / Order Materials/Equip
Ship to Site with Contractor Equipment 100%
Offload Ship 100%
Setup Warehousing/Laydown Area 100%

SETUP TEMPORARY FACILITIES 100%
DECOMMISSIONING UNDERGROUND

Remove / Salvage Mine Equipment & Crusher Cancelled 100%
Remove Refrigeration Plant 0%
Remove Surface Ventilation Fans 0%
Seal Mine Openings 0%

MILL / BARGE DEMOLITION
Initial Cleanup of Barge by Teck Cominco 100%
Removal of Barge Services 98%
Transfer fuel to Tank Farm & Clean Hull 100%
Remove hazardous Materials / Wastes 100%
Remove / Salvage Process Equipment 100%
Demolish Internal Equipment 100%
Demolish Structure 100%
Remove Hydrocarbon/Metals Contaminated Soils 55%
Regrade Area Surounding Barge 25%

PRODUCT STORAGE BUILDING DEMOLITION
Cleanup of Building / Remove Liquids from Equip. 100%
Demolish Exterior Conveyors 100%
Demolish Reclaim Conveyors 100%
Remove Cladding from Building 100%
Demolish Structure 100%
Demolish Foundations 98%
Remove Contaminated Soils ( Building & Adj. Areas) 60%
Regrading Area 10%

SHIP LOADER / RECLAIM CONVEYOR DEMOL.
Cleanup of Conveyor Areas/Remove Oils 100%
Demolish Conveyors 100%

Oct Nov Dec

POLARIS MINE - DECOMMISSIONING & RECLAMATION SCHEDULE
UPDATED AS OF December 31, 2003

1st Qtr. 2004 2nd Qtr. 2004 3rd Qtr. 20044th Qtr. 2003
ACTIVITY Jan Feb Mar Aug SepApr May Jun Jul
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Percent
Complete

Prior As Of
Periods Dec 31/03Oct Nov Dec

POLARIS MINE - DECOMMISSIONING & RECLAMATION SCHEDULE
UPDATED AS OF December 31, 2003

1st Qtr. 2004 2nd Qtr. 2004 3rd Qtr. 20044th Qtr. 2003
ACTIVITY Jan Feb Mar Aug SepApr May Jun Jul

DOCK DECOMMISSIONING
Inspect / Remove Glycols from Freeze Pipes 100%
Remove Metals Contaminated Soils 95%
Remove Cells 1 & 2 75%
Remove Cells 3 & 4 75%
Removal of Temporary Dock 0%
Shoreline Recontouring 70%
Berm Removal 65%
Grade New Beach to Final Profiles 25%

TAILINGS SYSTEM DEMOLITION
Final Cleanup of Thickener (by Operations) 100%
Flush Tails Lines 100%
Salvage Equipment 100%
Remove hazardous Materials / Wastes 100%
Remove Tails Line / Return Line 80%
Demolish Equipment 100%
Demolish Structure 100%
Remove Foundations 100%
Remove Contaminated Soils 100%
Regrading  100%
Final Cleanup of Area 95%

GARROW LAKE / DAM DECOMMISSIONING
Drawdown Lake 100%
Removal of Centre Section of Dam 75%
Creek Channel Construction 0%
Final Grading / Armouring of Dam Remnants 0%

CRF PLANT DEMOLITION
Final Cleanup of Plant 100%
Remove hazardous Materials / Wastes 100%
Demolish Plant Equipment 100%
Demolish Buildings 100%
Site Grading (Plant & Surrounding Area) 100%

Page 2 of 4



Percent
Complete

Prior As Of
Periods Dec 31/03Oct Nov Dec

POLARIS MINE - DECOMMISSIONING & RECLAMATION SCHEDULE
UPDATED AS OF December 31, 2003

1st Qtr. 2004 2nd Qtr. 2004 3rd Qtr. 20044th Qtr. 2003
ACTIVITY Jan Feb Mar Aug SepApr May Jun Jul

ACCOMODATIONS COMPLEX DEMOLITION
Establish Temporary Offices / Building Services 100%
Use Accomodations Complex 75%
Establish Temporary Camp Accomodations 0%
Use Temporary Camp 0%
Remove hazardous Materials / Wastes 0%
Demolish Buildings 0%
Regrade Area  0%
Remove Temporary Camp 0%

FUEL STORAGE (TANK FARM) DEMOLITION
Use with Temporary Modifications 100%
Transfer Fuel to Temporary Storage 0%
Cleaning of Tanks / Piping 60%
Demolish Tanks / Piping 0%
Cleanup of Berm & Liner 0%
Site Grading   0%

BLADDER AREA CONTAMINATED SOILS
Cleanup of Hydrocarbon Soils 100%
Area Grading 100%

MISC. BUILDING DEMOLITION
Exploration Quonset Huts 100%
Core Shack (Atco Trailer) 100%
Emergency Shelter at North Portal 0%
Steam Wash Bay & Tire Shop (relocated in 3rd Qtr) 50%
Generator Building 0%
Bent Horn Building 0%
Dock Office Trailer 0%
Airstrip Storage Hut 0%
Fresh Water Pump House 0%
Frsh Water Tank & Shed 0%
Carpenter Shop (used as temp. warehouse) 0%
Shipping Containers (Sea Cans - more to move on-going) 50%
Foldaways by Temporary Dock (3) 0%
Firehall 0%
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Percent
Complete

Prior As Of
Periods Dec 31/03Oct Nov Dec

POLARIS MINE - DECOMMISSIONING & RECLAMATION SCHEDULE
UPDATED AS OF December 31, 2003

1st Qtr. 2004 2nd Qtr. 2004 3rd Qtr. 20044th Qtr. 2003
ACTIVITY Jan Feb Mar Aug SepApr May Jun Jul

OPERATIONAL LANDFILL CLOSURE
Reclocate Construction Landfill 100%
Hauling Landfill Cover Cap Material 98%

LRD QUARRY Landfill
Cut Notch into Quarry / Construct Haul Road 100%
Installation of Thermistor Pipe Stands 100%
Placing debris in Quarry 80%
Grading of Notch to Match Cap 75%
Placement of Cap and Final Grading 0%
Installation of Thermistors (pipes installed) 20%

MISC. SITE RECLAMATION & EARTHWORKS
Reduction in spare parts/supplies by TCML 100%
Ship Mill Process Chemicals South for Sale/Recycle 100%
Site Cleanup of scrap material during operations 100%
Regrading North 40 Area 80%
Grading of Reclamation Landfill Area 90%
Road Closure / Culvert Removals/Runway 15%

DEMOBILIZE FROM SITE
Prepare Equipment / Supplies for shipping from site 5%
Prepare Residual Chemicals / Wastes for shipping 85%
Last Ship from Polaris 0%
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UPDATE OF ESTIMATED  
 

MINE DECOMMISSIONING, RECLAMATION  
 

AND  
 

MONITORING COSTS 
 



COMMENTS
By Code Subtotals By Code Subtotals By Code Subtotals By Code Subtotals

DEMOLITION & RECLAMATION (BARE COSTS)
MINE EQUIPMENT REMOVAL

Hazardous Materials Removal 35,845 853             17,613         -18,232
Mine Refrigeration Plant 145,525 14,281        30,671         -114,854
Mobile & Mine Equipment 2,919 12,981        46,306         43,387
Remove Salvaged Mine Equipment 20,754 3,983          16,153         -4,601
Misc Sub Contract Costs 45,957 23,297        23,297         -22,660

251,000$              55,395$            134,040$               (116,960)$          Demolition costs are proving to be less expensive than budget in general for the project
MINE ACCESS SEALING

Seal Mine Portals 60,000 464             92,384         32,384
60,000$                464$                 92,384$                 32,384$             

CONCENTRATOR BUILDING
Miscellaneous Materials 22,092 -               -22,092
Mill Equipment Clean-Up - Fuels 16,398 -               -16,398
Mill Equipment Clean-Up 99,900 40,613        40,613         -59,287
Hazardous Materials Removal 151,117 94,553        102,725       -48,392
Barge Demolition 608,592 441,028      445,574       -163,018
Misc Process Equipment Demolition & Removal 197,432 183,317      183,317       -14,115
Misc Sub Contract Costs 88,469 83,992        88,444         -25

1,184,000$           843,503$          860,673$               (323,327)$          Demolition has taken less manpower than expected.  Effective demolition contractor.
CONCENTRATE STORAGE STRUCTURE & EQUIPMENT

Concentrate Storage Equipment Clean-Up 26,117 1,905          1,905           -24,212
Conveyors 67,600 8,421          8,421           -59,179
Concentrate Storage Structure & Equipment 555,283 224,423      101,034       -454,249

649,000$              234,749$          111,360$               (537,640)$          Demolition has taken less manpower than expected.  Effective demolition contractor.
SHIP LOADER & CONVEYOR

Conveyors 50,000 24,592        24,592         -25,408
50,000$                24,592$            24,592$                 (25,408)$            

DOCK & SHORELINE
Dock & Shoreline Reclamation 869,000 288,597      1,013,301    144,301

869,000$              288,597$          1,013,301$            144,301$           
THICKENER & TAILINGS LINES

Hazardous Materials Removal 22,577 16,452        16,452         -6,125
Tailings Thickener 377,423 93,633        107,179       -270,244

400,000$              110,085$          123,631$               (276,369)$          Demolition has taken less manpower than expected.  Effective demolition contractor.
GARROW LAKE

Garrow Lake Siphons & Lake Drawdown 120,391 195,965      195,965       75,574
Dam/Spillway Modifications 95,467 175,411      348,820       253,353
Escalation Allowance 3,142 -               -3,142

219,000$              371,376$          544,785$               325,785$           
CRF PLANT STRUCTURE & EQUIPMENT

CRF Plant Equipment Clean-Up 7,002 1,040          1,040           -5,962
CRF Plant Equipment Removal 17,533 9,406          9,406           -8,127
CRF Plant Buildings Demolition 130,455 23,497        23,497         -106,958
Misc Sub Contract Costs 11,010 46,766        48,990         37,980

166,000$              80,709$            82,933$                 (83,067)$            Demolition has taken less manpower than expected.  Effective demolition contractor.
ACCOMMODATION COMPLEX STRUCTURE & EQUIPMENT

Accommodation Complex Building Demolition 249,000 10,211        210,360       -38,640
249,000$              10,211$            210,360$               (38,640)$            

FUEL STORAGE & HANDLING EQUIPMENT
Miscellaneous Materials 3,681 2,531          2,531           -1,150
Purge & Decommission Fuel Tanks 53,404 293,828      365,149       311,745
Hazardous Materials Removal 50,645 235,782      277,701       227,056
Fuel Pumping & Distribution Systems 87,270 156,390       69,120

195,000$              532,141$          801,771$               606,771$           
BUILDINGS & CONTAINERS

Miscellaneous Materials 1,323 -               -1,323
Misc Warehouse / Shipping Equipment 1,221 3,292          3,292           2,071
Misc Buildings Demolition 250,456 35,398        251,956       1,500

253,000$              38,690$            255,248$               2,248$               
MISC CONTRACTOR LABOUR

Unallocated Labour 133,000 61,059        61,059         -71,941
133,000$              61,059$            61,059$                 (71,941)$            Costs for this code are being experienced in other areas instead of here.

GENERAL SITE GRADING
Hazardous Materials Removal 44,719 21,622        184,473       139,754
General Site Grading & Reclamation 7,129 215,760      307,552       300,423
Escalation Allowance 4,152 -               -4,152

56,000$               237,382$         492,025$              436,025$          Ongoing road maintenance is much greater than budgeted.  No scope change

POLARIS MINE DECOMMISSIONING, RECLAMATION AND MONITORING COST ESTIMATE
4th QUARTER 2003 UPDATE

Evacuation and cleaning of tanks has cost much more than expected to date.  Work 
being done by a specialized contractor.

COST VARIANCES

Handling of contamianted soils is taking more time than expected due to productivity 
and increased quantities.

Design drawings have identified work not included in budget.  Siphoning of the lake 
required more siphons and maintenance that forecast.  Initial excavation of dam is more

DEC 31, 2003 FORECAST FINAL  
BUDGET CLAIMED TO DATE PROJECT COST
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COMMENTS
By Code Subtotals By Code Subtotals By Code Subtotals By Code Subtotals

POLARIS MINE DECOMMISSIONING, RECLAMATION AND MONITORING COST ESTIMATE
4th QUARTER 2003 UPDATE

COST VARIANCES
DEC 31, 2003 FORECAST FINAL  

BUDGET CLAIMED TO DATE PROJECT COST

LANDFILL RECLAMATION
Landfill Reclamation 432,000 807,804      886,544       454,544

432,000$              807,804$          886,544$               454,544$           Scope of work has not changed.  Underbudgeted unit costs here.
CONTAMINATED SOILS - CLEANUP

Metals & Hydrocarbon Contaminated Soils Cleanup & Disposa 366,623 1,135,061   1,696,023    1,329,400
Hydrocarbon Contaminated Soils (By Polaris) 6,097 13,131        13,131         7,034
Metals Contaminated Soils (By Polaris) 173,605 52,382        52,382         -121,223
U/G Handling & Disposal Of Contaminated Soils 48,675 435,455      659,993       611,318

595,000$              1,636,029$       2,421,529$            1,826,529$        Volumes of contaminated soils have substantially increased from budget
QUARRIES & MINE SURFACE RECLAMATION (EARTHWORK)

Backfill & Re-Contouring 263,000 179,158      502,127       239,127
263,000$              179,158$          502,127$               239,127$           

MISC.  DEMOLITION & CLEAN-UP
Misc Unallocated Clean-Up / Demo 380,000 41,483        41,405         -338,595

380,000$              41,483$            41,405$                 (338,595)$          Demolition has been proceeding much better than planned.
EQUIPMENT PURCHASE/RENTAL

Contractor Equipment Rental 5,274,900 3,370,804   5,037,786    -237,114
Contractor Misc Equipment Purchase 719,407 432,906      432,906       -286,501
Escalation Allowance 59,693 -               -59,693

6,054,000$           3,803,710$       5,470,692$            (583,308)$          
MISC.  SERVICES & SUPPLIES

Misc Purchased Materials / Supplies 235,333 166,943      166,943       -68,390
Escalation Allowance 19,667 -               -19,667

255,000$              166,943$          166,943$               (88,057)$            
FUEL

Fuel Supply 3,294,536 4,216,186   4,216,186    921,650
Fuel Taxes (Heating & Power Generation) 68,677 99,727         31,050
Fuel Taxes (Equipment) 467,343 412,415      677,493       210,150
Escalation Allowance 157,444 -               -157,444

3,988,000$           4,628,601$       4,993,406$            1,005,406$        Increased soils quantities are resulting in increase fuel usage
MAINTENANCE OF EQUIPMENT & FACILITIES

Mobile Equip Maintenance 1,296,759 4,590,733   5,645,832    4,349,073
Building Maintenance 506,923 1,519,163   2,233,674    1,726,751
Escalation Allowance 101,318 -               -101,318

1,905,000$           6,109,896$       7,879,506$            5,974,506$        
PRE - PURCHASED EQUIPMENT (BY COMINCO)

Construction Equipment - Purchase (By Owner) 541,000 541,271      541,271       271
541,000$              541,271$          541,271$               271$                  

CONTRACTOR'S FIELD SUPPORT & SUPPLIES
TRANSPORTATION (SHIPPING)

Packing & Preparation 85,326 60,035        70,035         -15,291
Shipping Costs 948,661 1,583,252   2,343,952    1,395,291
Escalation Allowance 78,013 -               -78,013

1,112,000$           1,643,287$       2,413,987$            1,301,987$        
CONTRACTOR MOB, DEMOB & SUPERVISION

Contractor Mob/Demob 61,883 99,988        233,463       171,580
Contractor Supervisory/Admin Personnel 2,127,339 2,432,983   3,787,759    1,660,420
Safety Services & Supplies 36,000 272,192      356,848       320,848
Misc Temporary Services / Modifications 223,824 930,603      1,359,454    1,135,630
Escalation Allowance 13,954 -               -13,954

2,463,000$           3,735,766$       5,737,524$            3,274,524$        
MISC.  SERVICES & SUPPLIES

Communications & TV 374,000 105,302      196,235       -177,765
Escalation Allowance 31,000 -               -31,000

405,000$              105,302$          196,235$               (208,765)$          Anticipated higher communication costs than being experienced.
ACCOMODATIONS

Catering 1,487,166 1,468,033   2,154,395    667,229
Escalation Allowance 122,834 -               -122,834

1,610,000$           1,468,033$       2,154,395$            544,395$           Increased manpower levels have increased catering/housekeeping costs.
TRAVEL & PERSONNEL

Travel (Airfares & Expenses) 1,552,881 2,691,525   4,381,247    2,828,366
Travel Premium - Revised Rotation Schedule 1,072,773 -               -1,072,773
Misc Personnel Transport 72,274 168,527      246,505       174,231
Escalation Allowance 575,072 -               -575,072

3,273,000$          2,860,052$      4,627,752$           1,354,752$       

Additional soils quantities require additional manpower and supervision.  Contractor is 
also using more supervisors than would in the south for supvervising crews.

Unit costs for air travel has increase beyond normal escalation rates, poor weather has 
added to layover costs and increase crew levels has increased the number of 
passengers traveling.

Obtained better unit rates for equipment rental than budgeted and have had to purchase
less other equipment than anticipated (i.e. made better use of surplus mine equipment 
than planned)

Single biggest variance due to a combination of underestimating cost per hour of 
maintenance plus additional quantity of contaminated soils means equipment is used 
more and later into the fall which is hard on the equipment.

Transportation unit costs are higher than budgeted as well as increased quantities due 
to additional soils volumes (increased parts / supplies required to be shipped)

General site contouring is taking more labour than expected.  Was a hard item to 
quantify for budget purposes as it is a subjective item (i.e. no quantities to base 
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COMMENTS
By Code Subtotals By Code Subtotals By Code Subtotals By Code Subtotals

POLARIS MINE DECOMMISSIONING, RECLAMATION AND MONITORING COST ESTIMATE
4th QUARTER 2003 UPDATE

COST VARIANCES
DEC 31, 2003 FORECAST FINAL  

BUDGET CLAIMED TO DATE PROJECT COST

CONTRACTOR INDIRECTS
HO MOB & DEMOB SUPPORT

Mob & Demob 1,912,000 1,526,300   1,912,376    376
1,912,000$           1,526,300$       1,912,376$            376$                  

CONTRACTOR MANAGEMENT SUPPORT
Personnel 3,928,932 2,391,496   3,928,932    0
Safety & First Aid Personnel to Provide Overlap 184,068 111,792      183,644       -424

4,113,000$           2,503,288$       4,112,576$            (424)$                 
OTHER CONTRACTOR INDIRECTS

Contractor's General Indirects 4,952,000 4,435,584   5,121,490    169,490
4,952,000$           4,435,584$       5,121,490$            169,490$           Contractors offsite costs increasing due to increased work load on site.

ENGINEERING / PROJECT MANAGEMENT
ENVIRONMENTAL SITE ASSESMENT

Environmental Consultants - Site Assesment 275,787 300,113      318,777       42,990
Site Assessment - Unallocated 207,874 105,263      191,524       -16,350
Escalation Allowance 2,339 -               -2,339

486,000$              405,376$          510,301$               24,301$             
CLOSURE PLAN

Environmental Consultants - Closure Plan 415,772 372,272      372,272       -43,500
Escalation Allowance 2,228 -               -2,228

418,000$              372,272$          372,272$               (45,728)$            
ENGINEERING / SPECIAL CONSULTANTS

Design Consultants - Dock / Loadout 1,316 1,413          1,413           97
Design Consultants - Tailings / Garrow Lake 3,520 3,515          3,515           -5
Design Consultants - Dock / Loadout 79,684 65,354        79,994         310
Design Consultants - Tailings / Garrow Lake 54,780 45,328        45,328         -9,452
Sitework & Demolition Procedures - Design Services 18,300 14,465        55,400         37,100
Escalation Allowance 2,400 -               -2,400

160,000$              130,075$          185,650$               25,650$             
PROJECT MANAGEMENT CONSULTANT (HO STAFF)

Project Management - Salaries 411,069 866,433      1,093,738    682,669
Project Management - Reimb Expenses 100,000 58,182        82,378         -17,622
Escalation Allowance 31,931 -               -31,931

543,000$              924,615$          1,176,116$            633,116$           Complexities in dealing with contractor has increase work load of project manager.
CONSTRUCTION MANAGEMENT (FIELD STAFF)

Construction Management - Salaries 2,142,878 1,160,877   1,746,990    -395,888
Escalation Allowance 179,122 -               -179,122

2,322,000$           1,160,877$       1,746,990$            (575,010)$          On site environmental personnel have helped reduce personnel requirements  here.
ENVIRONMENTAL TESTING AND SAMPLING

Environmental Reclamation Supervision - Staff 337,123 330,866      668,060       330,937
Escalation Allowance 29,550 -               -29,550
Environmental Reclamation Supervision - Testing 330,000 103,895      239,060       -90,940
Additional Sampling and Consultant Services (MMER) 0 165,670      396,192       396,192
Escalation Allowance 26,327 -               -26,327

723,000$              600,431$          1,303,312$            580,312$           Are using higher personnel levels due to increased soild quantities.
OWNER'S COSTS

SALARIES & EXPENSES
Teck Cominco HO Proj Mgmnt (Staff Lab) 374,631 353,762      563,132       188,501
Teck Cominco HO Proj Mgmnt (Misc Material & Exp) 199,149 136,732      178,333       -20,816
Escalation Allowance 34,220 -               -34,220

608,000$              490,494$          741,465$               133,465$           Work loads for proejct personnel have been higher than expected.
OVERHEAD / HO SUPPORT

Land Leases, Licences 175,000 96,949        237,603       62,603
Miscellaneous Permits 45,000 11,118        14,222         -30,778
Insurance 445,900 91,332        174,310       -271,590
Property Taxes 495,000 119,705      495,000       0
Home Office General Admin (Labour & Exp) 722,384 16,150        30,000         -692,384
Public Relations 74,292 58,718        74,292         0
Legal 57,540 48,021        68,431         10,891
Escalation Allowance 168,560 -               -168,560
Misc Owner's Overhead 6,324 13,882        13,882         7,558

2,190,000$           455,875$          1,107,740$            (1,082,260)$       
GENERAL ADMIN

Closure Management - Polaris Personnel 54,000 -               -54,000
Escalation Allowance 2,880 -               -2,880
Closure Wrap Up 5,120 34,327        45,667         40,547

62,000$               34,327$           45,667$                (16,333)$           

Home office support has been less than anticpated.  Offset somewhat by project 
management personnel
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By Code Subtotals By Code Subtotals By Code Subtotals By Code Subtotals

POLARIS MINE DECOMMISSIONING, RECLAMATION AND MONITORING COST ESTIMATE
4th QUARTER 2003 UPDATE

COST VARIANCES
DEC 31, 2003 FORECAST FINAL  

BUDGET CLAIMED TO DATE PROJECT COST

POST RECLAMATION COSTS (2005 - 2011)
SITE MONITORING AND HOLDING COSTS

Annual Post Closure Environmental Monitoring (2005 to 2011) 510,000     -             510,000       0

Final Sampling Program, Data Evaluation and Reporting in 2011 160,000     -             160,000       0
Land Lease/Licence costs from 2005 to 2011 126,000     -             126,000       0
Property Taxes - 2005 to 2011 70,000       -             70,000         0
Escalation Allowance 135,000 -             135,000       0

1,001,000$           -$                 1,001,000$            -$                   
UNALLOCATED

Uncoded Forecast Cost Adjustments (Net) -            (310)           133,272 133,272
-$                      (310)$               133,272$               133,272$           These costs will be distributed as the job proceeds.

47,500,000$        43,655,492$    62,311,705$         14,811,705$     TOTAL DECOMMISSIONING / RECLAMATION & MONITORING COSTS
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APPENDIX 5 
 
 
 
 

RECORD OF DEBRIS PLACED  
 

INTO 
 

LITTLE RED DOG QUARRY LANDFILL 



 
 
 
 

PLACEMENT OF DEBRIS INTO LRD QUARRY LANDFILL  
 

4th QUARTER, 2003 
 
 
DRAWING OF WASTE PLACEMENT 
Very little debris was placed into Little Red Dog Quarry Landfill (LRDQL) during the quarter.  
Demolition of the Concentrate Storage Shed and Barge were completed in the previous quarter.  The 
attached drawing indicates the areas where debris was placed to the end of the year.  The locations 
represent the final placement locations and not temporary staging areas.  The drawing also includes 
locations of debris placed prior to the beginning of the quarter where the debris was placed at the same 
elevation in the quarry.   
 
The drawing represents the Third Lift (L3) of debris in the quarry.  This lift is being placed into Bench 6 
of Little Red Dog Quarry Landfill (‘LRDQL’).  The drawing indicates Blue for the debris placed in the 4th 
Quarter.  The red colour is the position at the end of the 3rd Quarter as previously submitted.  Each area is 
dated, for example ‘L3 – 2003 – 12’ represents Lift 3, for the month of December, 2003.   
 
While there was very little debris placed during the quarter efforts to reduce the sizes of previously placed 
hull sections resulted in debris being cut off and spread out over the remained of Lift 3. 
 
 
RECORD OF WASTE SOURCE/VOLUME & TYPE 
Following the placement drawings are records from each month showing the source of the debris, where 
it was hauled to, the quantity and the type of debris.  As previously stated, little debris was land filled 
during the quarter. 
 
 
VERIFICATION OF HYDROCARBON REMOVAL 
There was no equipment that required hydrocarbon removal during the period.   
 
PHOTOGRAPHIC RECORD 
As specified in the Closure Plan, a photographic record of debris placement is being maintained.  
Attached to this appendix are pictures of typical debris being placed in LRDQL.  As there was little debris 
placed into LRDQL during the quarter, fewer pictures were taken than in the previous two quarters.  Lack 
of light prevented pictures from being taken in December.   
 
 
 





Date Origin Location Disposal Location Material Quantity (m3)
1-Oct-03 Storage building L.R.D. Steel 12
8-Oct-03 Dock L.R.D. Steel 30

16-Oct-03 Shoreline L.R.D. Steel 15
17-Oct-03 North Portal L.R.D. Steel 10
19-Oct-03 Barge L.R.D. Steel 13
6-Nov-03 North Portal L.R.D. Wood / Wallboard 10

13-Nov-03 Storage building L.R.D. Steel 160
15-Nov-03 Burn Pit L.R.D. Wood / Wallboard 10

POLARIS MINE DEBRIS DISPOSAL IN LITTLE RED DOG QUARRY LANDFILL - 4th QUARTER 2003













 
 
 
 
 

APPENDIX 6 
 
 
 
 

RECORD OF PLACEMENT OF 
 

METALS / HYDROCARBON CONTAMINATED SOILS 
 

UNDERGROUND IN THE MINE 
 



 
 
 

POLARIS MINE 
 

4TH QUARTER, 2003 CONTAMINATED SOILS VOLUMES UPDATE 
 
Due to increasing quantities of contaminated soils being discovered as remedial activities 
progressed, late in the fall of 2003 TCL directed GLL to conduct additional assessment of 
remaining soils contamination.  This was necessary to confirm project scheduling and to 
assess whether there was adequate storage capacity within the mine for disposal of the 
remaining contaminated soils to be remediated.  A drilling program was undertaken to 
obtain this information.  In addition, remedial excavations that were underway provided 
information on zones of contamination as well as confirming boundaries of 
contamination.  GLL also reviewed other existing assessment data in conjunction with 
the new information collected to update their evaluation of contaminated soils volumes.  
This review resulted identification of increased quantities of contaminated soils and the 
submission of TCL’s letter to the NWB and INAC (dated December 19, 2003) requesting 
authorization to store metals contaminated soils in LRDQL, and to store the increased 
quantities of hydrocarbon contamination into the underground mine workings. 
 
In response to an earlier request to store increased quantities of hydrocarbon 
contaminated soils in the underground mine workings, approval was received from the 
NWB and INAC (dated December 23, 2003).  The approval contained a requirement to 
update the following information to the end of the 3rd Quarter, 2003 in a table: 

• The original volumes of contaminated materials identified in the DRP 
• The quantities of soils disposed of to date. 
• The predicted volume of soils yet to be disposed of.  
• The volume of the mine workings filled with contaminated soils to 

date and, 
• The usable volume of the mine remaining available. 

 
The two attached tables (Table 1 and Table 2) provide the above requested information.  
The information was updated to the end of December 2003 to make the information more 
current. 
 
Table 1 lists the original estimates of quantities of contaminated soils as presented in the 
Decommissioning and Reclamation Plan (DRP), the volumes excavated to-date, and the 
forecast volume of contaminated soils remaining to be remediated.  The volumes of 
contaminated soils presented in the DRP were limited to areas where assessments had 
been completed to a degree that GLL felt they had sufficient information to estimate a 
quantity.  There were a number of areas where contaminated soils were known to exist 
but assessments had not been completed (i.e. sufficiently to propose the quantities) at the 
time the DRP was issued.  This information was contained in the DRP.  In Table 1 these 
areas are noted as ‘TBA’.  All of the volumes listed in Table 1 are ‘in-situ’ volumes.  The 
forecast volumes of contaminated soils remaining to be excavated are considered to be 



‘conservative’ values and TCL expects that actual volumes will be less than the quantities 
presented.  As TCL has had to request increases in the volumes authorized previously, 
TCL wanted to ensure that current forecasts represent the ‘worst case’ and that the 
likelihood of exceeding these volumes was remote.   
 
Table 2 presents the forecast volumes of soils to be remediated in both ‘in-situ’ volumess 
and in ‘loose’ volumes.  The volumes to be disposed of are best represented as ‘loose’ 
volumes when comparing them to the available volume remaining in the underground 
mine workings.  It should also be noted that the total space available in the mine was 
reduced by 25% to reflect that full utilization of the space is not practical. 
 
 



Hydrocarbons Metals Hydrocarbons Metals Hydrocarbons Metals Hydrocarbons Metals
Acommodations Complex 500                     -              -                    -            2,400              -            2,400               -             

Concentrat Storage Shed Area Note 1 Note 1 -                    24,314       -                 17,000       -                  41,314       

East of Concentrate Shed -                      -              -                    34,038       -                 5,000         -                  39,038       

Foldaways and Lube Storage Pad 2,000                  -              -                    -            25,000            2,000         25,000             2,000         

Snow Dumps -                      3,500          -                    3,541         -                 10,000       -                  13,541       

Firehall Area 2,000                  -              1,485                -            5,000              5,000         6,485               5,000         

5Dock Cells -                      -              12,210              -            200                 -            12,410             -             

North Shore and Barge Area 20,000                85,000        28,314              30,827       45,000            5,000         73,314             35,827       

CRF Plant Area 100                     -              40                     -            -                 -            40                    -             

Exploration Stockpile Area TBA -                    11,028       -                 -            -                  11,028       

Fuel Bladder Storage Area 12,000                -              12,513              -            -                 -            12,513             -             

June 2002 Fuel Spill Note 2 -              4,080                -            -                 -            4,080               -             

Old Crusher -                      TBA -                    1,079         -                 -            -                  1,079         

North Portal Pb Ore Storage Area -                      TBA -                    11,352       -                 -            -                  11,352       

Quonset Huts TBA -              -                    -            -                 -            -                  -             

Tails Thickener Area / Tailings Lines TBA 3,000          -                    2,183         -                 -            -                  2,183         

Miscellaneous -                      -              628                   110            -                 -            628                  110            

TOTALS 36,600                91,500        59,270              118,472     77,600            44,000       136,870           162,472     
TOTAL CONTAMINANTS

Notes: 
  Note 1 - DRP estimated metals contaminated soils in the Concentrate Storage Area and the Barge area together as one quantity.
  Note 2 - this fuel spill ocurred after the DRP was issued so there was not estimate for it.
  Note 3 - the term 'Estimated' is used because until work is completed in an area, data is based on truck counts' which is based on truck 
               drivers correctly reporting the number of loads and assumptions on average load capacities are required.  Once work in an area
               has been completed, a detailed survey is conducted to accurately determine final volumes excavated.
  Note 4 - Forecast volumes estimated are based on 'worst' case estimates rather than on a 'most' likely basis to be conservative for planning purposes.
  Note 5 - Metals contaminated soils removed from the dock were recorded with soils from the 'North Shore and Barge Area' volumes.
Abreviations:
  DRP - Decommissioning and Reclamation Plan
  TBA - Areas identified in the DRP as being contaminated but no estimate of volumes were made as investigations were not complete.
  LRDQL - Little Red Dog Quarry Landfill

TABLE 1
POLARIS MINE - CONTAMINATED SOILS QUARTERLY FORECAST

AS OF DECEMBER 31, 2003

Forecast Volumes
ContaminatedRemaining To Be

To Date Excavated

4Total Volumes

Soils

DRP Forecast 3Estimated Volumes

(m3 in-situ volume) (m3 in-situ volume)

Excavated
Excavated

Volumes To Be

299,342                                121,600                              177,742                                

(m3 in-situ volume)

Contaminated Soil Locations

128,100                                   

(m3 in-situ volume)



Temporary
Stockpiles

To Be Disposed
(m3 loose volume)

Date Hydrocarbons Metals Hydrocarbons Metals Metals USED
2REMAINING USED

3REMAINING

31-Dec-03 77,600                 44,000     93,120                  52,800              30,000                            -                215,000        177,290             128,000                         

Notes:
  1 - Used 20% swell factor from in-situ volume to loose volume
  2 - Approximate space remaining to fill LRDQL to the top of Bench 5.  If required additional volume is available in LRDQL
  3 - Used 75% of void space available in mine to adjust for filling efficiencies

TABLE 2

Forecast Volumes
Remaining To Be DISPOSAL VOLUMES

(m3 loose volume)

(m3 in-situ volume) UNDERGROUND

POLARIS MINE - CONTAMINATED SOILS FORECAST AS OF DECEMBER 31, 2003

Excavated
1(m3 loose volume)

Remaining To Be
Excavated

Forecast Volume

LRDQL































 
 
 

APPENDIX 7 
 
 
 
 

SUMMARY OF  
 

EFFLUENT MONITORING  
 

AND  
 

EFFLUENT CHARACTERIZATION 



Teck Cominco Ltd. / Environment and Corporate Affairs 
Bag 2000/Kimberley, British Columbia, Canada V1A 3E1 ⋅ Tel: 250-427-8405 ⋅ Fax: 250-427-8451 ⋅ Email: bruce.donald@teckcominco.com 

  
 
 
 
 

           Bruce J. Donald 
January 26, 2003          Reclamation Manager 
 
 
 
 
 
Prairie & Northern Region 
Environment Canada 
Room 200, 4999 98th Ave. 
Edmonton, AB  T6B 2X3 
 
Attention: Peter Blackall, Regional Director of Environmental Protection 
 
 
 
Dear Sir; 
 
 
Re: Polaris Mine – 2003 4th Quarter Metal Mining Effluent Regulations Report 
 
Despite having a designated discharge location for effluent identified under Section 9 of the MMER, there was no 
discharge from the Garrow Lake Tailings Impoundment Area during the period October 1, 2003 to December 31, 
2003.  Only the 3rd Quarter had discharge to report.  While there is no data to report other than that there was no 
effluent discharge, I have completed the monitoring report as required by the regulations and have attached it to 
this letter.   
 
In preparation of the 4th Quarter report, a review of the information submitted with the 3rd Quarter report identified 
errors in Schedule 4.  The despite reporting the effluent quality, the flow data was omitted.  Please find attached a 
corrected 3rd Quarter report that includes the previously missing flow data. 
 
If you have any questions regarding the quarterly report or aspects of the application of the MMER to the Polaris 
Mine, please feel free to contact me at any time. 
 
 
 
 
 
Yours truly, 
 
 
Bruce Donald 
 
Attachments:  (2) - 4th Quarter 2003 Monitoring Report & Revised 3rd Quarter 2003 Monitoring Report 
 
cc:   
 Walter Kuit (Teck Cominco Limited) 
 Polaris Mine Site Files 
 Randy Baker (Azimuth Consulting Group) 



 

 
 
 
 

POLARIS MINE – MMER MONITORING REPORT 
 
 

4th QUARTER 2003 
 

 
 
 
 
APPENDIX A  

i. Information specified by Section 8.1 of Reference Method EPS 1/Rm/13 
 
 
APPENDIX B  

i. Information specified by Section 8.1 of Reference Method EPS 1/Rm/14 
 
 
APPENDIX C  

i. Concentration & monthly mean concentrations of each deleterious substance of Schedule 4 
ii. pH of the effluents samples as required by subsection 12(1) 
iii. Description of sample collection method 
iv. Total volume of effluent deposited during each month of the quarter as per section 19 
v. Mass loading of the deleterious substances set out in Schedule 4 and as per section 20 

 
 
APPENDIX D 

i. Results of the effluent characterization as per paragraph 15(1)(a) 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 



 

 
 

Reporting Requirements for Reference Method EPS 1/RM/13 
 

Section 8.1.1 Effluent 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• No sampling conducted as there was no effluent discharge during the quarter. 

iii. Type of sample 
• No sampling conducted as there was no effluent discharge during the quarter  

iv. Brief description of sampling point 
• Discharge point of siphon at Garrow Lake dam 

v. Sampling method 
• No sampling conducted as there was no effluent discharge during the quarter  

vi. Name of person submitting samples 
• No sampling conducted as there was no effluent discharge during the quarter 

 
Section 8.1.2 Test Facilities and Conditions 

i. Test type & method 
• No testing conducted as there was no effluent discharge during the quarter 

ii. Indications of deviations from requirements in Sections 2 to 7 of Method EPS 1/RM/13 
• No deviations to report as there was no testing conducted during the quarter 

iii. Name and city of testing laboratory 
• No laboratory used during the quarter 

iv. Percent mortality of fish in stock tank(s) 
• None to report.  There were no tests conducted during the period 

v. Species of test organism 
• None to report as there were no tests conducted during the period 

vi. Date and time for start of definitive test 
• None to report as there were no tests conducted during the period 

vii. Person(s) performing the test and verifying the results 
• No tests performed during the quarter 

viii. pH, temperature, dissolved oxygen, and conductivity of unadjusted, undiluted effluent 
• No data to report as there were no tests conducted during the period 

ix. Confirmation that no adjustment of sample or solution pH occurred 
• No adjustment to report as there were no tests conducted during the period 

x. Indication of aeration of test solutions before introduction of fish 
• None to report as there were no tests conducted during the period 

xi. Concentrations and volumes tested 
• No data to report as there were no tests conducted during the period 

xii. Measurements of dissolved oxygen, pH and temperature 
• No data to report as there were no tests conducted during the period 

xiii. Number of fish added to each test vessel 
• No fish added as there were no tests conducted during the period 

xiv. Mean and range of fork length of control fish at end of test 
• No data to report as there were no tests conducted during the period 

xv. Mean wet weight of individual control fish at end of the test 
• No data to report as there were no tests conducted during the period 

xvi. Estimated loading density of fish in test solutions 
• No data to report as there were no tests conducted during the period 

 



 

 
 
 
 

Reporting Requirements for Reference Method EPS 1/RM/13 - Continued 
 
 
 
 
Section 8.1.3 Results 

i. Number of mortalities of fish in each test solution 
• None to report.  No tests conducted during the period 

ii. Number of control fish showing atypical/stressed behaviour 
• None to report.  No tests conducted. 

iii. Mean mortality rate in solutions of effluent and control water 
• None to report.  No tests conducted 

iv. Estimate of 96-h LC50 in multi-concentration tests 
• No data to report.  No tests conducted 

v. Most recent 96-h LC50 for reference toxicity test(s) 
• No data to report.  No tests conducted 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 



 

 
 
 
 

Reporting Requirements for Reference Method EPS 1/RM/14 
 
Section 8.1.1 Effluent 

i. Name & location of operation generating the effluent  
• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• No sampling conducted as there was no effluent discharge during the quarter. 

iii. Type of sample 
• No sampling conducted as there was no effluent discharge during the quarter  

iv. Brief description of sampling point 
• Discharge point of siphon at Garrow Lake dam 

v. Sampling method 
• No sampling conducted as there was no effluent discharge during the quarter  

vi. Name of person submitting samples 
• No sampling conducted as there was no effluent discharge during the quarter 

 
Section 8.1.2 Test Facilities and Conditions 

i. Test type & method 
• No testing conducted as there was no effluent discharge during the quarter 

ii. Indications of deviations from requirements in Sections 2 to 7 of Method EPS 1/RM/13 
• No deviations to report as there was no testing conducted during the quarter 

iii. Name and city of testing laboratory 
• No laboratory used during the quarter 

iv. Species of test organism 
• None to report as there were no tests conducted during the period 

v. Date and time for start of definitive test 
• None to report as there were no tests conducted during the period 

vi. Person(s) performing the test and verifying the results 
• No tests performed during the quarter 

vii. pH, temperature, dissolved oxygen, and conductivity of unadjusted, undiluted effluent 
• No data to report as there were no tests conducted during the period 

viii. Confirmation that no adjustment of sample or solution pH occurred 
• No adjustment to report as there were no tests conducted during the period 

ix. Indication of any adjustment of hardness of effluent sample 
• No adjustment to report as there were no tests conducted during the period 

x. Indication of any aeration of sample 
• No indication to report as there were no tests conducted during the period 

xi. Concentrations and volumes tested 
• No data to report as there were no tests conducted during the period 

xii. Measurements of dissolved oxygen, pH and temperature 
• No data to report as there were no tests conducted during the period 

xiii. Estimates of time to first brood, average number of neonates per brood, and percent mortality during the 
seven-day period prior to the test 
• No data to report as there were no tests conducted during the period 

xiv. Number of neonates per test vessel and milliliters of solution per daphnid 
• No data to report as there were no tests conducted during the period 

 
 



 

 
 
 
 
 
 

Reporting Requirements for Reference Method EPS 1/RM/14 - Continued 
 
 
Section 8.1.3 Results 

i. Number of dead and/or immobile daphnids in each test solution including controls 
• No data to report.  No tests conducted during the period. 

ii. For single-concentration test the number of daphnids dead in each of three replicate effluent solutions and 
in each of three replicate control solutions at end of test.  Also report the mean value. 
• No data to report.  No tests conducted during the period. 

iii. Estimate of 48-h LC50 and 95% confidence limits in multi-concentration tests, 48-h EC50 for 
immobilization and 95% confidence limits, indication of statistical method on which results are based. 
• No data to report.  No tests conducted during the period 

iv. Most recent 48-h LC50 for reference toxicant test(s), reference chemical(s), date test initiated, historic 
geometric mean LC50 and warning limits. 
• No data to report.  No tests conducted during the period. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 



Sample Taken
During The Date Collection

Week of Sample Taken Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2261 pH1 Method
06-Oct-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

13-Oct-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

20-Oct-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

27-Oct-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

03-Nov-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

10-Nov-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

17-Nov-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

24-Nov-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

01-Dec-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

08-Dec-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

15-Dec-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

22-Dec-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

29-Dec-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

Note1 - All concentrations are in mg/L except Radium 226 which is Bq/L and pH which is in pH units
Note 2  -  "na" refers to no effluent discharge to sample

Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 226
na2 na2 na2 na2 na2 na2 na2 na2

na2 na2 na2 na2 na2 na2 na2 na2

na2 na2 na2 na2 na2 na2 na2 na2

Note1 - All concentrations are in mg/L except Radium 226 which is Bq/L
Note 2  -  "na" refers to no effluent discharge to sample
Note3 - Monthly Mean Concentrations - the MEAN value of the concentrations measured in all water samples collected
           during each month when a deleterious substance is deposited.        

2003 4th QUARTER MMER REPORT
LOCATION - FINAL DISCHARGE POINT FROM GARROW LAKE (GARROW LAKE DAM SIPHONS)

CONCENTRATIONS OF EFFLUENT FOR MMER SCHEDULE 4 SAMPLED WEEKLY

DELETERIOUS SUBSTANCE (mg/L)1

MONTHLY MEAN CONCENTRATIONS OF EFFLUENT FOR MMER SCHEDULE 4

MONTHLY MEAN CONCENTRATION1 OF DELETERIOUS SUBSTANCE3

MONTH OF
July/03

August/03
September/03



Sample Taken Average Daily
During The Date Flow Rate

Week of Sample Taken Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2261 (m3/day)
06-Oct-03 na2 0 0 0 0 0 0 0 0 0
13-Oct-03 na2 0 0 0 0 0 0 0 0 0
20-Oct-03 na2 0 0 0 0 0 0 0 0 0
27-Oct-03 na2 0 0 0 0 0 0 0 0 0
03-Nov-03 na2 0 0 0 0 0 0 0 0 0
10-Nov-03 na2 0 0 0 0 0 0 0 0 0
17-Nov-03 na2 0 0 0 0 0 0 0 0 0
24-Nov-03 na2 0 0 0 0 0 0 0 0 0
01-Dec-03 na2 0 0 0 0 0 0 0 0 0
08-Dec-03 na2 0 0 0 0 0 0 0 0 0
15-Dec-03 na2 0 0 0 0 0 0 0 0 0
22-Dec-03 na2 0 0 0 0 0 0 0 0 0
29-Dec-03 na2 0 0 0 0 0 0 0 0 0

Note1 - Mass Loading is in kilograms per day of the deleterious substance deposited except Radium 226 which is in Bq per day
Note 2  -  "na" refers to no effluent discharge to sample

Average Weekly Total Monthly
Flow Rate3 Volume4

Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2262 (m3/week) (m3/month)
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Note1 - Total Mass Loading for Calendar month calculated by multiplying the Average Daily Mass Loading for the Month x # days in the month
Note2 - Mass loading units are in kg per month except Radium 226, which is in Bq permonth
Note3 - Average Weekly Flow Rate calculated by multiplying Average Daily Flow Rate x 7 days per week
Note4 - Total Monthly Volume calculated by multiplying Average Daily Flow Rate for the month x days in month

MASS LOADING OF DELETERIOUS SUBSTANCE FOR EACH DAY SAMPLED

DAILY MASS LOADING OF DELETERIOUS SUBSTANCE (kg/day)1

MASS LOADING PER CALENDAR MONTH FOR EACH DELETERIOUS SUBSTANCE

November/03
December/03

CALENDAR MASS LOADING1 FOR DELETERIOUS SUBSTANCE (kg/month)2

MONTH OF
October/03



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 
 
 



 

 
 
 
 
 

RESULTS OF EFFLUENT CHARACTERIZATION 
 

AS PER PARAGRAPH 15(1)(a) 
 
 
 
No effluent samples were collected during the 4th Quarter of 2003 as there was no effluent discharge. 
No Acute Lethality Testing conducted during the quarter as there was no effluent being discharged. 
 
 
 
 
 
 
 
 



 

 

POLARIS MINE – MMER MONITORING REPORT 
 
 

REVISED 3rd QUARTER 2003 
 

 
 
 
 
APPENDIX A  

i. Information specified by Section 8.1 of Reference Method EPS 1/Rm/13: 96 hr acute rainbow trout test 
 
 
APPENDIX B  

i. Information specified by Section 8.1 of Reference Method EPS 1/Rm/14: 72 hr acute Daphnia magna test 
 
 
APPENDIX C  

i. Information specified in Schedule 5 of the MMER (June 2002) for Reference Method EPAW 95-EPA 
West Coast: 7-day Topsmelt Survival and Growth Test. 

 
 
APPENDIX D  

i. Information specified in Schedule 5 of the MMER (June 2002) for Reference Method EPS 1/Rm/27-EC: 
92 hr Echinoderm (sand dollar) Fertilization Test (Annual) 

 
 
APPENDIX E  

i. Information specified in Schedule 5 of the MMER (June 2002) for Reference Method EPA/600/4-91-003, 
Method 1009.0: Algae (Champia parvula) 7-day Sublethal Growth Test (Annual). 

 
 
APPENDIX F (Mass Loadings) 

i. Concentration & monthly mean concentrations of each deleterious substance of Schedule 4 
ii. pH of the effluents samples as required by subsection 12(1) 
iii. Description of sample collection method 
iv. Total volume of effluent deposited during each month of the quarter as per section 19 
v. Mass loading of the deleterious substances set out in Schedule 4 and as per section 20 

 
 
APPENDIX G 

i. Results of the effluent characterization as per paragraph 15(1)(a) 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

96-h Acute Rainbow Trout Toxicity Test 
 



Reporting Requirements for Reference Method EPS 1/RM/13 

 

Section 8.1.1 Effluent 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for monthly acute toxicity testing were collected  
• Test 1: Wednesday July 30, 2003 - 1:00 PM 
• Test 2: Wednesday August 20, 2003 - 12:30 AM 
• Test 3: Tuesday September 16, 2003 - 5:00 PM  

iii. Type of sample 
• Final effluent water  

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 2 x 20L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  

 
Section 8.1.2 Test Facilities and Conditions 

i. Test type & method 
• 96-hour Rainbow Trout LC50 

ii. Indications of deviations from requirements in Sections 2 to 7 of Method EPS 1/RM/13 
• No deviations from requirements 
• Salinity controls were run 
• Sample water salinity was 2ppt (Test 1); 4ppt (Test 2), and 6ppt (Test 3) 

iii. Name and city of testing laboratory 
• EVS Environment Consultants, North Vancouver, BC 

iv. Percent mortality of fish in stock tank(s)  
• Test 1: 0.1% 
• Test 2: 0.1% 
• Test 3: 1% 

v. Species of test organism 
• Rainbow Trout (Oncorhynchus mykiss) 

vi. Date and time for start of definitive test 
• Test 1: Saturday August 2, 2003 - 2:00 PM 
• Test 2: Friday August 22, 2003 - 12:30 PM 
• Test 3: Friday September 19, 2003 - 5:00 PM 

vii. Person(s) performing the test and verifying the results 
• Andy Diewald, Devika Jayaweera, May Lee 

viii. pH, temperature, dissolved oxygen, and conductivity of unadjusted, undiluted effluent 
• Test 1: pH - 7.8, T - 15.0°C, DO - 10.0mg/L, C - 4100µmhos/cm 
• Test 2: pH - 7.8, T - 15.0°C, DO - 10.1mg/L, C - 6000µmhos/cm 
• Test 3: pH - 8.1, T - 16.0°C, DO - 10.0mg/L, C - 8000µmhos/cm 



Reporting Requirements for Reference Method EPS 1/RM/13 

 

ix. Confirmation that no adjustment of sample or solution pH occurred 
• Test 1: No pH adjustment 
• Test 2: No pH adjustment 
• Test 3: No pH adjustment  

x. Indication of aeration of test solutions before introduction of fish 
• Test 1: 6.5 ± 1 mL/min/L for 60mins 
• Test 2: 6.5 ± 1 mL/min/L for 90mins 
• Test 3: 6.5 ± 1 mL/min/L for 120mins 

xi. Concentrations and volumes tested 
• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Control (0%) - 12 L (test 1&2), 15 L (test 3) 
• 6.25% - 12 L (test 1&2), 15 L (test 3) 
• 12.5% - 12 L (test 1&2), 15 L (test 3) 
• 25% - 12 L (test 1&2), 15 L (test 3) 
• 50% - 12 L (test 1&2), 15 L (test 3) 
• 100% - 12 L (test 1&2), 15 L (test 3) 
• Salinity Control - 12 L (test 1&2), 15 L (test 3) 

xii. Measurements of dissolved oxygen, pH and temperature 
• Test 1: DO: 8.2 - 10.1 mg/L, pH: 7.0 - 7.8, T: 15.0 °C  
• Test 2: DO: 8.2 - 10.1 mg/L, pH: 7.1 - 7.8, T: 15.0 °C 
• Test 3: DO: 8.2 - 10.0 mg/L, pH: 6.6 - 8.1, T: 15.0 - 16.0 °C 

xiii. Number of fish added to each test vessel 
• 10 fish/ vessel 

xiv. Mean and range of fork length of control fish at end of test 
• Test 1: 42mm (40-44) 
• Test 2: 38mm (35-42) 
• Test 3: 36mm (32-40) 

xv. Mean wet weight of individual control fish at end of the test 
• Test 1: 0.57g (0.43-0.68) 
• Test 2: 0.59g (0.43-0.72) 
• Test 3: 0.50g (0.35-0.61)  

xvi. Estimated loading density of fish in test solutions 
• Test 1: 0.48g/L 
• Test 2: 0.49g/L 
• Test 3: 0.33g/L  

 
 
Section 8.1.3 Results 

i. Number of mortalities of fish in each test solution 
• Results were the same for Test 1, Test 2, and Test 3, except where noted 
• Control (0%) - 0 
• 6.25% - 0 
• 12.5% - 0  
• 25% - 0 
• 50% - 0 (test 1&2), 1 (test 3) 
• 100% - 0 
• Salinity Control - 0 



Reporting Requirements for Reference Method EPS 1/RM/13 

 

ii. Number of control fish showing atypical/stressed behaviour 
• None in Test 1, Test 2, or Test 3 

iii. Mean mortality rate in solutions of effluent and control water 
• Results were the same for Test 1, Test 2, and Test 3, except where noted 
• Control (0%) - 0% 
• 6.25% - 0% 
• 12.5% - 0%  
• 25% - 0% 
• 50% - 0% (test 1&2), 10% (test 3)  
• 100% - 0% 
• Salinity Control - 0% 

iv. Estimate of 96-h LC50 in multi-concentration tests 
• Results were the same for Test 1, Test 2, and Test 3 
• 96hr LC50 concentration > 100% effluent 

v. Most recent 96-h LC50 for reference toxicity test(s) 
• Reference toxicity tests for Toxicant: SDS 
• Test 1: (Jul-10-03) 96-h LC50 = 36mg/L SDS, 95% CL = 30-42mg/L  
• Test 2: (Aug-5-03) 96-h LC50 = 24mg/L SDS, 95% CL = 18-32mg/L 
• Test 3: (Sep-3-03) 96-h LC50 = 24mg/L SDS, 95% CL = 22-26mg/L 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

APPENDIX B 
 

72-h Acute Daphnia magna Toxicity Test 
 
 
 
 



Reporting Requirements for Reference Method EPS 1/RM/14 
 

 

Section 8.1.1 Effluent 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for monthly acute toxicity testing were collected  
• Test 1: Wednesday July 30, 2003 - 1:00 PM 
• Test 2: Wednesday August 20, 2003 - 12:30 AM 
• Test 3: Tuesday September 16, 2003 - 5:00 PM 

iii. Type of sample 
• Final effluent water 

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 2 x 20L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  
 

 
Section 8.1.2 Test Facilities and Conditions 

i. Test type & method 
• 48-hour Daphnia magna LC50 

ii. Indications of deviations from requirements in Sections 2 to 7 of Method EPS 1/RM/13 
• No deviations from requirements 
• Salinity controls were run 
• Sample water salinity was 2ppt (Test 1); 4ppt (Test 2), and 6ppt (Test 3) 

iii. Name and city of testing laboratory 
• EVS Environment Consultants, North Vancouver, BC 

iv. Species of test organism 
• Daphnia magna 

v. Date and time for start of definitive test 
• Test 1: Saturday August 2, 2003 - 2:00 PM 
• Test 2: Friday August 22, 2003 - 3:30 PM 
• Test 3: Friday September 19, 2003 - 3:15 PM 

vi. Person(s) performing the test and verifying the results 
• Andy Diewald and May Lee 

vii. pH, temperature, dissolved oxygen, and conductivity of unadjusted, undiluted effluent 
• Test 1: pH - 7.5, T - 21.0°C, DO - 8.7mg/L, C - 4100µmhos/cm 
• Test 2: pH - 7.8, T - 20.0°C, DO - 8.9mg/L, C - 9280µmhos/cm 
• Test 3: pH - 8.0, T - 19.5°C, DO - 8.7mg/L, C - 11330µmhos/cm 

viii. Confirmation that no adjustment of sample or solution pH occurred 
• Test 1: No pH adjustment 
• Test 2: No pH adjustment 
• Test 3: No pH adjustment 



Reporting Requirements for Reference Method EPS 1/RM/14 
 

 

ix. Indication of any adjustment of hardness of effluent sample 
• Test 1: No hardness adjustment 
• Test 2: No hardness adjustment 
• Test 3: No hardness adjustment 

x. Indication of any aeration of sample 
• Test 1: No pre-aeration adjustment 
• Test 2: No pre-aeration adjustment 
• Test 3: 25-50 mL/min/L for 10mins 

xi. Concentrations and volumes tested 
• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Control (0%) - 200 mL 
• 6.25% - 200 mL 
• 12.5% - 200 mL  
• 25% - 200 mL 
• 50% - 200 mL 
• 100% - 200 mL 
• Salinity Control - 200 mL 

xii. Measurements of dissolved oxygen, pH and temperature 
• Test 1: DO: 8.3 - 8.7 mg/L, pH: 7.5 - 7.9, T: 20.0 - 21.0 °C  
• Test 2: DO: 8.4 - 9.0 mg/L, pH: 7.6 - 8.1, T: 20.0 - 20.5 °C 
• Test 3: DO: 8.3 - 9.1 mg/L, pH: 7.6 - 8.1, T: 19.5 - 21.0 °C 

xiii. Estimates of time to first brood, average number of neonates per brood, and percent mortality during the 
seven-day period prior to the test 
• Test 1: 9 days to brood, >15 neonates/brood, 4.6% mortality in 7d prior to test 
• Test 2: 9 days to brood, >19.9 neonates/brood, 10.0% mortality in 7d prior to test 
• Test 3: 8 days to brood, >26.3 neonates/brood, 5.5% mortality in 7d prior to test 

xiv. Number of neonates per test vessel and milliliters of solution per daphnid 
• Methods for all tests and dilution series were the same: 
• 10 neonates per vessel  
• 200 mL of solution per daphnid 
 

 
Section 8.1.3 Results 

i. Number of dead and/or immobile daphnids in each test solution including controls 
• Results were the same for Test 1, Test 2, and Test 3, except where noted 
• Control (0%) - 0 dead / immobile (test 1&2), 1 dead (test 3) 
• 6.25% - 0 dead / immobile 
• 12.5% - 0 dead / immobile  
• 25% - 0 dead / immobile 
• 50% - 0 dead / immobile 
• 100% - 0 dead / immobile (test 1&2), 1 dead (test 3) 
• Salinity Control - 0 dead / immobile 

ii. For single-concentration test the number of daphnids dead in each of three replicate effluent solutions and 
in each of three replicate control solutions at end of test.  Also report the mean value. 
• Single concentration test was not conducted, dilution series tests were conducted 



Reporting Requirements for Reference Method EPS 1/RM/14 
 

 

iii. Estimate of 48-h LC50 and 95% confidence limits in multi-concentration tests, 48-h EC50 for 
immobilization and 95% confidence limits, indication of statistical method on which results are based. 
• Test 1: 48-h LC50 = > 100% effluent 
• Test 2: 48-h LC50 = > 100% effluent 
• Test 3: 48-h LC50 = > 100% effluent 

iv. Most recent 48-h LC50 for reference toxicant test(s), reference chemical(s), date test initiated, historic 
geometric mean LC50 and warning limits. 
• Reference toxicity tests for Toxicant: Zinc 
• Test 1: (Aug-7-03) 96-h LC50 = 453µg/L Zinc, 95% CL = 377-544µg/L  
• Test 2: (Aug-7-03) 96-h LC50 = 453µg/L Zinc, 95% CL = 377-544µg/L 
• Test 3: (Sep-23-03) 96-h LC50 = 429µg/L Zinc, 95% CL = 355-518µg/L 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

APPENDIX C 
 

7-d Topsmelt Growth and Survival Toxicity Test 
 



Reporting Requirements for Reference Method EPA/600/R-95/136 

 

Effluent Sample 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for yearly sublethal toxicity testing were collected:  
 Wednesday August 20, 2003 - 12:30 AM 

iii. Type of sample 
• Final effluent water  

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 4 x 20L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  

 
Test Organisms Imported from External Supplier 

i. Species of test organism 
• Topsmelt (Atherinops affinis) 

ii. Name and city of testing laboratory 
• EVS Environment Consultants, North Vancouver, BC 

iii. Source of test species 
• Aquatic Bio Systems (ABS), Fort Collins, Colorado 

iv. Date test species acquired on 
• August 21, 2003 

v. Indications of deviations from EC guidance on the importation of test organisms 
• No deviations from EC requirements 

vi. Percent mortality of fish in 24-hour period preceding the test  
• <10% mortality 

vii. Age at start of test 
• 10 days post-hatch 

viii. Unusual appearance, behaviour, or treatment of larvae before their use in the test 
• Nothing unusual, no excessive crowding of larvae, larvae appear healthy, disease-free, stress free,  

ix. Confirmation that larvae are actively feeding and swimbladders are not inflated 
• Larvae actively feeding and swimbladders not inflated 

x. Confirmation that temperature change was <3°C and dissolved oxygen was maintained at >6mg/L during 
transport 
• Temperature change was <2°C and dissolved oxygen supersaturated mg/L during transport 

xi. Test organism acclimation rate at the testing laboratory 
• Holding water conditions upon arrival were DO=supersaturated, pH=7.3, T=22°C 
• Organisms were acclimated slowly overnight 
• Addition of EVS lab seawater at intervals of 30 – 60min to reach acceptable conditions 
• Organisms were acclimated to DO=8mg/L, salinity=28ppt,T=20°C  

 
 



Reporting Requirements for Reference Method EPA/600/R-95/136 

 

Test Facilities and Conditions 
i. Test type & method 

• 7-day Topsmelt (Atherinops affinis) Survival and Growth Toxicity Test  
• Static renewal  
• Sample water was renewed daily 
• Reference Method - EPA/600/R-95/136 (EPAW 95-EPA West Coast) 

ii. Indications of deviations from requirements in Sections 11 of Method EPA/600/R-95/136 (EPAW 95-
EPA West Coast) 
• No deviations from requirements 
• Salinity controls were run 
• Sample water salinity was 5.3ppt 

iii. Date and time for start of definitive test 
• Friday August 22, 2003 - 5:00 PM 

iv. Test vessel description 
• 600mL beaker 

v. Person(s) performing the test and verifying the results 
• Kevin Goodearle, Julianna Kalocai, Sioe Lie Kwee, Rachel DeWynter, Edmund Canaria, and 

Armando Tang 
vi. pH, temperature, dissolved oxygen, and conductivity of unadjusted, undiluted effluent 

• pH - 7.9, T - 20.0°C, DO - 11.0mg/L, C - 9570µmhos/cm, (salinity - 5.3 ppt) 
vii. Confirmation that no adjustment of sample or solution pH occurred 

• No pH adjustment 
viii. Indication of aeration of test solutions before introduction of fish 

• Pre-aeration at 6.5mL/min/L for 30mins due to supersaturation of sample with O2 when sample was 
heated to 20°C 

• DO was reduced from 11.0mg/L to 7.8 mg/L  
ix. Indication that EC guidance document for salinity adjustment was followed 

• No deviations from EC guidance document on preparation of hypersaline brine 
• HSB prepared from natural seawater concentrated to 90ppt (by freezing/refreezing to remove frozen 

layer and concentrate salts) 
• No deviations from EC guidance document for salinity adjustment of sample 
• HSB was added to samples to salinity adjust them from 5.3ppt to 30ppt 

x. Type and source of control/dilution water 
• UV-sterilized, 0.45µm-filtered natural seawater from the Vancouver Aquarium 

xi. Concentrations and volumes tested 
• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Control (0%) - 200 mL 
• Salinity Control (0%) - 200 mL  
• 4.5% - 200mL  
• 9.0% - 200mL  
• 18.1% - 200mL  
• 36.2% - 200mL  
• 72.3% - 200mL  

xii. Number of replicated per concentration 
• 5 replicates per concentration 

xiii. Number of organisms added to each test vessel 
• 5 fish per vessel 

xiv. Manner and rate of exchange of test solutions 
• Daily renewal 



Reporting Requirements for Reference Method EPA/600/R-95/136 

 

xv. Measurements of dissolved oxygen, pH and temperature 
• DO: 6.6 - 7.8 mg/L, pH: 7.7 - 8.2, T: 19.0 - 20.0 °C, salinity: 29 - 31 ppt 
  

 
Results 

i. Number and % of mortalities of fish in each test solution 
• Totals from all 5 replicates are presented: 
• Control (0%) - 1/25 = 4% 
• Salinity Control - 0/25 = 0% 
• 4.5% - 0/25 = 0%  
• 9.0% - 0/25 = 0% 
• 18.1% - 0/25 = 0%   
• 36.2% - 0/25 = 0% 
• 72.3% - 1/25 = 4% 

ii. Average dry weight per original fish in test vessel 
• Means from all 5 replicates are presented: 
• Control (0%) - 1.18 mg 
• Salinity Control - 1.14 mg 
• 4.5% - 1.13 mg  
• 9.0% - 1.32 mg 
• 18.1% - 1.09 mg   
• 36.2% - 1.11 mg 
• 72.3% - 1.14 mg 

iii. Estimate of 7-d LC50 (95% CL) 
• 7-d LC50 concentration > 72.3% effluent (highest concentration tested due to dilution for salinity 

adjustment) 
• Quantal statistic methods not applicable 

iv. Estimate of 7-d IC25 (95% CL) for growth 
• 7-d IC25 concentration > 72.3% effluent (highest concentration tested due to dilution for salinity 

adjustment) 
• Quantal statistic methods not applicable  

v. Current reference toxicity tests (95% CL) for 7-d LC50 for survival and 7-d IC50 for growth  
• Reference toxicity tests for Toxicant: Copper 
• Test conducted on August 22, 2003, same day as effluent test 
• Reference toxicant test was conducted on the same batch of externally supplied topsmelt used in the 

effluent test and under the same experimental conditions as the effluent test  
• 7-d LC50 survival = 122mg/L Cu, 95% CL = 111-135mg/L  
• 7-d IC50 growth = 122mg/L Cu, 95% CL = 106-132mg/L  

vi. Reference toxicity warning limits (+/- SD) for 7-d LC50 for survival and 7-d IC50 for growth  
• Reference toxicity tests for Toxicant: Copper 
• 7-d LC50 survival = 139 ± 63mg/L Cu,  
• 7-d IC50 growth = 136 ± 52mg/L Cu 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

APPENDIX D 
 

92-h Echinoderm Fertilization Test 
 
 
 
 



Reporting Requirements for Reference Method EPS1/RM/27-EC 92 (Sperm Cell) 
 

 

Effluent Sample 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for yearly sublethal toxicity testing were collected:  
 Wednesday August 20, 2003 - 12:30 AM 

iii. Type of sample 
• Final effluent water  

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 4 x 20L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  

 
Test Organisms 

i. Species of test organism 
• Sandollar Echinoid (Dendraster excentricus) 

ii. Name and city of testing laboratory 
• EVS Environment Consultants, North Vancouver, BC 

iii. Source of test species 
• M-REP, Escondido, California 
• All adults providing gametes are from the same population and source 
• Gametes are spawned in-house at EVS 

iv. Date test species acquired on 
• August 22, 2003 

v. Holding time and conditions for adults 
• Adults received at the testing laboratory the day of the test, shipped overnight 

vi. Indications of deviations from EC guidance on the importation of test organisms 
• No deviations from EC requirements 

vii. Weekly percent mortality of adults being held over 7d preceding test 
• <2% per day over the 7 days preceding the test  

viii. Age of test organisms 
• < 4 hours after spawning 

ix. Unusual appearance, behaviour, or treatment of adults or gametes before test start 
• Organisms appear healthy 

 
 
Test Facilities and Conditions 

i. Test type & method 
• Echinoderm (Dendraster excentricus) Fertilization Toxicity Test  
• Static  
• Reference Method – EPS/1/RM/27 with 1997 amendments 

ii. Test duration 
• 10:10 min (10min sperm + 10min sperm & egg) 

iii. Date and time for start of definitive test 



Reporting Requirements for Reference Method EPS1/RM/27-EC 92 (Sperm Cell) 
 

 

• Friday August 22, 2003 - 5:00 PM 
iv. Test vessel description 

• 16 x 125mm test tubes 
v. Person(s) performing the test and verifying the results 

• Kevin Goodearle, Julianna Kalocai, Sioe Lie Kwee, Rachel DeWynter, Edmund Canaria, and 
Armando Tang 

vi. Indication of rate and duration of pre-aeration of test solutions before initiation of test 
• No pre-aeration  

vii. Confirmation that no adjustment of sample or solution pH occurred 
• No pH adjustment 

viii. Procedure for sample filtration 
• No sample filtration  

ix. Procedure for preparation of hypersaline brine (HSB) as per EC guidance document on salinity 
adjustment – July 1997  
• No deviations from EC guidance for salinity adjustment 

x. Procedure for salinity adjustment as per EC guidance document on salinity adjustment – July 1997  
• No deviations from EC guidance for salinity adjustment 
• Salinity adjusted from 5ppt to 29ppt  

xi. Type and source of control/dilution water 
• UV-sterilized, 0.45µm-filtered natural seawater from the Vancouver Aquarium 

xii. Concentrations and volumes tested 
• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Control (0%) - 10mL 
• Salinity Control (0%) - 10mL 
• 4.6% - 10mL  
• 9.1% - 10mL  
• 18.2% - 10mL  
• 36.5% - 10mL  
• 73.0% - 10mL  

xiii. Number of replicated per concentration 
• 4 replicates per treatment concentration 

xiv. Number of organisms per container  
• 2000 eggs per 10mL vessel 

xv. Measurements of pH and dissolved oxygen in sample water before use 
• pH - 8.3, DO - 8.4mg/L 

xvi. Measurements of pH, temperature, dissolved oxygen, and salinity during test 
• pH - 7.9-8.4, T - 15.0-15.5°C, DO - 8.1-8.4mg/L, salinity - 29ppt 
 

 
Results 

i. Number and % of fertilized eggs in each test concentration 
• (Number is equal to percent since totals were 100)  
• Control (0%):  #F = 51, 50, 52, 54 #UF = 49, 50, 49, 46 
• Salinity Control: #F = 51, 52, 50, 51 #UF = 49, 48, 50, 49 
• 4.6%:  #F = 35, 40, 29, 45 #UF = 65, 60, 71, 55 
• 9.1%:  #F = 36, 28, 33, 25  #UF = 64, 72, 67, 75 
• 18.2%:  #F = 22, 24, 18, 20 #UF = 78, 78, 82, 80 
• 36.5%:  #F = 12, 8, 7, 10 #UF = 88, 92, 93, 90 
• 73.0%:  #F = 1, 0, 2, 0   #UF = 99, 100, 98, 100 



Reporting Requirements for Reference Method EPS1/RM/27-EC 92 (Sperm Cell) 
 

 

ii. Estimate of IC25 (95% CL) for fertilization success 
• IC25 concentration = 3.8 (1.1 - 7.2)% v/v effluent  
• Quantal statistic method = log linear interpolation 

iii. Current reference toxicity tests (95% CL) for IC50 for fertilization  
• Reference toxicity tests for Toxicant: Sodium Dodecyl Sulfate 
• Test conducted on August 22, 2003, same day as effluent test 
• Reference test conducted under same conditions 
• IC50 for fertilization = 1.3mg/L SDS, 95% CL = 1.1-1.5mg/L  

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

APPENDIX E 
 

7-d Sublethal Champia (Algae) Toxicity Test 
 
 
 
 



Reporting Requirements for Reference Method EPA/600/4-91/003 Method 1009.0 

 

Effluent Sample 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for yearly sublethal toxicity testing were collected:  
 Wednesday August 20, 2003 - 12:30 AM 

iii. Type of sample 
• Final effluent water  

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 1 x 4L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  

vii. Temperature of water upon receipt at lab 
• 13°C 

 
Test Organisms 

i. Species of test organism 
• Algae (Champia parvula) 

ii. Name and city of testing laboratory 
• Saskatchewan Research Council [SRC], Saskatoon, SK  

iii. Source of test species 
• Sexually mature male and female branches 
• Obtained from USEPA, Hatfield Marine Science Center, Newport Oregon, 1995 
• Appear in good health 
• Females have trichogynes, males have sori with spermatia 

 
 
Test Facilities and Conditions 

i. Test type & method 
• Champia parvula sexual reproduction test  
• Static, non-renewal 
• 2-day exposure, followed by 5-7 day recovery period for cystocarp development 
• Reference Method - EPA/600/4-91/003, Method 1009.0 

ii. Date and time for start of definitive test 
• Friday August 22, 2003 – 10:00 AM 

iii. Test vessel description 
• 270mL transparent polystyrene cups with polystyrene lids 

iv. Person(s) performing the test and verifying the results 
• Mary Moody 

v. Indication of pre-aeration of test solutions  
• No pre-aeration 

vi. Confirmation that no pH adjustment of sample or solution occurred 
• No pH adjustment 



Reporting Requirements for Reference Method EPA/600/4-91/003 Method 1009.0 

 

vii. Indication that EC guidance document for salinity adjustment was followed 
• No deviations from EC guidance document on preparation of hypersaline brine 
• HSB prepared from natural seawater at 90ppt  
• No deviations from EC guidance document for salinity adjustment of sample 
• Salinity adjustment: 642mL effluent + 258mL HSB + 9mL test nutrient solution 
• Salinity of samples adjusted from 5ppt to 30ppt 

viii. Type and source of control/dilution water 
• Natural seawater collected at the Pacific Environmental Center, Environment Canada, North 

Vancouver, BC 
• Filtered to 0.2µm and autoclaved prior to use 
• Salinity adjusted as per EC guidance document to 30ppt with HSB from the same source 

ix. Concentrations and volumes of test solutions 
• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Control (Natural Seawater) (0%) - 100mL, 4.5cm depth 
• Salinity Control Brine (0%) - 100mL, 4.5cm depth  
• 4.5% - 100mL, 4.5cm depth  
• 8.9% - 100mL, 4.5cm depth  
• 17.8% - 100mL, 4.5cm depth  
• 35.6% - 100mL, 4.5cm depth  
• 71.3% - 100mL, 4.5cm depth  

x. Number of replicated per concentration 
• 3 replicates per concentration 

xi. Number of organisms per test chamber 
• 5 female branches + 2 male branches per chamber 

xii. Measurements of pH, temperature, dissolved oxygen, and salinity of sample before use 
• pH - 7.93, T - 23.5°C, DO - 9.4mg/L, salinity - 5ppt 

xiii. Measurements of pH, temperature, dissolved oxygen, and salinity of sample during test 
• DO: 7.8 - 8.0 mg/L, pH: 7.74 - 8.98, T: 23°C, salinity: 30ppt 
  

 
Results 

i. Number and % mortality of female plants after recovery in each test solution  
• Totals from all 3 replicates are presented: 
• Control (0%):   0 (0%) mortality  
• Salinity Control (0%):  0 (0%) mortality  
• 4.5%:   0 (0%) mortality 
• 8.9%:   0 (0%) mortality 
• 17.8%:   0 (0%) mortality 
• 35.6%:   0 (0%) mortality 
• 71.3%:    0 (0%) mortality 

ii. Mean number of cystocarps per plant in each test concentration  
• Control (0%):   57.4; 49.6; 44.2 
• Salinity Control (0%):  66.4; 44.0; 45.2  
• 4.5%:   52.2; 51.4; 57.4 
• 8.9%:   61.2; 63.6; 41.2 
• 17.8%:   30.4; 34.4; 18.6 
• 35.6%:   6.6;   6.0;   7.6 
• 71.3%:    0.0; 2.4; 1.4 



Reporting Requirements for Reference Method EPA/600/4-91/003 Method 1009.0 

 

iii. Estimate of IC25 (95% CL) for cystocarp development 
• IC25 concentration = 13.6 (9.0-16.0)% effluent v/v  
• Quantal statistic method was linear interpolation  

iv. Current reference toxicity tests (95% CL) for IC50 for cystocarp development 
• Reference toxicity tests for Toxicant: Sodium Dodecyl Sulfate 
• Test conducted on July 29, 2003, within 30 days of effluent test 
• Reference toxicant test was conducted under the same experimental conditions as the effluent test  
• IC50 cystocarp development = 1.19mg/L SDS, 95% CL = 1.14-1.23mg/L  

v. Reference toxicity warning limits (+/- 2SD) for IC50 for cystocarp development 
• Reference toxicity tests for Toxicant: SDS 
• 7-d IC50 growth = 1.47 (1.17-1.84) mg/L SDS 

 



 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
APPENDIX F 

 
Effluent Metals Concentrations and Loadings 



Sample Taken
During The Date Collection

Week of Sample Taken Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2261 pH1 Method
07-Jul-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

14-Jul-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

21-Jul-03 25-Jul-03 0.000 0.001 0.005 0.008 0.001 0.048 3.0 0.005 7.77 Water Pump
28-Jul-03 30-Jul-03 0.000 0.001 0.005 0.003 0.001 0.063 3.0 0.005 7.84 Water Pump
04-Aug-03 05-Aug-03 0.001 0.001 0.005 0.001 0.001 0.089 3.0 0.005 7.85 Water Pump
11-Aug-03 12-Aug-03 0.001 0.001 0.005 0.001 0.003 0.151 3.0 0.005 7.94 Water Pump
18-Aug-03 19-Aug-03 0.001 0.001 0.005 0.000 0.003 0.146 8.0 0.005 8.1 Water Pump
25-Aug-03 26-Aug-03 0.001 0.001 0.005 0.001 0.003 0.160 3.0 0.005 7.96 Water Pump
01-Sep-03 02-Sep-03 0.000 0.001 0.005 0.003 0.003 0.150 10.0 0.005 8.06 Water Pump
08-Sep-03 09-Sep-03 0.002 0.001 0.005 0.001 0.003 0.158 11.0 0.010 7.94 Water Pump
15-Sep-03 16-Sep-03 0.001 0.001 - 0.000 0.004 0.186 5.0 0.005 7.96 Water Pump
22-Sep-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

29-Sep-03 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2 na2

Note1 - All concentrations are in mg/L except Radium 226 which is Bq/L and pH which is in pH units
Note 2  -  "na" refers to no effluent discharge to sample
Concentrations in red italics were set to the detection limit

Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 226
0.000 0.001 0.005 0.006 0.001 0.055 3.00 0.005
0.001 0.001 0.005 0.001 0.002 0.137 4.25 0.005
0.001 0.001 0.005 0.002 0.003 0.165 8.67 0.007

Note1 - All concentrations are in mg/L except Radium 226 which is Bq/L
Note2 - Monthly Mean Concentrations - the MEAN value of the concentrations measured in all water samples collected
           during each month when a deleterious substance is deposited.        

2003 3rd QUARTER MMER REPORT
LOCATION - FINAL DISCHARGE POINT FROM GARROW LAKE (GARROW LAKE DAM SIPHONS)

CONCENTRATIONS OF EFFLUENT FOR MMER SCHEDULE 4 SAMPLED WEEKLY

DELETERIOUS SUBSTANCE (mg/L)1

MONTHLY MEAN CONCENTRATIONS OF EFFLUENT FOR MMER SCHEDULE 4

MONTHLY MEAN CONCENTRATION1 OF DELETERIOUS SUBSTANCE2

MONTH OF
July/03

August/03
September/03



Sample Taken Average Daily
During The Date Flow Rate

Week of Sample Taken Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2261 (m3/day)
07-Jul-03 na3 na3 na3 na3 na3 na3 na3 na3 na3 na3

14-Jul-03 na3 na3 na3 na3 na3 na3 na3 na3 na3 na3

21-Jul-03 25-Jul-03 0.004 0.044 0.181 0.286 0.046 1.730 108.4 180,615 36,123
28-Jul-03 30-Jul-03 0.026 0.037 0.321 0.205 0.074 4.015 192.7 321,225 64,245
04-Aug-03 05-Aug-03 0.038 0.052 0.384 0.064 0.110 6.843 230.2 383,590 76,718
11-Aug-03 12-Aug-03 0.089 0.081 0.443 0.110 0.227 13.388 266.0 443,310 88,662
18-Aug-03 19-Aug-03 0.097 0.094 0.484 0.045 0.257 14.141 774.9 484,295 96,859
25-Aug-03 26-Aug-03 0.113 0.102 0.566 0.129 0.295 18.100 339.4 565,610 113,122
01-Sep-03 02-Sep-03 0.021 0.094 0.525 0.350 0.288 15.762 1050.8 525,415 105,083
08-Sep-03 09-Sep-03 0.195 0.105 0.489 0.114 0.285 15.441 1075.0 977,270 97,727
15-Sep-03 16-Sep-03 0.080 0.079 - 0.037 0.291 14.817 398.3 398,305 79,661
22-Sep-03 na3 na3 na3 na3 na3 na3 na3 na3 na3 na3

29-Sep-03 na3 na3 na3 na3 na3 na3 na3 na3 na3 na3

Note1 - Mass Loading is in kilograms per day of the deleterious substance deposited except Radium 226 which is in Bq per day
Note2 - Flow Rate must be taken at the same time as samples are effluent qualtity samples are taken
Note 3  -  "na" refers to no effluent discharge to sample

Average Weekly Total Monthly
Flow Rate3 Volume4

Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2262 (m3/week) (m3/month)
0.45 1.25 7.78 7.62 1.85 89 4,667 7,778,520 351,288 1,555,704
2.61 2.55 14.55 2.69 6.89 407 12,480 14,545,239 656,882 2,909,048
2.96 2.77 15.21 5.01 8.64 460 25,241 19,009,900 659,099 2,824,710

Note1 - Total Mass Loading for Calendar month calculated by multiplying the Average Daily Mass Loading for the Month x # days in the month
Note2 - Mass loading units are in kg per month except Radium 226, which is in Bq permonth
Note3 - Average Weekly Flow Rate calculated by multiplying Average Daily Flow Rate x 7 days per week
Note4 - Total Monthly Volume calculated by multiplying Average Daily Flow Rate for the month x days in month

MASS LOADING OF DELETERIOUS SUBSTANCE FOR EACH DAY SAMPLED

DAILY MASS LOADING OF DELETERIOUS SUBSTANCE (kg/day)1

MASS LOADING PER CALENDAR MONTH FOR EACH DELETERIOUS SUBSTANCE

August/03
September/03

CALENDAR MASS LOADING1 FOR DELETERIOUS SUBSTANCE (kg/month)2

MONTH OF
July/03



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
 

Results of Effluent Characterization 
 
 
 



 

 

 
 
 
 
 

RESULTS OF EFFLUENT CHARACTERIZATION 
 

AS PER PARAGRAPH 15(1)(a) 
 
 
 
Nine effluent samples were collected on a weekly basis during the 3nd Quarter of 2003 beginning on July 25, 2003 
and ceasing on September 16, 2003. Three of the nine samples were “monthly” samples and analysed for a wider 
suite of elements, as per the guidance document. Monthly loadings of metals to Garrow Bay were calculated 
based on average weekly discharge volumes from Garrow Lake to Garrow Bay via the creek outflow.  
 
No holding times were missed for any of the water chemistry of toxicity testing samples. 
 
Water samples for acute and sublethal toxicity testing were collected using a pump system from about 20 m 
downstream of the dam on Garrow Lake, within the main flow of the creek. Acute Lethality Testing was 
conducted during three months (July, August, and September) during the quarter.  There were no adverse effects 
observed for either the 96-hr Rainbow Trout toxicity test, or the 48-hr Daphnia magna toxicity test.  LC50 values 
were >100% effluent for both species in all testing events. 
 
Sublethal Toxicity Testing was conducted once during August 2003. As this is considered a marine discharge, 
marine species were used for sublethal testing following brine adjustment of the brackish effluent (as per test 
protocols). Testing for fish (7-d Topsmelt growth and survival) and invertebrates (Sand dollar) was conducted at 
EVS Environment Consultants, Vancouver, while algae (48-h Champia) testing was undertaken by the 
Saskatchewan Research Council, Saskatoon.  
 
There were no effects observed in the Topsmelt Survival and Growth Test at 100% effluent v/v.   
 
Sublethal effects were observed for the echinoid and algal tests and concentrations less than 100% effluent v/v. In 
the echinoid (Dendraster excentricus) fertilization test (EVS Consultants), the LOAEL was 4.6% v/v effluent, the 
IC25 was 3.8% v/v, and the IC50 was 13.0% v/v.  In the Champia parvula sexual reproduction test (Saskatchewan 
Research Council) the LOAEL was 17.8% v/v effluent, the IC25 13.6% v/v, and the IC50 was 18.8% v/v.  
 
Zinc was the primary contaminant of potential concern (COPC) identified in mine effluent and is the only metal 
to consistently exceed BC Ambient Water Quality Guidelines (BC AWQG) in effluent. During the 9 week 
discharge period, effluent zinc concentration averaged 128 ± 49µg/L (range 48 – 186µg/L), which is well below 
the MMER effluent limit of 500µg/L. The BC AWQG is 10µg/L.  On August 19, 2003, when the sublethal 
samples were collected, the concentration of Zn in the effluent was 146µg/L.  Converting the echinoid test 
endpoints into Zn concentrations results in a Lowest Observed Adverse Effect Level (LOAEL) of 6.7µg/L Zinc, 
an IC25 of 5.5µg/L, and an IC50 of 19.0µg/L.  Reference toxicity tests of zinc on Dendraster fertilization give 
mean EC50 concentrations of 8.5-60µg/L (Dinnel et al. 1983). The concentration of zinc in the effluent that 
corresponds to the IC50 (i.e., 19.0µg/L) is within the effects range reported in reference Dendraster fertilization 
tests. Thus the echinoid test is quite sensitive to zinc, with the LOAEL being less than the BC AWQG 
concentration. 
 



 

 

Endpoints for the Champia test in terms of zinc concentrations were 26.0µg/L Zn (LOAEL), 19.9µg/L (IC25), and 
27.4µg/L (IC50).  The reference IC25 endpoint for zinc in the Champia test performed in-house at SRC was 27µg/L 
(95% confidence limits 16-42µg/L).  This reference concentration is very similar to zinc concentrations in the 
mine effluent at the toxicity endpoints observed in the Champia test. Champia also appears to be sensitive to zinc 
concentrations at or below the BC AWQG. 
 
Given the similarity between zinc concentrations in the effluent samples and the effects concentrations of zinc in 
reference tests, it is likely that zinc is responsible for the sublethal effects observed in both the Dendraster and 
Champia tests.    
 
 
Reference: Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. Letourneau, W.E. Roberts, S.P. Felton, and R.E. Nakatan. 
1983. Methodology and Validation of a Sperm Cell Toxicity Test for Testing Toxic Substances in Marine Waters. 
Final Report, FRI-UW-8306, Fisheries Research Inst., School of Fisheries, University of Washington, Seattle, 
WA :208. Source: EPA EcoTox database. 
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EMERGENCY SPILL RESPONSE TRAINING 



SNC.LAVALIN
Engineers & Constmctors

Spill Training

Formal spill training commenced in April after the contingency plan was finalized. The first
session was held on April 20 2003.

§ession One:
Attendance: P Newham

A Aubry
P Simms
B Power
ERoy

J Laverne
E Weidhaas

This was classroom training involving the inspection of containment benns, and the
importance of carrying absorbent pads in all equipment.

Trainina Session Two :
This was classroom training involving the use of the zoom boom and the boats. This was
conducted on June 8/03

Attendance:
P Simms
J Bonia
J Halle
J Laverne
JSingleton
ERoy
B Power

Irainina Session Three:
Training date July 24/03
This training was more in depth. as the fuel ship MV ARCTIC was arriving with 4.7 million
liters of P50 diesel fuel. The training involved the placement of the boats. There was a ramp
constructed to have easy access to remove the zoom boom. The zoom boom was put in
place. and different scenarios were discussed.
The off loading of fuel procedure was discussed with the E.R. T. and recommendations.
requested were addressed with written procedures. Absorbent sheets were made available
and the use discussed with the team. PPE was discussed with all personnel involved.
A action plan was put in place and followed.
Attendance:
V Rice
J Singleton
S Lemieux
J Halle
R Parsons
B Power
J Jones

1of2F"'.~~T~



Trainina Session Four:

Training date was Oct 19/03and Dec 15/03
This was classroom training and the areas discussed were all fuel storage areas, the fuel
line used daily to accommodations and the tank tanT1. The location ot the spill kits and the
location ot the absorbent pads. The seasonal diversities and adverse weather conditions
were discussed and how to respond.

Attendance:
P Newham
Jim Bonia
R Peroli
V Rice
R Langlois
J Jones
R Parsons
8 Power

Additional Dialoaue On Prevention

The importance of spill prevention and emergency response is a frequently discussed topic
during daily FLRA meetings. All equipment operators are required to carry absorbent pads
in their equipment in case of hydraulic leaks.

The location of spill containers is well communicated on site. Audits are conducted weekly
on the contents of the containers and ordered as required.

Fuel transfers are done daily and pipelines and tank monitored during transfer.

All tanks and equipment are monitored when being fuelled

E~~~~~~~
-s~r;~~56~ n a to r
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WORKERS’ COMPENSATION BOARD  
 

APPROVAL OF  
 

MINE PORTAL SEAL DESIGN 



82/82PA(Z:PCLMIS11/14/2883 867253686216:88

WORKERS' COMPENSATION BOARD
Northwest Territories and Nunavut

October 16,2003

FAX (867) 253 8882

Mr J. Knapp
Manager
Teck Com in co Metals Ltd.
Polaris Reclamation Project
P.O. Box 188, Resolute Bay,
NU XOA OVO

Dear Mr. Knapp:

Re: Polaris Mine Closure - Portal Plua Desian

Thank you for your letter dated October 1,. 2003 and the attached design
drawings No. 23307~0 and No. 23307-1 Re: Portal Plug Design.

I have reviewed thQ document and found it meet or exceed all the requiremenb
pursuant to section 17.03 of the Mine Health and Safety Regulations. I hereby
grant Teck Cominco Metals Ltd. the approval of the design as presented to seal
off all portal openings at Polaris.

Head Office: Sox 8888 . VII..,.., NT X1A 2JU . Ttl8pt1One: (887) Q20-3888 . Toll Frw: 1-800-661-0792 . Ftx: (887) 873-4686 . Toll ~ Fa 1-8ee-lT1..xr7

or
0 Bc»c 889 . Iqllult. NU XOA OHO . TelephonA: (867) 979-8500 . Toll FilA: 1-A77~7 . F.: (861) 079-8501

u Box 368 . Rankin Inlet, NU XOC OGO . TRlepj,of)&; (867) 645-5800 . F.x; (867) 645-5801
a Box 1188 . In!Nit, NT XOE OTO . T.18p/1one: (867) 678-a>1 . FK (887) 878-2302

~., Wt~ got you COVt"rtJ

To-TlokCOIlnoo ~I.b.r Pale 00214-Noy-ZOO3 03:05P8 Fra-8672536862Rloliv,d
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