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1. INTRODUCTION

1.1. objectives

This report presents an estimate of the cost to complete closure of the Nanisivik Mine, located at the north end of Baffin Island.  The estimate assumes that it becomes necessary for the government to carry out the reclamation of the site.  It is expected that this cost estimate will be considered in the updating of security requirements for the project.

Although not expressly part of the scope for this project, it is necessary to review the abandonment and reclamation (A & R) plan for completeness and the potential for success of the proposed measures.  

Information sources are discussed in Section 2.  Issues and deficiencies in the A & R plan are presented in Section 3.  The reclamation cost estimate is presented in Section 4.  Comments on matters pertaining to the security deposit are presented in Section 5.  Conclusions are presented in Section 6.

1.2. Limitations

The reader should appreciate that this report presents only a preliminary reclamation cost estimate.  The A & R plan and the supporting documents do not comprise a detailed and cohesive plan for reclamation of the Nanisivik Mine, as described below.  There are some major issues with the A & R plan at this time.  

In addition, several factors including; lack of information, late receipt of information and the conceptual nature of parts of the A & R plan make it difficult to develop a definitive reclamation cost estimate.

Therefore, due to the above points, the reclamation cost estimate presented here should be considered as a preliminary or order of magnitude estimate.  The focus is on the major reclamation items, lessor details and issues may have been overlooked.  In engineering terms, it could be considered as a pre-feasibility level estimate.  

A common question with this type of estimate is “Will the actual cost be lower than the estimated cost due to the conservative approach taken in the estimate?”  Further assessment of the problem may find more economical solutions to some aspects of the work.  However, it is more common for further assessment to reveal issues which were not addressed.  It is believed that it is more likely for the actual cost to be higher than the estimated cost than to be lower than the estimated cost.

2. iNFORMATION SOURCES

2.1. INFORMATION RECEIVED

The information sources for this review are listed in Appendix A.  

In addition to the sources listed in Appendix A, I inspected the Nanisivik Mine site on behalf of the Nunavut Water Board in July 1999.

2.2. INFORMATION COMMENTS

Information considered to be necessary for formulation of a reclamation cost estimate was requested in early June 2002.  A list of those requirements is included in Appendix A.  Some information was received during the week of June 24, 2002.  Eight of the fifteen information requests to be provided by the company were either not addressed or only addressed in part.  

A key requirement for the development of a reclamation cost estimate is site plans and drawings showing the relevant details of the site.  The drawings provided with the reports were in pdf format on 8 ½ x ll inch sheet are not of sufficient detail or scale for this purpose.  Large-scale hard-copy drawings were requested in March 2002.  Three drawings showing some site details were forwarded in electronic format on June 24, 2002.  Two of these had format restrictions that limited hard copy output to only one size of drawing sheet.

The response of the company to the requests for information has been “too little - too late”.  This situation requires that a very conservative approach be taken in preparation of the reclamation cost estimate.

3. REVIEW OF MINE DEVELOPMENT 

3.1. GENERAL

The elements of the proposed mine development and A & R plan are discussed in the following sections.  

The company has announced that closure of the mine will occur within 4 months.  Closure of the mine has been expected to occur between 2000 and 2005 for many years.  Despite this, there is only an interim A & R plan.  A comprehensive final plan has not been prepared.  There are no specific statements regarding the reclamation objectives, particularly with respect to water quality.

It is recognized that there are natural outcrops of sulphide bearing material in the vicinity of the mine.  Release of metals and acidity from these sources is occurring.  However, the creation of additional sources is not acceptable.

There are many man-made sources with potential for ARD or metal leaching under neutral conditions.  These include: roads, waste dumps, tailings (deposited, spilled and wind-blown), pit walls, concentrate storage and load-out areas.  There appears to have been no attempt by the company to propose a level of post-closure metal release from the man-made sources which will be environmentally acceptable.  In the absence of a proposal from the company on post-closure metal release rates, this assessment is based on the following reclamation objective:

“reclamation will involve removal or burial of all anthropogenic sulphide and elevated metal content sources at locations where the establishment of permafrost is assured”

The project geochemistry is briefly discussed before the sections on the mine components as this is common to many parts of the mine development.

3.2. Geochemistry

Evaluations conducted by Nanisivik indicate that potentially acid generating rock exists in many areas of the mine.  Static and kinetic testing on tailings samples indicate that acidic conditions with moderate levels of zinc loading are expected if oxidation is not prevented.  Similar tests, particularly kinetic testing or leaching under neutral conditions, do not appear to have been conducted on the waste rock, pit-wall rocks, wind erodable fraction of the tailings, or ore concentrate.  

3.3. Pits

No information has been presented regarding the extent of potentially acid generating or metal leaching rocks in the pit walls.  It is assumed here that such rocks are exposed on the lower 20% of the pit walls.  Placement of shale to cover these materials is included in the reclamation cost estimate for the West, East and Ocean View pits.  It is assumed that fill is to be placed such that the problem materials are covered and the final slope is not steeper than 2H:1V.

Berms are required around the crest of the pits to prevent inadvertent access.

3.4. Rock Piles

Underground disposal of waste rock is proposed.  Backfilling targets were met in 2001 but not in 2000.  Some of the waste could have been placed thus far in 2002 but no information on this work has been offered by the company.  In keeping with the assumption of no credit for progressive reclamation until it is completed (as is done with reclamation cost estimates for other projects), this estimate assumes that all of the waste rock identified for 2002 work must be relocated as part of the post-mining reclamation.  

Final retreat mining of the central access ramp pillar is likely to preclude future access in much of the mine workings.  Any waste not disposed in the workings as part of the retreat mining will have to be disposed of elsewhere.  

As noted in the EBA review, it may be difficult or impractical to place all of the waste rock in the underground workings.  It is assumed here that 50% of the waste rock is placed underground and 50% is placed in the bottom of the pit backfill and in the bottom of the Shale Hill quarry and covered.

The thickness of the cover for maintaining permafrost in the unsaturated waste rock and cover may be much greater than assumed for the tailings.  In the absence of suitable analyses by the company, it is assumed that the cover over waste rock, including pit wall rock, must be 2.0 m.

3.5. TAILINGS Containment

There are five issues with respect to the reclamation of the tailings area; shale cover thickness, pore water expulsion, depth of water cover in West Twin Lake, geochemical impacts from wind-blown tailings, and the runoff channel or spillway.  Each of these are discussed separately as follow.

Cover Thickness

It is proposed that the geochemical problem of the tailings will be addressed by the establishment of permafrost.  In concept this is reasonable.  However, the cover over the tailings must be sufficiently thick to ensure that the active layer does not extent into the tailings.  I concur with the assessment by EBA that the proposed 1.25 m cover thickness is not conservative.  Considering that one of the test pads experienced thawing to a depth of 1.59 m and the active layer in the rock fill dike extends to a depth of 1.5 m, it is assumed here that a cover which can be expected to maintain permafrost conditions must be at least 1.75 m thick.

Pore Water Expulsion

The tailings disposal area has been operated with a pond behind the dam and sub-aqueous discharge is practiced in winter months.  Consequently, much of the tailings mass is not likely to be frozen at this time.  Construction of a cover to induce permafrost conditions will result in the downward agradation of the frost front.

Freezing of the tailings will result in two processes; pore water expulsion and brine concentration.  Water will undergo a 9% volume increase in the phase change from water to ice.  Dissolved species in the water will not be contained in the ice mass but rather will be concentrated into the remaining un-frozen water.  These are the processes which are associated with the formation of pingos, a naturally occurring ice mound.  These processes have led to the design of special measures for the reclamation of the cover on the Diavik tailings impoundment.

In the West Twin disposal area, unfrozen tailings are expected to exist over the entire original lake bottom up to the original lake level and in at least 50% of the tailings behind the dam and above the original lake level.  Freezing will result in the excess volume of water being pushed downward behind the dam into the tailings below the original lake level and then upward through the tailings in front of the dam where it will emerge in West Twin Lake area.  This process will continue until the entire tailings mass down to the lake bottom and west of the dike is frozen.  This could take many decades.

The zinc concentration of the water discharged with the tailings was an average of 2.8 mg/l in 2001.  Records indicate that it has been in this range historically.  As the brine concentration process continues, the expelled water will gradually have a water quality which is in the order of ten times the current concentration. 

The water quality of West Twin Lake will likely get worse every year.  Initially it will have the water quality which is similar to current conditions.  Treatment of the expelled water may be required until the tailings mass is frozen.  No thermal analyses have been presented regarding the time to freeze the tailings to the bottom of the lake behind the dam.  The rate of permafrost advance will decrease with time which will reduce the rate of discharge of contaminated water into Twin Lake.  

For the purpose of this assessment it is assumed that it will be necessary to continue to operate a water treatment facility, which is similar to the one at East Adit, for a ten year period starting sometime after the cover has been constructed over the tailings.

Water Cover

EBA has identified the potential for exposure of tailings in West Twin Lake due to wind induced wave action on tailings which are deposited less than 1.2 m deep.  In order to ensure that tailings will not become exposed in future it will be necessary to either raise the flood elevation of the lake or place a shale cover over the tailings around the perimeter of the lake.  Due to concern for flooding the toe of the shale dike and long-term stability issues of dike to raise the lake level, the latter option is assumed to be appropriate for the purpose of this reclamation cost estimate.

Wind-Blown Tailings

It has been documented that wind-blown tailings have been deposited beyond the tailings area.  Only information as to the extent of the most recent tailings deposition area has been provided.  It is assumed that acid drainage or metal leaching will occur from this source unless measures are taken.  This estimate is based upon removal of the soil surface in the deposition area and disposal of the contaminated material in the tailings area.

Runoff Channel

Surface runoff from the watershed above the tailings disposal must be conveyed over the covered tailings surface and down to West Twin Lake.  The A & R plan indicates that a diversion ditch will be constructed around the tailings area.  This approach is not recommended as any failure of the ditch, such as due to accumulation of debris or glaciation, will result in flow over the cover.  The cover must be designed (topography, erosion resistance and thermal insulation) to maintain permafrost conditions assuming runoff from the West Twin watershed flows over top of it.  Design of a channel over the cover will require careful attention to the thermal conditions.  EBA has identified that the spillway portion of the channel may be a stability and maintenance issue.

3.6. Buildings & Equipment

All buildings must be removed as part of the site reclamation.  Unless another party assumes responsibility for the structures, it is assumed that the cost for demolition and disposal is the responsibility of the mine.

Prior to demolition, all hazardous materials must be removed from the buildings.  Provision for decontamination and disposal of stationary equipment is also required.  

Once decontaminated, the buildings will not represent a significant environmental hazard.  The company has proposed underground disposal of the demolition waste.  As noted above, there may not be sufficient space for underground disposal of all wastes.  The available space should preferentially be used for the critical wastes such as potentially acid generating rock.  Reducing the size of the demolition waste to facilitate underground disposal will be more costly than that required for surface disposal followed by burial.  Therefore, this estimate is based upon disposal of demolition waste in one of the quarries.

3.7. Chemicals & Contaminated Soils

At closure, it will be necessary to remove all chemicals from the site.  This will include process reagents, raw materials for explosives, surplus fuel, laboratory chemicals, and waste hydrocarbon products such as oils and lubricants.

In addition, any contaminated soil from spills of fuel or other material will need to be excavated and bio-remediated or disposed of where permafrost stabilization can be assured.  Metal contaminated soil in the vicinity of the concentrate storage and dock area must be removed.

The mine was constructed prior to the phase out of PCB’s in Canada in 1979.  It is assumed that PCB’s are present at the site.  Information provided by the company indicates that seven PCB containing units are on site.  No detail as to the size or quantity of oil is provided.  It is assumed that light ballasts in all of the townsite buildings contain PCB oil.

3.8. Landfill

A landfill on site has been used for disposal of general refuse throughout the mine life.  Incineration of waste and disposal of the ash has been conducted in this area.  Recent work has indicated that waste oil barrels have been disposed of in the landfill.  Leaching of wastes, ash and hydrocarbon products may occur.  A cover of sufficient thickness to ensure permafrost in the landfilled waste will provide environmental protection.  EBA has indicated that the proposed cover of 1.25 thickness may be insufficient.  This assessment is based upon a cover of 1.75 thickness.

3.9. Roads

Geochemical testing has indicated that potentially acid generating rocks have been used in the construction of some of the roads.  Some of the roads, especially around the mill and concentrate storage area may be contaminated by tracking of material on vehicle tires.  Insufficient work has been conducted to delineate the extent of roads which could become a future source of acid drainage or metal leaching.  This reclamation cost estimate is based upon the assumption that 10% of the roads must be removed for disposal under a cover to induce permafrost.  

3.10. Other reclamation issues

Reclamation of the quarries is required.  Slopes must be trimmed to a stable geometry.  

The dock structure must be removed.

It is recognized that there is very limited vegetation in the vicinity.  However, this does not justify a “do-nothing” approach to revegetation.  Careful distribution of soil suitable for grasses and amendment with fertilizer before seeding with native species should be conducted.

3.11. Initial Care and Maintenance

In the event that the company were to abandon the site at this time it would be necessary for the government to continue with necessary care and maintenance duties until reclamation activities are completed.  It is expected that the following steps would be required leading up to the completion of the reclamation work:

· year 1, confirmatory studies, sampling and analyses,

· year 2, final design, preparation of final A & R report for approval by the Water Board,

· year 3, permitting and tendering of reclamation contracts

· year 4, primary reclamation work

· year 5, primary monitoring, repairs and final reclamation work.

Care and maintenance activities are assumed to consist of:

· year-round site presence,

· conduct operation and electrical/mechanical maintenance of the power generation plant and personnel accommodation facilities as required,

· carry out water treatment activities,

· continue all monitoring and reporting as per the Water Licence,

· supply of fuel and water treatment reagents by air,

· bi-weekly supply of food and miscellaneous provisions by air.

After the five year period of initial care and maintenance, then the period of post-closure water treatment and monitoring would begin.

The time frame indicated above is consistent with that which is occurring at other federally managed mine reclamation projects in northern Canada, namely; Colomac and Giant in NWT and Mt. Nansen in Yukon.

3.12. Mobilization

It is assumed that all of the mining equipment that is currently on site is either non-functional or has been removed at the time of abandonment of the site.  Therefore, this estimate assumes that all equipment that is required for reclamation is brought to the site by the reclamation contractor.  It is assumed that the most efficient approach to reclamation of the site is to conduct all of the waste relocation, cover construction and demolition in a single season.

3.13. Post-closure Water Management 

Following construction of the tailings cover, permafrost will agrade into the tailings.  As described above, expulsion of contaminated pore water is expected.  This pore water will degrade the water quality in West Twin Lake.  The required duration of water treatment is uncertain.  

The post-closure water treatment scenario assumed for this cost estimate is based upon the following:

· treating and discharging the West Twin Lake water during summer months,

· leaving the lake level low enough at the end of the summer to accommodate the volume of water expelled during the winter,

· supply fuel, reagents and personnel for batch water treatment over a 12 week period every summer,

· due to the relatively small quantity of fuel and reagents required, it is assumed that all supplies are mobilized by air.

4. Reclamation Cost Estimate

4.1. GENERAL

The primary purpose of this report is to present an estimate of the current reclamation liability at the Nanisivik Mine.  This estimate is to form the basis of financial security so that in the event that the company does not fulfill its obligations then the Government is able to do so without any burden to the citizens of Canada.

An estimate of the cost to carry out reclamation of the Nanisivik  Mine has been developed assuming the company abandons the site in its current configuration.  This estimate is based on the following assumptions:

· the company goes bankrupt or abandons the property,

· no allowance for the progressive reclamation which is currently proposed until after it is completed,

· all work is based on independent contractor rates,

· all costs are 2002 Canadian dollars,

· the cost estimate does not include revenue from recovery of assets.

It is recognized that calculation of the reclamation liability without allowance for progressive reclamation is financially punitive to the company.  However, until this work is completed it is still an outstanding liability just like any reclamation which is put off until final closure of the mine.  Therefore, financial security should be established to ensure that this work is conducted as proposed.  If the company carries out progressive reclamation as proposed, such as removal of waste rock into the underground mine during operations, then the company’s costs may be lower than estimated here.

The estimate has been developed using the RECLAIM model, a spreadsheet developed by DIAND for estimation of mine reclamation costs.  The model is based, as much as possible, upon costs from other mine reclamation activities completed in the north.  The results of the reclamation cost estimate are presented in Appendix B.

Detailed comments regarding the specific reclamation measures for each component and the detailed reclamation cost estimate are presented in Appendix C. 

4.2. ESTIMATED RECLAMATION LIABILITY

The estimated total reclamation liability for the Nanisivik  Mine is listed by mine component in the following table.

ESTIMATED RECLAMATION LIABILITY

NANISIVIK  MINE

	COMPONENT
	COST

	Open Pits
	$303,656

	Underground
	$25,000

	Tailings
	$5,742,848

	Rock Dumps
	$675,527

	Buildings & Equipment
	$2,342,727

	Chemicals & Contam. Soil
	$455,900

	Interim Care & Maintenance
	$3,183,280

	Mob./Demob.
	$1,055,240

	Monitoring & Maintenance
	290,400

	Post-Closure Maintenance (Water treatment)
	$6,945,291

	Sub-total
	$21,019,869

	Project Management
	$630,596

	Engineering
	$630,596

	Contingency
	$5,254,967

	Grand Total
	$27,536,028


In keeping with conventional engineering practice, and considering the stage of A & R planning and the above uncertainties, this estimate includes a contingency of 25%.  A lower contingency would be indicative of a plan based on a comprehensive data base of site specific parameters, detailed engineering, and proven reclamation measures.  

As noted by EBA, there are uncertain and optimistic elements of the closure plan.  Resolution of these issues may increase costs.  In addition, as noted in Section 2, not all of the requested information was provided.  Some reclamation issues may have been missed or understated in this estimate.  The reclamation cost estimate presented here should be considered as a pre-feasibility or order of magnitude estimate.  Therefore, the contingency is an integral part of the cost estimate and the estimated cost is not complete without it.

Note that the reclamation cost does not include any reclamation at the airstrip or provide for any fees which may be associated with permits for quarrying of cover materials.

In the event that the Government must carry out reclamation work at the Nanisivik  Mine, then the Government would probably incur additional costs.  These costs, which are not included in this cost estimate, would be for activities such as:

· increased frequency of inspections leading up to assuming responsibility for the site,

· internal administration of contracts for planning and implementing the reclamation work,

· legal costs associated with “orphaning” of the site and making claims against the security deposit, and,

· interest charges on outlays until recovery of funds from any security deposit which has been provided.

5. SECURITY DEPOSIT 

5.1. general

This estimate of the reclamation liability for the Nanisivik Mine is expected to be considered in the establishment of a security deposit to be provided by the mine owner.

This estimate assumes that the company has not carried out any progressive reclamation.  When the company does conduct this work it should be entitled to a reduction in the security requirements.

The ideal form of security deposit is cash or Government of Canada bonds.  Both of these deposits will accumulate interest and may adequately counter the negative effects of inflation on the value of the deposit.  If the company proposes a letter of credit (L.O.C.) and it is accepted by the Water Board, then the L.O.C. should include an annual adjustment for inflation.  It is suggested that this adjustment be linked to the Canadian Consumer Price Index or other accepted measure of the effects of inflation.

There is an additional issue related to the use of a LOC.  If an L.O.C. is used then it should be established in a manner which ensures that it remains in effect and accessible to the Government for a period sufficiently long for the Government to contract and carry out the necessary reclamation work.  It is suggested that the bond should remain in effect for a minimum of two years past the date at which the site is legally declared an orphan and becomes the responsibility of the government.

The mine is due to shut down in September 2002.  It is recommended that a security deposit for the full reclamation liability be in place prior to shut down of the mine.  This will place the onus on the company to carry out the necessary reclamation work in an expedient and cost-effective manner rather than post-pone the work for as long as possible.

5.2. Corporate capacity

The consolidated balance sheets for Breakwater Resources Ltd. as at Dec. 31, 2001 and 2000 have been obtained from the company’s web site.  They show that the company has accrued $11.4 million for reclamation of Nanisivik plus an additional $2.4 million which is to be expended in 2002.  No details on the nature of this expense are provided.  Unless this latter amount has already been spent on reclamation tasks, the company currently has $13.8 million in hand for reclamation of the Nanisivik Mine.  This amount is about 50% of the cost estimated in this report.   A security bond for $6 million is currently in place for the Nanisivik Mine, or about 22% of the estimated reclamation liability.

The company had current assets of about $95 million at Dec. 2001.  A portion of these assets could be liquidated to make up the balance of the security requirement.  The company has a number of other operating mines.  It appears that the company is financially viable.  There does not appear to be a reason that the company can not provide financial security for the full reclamation liability as presented here.

6. Conclusions

Based on the information reviewed and the above assessment, the following conclusions have been reached.

1. The A & R plan prepared by the company is inadequate for final closure planning.  There are uncertainties and optimistic elements in the A & R plan as presented by the company.  A number of these have been identified by EBA Engineering, others are identified here.  There may be others.

2. Requests for information submitted to the company were not addressed, addressed only in part, or provided too late.

3. The estimate of reclamation liability presented here should be considered as a pre-feasibility level estimate because of the outstanding issues.

4. The total cost for reclamation of the Nanisivik Mine, including provision for post-closure water management and monitoring, is $27.5 million.

5. Cash is the preferred form of security deposit.  If a letter of credit is proposed then it should include terms for inflation adjustment and duration of the security well after any failure of the company to fulfill its obligations.

· The company has accrued up to $13.8 million for reclamation of the site.  The company appears to have sufficient assets to be able to provide security for 100% of the estimated liability.

· Additional costs, above those identified here, would be incurred by the Government if it were to carry out the reclamation.  These costs relate to contract administration, legal, contract timing and scope and financial carrying costs.

This report presents a brief review of the reclamation issues and an estimate of the cost for reclamation of the Nanisivik  Mine.  Should there be any questions regarding the approach or conclusion of the report, please contact the undersigned.

Yours truly,

Brodie Consulting Ltd.

M. J. Brodie, P. Eng.

APPENDIX A

INFORMATION SOURCES

The following information was reviewed in preparation of the reclamation cost estimate:

· Nanisivik Mine Revised Interim Closure (Abandonment) and Restoration Plan, 2001,

· Nanisivik Mine, 2001Annual Water Report, March 2002,

· Nanisivik Mine ,2000Annual Water Report, March 2001,

· Nanisivik Mine, Acid Base Accounting Report, Lorax, date unspecified, (scanned by Nunavut Water Board July 17, 2001),

· Nanisivik Mine, Response and Treatment Discussion Paper on Lorax Environmental Services Ltd. ABA Report for the Nanisivik Mine, date unspecified

· Lorax Environmental Services, untitled report on testing of two samples of tailings, date unspecified,

· Nanisivik Mine, Waste Rock Disposal Plan For 2001, March 2001

· Nanisivik Mine, Waste Rock Disposal Plan For 2002, February 2002

· Nanisivik Mine, Phase II Environmental Site Assessment, Nanisivik Landfill Site, November 30, 2000,

· Nanisivik Mine, Hydraulic Confinement of the West Twin Disposal Area, November 30, 2000,

· Nanisivik Mine, Long Term Tailings Disposal Plan, 200, March 2001,

· Nanisivik Mine, Test Cell Evaluation, April 2001

· BGC Engineering Inc., Follow-up Analytical Work On West Twin Dike Stability, November 20, 2000,

· BGC Engineering Inc., 2001 Geotechnical Inspection Of Waste Containment Dikes, September 17, 2001,

· Acres International, letter to Nunavut Water Board, 2000 Long Term Tailings Plan – Geotechnical Review, April 18, 2000,

· Nanisivik Mine, spreadsheet of Frost Gauge Readings, 2000

· EBA Engineering, Draft report, Review of Nanisivik Abandonment and Restoration Plan, June 14, 2000 (appendices not included with draft report),

· 3 site drawings in electronic format,

· Breakwater Resources Ltd. Consolidated Balance Sheets as at Dec. 2001, obtained from the company’s web site at www.breakwater.ca,

List of information requests, as submitted to DIAND Water Resources Division in early June 2002:

In order to prepare the reclamation cost estimate for the Nanisivik Mine I require the following additional information:

1. thermal data for the existing tailings in the WTDA behind the dam,

2. geotechnical inspection reports and/or the reviews by Acres and EBA on WTDA dam, these should include up to date thermal data,

3. geotechnical testing of the proposed shale cover material, specifically freeze thaw type degradation test results and chemical weathering tests,

4. insitu strength characterization of shale from proposed source area, (can the required volume at closure be reasonably ripped or will drill & blast be required to meet production rates?)

5. test cell thermal data showing the seasonal variability in the cover temperature (not the average annual temperature),

6. DIAND’s currently accepted prediction of the effects of global warming on the eastern arctic, ( the 1997 source referenced in the Nanisivik report is out of date),

7. a plan and report outlining the area impacted by tailings from spill 00-014, (total mass released and estimate of kg/m2 of impacted area, also an indication of tailings release from previous wind events around WTDA and any tailings releases in the vicinity of the mill and dock loadout area,

8. schedules showing 

· the amount of tailings capping completed to date and still outstanding,

· the extent of WTDA tailings dam resurfacing completed to date and still outstanding,

9. an independent critique of the ARD report (this report seems inadequate), also required is;

· results of metal leaching tests and field data to support leaching rate estimates,

· plans showing location and quantity of all mined materials with NP:AP < 3:1, (this also includes pit walls),

· plans showing the location, storage capacity and haul route for U/G disposal of mined rocks,

· schedule showing the quantity of  mined rock placed underground to date and any new additions to surface rock piles,

10. an inventory of PCB materials and other hazardous materials stored on site,

11. a history of fuel spills (quantity spilled and location)

12. a plan showing the dimensions (including height) of all buildings,

13. discussion as to why East Adit treatment facility can discharge above MMLER in June of 2000

14. an estimate of the number of years required to bio-remediate H-C contaminated soil,

15. MAPS, I need plans in order to make quantity estimates, this cannot be done from the NTS  8 ½ x 11 plans which were scanned into the reports,

APPENDIX B

RECLAMATION COST ESTIMATE

APPENDIX C

RECLAMATION COST ESTIMATE

SUPPORTING DETAILS

NANISIVIK MINE

RECLAMATION COST ESTIMATE

SUPPORTING DETAILS FOR INPUT TO RECLAIM MODEL

Pits

· berms are required around the crest of pits, berms are 3 m high, 1H:1V slope and 1 m wide at top, volume is 12 m3/m, lengths are: West Pit – 300 m, East Pit - 200 m, and Ocean View - 200 m, total volume is 8400 m3

· rock is placed to establish cover over PAG rock in pit walls, cover is 2 m thick shale over top of 12 high fill of waste rock against pit wall and slopes at 2H:1V, cost for waste rock placement covered below under waste rock reclamation, shale cover is 24 m wide, 2 m thick and 150 m long at West Pit, cover at East and Ocean View pits assumed to be 1/3 of size at West pit,

Underground 

· reclamation requirements for the underground workings will consist of removal of hazardous materials

· portals are assumed to be sealed by placing of cover over slopes

Rock piles

· total volume of rock to permafrost disposal is 103,651 m3, assume 50% to underground and 50% into surface quarries, 51,825 m3 to U/G, 

· 51,825 m3 to quarry, assume 10 m fill depth, allow dozing of 0.5 m3/m before cover placement, cover is 2 m thick over 5183 m2 or 10,365 m3 of shale

Tailings containment

· cover for area west of dike is 342,285 m2 at 1.75 m thick for cover volume of 599,000 m3,

· cover for test cell area is 73,730 m2 at 1.75 m thick for cover volume of 129,000 m3,

· wind-blown tailings, assume 0.2 km2 recently affected area plus 0.2 km2 of previously affected area, allow removal by dozing, 400,000 m2 at 0.1 m3/m gives 40,000 m3, assume doze into piles, load and haul with trucks and spread in tailings area before cover placement,

· runoff channel west of dike, assume focussed runoff enters covered area at two locations, length of runoff channel over cover will be approximately 1000 m, allow rip rap of 0.5 m thick over 4 m width for channels gives 2000 m3 of rip rap, allow additional insulating shale under channel of 2 m thickness by 10 m wide, first excavate tailings under channel alignment and then backfill with shale, remove 20,000 m3 of tailings and replace with 20,000 m3 of shale,

· spillway, length is 600 m and max. depth is 10 m, assume average depth is 5 m and invert width is 4 m for constructability, side slopes are 3H:1V, excavation volume is 95 m3/m times 600 m for total volume of 57,000 m3

· West Twin reservoir area, place shale cover over wave erodable tailings, assume 500 m strip by 30 m wide, shale cover of 0.5 m gives 7500 m3 of shale,

· allowance for soil, fertilizer and grass seed on affected area is provided.

Buildings & equipment

· remove wooden townsite buildings, demolition area scaled upward to account for higher buildings,

· remove recreation hall,

· remove mill complex, DMS, concentrate storage, warm & cold storage and compressor plant,

· allow for removal of ship loading conveyors

· allow for removal of tank farm tanks and piping

· assume all demolition waste reduced in volume to 25% of erected volume and disposed in quarry,

· shale cover over demolition waste is 2 m thick over 11,150 m3 of waste placed in 8 m lift, shale volume is 2787 m3,

· after removal of buildings, the mill and town site will be graded and shale will be placed over concrete foundations, allow for 0.5 m3/m2 on 1 ha at mill complex, 1 ha at concentrate storage, 0.4 ha at townsite,

· allowance for soil, fertilizer and grass seed on affected area is provided, areas are 4 ha at mill complex, 6 ha at concentrate storage/tank farm area,

· reclamation of the roads is included in this part of the cost estimate, allow for removal of acid generating rock in 3000 m of roads at 1m thick and 8 m wide for disposal in permafrost in quarry, volume is 24,000 m3,

· scarify remaining roads and vegetate, 24.9 km less 3 km, at 8 m wide gives 17.5 ha,

Chemicals & contaminated soils

· allow for haz. mat. audit

· allow for removal of has. mat. 

· allow for burning of 30,000 litres of waste oil,

· allow for 88 m3 of sludge in tank farm tanks, 0.1 m depth of sludge in all tanks,

· metal and hydrocarbon contaminated soil will be disposed of in the underground workings or tailings area, metals - allow for 0.5 m3/m2 over 1 ha by mill and 1 ha by concentrate storage,  hydrocarbon soil - allow for disposal of 2000 m3,

· allow 6 days for electrician & laborer to remove light ballasts from townsite buildings,

· allow for removal of 10 PCB units, allow $7500 each

· allow for cover over landfill, 20,000 m2 and 1.75 m thick cover for 35,000 m3 of shale,

Interim Care & Maintenance

· allow for 4 years interim care and maintenance,

· assume on-site care-tender at $95,000/yr,

· fuel and supplies at $100,000/yr,

· air access, bi-weekly flights 1200 km from Iqaluit, at $12,800 per trip,

· electrician, 2 weeks per year at $400/day

· mechanic, 2 weeks per year at $400/day

· 2 laborers, 12 weeks per year each at $300/day

· lime for East adit treatment, 0.1 kg/m3 times 60,000 m3 gives 6 tonnes at $270/tonne FOB Iqaluit plus $12,800/tonne shipping by air to Nanisivik,

· one pick-up truck at $12,000/year

· one dozer for miscellaneous tasks, allowance $25,000/yr,

· one excavator for miscellaneous tasks, allowance $25,000/yr

· 2 snow machines at $3000/yr

· allow $20,000/year for communications,

· allow $25,000/year for Water Licence sampling analyses and reporting

· allow $15,000/year for geotechnical assessment, (incl. travel),

Other Reclamation Issues

· allow for reclamation of quarries, dozing/contouring – 10,000 m3 (presented in RECLAIM pits unit),

· allow for revegetation of quarries, 90 ha, (presented in RECLAIM pits unit),

· allow for removal of dock, (presented in RECLAIM buildings unit),

Mobilization & Demobilization

· it is assumed that the loaders, haul trucks and dozers are not on site at closure and must be supplied in order to carry out the reclamation work,

· all reclamation and demolition equipment will be mobilized from southern Canada,

· re-supply of all fuel, equipment, and consumables for the reclamation work is via sea transport, no allowance for major re-supply using large aircraft such as the Hercules,

· assume reclamation equipment to consist of 1 drill, 1 front end loader (D990), 1 dozer (D9), 3 dump trucks (C775B), 2 excavators (330L), 

· shipping at $266/tonne one way from Montreal to Nanisivik including load and unload (verbal communication – Expeditions Nordique)

· fuel will be required for site maintenance and operation of equipment during reclamation year, allow for 500,000 l,

· personnel transport is by air, assume 1 Twin Otter flight per week, 12 weeks plus 2 extra flights at the beginning and end of reclamation season,

· accommodation for 15 men for 4 months is required, use of existing facilities is expected,

Post-Closure Water Treatment

· post-closure for removal of zinc is expected to be required for 10 years, possibly commencing several years after the tailings cover is constructed, 

· treatment is to consist of addition of lime at the rate of 0.1 kg/m3 of water,

· the volume to be treated is assumed to 400,000 m3/year, which will require addition of 40 tonnes of lime per year, at $270/tonne FOB Iqaluit plus $12,800/tonne shipping by air to Nanisivik,

· relocation of the East adit treatment facility to West Twin Lake will be required,

· fuel and supplies at $50,000/yr,

· air access, bi-weekly flights 1200 km from Iqaluit, at $12,800 per trip for 12 weeks per year,

· electrician, 1 week per year at $400/day

· mechanic, 1 week per year at $400/day

· 1 technician at $400/day and 1 laborer at $300/day,

· one pick-up truck at $12,000/year

· one excavator for misc. tasks and spillway maintenance, machine remains on site, allowance $50,000/yr

· allow $20,000/year for communications,

Post-Closure Monitoring & maintenance

· monitoring and maintenance costs consist primarily of geotechnical inspections, thermal monitoring and water quality sampling during the post-closure period,

· allow for aquatic effects monitoring program,

Reclamation summary

· in addition to the cost of the primary reclamation activities, an allowance of 3% of the cost is included for each of project management and engineering for the reclamation work,

· a contingency of 25% is allowed.

_____________________________________________________________________________________

Brodie Consulting Ltd.


