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ECHO BAY MINES

Lupin Opcration

9818 International Airport
Edmonton, AB T5J 2T2
Tel:  (780) 890-7000
Fax: (780) 890-8814

July 16, 2001

Nunavunt Water Board :
P.O.Box 119 :{ :
Gjoa Haven, NU X0B 1J0 ' A

Aun: Mr. Philippe di Pizzo
Executive Director

Re:  Amendment to Scecurity Deposit for Licence for Lupin
Dear Mr. di Pizzo:

In Bill Danyluk’s Icticr to you, dated May 16, 2001, requesting an amendment to the security
deposit required for Lupin, Mr. Danyluk referred to a research program being developed in
affiliation with the University of Alberta to Jook at altemmate reclamation options for Lupin’s
tailings (page 4, Jast paragraph).

Attachcd is a proposal title Proposal to Study Alternate Approaches to Cover Lupin Mine
Tailings, which was recently submitted by David Scgo and Kevin Biggar of the University of
Alberta. Echo Bay Mincs has asked Dr. Scgo to discuss his proposal at the upcoming public
hcaring in Kugluktuk on August 9, 2001.

Sincerely,

S,
. .\"-.__ DAt

Hugh Ducassc
Manager, Loss Control & Environmental Affairs

cc: Bill Danyluk
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Proposal to Study
Alternate Approaches to Cover

Lupin Mine Tailings

Submitted
to
C.M. Tanscy, P.Eng,
Chief Mine Enginccr Lupin
ECHO BAY MINES Ltd.

By

D.C. Scgo and K. W. Biggar
Department of Civil & Environmental Engineering
University of Alberta
Edmeonton, Alberta
T6G 2G7

Telephone: (780) 492-2059

Telefax:  (780) 492-8198
Email: desego@civil.ualberta.ca
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Rescarch Objective

‘The proposed rescarch will evaluate the use of a rock cover that sllows for air conveetion
to promotc and maintain permafrost in mine tailings. Conventional evaluation for cover
thickness is based on conductive thermal transfer to cstablish the material thickness
required to prevent thaw from penetrating into the underlying tailings. A field study to be
carried out at the Echo Bay’s Lupin Minc will be uscd to determine the minimum
required thickness of a placed open-work rock cover that will enhance convective winter
cooling but minimize convective warming dunng the summer duc to air density
diffcrences. The research findings have the potential of improving the design of covers
for mine tailings in Canada’s North while offering substantial suvings associatcd with the
required placement thickness of the cover, In addition the open-work rock cover offers a
robust solution to any potential impacts on the permafrost stability in the minc tailings
duc to futurc climate change.

Background

Echo Bay’s Lupin Mine is located on the westorn shore of Contwoyto Lake in the
Northwest Tcrritorics, It is located 80 km south of the Arctic Circle on the barren lands
und is 400 km northeast of Yellowknife. The mine site is underlain by permalrost and it
is located in Canada’s continuous permafrost region. Figure 1 is a location map {or the
Lupin Mime.

Construction of the mine began in 1980 with first mill production in April 1982 (Wilson
1990). Initial production was 860 tonnes per day with a mine life of 8 year but additional
reserves were discovered following start up and production was increased to 1750 tonnes
per day (Wilson 1990). Mining of present reserves is expected to be complete by 2007
using a production of 1900 tonnes per day.

The mill circuit consists of crushing and grinding, alkahne per-acration, cyanidation and
aeration 1o leach the gold from the ground ore, scparation of Icached ore from the
pregnant solution, precipitation of gold from the solution using zin¢ dust followed by
smclting of the gold preci?itate in & bullion fumace. Annual tailings production is
approximatcly 850,000 m* consisting of 175,000 m” of solids and 675,000 m” of water.
The tailings not presently used for the mine backfill operation is pumped to the tailings
impoundment for storage and later discharge of the environmental safe release water
(Wilson 1990).

Figure 2 illustrates the tailings pond area that is divided into a primary settling pond and a
secondary release water polishing area prior to safe release into the environment. Safe
containment within the tailings pond was constructed using frozen core dam technigues
for the outer dams while internal dams were constructed to facilitate optimum water
clarification via scttling of solids, natural degradation of cyanide and precipitation of
arsenic using ferric sulphate that is mixed into the process water prior o transfer from the
clarification to water polishing pond. Wilson (1990) provides detatled information on the
relouse of waler that meets all regquirements of the Water Licence issued by the Northwest
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Territorics Watcr Board under the Northern Inland Waters Act. Ongoing production has
resulled in infilling of the tailings facility with tailings that have settled and dewatcred.

The Lupin Minge in anticipation of closure upon completion of mining is interested in
cxamining reclamation options for their tailings pond. The present reclamation proposal
is to cap the exposed tailings with locally available esker material. The reclamation plan
is bascd on the gradual aggradation of permafrost through out the full depth of tailings
duc to cxtreme climatic conditions at the site (Geocon, 1993). The development of
permafrast throughout the tailings depth is proposed to minimize the potential to develop
acid mine drainage from the tailings in the future, The capped and frozen tailings will
minimize the inflow of both water and oxygen to the tailings and thus prevent the
initiation of acid mine drainage (Geocon, 1993), The csker cap is to prevent thaw during,
the summer from penetrating (o and into the underlying (rozen tailings. This will ensure
that all tailings once frozen in place remain frozen,

Trial esker cover have been constructed to 0.5m and Tm thickness on portions of the
tailing surface. ‘I'emperatures have heen measured beneath these two covers and indicate
that thaw has penetrated to about 1,75m below the cover surface, This would indicate the
present use of the esker material would require at least 1.75m thickness of cover to
prevent thaw from penctrating into the underlying tailings. 1t has been suggested that a
cover of up to 2m thick may be required. These cover thickness have a substantial cost
implication for reclamation prior to abandonment of this tailings facility.

This rescarch proposal is to examine an altemate approach (o selection of material for and
construction of the cover that incorporates the concept of convective heal transfer to
promote more rapid freezing of the tailings while preventing summer thaw., The
approach results in substantial decrease of the thaw penetration into the cover compared
to that due to conductive heat transfer within a well-graded material (Goering 1998). ‘I'he
basic concept is that rather than use a well-graded granular matenial from the esker one
uses & poorly graded open-work rock or gravel. This material in contrast with the well-
graded csker matcrial has a high air permeability that will allow for the circulation of air
into and through its void spaccs. The air movement allows for the set up of circulation
cclls within the void space that causes faster cooling of the cover during the winter and
much reduced warming during the summer. Figure 3 illustrates the basic concept of the
wintcr circulation caused by the density diffcrence of the cold air compared to that of
warmer air (Goering 1998). The cold air sinks to the base of the fill causing the warmer
less dense air to rise and remove heat from within and betow the fill. This allows for
more rapid cooling of the fill and it promotes freczing of the underlying material.

In the summer the warm air does not set up the same circulation pattern because the
warm air af the surface of the cover is less dense than the cooler air within the void spacc
in the cover. The cold air that has scitled into the fill remains at its base and slows the
penetration of thaw through the cover. This rescarch project will test this hypothesis and
underiake field measurement to determine the minimum thickness of poorly graded open-
work matcrial requircd 1o proteet the underlying tailings from thawing.
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Research Program

An open-work rock cap and an esker cap of varying thickness on the tailings will be
constructed and instrumented. Measurements of temperature profile from thermistor
strings placed through the constructed covers and wto the underlying tailings will be
monitored over a 3-year period 1o evaluate freeze back in the winter, and subsequent
warming in the summer for 3 years. Based on the data collected and its evaluation,
recomimendations can be made as to the effectivencss of the method, the optimal
thickness, and the costs associated with the alternative cover design. In addition, acccss
tubes will be installed for neutron probe determination of water content profiles through
the covers at various times during the field experiment.

An additional component meludes constructing a sceond open-work rock cover during
the winter. This method of construction can take advantage of year-round construction
activity as thc open work rock will be obtained by drilling and blasting in & ncar by rock
quarry. Winter placement has the advantage of covering the tailings when they are
alrcady frozen. This has the potential to both enhance freeze back of the tailings, and
allows for placement of the rock directly on a firmer material.

Figurc 4 presents a schematic diagram of the test embankment set up. Two embankments
will be constructed during the summer of 2001, One will be constructed using the esker
material and the second will be constructcd out of blast rock or mine waste that will be
quarried adjacent to the mine site. later in 2001 and early 2002, the third cinbankment
will be constructed out of blast rock or mine waste on top of frozen tailings. Each
cmbankment will be constructed to the same dimensions to remove the embankment size
other than thickncss from the test program,

A detailed thermal analylical evaluation of the as placed test embankments will be carricd
out using the Geoslope Intemational 1.4d TempW software that can analyze thermal
conduction with input of the as measured surface climatic data. Thc open work rack cap
will be analyzed using the convective heat transfer model described by Gocring and
Kumar (1996). The results from these separate analytical methods will be compared 1o
cach other and the field data compiled during the project.

Benefits of the Research

The data from the vesearch will allow for evaluation of the best locally available material
for use in constructing the cover. Presently the csker material can only be cxcavated
during the sunmmer since downward thawing of the in-situ frozen csker is required to
allow for easy of excavation. Operationally the blast rock can be excavated year round.
The blast rock can also be obtained ncar the tailings pond while the esker material must
be trucked for about 7 km to the tailings impoundment, Use of the blast rock will result
in reduced costs associated with transport of the cover material and the potential for year
round placement.
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1f the research establishes that the blast rock can be placed year round this may also
reducc costs especially if the majority of the cover matcrial can be placed prior to mine
closure in 2007, This will result in lcss additional costs associated with maintaining the
camp only for placement of the cover material.

Additional environmental benefit is gained by use of the blast rock versus the esker
material. The csker material is excavated from some of the hest wildlife habitat in the
Arctic, Eskers are used for dens by small animals and as travel corridor during the winter
because (they generally arc wind sweep of snow making travel casier.
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Budget for Lupin Cover Evaluation 2001, 2002 and 203

This budge! is prepared using the NSERC guidclines and it is planned that afler review
and agrecment with the scopc of work by the Lupin Mine 1o submit it as a NSERC
Collaborative Grant. The funding formula used by NSERC is to match 1 to 1 the
company’s contribution to the research costs. The company’s contribution can consist of
1 1o 1 cash to in kind support for the projcct.

As and example the cash requirement of say $78,000 can be arrived at as follows:

Lupin Mine contributcs $26,000 in cash and $26,000 of in kind made up of construction
of (cst ecmbankments, travel to and from sitc and accommodation. 'This then generates a
contribution of $52,000 in cash from NSERC. Thus there is $78,000 in cash to support
the work in addition to the $26,000 of in kind (which can consist of placing the test
cmbankments?).

Using the ahove example it would cost Lupin $26,000 in cash to support this 3 ycar
project that would support at least one graduate student to completion of his/her degrec.

Ttem ) Cost
Technician time for construction, instrumentation assembly and $4.000.00
installation, elc. .

Instrumentation (sec attached quotation ) $27,289.82
Rescarch Assis{ant or graduate student {o oversec construction of pad, $45,000.00

installation of instrumcntation, process data, do modelling, draft report
cte, ($15,000/yr)

Flights to site ' o $0
Accommodation T %0
Secretarial Support for report generation, copying, ctc. $1,000.00
Subtotal $77,289.82 |
University overhead @ 0% on NSERC Grants ) 0

TOTAL $77,289.82 |
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