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Funding program applied to: Language of application:
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Total project 2 693 183 6 767 573 1 163 240 $10, 623, 996
Partner
contributions 1 615 910 4 060 544 697 944 $6, 374, 398

\_ CFl request $1. 077, 273 $2, 707,029 $465. 296 $4. 249, 598/
Designated Project Leader

(" Name: Meech, John Title: Pr of essor )
Department:M ni ng Engi neeri ng Telephone: Ext.:

E-mail: Fax:

Key words: Provide a maximum of ten (10) words that describe the infrastructure project and the research to which it will
contribute. Use commas to separate each key word.

CEMR, M ning, Environment, Sustainability, Acid Rock Drainage, Pollution Reduction, Energy
Use Reduction, Raw Materials and Waste Reduction, Mning Comunities and the Work
Envi ronment, System Integration, The 'Geen' Mne
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Primary: 10500 Primary: 3.0
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Multi-institutional application. To be completed by eligible institutions (other than the institution identified on page 1)
that would share CFI funding for this project, if approved by the CFI.

The following eligible institutions that will receive CFI funding for this project, agree that the general conditions governing
the partner contributions and the use of CFI funds, as outlined in the Institutional Agreement and in the CFI Policy and
Program Guide, apply to the project outlined in this application and are hereby accepted by each institution.
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Name (CEO or President of the institution or authorized representative):

Date:
Signature:

Institution:

Name (CEO or President of the institution or authorized representative):

Date:
Signature:

Institution:

Name (CEO or President of the institution or authorized representative):

Date:
Signature:

- J

™
ProGrid - FCI, Copyright 1999 Form 2003



Canada Foundation for Innovation Page 3A of 19

Institution and Title of Infrastructure Project (from p. 1 of this module): Project number 7588
University of British Colunbia

I nnovati ve Research for the Challenges of Mning in the 21st Century

- the Canadi an Environnental M ning Research Centre

Project overview

In language appropriate for a multidisciplinary committee, use this page and up to one additional page to describe the
infrastructure that will be acquired or developed and indicate where the infrastructure will be located. Indicate briefly why
the infrastructure is needed, what research it will enable to be performed and why that research is important.

~N
The University of British Colunbia intends to create a Research Centre at Britannia

Beach in conjunction with the work we have been doing to assist in remediation of this
derelict mne site. This facility will be called the Canadi an Environnental M ning
Research Centre (CEMR) and will becone a world-class facility dedicated to solving
environnental problens in the mning industry.

The proposed Centre consists of an 18,000 sqg.ft. two story structure containing 21
i ndi vidual, yet interconnected |aboratories to conduct research in all aspects of the new
field known as Sustai nable Mning. This termwas coined to describe a broad approach to
m ni ng that enconpasses technical, economic, social-political, environnental, and health
i ssues as set out by the recently-conpleted dobal Mning Initiative in London, UK
Despite the best intentions, we believe a gap exists in the dialog on Sustainable M ning
with respect to defining sustainable technology targets. W intend to fill this gap with
our new research centre and to conduct the innovative research necessary to devel op
sust ai nabl e i ning technol ogies for the 21st Century.

The research is classified into 6 thenes: People, Energy, Mterials, Waste, Biota, and
H gh- Technol ogy. Fifteen coll aborative research projects that fall under each thene are
described in this proposal. This work will conducted at the new research | abs at Britannia
Beach by 35 UBC Faculty Menbers currently associated with CERM3 on the nmain canmpus. This
group has collectively made significant breakthroughs with novel research concepts and
approaches over the past two years. Al of the infrastructure requested in the proposa
will be located at Britannia Beach. A cellular constructed wetlands will be created to
support innovative research into passive treatnent processes for mne effluents.

The CEMR Centre will link with three other facilities at Britannia Beach: The BC Miseum
of Mning, The BCGMnistry of Water, Land, and Air Protection's Water Treatnent Pl ant
(WIP), and the proposed Natural Resources-Canada Centre for Mning Innovations. W will
support the Museumwith new exhibits on our research. W will provide the WIP with project
support to reduce the operating costs of the plant. W will trade access to the research
labs with the NRCan Centre in exchange for housing all admnstrative facilities. These
groups forma tightly-knit, yet independent set of unique facilities that will transform
Britanni a Beach fromthe derelict eye-sore it is today into a vibrant, effective touri st
destination with extrenely positive nmessages on history, on current mning practices, and
on environnmental mning research to be transferred to the general public.

The research will enconpass the follow ng el enents:

- Sustainable practices in mne closure, |andscape architecture and community rel ations.
- Geothermal energy from hi gh-tenperature Canadian sites and fromm ne effluents.

- Energy reduction in mlling using efficiency inprovenents and energy recycle.

- Metal recovery process enhancenent - hydrometal lurgy, flotation, physical separation.
- Aci d- Rock-Drai nage and netal s enmi ssions from existing and abandoned m ne sites.

- Sub-aqueous waste di sposal options.

- Rel ationshi p of geochem cal and geotechnical aspects of waste rock piles.

- Rheol ogi cal properties of waste dunps and related slurries.
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In language appropriate for a multidisciplinary committee, use this page and up to one additional page to describe the
infrastructure that will be acquired or developed and indicate where the infrastructure will be located. Indicate briefly why
the infrastructure is needed, what research it will enable to be performed and why that research is important.

~N
- Phyto-reclamation, remedi ation, and revegetation practices.

- Mne-MII integration, telerobotics, and environnmental renote sensing.

These projects are very inportant to maintaining the Canadian nmining industry as a
mai nstay of our econony. The reputation of our industry is poor with the perception that
significant damage to the environnent results froma mne. In fact, Canadi an m ning
practices are second to none in ternms of the environnent and our environnental technol ogy
is in high demand around the world. Yet there are still problens related to spills, dam
failures, social upheaval, and other societal issues. The proposed facility at Britannia
will project a balanced i mage about mning and mners. It will help industry by devel opi ng
even better methods to protect the environnent and serve to denonstrate the power of
research as an econonic driver that benefits all aspects of society.

This Centre is of critical inmportance to the mning industry for the foll owi ng reasons:

FOCUS: It provides a focus on research in environnental protection that

is not yet avail able anywhere else in the world with the collective
respect of all stakehol ders.

QUTPUT: The research output ains to provide innovative solutions to existing
pol I ution problenms and to devel opi ng ways to avoid future inpact.
In order to mine in the 21st Century, society will demand even hi gher
standards than in the past. Qur research will contribute to the ability
of industry to neet this challenge.

SHOWCASE: It provides an opportunity to show how research can be a catal yst for
good in creating an environnent for collaborative approaches to solve
conpl ex problens and changi ng society's inage of the industry.

LOCATI ON: The innovation includes the actual location itself, with the nmine
site providing resources that support our research in the form of
ARD, subaqueous tailings, unrenedi ated waste dunps, a water treatnment
plant, and a site contaninated with heavy-netals.

"GREEN' M NING The over-riding proposal to create the "G een Mne" is a new idea
about incorporating "green" technologies into the design of a nine
and mll. By showi ng how such an approach can result in najor cost
savi ngs, mines can beconme nore efficient at the sane tinme that
enhancenents in environnmental protection are introduced.

The proposal fits inwith virtually all elenments of UBC s current research plans
regardi ng sustainability, the environment, cross-disciplinarity and the desire of the
university to engage the community in our research and educational values. This project
presents the "chance of a lifetime" for a university to denonstrate how research can work
directly to change a derelict site into sonething of great value. Wth the 2010 Wnter
Ganmes conming to Vancouver, Britannia Beach will be an ideal location to showase UBC and
Qts research efforts.

/
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Institution and Title of Infrastructure Project (from p. 1 of this module): Project number: 7588
Uni versity of British Colunbia

I nnovative Research for the Challenges of Mning in the 21st Century

- the Canadi an Environnental M ning Research Centre

Self-assessment
Al - The Research
Choose the statement that best represents the research
The proposed infrastructure will be used for research that is:

1 (a) high quality and potentially useful;

"1 (b) competitive at the national level and may lead to innovation;

L] (c) competitive at the international level and will lead to innovation;

x| (d) at the leading edge internationally, transformative, and can be expected to have a major impact on innovation.

Using the space below and up to 5 additional pages, address all the following:

e outline the major research and how the infrastructure will be used to enable it;

e explain how the proposed research is innovative and how it is different from similar research being done by other
groups regionally, nationally and internationally;

e describe the research opportunity and how the proposed research will capitalise on this opportunity.

( As m ning conpanies are learning to deal with environnmental problens, the issues are A

becom ng nore and nore conpl ex. The context in which one exam nes a specific problemtakes
on greater inportance and attenpts to "optim ze" fail since the objective function is so
difficult to define. For exanmple, local comunity issues now cross over such diverse
aspects as aboriginal heritage and culture, health care and education, social val ues and
services, anong a nyriad of other factors. Increasingly, conpanies are expected to provide
services fornmerly considered the responsibility of a government and yet by inplenenting
such systenms they run the risk of alienation by appearing to be "Big Brother" taking away
freedons. As governnent, industry, and comunities blur together, conpanies nust assume a
greater role in order to sustain lifestyles and other needs and at the sanme tinme avoid the
appear ance of "domni nation".

Increasingly, these different contexts to a decision or problem have the potential to
come into conflict. The term'triple-bottomline" (sharehol der, social, and environmenta
responsibilities) has been coined by industry to attenpt to denonstrate that corporate
deci si ons enconpass nore than sinply sharehol der value, but todate little has been done to
attenpt to nerge these three conponents into a single entity for evaluation. Recently the
term "sustai nable mning" has arisen out of the debate with about 600 different
definitions being bandied about in the literature.

Despite this confusion over definition, in fact, sustainable mning is central to the
research to be conducted in the CEMR Centre. In general, this termdescribe a new approach
to problemsol ving that considers the conventional technical and econom c issues but al so
i ncludes on an "equal footing", the socio-political and environnental factors. At the risk
of adding yet another novel definition to the term we have set up the follow ng
definition:

"Sustainable Mning attenpts to reduce uncertainty
associ ated with the business of mining."

These uncertainties enconpass:

the orebody (its |ocation, shape and grade),

the mar ket pl ace (conpetition, prices, substitution),

the environnent (pollution today and in the future),

the | andscape (open pits/caved areas and cl osure pl ans),

the i npact on enpl oynent (local opportunities and |inks to other comunities),

. J
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the inpacts on native popul ations (cultural issues and social problens),

the technol ogi es (process and orebody stability),

the sharing of wealth (benefits of new infrastructure vs. resource exploitation),
the political and social stability (governnent regul ations and access to | and),
etc.

Uncertainty | eads to nisunderstandings and sonmetines "error". Reducing uncertainty
t hrough technol ogy and dialog are two key ways that research can hel p provide sol utions.
By increasing our understandi ng and knowl edge, all people can nake the right decisions
about thenselves and their comunity or conpany.

O necessity then, our research nmust include social and political aspects if we hope to
find workabl e sol utions and understand societal interests and needs. At the CEMR Centre,
three approaches w || operate:

- dealing with abandoned | egacy mne sites
- devel oping protective systens for operating nines
- devel opi ng i nnovative m ning and processi ng mnet hods

The first itemrelates directly to the siting of our facility at Britannia Beach. This
derelict mne site located 45 km north of Vancouver on the Sea-to-Sky H ghway to Wistler
i s acknow edged by Environnment-Canada to be North Anerica's worst Acid Rock Drai nage (ARD)
problemin ternms of total metals release. Since 1974, over 10,000 tonnes of copper, zinc,
iron, alum num arsenic and cadnmi um conbi ned have di scharged into pristine Howe Sound. A
maj or part of the mne site is judged to be contani nated under the BC Contaninated Sites
| egislation. The site contains a nyriad of unrenedi ated waste piles that are producing
acid and | eaching netals into the environment. Total effluent di scharge averages 500
m3/ hour (range = 200 to 1200 over the year with sonme spikes up to over 2000). The CEMR

Centre will have direct access to this |ow pH effluent which contains high quantities of
copper and zinc. The CEMR building and constructed wetlands will be situated on the fan
area at the nouth of Britannia Creek beside the BC Museum of M ning and so, we will have

to learn to deal with life on a contam nated site. The Mnistry for Water, Land, and Air
Protection (MALAP) are conpleting a Water Treatnent Plant in 2004 that will be avail able
for our researchers to work on projects initially designed to reduce operating costs and
the amount of |ine sludge produced. The Canadi an governnent's Departnent of Natura
Resources Canada (NRCan) is planning to build the Britannia Centre for Mning Innovation
that will beconme a major tourist destination in the Lower Minland. Al of these projects
will work together to transformthe Britannia site froman eyesore into a place of high
value. UBC s presence at Britannia Beach since 2000 has acted as a catal yst to draw many
of these new projects into the site.

In 2001, UBC established two facilities at Britannia Beach upon whi ch our research
activities will grow. One of these involves a full-scale plug to study the sealing of mne
tunnel s using bulk materials. The research has been dubbed "The M I I ennium Plug Project"
as we intend to devel op design guidelines for a bulkhead with a |ife of 1000 years. The
second facility is a research lab to recover heat fromthe mne effluent. This work will
pave the way to heat the CEMR Centre using the ARD as a "geothermal resource". The goal is
to devel op ways to reduce the payback period of this activity from8-9 years down to 2-3
\Years. Y
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is provided in the Financial Information section of this proposal. In this section we wll
now descri be the research to be the initial focus of the centre. This facility wll
support true collaborative research involving experts with a broadl y-based set of skills.

I n managi ng the w de-rangi ng nature of our research projects, the central goal is to
pronote the concept of Sustainable Mning. To serve this aim six research thenes have
been assigned to reflect the contexts that make-up sustainable mning. These thenes are
"Peopl e", "Energy", "Materials", "Waste", "Biota", and "H gh-Technol ogy". At this stage,
15 separate projects have been selected for initial inplementation of these themes. One
proj ect crosses over all six themes with the remaining 14 being allocated to one of each
specific theme. This overriding project is termed "The G een M ne".

Project 1. Green Design in Mning
(Meech, Scobl e, Condon, Lavkulich, Baldw n, Veiga, Kl ein, Cullen)
Littl e has been reported on the application of "green" design concepts to mine design

can be based such as heating, lighting, ventilation, and health issues. Mne/nm || design
traditionally is directed at reducing costs and provi ding an environnent to increase
production without sacrificing quality. The critical question is

"Can Green Buil ding Design be used to design the 'Geen M ne
wi t hout inpacting negatively on production and product quality?"

99% ends up as heat. Little attention has been paid to nonitoring or recovering this
heat. In cold clinmates, opportunities exist to recoup heat from process waters, and

per haps, elsewhere as well. A mll is rarely designed froman aesthetic or "confort"

vi ewpoi nt for the workers. Mdst nmills are uninsulated, poorly-lit, noisy, and dirty. By
designing for warnth, color, cleanliness and reduced noi se, norale can be inproved
resulting in higher efficiency. Costs can be reduced through an integrated approach

closure plan. Surface waste should be nminimzed and a "tidy" site a major goal. CEMR
intends to use its building and research to denonstrate these principles to the industry
and to devel op guidelines for applying "green" design in mning. W intend to research
techni ques to enbody these design approaches into mning and mlling that will not only
i nprove the environment and working conditions but will also reduce costs and provide
significant econom c incentives.

MAJOR BREAKTHROUGH TARGET: Establishing design protocols for the "Green Mne and MII".
The projects that nmake up each individual research theme will now be descri bed.

THEME 1: PECPLE

\?xisting popul ations are directly inpacted by a mning operation. Safety and occupationa

<
The Canadi an Environnmental M ning Research Centre is planned as 21 individual |abs each

dedi cated to studying specific aspects of mining and the environnent. A list of these |abs

There are clearly some inportant attributes of "G een" Buildings on which the "G een M ne"

MIlling is particularly open to "green" design, i.e., in cominution, nost energy (~98-

O her aspects include reducing the footprint of a mne and addressing the "l ook" of the
property during the operating phase. A properly maintained facility can nake for a cheaper

This theme will consider factors such as conmunities in which enployees live or in which

/
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"liveabl e communities" is a major conponent of this thenme |ed by the Landscape
Architecture departnent at UBC with particular reference to the post-mning stage
foll owi ng cl osure.

2. Sustainability of Mning Communities

(Scobl e, Veiga, Meech, Dunbar, Klein, Lavkulich, Teschke)
The special research team has been put together by Ml col m Scoble and Marcello Veiga in
the UBC M ning departnent. The vision is a unique, innovative and fresh approach to
enhanci ng so many aspects of what a mning engi neer nust becone today. The group is

operating a nmine. Sonme of these topics include: interacting with First Nations; planning
for closure; fly-in canps vs. new town devel opnent; creating alternative industrial

education needs of societies in Third Wrld Countri es.

Sust ai nable M ning Comrunities
Scoble is the lead on this work with input fromvirtually all CERM3 researchers.

still reside anpbngst the pollution. Wy? What are their ties to such a place? Wat
i mprovenents can be nade with the advent of the new facilities at the site? Scoble's UBC
group will find this site ideal to study conmunity issues and apply the anthropol ogi cal

Beach be transferred to other communities around the world; and, are there approaches
being attenpted at other communities around the world that can be applied in a North
Aneri can context?"

Pandeni cs and M ni ng
Kay Teschke will lead this research through the UBC Bridge Programwi th strong

UBC. The issue faced by mning relating to AIDS in Third Wrld countries in Africa in
particular, is sinply mnd-boggling. Many of the issues have direct inpact on the
company's bottomline in addition to the horrific social costs resulting. A stable
workforce is a major benefit to a mning operation. It is estimated that over 50, 000, 000
Africans will die in the next decade from AIDS. Over 30 percent of the population in
several countries in Southern Africa have H'V. Mning conpanies are just beginning to

who contract this deadly illness and their fanmlies. The nunber of orphans and destitute
famlies resulting fromthis pandem c is daunting and the social probl ens enornous.

Pol i cies and protocols are desperately needed and the Bridge Program can provi de unique
support for industry by devel opi ng such opti ons.

MAJOR BREAKTHROUGHS: 1. Integrating comunity planning into the mne life cycle.
2. Devel oping protocols to deal with pandem c di sease (H V/ Al DS).

\3. Landscape Architecture in Mne Cosure Pl ans

[ . . . . , . )
health issues are involved in this theme together with the need for infrastructure to deal
with cultural, health care, educational, and social-political issues. The desire to create

attenpting to incorporate anthropol ogical ideas into the technical issues of designing and

activities; sustaining conmunities into the post-mning era; and addressing the health and

Britannia represents a derelict site abandoned in the 1970s, yet a community of 250 people

factors to other sites. Questions to address will include, "Can what we learn at Britannia

interaction fromMrtin Schechter, Head of Epidem ol ogy and a naj or H V/ AlIDS researcher at

grapple with howto deal with the needs of their workers and the | ocal comunities - those

J
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Condon, Head of UBC-Landscape Architecture. His concepts of using the | andscape to devel op
"Li veabl e, Sustainable Communities" fits in exactly with our plans to devel op sustai nabl e
protocols for mine closure. Britannia Beach offers this research group sone extrenely
interesting opportunities to devel op approaches that integrate the science of Landscape
Architecture into our research

m ne shuts down. Britannia Beach is a unique mcrocosmto study how to transforman ugly
site into one that is enjoyable to live in. Veiga has an interest in using abandoned m nes
for aquaculture - either on-land or in abandoned pits. Britannia will support these
efforts. Lavkulich is extrenely know edgeabl e about how proto-soils evolve into soil which
will be inportant aspects of the transformation of this site through revegetation.

architecture and community needs. These include site-specific issues as well as generic
approaches such as "the | ook" of buildings and open space, the need for infrastructura
support — crime prevention, hospitals, schooling, alternative social and economc
activities, protection of the environnment, |ocal environnental opportunities that present
"green" approaches (geothermal heat, etc.) and local heritage and culture factors. W
intend to marry the hard sciences (chem stry and physics) with soft science (socia

sci ence, anthropology, arts and crafts) through the interaction of the experts in our
centre in these various fields.

MAJOR BREAKTHROUGH TARGET: Devel opnent of protocols to applying the principles of
Landscape Architecture and Sustai nable Comunities into Mne C osure plans.

THEME 2: ENERGY

the focus of this thene. Reducing energy consunption saves nmoney for a m ning operation
and reduces the production of G een House Gases. Alternate sources of energy are inportant
aspects of this research theme, particularly exploitation of |ow and hi gh tenperature

geot hermal resources. This includes devel oping techniques to recover and use heat from

m ne effl uents.

4. Production of Geothermal Energy in Canada

Energy and has organi zed a Geothernal Group in BC to pronote rel ated geothernal projects

not be exploiting our geothermal resources. Two reasons for this are that we have few
feasible sites, nost being in renpte parts of the BC coastal nountain range, and secondly,

(Condon, Lavkulich, Veiga, Meech, Scoble, Bal dw n, Ghonshei, Teschke)
The exercise of devel oping this proposal brought us into close contact with Patrick

Condon is the lead in a research programai ned at creating |liveable conmunities after a

The work in this project will take a holistic approach to all aspects of |andscape

Efficient use of energy and the need to reduce the use of carbon-based energy supply is

(CGhonshei, Mrtensen, Russell, Meech, R Hall, Pakal nis, Lang)
Mory Ghonshei |eads this work. He is likely Canada's | eadi ng expert of Geotherma

Three scenarios are involved in this research
- high-tenperature geothernal electrical power production
- heat punps for extracting ground heat using closed or open |oop flows

- heat punps for extracting heat frommne effluents and di scharge waters

The first itemis a "rarity" in Canada. W are the only country on the Pacific Rmto

/
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/éC has such an abundance of hydroel ectric power that high-tenperature geothermal is not
really taken seriously.

However, Meager Creek located not far from Britannia Beach shows signs of being a
candidate for Canada's first geothermal project. Geothermal permt holders in the Meager
Creek and M. Cal ey region have discovered high-tenperature reservoirs close to surface.
Research is needed to evaluate the extent of the aquifer, i.e., its reliability and
stability, and the need to hydro-fracture the rock to increase perneability. CERM3 wl |
col laborate with these entrepreneurs to help understand this potential resource.

The second project involves using the ground around a building to extract and store
heat for use in space heating and air conditioning. The third project will be installed as
a denonstration concept this summer to extract heat from Britannia ARD. Sponsored by
NRCan, the project will establish proof-of-concept in a nmning context and will attenpt to
find ways that reduce the payback period. The Geothermal lab will extract heat fromthe
polluted mine waters for use as space-heating in the research centre and town.

MAJOR BREAKTHROUGH TARGET: Expansion of Canada's potential use of Geothernmal Energy - high
tenperature, heat punp technol ogi es, and heat recovery from m ne effluent.

5. Reduction of Energy Use in Conmm nution Processes

(Tromans, Meech, Ghonshei, Klein, Veiga, Pawik)

Conmi nuti on processes use only ~1% of the energy input to create new surfaces.
Virtually all energy is converted to heat. Conmi nution represents between 65-80% of al
energy used in mning. Even a slight increase in efficiency could have huge inpact on
power consunption wth consequent cost savings and benefits regardi ng G een-House Gas
em ssions. Recently Tromans and Meech have determ ned a theoretical basis for this
efficiency difficulty and can predict the fracture nmechanics of virtually all minerals
froma thernodynam c analysis for both cross-grain and intergranul ar breakage. W believe
this work will lead us to devel op new processes to break rock with higher efficiency, and
to better understand the inefficiencies of current processes. The work is being expanded
this year with a collaboration with the Conputational Materials Science Goup at Tohoku
Uni versity using their superconmputer for First-Principles nodeling. We are al so nounting a
project to survey energy distribution in grinding in collaboration with CSIRO in Australia
funded through AM RA, the Australia mning industry research agency.

Todat e, no one has ever published a proper energy balance on a grinding circuit. Power
consunption is monitored of course, but changes in the distribution of energy during
grinding are not understood. By devel oping an on-line systemto nonitor energy
di stribution, we believe approaches to increase efficiency can be achieved.

Des Tromans is the driving force behind this work. Britannia presents a uni que
opportunity to study conmi nution practices and the recovery and recycling of heat
extracted frommne-and-nmill waters. Part of the heat recovered fromthe Britannia ARD
will be applied to processes that break rock. W hope to find ways to decrease energy
consunption by at |east 10%

MAJOR BREAKTHROUGH TARGET: A decrease in energy use in the mning industry of 10-20%

(Continued on Page 4G in the Additional Pages Documnent)

- /
. TN .
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Page 4G: Al - The Research
(continued from Page 4F)

THEME 3: MATERIALS

Mining involves the extraction of mineral, energy or metal products and along the way it
consumes raw materials such as steel, water, chemicals, etc. to achieve efficient and
effective products for market. This theme will focus on enhancing the recovery of values from
ores and on reducing the consumption of raw materials, especially toxic ones such as cyanide.

6. Processes to Recover Metals Economically from Mine Effluents

(Klein, Veiga, Meech, Pawlik, R. Lawrence, Baldwin, Dreisinger, Dixon)

Richard Lawrence is a Principal with BioTeQ Environmental Technologies Inc. and is an
Adjunct Professor in the UBC-Mining department. BioTeqg is a company that processes metals
from mine effluent using sulfate-reducing bacteria (SRBs). The process is installed at the
Caribou mine in New Brunswick and a second is being built at a Phelps-Dodge property in the
US. The MWLAP design team are currently considering this option together with the High-
Density Lime Sludge process that is currently considered state-of-the-art. Baldwin has
extensive experience with SRB processes and she will examine ways to apply this process ahead
of the HDS plant in collaboration with Lawrence. Possible options include producing a bulk
Cu/Zn concentrate, producing separate products, or recovering metals by electrolysis or in
other ways.

We will also study Selective Cementation. It is possible to design a relatively
inexpensive process using scrap iron and other precipitating media or reagents to selectively
pull copper and zinc from solution. One possibility is to use scrap aluminum. While Al
oxidizes readily passivating its surface and stopping the reaction, high-speed attritors can
possibly help to obtain active surfaces prior to entering the effluent. Direct electrolysis
is also a possibility if a cheap source of electrical power is available.

Aqueous Processing of Ores

(Dreisinger, Dixon, Meech, Klein, Tromans, Baldwin, Veiga, R. Lawrence, Pawlik)

David Dreisinger leads this effort. The focus is to develop fundamental models of heap
leaching and hydrometallurgical processing. These methods have revolutionized the industry
over the past 25 years because of their reduced impact on the environment, their more
efficient use of energy, and their applicability to low grade ores. The aqueous processing
labs (flotation, surface chemistry, and hydrometallurgy) will provide significant support for
this work. The research includes bioleaching, pressure oxidation, electrolysis, and
cementation among other processes. The types of ores amenable to these techniques are copper,
uranium, zinc, nickel, and gold or silver ores. One novel idea is to use hydrometallurgy to
extract energy from coal. Most hydro-processes for coal have focused on pyrite reduction, but
there is a real opportunity to use coal to produce steam within a high-pressure reactor for
use in generating electricity by reacting with CaO. The solid product emitted from the
reactor would retain all carbon in the form of carbonate that can be disposed of in a
conventional waste pile or be used to neutralize acidic effluent from another process. By
integrating a sulfide metal mine with a generating station, all of these processes can work
together to produce the same amount of energy without producing GHGs and protecting the
environment from ARD. The key to this concept is to marry the size of the generating station
to the size of the metal-producing operation.

MAJOR BREAKTHROUGH TARGET 1l: Development of practical processes to recover metals from mine
effluents with low metal content.

MAJOR BREAKTHROUGH TARGET 2: Development of a new approach to coal utilization that
completely eliminates GHG production and generates a neutralizing material to mitigate ARD
from a sulfide metallic ore leaching process.

THEME 4: WASTE
All mines and mills produce solid and liquid (and sometimes gaseous) waste. Solid waste
can vary from more than 99% of the run-of-mine ore to as low as 1% with some industrial
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mineral processes. Safe, long-term storage of this solid waste is of central concern of all
mining operations. The collapse of tailing dams during the past century around the world has
been a major problem for the industry. It is estimated that over the past decade, the costs
to recover from and mitigate the effects of such failures have been in excess of 1.5 billion
US dollars. Prediction, treatment, and prevention of Acid-Rock-Drainage are ubiquitous
concerns at most mines around the world and our research into this area will be a key
component of this theme.

7. Arsenic and 0Old Mining

(Cullen, Meech, Dixon, Dreisinger, Baldwin, Lavkulich, K. Hall, Klein, Ghomshei)
William Cullen leads this research. Much of the efforts will be directed at the storage of
As-bearing dusts in the underground workings in Yellowknife. Techniques to deal with this
problem include: asphalting, sealing, freezing, autoclave-processing, etc. Although arsenic
is not a significant issue at Britannia, CEMR will have all the tools necessary to support
this work and there are potential arsenic-bearing "hot-spots" on the fan area of the site.
Arsenic is increasingly being recognized as a major environmental hazard. The US-EPA recently
lowered the acceptable discharge limit from 50 to 10 ppb - a controversial decision but one
based on experiences in Bangladesh and N.E. India where arsenic contamination of artisanal
wells has resulted in the poisoning of millions of people. Many mines around the world are
concerned with the safe storage of arsenic-bearing materials on surface and underground. This
project is considered to be crucial in developing advanced methods to deal with the problems.

MAJOR BREAKTHROUGH TARGET: Development of practical processes to deal with arsenic pollution
from a mine site.

8. Innovative Approaches to Acid-Rock-Drainage (ARD) Mitigation

(Meech, Klein, Ghomshei, Mayer, Wilson, Smith, R. Lawrence, K. Hall, Lavkulich,

Veiga, Baldwin, Suttle, Sobolewski)

ARD research can be broken down into three categories: prediction, containment, and
prevention. ARD is the single most insidious and ubiquitous problem faced by virtually all
mines around the world. Sulfide waste is abundant in most economic rock and upon exposure to
water and oxygen these minerals react to form sulfuric acid that leaches heavy metals. Each
site and material has unique characteristics that influence the problem such as sulfide
level, climate, geography, presence of alkaline rock, particle size, etc. Prediction is
fraught with difficulties that include parameter variation and sampling inaccuracies among
many others. Predictive testwork can be done, but lab tests have significant scale-up issues
requiring more research. Development of site-specific knowledge is key to finding reliable
methods. The prediction work will be led by R. Lawrence, the containment work by Lavkulich,
and the prevention work by Baldwin.

Methods to contain ARD are mandatory at all operating mines today as well as at those that
have closed. These include dry and wet covers, sealing of waste piles, diversion of water,
use of geomembranes and other barriers, wetlands to neutralize and remove heavy metals, and
anoxic drains. Active methods control metal levels by adjusting pH with lime and then
disposing of the sludge. Recovery methods show promise where metal levels are high. There
are added benefits to using these processes with conventional containment approaches in that
alkali consumption can be reduced which lowers operating and sludge disposal costs.

Prevention methods include ways to isolate deleterious materials to prevent water and/or
oxygen coming into contact with sulfides. Passivation using dichromate and permanganate has
been attempted, but these are expensive. Passive treatment is worthy of research since this
represents a relatively inexpensive "natural" solution. Hybrid methods with both active and
passive methods might apply wetlands and related processes to high metal and high flowrate
situations. Britannia Mine is an ideal site to test out such approaches and our innovative
constructed wetlands will support this research.

Microbiology, Reclamation, and Remediation
Dealing with bacteria that boosts the onset of ARD is also important. We are examining if
a bacteriophage can suppress a bacterial population. Inoculating a waste dump is suggested,
but the bacteria mutate and eventually become immune. Susan Baldwin is heading up this field
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with strong support from Suttle and Sobolewski. The constructed wetlands will be a major
asset for her group's research into passive ARD treatment. Sobolewski is a major player in
the passive system approach through his company Microbial Inc. Suttle is pursuing a
bacteriophage to deal with T. ferrooxidans. The ability to apply these processes and methods
to Britannia ARD will help this work in many ways.

MAJOR BREAKTHROUGH TARGET: Development of protocols to use passive ARD treatment processes
for high metal content and/or high flowrate effluents.

9. Sub-aqueous Waste Disposal

(Poling, Pederson - UVic, Meech, Lavkulich, Lang, Wilson, Veiga, G. Lawrence)

One of the most controversial waste management practices is deposition of solid waste into
an aqueous environment. The term "out of sight - out of mind" springs to mind, but in fact,
there are logical reasons to use this method in some cases. There are 3 basic alternatives:
sub-marine, fresh-water lakes, and riverine disposal. This latter practice is particularly
damaging and should be avoided at all costs although there is often no alternative but to
leave the ore in the ground. We have a group at UBC and UVic with substantial experience in
this subject as Poling and Pedersen were involved for many years in research at Island Copper
that resulted in considerable science on tailings deposition in Rupert Inlet. At Britannia,
there are close to 40 million tonnes of tailings in Howe Sound that cannot be studied
properly while bioavailable metals are being discharged from the mine. Now that a water
treatment plant will be installed, evaluation can be done on the true impact of these
sediments on marine life. The group will study these sediments from the viewpoint of metal
uptake, transient aspects of disturbing the ocean floor and slope stability of material on
the bottom of the Sound. We will produce a Guidelines Document that details where such
practices are acceptable, where they are not, and how they should be designed.

MAJOR BREAKTHROUGH TARGET: Establishing protocols for effective design of subaqueous waste
disposal (WHEN-WHERE-HOW-and-NOT) .

10. Influence of Geochemistry on Stability of Mine Waste Piles

(Mayer, Lang, Meech, Hungr, Ghomshei, Smith, Klein, Morin, Davies, Lavkulich, Baldwin)

UBC-CERM3 was recently selected by Molycorp Inc. in Questa, NM, as the top university

candidate team in North America to perform research into how ARD may affect waste pile
stability. As acid is created through weathering of sulfides, the acid can react with
silicates to generate clay minerals. If the clay content increases or forms layers within the
pile, slope failure may ensue, especially for high-angle waste piles. The problem is
apparently ubiquitous at many mountainous mines, but has so far received little attention.
Liability is considerable upon closure, especially if human activity is significant nearby -
roads, walking trails, etc. We have a multi-disciplinary team with skills in the chemistry
and physics of the problem. With diversity of waste materials at the site, Britannia Mine is
an ideal location to support this work and extend the findings at Questa to other properties.

Solid Waste Management and Hydrology

(Wilson, Smith, Beckie, Mayer, Lang, Davies, Hungr, Pakalnis)

Ward Wilson is the lead researcher in this field. The main focus is on geotechnical
stability of waste piles with a major interest in the hydrology of waste dumps and its impact
on ARD generation. Britannia provides a unique opportunity to conduct long-term controlled
trials on the numerous waste dumps located on steep slopes. The group will assess existing
methods to monitor climate, gas fluxes, subsurface conditions, evaporation/transpiration, and
net infiltration.

The work will integrate with the remote-sensing lab, the remediation/revegetation lab and
the simulation facility by establishing an Eddy Covariance Monitoring station for real-time
measurement of water evaporation and CO2 gas flux. Gas fluxes indicate acid neutralization by
providing direct measurements of oxygen and carbon dioxide at the soil-air interface. The
system is field-based, but can also be used for lab testwork on the kinetics of intrinsic
oxidation rates. Fredlund Cells will be used to monitor unsaturated soils properties with the
ability to test under compressive stress to understand the evolution of weathering waste.
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MAJOR BREAKTHROUGH TARGET: Improved understanding of the linkage between Geochemistry and
Geotechnology of waste piles and on the real-time monitoring of ARD generation.
11. Britannia - ARD and Soil Formation

(Lavkulich, Baldwin, Meech, Ghomshei)

The Britannia site is a unique place to study the evolution of proto-soil from mine waste.
The contaminated fan consists of tailings and "hot-spots" of sphalerite and pyrite. Little
revegetation has been done and where grasses and other plants have "volunteered", they are
not thriving and appear unhealthy. The impact of ARD on soil is considerable with "relatively
rapid" solubilization and decomposition of primary to secondary minerals and clay. Mine
wastes will be assessed for their mineralogical stability and for release of minor and major
elements. Soluble species will be measured to produce a dynamic and chronological model of
acid production in the wetlands. X-ray diffraction (XRD), specific surface area, cation
exchange capacity (CEC), and petrographic thin-section analyses will be used to study surface
properties related to solution, sorption, and precipitation.

Fieldwork will allow depth profiles of 02 and CO2. Knowledge of these gases and their
isotopic contents will be augmented with chemical analyses of solids. Pore-gas 02 profiles
can quantify sulfide oxidation while CO2 species can quantify geochemical reactions.
Understanding the dynamics of a new soil system has value for rehabilitation. The Britannia
protocol will be generic allowing similar application at sites such as Mt. Washington. As
soils are key ecosystem components, these data will support a process to establish successive
plant communities. Lab simulations will help reveal conditions in which plants are in harmony
with a new stage of succession. An innovative greenhouse nursery to propagate native species
organically will be developed. This work is led by Lavkulich.

MAJOR BREAKTHROUGH TARGET: BRetter understanding of the impact of ARD on soil formation.

12. Rheology of Slurries and Debris Flows
(Klein, Hungr, Ghomshei, Meech, Dixon, Dreisinger, Pawlik, Veiga)

Bernhard Klein is the lead researcher in this area. Laterite slurries are one of the main
focuses of this work with their unstable fluid flow properties that negatively affect
leaching operations such as Pressure Oxidation. The unstable nature of the material leads to
significant mixing and pumping problems.

The rheology of debris flows from waste dumps and natural scars is not well-understood and
is fundamental to developing models that can predict flow. Mudflow studies will be extended
to coarse rock debris with a view to characterizing conditions for the onset of flow. A
large-scale rheometer will be built to support this work. The topology of the Britannia site
will be important to this research.

MAJOR BREAKTHROUGH TARGET 1l: Better understanding of the onset of unstable flow conditions in
laterite slurries.

MAJOR BREAKTHROUGH TARGET 2: Better understanding of the rheological characteristics of
debris flows.

Theme 5: Biota

Microorganisms and biota are extremely important considerations in research that addresses
sustainable mining with respect to impact on ecosystems. Closure plans must consider biota
when considering reclamation and revegetation. Recently, phyto-reclamation has received
considerable interest from mining companies (Inco, Rustenberg Platinum, and Rio Tinto) to
clean-up contaminated sites. Bacteria and other microorganisms also play major roles in the
rate of ARD generation. Such types of research will be conducted under this theme.

13. Phyto-mining and Phyto-reclamation (Anderson - Massey University, Meech, Veiga, Klein,
Ghomshei, Baldwin, Lavkulich)
Knowledge about the ability of certain plant to accumulate heavy metals from soils and
other substrates is receiving considerable interest from industry. Rustenberg Mining and Inco
are two companies using phyto-reclamation on Ni-contaminated sites. UBC-CERM3 has partnered




ADDITIONAL PAGES FOR APPLICATIONS OVER $10 MILLION Page 4K of 19
Al - THE RESEARCH

Innovative Research for the Challenges of Mining in the 21st Century Project No. 7588
- the Canadian Environmental Mining Research Centre

with Dr. Chris Anderson of Massey University in New Zealand, who leads a major research group
studying phyto-mining and phyto-reclamation. His group have identified over 1000 plants that
are able to concentrate specific metals, so native plants can likely be found to help
mitigate serious contamination at many specific sites around the world. In collaboration with
Massey, we have installed a field lab at two mine sites in Brazil seriously contaminated with
mercury. Our goal is to develop a species that can retain mercury within its cells for
recovery rather than increasing the transpiration rate to the atmosphere. The presence of
gold in these substrates is also of interest. Canola plants (a Canadian development) have
been selected as candidate species among others to recover Hg and Au from the mine waste.

Part of this research will focus on plants that accumulate copper, zinc and cadmium from
contaminated soil at Britannia Beach. One additional metal to be investigated includes
molybdenum of which no reports are available in the literature. Our wetland cells will
examine the planting of different species to recover such metals. Use of a lixiviant to
mobilize metals for uptake by the plants will be an important aspect of the work. Design of
the wetlands to insure mobilization does not impact on the surrounding environment is an
issue to be addressed.

MAJOR BREAKTHROUGH TARGET: Development of hyperaccumulating species of plants for copper,
zinc, cadmium, mercury, molybdenum, and gold to assist in remediation of a contaminated site.

Theme 6: High-Technology

The development of innovative technologies to deal with pollution, health and safety
issues, economic and technical modeling, etc. is a central part of a well-planned sustainable
mining research program. This includes methods such as computer applications for simulation
modeling, process control, remote monitoring, instrumentation, and robotics. These aspects
will be the focus of this theme.

14. Integration of Mining and Processing Operations
(Meech, R. Hall, Scoble, Dunbar, Klein, P. Lawrence, Pawlik, Morin)

We plan to develop a software tool based on the latest Artificial Intelligence techniques
to study scenarios to integrate the mine/mill operation. Some of the topics in this work will
include: Treating the Mine-Mill Complex as a Factory; Industrial Automation and Telerobotics
in Mining; and Simulation Modeling of the Mine and Mill. Robert Hall leads this group with
significant support from P. Lawrence of Electrical Eng. Access to the underground workings
also presents some unique opportunities to expand this innovative work.

MAJOR BREAKTHROUGH TARGET: Application of Agent-based Artificial Intelligence techniques in
Mining/Milling to improve overall efficiency.

15. Remote Sensors to Monitor the Environment
(Meech, R. Hall, Pakalnis, Veiga, Klein, Ghomshei, Morin)

MacDonald-Dettwiler has expressed interest in establishing a program on satellite
monitoring of the environment. Instrumentation to monitor aqueous environments for
characteristics such as pH, conductivity, Eh, metal ion levels, solids content, etc. will be
developed. Data can be continuously measured and passed up to a satellite using a number of
state-of-the-art GPS systems. Robust, reliable instruments that survive in the "wild" are
unavailable. Problems relate to materials selection (corrosion) and failure due to wear,
and/or freezing. We will develop such instrumentation and test it in the field around the
Britannia mine site. A common problem relates to equipment sabotage by curious folk with time
on their hands. Part of the design criteria will consider how to camouflage such devices.

MAJOR BREAKTHROUGH TARGET: Development of monitoring systems to maintain efficient and
effective process control of pollution in remote locations.

Table 1 on Page 4L in the Additional Pages document) provides a graphical image of the
relative importance of each theme to each research project. This type of diagram is called a
Kohonen Self-Organizing Map (SOM) - a visual technique developed in Finland that visually
represents the input/output relationship in an artificial neural network. The diagram shows
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the clusters of research activities and how the projects link to one another across each of
the six themes. Each project has a primary focus with one or more secondary or tertiary
impacts.

The projects involve a team of researchers who collaborate on elements of each research
with interaction taking place across the themes depicted. A total of 40 researchers are
involved in this plan. Each project or sub-project has a team leader with input of necessary
skills drawn from one or more of the collaborators. Some projects will be led by major users
of the facility while others will be under the leadership of more junior members with
specific skills that have evolved in recent years. A technical support group consisting of
senior full professors will provide overview input and advice (Lavkulich, Cullen, Tromans).

Table 1. Kohonen Self-Organizing Map of the Relative Importance of
each Theme to each Research Project.

Research Themes in Sustainable Mining
Research Projects

Materials High-Tech

Green Mine
Design
Sustainability of
Mining Communities
Landscape Architecture
In Mine Closure
Geothermal
Energy
Energy Reduction
in Milling
Metal Recovery
from Mine Effluents
Arsenic and
0Old Mining
ARD
Mitigation
Sub-aqueous
Waste Disposal
Geochemistry and
Geotechnology
Rheology of
Debris Flows
Britannia -
ARD, Soils and Clay
Phyto-Reclamation
and Revegetation
Mine/Mill
Integration
Remote
Sensing

[::]Small impact Note that all themes are of major importance to the Green Design Project
[:] Slight impact |as would be expected. Similarly, elements of Materials and High-
[::]High impact Technology (computer hardware and software, instrumentation, robotics
-Large impact etc.) play roles in each of the 13 research projects.
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devel opi ng protocol s and nmeasurenent methods for ultra-fine dust and underground gas
em ssion risks in the MsHL facility. She heads up the UBC Bridge Programcreated in 2001
to bring together three groups - Engineering, Health Care and Health Policy. This program
was an outgrowth of the CERMB initiative.

4. DAVID DREI SINGER is a Professor of Metals and Materials Engineering and holds the
Industrial Chair in Hydronetallurgy funded by 19 organi zations from around the world. Dr.
Dreisinger is a world-renowned expert in the field of hydronmetallurgy and is in demand as

a consultant and lecturer at many mine sites around the world. He has given over 100 short
- J
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courses outside UBC since 1988. His research is industrially-oriented yet his group
strives to understand the basics of conplex processes. He has devel oped nunerous process
i mprovenents and hol ds several patents that are licensed by UBC to the sponsors of the
Chair. In 1994, he received the CIM Sherritt Hydronetal |l urgy Award.

5. G ward Wlson is Professor of Mning Eng. and holds the Chiar in Mning and the
Envi ronment. He cane to UBC in 1999 from Givil Engineering at the University of
Saskat chewan. He conducts research into all aspects of mine waste and hydrol ogy of waste
piles with a focus on evaluating infiltration and evapo-transpiration at the ground
surface with application to the design of soil covers for waste rock and tailings. Dr.
Wlson is a collaborator. He is highly respected by industry around the world and consults
on numerous waste rock problenms. Several spin-off conpanies in Saskatchewan have energed
fromhis research group. Dr. Wlson will |lead as research group worki ng on co-deposition
of tailings and waste rock as well as research into inpact of hydrol ogy on ARD generation

6. PATRI CK CONDON hol ds the Janes Taylor Chair in Landscape and Livable Environments. He
has organi zed a series of round table nulti-party planning and desi gn processes throughout
North America with a shared goal of creating nore sustainable communities. The work has
produced approved and workabl e pl ans providi ng thousands of new housing units and job
sites in a sustainable conmunity context. He has becone well-known for producing alternate
nodel s for wal kabl e and conpl ete conunities - ones that work with, not against, the
natural capacities of a site, and doing this planning with the people involved - citizens
and stakehol ders of the area. The community design strategies fromthis work have received
wi despread attention provoking a fundamental re-exanination of how we plan our
nei ghbor hoods and how we provide the urban infrastructure needed to serve them

7. LES LAVKULICH is Director of the UBC Institute for Resources and Environnent where he
conducts research into soil science and resources, environmental chem stry, maintenance of
envi ronnment al services, sustainable agricultural systems, |and use hydrol ogy, mning and
the environnent, and environnmental risk assessnment and policy devel opment in the natura
sci ences. H s knowl edge and experience with environnental analytical equipnent and
| aboratory practice will be invaluable to the operation of the CEMR Centre's m crobiol ogy
| ab, reclamation |ab, and the constructed wetl ands.

8. DAVID DI XON i s Associate Professor of Metals and Materials Engineering. He is an
expert on the mathemati cal nodeling of heap-leach operations and consults widely on the
subject. He recently conpleted a sabbatical |eave with the CSI RO hydronetal | urgy research
group in Perth Australia where he devel oped an industrially-funded project to nodel
met al | urgi cal processes. Hi s approach is froma fundanental viewpoint rather than being
enpirical. His expertise will be invaluable in the hydronetal | urgy and hydrol ogi ca
nmodel ing facilities at the CEMR Centre

9. BERN KLEIN is Associate Professor of Mning Engineering and Director of the Centre
for Industrial Mneral |nnovations which he founded. His research attenpts to find new
uses for industrial nminerals particularly for environmental control through their high
adsorption capacity. He is also an expert in rheology and will head up a program ai ned at
characterizing the instability of laterite slurries during processing and to apply nud-
flow nmodeling to debris flows fromwaste dunps and natural scars. Dr. Kl ein's approach to
research is extrenely practical due to the 10 years of industrial experience he gained
runni ng conmercial pilot plant testwork.

\(conti nued on Page 6C of the Additional Pages Docunent) Y,
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10. Ulrich Mayer is an Assistant Professor in Earth and Ocean Sciences. His research group
have developed a versatile, multi-component, reactive transport model (MIN3P)that can be used
at to study long-term effects of sulfide mineral oxidation and feldspar weathering in
variably-saturated mine waste. The model includes ingress of atmospheric oxygen, oxidation of
multiple sulfides, and interaction of the resulting acidic pore water with the waste. The
work includes kinetically-controlled dissolution and precipitation reactions suitable to
model aluminosilicate weathering. The model has been successful at assessing acid mine
drainage release and attenuation at a number of mine sites.

Other Research Leaders

11. Chris Anderson is with the department of Soil and Earth Sciences of the Institute of
Natural Resources, Massey University, New Zealand. He is also a Principal with Phytomine
Environmental Ltd in New Zealand. Dr. Anderson heads up a group of researchers involved with
the identification of plants that hyper-accumulate or can be forces to hyper-accumulate
metals. His group has identified over 100 species that are specific accumulators of different
metals that include but are not limited to copper, zinc, nickel, gold, silver, mercury,
arsenic, antimony among many others. His research focuses on developing approaches to waste
dump rehabilitation that employ phyto-reclamation to accumulate metals into the cells of a
plant for harvest and eventual recovery.

12. Susan Baldwin is an Associate Professor in the department of Chemical and Biological
Engineering where she conducts research into a various aspects of biological and
microbiological processes for waste-water treatment. Among these, she is particularly skilled
at applying Sulfate Reducing Bacteria and in ARD Passive Treatment methods. She is Head of
CERM3's Bioremediation and Reclamation Laboratory.

13. William Cullen is Emeritus Professor of Chemistry with a distinguished career in the
chemistry of arsenic compounds. He has published over 350 papers and has received many
awards: UBC President's Service Award for Excellence - 1998, UBC Killam Research Prize -
1994; Fellow of the Royal Society of Canada - 1993; UBC Killam Senior Fellowship - 1989. His
current research focuses on the biogeochemistry of arsenic and antimony. He has been a
Visiting Professor at the University of Graz; de Montfort University; and the University of
Adelaide. His work includes: As-microorganism interactions in sediments and tailings and As-
compounds in biota near Yellowknife; stabilization of As-dust stored at the Giant Mine; and
environmental assessment of Miramar's Con Mine. He is a member of the US National Research
Committee on As in drinking water and he consults for US-EPA, NATO, Environment-Canada, US
Institute of Enviro-Health, DIAND, and the Ontario Ministry of the Environment.

14. Mory Ghomshei is an Adjunct Professor in Mining Engineering where he teaches and
conducts research in Geothermal Energy. He has been Research Manager of CERM3 and has
overseen the installation of all infrastructure in the CERM3 laboratories. His expertise is
broadly based and he can contribute to research in all aspects of Acid Rock Drainage -
testwork, interpretation, and modeling, in particular the application of stable isotope
analysis in tracing environmental pollutants back to their source.

15. Kenneth Hall conducts research in the UBC Institute for Resources and Environment
(Westwater Research Centre) in aquatic toxicity, cumulative effects, land/water interactions,
watershed modeling and all aspects of water pollution. He is a founding member of Westwater
and is widely recognized for his knowledge and research work in the field of water pollution.
He is invited to many international conferences as a Keynote Speaker - most recently he
addressed the Conference on Mercury Biocaccumulation held last December in Belem, Brazil.

16. Robert Hall is an Assistant Professor in Mining Engineering with a joint appointment in
the Integrated Engineering Program at UBC. With a background in mechanical engineering, his
research focuses on simulation modeling of mechanical processes and tele-robotic
applications. He is Head of the CERM3 Mining Automation and Environmental Simulation Lab.

17. Richard Lawrence is Adjunct Professor of Mining Engineering and a Principal in BioTeQ
Environmental Services Inc. Dr. Lawrence held the Chair in Mining and the Environment from
1992 to 1997 and was Head of Mining from 1995 to 1997. His main area of expertise is Acid
Rock Drainage: chemistry, prediction, mitigation, prevention, and monitoring, and processes
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for ARD treatment. BioTeQ markets an innovative metals-recovery process being used at mines
around the world to replace High-Density-Lime-Sludge as state-of-the-art in many cases.

18. George Poling is Emeritus Professor of Mining Engineering and Vice-President of
Environment for Rescan Environmental Services. Dr. Poling retired in 1996 from UBC after a
long and distinguished career performing research into all aspects of mineral processing and
environmental monitoring and control. Since the early 1970s, he was actively involved with
the outstanding research program conducted by BHP on the monitoring of their Island Copper
sub-marine tailings disposal system. Dr. Poling is widely respected across the industry and
his wise counsel is sought by many in all aspects of environmental monitoring and control.

19. Tom Pederson is Head of Earth and Ocean Sciences at the University of Victoria and an
Adjunct Professor in EOS at UBC. He is also an expert on sub-marine disposal methods with
extensive work done on the tailings deposition in Rupert Inlet.

20. Curtis Suttle is an Associate Professor in the Department of Microbiology with a joint
appointment in Earth and Ocean Sciences. His research is aimed at understanding the role of
microorganisms in nutrient and energy cycling in the world's oceans. He is one of the world's
leading experts on bacteriophage (natural viruses) that play key roles in the dynamics of
organisms and nutrients in marine ecosystems. His work attempts to isolate and characterize
novel viral pathogens; to apply molecular approaches to enumerate and identify such viruses;
to study the effect of viruses on primary productivity and phytoplankton population dynamics;
to determine the temporal and spatial distribution of specific viruses; and to identify the
rates and the mechanisms of viral production and removal in marine environments. His
knowledge is invaluable in our attempts to find a virus for acid-generating bacteria.

21. Des Tromans is Professor of Materials and Metals Engineering. Dr. Tromans has developed
a reputation for applying thermodynamics to real-world problems in corrosion, electro-
chemistry and fracture mechanics. This latter area conducted in collaboration with Meech, has
resulted in models that accurately predict the strength characteristics of minerals and other
brittle materials from First-Principles (both ionic and covalent bonding and both trans- and
inter-granular cracking). We believe this work will evolve into a new approach to comminution
that can lead to significant efficiency improvements in current processes.

22. Marcello Veiga is an expert on Mining and the Environment and Process Mineralogy. One
of the world's leading experts on all aspects of mercury use in gold mining and on global
mercury pollution, he recently was one of 20 scientists invited to Minimata, Japan, to attend
a Delphi-Conference on Global Mercury Pollution. He has spent over 10 years working in the
Amazon with "garimperos" (informal gold miners) and understands the chemistry, technology,
social and political issues of this complex subject. He has published widely and has several
seminal papers describing sources and mitigation methods for this insidious problem. He is
currently on a leave-of-absence with UNIDO in Austria helping develop a UN-sponsored
consistent approach to informal mining operations around the world.

Other Users

23. Diana Allen is an Associate Professor in the Earth Science department at Simon Fraser
University. She works closely with Dr. Ghomshei on many aspects of environmental and
geothermal systems and has considerable expertise in stable-isotope analysis.

24. Greg Baiden is an Adjunct Professor at UBC-Mining and Director of the Engineering
program at Laurentian University. He assumed this latter posting in 2002 following a
distinguished 17-year career with Inco Mines Research in Sudbury where he pioneered many
applications in mine automation and tele-robotics for production, drilling and blasting and
surveying. Dr Baiden is known in the Mining industry for being a leader in mine automation in
which he almost single-handedly has led the industry into some extremely novel approaches to
mine design and mine method adaptation. He has had a long collaborative association with
Scoble and Meech and works closely supervising graduate students on field-based research.

25. Roger Beckie is Professor of Earth and Ocean Sciences with specific expertise in ground
water hydrology. He is widely-recognized for his ability to provide practical solutions to
ground water problems particularly with respect to waste piles.

26. Mike Davies is an Adjunct Professor of Mining Engineering and a Senior Geotechnical
Consultant and Member of the AMEC Earth & Environmental Technical Council. His area of
expertise includes the stability of waste dumps, tailings dam design, innovative technologies
for mine waste storage (codisposal), engineering geology of natural and fill slopes,
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liquefaction and deformation assessment, risk assessment, earth structures analysis and the
physical modeling of lateritic/saprolitic soil and rock profiles.

27. Scott Dunbar is Professor of Mining Engineering and Head of the Integrated Engineering
program at UBC. His area of expertise includes mine-mill integration and the use of tele-
robotics and mini-machines in mining. He has recently completed a project with Syncrude on
the application of Ant-Colony modeling to shovel-truck scheduling.

28. Oldrich Hungr is a Professor in the Department of Earth and Ocean Sciences. He leads an
active group of UBC researchers whose main interest is rapid failure of slopes, avalanches
and debris flows. During the early 90s, he was involved in a BC-funded research project on
flow-sliding in coal waste piles in SW BC. His expertise is well-recognized by industry and
he consults widely on several waste dump assignments in Canada and around the world.

29. Brennan Lang Brennan Lang is President of TSS Tunnel and Shaft Sealing, a company
widely recognized for developing solutions to sealing mine openings. He has been Mine manager
at Britannia Mine from Oct 2001 until February 2003 and has extensive knowledge of all
aspects of the mine site. His area of expertise relates to mine closure - geomechanics, earth
and concrete plugs, and diversion and sealing of openings and surface slopes.

30. Peter Lawrence is Professor of Electrical Engineering where has conducts research into
the application of remote control of automated large equipment of wide use in the logging and
mining industries. He is working closely with Dr. Robert Hall on all aspects of our tele-
robotics application with digging and mine transportation equipment.

31. Greg Lawrence is a Professor of Civil Engineering with specific expertise in fluid
dynamic modeling. His group have developed an innovative predictive model of the meromictic
pit lake at Island Copper mine on the northern tip of Vancouver Island. His expertise will be
invaluable in the studies on the tailings sediment deposits at the bottom of Howe Sound.

32. Mike Lipsett is An Adjunct Professor in Mining Engineering and Head of Automation at
Syncrude-Canada. His expertise includes automation of all forms of surface equipment in open-
pit and strip-mining operations including digging, loading and haulage vehicles. He
collaborates with Scoble and Dunbar and supervises several graduate field-research programs.

33. Mario Morin is Assistant Professor of Mining Engineering. His areas of expertise
include slope stability and waste dump management and application of information technology
in mining. As a new member of the Mining department, Dr. Morin brings a fresh approach to all
aspects of mine design as they relate to the environmental perspective.

34. James Mortensen is Professor of Earth and Ocean Sciences and Director of the Pacific
Centre for Isotopic and Geochemical Research. This centre is one of the finest environmental
analytical facilities in western Canada and CERM3 has entered into an agreement with PCIGR
providing us with access to 7 different types of MS-ICP units for specific types of analyses.

35. Rimas Pakalnis is Associate Professor of Mining Engineering with expertise in all
aspects of geomechanics and slope stability: - modeling, prediction, design, and mine safety
issues in hard rock openings. Widely sought after by industry, Dr. Pakalnis is often called
as an expert witness to testify on specific rock-fall problems in the industry.

36. Marek Pawlik is Assistant Professor in Mining Engineering with specific expertise in
all aspects of surface chemistry and flotation.

37. Kelly Russell is Professor of Earth and Ocean Sciences. An expert on vulcanology, Dr.
Russell has considerable knowledge on Canadian geothermal resources and interacts with Dr.
Ghomshei on this subject.

38. Leslie Smith is Cominco Professor of Minerals and the Environment in the Earth and
Ocean Science department at UBC. He is an internationally-renowned expert on ground-water
hydrology and has received many awards for his work including the E.W.R. Steacie NSERC
Fellowship in 1991 and the UBC Killam Research Prize in 1990. He consults widely for industry
and government on hazardous waste management facilities. He has extensive knowledge of
groundwater modeling which will be invaluable in our Hydrology and Hydrogeology work. He has
extensive experience with groundwater hydrology, mathematical modeling, hydrogeology of waste
rock piles, and the design of ground water monitoring networks at hazardous mine waste sites.

39. Researchers from NR-CAN CANMET Environmental Laboratories.

40. Researchers seconded from industrial and governmental affiliates.
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Self-assessment
B1 - Need for the infrastructure

Choose the statement that best represents the proposed infrastructure

The proposed infrastructure is essential for the proposed research and:

[ (a) enhances institutional research capacity;

[ (b) establishes a unique institutional research capability;

[ (c) establishes a unique regional or national research capability;

[x] (d) establishes an internationally competitive research capability which would not exist otherwise.

Using the space below and up to 2 additional pages, address all of the following:

e the appropriateness of the infrastructure project for the proposed research;

e the project's potential impact on building institutional, regional or national capacity for innovation;

e the availability and accessibility of similar infrastructure within the institution, the region, the country or internationally, as
well as issues of complementarity, duplication and sharing;

e how the infrastructure project helps build capacity in the institution's strategic research priority areas, including efforts to
attract and retain highly qualified researchers in these areas. Describe the means the institution proposes to take to
support these priority areas (e.g. institutional resources to capitalize on the infrastructure, creation of new academic
staff positions, research chairs, etc.).

4 Est abl i shing the Canadi an Environnental M ning Research Centre at Britannia Beach will A
provi de Canada and the global mning industry with a world-class facility to conduct
i nnovati ve research to neet the needs of society in the 21st Century. It is still not

wi dely recogni zed that Mning has transforned itself towards a focus on sustainabl e

devel opnent and respect for and protection of the environment. In fact the term
Sust ai nabl e M ning sounds like a contradiction in terns - doesn't it? UBC- M ning has been
a leader in providing a vision of Mning in the 21st Century that considers the
environnent to be just as inportant, if not nore so, in decision-naking as econom cs and
t echnol ogy.

Many in our society today view mining as a backward industry that pollutes and destroys
and exploits. Geed, stock-scans, strikes, and disasters are the order of the day in the
m nds of many people. It is time to wake up our population to understand that this view
is dated and inaccurate. It is tine to denonstrate that the industry is as nodern and
forward-thinking as any. It is tinme to show that research is the driver behind the
changes that are taking place as the industry develops a "gentler" approach to its
busi ness.

This research centre will capitalize on several najor opportunities:

1. Britannia Beach will be transformed from an eyesore into sonething of value and
environnental research will be the catalyst for this to happen.

2. The location between Vancouver and Wi stler on the Sea-to-Sky highway is ideal to
showcase M ning and its environmental technol ogy to Canada and the Wbrl d.
Britannia Beach will be a gateway to the 2010 Wnter d ynpics.

3. Creating this research centre will encourage m ning conmpanies to expand their
research and col |l aborate with one another, with universities, and with governnent.

4. Locating the research centre at Britannia is innovative in its ow right -
being at Britannia provides direct access to Acid-Rock-Drainage, a site with
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( cont am nat ed sedi nents, sub-aqueous tailings, nunerous waste dunps, mne tunnels,
a conmunity struggling to sustain itself, and a site with incredible heritage and
historical values that will feed directly into the research directions.

5. Research will be identified as a significant contributor to the changes taking
place in mining. It is a wonderful opportunity to showase the power and benefits
of intelligent research directly applied to solving significant problens.

The m ning industry has nounted a nunber of sustainable initiatives around the world
and t hey have been focused on the social, political, economc, and environnental factors
associated with the field of sustainability and quite rightly so, as we attenpt to engage
our opponents in understanding the conplexities of applying sustainable devel opnent
concepts in mning. Unfortunately, concern for and integration of Technology into the
di al og appears to be lacking. CERMB and the Canadi an Environnmental M ning Research Centre
intend to fill this gap and provide the innovations and new t echnol ogi es necessary to
support the introduction of sustainable mning technol ogies at the local, provincial
nati onal, and global |evels. W need technol ogi cal goals that provide sustainable
solutions such as: targets to decrease energy use; establishment of common guidelines for
ARD treatment and sub-aqueous waste di sposal; reclamation practices; safety and health
i ssues; anong numerous others.

Canada and ot her parts of the world have many | egacy mine sites that have not been
properly closed in accord with today's reclamation practices. A nunber of these sites are
creating serious problens regarding effluent discharge of contam nants (acids and netals)
and subsi dence where conmmunities have been build on top of old mine stopes that are now
breaki ng through to surface causing significant caving and danger. The CEMR Centre
intends to continue its research on |egacy sites to attenpt to inplenent sol utions
simlar to that provided by the MIlenniumPlug installation at Britannia Beach in 2001

The M ning Industry suffers froma poor inmage anong the citizens that it serves. The
average |lay person does not have a good understanding of the role of mining in supplying
the material needs of our nodern society, but is certainly aware of the pollution and
soci al problens created by some mning operations. The Press is quick to report on nine
di sasters and | abour disputes but rarely tells us about the technol ogical innovations and
the industry's new approach to protect the environnent. The establishnent of a Research
Centre at Britannia Beach provides an outstanding opportunity to "showase" Canadi an
Sust ai nabl e M ning practices and the new way to mne in the 21st Century.

O her innovative devel opnments are occurring at Britannia Beach. NRCan, who intend to
sponsor our centre and collaborate with us on the research, are planning to build a major
Interpretive Centre on Mning. The BC Museum of Mning is planning for the site to become
a major tourist destination with hundreds of thousands of visitors each year
Installation of the UBC-CEMR Centre together with these other activities provides a way
to denonstrate the Past, the Present, and the Future of Mning in one place. Qur efforts
at the site have contributed to drawi ng these different projects together to turn
sonmething that is currently an enbarrassnent into sonething of beauty that all British
Col unbi ans and Canadi ans can be proud of.

-
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( No other facility of its kind exists anywhere in the world to our know edge and no

ot her opportunity such as this exists to link research directly to a "real problent and
solve it imediately. If the research of UBC-CERMB is to nove into industry and be
accepted, conducting these studies at a "real", albeit, closed nne is one way to
denonstrate that sone academ cs who inhabit the "ivory towers" are prepared to get dirty
once in awhile and provide innovative, sustainable and econom c solutions for industry.

Wth the Water Treatnent Plant opening in 2004, the initial research efforts of the
centre can focus on helping to reduce the costs of operating this plant "in-perpetuity".

Graduate students and researchers fromindustry and governnent can ningle and work
i ndustry in need of innovation and a new i mage.
The researchers who will use the CEMR Centre have substantial internationa

in Australia, Tohoku University in Japan, Massey University in New Zeal and, the

Uni versity of Chile in Santiago, CETEM (M neral Technol ogy Centre of Brazil), Capetown

University in South Africa, and nunerous European schools of mining in Germany, France,
Hol  and, Engl and, and ltaly. The presence of this centre will inpact on our ability to

attract the world's best researchers to BC and Canada. M ning conpanies from around the

research and provide a positive inage to the outside world.

We have taken great care to integrate this facility into the plans of existing
facilities on the Point Grey canpus. Aplan is in place to ensure close contact is
mai ntai ned with the main canpus through secondnents and sabbatical |eaves. The CEWMR
Centre fits in to UBC s strategic research plan al nost perfectly. A major plank of this
plan is the pronotion of sustainability with a focus on collaborative environnental
research.

Col | aborati ve approaches to research are now the normat UBC rather than a uni que
experience. CEMR certainly will continue to stinmulate this activity and will also

its nmenbers in its activities to help themunderstand the inportance of research in a
vi brant, sustainable country that contributes to its neighbours and partners around the
wor | d.

The senior administration at UBC is extrenely supportive of this initiative and wll
provide in-kind contributions to the construction of the facility. As the work of the

Rock Managenent and a second in Mning and Conmmunities. Discussions have al ready begun
with industry to gauge support for these ideas.

-

together in an environnent that is clean, attractive, and performessential service to an

col l aborati on with many outstandi ng i nternational research groups. Anong these are CSI RO

globe will want to participate in our centre because of its ability to conduct neani ngfu

contribute to the university's goal to reach out to the surrounding conmunity and engage

centre develops, it is likely that two new Faculty Chairs will be created - one in Waste

~
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Self-assessment
B2 - Training, through research, of Highly Qualified Personnel (HQP)
Choose the statement that best represents the infrastructure project.
The infrastructure project will support the training of HQP, through research, by imparting:

[ (a) the basic skills and expertise required to undertake research activities or other endeavours;

L] (b) an appropriate set of skills and expertise needed in areas of importance to Canada;

L] (c) a broad range of high-level skills and expertise in areas of critical importance to Canada;

Ix] (d) an exceptional set of high-level skills and expertise that are considered as "world class" in areas of critical
importance to Canada.

Using the space below and up to 1 additional page, address all of the following

e how the proposed infrastructure will create a stimulating and enriched training environment for HQP;

e current HQP training at the institution(s) and future plans for HQP training to be carried out with the proposed
infrastructure. Include the current number and level (undergraduate and graduate students, postdoctoral fellows,
technicians, technologists other trainees/students) of HQP trained as well as the number and level of HQP to be trained
as a result of the proposed infrastructure.

(The presence of this innovative research centre will allow us to attract outstanding A

peopl e to our graduate school prograns froma variety of backgrounds. Not only will these
students be working in M ning Engineering, but the centre will also support students from
each of the departments involved in the proposal - Mning Eng., Earth and Ccean Sci ences,
Cvil Eng., Electrical Eng., Metals and Materials Eng., Chem cal and Biol ogical Eng.,

M crobi ol ogy, Chemistry, Soil Science, and Landscape Architecture.

Evi dence exists to support this statement. Before CERM3 comrenced operation in 2000,

enrol ement in our Mning departnment graduate prograns stood at about 25 students. After
the creation of CERMB in 2000 follow ng the awardi ng of the CFl |nnovation Gant, our
enrol ement rose dramatically to 50 students in 2002. This is a phenonenal growth rate and
pl aced considerable strain on our facilities. However through careful planning and

j udi ci ous reassi gnnent of our space, we nmanaged to make everyone feel at hone. It is
likely that this growth will continue as the CEMR Centre cones into operation in June
2006. UBC wi |l becone the research capital for mining and the environnent in Canada and
around the world.

A total of 30 graduate students are expected to be studying in our Centre at any one
point in time by 2008. About 5 post-doctoral positions will also be created. At this

| evel of activity, an additional output of 12-14 postgraduates woul d be expected (9-10
Mast ers and 3-4 Doctorates).

Exposi ng young graduates to Britannia Beach - the Museum the Mne, the Treatnent Pl ant,
the Interpretive Centre, the old mll facilities, and the local community - will have a
maj or inpact on their education and knowl edge. The researchers will consist of UBC
faculty on sabbatical as well as seconded researchers and personnel fromindustry and
government agencies. Interactions with these industrial researchers fromother countries
wi || conplinent our graduates' educational needs. Working at a real contam nated site
with real -world problens presents sone opportunities to conduct extrenely innovative
research. Field testwork will be at "one's doorstep" so to speak ensuring the need for
\practi cal considerations of climate and other characteristics of the natural environment.
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(‘sust ai nabi | i ty is a conmplex subject with nultiple contexts and multiple disciplines A
i nvol ved in the work. For mining, processing, geological and netallurgical engineers who
receive training in sustainability, a major inprovenment in the quality of their education
will occur - a truly "Wrld O ass" experience at what will be a "World C ass" site.
- J

™
ProGrid - FCI, Copyright 1999 Form 2003




Canada Foundation for Innovation Page 9A of 19

Institution and Title of Infrastructure Project (from p. 1 of this module): Project number 7588
University of British Colunbia

I nnovati ve Research for the Challenges of Mning in the 21st Century

- the Canadi an Environnental Mning Research Centre

Self-assessment

B3 - Research Collaborations and Partnerships
Choose the statement that best represents the infrastructure project.
The proposed research infrastructure will create or strengthen:

[ (a) collaborations among researchers (e.g. collaboration on funded projects, co-authorship);
] (b) collaborations among researchers from different disciplines, institutions, sectors or countries;

1 (c) partnerships (e.g. formal signed agreements) among research institutions in the same sector or from different
sectors;

M (d) international partnerships among research institutions or among sectors.

Using the space below and up to 1 additional page, address all of the following aspects:

what collaborations or partnerships already exist;

what collaborations or partnerships are planned;

what steps have been taken or will be taken to create or strengthen collaborations or partnerships;
how the infrastructure is essential to the collaborations or partnerships.

-

.

The CEMR Centre intends to be a catalyst for provincial, national and international )

col | aborati on. We cannot expect to acconplish our broad-based programw t hout attracting
the best researchers in the world to our new research centre. Qur collaborations are
based on establishing a reputation for conducting practical, targeted research for

i ndustry. The presence of the CEVMR Centre at Britannia Beach will enhance this atnosphere
by providing a nechani smfor outstanding researchers fromother institutions and
conpanies to cone to Canada. Part of the annual budget of the Centre is designed to
provide funding to bring these people to British Colunbia to work.

The synergi es we have devel oped with NRCan will lead to optimal and conpl enentary work
bei ng conducted by various federal agencies studying mining and the environnent through
access to our facilities.

We plan to grow on our current collaboration in specific research projects with
several national and international institutes. These include specific researchers froma
nunber of BC, Canadi an and international universities and organi zations:

- NRCan - CANMET (Roy Sage - revegetation and geot hermal energy);

- University of Victoria (Tom Pederson - sub-aqueous waste di sposal);

- Sinon Fraser University (Diana Allen - stable isotopes in environnental sourcing);

- Laurentian University (Greg Baiden - telerobotics and advanced control in U G m nes);

- University of Chile (Enrique Rubio - block caving nethods);

- University of Arizona (Sean Desserault - autonmated m ne design);

- University of Queensland (Don MKee - sustainable mining);

- Massey University (Chris Anderson - phyto-m ning and phyto-reclanmation);

- Tohoku University (Yoshiyuki Kawazoe - superconputer support for First-Principles
nodel i ng) ;

- CSIRO, New South Wl es, Australia, (Steve Spencer - energy use in conm nution),

- other interested universities and organizations with rel evant innovative expertise.

One nust not presume that any single institute has the capability to support all )
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(Vdinensions of the proposed research program Accordingly, the CEMR Centre intends to be
an international focal point for collaborative research with universities and governnent
or industrial research institutes around the world that possess the specific skills
needed to acconplish our goals.

For exanple, the possibility of this centre being created has already led to a
col l aborative research project in Bahia, Brazil to reclaimnercury and gold froma waste
pile. These field experinents include input from UBC- CERVMB, Massey University, and CVRD
(the largest mning conpany in Brazil). This sumrer we will be harvesting the first crop
of corn and beans growi ng on a coarse waste rock pile of an oxidized gold ore.

By attracting such researchers to our Centre, it will become a world-class facility
for world-class researchers. Devel opnent of this research proposal has presented CERM
with the opportunity to generate significant collaboration with many Britianni a-based
st akehol ders and interested parties. The two | andowners at the site (BMARC and BHSS) have
entered into agreements to provide us with | and on which our building and constructed
wet| ands are to be located. The local Britannia Beach community was engaged through
several workshops ained at collectively devel op our plans. Over 70 people fromover a
dozen organi zati ons and comunity groups were involved in these discussions and site
pl anni ng.

Prior to installing the MIIlenniumPlug Research Station at the 2200 Level of the
m ne, we held information neetings with the Iocal community to receive input and allay
fears about the plug failing. This process has brought together certain groups that have
not tal ked with one another for nmany years because of suspicions and other
m sunder st andi ngs. The workshop process enployed on this project has been a catal yst for
change by bringi ng together groups of people for the first tine in over a quarter of a
century to develop a collective plan to restore the nine site to sonething of value for
all Canadians. At this point in tinme, we cannot inmagine how a better research plan could
be drafted to serve Canada’'s key industry and its conmunities.

The infrastructure (building, facilities, and equipnment) is essential to help attract
the best high-quality researchers to the Centre. Specific pieces of equiprment and
components such as the MaglLev hoisting testbed, the rempte-sensing facility and the
ni crobi ol ogy and phytorecl amation |labs will provide significant incentives to attract
researchers not only frommning-related institutes, but also fromother sectors such as
manuf act uri ng, hi gh-technol ogy, m crobiol ogy, etc.

- /
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Self-assessment

C - Potential benefits of the research to Canada
Choose the statement that best represents the infrastructure project.

The proposed infrastructure will support research that has the potential to:

L] (a) contribute indirectly to economic activities (e.g. economic growth, cost savings, job creation) or contribute
indirectly to the improvement of society, quality of life, health, or the environment;

(b) improve economic activities (e.g. economic growth, cost savings, job creation) or improve society, the quality of
life, health, or the environment;

(c) contribute to increased economic activity in strong or emerging areas of the Canadian economy or yield a major
benefit in terms of society, quality of life, health, or the environment;

(d) contribute significantly to increased economic activity; help Canadian industry increase its global competitiveness
and create new economic ventures; or lead to dramatic sustained improvements to society, quality of life, health, or
the environment.

Using the space below and up to 1 additional page
¢ dentify potential users of the research results; including partnerships with industry, health providers, etc.
e describe expected benefits, how these will be realised and the timeframe over which they are expected;

e Wwhere appropriate, provide plans for the development of clusters and for technology transfer, other forms
of commercialisation or transfer of know-how, as well as contributions to policies and practices.

Kl OO O

The purpose of our research programis to devel op i nnovative m ning technol ogi es that A
enhance sustainability of the industry and/or |ocal inpacted comunities. Specifically,
we see the research as support for mning conpanies to continue operating in a region of
the world effectively and efficiently. The benefits to the conpany will ensue from cost
savings fromreductions in energy and raw naterial use, fromless expensive environmenta
protection nmeasures, fromthe goodwi || gained by being know as an industry that protects
the environnent and cares for its people, and from devel oping an integrated design (the
"Green" Mne) that produces synergies not yet fully appreciated. Local communities wll
benefit through | ower pollution |levels, a safer workplace, support infrastructure for
| ocal specific health and social problens, and creation of new enpl oyment opportunities.

Canada's mning industry represents about 4% of our GDP directly. Wth indirect
contributions fromthe manufacturing sector and other service-related industries, this
increases to 13% The only other country in the First Wirld with such a dependence on
mning is Australia which relies on mning to the degree of about 30% Obviously the
econom es of nunerous Second and Third World nations - South Africa, Chile, Brazil
Mexi co - have an even higher reliance. The world is still highly dependent upon on
material wealth derived fromthe earth and, likely always will be. As the industry
gl obal i zes, interconnections between different countries and different sectors becone
increasingly inportant. The inpact of a decision in a far part of the world can have
significant ram fications on Canadi an conpani es either through increased conpetition or
directly on our econony through subsidiary partnerships that acconpany such
i nternationalization. Qur research will provide know edge on these conpl exities.

A maj or roadbl ock to continued operation of Canadi an nining conpanies here in Canada
and abroad is the increasing pressure fromsociety for better environnental practices and
i mproved social -political responses to the needs and desires of |ocal popul ations,
\particularly i ndi genous people. Not only does inpacts on the environnment require y
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(i nnovati ve approaches around the world but also a reaction to |ocal pressures by
conmunities that will experience change and upheaval through the intrusion of a new mne.
Even the benefits of increased enmpl oyment and better infrastructure support (roads,
schools, hospitals) can lead to social unrest through attraction of undesirables to the
area to exploit people. The best laid plans of a conpany to provide benefits can often
"fly back in one's face" because of secondary negative effects such as increased crine
and corruption. Health problens such as AIDS and SARS and ot her pandem cs can al so
result. Just as the west coast First Nations in Canada were deci mated by di sease upon the
arrival of the European explorers and settlers who inadvertently brought new viruses and
ot her di seases, so too does the creation of a "better" life bring with it the need for

vi gil ance in addressi ng comunity inpacts.

The gl obal mning industry is taking great care these days to introduce the concepts
of sustai nabl e devel opnment into their approach to new projects and exi sting ones. The
G obal Mning Initiative which began in 2000 is an exanpl e of how nmining conpani es have
cone to understand that they nust take on duties that previously were considered the role
of | ocal
government. In addition the planning of such actions nmust be done openly with
col I aboration of |ocal communities or el se suspicions arise about the conpany's true
notives. While the Gobal Mning Initiative was successful in initiating change in
industry with respect to social and environnmental issues, there is a gap devel opi ng
bet ween t he technol ogi es of mning and the need for sustainable-technol ogy targets.

Engi neers and scientists are not trained to deal with the breadth of issues that cone
with

sustainability. Often the "optim zation" of a technical decision is not well-understood
interns of different contexts such as "sharing the wealth", "need for culture", "open
di al og", etc.

What is mssing in the discussions today is a focus on specific sustainability targets
for mining technol ogies. For instance, the requirements of the Kyoto Protocol for Canada
at this point sinply stated are "to decrease energy consunption to 6% bel ow the 1990
| evel by the year 2010". For our industry to neet such a target and the deeper cuts to
cone, it is necessary to devel op new processes and nnovative sol utions to energy
consunption in crushing and grindi ng.

It is UBC s intention to see that the research conducted in the CEMR Centre fills this
gap - that the research output will be adopted by industry to inprove their processes,
reduce their costs, elimnate pollution, create sustainable commnities, and stabilize
and optimze their mning operations by inplenmenting sustainable technical and socia
practi ces.

If we are successful, especially in the area of energy reduction and devel opnent of
new "cl ean"” energy resources, the inpact on Canada's contribution to the Kyoto Protoco
can be substantial. Wile it takes time for an industry to inplenent new technol ogi es, we
intend to focus on two ways to encourage such technology transfer. In the short-term we
will
devel op nethods to be increnentally added to a process relatively cheaply and with
relatively | ow inpact on existing operations. In the longer term we wll exam ne
revol utionary innovations that nay demand conpl ete replacenment of a process or unit
operation with one that inproves the operation substantially in terns of efficiency,
ef fecti veness, protection of the environment, or reduction in costs.

.

~
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Page 10C - Potential Benefits to Canada
(continued from Page 10B)

The strategy of our research program will be aimed at quickly developing support for our
research through direct feedback of the fruits of our work on individual projects of interest
to a single operation. As our reputation builds, our efforts will expand to encompass broader
projects to change the industry. In this way, acceptance of research as a catalyst for change
for the good will be put into place and the Canadian mining industry can develop applications
to maintain their competitiveness in the global marketplace and their attractiveness to other
countries that currently welcome Canadian mining expertise.

The Canadian mining industry cannot compete effectively without developing and using
innovative state-of-the-art technologies in order to maintain its position in the global
marketplace. We also envisage a number of spin-off companies developing from our Centre to
provide service to industry to supply new processes, new software, new tools to protect the
environment, and new business opportunities from new markets and new products.

Several consulting service companies have expressed interest in being involved in the CEMR
Centre. We are exploring financial models for our Centre to allow these smaller firms to
access our equipment and research without having to outlay large amounts of money.

Technology Transfer has been a hallmark of UBC's approach to research and many of the
methods (patents, trademarks, etc.) developed in other fields such as pharmacology, medicine,
dentistry, forestry, pulp and paper, etc. will be studied for application in our centre.

The CEMR Centre will serve to enhance the understanding that research is an economic
driver and must be used as the engine of new ideas, new products, new processes, and new
companies. Furthermore, we firmly believe that by helping industry increase its use of
sustainable practices on a global basis, the benefits to society in terms of employment,
stable economies, reduced environmental impacts, healthier communities and workers, and a
more-caring attitude towards the neighbourhood and the neighbours will continue to grow and
receive wide recognition. Canadian practice in this regard is well-respected today, but there
are problems, i.e., tailings dam failures, riverine disposal practices, etc. Our research can
help evolve best-practice approaches to current and future mining development.

We believe the creation of the CEMR Centre will help increase economic activity in the
mining industry by putting Canada in the forefront of innovation in Sustainable Mining. We
wil help the Canadian mining industry increase its global competitiveness and create new
economic ventures. This will lead to dramatic and sustainable improvements in society through
continued wealth-generation and intelligent use of the earth's resources. Substantial
improvements in the quality of life, health, and the environment for those dependent on
mining for their livelihood and for those impacted by mining will result.
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(Date: 19/ 05/ 2003 Project number: 7588 )
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current or recent (within the last 6 years) collaborators, departmental colleagues, students or supervisor(s).
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Provide a complete mailing address, telephone number, fax number, current e-mail address, and the areas of expertise of potential
reviewers. Suggested reviewers may be Canadian or international and should be able to evaluate the application in the language in which it
is written.

The CFI reserves the right to make its own selection of reviewers.

N

ame: McKee, Dr. Don Telephone:61 7  3365-4059 # )
Address: Director, Sustainable Mnerals Institute Fax: 61 7 3365-1881
Uni versity of Queensl and,

Bri sbane, Queensl and, Australia
Postal Code: 4072

e-mail: D. McKee@rai | box. uqg. edu. au
Area(s) of expertise (key words):al | aspects of mining and processing research and sustainability

Name: van Zyl, Dr. Dirk. J. A Telephone: 775 784-7039 #
Address: Director, Mning Life-Cycle Center, Fax: 775 784- 1833
Mackay School of M nes
M5 173

Uni versity of Nevada, Reno, Nevada
Postal Code: 89557-0139
e-mail: dvanzyl @ri nes. unr. edu

Area(s) of expertise (key words):m ni ng engi neeri ng, geomechani ocs, life-cycle analysis,
sustainability

Name: Villas-Boas, Dr. Roberto C Telephone:55 21 3865-7219 #
Address: Director, CYTED Xl I, Fax: 55 21 2260-2837

CETEM CNPg- Centro de Tecnol ogi a M ner al

Rua 04- Quadra D, |l ha do Fundao

21941-590 Rio de Janeiro - Brazil
Postal Code:
e-mail: vil | asboas@et em gov. br
Area(s) of expertise (key words):al | aspects of mineral processing, mineral policy, sustainability

i ssues in mning
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(Name:

Address:

Bl owes, Dr. David
Chair in G oundwater
Departnent of Earth Sciences,
Uni versity of Waterl oo,
WATERLOO, Ontario

Postal Code: N2L 3G1

e-mail:

Renedi ati on,

bl owes@ci bor g. uwat erl 0o. ca
Area(s) of expertise key words): gr oundwat er geocheni stry and contami nant transport

4878 #
3882

519 888 -
519 746 -

Telephone:
Fax:

Name: Dr. Nick
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Cut nor e,

CSIRO M neral s -

Private Mail
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N ck. Cut nore@siro. au

Bag 5, Menai
Postal Code:
e-mail:

Program and Seni or Site Manager
Lucas Hei ghts

Sci ence and Technol ogy Centre

Area(s) of expertise key words): On-1i ne anal ysi s,
fl ow neasur enent,

9710 6766 #
9710 6789

Telephone:g1 2
Fax: 61 2

Sensors for bulk ore analysis & sorting,
R&D Conmmerci al i sati on

Dr. Rol and
Director, Centre for
and Strategy, School
Uni versity of Sussex,
Qui ldford, Surrey, UK
G2 7XH
r.clift@urrey. ac. uk

Name: dift,

Address:

Postal Code:
e-mail:

-

Envi r onnent al
of Engi neeri ng,
Room 9 AB 05,

Area(s) of expertise key words): sust ai nabi lity,
particul ate processes,

Telephone:441 483 689271 #

Eng. Fax: 441 483 876671

life-cycle analysis, environnental studies,

supply chains
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