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MMeessssaaggee  FFrroomm  tthhee  DDiirreeccttoorr

It is my pleasure to introduce the 2004 Annual Report of the CANMET Mining
and Mineral Sciences Laboratories (MMSL). CANMET-MMSL has established itself
as a team of problem solvers, and is not an organization focused on theoretical
science. CANMET-MMSL develops new science and adapts existing science, to
provide the technology needed to address specific problems in the mining and
metals sector. 

During the past year, scientists and technical staff worked on 180 projects for
external government or industrial clients, and 90 internal projects to develop the
science needed to address developing needs.  In 2004, projects in 11 provinces and
territories were undertaken to provide R&D assistance to more than 50 Canadian
mining operations. CANMET-MMSL has provided policy support to major
initiatives both within Natural Resources Canada (NRCan) and six other
government departments (such as Environment Canada's smelter regulations) and
has worked with officials of most provinces on concerns of mutual interest.
CANMET-MMSL scientists have internationally recognized expertise, and are often
called upon to provide advice to the governments of other countries, especially in
the developing world, having had collaborations with 14 countries in 2004.

With roots tracing back to 1907 with the founding of the Mines Branch, CANMET-
MMSL is part of the Minerals and Metals Sector of NRCan. CANMET-MMSL
science activities have evolved over the years, but its mandate has largely remained
the same, which is to support: 

• The people and government of Canada, by providing science relevant to 
decision making regarding Canada's mining industry, and metals and minerals 
issues; and 

• The Canadian mining industry and the supporting service industry, by using 
S&T to solve problems and assist the industry in remaining competitive, which 
contributes to the Canadian economy and provides benefits to Canadians. 

CANMET-MMSL also supports the governments of a number of developing
countries, by providing expertise and technical advice on mining-related concerns. 

Mining is a key component of the Canadian economy and provides economic
benefits to many thousands of Canadians, directly, and through spin-off activities.
These benefits accrue in all provinces and territories, but are most pronounced in
rural and northern Canada, where other economic opportunities are often limited.
CANMET-MMSL's role is to help keep these economic benefits flowing to
Canadians, while providing the science and technology needed to address concerns
regarding environmental protection, and the health and safety of employees and the
public. Internationally, CANMET-MMSL's contributions bring mutual benefits to
the client countries and to Canada.
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“With roots tracing back to
1907 with the founding of the
Mines Branch, CANMET-
MMSL is part of the Minerals
and Metals Sector of Natural
Resources Canada.”



In the following pages I hope you will find things that spark your interest - if you do,
please feel free to contact us through our Business Office, at the address below.

Best regards,

Thomas P. Hynes
Director, CANMET Mining and Mineral Sciences Laboratories 

Business Affairs and Communications 
CANMET Mining and Mineral Sciences Laboratories
Minerals and Metals Sector
Natural Resources Canada
555 Booth Street 
Ottawa, Ontario  K1A 0G1
Tel.: (613) 992-7392
Fax: (613) 947-0983
E-mail: canmet-mmsl@nrcan.gc.ca

The Annual Report 2004 is available on the CANMET-MMSL web page at:
www.nrcan.gc.ca/canmet-mmsl
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Dr. Louise Laverdure,
Deputy Director, Mining. 

Mr. Jim Vance, Deputy
Director, Processing and
Environment. 

The organizational structure of
CANMET-MMSL changed
this year, with the naming of
two deputy directors. Louise
Laverdure is Deputy Director -
Mining, and Jim Vance is
Deputy Director - Processing
and Environment.  



IInnttrroodduuccttiioonn

CANMET Mining and Mineral Sciences Laboratories (MMSL) are federal
government research facilities within Natural Resources Canada (NRCan).
CANMET-MMSL conducts R&D on the economic, safe and environmentally
responsible recovery of Canada's mineral resources. CANMET-MMSL provides
technical leadership to assist in government policy and regulatory initiatives.
CANMET-MMSL also works under contract with individual companies, and
organizes consortia with multiple partners on topics of common interest. 

Current activities are focused in three principal directions to promote sustainable
development: 

• Improving health and safety in the mining environment
• Finding technically-sound solutions to environmental problems
• Improving industry competitiveness through enhanced productivity

CANMET-MMSL has established teams of experts in the following fields: 

• Mine mechanization and automation
• Mine air quality and ventilation
• Ground control
• Mineralogy and metallurgical processing 
• Mining effluent technologies
• Mine waste management
• Metal behaviour in the environment
• Certified reference materials 

Mine mechanization and automation R&D centres on explosive and non-explosive
rock fragmentation, transportation equipment for ore and personnel (including
energy alternatives to diesel), communication systems, and hoisting systems for
underground mines.  Specifically, considerable effort is being directed toward the
increased use of fuel cells in underground applications, as well as the safety of
hoisting equipment and narrow-vein extraction activities.

Mine air quality and ventilation activities focus on mine worker health and safety, as
well as underground environment issues.  Efficient mine ventilation and airborne
contamination reduction are at the core of every project undertaken by this
research and engineering team.  The emphasis remains on deep mining and
greenhouse gas (GHG) reduction issues.  Diesel engine performance, efficient
ventilation and heat-stress mitigation are also at the forefront.

Ground control specialists provide applied research services to the Canadian mining
industry on issues related to ground stability. Advanced R&D work on
geomechanics, geodynamics, modeling, support and instrumentation continues to be
undertaken by our scientists in cooperation with industry. Ground control scientists
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CANMET-MMSL continues
to remain certified to ISO
9001:2000 for all its
activities, as part of its
commitment to excellence
and continual improvement.
In addition, CANMET-
MMSL laboratories located
in Bells Corners (Ottawa)
and Sudbury are accredited
by the Standards Council of
Canada to ISO/IEC 17025
for specific tests.



are involved in projects with an emphasis the dynamic response of ground support,
and geodynamical aspects of production of oil from tar sands.

Mineralogy and metallurgical processing activities advance mineral sciences through
improved understanding of metallurgical processing and technology development.
The technical team is very active in the areas of mineral processing, applied
mineralogy and hydrometallurgy, in close collaboration with industry and academia. 

Mine effluents activities focus on developing and adapting effluent management
strategies, including prevention and remediation technologies.  In order to assist the
industry in meeting these challenges, the scientists develop reliable and cost
effective technologies that are capable of effectively removing contaminants from
effluents.  These technologies involve the use of traditional chemical processes as
well as biological or natural processes, such as engineered wetlands.  CANMET-
MMSL is also extensively involved in technology transfer activities in the areas of
metal leaching and acid rock drainage.  The team has expertise in chemistry,
chemical and biochemical engineering, microbiology, biochemistry and soil science.     

Mine waste management R&D develops long-term, scientifically-sound, cost-
effective options for mine waste disposal, management, and rehabilitation.  Current
research activities include acidic drainage prediction, prevention and treatment
technologies, development and evaluation of alternative waste disposal and
stabilization technologies, revegetation and phytoremediation options for mine
waste, and application of advanced techniques to characterize mine wastes.  In
addition, CANMET-MMSL provides independent reviews and technical advice on
decommissioning and rehabilitation-related studies, and also participates in
environmental capacity-building projects in developing countries. 

Metal behaviour in the environment is a field of research undertaken by CANMET-
MMSL to ensure that environmental policy, regulations and decision-making
pertaining to metals and metal compounds are based on sound scientific
information. The research activities link key scientific information on the fate and
effect of metal emissions to environmental impact assessment policies at national
and international levels. 

Certified reference materials are prepared by CANMET-MMSL's Canadian Certified
Reference Materials Project (CCRMP) team, who also co-ordinate the operation of
the Proficiency Testing Program for Mineral Analysis Laboratories (PTP-MAL). For
over thirty years, CCRMP has prepared and certified reference materials. These are
finely powdered Canadian ores, rocks, concentrates, tailings, exploration-grade
materials, soils, sediments and radioactive materials for which the concentrations of
specific elements have been accurately determined.  Analytical laboratories in the
mining industry assess the accuracy and precision of their own results by using these
reference materials. 
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Within the framework of these fields of expertise, CANMET-MMSL provides R&D
services, not only to support government initiatives, but also to meet the needs of
individual mining stakeholders. Collaborative activities with industry ensure the
relevance of CANMET-MMSL current projects and future directions.  During 2004,
major technical investigations carried out on behalf of client companies resulted in
81 confidential client reports, in addition to those listed as publications at the end
of this document.  We appreciated the opportunity to work directly with those
organizations and we look forward to continuing collaborations.  Highlights of our
2004 activities follow.
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AAwwaarrddss

Dr. Guy Deschênes, Mr. Jean Cloutier and
Mr. Mike Fulton won the 2004 Federal
Partners in Technology Transfer (FPTT)
Award for their work in the dissolution of
gold and sulphide minerals in gold
processing.  In 1994, CANMET-MMSL
established a consortium with several
Canadian gold companies to improve gold
leaching using a more efficient reagent
management strategy.  Results have led to
increased gold plant recoveries by
optimizing dosages of cyanide, oxygen and
lead nitrate. 

Dr. John E. Dutrizac was selected as one of the six CIM Distinguished Lecturers
for 2004-2005. His presentation was titled:  "Recent Developments in the
Hydrometallurgical Processing of Base Metal Ores and Concentrates", a topic of
relevance, not only to the broad metallurgical community, but also to NRCan's
on-going efforts to sustain the Canadian base metals smelting and refining
industry. 

Dr. Guy Deschênes, Mr. Jean Cloutier
(absent) and Mr. Mike Fulton 

Dr. John E. Dutrizac is well
known nationally and interna-
tionally for his contributions to
the metallurgical industry in
the area of process under-
standing and optimization, and
for his continuing leadership in
the Canadian metallurgical
profession. 



HHiigghhlliigghhttss

Action Plan in Mining R&D
In 2004 CANMET-MMSL completed a roadmap for research and development for
the mining sector, available now in both English and French.  The authors made
several presentations on the content of the report to various industry stakeholders
and decision-makers. The proposed organizational structure for mining research was
of particular interest to the mining community.  A committee was formed in
December 2004 to distribute the report and coordinate follow-up to this study.

Meeting of Chief Inspectors of Mines with CANMET-MMSL
At the annual meeting of Canada's Chief Inspectors of Mines in 2004, CANMET-
MMSL was asked to compare provincial legislation on three specific items: standards
governing the underground storage of explosives, engine evaluation standards, and
the allowable level of diesel particulates in the underground mining environment.
This work will enable the provinces to compare their respective regulations and
could lead to modifications in certain provinces or territories, if necessary.  The
report will be submitted at the next meeting, to be held in conjunction with the
annual CIM conference in Toronto in April 2005.

Narrow-Vein Mining
NRCan's special initiative on narrow-vein mining techniques, launched in 1999,
concluded in October 2004 with a second symposium on the subject. Organized by
CANMET-MMSL in collaboration with the Canadian Institute of Mining,
Metallurgy and Petroleum (CIM) and Canada Economic Development, the event
focused on best practices in mining and included two workshops. A total of 192
delegates from eight countries met in Val-d'Or to discuss the challenges associated
with narrow-vein mining.  Papers presented are available on the CIM Web site. 

The Deep Mining Research Consortium (DMRC) 
In 2004, the first four projects were identified for funding by DMRC, two of which
will be led by CANMET-MMSL. The DMRC is founded on the premise that the
safe exploitation of deep mineral ore bodies is important for the Canadian mining
industry. Mining ore at depth in an existing operation is potentially more cost
effective and environmentally friendlier than opening a new mine, but current deep
operations in Ontario and Quebec are already experiencing problems related to
depth. Key themes being addressed by the DMRC are health, safety and productivity
issues, which include such specific topics as heat, ground control, hoisting and
backfill. 
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Deep Mining and Heat Control
One of the challenges of deep mining is to control the heat from both the rock and
machinery which can cause workers to be less productive or even overcome by heat
stress.  CANMET-MMSL, through its involvement in the Deep Mining Research
Consortium, was selected to lead a project that investigates heat issues in deep
mechanized mines.  While much can be learned from deep hot mines elsewhere in
the world, this work focuses on issues specific to the Canadian mining industry.
This will eventually lead to better and more protective regulations for workers in
deep mines.

Diesel Contamination Control
Reducing exposure of mine workers to diesel exhaust contaminants is an important
health and safety concern. CANMET-MMSL research investigated reducing the
dependency on diesel production equipment. Laboratory simulations in 2004
showed that emissions and fuel consumption can be reduced by 40% if a diesel-
electric hybrid load-haul-dump (H-LHD) vehicle is used instead of the alternative
diesel vehicle. In order to evaluate performance and overall impact on air quality, a
new initiative is underway to design and build a 1.5 cubic meter H-LDH prototype.

Application of Fuel Cell Power to Underground Mining
Several projects are being carried out under the general direction of the Fuelcell
Propulsion Institute (U.S.A.) and CANMET-MMSL, with the aim of providing
underground mining operations with a clean energy alternative to hydrocarbons,
particularly diesel, and hence with an improved work environment.  For example,
underground reliability testing was conducted using a four-ton fuel cell locomotive.
Work done to optimize the engine resulted in improved performance and reduced
operational constraints.  In addition, the project to develop a load-haul-dump
vehicle equipped with fuel cells is at the component fabrication stage.  The first
industrial field trials are scheduled for late 2005.  As well, an agreement in principle
has been reached on the development of a light underground service vehicle and a
water electrolysis unit for hydrogen production. 
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Dr. Mahe Gangal, Diesel
Emissions Specialist and
Chief of the Canadian
Program for Diesel Engine
Certification, organizes and
co-chairs the annual Mining
Diesel Emissions Conference
(MDEC). 



Modeling Underground Ventilation 
Efficient use of ventilation is expected to grow as a priority, due to rising fuel costs in
addition to concerns over greenhouse gas (GHG) emissions. One aspect investigated
at CANMET-MMSL this year was the modeling of ventilation needs as a function of
the life of the mine, in order to assess potential cost, energy requirements and GHG
reduction strategies.  The objective was to enable mine management to select the
level of ventilation that is appropriate to support production and to dilute
contamination, on an on-demand basis.  

Dynamic Response of Ground Support
Understanding ground support characteristics and predicting how support systems
will react to rock mass conditions are critical to safely mining in weak rock masses or
under high tectonic stress regimes. In 2004, CANMET-MMSL undertook research
projects to better understand the yielding capacity of tendons such as rock bolts and
cables, and their response to dynamic loading.  A novel approach is being developed
to improve the standard method for testing, analysis and interpretation of the static
and dynamic loading response of commonly used types of ground support.

Best Practices for Ground Control
This year, CANMET-MMSL personnel provided advice and training to members of
industry working in the field of ground control.  Training covered precise techniques
such as numerical modeling and interpretation of results.  Best practices advice was
also provided, such as on the load capacity of ground support.  At the same time,
CANMET-MMSL had an opportunity to transfer some of the ground control
expertise developed in Canada to international clients, enhancing the safety of
workers in other countries. 

Underground Wireless Communications
In autumn 2004, construction was completed on an annex to CANMET-MMSL's
Experimental Mine in Val-d'Or. The annex is now home to a five-year, $3.2M
project dedicated to wireless underground telecommunications research. CANMET-
MMSL collaborated with Canadian universities, telecommunications companies and
other government departments to advance research in the field of underground
telecommunications. The knowledge, expertise and skills gained will enable
Canadian mining companies to improve telecommunications efficiency, as well as
enhance the safety of underground mine workers.
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Dr. Shahriar Talebi developed
a seismic technology which

helps oil extraction from tar
sands to be environmentally

safer, and can extend the
production life of individual

wells. 



Mine Hoist Safety 
In 2004, the safe operation of mine hoists continued to be a priority for CANMET-
MMSL.  With its leading-edge expertise in the field, CANMET-MMSL inspected
many hoists in Canada and abroad, and was also an active participant on working
committees on the sinking and operation of deep mine shafts.  The increased use of
programmable electronic systems (PES) for mine hoists poses a significant challenge
to ensure safe operation.  For this reason, CANMET-MMSL has been working for a
number of years to develop a technical guide on the use of PES-controlled mine
hoists.

Underground Training Site for Miners
The CANMET-MMSL Experimental Mine in Val-d'Or, Quebec, is often described
as an ideal site for the underground training of mine personnel, whether at the
professional, technical or university level.  In 2004, more than 150 mining industry
workers received health and safety training in the underground environment of the
CANMET-MMSL Experimental Mine. 

Collaborator in the "Canadian Light Source" (CLS) Synchrotron Technology
In addition to NRCan's key financial contributions to the CLS synchrotron in
Saskatoon, Saskatchewan, CANMET-MMSL has also contributed to the CLS's
technological capacity.  Early in 2004, CANMET-MMSL was invited by the
Canadian Synchrotron Radiation Institute to design and build an apparatus to
prepare fresh surfaces on brittle material for ultra-surface sensitive chemical
analysis. The apparatus uses two independent, remote controlled chisels for the
fracturing operation.  After testing, the apparatus was moved in August 2004 to the
Canadian Light Source in Saskatoon, where it is now available to all users.

Metallurgical Applications for Synchrotron Technology
CANMET-MMSL researchers pursued potential applications of synchrotron
technology in mineralogical, metallurgical and environmental research. One such
project focused on the treatment of mine wastes in order to prevent contaminants
such as copper, zinc and arsenic from ending up in ground water and plants, where
they might also pose an environmental hazard. The synchrotron technology enables
researchers to develop new mineralogical applications such as three-dimensional
imaging of multi-phase particles typical of mineral processing circuits, and
molecular-scale characterization of contaminants in metallurgical wastes, having
economic, environmental and sustainable development implications.
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Dr. Suzanne Beauchemin
specializes in molecular-scale
characterization of mine wastes
and soils.  She applies
sophisticated tools such as
synchrotron-based analyses to
better understand metal
speciation and behaviour.



Molecular-scale Characterization of Arsenic
Mineralogical and synchrotron studies were conducted to determine the speciation
and molecular-scale characterization of arsenic in gold mine tailings and
metallurgical wastes.  In addition, a series of ferric arsenate and arsenical
ferrihydrites were synthesized to better understand the stability of arsenic minerals
and compounds. The aim was to better predict the potential of arsenic in processing
effluents to adversely affect the quality of the receiving waters.

Gold Processing
CANMET-MMSL research has helped improve the understanding of how elements
and mineral impurities interfere with gold dissolution. This led to an increase in gold
extraction by adjusting gold leaching strategies. An on-line lead nitrate control
strategy was developed and implemented successfully at an operating mine, resulting
in a 30% reduction in consumption of the reagent with no decrease in gold
extraction or plant throughput. 

Treatment of Gold Mill Effluents
One of the primary causes of effluent toxicity in gold milling effluents is the presence
of cyanide, thiocyanate and ammonia. In collaboration with Canadian companies,
CANMET-MMSL continued research into the application of biological systems,
such as rotating biological contactors and sulphate reducing bacteria, for the
mitigation of cyanide and nitrogen species in mine effluents.  The technology has
been successfully applied to treat gold mill effluents.  

Passive Wetlands Treatment for Mine Effluents
CANMET-MMSL performed a number of studies in the area of passive treatment for
a variety of metal and metalloid contaminants.  The objective of the work was to
understand the key chemical and microbial mechanisms in nature that facilitate the
treatment of mine contaminants, and use them to maximize performance and
minimize land usage in an engineered system. The work is leading to the
technology’s implementation at Canadian contaminated sites.
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CANMET-MMSL depends
on its highly qualified

chemists and analytical
services staff  to provide

laboratory analyses to
support its metallurgical

processing and
environmental research

projects. In addition, new
laboratory methods are

developed by CANMET-
MMSL's chemists to keep

pace with changing needs,
as industry encounters
different mineralogies,

impurities or concentrations.

Ms. Yvonne Boucher is part of
the team that provides high
quality chemical analytical
support for a wide range of

research projects. 



Mine Reclamation 
CANMET-MMSL investigated novel methods to reclaim mine waste. Research on
the use of lignin and lignin derivatives to promote increased vegetative growth and
metal uptake (phytoremediation) in metal contaminated soils such as tailings and
treatment sludges was undertaken.  Investigations into the challenges of
revegetating alkaline sludge and residue ponds were undertaken to examine metal
uptake in vegetation, both from a phytotoxicity and phytomining perspective, and
to improve phosphate availability, which would result in reduced fertilizer use.  

Life Cycle Assessment
CANMET-MMSL scientists continued to develop Life Cycle Assessment (LCA)
approaches for metals. These activities included representing Canada at the United
Nations Environment Program/Society of Environmental Toxicology and Chemistry
Life Cycle Initiative and organizing one of the largest-ever symposia on LCA in
North America.  Another highlight was the participation in the development of the
"Declaration of Apeldoorn", a critical step in ensuring metals are considered
properly within LCA.   

Aquatic Chemistry and Toxicology
Aquatic chemistry and toxicology research continued in 2004 with a focus on the
development of toxicity prediction models for metals and their application to
complex effluents, natural waters and chronic impacts. These efforts involved
significant collaborations with industry, academia and other government
departments. CANMET-MMSL's expertise was requested to ensure integration of
sound science into environmental policies at the provincial, national, as well as
international levels, including the US Environmental Protection Agency's Metals
Action Plan and Forum on Metals Risk Assessment.

Mine Environment Neutral Drainage (MEND)
Many key issues in acidic drainage were examined during 2004, such as use of
permafrost in mitigation, sludge management, neutral pH drainage, and assessment
of metal-leaching acid rock drainage strategies.  In addition studies were initiated to
investigate performance of dry covers, waste-rock scale-up and the terrestrial effects
of selenium and molybdenum. Technology transfer activities, an important element
of MEND, were carried out through newsletters, reports and presentations, in
addition to the hosting of two successful workshops, the 2004 Ontario-MEND
Workshop in Sudbury, and the 11th Annual British Columbia ML/ARD Workshop
in Vancouver.
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Dr. Jim Skeaff specializes in
research on national and
international issues related to
the impact of metals in the
environment and in linking
good science to environmental
protection measures. 



National Orphaned/Abandoned Mines Initiative (NOAMI)
The legacy of orphaned/abandoned mines, with the associated environmental
liability, health and safety concerns and financial costs, is a serious issue facing
Canada.  NOAMI was established to examine these issues, with CANMET-MMSL
acting as Secretariat.  A multi-year Action Framework approved by the Mines
Ministers outlined two key activities which were developed in 2004. The first was
the report on capacity building, that sets the stage for a national database on
inactive mineral sites.  The second activity was the drafting of the Guidelines for
Legislative and Jurisdictional Review, which have been provided to various
jurisdictions to assist in the development of a legislative framework for management
of orphaned and abandoned mine sites.  

Environmental Management in the Mining Sector (EMMS) of Zambia
CANMET-MMSL wrapped up its CIDA funded EMMS project in Zambia, having
made significant strides towards improving the operating capacity of the Zambian
Mines Safety Department (MSD). The outcome reduced duplication of mine
inspections and produced recommendations for the creation of a restructured MSD.
Another important accomplishment was the establishment of an educational trust
program for training in the Zambian mining sector.

Seven New CCRMP Materials 
Some one hundred and thirty reference materials have been produced over the years
by CCRMP. In 2004, seven new products were released for sale. These included a
gold ore, a copper-molybdenum ore, an iron sulphide concentrate, and a base-metal
tailings material. Three geochemical materials with trace concentrations of gold and
the platinum group elements were re-released, with certified and provisional values
for other elements.  

Proficiency Testing of Laboratories - Mineral Analysis Laboratories (PTP-MAL)
Every year CANMET-MMSL prepares exploration grade samples and sends them to
participating laboratories worldwide for analysis. Laboratories receive a certificate
that indicates their proficiency. In its seventh year of operation, 45 laboratories
participated with several of the participants using their successful results as part of
the requirements to gain accreditation from the Standards Council of Canada under
ISO/IEC 17025 and CAN-P-1579. The certificate and the accreditation are typically
used by the laboratories as marketing tools.
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CANMET-MMSL is well
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address issues of national
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applied both nationally and
internationally. 



FFuuttuurree  DDiirreeccttiioonnss

Looking ahead to 2005, CANMET-MMSL will remain focused on health, safety and
productivity in the Canadian mining industry, and will continue to work on
priorities such as greenhouse gas reduction and sustainable development.

Deep mining, ventilation, safe and effective rock breaking, extraction methods, and
rock mass stability will be important issues for CANMET-MMSL mining programs
and our industrial partners.  In concert with mining operators, regulators and
organized labour, CANMET-MMSL will remain committed to delivering the
research and development required to cost-effectively enhance safety and well-being
in underground mines.

CANMET-MMSL's clean processing efforts will focus on the development of tools
for early identification of environmental problems including the integration of
chemical and microbial expertise, and management of acid generating wastes. The
development of better mineralogical and surface characterization techniques to
improve metal recovery in an environmentally safe manner, will remain important
for CANMET-MMSL and our industrial collaborators. 

WWoorrkksshhooppss  aanndd  CCoonnffeerreenncceess

Technology transfer to industry and information dissemination are an important part
of CANMET-MMSL's mandate. In support of this, CANMET-MMSL hosted and/or
co-organized several workshops and conferences during the year, including the
following: 

• CANMET-MMSL Short Course on Process Mineralogy, held in conjunction 
with the 36th Meeting of the Canadian Mineral Processors, Ottawa, Ontario, 
January 19, 2004. 

• 36th Annual Meeting of the Canadian Mineral Processors, Ottawa, Ontario, 
January 20-22, 2004.

• Workshop on Sludge Management and Treatment of Weak Acid or Neutral pH 
Drainage, Sudbury, Ontario, May 26-27, 2004. 

• 28th Annual British Columbia Mine Reclamation Symposium, Cranbrook, 
British Columbia, June 21-24, 2004. 

• CANMET-MMSL Field Course on Metal Leaching and Acid Rock Drainage, 
Smithers, British Columbia, September 13-17, 2004. 

• 10th Mining Diesel Emissions Conference (MDEC), Toronto, Ontario, October 
13-15, 2004. 

• 2nd International Symposium on Mining Techniques for Narrow-Vein Deposits, 
Val-d'Or, Québec, October 18-21, 2004.

• CANMET-MMSL Workshops on Primary Openings for Long-Hole Mining 
Methods and Alimak Raise Mining Method, held in conjunction with the 
Symposium on Mining Techniques for Narrow-Vein Deposits, Val-d'Or, Québec, 
October 19, 2004. 

• 11th Annual BC/MEND Workshop on Metal Leaching and Acid Rock 
Drainage (ML/ARD), Vancouver, British Columbia, December 1-2, 2004. 
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LLeeccttuurreess  OOrrggaanniizzeedd  bbyy  CCAANNMMEETT-MMMMSSLL

Throughout the year, CANMET-MMSL organized several lectures including the
following: 

• Corporate Social Responsibility:  Challenges to Mining Companies in 
Developing Countries, James P. Cooney, General Manager, Strategic Issues, 
Placer Dome Inc., Ottawa, March 24, 2004. 

• Microwave Pretreatment of Sulphide Ores, Augustine Orumwense, Research 
Scientist, CANMET-MMSL, Ottawa, March 31, 2004. 

• Environment Canada's Minerals and Metals Strategy Development, Patrick 
Finlay, Director, Minerals and Metals, Environment Canada, Ottawa, April 16, 
2004. 

• Voisey's Bay Environmental Assessment: Challenges and Successes, Les Hulett, 
Director, Environmental Affairs, Inco, Ottawa, April 21, 2004. 

• Pressure Leaching of Furnace Slags for the Recovery of Residual Metal Values, 
Walter Curlook, Professor, Department of Materials Science and Engineering, 
University of Toronto, Ottawa, May 17, 2004. 

• Heavy Metals from Oil Sands: An Update from Titanium Corporation, John 
Oxenford, Senior Vice-President, Titanium Corporation Inc., Ottawa, July 26, 
2004. 

• Documenting Crown Intellectual Property: Proper Laboratory Notebook 
Practices to Remember, Bruce Faiers, Technology Transfer Officer, Natural 
Resources Canada, Ottawa, September 22, 2004. 

• Towards Sustainable Mining: Taking Roots in Canada's Mining Industry, Pierre 
Gratton, Vice-President, Sustainable Development, and Elizabeth Gardiner, 
Vice-President, Technical Affairs, Mining Association of Canada, Ottawa, 
September 28, 2004. 

• Overview of the First Chemical Science and Commercialization Conference, 
Moscow, Russia, Saviz Mortazavi, Research Scientist, CANMET-MMSL, 
Ottawa, October 29, 2004. 

• Research and Development Action Plan for Canada's Mining Industry, Louise 
Laverdure, Deputy-Director, Mining, CANMET-MMSL, Ottawa, November 24, 
2004. 

• Mining in Ethiopia, His Excellency Berhanu Dibaba, Ambassador of Ethiopia to 
Canada, Ottawa, December 6, 2004. 

• From Remote Sensing to Bacteria: Illustration of Research and Development 
Projects Related to Mining Environment, Yann Itard, Engineer-geologist/ 
geochemist, Mineral Resources Service, Bureau of Geological and Mining 
Research (BRGM-France), Ottawa, December 9, 2004. 

PPuubblliiccaattiioonnss

The 2004 list of publications follows.

ANNUAL REPORT 2004 : CANMET MINING AND MINERAL SCIENCES LABORATORIES14



ANNUAL REPORT 2004 : CANMET MINING AND MINERAL SCIENCES LABORATORIES 15

Ottawa
(Booth Street Complex)

Ottawa
(Bells Corners Complex)

Val-d'Or
(Experimental Mine)

Sudbury
(Regional Laboratory)

CCAANNMMEETT-MMMMSSLL  LLooccaattiioonnss



16 ANNUAL REPORT 2004 : CANMET MINING AND MINERAL SCIENCES LABORATORIES



PPUUBBLLIICCAATTIIOONNSS  22000044

REFEREED JOURNAL PUBLICATIONS / 
PUBLICATIONS DE REVUE AVEC COMITÉ DE LECTURE

Beauchemin, S., Hesterberg, D., Nadeau, J. and McGeer, J.C. (2004):
Speciation of hepatic Zn in trout exposed to elevated waterborne Zn using X-ray
absorption spectroscopy. Environmental Science & Technology, 38 (5): 1288-
1295. 

Bétournay, M.C., Bonnell, G., Edwardson, E., Paktunc, D., Kaufman, A. and
Lomma, A.T. (2004): The effects of mine conditions on the performance of a
PEM fuel cell. Journal of Power Sources, 134 (1): 80-87. 

Bétournay, M.C., Desrivières, G., Laliberté, P., Chan, J., Replogle, B., Miller,
A.R., Barnes, D.L., Sprott, D. and MacKinnon, T. (2004): Design, testing and
performance of the world's first fuel cell mine vehicle, a production locomotive.
The Canadian Institute of Mining, Metallurgy and Petroleum (CIM)
Bulletin, 97 (1083): 72 and on CIM Web site.

Bonnell, G. and the participants of Underground Coal Mining Safety
Research Collaboration (UCMSRC) (2004): Striving for a safer future - An
update on the state of the Canadian underground coal mining industry. World
Coal, 13 (5): 43-46. 

Boullemant, A., Vigneault, B., Fortin, C. and Campbell, P.G.C. (2004):
Uptake of neutral metal complexes by a green alga - Influence of pH and humic
substances. Australian Journal of Chemistry, 57 (10): 931-936. 

Chen, T.T. and Dutrizac, J.E. (2004): Gold in the electrorefining of copper and
the decopperizing of copper anode slimes. Journal of Minerals, Metals and
Materials, 56 (8): 48-52. 

Chen, T.T. and Dutrizac, J.E. (2004): Mineralogical changes occurring during
the fluid-bed roasting of zinc sulphide concentrates. Journal of Minerals, Metals
and Materials, 56 (12): 46-51. 

Chen, X.G., Geng, A.L., Yan, R., Gould, W.D., Liang, D.T. and Ng, Y.L.
(2004): Isolation and characterization of sulfur-oxidizing Thiomonas species and
its potential application in biological deodorization. Letters in Applied
Microbiology, 39 (6): 495-503. 

Deschênes, G., Hall, D. and Fulton, M. (2003): Cyanidation of a pyrrhotite-
bearing gold ore. The European Journal of Mineral Processing and
Environmental Protection, 3 (3): 353-361.

Dutrizac, J.E. (2004): The behaviour of the rare earths during the precipitation of
sodium, potassium and lead jarosites. Hydrometallurgy, 73 (1-2): 11-30.

Dutrizac, J.E. and Chen, T.T. (2004): Factors affecting the incorporation of
cobalt and nickel in jarosite-type compounds. Canadian Metallurgical Quarterly,
43 (3): 305-320. 

Falmagne, V., Gagnon, G., Ouellet, D. and Simser, B.P. (2004): Mining
strategy for the retreat zone at Noranda's Bell-Allard Mine. The Canadian
Institute of Mining, Metallurgy and Petroleum (CIM) Bulletin, 97 (1079):
42-46. 

Geng, A.L., Chen, X.G., Gould, W.D., Ng, Y.L., Yan, R., Lee, C.C. and
Liang, D.T. (2004): Removal of odorous sulphur-containing gases by a new
isolate from activated sludge. Water Science & Technology, 50 (4): 291-297. 

Gervilla, F., Cabri, L.J., Kojonen, K., Oberthür, T., Weiser, T.W., Johanson,
B., Sie, S.H., Campbell, J.L., Teesdale, W.J. and Laflamme, J.H.G. (2004):
Platinum-group element distribution in some ore deposits - Results of EPMA and
Micro-PIXE analyses. Microchimica Acta, 147 (3): 167-173. 

Hardcastle, S. and Kocsis, C. (2004): The ventilation challenge. The Canadian
Institute of Mining, Metallurgy and Petroleum (CIM) Bulletin, 97 (1080):
51-57. 

Harmer, S.L., Pratt, A.R., Nesbitt, H.W. and Fleet, M.E. (2004): Sulphur
species at chalcopyrite (CuFeS2) fracture surfaces. American Mineralogist, 89
(7): 1026-1032. 

Kapoor, A., Gould, W.D., Bédard, P. and Morin, K. (2004): Application of
biotechnology for the treatment of nitrogen compounds in gold mill effluents. The
Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Bulletin, 97
(1081): 84-90. 

Kapoor, A., Dinardo, O. and Kuiper, A. (2004): Biological oxidation of ferrous
ions under acidic conditions using rotating biological contactor. Journal of
Environmental Engineering and Science, 3 (4): 311-318. 

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004
i



Khare, N., Hesterberg, D., Beauchemin, S. and Wang, S.L. (2004): XANES
analysis of adsorbed phosphate distribution between ferrihydrite and boehmite in
mixed-mineral systems. Soil Science Society of America Journal, 68 (2): 460-
469. 

Kwong, Y.T.J. (2003): Comprehensive environmental ore deposit models as an aid
for sustainable development. Journal of Exploration and Mining Geology, 12
(1): 31-36. 

Negeri, T. (2004): Application of "process-factors-in-mixture-amount experiment"
to define flotation conditions. Minerals and Metallurgical Processing, 21 (3):
133-143. 

Nesbitt, H.W., Bancroft, G.M., Davidson, R., McIntyre, N.S. and Pratt, A.R.
(2004): Minimum XPS core level line widths of insulators, including silicate
minerals. American Mineralogist, 89 (5-6): 878-882. 

Ng, Y.L., Yan, R., Chen, X.G., Geng, A.L., Gould, W.D., Liang, D.T. and
Koe, L.C.C. (2004): Use of activated carbon as a support medium for H2S
biofiltration and effect of bacterial immobilization on available pore surface.
Applied Microbiology and Biotechnology, 66 (3): 259-265. 

Orumwense, O.A. and Negeri, T. (2004): Impact of microwave irradiation on
the processing of a sulfide ore. Minerals and Metallurgical Processing, 21 (1):
44-51. 

Orumwense, O.A., Negeri, T. and Lastra, R. (2004): Effect of microwave
pretreatment on the liberation characteristics of a massive sulfide ore. Minerals
and Metallurgical Processing, 21 (2): 77-85. 

Paktunc, D. (2004): A computer program for analyzing complex bulk XAFS
spectra and for performing significance tests. Journal of Synchrotron Radiation,
11 (3): 295-298. 

Paktunc, D., Foster, A., Heald, S. and Laflamme, G. (2004): Speciation and
characterization of arsenic in gold ores and cyanidation tailings using X-ray
absorption spectroscopy. Geochimica and Cosmochimica Acta, 68 (5): 969-
983.

Pane, E.F., McGeer, J.C. and Wood, C.M. (2004): Effects of chronic
waterborne nickel exposure on two successive generations of Daphnia magna.
Environmental Toxicology and Chemistry, 23 (4): 1051-1056. 

Pratt, A.R. (2004): Photoelectron core levels for enargite, Cu3AsS4. Surface and
Interface Analysis, 36 (7): 654-657. 

Riveros, P.A. (2004): The extraction of Fe(III) using cation-exchange carboxylic
resins. Hydrometallurgy, 72 (3-4): 279-290. 

Schwartz, M.L., Curtis, P.J. and Playle, R.C. (2004): Influence of natural
organic matter source on acute copper, lead, and cadmium toxicity to rainbow
trout (Oncorhynchus mykiss). Environmental Toxicology and Chemistry, 23
(12): 2889-2899.

Simser, B.P. and Falmagne, V. (2004): Seismic source parameters used to
monitor rockmass response at Brunswick mine. The Canadian Institute of
Mining, Metallurgy and Petroleum (CIM) Bulletin, 97 (1080): 58-63.

Skinner, W.M., Nesbitt, H.W. and Pratt, A.R. (2004): XPS identification of
bulk hole defects and itinerant Fe 3d electrons in natural troilite (FeS).
Geochimica and Cosmochimica Acta, 68 (10): 2259-2263. 

Udd, J.E. (2004): An international review of the use and testing of the wire ropes
used in mine hoisting. The Canadian Institute of Mining, Metallurgy and
Petroleum (CIM) Bulletin, 97 (1083): 70 and on CIM Web site.

Yan, R., Ng, Y.L., Chen, X.G., Geng, A.L., Gould, W.D., Duan, H.Q., Liang,
D.T. and Koe, L.C.C. (2004): Batch experiments on H2S degradation by bacteria
immobilized on activated carbons. Water Science & Technology, 50 (4): 299-
308. 

CONFERENCE AND WORKSHOP PROCEEDINGS / 
COMPTES-RENDUS DE CONFÉRENCE ET D'ATELIER

Andrieux, P.P., Zhu, H., Labrie, D., Doucet, C., Lampron, S. and Fleury, D.
(2004): Determination and validation of the rock mass post-peak mechanical
properties for a 3DEC strain-softening model of the 680 sill pillar at Louvicourt
Mine. Proceedings of the 1st International UDEC/3DEC Symposium,
Bochum (Germany), A.A. Balkema (Taylor & Francis Group), H. Konietzky,
editor: 121-127. 

Beauchemin, S., Fiset, J.-F., MacKinnon, T. and Hesterberg, D. (2004):
Impact of a water cover on the stability of arsenic in a neutralization sludge.
Proceedings of the 1st International Conference on Advances in Mineral
Resources Management and Environmental Geotechnology (AMIREG),

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004ii



Chania (Greece), Heliotopos Conferences, Z. Agioutantis and K. Komnitsas,
editors: 519-524. 

Bétournay, M.C. (2004): A failure model for stratified rock masses of hard rock
mines. Proceedings of the 6th North American Rock Mechanics Symposium
(NARMS), Houston (Texas), American Rock Mechanics Association
(ARMA), D.P. Yale, S.M. Wilson and A.S. Abou-Sayed, editors, Paper 04-
633: 8 pp., on CD. 

Bétournay, M.C. (2004): Rock mass displacements and surface disruptions
anticipated from weak rock masses of metal mines. Proceedings of the 5th
Biennial Workshop on Abandoned Underground Mines, Tucson (Arizona),
Arizona & U.S. Department of Transportation, N. Priznar and R.
Blackstone, editors: 133-144. 

Bétournay, M.C. (2004): Stability effects and failures from extensive hard rock
mining. Proceedings of the 6th North American Rock mechanics Symposium
(NARMS), Houston (Texas), American Rock Mechanics Association
(ARMA), D.P. Yale, S.M. Wilson and A.S. Abou-Sayed, editors, Paper 06-
632: 8 pp., on CD.

Bétournay, M.C. (2004): Stability evaluation and remediation of a critical
northern Canadian highway over an abandoned gold mine. Proceedings of the
5th Biennial Workshop on Abandoned Underground Mines, Tucson
(Arizona), Arizona & U.S. Department of Transportation, N. Priznar and R.
Blackstone, editors: 71-80. 

Bétournay, M.C., Miller, A.R. and Barnes, D.L. (2004): Current development
and future opportunities of the fuel cell mining program. Proceedings of the 10th
Mining Diesel Emissions Conference (MDEC), Toronto (Ontario), MDEC,
M. Gangal, editor, Paper S5P1: 12 pp. 

Cabri, L.J., Rudashevsky, N.S., Rudashevsky, V.N. and Lastra, R. (2004):
New developments in process mineralogy of platinum-bearing ores. Proceedings
of the 36th Annual Meeting of the Canadian Mineral Processors (CMP),
Ottawa (Ontario), The Canadian Institute of Mining and Metallurgy
(CIM), J. Abols, editor: 189-197. 

Chen, T.T., Dutrizac, J.E. and Poirier, G. (2004): A mineralogical study of lead
and zinc in cement-stabilized jarosite residues. Proceedings of the Global
Symposium on Recycling, Waste Treatment and Clean Technology (REWAS
'04), Madrid (Spain), The Minerals, Metals and Materials Society, I.
Gaballah, B. Mishra, R. Solozabal and M. Tanaka, editors, Volume 3: 2309-
2324. 

Chen, T.T., Dutrizac, J.E. and Poirier, G. (2004): Mineralogical characteriza-
tion of Waelz kiln products. Proceedings of the 5th International Symposium
Waste Processing and Recycling in Mineral and Metallurgical Industries,
Hamilton (Ontario), The Canadian Institute of Mining, Metallurgy and
Petroleum (CIM), S.R. Rao, F.W. Harrison, J.A. Kozinski, L.M. Amaratunga,
T.C. Cheng and G.G. Richards, editors: 681-696. 

Chen, T.T., Dutrizac, J.E., Krause, E. and Osborne, R. (2004): Mineralogical
characterization of nickel laterites from New Caledonia and Indonesia.
Proceedings of the International Laterite Nickel Symposium 2004, Charlotte
(North Carolina), The Minerals, Metals and Materials Society, W.P. Imrie
and D.M. Lane, editors: 79-99.

Chen, T.T., Poirier, G. and Dutrizac, J.E. (2004): Mineralogical characteriza-
tion of Waelz kiln products from the recycling of EAF dust. Proceedings of the
EU Commission-CANMET Workshop 2004 on Clean Production
Technologies, Madrid (Spain), European Commission, Directorate General
Research, A. Adjemian, J.E. Dutrizac, P. Negré and L. Yurramendi, editors:
437-451.

Clapham, M. and Giziewicz, E. (2004): The impact of bio-plastics on the
recovery of end-of-life materials. Proceedings of the EU Commission-
CANMET Workshop 2004 on Clean Production Technologies, Madrid
(Spain), European Commission, Directorate General Research, A.
Adjemian, J.E. Dutrizac, P. Negré and L. Yurramendi, editors: 101-114. 

Delabbio, F.C., Eastick, D., Graves, C. and Bétournay, M.C. (2004): 
Risk, regulatory and implementation associated with underground mining
applications of hydrogen fuel cells. Proceedings of the 10th Mining Diesel
Emissions Conference (MDEC), Toronto (Ontario), MDEC, M. Gangal,
editor, Paper S5P2: 8 pp.

Duncan, W.F.A., Mattes, A.G., Gould, W.D. and Goodazi, F. (2004): Multi-
stage biological treatment system for removal of heavy metal contaminants.
Proceedings of the 5th International Symposium on Waste Processing and
Recycling in Mineral and Metallurgical Industries, Hamilton (Ontario), The
Canadian Institute of Mining, Metallurgy and Petroleum (CIM), S.R. Rao,
F.W. Harrison, J.A. Kozinski, L.M. Amaratunga, T.C. Cheng and G.C.
Richards, editors: 469-483. 

Durrheim, R.J. and Labrie, D. (2004): Data-driven simulation of the rock mass
response to mining - Laboratory experiments using Nepean sandstone models.
Proceedings of the 2nd International Seminar on Deep and High Stress

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004iii



Mining, Johannesburg (South Africa), The South African Institute of
Mining and Metallurgy, Symposium Series Volume S37: 365-392. 

Dutrizac, J.E., Reuter, M.A., Lans, S.C. and Booster, J.L. (2004):
Hydrometallurgical production of zinc from primary and secondary raw materials.
Course notes of Zinc College 2004, Wesel (Germany), International Zinc
Association, M.A. Reuter, J.E. Dutrizac and S.C. Lans, editors, Chapter 4:
87-132. 

Dutrizac, J.E. (2004): The behaviour of chromium (III) during potassium jarosite
precipitation. Proceedings of the Global Symposium on Recycling, Waste
Treatment and Clean Technology (REWAS '04), Madrid (Spain), The
Minerals, Metals and Materials Society, I. Gaballah, B. Mishra, R. Solozabal
and M. Tanaka, editors, Volume 2: 1049-1060. 

Dutrizac, J.E. and Chen, T.T. (2004): Characterization of Waelz products - Why
the recycling of EAF dusts is difficult. Proceedings of the ASEM Workshop on
EU/Asia S&T Cooperation on Clean Technologies, Hanoi (Vietnam),
European Commission Directorate General Research / Vietnamese Academy
of Science and Technology: 177-190.

Falmagne, V. and Simser, B.P. (2004): Performance of rockburst support systems
in Canadian mines. Proceedings of the 5th International Symposium on
Ground Support, Perth (Australia), A.A. Balkema (Taylor & Francis Group),
E. Villaescusa and Y. Potvin, editors: 313-318. 

Gagnon, C., Turcotte, P. and Vigneault, B. (2004): Changes in metal bioavail-
ability and speciation along a municipal waste water effluent dispersion plume.
Proceedings of the 31st Annual Aquatic Toxicity Workshop, Charlottetown
(Prince Edward Island), Fisheries and Oceans Canada, Canadian Technical
Report of Fisheries and Aquatic Sciences 2562, L.E. Burridge, K. Haya and
A.J. Niimi, editors: 74-75. 

Gangal, M., Rubeli, B., Young, D., Tumati, P. and Birkby, N. (2004): DPM
reduction by thermal regeneration systems. Proceedings of the 10th U.S. Mine
Ventilation Symposium, Anchorage (Alaska), A.A. Balkema (Taylor &
Francis Group), R. Ganguli and S. Bandopadhyay, editors: 109-116. 

Giziewicz, E. (2004): Information overload in recycling and clean production
technologies. Proceedings of the EU Commission-CANMET Workshop 2004
on Clean Production Technologies, Madrid (Spain), European Commission,
Directorate General Research, A. Adjemian, J.E. Dutrizac, P. Negré and L.
Yurramendi, editors: 163-173. 

Gunter, W.D., Pratt, A.R., Buschkuehle, B.E. and Perkins, E.H. (2004): Acid
gas injection in the Brazeau Nisku Q carbonate reservoir - Geochemical reactions
as a result of the injection of an H2S-CO2 waste stream. Proceedings of the 7th
International Conference on Greenhouse Gas Control Technologies,
Vancouver (British Columbia), University of Regina, Canadian Plains
Research Centre, N. Wilson, K. Thambimuthu and J. Gale, editors, Paper
532: 9 pp., on University of Regina Web site. 

Guo, H., Deschênes, G., Pratt, A.R., Fulton, M. and Lastra, R. (2004):
Leaching kinetics and mechanisms of surface reactions during cyanidation of gold
in the presence of pyrite and stibnite. Preprints of The Society for Mining,
Metallurgy and Exploration (SME) Annual Meeting and Exhibit, Denver
(Colorado), SME, Paper 04-75: 8 pp., on CD.

Hardcastle, S., Kocsis, C., Bétournay, M.C. and Barnes, D.L. (2004): The
benefits of replacing the diesel engine with a fuel cell in underground mining
production equipment. Proceedings of the 10th U.S. Mine Ventilation
Symposium, Anchorage (Alaska), A.A. Balkema (Taylor & Francis Group),
R. Ganguli and S. Bandopadhyay, editors: 397-407. 

Hollow, J., Deschênes, G., Guo, H., Fulton, M. and Hill, E. (2004):
Improvement of gold extraction at the Fort Knox Mine. Proceedings of the 36th
Annual Meeting of the Canadian Mineral Processors, Ottawa (Ontario),
The Canadian Institute of Mining, Metallurgy and Petroleum (CIM), J.
Abols, editor: 435-450.

Jambor, J.L. and Dutrizac, J.E. (2004): Mineral sequestration of greenhouse gas.
Proceedings of the EU Commission-CANMET Workshop 2004 on Clean
Production Technologies, Madrid (Spain), European Commission,
Directorate General Research, A. Adjemian, J.E. Dutrizac, P. Negré and L.
Yurramendi, editors: 253-266. 

Jambor, J.L., Dutrizac, J.E. and Riveros, P.A. (2004): Prediction of acid mine
drainage - Effect of the time gap between sample crushing and the static test.
Proceedings of the Global Symposium on Recycling, Waste Treatment and
Clean Technology (REWAS '04), Madrid (Spain), The Minerals, Metals and
Materials Society, I. Gaballah, B. Mishra, R. Solozabal and M. Tanaka,
editors, Volume 3: 2441-2454.

Kapoor, A. and Gould, W.D. (2004): Bioreactor systems for treating acid mine
drainage. Proceedings of the 5th International Symposium on Waste
Processing and Recycling in Mineral and Metallurgical Industries, Hamilton
(Ontario), The Canadian Institute of Mining, Metallurgy and Petroleum
(CIM), S.R. Rao, F.W. Harrison, J.A. Kozinski, L.M. Amaratunga, T.C.
Cheng and G.C. Richards, editors: 485-499.

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004iv



Kocsis, C., Hardcastle S. and Hall, R. (2004): The benefits of using mine
process simulators to design a "life-cycle" mine ventilation system. Transactions of
The Society for Mining, Metallurgy and Exploration (SME), SME, W.R.
Yernberg, editor, Volume 316: 215-220. 

Kwong, Y.T.J. (2004): Chemical stability of two tailings backfill materials with
two types of binders. Proceedings of the 8th International Symposium on
Mining with Backfill, Beijing (China), The Nonferrous Metals Society of
China: 219-223.

Kwong, Y.T.J. (2004): Dual Roles of Mineral Assemblage as a Pathfinder for Ore
and an Early Indicator of Environmental Challenges. Mineralogy and
Geochemistry - Resources, Environment and Life, Geological Publishing
House, Beijing (China), S. Li, J. Shen and H. Xu, editors, Part IV -
Environmental Mineralogy: 100-111. 

Kwong, Y.T.J. (2004): Facts and myths on the effectiveness of water covers to
suppress sulfide oxidation and metal leaching - Field and laboratory evidence.
Proceedings of the 21st National Conference of the American Society of
Mining and Reclamation (ASMR) and 25th West Virginia Surface Mine
Drainage Task Force Symposium, Morgantown (West Virginia), ASMR, R.I.
Barnhisel, editor: 1157-1174.

Labrie, D., Conlon, B., Anderson, T. and Boyle, R.F. (2004): Measurement of
in situ deformability in hard rock. Proceedings of the 2nd International
Conference on Site Characterization, Porto (Portugal), Millpress Science
Publishers, A. Viana da Fonseca and P.W. Mayne, editors: 963-970.

Li, G.G., Vongpaisal, S. and Ong, O. (2004): Analysis of time-dependent
deformations in soft rocks by using an elasto-viscoplastic model. Proceedings of
the 6th North American Rock Mechanics Symposium (NARMS), Houston
(Texas), American Rock Mechanics Association (ARMA), D.P. Yale, S.M.
Wilson and A.S. Abou-Sayed, editors, Paper 04-433: 8 pp., on CD.

MacLeod, F.A. (2004): An assessment of green house gas sink and sequestration
options for application in mine site reclamation. Abstracts of the 16th Annual
Conference of the Society for Ecological Restoration (SER), Victoria (British
Columbia), SER, R. Seaton and F. Anderson, editors: 13 pp., on CD.

MacLeod, F.A. and Tisch, B. (2004): The microbiology and mineralogy of
papermill sludge that was applied as a dry cover on tailings. Abstracts of the
16th Annual Conference of the Society for Ecological Restoration (SER),
Victoria (British Columbia), SER, R. Seaton and F. Anderson, editors: 7 pp.,
on CD.

Paktunc, D. (2004): Molecular-scale characterization and assessment of the
stability of arsenical compounds. Proceedings of the EU Commission-
CANMET Workshop 2004 on Clean Production Technologies, Madrid
(Spain), European Commission, Directorate General Research, A.
Adjemian, J.E. Dutrizac, P. Negré and L. Yurramendi, editors: 329-338. 

Paktunc, D. (2004): Molecular-scale characterization of arsenic in metallurgical
wastes. Proceedings of the 8th International Congress on Applied
Mineralogy, Aguas De Lindoia (Brasil), International Council for Applied
Mineralogy do Brasil (ICAM-BR), M. Pecchio, F.R.D. Andrade, L.Z.
D'Agostino, H. Kahn, L.M. Sant'Agostino and M.M.M.L. Tassinari, editors:
447-450. 

Paktunc, D., Smith, D. and Couture, R. (2004): Mineralogical and
geochemical characterization of sediments and suspended particulate matter in
water from the Potaro River area, Guyana - Implications for mercury sources.
Proceedings of the 8th International Congress on Applied Mineralogy,
Aguas De Lindoia (Brasil), International Council for Applied Mineralogy do
Brasil (ICAM-BR), M. Pecchio, F.R.D. Andrade, L.Z. D'Agostino, H. Kahn,
L.M. Sant'Agostino and M.M.M.L. Tassinari, editors: 379-382. 

Paktunc, D., Smith, D., Lastra, R. and Pratt, A.R. (2004): Assessment of
uncertainties in modal analysis and liberation measurements by synchrotron-based
X-ray microtomography. Proceedings of the 8th International Congress on
Applied Mineralogy, Aguas De Lindoia (Brasil), International Council for
Applied Mineralogy do Brasil (ICAM-BR), M. Pecchio, F.R.D. Andrade,
L.Z. D'Agostino, H. Kahn, L.M. Sant'Agostino and M.M.M.L. Tassinari,
editors: 1021-1024. 

Poirier, S., Fecteau, J.M., Laflamme, M. and Champoux, G. (2004):
Application of plasma arc torch technology for selective underground narrow-vein
mining. Proceedings of the 2nd International Symposium on Mining
Techniques of Narrow-vein Deposits, Val-d'Or (Québec), The Canadian
Institute of Mining, Metallurgy and Petroleum (CIM): 15 pp., on CIM Web
site.

Pratt, A.R., Negeri, T. and Kotzer, T. (2004): Using XANES to monitor
collector chemistry at a sulphide flotation plant. Proceedings of the 36th Annual
Meeting of the Canadian Mineral Processors, Ottawa (Ontario), The
Canadian Institute of Mining, Metallurgy and Petroleum (CIM), J. Abols:
599-605. 

Ptacek, C.J., Price, W.A., Smith, J.L., Logsdon, M. and McCandless, R.
(2004): Land-use practices and changes - Mining and petroleum production.

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004v



Treats to Water Availability in Canada, Minister of Public Works and
Government Services Canada, National Water Research Institute (NWRI)
Scientific Assessment Report Series No. 3, L. Brannan and A.T. Bielak,
editors, Chapter 9: 67-75, on NWRI Web site. 

Riveros, P.A. (2004): Iron removal from effluents to reduce sludge formation and
CO2 emissions. Proceedings of the EU Commission-CANMET Workshop
2004 on Clean Production Technologies, Madrid (Spain), European
Commission, Directorate General Research, A. Adjemian, J.E. Dutrizac, P.
Negré and L. Yurramendi, editors: 253-266. 

Riveros, P.A. and Dutrizac, J.E. (2004): The oxidative leaching of enargite.
Proceedings of the Global Symposium on Recycling, Waste Treatment and
Clean Technology (REWAS '04), Madrid (Spain), The Minerals, Metals and
Materials Society, I. Gaballah, B. Mishra, R. Solozabal and M. Tanaka,
editors, Volume 3: 2055-2067. 

Rubeli, B., Gangal, M., Butler, K. and Aldred, W. (2004): Evaluation of the
contribution of light-duty vehicles to the underground atmosphere diesel emission
burden. Proceedings of the 10th U.S. Mine Ventilation Symposium,
Anchorage (Alaska), A.A. Balkema (Taylor & Francis Group), R. Ganguli
and S. Bandopadhyay, editors: 99-108. 

Tisch, B., Black, C. and Zinck, J. (2004): Considerations in the reclamation of
alkaline AMD treatment sludge. Abstracts of the 16th Annual Conference of
the Society for Ecological Restoration (SER), Victoria (British Columbia),
SER, R. Seaton and F. Anderson, editors: 4 pp., on CD.

Tremblay, G., Hogan, C. and Gardiner, E. (2004): Experience of Canadian
partnership programs - MEND and NOAMI. Proceedings of the International
Mine Water Association Symposium on Mine Water 2004 - Process, Policy
and Progress, Newcastle upon Tyne (UK), University of Newcastle upon
Tyne, A.P. Jarvis, B.A. Dudgeon and P.L. Younger, editors: 53-60. 

Zinck, J.M. (2004): Emerging technologies in mine waste management.
Proceedings of the 5th International Conference of Waste Processing and
Recycling in Mineral and Metallurgical Industries, Hamilton (Ontario), The
Canadian Institute of Mining, Metallurgy and Petroleum (CIM), S.R. Rao,
F.W. Harrison, J.A. Kozinski, L.M. Amaratunga, T.C. Cheng and G.C.
Richards, editors: 49-66.

ELECTRONIC AND OTHER PUBLICATIONS / 
PUBLICATIONS ÉLECTRONIQUES ET AUTRES 

Aboussouan, L., Van de Meent, D., Schönnenbeck, M., Hauschild, M.,
Delbeke, K., Struijs, J., Russell, A., Udo de Haes, H., Atherton, J., Van
Tilborg, W., Karman, C., Korenromp, R., Sap, G., Baukloh, A., Dubreuil, A.,
Adams, W., Heijungs, R., Jolliet, O., De Koning, A., Chapman, P., Ligthart,
T., Verdonck, F., Van der Loos, R., Eikelboom, R. and Kuyper, J. (2004):
Declaration of Apeldoorn on LCIA of non-ferrous metals. United Nations
Environment Programme (UNEP), Division of Technology, Industry and
Economics: 2 pp., on UNEP Web site. 

Apte, S.C. and Kwong, Y.T.J. (2004): Deep sea tailings placement - Critical
review of environmental issues. Australian Centre for Minerals Extension and
Research (ACMER), Kenmore (Australia), December 2004: 93 pp. 

Davé, N.K. (2004): Water covered tailings management systems - What have we
learned? Public Forum on Closed Uranium Mines, Elliot Lake (Ontario),
Denison Environmental Services (DES), I. Ludgate, editor: 29 pp., on DES
Web site. 

Deschênes, G., McMullen, J., Ellis, S., Fulton, M. and Atkin, A. (2004):
Investigation on the cyanide leaching optimization for the treatment of KCGM
gold flotation concentrate - Phase 1. Preprints of the 2004 Precious Metals
Conference, Cape Town (South Africa), Minerals Engineering International
(MEI): 16 pp., on CD.

Goulet, R.R., Doyle, P.J., Vigneault, B., McGeer, J.C. and Hare, L. (2004):
Cd dietary and waterborne exposure to Daphnia magna - Implications for bioac-
cumulation and chronic toxicity. Book of Abstracts of the 4th World Congress
of the Society of Environmental Toxicology and Chemistry (SETAC),
Portland (Oregon), SETAC, Abstract 235: 52-53, on CD.

Harmer, S.L, Pratt, A.R., Wallace, B., Heigl, F., Hu, Y.F., Nesbitt, H.W. and
Sham, T.K. (2004): UHV fracturing chamber for synchrotron radiation XPS
studies of minerals. Book of Abstracts of the 7th Annual Users Meeting of the
Canadian Light Source (CLS), Saskatoon (Saskatchewan), CLS Users
Advisory Committee, Abstract 29: 52. 

Karwowska, R., Sawchyn, M., Richardson, G. and Leaver, M.E. (2004):
Classical versus state-of-the-art methods - An evaluation of accuracy and
precision. Proceedings of the 36th Annual Conference of the Canadian
Mineral Analysts (CMA), Sudbury (Ontario), CMA: 23 pp., on CD.

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004vi



Kwong, Y.T.J. (2004): Book review - Mine water hydrogeology and geochemistry.
Geoscience Canada, P.L. Younger and N.S. Robins, editors, 31: 94-95. 

Labrie, D., Conlon, B., Anderson, T. and Boyle, R.F. (2004): Measurement of
in situ deformability in hard rock. Proceedings of the 57th Canadian
Geotechnical Conference, Québec (Québec), The Canadian Geotechnical
Society, D. Demers, D. Leahy, R. Lefebvre, S. Leroueil and R. Martel,
editors, Session 8F: 9-16, on CD.

Langmuir, D., Chrostowski, P., Vigneault, B. and Chaney, R. (2004): Issue
paper on the environmental chemistry of metals. US Environmental Protection
Agency (EPA) Risk Assessment Forum: 113 pp., on US-EPA Web site. 

Laverdure, L. and Fecteau, J.M. (2004): Definition of an action plan in
research and development, trial and experimentation, to promote competitiveness
and safety for underground mining operations.  CANMET Mining and Mineral
Sciences Laboratories, Natural Resources Canada, Ottawa, Report
CANMET-MMSL 04-037 (CR): 97 pp. 

Laverdure, L. et Fecteau, J.M. (2004): Définition d'un plan d'action en
recherche et développement, essai et expérimentation, favorisant la compétitivité et
la sécurité des opérations minières souterraines.  Laboratoires des mines et des
sciences minérales de CANMET, Ressources naturelles Canada, Ottawa,
Rapport LMSM-CANMET 04-037 (CR): 97 pp.

McGeer, J.C., Henningsen, G., Lanno, R., Fisher, N., Sappington, K. and
Drexler, J. (2004): Issue paper on the bioavailability and bioaccumulation of
metals. US Environmental Protection Agency (EPA) Risk Assessment
Forum: 126 pp., on US-EPA Web site. 

McGeer, J.C., Vigneault, B., Schwartz, M.L., King, M. and Beyak, J. (2004):
Applying BLMs to predict acute and chronic toxicity in laboratory and natural
waters. Book of Abstracts of the 4th World Congress of the Society of
Environmental Toxicology and Chemistry (SETAC), Portland (Oregon),
SETAC, Abstract PH101: 438, on CD.

Percival, J.B., Kwong, Y.T.J., Dumaresq, C.G. and Michel, F.A. (2004):
Transport and attenuation of arsenic, cobalt and nickel in an alkaline
environment, Cobalt, Ontario. Geological Survey of Canada, Natural
Resources Canada, Ottawa, Open File 1680: 30 pp., on CD.

Price, W.A. (2004): Information and design requirements for drainage treatment.
Proceedings of the 2004 Ontario Mine Effluent Neutral Drainage (MEND)
Workshop on Sludge Management and New Treatment Technologies,

Sudbury (Ontario), MEND Report W.017, G. Tremblay, C. Hogan and W.A.
Price, editors: 35 pp., on CD.

Price, W.A. and Bellefontaine, K., editors (2004): Performance of ARD
Generating Wastes, Material Characterization and MEND Projects. Proceedings
of the 10th Annual British Columbia ML/ARD Workshop, Vancouver
(British Columbia), BC Ministry of Energy and Mines: unpaged, on CD.

Price, W.A., Hart, B., Dixon, B., Stewart, G., Berdusco, R., Hamaguchi, B.
and Howell, C., editors (2004): The Four "Rs" - Reclamation, Revegetation,
Research and Risk. Proceedings of the 28th British Columbia Mine
Reclamation Symposium, Cranbrook (British Columbia), The BC Technical
and Research Committee on Reclamation (TRCR): unpaged. 

Schwartz, M.L., McGeer, J.C., Vigneault, B. and Beyak, J. (2004):
Internalized metal in relation to Zn and Cu acute and sublethal toxicity to
freshwater organisms. Book of Abstracts of the 4th World Congress of the
Society of Environmental Toxicology and Chemistry (SETAC), Portland
(Oregon), SETAC, Abstract PT159: 319-320, on CD.

Skeaff, J.M., McGeer, J.C. and Hardy, D.J. (2004): Transformation/Dissolution
in the hazard classification of metals, metal compounds and alloys. Book of
Abstracts of the 4th World Congress of the Society of Environmental
Toxicology and Chemistry (SETAC), Portland (Oregon), SETAC, Abstract
781: 172, on CD.

Tremblay, G. and Hogan, C. (2004): Mine Environment Neutral Drainage
(MEND) Program. Proceedings of the 2004 Ontario Mine Effluent Neutral
Drainage (MEND) Workshop on Sludge Management and New Treatment
Technologies, Sudbury (Ontario), MEND Report W.017, G. Tremblay, C.
Hogan and W.A. Price, editors: 26-27, on CD.

Vigneault, B., Schwartz, M.L., Beyak, J., King, M. and McGeer, J.C. (2004):
Acute and sublethal copper and zinc toxicity in a mine effluent receiving water -
Revisiting water-effect ratio protocols assumptions. Book of Abstracts of the 4th
World Congress of the Society of Environmental Toxicology and Chemistry
(SETAC), Portland (Oregon), SETAC, Abstract 786: 173, on CD.

Zakaznova-Iakovleva, V.P., Nesbitt, H.W., Bancroft, G.M., Harmer, S.L.,
Pratt, A.R., Heigl, F. and Hu, Y.F. (2004): Study of a large band gap
semiconductor - Stibnite. Book of Abstracts of the 7th Annual Users Meeting
of the Canadian Light Source (CLS), Saskatoon (Saskatchewan), CLS Users
Advisory Committee, Abstract 48: 64. 

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004vii



Zinck, J.M. (2004): AMD treatment sludge - Properties and Stability.
Proceedings of the 2004 Ontario Mine Effluent Neutral Drainage (MEND)
Workshop on Sludge Management and New Treatment Technologies,
Sudbury (Ontario), MEND Report W.017, G. Tremblay, C. Hogan and W.A.
Price, editors: 23 pp., on CD.

Zinck, J.M. (2004): Comparison of AMD treatment processes and their impact
on sludge characteristics. Proceedings of the 2004 Ontario Mine Effluent
Neutral Drainage (MEND) Workshop on Sludge Management and New
Treatment Technologies, Sudbury (Ontario), MEND Report W.017, G.
Tremblay, C. Hogan and W.A. Price, editors: 12 pp., on CD.

Zinck, J.M. (2004): Sludge management - An update on technologies.
Proceedings of the 2004 Ontario Mine Effluent Neutral Drainage (MEND)
Workshop on Sludge Management and New Treatment Technologies,
Sudbury (Ontario), MEND Report W.017, G. Tremblay, C. Hogan and W.A.
Price, editors: 28 pp., on CD. 

PATENTS / BREVETS

Aota, J. and Morin, L. (2004): Cold Bonded Iron Particulate Pellets. US Patent
6,676,725 B2. 

Deschênes, G. and Fulton, M. (2004): Control of Lead Nitrate Addition in
Gold Recovery. South African Patent 2002/1970.

ANNUAL REPORT 2004 PUBLICATIONS  RAPPORT ANNUEL 2004viii




