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FOREWORD

Economic growth within the minerals and energy sector continued to suffer from low mineral commaodity prices, a
further drop in international oil price, and contractual pressures to reduce both volumes and prices of coal sales.
Offsetting these impacts, however, has been a substantial advance within both sectors towards decreasing operating
or production costs.

Consistent with newly established federal Science and Technology policy, CANMET declared its intent during
1986-1987 to become a Government Technology Centre. As part of this strategic change towards increasing the
relevance of CANMET's technology development activities to industrial client needs, the industrial advisory process
has been strengthened. The newly created Minister's National Advisory Council to CANMET (MNACC) now includes
within its mandate, advice on CANMET’s business development objectives.

CANMET has continued its focus on consultation with the relevant industry sectors and on technology transfer.
Industry-wide seminars were held on a range of technology areas including health and safety aspects of underground
mining, surface mining, coal preparation and oil and gas conversion. A highlight was the presentation of the Canada
Awards for Excellence 1986 Silver Award for Technology Transfer, to Aimax Industries (1980) Ltd. and to CANMET and
Queen’s University. The award was for the successful development and well-managed transfer of technology used to
manufacture efficiently high performance ceramics. After two years of successful foundry site visitations by CAN-
MET’s Mobile Foundry Laboratory, its continued operation was transferred to the Association of Provincial Research
Organizations.

CANMET also initiated several major cooperative projects with governments and industry. Notable amongst these are
the Reactive Acid Tailings program which is conducted jointly by CANMET and industry, and a joint project with the
Alberta Qil Sands Technology and Research Authority and Industry to study the viability of a novel method of
recovering bitumen from the Athabaska reservoir by a shaft and tunnel access process using horizontal wells and
gravity drainage.

Provision of technology support continued throughout the year for major demonstration projects. A significant
emphasis was directed towards technologies including novel burners and advanced combustion systems designed to
reduce the emission of acid rain precursors during thermal power generation.

CANMET also continued its role of administering the federal mineral technology components of the Federal-Provincial
Mineral Development Sub-Agreements.

Federal-Provincial Mineral Development Sub-Agreements

Expenditures ($000)

Province Resources Assigned ($000) 1984-85 1985-86 1986-87
Newfoundland 1,500 0 236.9 365.5
Nova Scotia 3,275 309 464.2 872.3
New Brunswick 3,000 215 341.2 580.0
Ontario 3,550 — 307.5 1,172.0
Manitoba 4,665 152 1,179.3 1,231.3
Saskatchewan 515 0 39 1741

Under the guidance of MNACC and through both the in-house and contracted-out technology development and
transfer activities, the needs of industry for technology advancement continue to be addressed. This goal is
increasingly being recognized as a key factor in restoring the productivity of Canada’s mineral and energy industries as
well as their international competitiveness. CANMET is well equipped with highly qualified scientists, engineers,
technical and support staff to meet the research challenges that lie ahead, and to serve the nonrenewable resource
sector industries of Canada.

M.D. Everell
Assistant Deputy Minister
Mineral and Energy Technology
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CANADA CENTRE FOR MINERAL AND ENERGY TECHNOLOGY (CANMET)

Mission: To enhance the role and contribution of minerals and energy in the Canadian economy by means of
mission-oriented research and development in mining, mineral processing and utilization of metals,

industrial minerals, and fuels.

The formation of CANMET as the Mines Branch in 1907
supported the part that the Federal Government played
and continues to play: to complement the roles of indus-
try, the provinces, the universities, and other sectors in
the industrial, economic and regional development of
Canada.

CANMET’s R&D is divided among technologies for min-
ing and processing of minerals, coal, and oil sands, and
their utilization. Through these activities CANMET
fulfills its three primary goals:

— providing information to the Minister for
policy-making related to nonrenewable
resources;

— serving government social objectives
for health, safety, and the environment;

— supporting R&D performed by industry
in order to improve the latter's eco-
nomic performance and productivity.

To fulfill these goals, CANMET's total resources of
$73 million and 785 person years are distributed ap-
proximately 5-10 per cent to policy, 40-45 per cent to
protection, and 50 per cent to productivity related pro-
grams. Important input and guidance on project selec-
tion and implementation is provided by industry and by
advisory and user groups.

The transfer of technology to industry forms an integral
part of all CANMET activities. To aid in the transfer of
this technology, CANMET collaborates with industry in
many ways, including dedicating nearly one-third of its
budget to contracted work. CANMET also provides ser-
vices to industry. Remuneration for these services,
which are usually based on special expertise and equip-
ment, is currently about $1.3 million per year.

ORGANIZATION

CANMET carries out its mandate with a staff of 785
employees, organized into five operational laboratories,
the latter supported by several staff units that provide
services to all divisions.

The Energy Research Laboratories develop tech-
nology related to the upgrading of oil sands, heavy oil,

and synthetic crude production; coal combustion; coal
gasification and liquefaction; and improved oil and gas
domestic heating furnaces.

The Coal Research Laboratories conduct research
related to coal mining, preparation, transportation and
carbonization at their regional facilities in Edmonton and
Cape Breton.

The Mining Research Laboratories are concerned
with rock mechanics, mining methods and equipment,
explosives testing, mining environments, the certifica-
tion of equipment for gassy mines, fire and explosion
hazards, tailings control, and uranium reserve assess-
ment.

The Mineral Sciences Laboratories’ efforts are pri-
marily in the areas of mineral processing, and the devel-
opment of ceramic and other materials for advanced
energy storage and conversion systems.

The Physical Metallurgy Research Laboratories
deal primarily with improved materials for rail lines, coal
combustion, offshore structures, pipelines, and pres-
sure vessels. They are also concerned with erosion and
corrosion, and with the fabrication of metals and alloys.

The Research Program Office coordinates the plan-
ning, monitoring and evaluation of CANMET'’s research
programs, administers the contracted-out activities,
manages the Branch Management Information System,
and provides the Secretariat for the Minister’s National
Advisory Council to CANMET.

The Office of Technology Transfer addresses tech-
nology transfer issues, as well as developing guidelines
to aid at all stages of research and development — from
the planning stage, bench-scale, pilot-plant, and dem-
onstration phases, right through to commercial applica-
tions.

The Tecl:nology Information Division provides Ii-
brary, editorial, and publication production facilities;
technical literature analysis and documentation; inquiry
response and information dissemination services.

The Technical Services Division provides engineer-
ing support to all divisions.

In the following pages some highlights of the work of the
Branch are outlined:






Mining Methods and Equipment

To assist the mining industry in increasing the efficiency
of rock-breaking, loading and transportation operations,
CANMET reviews, evaluates and promotes innovative
concepts and developments in mining methods and
equipment.

Advances in safety and productivity often result from
improvements in mining equipment. During the year
under review, a contractor studied the technical feasi-
bility of drilling or breaking hard rock using a cavitat-
ing hydro impactor. The contractor’s investigation result-
ed in the development of a new shock-resistant, high-
pressure water seal. The development of accessories
critical to the automation of down-the-hole drills has
been successfully compieted. The accessories, which
were installed on a Continuous Mining System’s CD-90
drill, were field tested at a research mine and will be
commercialized by the contractor. All of these develop-
ments, if and when commercially implemented, will
improve the efficiency and reduce the cost of drilling.

New concepts for material handling systems which im-
prove productivity and safety are being developed for
use in underground and open pit mines. Increased use
of mathematical modeling and computer control can
lead to optimal use of mine equipment. Successful auto-
mation and robotization of haulage trucks in large open
pit mines could result in yearly savings of $150,000 to
$200,000 per unit.

The current recovery rate for potash is 40 per cent and,
although profitable, this represents a significant loss of
resources as well as profits. Progress was made in an
ongoing review of underground potash mining methods.
The review was designed to lower mining costs and to
achieve greater predictability of water inflow in Sas-
katchewan potash formations. Satisfactory progress
was reported in efforts to establish the level of wall and
roof support derived from backfilling.

A manual entitled Estimating Preproduction and Oper-
ating Costs of Small Underground Deposits was pro-
duced under contract. It was developed specifically for
junior mining companies, prospectors, and independent
entrepreneurs with limited financial resources. The
manual enables the users to benefit indirectly from the
knowledge and experience of a large consulting group
when carrying out preliminary assessments of the
economic viability of exploiting promising orebodies.
CANMET intends to issue a series of such manuals and
booklets as a companion to the Pit Slope Manual.
The reception of the first volume on estimating pre-
production costs has been excellent.

Rock Mechanics

A primary concern of rock mechanics research is
ground control in mines. Investigations deal with the
problems of mining in highly stressed ground, or of

mining the large excavations which are needed for more
economic excavation. Based on a novel concept, the
development of a support design and evaluation system
has been completed. The method allows the use of
design drafts to determine effective and economic sup-
port systems in specific rock mass conditions. This
technique will improve both the efficiency and the cost
effectiveness of mine support systems.

Since 1982, rockburst activity has increased dramat-
ically in Ontario mines. To address this concern, a tripar-
tite research project funded equally by the federal and
Ontario governments and the Ontario mining industry,
was initiated. In 1986, a major emphasis of CANMET's
rockburst research was on the design and installation of
new seismic networks around rockburst-prone mines.
Basic research centered on techniques to accurately
locate the source of seismic events. CANMET's devel-
opment of microseismic and macroseismic monitoring
systems is associated with the $4.2 million Canada/
Ontario/Industry Rockburst project, undertaken to help
reduce fatalities, accidents, and damage to equipment
in underground mines. Instrumentation and techniques
to identify potential rockburst zones, and to locate and
monitor existing ones, were developed. Technical infor-
mation thus gathered will promote the understanding of
this natural phenomenon. Another system developed by
CANMET accurately monitors stress changes which
occur in rock structures adjacent to stopes and head-
ings which are being mined. Accurate monitoring of
these changes will not only increase worker safety, but
will also improve productivity and reduce operating
costs because it leads to better stope and pillar recovery
operations.

Specific mine structures, such as surface crown pillars,
have special stability and support requirements. A spe-
cific surface crown pillar characterization system is
needed which would provide an understanding of how
the rock mass interacts with support systems such as
backfill. Progress has been made towards developing a
technology for rock mass characterization and the de-
velopment of deterministic models to analyze the stan-
dard stability of surface crown pillars. Special surface
crown pillar cases (laminated rock, intensively
weathered rock) are being studied which, when com-
bined with 24 completed case studies of Canadian sur-
face crown pillars located in Manitoba, Ontario, Quebec
and New Brunswick, will provide a cross-section of rock
mass settings and characteristics.

Disposal of spent fuel rods will become a critical aspect
of nuclear electricity generation. EMR’s program is an
integral part of the larger Atomic Energy of Canada
Limited (AECL)-directed Canadian Nucleur Fuel Waste
Management Program to find safe and effective meth-
ods of disposing of high level nuclear wastes. During the
year under review, evaluation of the Barton-Bandis Joint
Model continued with studies to investigate form testing
scale effects on rock joint shear strength. Results of









and safety a 100 per cent improvement in air quality is
possible in underground mines; in terms of operating
costs, a 50 per cent reduction in ventilation require-
ments is possible. However, most operators will proba-
bly opt for a mix to achieve a more widespread benefit.

COAL AND OIL SANDS MINING AND
PREPARATION

CANMET is Canada’s leading agency for fossil fuel
research, development, demonstration and transfer of
new technology to industry. Research at CANMET is
carried out in response to or in anticipation of industry’s
needs and problems. Close links with industry are there-
fore both beneficial and essential. In this regard the
Minister’s National Advisory Council to CANMET
(MNACC) plays an important role in CANMET’s pro-
grams. The Council is a representative body formed by
Order-in-Council to advise the Minister, EMR Canada,
to whom it provides a national perspective on R&D
needs. Council recommendations are taken into ac-
count when formulating both short- and long-term plans.

Although Canadian coal production levels remain high,
the export arms of the industry are operating in a fiercely
competitive international market where Canada is not
the low cost producer. Thus the continuing development
and demonstration of new technologies for mining coal
and preparing it for the customer are becoming
increasingly important to the industry.

CANMET is developing technology to assist the Cana-
dian mining industry in improving its methods and in
measuring and controlling health and safety hazards
associated with mines. CANMET’s annual publication of
Current Coal Research Developmeént and Demonstra-
tion Projects in Canada provides an index of current and
recently completed projects and promotes technology
transfer by making industry members aware of what
others are doing.

Coal Reserves Assessment

Within EMR, the Institute of Sedimentary and Petroleum
Geology (ISPG) of the Geological Survey of Canada
has responsibility for coal resource assessment while
CANMET is responsible for coal reserves, including
commercial coal quality. ISPG and CANMET will collab-
orate on creating and maintaining a coal quality data file
which will contain information on both resource quality
and reserve/production coal quality. Supplement No. 6
of CANMET’s Analysis Directory of Canadian Commer-
cial Coal, which presents coal quality data based on a
national sampling progam conducted in 1984, was re-
leased. For the first time, this report series included the
trace elements fluorine and chlorine. Contractors are
assessing current techniques to determine in situ coal
density —a critical factor in establishing tonnages of coal
reserves and resources.

Coal samples were analyzed for the Nova Scotia
Department of Mines and Energy as part of the Joint
Federal-Provincial Resource Development Agreement.

Underground Coal Mining

CANMET is dedicated to improving occupational health
and safety, and to encouraging, by selective application,
more productive mining methods in Canada’s under-
ground coal mining industry.

If coal is to be extracted safely without loss of productiv-
ity, gateroads must be supported. Under an EMR-IRAP
grant, a contractor has completed the analysis of an
extensive gateroad deformation database collected in
the Sydney Coalfield. Another contract has resultedin a
gateroad support system which is lighter and much
easier to handle than the heavy H-section steel arches
currently used. The research contract demonstrated
that grout-filled steel tubes could provide a bending
resistance equivalent to normal arch steel with a 37
per cent reduction in weight. The monolithic packing
system installed by Cape Breton Development Corpora-
tion (CBDC) provides more effective gateroad support
than conventional systems but is more expensive. Both
CBDC and CANMET are investigating the use of mate-
rials indigenous to Nova Scotia as substitutes for the
most expensive components of this system. One such
substance being investigated is a fly ash/cement mix.
When coupled with an underground mixing system and
a fully mechanized packing system, considerable cost
savings and improved efficiency should ensue.

Knowledge of the stability of the surrounding strata is
imperative if both productivity and a safe working envi-
ronment are to be maintained during excavation. A geo-
technical program was initiated by CANMET to monitor
strata behaviour in the vicinity of the tunnel-boring ma-
chine during drivage of Tunnel No. 3 to the Harbour
seam and during the development of a ‘bearing’
crosscut to Tunnel No. 2 in the Sydney Coalfield.

The applicability of existing undersea subsidence
guidelines to the Sydney Coalfield is uncertain since
they were derived primatily from European land truthed
data which have been extrapolated to undersea condi-
tions rather than derived empirically from seabed
truthed data. CANMET has therefore initiated a long-
term program to measure actual seafloor subsidence
development, produce effective predictive techniques,
and establish safe working guidelines specifically for the
Sydney Coalfield.

Investigation of the outburst phenomena experienced at
No. 26 Colliery in Cape Breton has continued following
closure of that colliery since other CBDC operations are
expected to reach similar depths and geological envi-
ronments within the next five years. A detailed series of
in situ stress determinations were undertaken. A pre-
liminary evaluation of minifracturing techniques in an



underground coal mine environment and an assess-
ment of its performance in weak coal measures strata
such as coal and mudstone was conducted.

The presence of methane gas and of dust in under-
ground coal mines presents a hazard to the health and
safety of workers. To contain the methane emission
hazard, adequate quantities of air must be delivered to
strategic zones in the mine workings and where neces-
sary these must be supplemented with effective meth-
ane drainage. Thus, the ability to predict the volume of
methane which will be emitted is a vital element in the
ventilation planning process. A comprehensive and crit-
ical review of methane prediction techniques practised
in a number of major coal producing countries was
completed. In a joint research effort with the U.S. Bu-
reau of Mines, methane liberation patterns were identi-
fied. During the year, studies were continued of air leak-
age through the gob. The use of monolithic packing
increased the volumes of air reaching the botiom of the
faces on the sidewalls and would permit mining to con-
tinue for a length of 2500 m of a longwall advancing
panel without resort to a cundy. The performances of
hollow shaft ventilators were described for three operat-
ing shearers at Lingan Colliery. Tracer gas techniques
were used to describe the distribution and quantities of
air flow around shearer drums produced by hollow shaft
ventilators installed in their bases. The improved under-
standing of both ventilation and methane release contri-
butes to better control of the underground mine environ-
ment.

Monitoring and developing measures o control airborne
respirable dust levels in underground coal mines will
reduce the risk to coal workers of developing pneu-
moconiosis and pulmonary disorders. Twelve face-time
and nine portal-to-portal dust surveys were conducted.

Surface Coal and Oil Sands Mining

Changing markets and demand for coal over the past
few years have dictated a redirection in research to
improve the economics of surface mining operations
and to emphasize thermal rather than metallurgical coal
for foreign and domestic markets. During the year under
review, six projects cooperatively funded with industry
were initiated. External financial participation in these
projects totalled $730,000 while CANMET’s share was
$475,000. CANMET promoted enhancement of existing
technology and adaptation and acceptance of new tech-
nology by industry through the preparation of concise
state-of-the-art reports on mining methods and equip-
ment, organization of and participation in seminars and
symposia, and the demonstration of blast casting tech-
nology.

The demonstration of blast casting techniques is being
carried out as a jointly funded CANMET-industry re-
search project at a surface coal mine in the mountain

region of southeast British Columbia. This demonstra-
tion has shown a significant reduction in material han-
dling costs. As typical mining conditions where this
technique can be applied are identified, other mines in
the region are beginning to consider it as an alternative
to mechanical excavation.

Considerable effort continues to be directed toward
surveying world-wide developments in surface mining
production technology. In-house CANMET studies con-
centrated on optimizing production of loading and haul-
ing units from continuous and discontinuous mining
systems. The concept of maich factor, that is, matching
the load capacity to hauling at ali times during the opera-
tion, was re-evaluated.

Spontaneous combustion continues to present industry
with coal handleability problems since it poses a threat
to the safety of workers and increases costs owing to
lost productivity. Thus, CANMET is investigating the
causes and means of controlling this phenomenon.
Considerable progress was made in characterizing
western Canadian coals with respect to their suscep-
tibility to spontaneous combustion. Saturating stored
coal with carbon dioxide shows promise as a means of
reducing its liability to spontaneocus combustion. In a
study of spontaneous combustion reaction mecha-
nisms, a contractor correlated thermal response with
moisture content. In another study jointly funded by
CANMET, Transport Canada, and CBDC, it was found
that bacterial oxidation of methane to a non-flammable
product is possible on a three tonne-scale.

CANMET's industry-oriented applied research program
for surface coal and oil sands mining addresses the
design, monitoring, and stabilization of geostructures to
ensure safe working conditions. During the fiscal year
under review:

— Field tests for a finite element com-
puter model based on the siress-
property-deformation-relation tech-
nique were carried out as a jointly-
funded cooperative research project
with industry.

— A contractor upgraded CANMET’s
titmeter/radiotelemetry monitoring
system to accept slope inclinometers
and transmit data over exiended dis-
tances. The upgraded system is cur-
rently being used to monitor move-
ments in the dragline working bench at
the Syncrude mine site.

— Geotechnical data collected from the
footwall of a mine located in south-
eastern B.C., was used in a contract
study to investigate exploration tech-
niques, monitoring and analytical de-






The Canada/Federal Republic of Germany Memoran-
dum of Understanding on coal slurry systems supports
four areas of cooperative activities: dense coal slurry
systems; coarse coal slurry; short distance pipelining;
and design of slurry pipelines.

The success of cooperative multi-disciplinary research
in solving practical industry problems has attracted con-
siderable industrial as well as national and international
recognition. During the fiscal year, cost recovery activi-
ties comprised such areas as oxidation and weathering
of stockpiled coal and related effects on flotation/bene-
ficiation/coking properties, low rank coal upgrading,
char evaluation, characterization of pitches, oil sands
tailings, pond emulsions, demulsifier identification,
modification and testing, and characterization of heavy
oil natural surfactants.

Coal oxidation impacts on many aspects of both coal
benefication and utilization, including froth flotation, cok-
ing properties, and coal dustiness. Some techniques
used in an ongoing study of coal weathering/oxidation
and low rank coal upgrading include scanning electron
microscopy, mercury porosimetry, surface area meaure-
ments and gas sorption/desorption (AP) studies. The
AP instrument developed at CANMET has been
commercialized.

CANMET’s mobile dewatering plants provide direct as-
sistance to indusiry and allow researchers to conduct
experiments under actual plant operating conditions.
The mobile plants were field-tested at one washing
plant. Fine adjustments were made to the operation of
the belt filter press and the process conditions were
optimized. Areas for improvements which would en-
hance machine operation and reduce chemical con-
sumption were identified. During the year, CANMET's
mobile water treatment plant was used at one washery
to optimize flocculent application and to improve the
performance of the water treatment circuit. The washery
has requested CANMET's assistance in full scale plant
trials using the flocculent selected during trials with the
mobile plant.

Coal Desulphurization

CANMET research efforts directed towards econom-
ically upgrading high sulphur coals included: dry mag-
netic beneficiation, deep cleaning by progressive grind-
ing, flotation, magnetic separation, preconcentration of
coarse sizes using novel rare-earth permanent mag-
netic rolls, selective biodepression of pyrite from coal,
and column flotation after ultrafine grinding. The Cape
Breton Development Corporation has stated that sul-
phur removal (pyrite) remains their most serious tech-
nical problem. If these technologies can be shown to be
effective and economic, pilot plant testing will proceed in
cooperation with CBDC.

MINERAL PROCESSING

CANMET carries out in-house investigations and con-
tract studies in support of the needs of the Canadian
minerals industry. The program is developed in close
consultation with industry and with the provinces
through Mineral Development Agreements. The pro-
gram is implemented in cooperation with industrial R&D
performers, private research companies, provincial
research organizations, and universities.

Major projects are under way in the processing of metal-
lic ores, and industrial minerals, in the development and
testing of improved construction materials, especially
concretes, and in the preparation and treatment of ce-
ramic products, both traditional and advanced. These
activities are supported by a range of mineralogical
investigations, particularly aimed at process design and
optimization. CANMET develops new or improved pro-
cesses to economically extract metals from concen-
trates and to recover ore values normally lost to the
waste stream. The methods used include leaching and
other chemical processes.

CANMET also provides a certified reference materials
service for commercial analytical quality control, consis-
tency and safety.

Minerals Evaluation

Development of Canadian mineral resources (including
various large tonnage, low grade and complex deposits
of metallic minerals and known industrial mineral occur-
rences) requires detailed assessment of mineralogy,
valuable element distribution, and probable liberation
characteristics. During the year under review:

— A study of the occurrence and recov-
ery of gold in the copper and cobalt-
bearing mineralization of the Windy
Craggy deposit, northwest British
Columbia, was completed.

— Initial batch-scale metallurgical inves-
tigations of difficult-to-process ores of
the Anvil type indicated resistance to
fine grinding and poor recoveries.

— A study of the occurrence and nature of
the platinum-group minerals associ-
ated with chromite contained in the
lower part of the Chromatiferous Zone
in the Bird River Sill, southeast Man-
itoba, was initiated. The platinum-
group minerals — sulphides, arsenides,
tellurides — occurred mostly as inclu-
sions in the silicate minerals, not in
chromite.

— A study of the effect of arsenic sub-
stitution in the sulphur site of the jar-












Most concentrates of copper, nickel, and lead sulphide
ores are treated by pyrometallurgical smelting. Many of
the concentrates sent for smelting contain minor
amounts of valuable metals (for example cobalt, pre-
cious metals, molybdenum and zinc, some of which
may be lost to the slag). Methods for decreasing such
losses or recovering metals from the slag before it is
discarded would help conserve Canadian mineral re-
sources. Pyrometallurgical research at CANMET has
shown that using a high iron sulphide matte has poten-
tial for improving non-ferrous slag cleaning and increas-
ing revenues for Canadian smelters.

Environmental Controls

Increased interest in effective tailings management and
abandonment technologies has strengthened the level
of cooperation between industry and the research com-
munity. Work continued on more fully elucidating the
physical, chemical and biological mechanisms in acid
drainage production. Cover materials including deep
water proved effective in reducing acidic drainage.

Under the Reactive Acid Tailings (RATS) program, hy-
drogeochemical investigations of highly reactive acid
tailings are being conducted at the Waite Amulet tailing
site near Noranda, Quebec.

FUELS TECHNOLOGY

Synthetic fuels produced from Canadian low-grade en-
ergy resources such as coal, bitumen, heavy oils and
refinery residues are gaining increasing importance as
world reserves of conventional crude diminish. During
1986-87, CANMET continued its lead role in R&D activi-
ties related to the production of synthetic fuels suitable
for transportation and residential heating. These in-
house activities were complemented by cooperative
projects with industry, universities, provincial agencies
and the U.S. Department of Energy.

In 1986-87, CANMET's reputation was enhanced as a
centre of expertise for the primary and secondary up-
grading of Canada’s hydrocarbon resources. Research
activities focussed on developing improved processes
for the production of liquid fuels, particularly technolo-
gies showing promise for commercial application in
Canada. Primary conversion concentrated on develop-
ing catalysts for upgrading bitumen, heavy oil, coal,
coal/oil mixtures, natural gas, and their by-products and
residues to suitable feedstocks for refinery operations.
Secondary upgrading studies involved the design and
evaluation of catalysts for the production of specification
transportation fuels from both conventional and ad-
vanced primary conversion processes. These activities
were complemented by shared cost and collaborative
research with industry. Also, fundamental studies, car-
ried out in concert with universities, were expedited by
the commisioning of several advanced facilities for hy-
drocarbon processing and catalyst characterization.

Recovery of Bitumen and Heavy Oils

One of the world’s largest oil sands deposits, the
Athabasca reservoir, constitutes 75 per cent of the oil
sands reserves in Alberta. CANMET is contributing to
the development of new technologies for bitumen recov-
ery (i.e. extraction from mined oil sands and in situ
production) by supporting, under a Canada/United
States Memorandum of Understanding, contracts to de-
velop a program to study the use of non-condensible
gas additives with steam for recovery of both bitumen
and heavy oil. CANMET is also cooperating with the
Alberta Oil Sands Technology Research Authority
(AOSTRA) and industry in the development and field
trials of novel concepts of horizontal well in situ steam
recovery technology at the AOSTRA Underground Test
Facility in the Fort McMurray area of the Athabasca
deposit. This three-year pre-pilot program utilizing hori-
zontal wells should also be of particular relevance to in
situ recovery from the thin heavy oil reservoirs of Sas-
katchewan. Horizontal wells may be the only way to
achieve major commercial in situ recovery from the
Athabasca deposit or marginal heavy oil reservoirs as
only seven per cent of the Athabasca reservoir is poten-
tially amenable to surface mining.

CANMET also contributes to research conducted or
subcontracted by the Petroleum Division of Saskatche-
wan Research Council (SRC). This contribution, via the
Management Committee of the Saskatchewan Heavy
Oil Fossil Fuel Agreement, inciudes consultation, scien-
tific and technical advice, evaluation and direction for
research conducted or subcontracted by the Petroleum
Division of the SRC. CANMET provided similar support
to contracts by Saskatchewan Energy and Mines, to
industry, to research and to field testing/demonstration
programs.

Bitumen/Qil Emulsions, Effluent Waters
and Tailings

CANMET is prepared to assist in the development of the
vast mineable Athabasca ol sands through participation
with AOSTRA and industry in advanced technologies to
extract and possibly to partially upgrade bitumen from
the mined oil sands. Because of the present slump in the
world price of oil, negotiations to attract industrial par-
ticipation in these technologies were not successful.
However, CANMET is continuing smaller-scale projects
to utilize this technology to extract bitumen from
sludges, residues, and oily wastes.

A review of laboratory programs in bitumen/oil emulsion
characterization provided opportunities to develop col-
laborative research programs with industrial enter-
prises. These programs are continuing through joint
laboratory and plant activities in which CANMET staff
provide the scientific expertise and company engineers
the operational skills and experience. Based on results
of an in-house fundamental study, a long outstanding
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crudes, such as polymer supports and metal cluster
hydrotreating catalysts, were explored.

Work continued in-house and by contract on developing
thin film Co-Mo-Al oxides supported on Al metal for use
as hydro-desulphurization (HDS) catalysts. The HDS
activity of the thin films greatly exceeds commercial
catalysts per square metre of surface area. This tech-
nology has the potential to produce catalysts with signifi-
cantly improved activity for removing sulphur from light
petroleum feedstocks.

Work continued on the use of a microactivity test unit to
experimentally evaluate and predict the performance of
synthetic crude gas oils versus conventional gas oils for
fluid catalytic cracking operations in Canadian refin-
eries. The data from these experiments will be used to
identify and correct problems which may be encoun-
tered in refining synthetic gas oils.

Conversion of Natural Gas to Liquid
Fuels

During 1986-87, the emphasis of CANMET's natural gas
to liquid fuels conversion program was shifted to the
investigation of direct conversion routes, which are ex-
pected to be more efficient than indirect ones. A review
of existing and potential conversion routes is in progress
and forms part of a program to evaluate their suitability
for Canada. One area with great potential is the con-
version of natural gas using plasmas generated with
renewable off-peak electricity. This technology could
have a substantial economic impact and may be feasi-
ble for provinces having hydroelectric power such as
Quebec, Manitoba, Newfoundland, and British Colum-
bia. As plasma technologies are ideal for producing
petrochemicals from natural gas, the potential for spinoff
technologies is high. The primary objective of the re-
search on plasma conversion of natural gas is the pro-
duction of premium fuels such as high cetane diesel or
high octane gasoline.

Other studies are being carried out in-house and under
contract on the catalytic conversion of methane to pre-
mium fuels. The objective is to develop technologies
that could be integrated into existing plants. Blending
stocks produced would help the refiner of both con-
ventional and synthetic crudes to meet specifications.
These technologies would add flexibility in the plant and
would help refiners to remain competitive while using
available Canadian resources.

The experimental research programs were comple-
mented by discussions with various private-sector orga-
nizations concerning the establishment of cooperative
research programs. Negotiations were opened with the
Gas Research Institute concerning CANMET's par-
ticipation in a cofunding agreement involving several
international participants. Since the total program value
is worth more than $1.25 million per year, CANMET's
$50,000 contribution will provide a high leverage ratio.

Negotiations were opened with various Canadian com-
panies to establish a consortium to finance and manage
research on the development of natural gas conversion
technologies. This consortium would provide leverage
to each participant and would bring together devel-
opers, financiers and end users of these technologies,
thus increasing the chance for commercial success
while facilitating technology transfer.

Coprocessing and Coal Conversion

In eastern Canada, the combination of Maritime bi-
tuminous coals with conventional crude residues or im-
ported heavy oils offers potential for coprocessing (ithe
simultaneous processing of slutries of coal and vacuum
bottoms/heavy oils) applications. In western Canada,
the process allows upgrading of low-rank plains coals
with indigenous tar sands residues or heavy oils. CAN-
MET has initiated a program to develop a potentially
marketable Canadian process. During the year under
review:

— The performance of eastern Canadian
high-volatile bituminous coal when
coprocessed with bitumen/heavy oil
was examined. The thermo-physical
properties of the bituminous coking
coals made them more difficult to pro-
cess than western Canadian sub-
bituminous coals.

— A techno-economic study compating
CANMET hydrocracking with copro-
cessing showed that coprocessing was
always slightly less economical.

— Coprocessing was studied using two
different catalysts in a well-mixed reac-
tor. Compared to catalysts supported
on alumina, a series of bimetallic cata-
lysts based on hydrous titanates im-
proved oil yield, coal conversion, and
hetroatom removal.

— Other factors studied included the
effect of solvent/coal combination on
process performance and yield, the
effect of coal concentration on product
distribution, the effect of temperature
distribution in a single stage coproces-
sing reactor, rheology of coprocessing
fluids, thermodynamic properties of
coprocessing distillates, and the effect
of additive level and distribution.

Novel or advanced coal liquefaction approaches are
being investigated through fully-funded and shared-cost
contracts. Modified direct coal liquefaction technology
and advanced pyrolysis processes could reduce syn-
thetic fuel costs and meet future Canadian energy
needs. Under the Canada/dapan Science and Tech-
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Combustion

In Canada and internationally, the use of liquid fuels in
utility and industrial processes is declining. CANMET's
coal combustion research program reflects the increas-
ing importance of coal in our domestic energy require-
ments and also supports Canadian coal exporters in
their drive to secure a reasonable share of the world
market. An industry/government collaborative program
has been established in which the utilities and coal
suppliers participate, while CANMET's in-house pro-
gram has been established to increase fundamental
knowledge and provide expertise in coal combustion.

Pulverized Coal Combustion

Industry needs reliable data on the combustion charac-
teristics and performance of coals from new deposits or
from mines which have been inactive for many years. To
address the demand for data on the combustion perfor-
mance of coals, CANMET initiated a comprehensive
collaborative program with industry.

CANMET's conventional coal combustion research en-
compasses studies of combustion performance, heat
transfer, and emission characteristics of Canadian coals
and coal rejects for conventional power generation and
industrial use, both in Canada and in support of the
export market.

During 1986-87, twenty-five coal burns were performed
in CANMET’s pilot-scale utility boiler on behalf of a
Canadian coal company, the |IEA, and as part of an in-
house program. The heat transfer characteristics of
coals were investigated using CANMET’s tunnel furnace
and then compared with fuel oil burned under similar
aerodynamic conditions. Results obtained from firing
with No. 2 and No. 6 fuel oil will aid in the experimental
development of a pilot-scale burner/swirl generator,
which could be used to fire a coal-water fuel in the pilot-
scale utility boiler and provide industry with reliable data
on coal-water fuel combustion characteristics.

Fluidized-Bed Combustion (FBC)

In Canada, fluidized-bed combustion could potentially
be used to generate electricity and process steam from
high sulphur coal. Additional applications include co-
firing of coal and wood waste in the forest products
industry, utilization of coal washery rejects and unreac-
tive fuels, incineration of various organic wastes and
combustion of liquid or solid residues from oil sands/
heavy oil upgraders.

The wide range of coals available in Canada, which may
ultimately find application in FBC systems, makes it
highly desirable to be able to obtain quickly and eco-
nomically some measure of their relative reactivity and
combustion performance. Accordingly, CANMET devel-
oped a bench-scale FBC and an empirical procedure for
ranking the reactivity of coals and other fuels. Reactivity

tests have been conducted on four samples of eastern
Canadian coals and on an oxidized coal.

CANMET's bubbling bed fluidized bed combustor was
used to explore the combustion of heavy liquid fuels
such as pitch residues from heavy oil upgrading. Base-
line combustion performance data were obtained using
residual oil, and combustion trials with Athabasca bi-
tumen were carried out. A contractor continued funda-
mental studies of the combustion of large particles. A
three-dimensional model of atmospheric FBC (AFBC)
was developed. Pilot-scale research and mathematical
modelling showed that coals of similar rank can burn
according to substantially different mechanisms.

Although circulating FBC is perceived to be the most
promising technology for utilizing residues such as coke
and pitch from the upgrading of tar sands and heavy
oils, the high concentrations of alkali and vanadium
contained in these materials may cause boiler tube
corrosion. Pilot-scale tests performed under contract
showed that a circulating FBC can burn Syncrude coke
with combustion efficiencies of 98 to 99 per cent, that
90 per cent sulphur capture is possible using Fort
McMurray limestone at a Ca/S ratio of 1.7, and that
potentially corrosive vanadium and nickel in the coke
are, for the most part, trapped in the solid residues.

CANMET is a member of the Management Commitiee
and chairs the Technical Committee which is responsi-
ble for the construction of a 22 MWe circulating FBC
utility boiler at the Chatham generating station of the
New Brunswick Power Commission. This demonstra-
tion project is partially funded by EMR’s Coal Division,
Mineral Policy Sector. Besides being the largest FBC
boiler to be builtin Canada, and the first to operate at the
high steam pressure and temperature conditions re-
quired of utility boilers, this unit will be unique in that it
will be co-fired with New Brunswick high sulphur coal
and oil shale. This will be the first industrially-sized
circulating boiler to be built in Canada.

New Coal-Based Fuels

The clean use of coal for electricity generation and
process steam has been designated as a high priority
for combustion research, development and demonstra-
tion in both Canada and the United States because of a
mutual interest in reducing transboundary flows of in-
dustrial stack gases. In addition, European concerns
regarding the long-distance transport of acid rain have
resulted in collaborative projects to suppress both SOx
and NOx emissions from pulverized coal-fired boilers
under two International Energy Agency agreements.
The use of coals to replace premium fuels such as gas
and oil has been inhibited by the inconvenience of han-
dling solid fuels and by the attendant environmental
implications. The development and commercialization
of fuels made from coal-liquid mixtures, involves easy
and economical coal handling and minimal environmen-
tal impact.
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Canadian industry, which accounts for less than 15
per cent of the total United States/Canada acid rain
inventory, is actively pursuing economical and tech-
nically reliable technology options for burning coal
cleanly in existing combustion facilities. The use of retro-
fit technology, although more difficult to apply than
newly-designed systems, will impact immediately and
positively on long-term targets for controlling deleteri-
ous emissions and for disposal of the neutralized prod-
ucts.

A study, carried out under contract, demonstrated that
coal-water fuel (CWF) ash deposits on heat transfer
surfaces were benign and could be removed by soot
blowing with no long-term detrimental effects on heat
transfer or erosion of the surfaces. The project was
funded by the Canada/Nova Scotia Oil Substitution
Agreement with technical direction from CANMET and
the Nova Scotia Power Corporation. The atomization
characteristics of CWF and the performance of generic
CWF atomizers were evaluated under the same agee-
ment by a contractor.

Pollution Abatement Technology

Two novel staged-pulverized-coal burners installed at
the central heating plant of Canadian Forces Base
Gagetown (NB) were modified to improve their combus-
tion performance. The performance of the retrofitted
burners is now comparable to that of conventional
burners but has the added advantage of a higher boiler
efficiency with significantly reduced emissions of SOx
and NOx. :

The slagging burner concept is-being strongly promoted
by a western Canadian utility which is heading a con-
sortium to develop and demonstrate application of the
Rockwell burner for utility boilers. CANMET provided
substantial scientific support in assessing research re-
sults to evaluate NOx/SOx reduction using this slagging
burner with both low-sulphur, high-alkali western coals
and high-sulphut, low-alkali eastern coals.

CANMET also co-funded a full-scale demonstration of
in-furnace NOx and SOx reduction in a lignite-fired 150
MWe boiler at Boundary Dam Generating Station. Other
participants were Saskatchewan Power Corporation,
EMR Coal Division, CE Canada Limited, Canadian
Electrical Association and the Saskatchewan Heavy Oil
and Lignite Agreement.

Conservation: Residential, Commercial and
Industrial

To reduce the consumption of fuels for space and ser-
vice water heating, CANMET has directed research ef-
forts towards improving combustion technology and
optimizing operating conditions while recognizing the
need for safe operating conditions and minimal impinge-
ment on the environment.

A retrofit furnace developed by CANMET and Clare
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Brothers is 20 to 30 per cent more efficient as well as
being safer than existing unmodified gas furnaces.
Clare Brothers has placed the unit on the market in both
Canada and the United States.

CANMET support of a limited number of specific studies
of retrofit combustion systems in a variety of industrial
sectors and regions of Canada will allow the performers
to fully document their capability for energy conserva-
tion. This will enable them to offer such service subse-
quently and privately to industry in general. Other activi-
ties include advanced systems to condense flue gas
products in industrial processes, to gain latent heat
energy and increase efficiency.

Biomass Combustion

Since 1980 CANMET has provided substantial scientific
supportto federal and private sector programs related to
the combustion of biomass in industrial boilers and pro-
cesses. This support has included the evaluation of
proposals, advice on new intiatives, the formulation of
project tasks, and the management of contracts.

Wood stoves have been shown to be an efficient and
often cheap way to heat a house. However, significant
amounts of incomplete combustion products can often
be generated, resulting in a potential fire hazard if these
products are deposited in the chimney in the form of
creosote, or in severe air pollution problems in areas of
poor fumigation. CANMET research is directed toward
changing the design of these appliances to improve
combustion performance and to generate technigues
by which it can be effectively measured.

METALS AND MATERIALS

In many ways, the results of CANMET research have
gone towards enhancing Canada’s capability to produce
and fabricate metals and materials into competitive,
reliable, and safe products.

Operation of CANMET's mobile foundry laboratory was
transferred to the Association of Provincial Research
Organizations to continue, with the support of the Na-
tional Research Council’s Industrial Research As-
sistance Program (NRC/IRAP), the on-site productivity
improvement campaign which during the past two years
CANMET successfully pioneered across the country.

Acting on evidence that the cutting and drilling perfor-
mance of hard metals used in the mining industry could
be significantly improved, CANMET is funding an indus-
trial research contract. It is anticipated that tech-
nological advances in this area could lead to the produc-
tion in Canada of cutting materials which are now
imported.

Casting Processes

In its program on casting technology, CANMET oper-
ates an experimental foundry equipped to produce cast




metals and alloys by a variety of commercial methods,
and develops improved processes and quality control
techniques for Canada’s $1.2 billion foundry industry.

During the year under review, the CANMETCOAT pro-
cess for producing surface modified castings was trans-
ferred to a commercial foundry to enable it to supply
digger tooth castings to Syncrude. Initial field trials have
shown an increase in life of CANMETCOAT teeth over
the conventionally hard-faced product. In other process
developments, CANMET’s low pressure disposable
mould casting technique was successfully demon-
strated to a number of potential clients in the automotive
industry. The emphasis was specifically on aluminum
alloy parts. Continued development work has resulted in
procedures for casting commercial shapes in coppet-
base alloys and cast iron. CANMET's electro-siag cast-
ing facility, one of the few such units in North America,
was used to produce ultra-low sulphur steel melting
stock for industry-driven projects on near net shape
production technology and line pipe steel evaluation. At
the request of the U.S. Department of Energy, a number
of nickel-aluminide electro-slag cast billets were pro-
duced with modified compositions and structures yield-
ing very high levels of cold formability.

In a cooperative program with Ontario Hydro on the
costs of electric furnace melting of cast iron, investiga-
tions at six Ontario foundries resulted in the identifica-
tion of operational changes offering savings of up to $25
per ton. The scope of this study will be repeated in
Quebec with the cooperation of the Centre de recherche
industrielle du Québec and Hydro Québec. The general
assessment methodology has been transferred to com-
puter software as one item in a range of quality and cost
control computer programs being made available by
CANMET to the Canadian foundry industry.

As mentioned above, the Mobile Foundry Laboratory is
now operated under CANMET supervision by provincial
research organizations across Canada. This successful
mode of technology transfer was complemented by re-
gional workshops for foundaries in Quebec, Manitoba,
Alberta, and British Columbia on the “Gating and Riser-
ing of Castings’.

Metal-Working Technologies

CANMET metal working research is directed towards
improving Canadian capability and competitiveness in
industrial production of flat-rolled and shaped steels,
non-ferrous products and advanced metallic and com-
posite materials.

Research in rolling processing technology is focussed
to give steel plate, strip and bar producers aninsight into
development and control of rolling processes. Accom-
plishments in the past year include:

— Adapting mathematical models and
evaluating them for force, torque and
grain refinement predictions in rolling

processing of plain carbon and micro-
alloyed steels. The results are of po-
tential use in on-line control of rolling
pass reduction and prediction of metal-
lurgical behaviour of the rolled product.

— Initiation of expetimental process de-
velopment for high strength, notch-
tough, weldable plates using the pilot-
scale on-line accelerated cooling
(OLAC) system. The system is being
applied initially to demonstrate the po-
tential benefits of the OLAC tech-
nology to Canadian steel producers.

— Simulation of hot-strip rolling of plain
carbon and microalloyed sieels suc-
cessfully both in cam plastometer and
in pilot-reversing mill tests. This ca-
pability was developed in preparation
for a new industry-cooperative project
on modelling of a Canadian hot-strip
mill, and for new cost-recovery projects
requiring flow stress data for hot-strip
processes. A committee of the Amer-
ican Iron and Steel Institute has se-
lected the CANMET cam plastometer,
on a cost-recovery basis, for its devel-
opment of base flow stress data for
steel bar and strip rolling process con-
trol.

The CANMET pilot-scale rolling mill was used to pro-
cess experimental steels for other developmental proj-
ects on automotive, rail, marine and energy recovery
projects, and steel billets for share-funded industrial
developments of automotive spring and tire-bead wire
steels.

Research in the formability and processing of sheet
steels included completion of the study on the influence
of the thermal cycle in a Sendzimir galvanizing line on
the properties of aluminum-killed drawing-quality
(AKDQ) steel. High coiling temperatures following the
recrystallization thermal cycle produced good draw-
ability. The results solve problems identified by the Ca-
nadian steel sheet producers. Tests of six different
grades of steel sheet supplied by the Canadian pro-
ducers validated a computer program developed to de-
termine r-values from sheet tensile tests for in-plant
quality control of formability. Completed contract re-
search identified the frictional effects of the galvanized
coating of steel sheet on forming behaviour. The final
report has been issued to the galvanized sheet pro-
ducers.

In near net shape forming research, development of the
thermal- mechanical-coupled finite element code was
advanced to be capable of modelling plastic flow and
heat transfer in hot-rolling processes. Proposed applica-
tions of the code are directed initially toward analyses of
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process improvements required in an industrial hot-strip
mill and in an industrial Steckel mill. In a contracted
study of new forgeability criteria, the fiducial grating
method of microstrain measurement was found effective
for analysis of internal crack formation in forgeability
tests. The new criteria will be useful for defining the
limiting conditions for industrial forging processes.
CANMET organized and held an international sym-
posium on “Computer modelling of fabrication pro-
cesses and constitutive behaviour of metals’.

Existing facilities are being modified to compact and
extrude experimental quantities of materials such as
rapidly solidified alloys and metal-matrix composites.
This fabrication capability will be integrated with indus-
try-related projects on advanced materials develop-
ment.

Welding Technology

CANMET’s welding technology program is directed to-
ward those Canadian industries and Federal govern-
ment departments concerned with the fabrication and
safe operation of welded engineering structures such as
pressure vessels, offshore structures, and pipelines.

CANMET organized a shared-cost national program to
develop the technology needed for the prevention of
disbonding of the stainless steel weld overlay in petro-
chemical reactor vessels. Twelve organizations from
industry, research institutes, and universities are in-
volved in this cooperative venture. The experimental
part of Phase | has identified cooling rate from opera-
tional temperature as the significant factor in disbond-
ing.

Welding procedures are being evaluated and the
strength and notch toughness properties of steel weld-
ments for Arctic ships and naval submarines are being
documented for regulatory purposes. In the past year
most of the work has been concerned with an evaluation
of the weldability of various high-strength steel weld-
ments for submarine fabrication. This work, which is
partially funded by the Department of National Defence,
directly supports Canada’s program for the acquisition
of a submarine fleet.

CANMET's program to relate the crack-tip opening dis-
placement (CTOD) properties and the Charpy V Notch
(CVN) fracture properties of welds made from flux-
cored, shielded-metal-arc and submerged-arc pro-
cesses has been completed. Data gathered will assist
steel suppliers and fabricators to qualify their products
for regulatory specifications which require a minimum
level of crack initiation toughness. In related work, an
industrial task force has steered work on the develop-
ment of weld consumables with fracture toughness
characteristics appropriate to Arctic design tem-
peratures. This contract research is targetted to simul-
taneously provide the Canadian Coast Guard, Canada
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Oil and Gas Lands Administration, and Canadian Stan-
dards Association with relevant toughness data; and to
enable Canadian consumables manufacturers to de-
velop products for use in this country.

In the area of modelling, a cooperative program with
steelmakers has detailed the high temperature ductility
of continuous cast grades, assisting the producers in
relating defect incidence to high temperature properties.
Emperical equations have been published relating oper-
ational welding parameters for submerged- and gas-
metal-arc processes to penetration, bead size, and
melting rate.

Finally, procedures have been developed in-house for
welding thick section 2-25 Cr/Mo steel by narrow gap
submerged-arc technology. The data and technologies
are being transferred, through contract work, to energy
companies involved in the design and fabrication of high
temperature reactor vessels.

Nondestructive Testing (NDT)

In Canada, anational concemn for public safety has been
reflected in a strong growth in nondestructive testing.
This results from the need for structural integrity of
engineering structures, product quality and liability, con-
servation of resources, and increasing productivity.
CANMET's NDT activities encompass both the adminis-
tration of a national program to certify NDT personnel in
Canada and the development of NDT technology.
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An ultrasonic image showing hydrogen disbonding in a weld
overlay surface layer of a petrochemical reactor vessel




Thrusts in the development of NDT technology were
defect detection and characterization, on-line process
monitoring, and materials property assessment. Work
continued in the area of ultrasonic inspection and
characterization using optical methodg. This technology
will enable samples to be inspected at elevated tem-
peratures and will be amenable to the inspection of
awkward shapes. Ongoing work aims at making the
technology sufficiently sensitive for laboratory and in-
dustrial applications. Two receiver systems are being
developed, one based on heterodyning and the other on
the confocal Fabry-Perot interferometer. Technology
transfer and commercialization of these two technolo-
gies will be pursued by a Canadian company.

Microstructures and Properties of
Engineering Materials

Materials technology is undergoing momentous
change. Traditional materials such as steel and non-
ferrous alloys how compete with non-metallic materials,
notably polymers, and with each other.

To meet increasing property requirements, advanced
alloy-desigh concepts are being exploited in micro-
alloyed steels, aluminum-lithium alloys, and spinodally-
hardened copper alloys. Equally significant is the exten-
sive development of “engineered materials’ which are a
synthesis of metallic and non-metallic components, pro-
duced by novel processes. These materials achieve
properties which exceed those of traditional ones.
Examples are rapidly solidified materials, surface-
engineered alloys, composite materials, and advanced
structural ceramics.

Melt-spun iron-neodymium-boron alloys have ex-
ceptionally high magnetic field strengths and are candi-
date materials for compact permanent magnets suitable
for space vehicles, robots and small engines. Melt-spun
flakes of these alloys were prepared and their magnhetic
properties characterized. During the year under review,
amorphous coatings were produced which are expected
to exhibit exceptional corrosion resistance. In collabora-
tion with the University of Waterloo, the production and
properties of composites reinforced with metallic glass
ribbons were investigated. In collaboration with the De-
partment of National Defence, enhanced solid solubility
of iron in melt-spun Fe-Al bronzes and their superior
corrosion resistance compared with conventionally-
processed materials has been demonstrated. Research
carried out in conhjunction with Noranda and the National
Research Council showed that rapid solidification elimi-
nates macrosegregation and significantly reduces mi-
crosegregation in Cu-Ni-Sn strip produced by direct
casting.

Research on inclusion-engineered steels has empha-
sized the control of inclusions in medium-carbon steels
to improve their machinability.

Corrosion and Erosion

In cooperation with the private sector, CANMET has
developed methodologies for analyzing, preventing,
controlling, monitoring, and evaluating degradation by
corrosion and erosion. During the year under review:

— Nineteen linepipe steels supplied by
several companies were evaluated for
resistance to hydrogen-induced dam-
age. This project was 50-50 share-
funded with the Canadian Standards
Association Sour Service Task Force.

— The cracking susceptibility of welds of
electro-resistant welded linepipes
were investigated. Cracking was hot
observed.

— The relative performance of ferritic and
austenitic alloys used for in-bed com-
busters burning high-suiphur coal in a
fluidized-bed pilot-plant operated by
Nova Scotia Power Corporation were
determined in different temperature
ranges. T91 was the only ferritic alloy to
exhibit promising performance and
then only at temperatures below
550°C. Types 304H, 310 and 347H
stainless steels were acceptable in
most regions of the combuster at tem-
peratures up to 700°C. Samples lo-
cated closer to the top of the com-
buster exhibited higher erosion rates.

— In a study conducted in cooperation
with the Canadian Coast Guard, data
related specifically to weld repair con-
firmed that a number of shielded
metal-arc-welding consumables can
be chosen to minimize or eliminate
weld-metal corrosion, whereas the
problem of heat-affected-zone attack
can best be controlled through modi-
fication of the steel plate chemistry.

— The evaluation of corrosion properties
of iron-aluminum bronzes demon-
strated a significant improvement
in the corrosion rate of rapidly solidi-
fied alloys containing 3 to 8 weight per
cent Fe.

— Research was carried out under con-
tract to determine the effectiveness
of ion implantation and ion-beam mix-
ing techniques to improve the high-
temperature oxidation resistance of
Fe-based alloys by increasing the alu-
minum concentration near the surface.
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The ion treatments improved oxidation
resistance more effectively than alumi-
num implantation.

— The effect of laser surface melting and
alloying of commercial Fe-based alloys
on high-temperature oxidation was in-
vestigated in collaboration with NRC.

Materials Failure Control and Analysis

CANMET participates with industry and universities in
projects to determine the mechanical behaviour of met-
als and is thus constantly developing competence in
new test methods while broadening understanding of
the factors controlling mechanical behaviour. Examples
are the effects of thickness and temperature on fracture
toughness and corrosion fatigue, and of metaliurgical
microstructure on mechanical properties.

Stress analysis allows the proper interpretation of the
effects of specimen geometry and processing history on
mechanical behaviour. Stresses in single-pass weld-
ments were measured and compared favourably with
predictions of residual stress patterns made from finite
element analysis performed under contract.

CANMET contributes to the prevention of structural fail-
ures by performing failure analyses, by contributing to
the writing of national codes and standards, and by
testing structures containing known defects. Electric
resistance wire (ERW) pipe containing artificial and pro-
duction defects was tested and the reduction in strength

caused by ERW weld imperfections was measured. The
dynamic fracture toughness of austempered ductile iron
was evaluated in collaboration with a Quebec foundry.

Work has continued on the evaluation of the corrosion
fatigue behaviour of welded joints as part of CANMET's
project on offshore steel structures. Studies of the effect
of section thickness on fatigue life of welded T-joints
under constant amplitude loading in air and seawater
have been completed. At constant hot-spot stress, both
initiation and propagation lives are reduced as thickness
increases. An exhaustive review of worldwide data for
tests on plate and tubular joints supported evidence that
the latter show no benefits from cathodic protection
even after long usage.

Advanced Instrumentation

A commercial prototype of the CANMET portable X-ray
stress diffractometer has undergone successful field
trials at Ontario Hydro and the Defence Research
Establishment Atlantic (DREA).

Electron energy-loss spectrometry and X-ray micro-
analysis were used to characterize precipitates extrac-
ted from the heat affected zone of weldments in Ti- and
Nb-bearing steels for offshore structures. The micro-
structure of seamless tubing from a Canadian manufac-
turer, identified by transmission electron microscopy,
pinpointed the cause of inadequate toughness proper-
ties. Subsequently, the heat treatment was modified to
alleviate the problem.

TECHNOLOGY TRANSFER

During 1986-1987, the Office of Technology Transfer
(OTT) enhanced its activities and participation in the
Industrial Research Assistance Program (IRAP) for fi-
nancially assisting the demonstration and commer-
cialization of technologies developed or sponsored by
CANMET. OTT worked with CANMETs laboratories to
plan and execute numerous technology transfer activi-
ties; assisted with patenting and licensing procedures
by acting as a liaison with Canadian Patents and Devel-
opment Limited (CPDL) and by retaining patent agents
under contract; advised Branch management and sci-
entists on intellectual property matters arising from in-
house research and R&D contracts; and continued to
report significant events within the Branch.

TECHNOLOGY EVALUATION

OTT provided engineering and economic evaluations
for a number of projects, including: a comparison and
update of the sulphation roast and the pressure acid
leach processes for Zn/Pb/Ag recovery from complex

22

sulphide ores; biorecovery of selenium from base metal
processing effluents; coal coprocessing to produce lig-
uid fuels; and the CANMET ferric chloride leach process
for recovering base and precious metals from complex
sulphide bulk concentrates. The evaluation of the se-
lenium recovery process has encouraged a major min-
ing company to seriously consider investing in the pro-
cess.

PROJECT REVIEW

Evaluation of the residential heating research at CAN-
MET was initiated through a contract to determine the
impact of the transfer of CANMET technology on manu-
facturers, energy suppliers, and consumers.

A review of the 50/50 energy conversion program was
initiated. The contractor will be selected and work will
begin in the next fiscal year. The contractor is to evaluate
the technical and economic impact of the Program re-
search, and also to determine what research or indus-
trial use has been made of the contract outputs.



TECHNOLOGY TRANSFER ACTIVITIES

CANMET has 15 active projects under the IRAP pro-
gram, with a total budget of $9.3 million, of which the
companies contributed $5.7 million and NRC the re-
mainder. Seven new projects were started during the
fiscal year and up to four new projects are under devel-
opment for commencement in the next fiscal year.

OTT assisted CPDL with patenting and provided guid-
ance on the licensing of the following technologies de-
veloped at CANMET or under contract:

— Patenting action for the Delta P Index
Measuring Instrument was begun un-
der the START program and a potential
manufacturer was assisted with the
display of the instrument at the Tenth
World Coal Preparation Congress in
Edmonton.

— OTT has arranged for a patentability
assessment and is now negotiating a
licence to the manufacturing rights for
the Radon Dosimeter, which will be
marketed primarily in the United
States.

— The CANMET-developed technology
for the Hardfacing of Steels was regis-
tered under the trademark CANMET-
coat, and discussions on the exploita-
tion of the technology have begun with
a commercial manufacturer.

— The Catalyst Reactor Unit has been
licensed to a Canadian company to
manufacture and market the units. Pat-
ent protection is being sought in Can-
ada and the United States.

In order to develop proper technology transfer strat-
egies, OTT conducted or assisted with numerous mar-
keting and commercialization assessments of CAN-
MET technologies, including Hydrogen conducting
Ceramic (Hyceram), Oxidation of Natural Gas to Meth-
anol, and the Low Severity Hydrotreating Process. In
addition, a campaign was initiated to promote an in-
house publication, The Gold Assay Methods Manual,
as a result, over 150 copies have been sold to date
throughout North America.

TECHNOLOGY INFORMATION

Provision was made for a comprehensive collection of
literature in mineral and energy technology documenta-
tion, i.e. indexing and abstracting of relevant literature
for inclusion in appropriate computer-based data files.
Publication and distribution of report literature incor-
porating the results of research by CANMET scientists
and contractors, and provision of reliable and timely
technical information required in the course of research
by CANMET scientists or other researchers and operat-
ing personnel across Canada, are the principal con-
cerns of the Technology Information Division. During the
year under review, these activities were pursued with
vigour notwithstanding the distractions caused by the
move of operating staff to alternate quarters.

LIBRARY SERVICES

Nearly 4,500 new books, reports, periodical volumes,
dissertations and conference proceedings were added
to the collections. The number of subscriptions to se-
rials and periodicals stood at 2,640 at year's end. Over
80,000 separate loan transactions to CANMET staff
have been registered during the year. Through technical
information resource-sharing arrangements, just under
4,000 items were loaned to other libraries, whereas
some 2,000 items were borrowed from other institutions
for the use of CANMET staff.

TECHNICAL DOCUMENTATION

The implementing agreement has been signed for coop-
erative production of an energy technology database
among member countries of the International Energy
Agency. Under the agreement, each participating coun-
try indexes and abstracts its own energy technology
literature to be combined in a single on-line access
database for use by researchers and operating person-
nel of all contributors. The agreement represents a ma-
jor step forward in our ability to share energy technology
information originating in any of the member countries
almost as soon as published. In other related activities
the technology information staff added nearly 9,000 new
records to the five CANMET databases — MINTEC,
MINPROC, COAL, COALPRO and CANPUB. All but
one of these -CANPUB- are accessible to the Canadian
public either through the CAN/OLE network of the Na-
tional Research Council, or through the private sector
database utility, QL Systems. Use of the four publicly
accessible CANMET databases exceeded 8,000
searches. CANPUB is an in-house database, under
construction, containing records of all extant publica-
tions by staff members of CANMET and its predeces-
sors, going back to the establishment of the Branch in
1907.
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PUBLICATIONS PRODUCTION

During the year there have been a total of 792 reports
published. Of those, 37 were major reports, distributed
widely throughout Canada and to several hundred ex-
change partners in foreign lands. The remainder, 755,
were divisional reports, intended essentially for internal
distribution; however, copies of these were made avail-
able on demand to external clients requesting them.
Increased use of the two official languages is reflected
by the nearly 20 per centincrease in translations; a total
of 900 pages were translated into one or the other of the
Official Languages.

TECHNICAL INQUIRIES AND REFERRAL
SERVICE

The number of requests for information received in the
Division was just over 2,600. Eight per cent of these
were referred to other, more appropriate agencies; the
rest were handled by CANMET information officers, with
occasional assistance with specialized, unpublished in-
formation by CANMET research staff. An estimated
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15,000 pieces of literature were mailed out in response
to these inquiries.

For further details about information products and ser-
vices available from CANMET, or about the work of
CANMET’s Laboratory Divisions, please contact:

Technology Information Division
CANMET - Policy, Planning and Services
Energy, Mines and Resources Canada
555 Booth Street

Ottawa, Canada

K1A 0G1

Telephone:
General Inquiries 613) 995-4029
Coal 613) 995-4075
Energy 613) 995-4075
Mining 613) 995-4069

Mineral processing
Metallurgy
FAX

613) 995-4069
613) 995-4807
613) 952-2587

Telex 613) 053-3395
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CANMET PROFESSIONAL STAFF

DIRECTOR GENERAL'’S OFFICE

W.G. Jeffery; B.Sc., M.Sc. (Leeds); Ph.D. (McGill);
Director General

J.T. Jubb; B.A.Sc., M.Sc., Ph.D. (Toronto); Deputy
Director General

RESEARCH PROGRAM OFFICE

I.C.G. Ogle; B.Sc., Ph.D. (British Columbia); Director
G. Zahary; B.Sc., M.Eng. (McGill); Assistant Director,
Mining

A.F. Crawley; B.Sc., Ph.D. (Glasgow); P.Eng.; Assistant
Director, Materials

C.W. Fairbridge; B.Sc., M.Sc (Lakehead), Ph.D. (St.
Andrews); Assistant Director, Energy Processing

D.P.C. Fung; B.Sc. (U.B.C.), Ph.D. (Windsor); Assistant
Director, Utilization

R.J.C. MacDonald; B.Sc. (St. Francis Xavier); Assistant
Director, Mineral Processing

M.J. Bain; B.Sc. (U. P.E.L); B.Ed. (Western); Program
Coordinator

D.H. Quinsey; B.Sc. (Queen's); P.Eng.; Program Coor-
dinator

S. Savard; B.Sc.A (Laval); P.Eng.; Project Officer

TECHNOLOGY INFORMATION DIVISION
J.E. Kanasy; B.Sc., B.A. (Windsor), M.A. (Michigan),
Ph.D. (Pittsburgh); Director

Library

G. Peckham; B.A., B.L..S. (McGill); Section Head

J. Bérubé; B.A., M.L..S. (Montreal); Reference Librarian
J. Ho; B.A., B.L.S. (Ottawa); Head, Technical Services
K. Nagy; B.Sc., B.L.S. (McGill); Head, Reader Services
C.M. Nason; B.A., M.A. (Carleton); M.L.S. (Western
Ontario); Librarian

Technical Inquiries

J.E. Beshai; B.Sc. (McMaster); Coal Technology Infor-
mation Officer

R.T. Blake; A.C.8.M. (U.K.); P.Eng.; Mineral Technology
Information Officer

C.F. Dixon; B.Eng. (N.S.T.C.); P.Eng.; Metallurgy Infor-
mation Officer

J.J.M. Krocko; B.Sc. (Alberta); Energy Information
Officer

R.R. Poirier; DEC (Cégep I'Outaouais); General Tech-
nology Information Officer

Documentation

W. Kent; B.A. (Carleton); Database Manager

G.M. Blondeau; B.A. (Queen’s), M.A. (Guelph); Mining
Abstractor

T.J. Patel; B.Sc. (Oregon State), M.Sc. (Washington
State); Mineral Processing Abstractor
Publications

M. Close; B.A. (Toronto); B.A. (Hons) (Ottawa)

D. Davidson; B.A. (Hons); M.A. (Carleton); Editor
(English)

E. Blackburn; B.A. spéc. en traduction, LL.L. Licence en
droit civil (Ottawa); Editor (French)

M.P. Desrosiers; B.A. conc. en litt. frangaise; B.A. spéc.
en traduction (Ottawa); Editor (French)
TECHNICAL SERVICES DIVISION

J.M. Duchesne; B.Eng. (Montreal), M.Sc.Eng. (Ari-
zona); P.Eng.; Director

D.M. Norman; M.1.Mech. Eng. Borough Polytechnique
(U.K.); Engineer

OFFICE OF TECHNOLOGY TRANSFER

J. Kuryllowicz; B.Eng. (McGill); Director

J. Palmer; B.Sc. (Aberdeen); P.Eng.; Engineer

FJ. Kelly; B.Eng. (N.S.T.C.); Res. Sci.; Manager
W.S.H. Wong; B.Eng. (McMaster); P.Eng.; Engineer

R. Philar; M.S. (Connecticut), M.B.A. (Washington);
P.Eng.; Manager

G.S. Bartlett; B.Sc., B.A. (Memorial); Economist
A. Lane; B.Sc. (Queens); Project Officer

M. Nobert; B.A. (Laval), M.E.S. (York), M.Sc. (Wiscon-
sin)

J.R. Goddard; B.Sc. (Concordia); Information Systems
Specialist

ENERGY RESEARCH LABORATORIES

D.A. Reeve; B.Sc., Ph.D. (Birmingham); Director of Lab-
oratories
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Engineering, Design, Construction and Support
Services

L.P. Mysak; Dipl. Mech. Tech. (Algonquin); B.A.Sc.,
M.Eng., P.Eng. (Ottawa); Engineer

J.L. Harcourt; Editor

Synthetic Fuels Research Laboratory
J.M. Denis; B.A.Sc. (Ottawa), P.Eng.; Manager

Process Development
D.J. Patmore; B.Sc. (Bristol), Ph.D. (Alberta); Res. Sci.
T.J.W. de Bruijn; B.Sc., M.Sc., Ph.D. (Delft); Res. Sci.

J. Chase; B.Sc.Chem. (Acadia), B.Sc. Chem. Eng.
(McGill), Ph.D. (Univ. of London); Res. Sci.

W.H. Dawson; B.Sc. (McGill), Ph.D. (Western Ontario);
Res. Sci.

FT.T. Ng; B.Sc., (Hong Kong), M.Sc., Ph.D. (British
Columbia)

D.D.S. Liu; B.Chem.Eng. (N. Taiwan Univ.), Ph.D.
(Dalhousie); Res. Sci.

P.L. Sears; M.A., Ph.D. (Cambridge); Res. Sci.
R.B. Logie; B.Sc. (New Brunswick); P.Eng.; Engineer

Bitumen/Oil Recovery

D.K. Faurschou; B.A.Sc. (Toronto); Res. Sci.

A.E. George; B.Sc., M.Sc., Ph.D. (Cairo); Res. Sci.
J. Margeson; B.Sc. (Carleton), M.Sc. (Ottawa); Res. Sci.

Analytical Section

R.J. Lafleur; B.A.Sc. (Waterloo), M.Sc. (Alberta), P.Eng.;
Chemist

D.M. Clugston; B.Sc., Ph.D. (McMaster); Chemist
V. Whelan; B.Sc. (Waterloo); Chemist

Coal Liquefaction
J.F. Kelly; B.Eng., Ph.D. (McGill); P.Eng.; Res. Sci.
S.A. Fouda; B.Eng. (Cairo), Ph.D. (Waterloo); Res. Sci.

M. Ikura; B.Eng. (Himeji), M.Eng. (Osaka), Ph.D.
(McGill); Res. Sci.

P. Rahimi; B.Sc. (Iran), M.Sc. (Brock), Ph.D. (Alberta);
Res. Sci.

Combustion and Carbonization Research
Laboratory

G.K. Lee; B.Sc., M.Sc. (Queen’s); P.Eng.; C.Eng.;
Manager
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C.J. Adams; B.Sc., M.Sc. (McGill); Ph.D. (McMaster);
Res. Sci.

Coal Treatment and Coke Processing

T.A. Lloyd; B.Sc. (Carleton); Phys. Sci.

J.W. St. James; B.Sc. (Waterloo); Phys. Sci.

R.G. Fouhse; B.Sc. (Saskatchewan); P.Eng.; Engineer

Carbonization Research

J.T. Price; B.Sc. (Calgary), Ph.D. (Western Ontario);
Res. Sci.

J.F. Gransden; B.Sc. (London), A.R.S.M., Ph.D. (West-
ern Ontario); Res. Sci.

J.G. Jorgensen; B.Sc. (Carleton); Phys. Sci.

Energy Conservation Technology

A.C.S.Hayden; B.Eng., M.Eng. (Carleton); P.Eng.; Res.
Sci.

S.W. Lee; B.Sc. (Rangoon); Ph.D. (McMaster); Res.
Sci.

R.W. Braaten; B.Eng. (Carleton); P.Eng.; Phys. Sci.
F. Preto; B.A.Sc. (Toronto), Ph.D. (Queen’s); Res. Sci.
M. Wiggin; B.A.Sc. (Waterloo); Engineer

K. Tait; B.Sc., M.Sc. (London) (Interchange Canada);
Res. Sci.

Emerging Energy Utilization Systems

F.D. Friedrich; B.Sc. (Saskatchewan); M.Sc. (Queen’s);
P.Eng.; Res. Sci.

E.J. Anthony; B.Sc.; B.A. (Open University), Ph.D.
(Swansea), C.Chem.; Res. Sci.

D.L. Desai; B.E. (Sardar Patel), M.Eng. (Ottawa),
P.Eng.; Engineer

I.T. Lau; B.Sc. (Cmengkunk), M.A.Sc. (Ottawa); Engi-
neer

V.V. Razbin; Dipl.Eng. M.Sc. Eng. (Carleton); Engineer

Industrial Combustion Processes

H. Whaley; B.Sc., Ph.D. (Sheffield), P.Eng., C.Eng.;
Res. Sci.

G.N. Banks; B.A. (British Columbia); Res. Sci.

P.M.J. Hughes; B.Sc. (Waterloo), M.Sc. Mech.Eng.
(Waterloo); Res. Sci.

K.V. Thambimuthu; B.Sc. (Birmingham), M.Eng.
(McGill), Ph.D. (Cambridge), C.Eng.; Res. Sci.

R.J. Philp; M.App.Sc (Toronto), P.Eng.; Engineer




J.K.L. Wong; B.Sc. (Calgary); Phys. Sci.

Coal and Coke Constitution

B.N. Nandi; B.Sc., M.Sc. (Calcutta), Dr.Eng. (Karlsruhe);
Res. Sci.

J.A. MacPhee; B.Sc. (St. Francis Xavier), Ph.D. (British
Columbia); Res. Sci.

L.A. Ciavaglia; B.Eng. (Carleton), P.Eng.; Phys. Sci.

Project Monitoring and Engineering Design

S.I. Steindl; Dipl.Eng. (Budapest), M.Sc. (Queen’s),
P.Eng.; Engineer

Quality Assurance

R. Prokopuk; B.Sc. (Alberta); Phys. Sci.

Hydrocarbon Processing Research
Laboratory

M. Ternan; B.A.Sc. (British Columbia), Ph.D. (McGill),
P.Eng.; Manager
Hydrocarbon Conversion

D.P.C. Fung; B.Sc. (British Columbia), Ph.D. (Windsor);
Res. Sci.

M. Skubnik; B.Eng., M.Eng. (Bratislava), P.Eng.; Phys.
Sci.
Pyrolysis and Gasification

E. Furimsky; Dipl. Eng. (Prague), Ph.D. (Ottawa); Res.
Sci.

A. Palmer; B.Sc. (Montreal); Res. Sci.

Analysis and Standardization

L.C.G. Janke; B.Sc. (Sir Wilfred Laurier), B.Ed.
(Queen’s); Phys. Sci.

M.D. Farrell; B.Sc. (Carleton); Phys. Sci.
J.Z. Skulski; Chem.Eng. (Wroclaw, Poland); Chemist

Separation and Characterization Section

H. Sawatzky; B.S.A., M.S.A., Ph.D. (Toronto); Res. Sci.
S. Coulombe; D.E.C., B.Sc., Ph.D. (Montreal); Res. Sci.
B. Farnand; B.A.Sc., Ph.D. (Ottawa); Res. Sci.

G. Jean; D.E.C,, B.Sc., Ph.D. (Western Ontario); Res.
Sci.

P. Chantal; B.Sc., M.Sc., Ph.D. (Laval); Res. Sci.
S.M. Ahmed; B.Sc., M.Sc. (India); Chemist

Y. Yoshida; B.Sc., M.Sc., (Muroran), Ph.D. (Hokkaida);
Visiting Scientist
Catalytic Hydroprocessing

J.F. Kriz; Dipl.LEng. (Prague), Ph.D. (Dalhousie), P.Eng.;
Res. Sci.

M.E Wilson; B.Sc., Ph.D. (St. Andrews); Res. Sci.

M.V.C. Sekhar; B.Sc. (Madras), M.Sc. (ITT-Madras),
Ph.D. (Calgary); Res. Sci.

C.W. Fairbridge; B.Sc., M.Sc. (Lakehead), Ph.D. (St.
Andrews); Res. Sci.

J. Monnier; B.A.Sc. (Laval), Ph.D. (McMaster), P.Eng.;
Res. Sci.

Catalysis Research

J.R. Brown; B.Sc., Ph.D. (Western Ontario); Res. Sci.

J.Z. Galuska; B.Sc., M.Sc., Ph.D. (Jagiellonian, Cracow,
Poland); Res. Sci.

S.H. Ng; B.Chem.Eng., (Taiwan), Ph.D. (New Bruns-
wick); Res. Sci.

V.M. Alienger; B.Eng. (McGill), M.A.Sc. (Ottawa); Res.
Sci.

MINING RESEARCH LABORATORIES

J.E. Udd; B.Eng., M.Eng., Ph.D. (McGill), P.Eng.; Direc-
tor

Canadian Explosive Atmospheres
Laboratory

J.A. Bossert; B.Sc. (Queen’s), P.Eng.; Manager

E.D. Dainty; B.Sc., M.Sc. (Toronto) P.Eng.; Res. Sci.
G. Lobay; B.Sc. (Manitoba); Engineer

K.J. Mintz; B.Sc., M.Sc. (UBC), Ph.D. (Toronto); Res.
Sci.

J.P. Mogan; B.A.Sc. (Toronto), P.Eng.; Res. Sci.

L. Geller; Dipl.Ing. Mech. Eng. (Budapest); B.Sc. Eng.
(London), M.A.Sc. (Toronto); Res. Sci.

K.C. Cheng; B.Sc., M.Eng. (Tainan Chen Kung, Tai-
wan); Eng.

Canadian Explosives Research
Laboratory

R.R. Vandebeek; B.Sc., M.Sc. (Carleton); Manager
E. Contestabile; B.Sc. (Carleton); Phys. Sci.

K.K. Feng; B.Sc., M.Sc., Ph.D. (lowa); Res. Sci.
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D.E.G. Jones; B.Sc., Ph.D. (Western); Res. Sci.
P. Lee; B.Sc. (Hong Kong Baptist); Chemist

Elliot Lake Laboratory

R.O. Tervo; B.A.Sc. (Toronto), Ph.D. (Bradford), P.Eng.;
Manager

B. Arjang; B.Sc., M.Sc., Ph.D. (Germany); Res. Sci.

J. Bigu; M.Sc. (Barcelona), DTC (Slurry), Ph.D.
(Queen’s); Res. Sci.

N.K. Davé; B.Sc., M.Sc. (Rajastman, India), Ph.D.
(Queen's); Res. Sci.

M. Grenier; B.Sc., M.Sc. (Laurentian); Res. Sci.

D. Hanson; B.Sc., Geol. Eng. M.Sc. Geo. Tech. (Min-
nesota); Phys. Sci.

S.G. Hardcastle; B.Sc., Ph.D. (Nottingham); Res. Sci.

D.G.F. Hedley; B.Sc., Ph.D. (Newcastle), P.Eng.; Res.
Sci.

G. Knight; B.Sc. (Birbeck, London); Res. Sci.

T.P. Lim; B.Sc. (Ottawa), Dipl. (Radio Chem. Tech.,
Munich, West Germany); Phys. Sci.

P. Rochon; M.Sc. (Montreal); Phys. Sci.

M. Savich; Dipl. Min. Eng. (Ljobljan, Yugoslavia),
B.Eng., M.Eng. (McGill); Res. Sci.

Canadian Mine Technology Laboratory
G.E. Larocque; B.Sc. (Carleton); Manager

A.B. Annor; B.A.Sc. (Ottawa); M.Eng (Carleton); P.Eng.;
Phys. Sci.

M. Bétournay; B.Sc., M.Sc.A., B.Eng. (McGill) P.Eng.
Phys. Sci.

N. Billette; B.A. (Bourget), B.Sc., M.Sc., Ph.D. (Ecole
Polytechnique); Res. Sci.

A. Boyer; B.Sc. (Montreal); Phys. Sci.
R. Boyle; B.Sc. (Ottawa); Phys. Sci.
R.W.D. Clarke; B.Eng. (N.S.T.C.), P.Eng.; Engineer

A. Fustos; B.S.F/FE., B.Sc. (UBC), M.Sc. (Carleton),
P.Eng.; Engineer

M. Gangal; B.Sc. (Agra, India), M.Sc. (Rokee, India and
McGill), Ph.D. (Calgary); Res. Sci. '

C.B. Graham; B.Sc., M.Sc., (Eng.) (Queen’s); Phys. Sci.
M. Gyenge; Dipl. Eng. (Budapest) PEng.; Res. Sci.

G. Herget; B.Sc. (Goettingen, West Germany), M.Sc.,
Ph.D. (Munich, West Germany); PEng.; Res. Sci.
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R. Jackson; B.A.Sc. (Waterloo); P.Eng. (AECL
Employee); Phys. Sci.

P. Lacourse; B.A.Sc. (Laval); Engineer

J. Pathak; B.Eng., M.Eng. (Sager, India); Ph.D.
(Freiberg, Germany); Engineer

N.A. Toews; B.Sc. (Queen’s); Res. Sci.

S. Vongpaisal; B.Eng., M.Eng., Ph.D. (McGill); P.Eng.;
Res. Sci.

D.F. Walsh; B.Sc. (Memorial); Phys. Sci.
R.J.R. Welwood; B.Sc. (Queen’s); Phys. Sci.

A.S. Wong; B.Sc. (National Taiwan University), M.Sc.
(Ottawa); Phys. Sci.

Y.S. Yu; B.Sc., M.Eng. (McGill); Res. Sci.

MINERAL SCIENCES LABORATORIES

L.L. Sirois; B.A., B.Eng., M.Eng. (McGill), PEng.; Direc-
tor

E.G. Joe; B.Sc. (Queen’s); Phys. Sci.
W.J.S. Craigen; B.Sc. (Queen’s); Phys. Sci.

Chemical Laboratory
H.F. Steger; B.Sc., Ph.D. (McMaster); Manager

R.J. Guest; B.Sc. (Acadia); Assistant Manager, Opera-
tions

Metals and Alloys
D.J. Barkley; B.Sc. (Carleton); Chemist

E.H. MacEachern; B.Sc. (Mount Allison); Chemist
JW. Wittwer; B.Sc. (Carleton); Chemist

Ores and Fire Assay
J.C. Hole; B.A. (Toronto); Chemist
R.R. Craig; B.Sc. (Glasgow); Chemist

Solution Chemistry

G.A. Hunt; B.Sc. (Carleton); Chemist
J.E. Atkinson; B.A. (Queen’s); Chemist
J.A. Graham; B.Sc. (Carleton); Chemist

Optical Emission and NAA
T.R. Churchill; B.Sc. (Western Ontario); Chemist
R.E. Horton; B.Sc. (Carleton); Chemist

Special Analysis
M.E. Leaver; B.Sc. (Queen’s); Chemist




Research/Special Projects
E.M. Donaldson; B.Sc. (Manitoba); Res. Sci.

Radiation and Mineral Physics

M.G. Townsend; B.Sc., Ph.D. (Southampton); Res. Sci.
R. Provencher; B.Sc., M.Sc., Ph.D. (Sherbrooke); Res.
Sci.

XRF, Radiometry and Fluorimetry

J.L. Dalton; B.Sc., (Manitoba); M.Eng. (Carleton);
Chemist

R.H. McCorkell; M.Sc., Ph.D. (Manitoba); Chemist
D.L. Curley; B.Sc. (Carleton); Chemist

M. Desgagne; B.Sc. (Laval); Chemist

C.W. Smith; M.Sc., Ph.D. (Queen’s); Res. Sci.

Extractive Metallurgy Laboratory

M.C. Campbell; B.Sc. (St. Francis Xavier), B.Eng.
(N.S.T.C.), D.I.C., M.Sc. (London), P.Eng.; Manager

D.H. Bell; B.A.Sc., Ph.D. (London); D.I.C., (Imperial
College); Phys. Sci.

Solution Purification

G.M. Ritcey; B.Sc. (Dalhousie); Res. Sci.

R. Molnar; B. Eng. (McGill); Ph.D. (London); D.I.C.;
Res. Sci.

G. Pouskouleli; B.Sc. (Greece), M.Sc. (Montiréal); Ph.D.
(McGill); Res. Sci.

G. Deschénes; B.Sc., M.Sc. (Laval); Phys. Sci.

Metallurgical Chemistry

J.E. Dutrizac; B.A.Sc., M.A.Sc., Ph.D. (Toronto); Res.
Sci.

D.J. MacKinnon; B.Sc., M.A,, Ph.D. (Ottawa); Res. Sci.

R.M. Morrison; B.Sc.; Ph.D. (British Columbia); Res.
Sci.

O. Dinardo; B.Sc. (Carleton); Phys. Sci.
K. Bartels; B.Sc. (Carleton); Chemist
E. Rolia; B.A. (UBC); Chemist

Physical Chemistry
A.H. Webster; B.A., M.A., Ph.D. (UBC); Res. Sci.

S.M. Ahmed; B.Sc., M.Sc., Ph.D. (Saskatchewan); Res.
Sci.

R.F. Pilgrim; B.Sc. (Queen’s); Res. Sci.

R. Sutarno; B.E., M.E., Ph.D. (N.S.T.C.), P.Eng.; Res.
Sci.

S.A. Mikhail; B.Sc., M.Sc., Ph.D. (Cairo); Dr. Eng. (Nor-
way); Res. Sci.

J. Leduc; B.Sc. (Montréal); M.Sc., Ph.D. (McGill); Res.
Sci.

V.H.E. Rolko; B.Sc. (Manitoba); Chemist

J. Salley; B.Sc. (Ottawa) Eng.

K.G. Tan; M.Sc.Chem (Aachem, Germany), Ph.D. (Car-
leton); Res. Sci.

Pyrometallurgy

J.M. Skeaff; B.A.Sc., M.A.Sc., Ph.D. (Toronto); Res. Sci.

C. Hamer; B.E. (N.S.T.C.), M.Sc. (Queen’s); P.Eng.;
Res. Sci.

V.M. McNamara; B.Sc., B.Eng., M.A.Sc. (Toronto); P.
Eng.; Res. Sci.

L.J. Wilson; B.Sc. (McMaster); Phys. Sci.
D. Liang; B.Sc., M.Sc. (Queen’s); PEng.

Biotechnology

R.G.L. McCready; B.Sc., M.Sc., (Alberta); Ph.D. (Cal-
gary); Res. Sci.

H.W. Parsons; B.Sc. (Alberta); Res. Sci.

A. Jongejan; Geol. Can. Drs. Ph.D. (Amsterdam); Res.
Sci.

M. Silver; B.Sc., M.Sc. (Manitoba), Ph.D. (Syracuse);
Res. Sci.

V. Sanmugasunderam; B.Sc. (Ceylon); M.Sc. (Wales);
Ph.D. (British Columbia); Res. Sci.

W.D. Gould; B.Sc., (Manitoba), M.Sc., Ph.D. (Alberta);
Res. Sci.

Leaching

B.H. Lucas; B.Sc. (Queen’s); P.Eng.; Res. Sci.

K.E. Haque; M.Sc., Ph.D. (Ottawa); Res. Sci.

D. Shimano; B.Sc. (Concordia); Phys. Sci.

W. Howell; B.Sc. (Calgary), M.Sc. (Ottawa); Phys. Sci.
C. Weatherell; B.Sc. (Waterloo); Chemist

Mineral Processing Laboratory

F.R. Campbell; Eng.D., (N.S.T.C.); B.Eng., Ph.D. (Lon-
don); D.I.C. (Imperial College); Manager

M. Stefanski; B.Sc., M.Sc., Ph.D. (Katowce); Ph.D.
(Krakow); Phys. Sci.
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Construction Materials

V.M. Malhotra; B.Sc., B.E. (W. Australia); Res. Sci.
H.S. Wilson; B.E. (Saskatchewan); Res. Sci.

B. Nebesar; M.Sc. (McGill); Res. Sci.

E. Douglas; B.Sc. (Chem. Eng.) (Argentina); Ph.D.
(McGill); Res. Sci.

G.G. Carette; B.Sc. (Laval); Engineer

Mineral Dressing

D.M. Doyle; B.Sc.Min.Eng. (Michigan Tech. Univ.);
Phys. Sci.

Metallic Minerals

G.I. Mathieu; B.A., B.Sc. (Laval); Res. Sci.

A.l. Stemerowicz; B.Sc. (Queen’s), P.Eng.; Res. Sci.

D. Laguitton; Chem. Eng. (Rennes), D.Sc. (Laval); Res.
Sci.

K.S. Moon; B.Sc., M.Eng. (Seoul National U.); M.A.Sc.,
M.Eng. (British Columbia), Ph.D. (California); Res. Sci.

M. Cristovici; B.Eng. (Bucharest); P.Eng.; Res. Sci.

J.H.C. Leung; B.Sc. (Taiwan), M.Sc. (Waterloo); Phys.
Sci.

W.H. Cameron; B.Sc. (Queen’s); Phys. Sci.
V.G. Reynolds; B.Sc. (Carleton); Phys. Sci.

J.M. Lamothe; B.Eng. (Ecole Polytechnique Montreal);
Res. Eng.

M. Bilodeau; B.Sc. (Laval); Phys. Sci.

J. Acta; M.Sc. (UBC); Phys. Sci.

D. Cimon; B.Sc., M.Sc., (Laval); Phys. Sci.

D.G. Feasby; B.Sc., M.Sc., (Queens); Phys. Sci.

M. Lavallée; B.Eng. Mining, (McGill); Phys. Sci.

V. Sivasunderam; B.Sc. (Srilanka) M.Sc., (Mas-
sachusetts); Phys. Sci.

Non-Metallic Minerals

R.K. Collings; B.Eng. (N.S.T.C.), PEng.; Res. Sci.

S.S8.B. Wang; B.Sc. (Hong Kong Baptist); M.Sc. (Califor-
nia), Ph.D. (Toronto); Phys. Sci.

P.R.A. Andrews; B.Sc. (Eng.) (London), M.Eng.Sc.
(Melbourne); Res. Sci. »

Process Mineralogy

P.R. Mainwaring; B.Sc. (Western Ontario); Ph.D.

(Toronto); Res. Sci.
L.J. Cabri; B.Sc., M.Sc., Ph.D. (McGill); Res. Sci.
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J.L. Jambor; B.A., M.Sc., Ph.D. (Carleton); Res. Sci.

W. Petruk; B.Eng., M.Sc., Ph.D. (McGill); Res. Sci.
T.T. Chen; B.Sc., M.Sc., Ph.D. (Cornell); Res. Sci.

J.A. Soles; B.A.Sc., M.A.Sc. (British Columbia), Ph.D.
(McGill), P.Eng.; Res. Sci.

J.T. Szymanski; B.Sc., Ph.D. (London); Res. Sci.
M.R. Hughson; B.A. (Western Ontario); Phys. Sci.
A. Bilodeau; B.Sc. (Laval); Eng.

B.A. Cienske; B.A. (Poland); Phy.Sci.

J.M.D. Wilson; B.Sc., M.A.Sc. (Queen’s); Phys. Sci.
K.M. Besso; B.Sc. (Montreal); Phys. Sci.

Ceramics
K.E. Bell; B.E. (Saskatchewan), P.Eng.; Res. Sci.
V.V. Mirkovich; Ph.D. (Toronto); Res. Sci.

D.H.H. Quon; B.Sc. (National Sun Yat Sen U.), M.Sc.
(Onio State), Ph.D. (Michigan); Res. Sci.

T.A. Wheat; Ph.D. (Leeds); Res. Sci.

A. Ahmad; B.Sc., M.Sc., Ph.D. (New Brunswick); Res.
Sci.

A.K. Kuriakose; B.Sc., M.A., Ph.D. (Madras, India);
Res. Sci.

J.D. Canaday; M.B.A. (Arizona); B.Sc. (Oklahoma);
M.Sc., (Calgary); M.Sc., Ph.D. (Guelph); Res. Sci.
National Uranium Tailings Program

R.D. John; B.Sc. (Loughborough); CIMA (London/
Lambton); Manager

R. Holmes; B.Sc., M.Sc. (Windsor); Phys. Sci.
G. Tremblay; B.Sc. (Carleton); Phys. Sci.

PHYSICAL METALLURGY RESEARCH
LABORATORIES

W.H. Erickson; B.Sc., M.Sc. (Mich. Tech); Ph.D. (Dur-
ham), P.Eng.; Director

C.S. Champion; B.Sc. (St. Andrews); PGCE Cam-
bridge; Tech. Editor

Metals Processing Laboratory

R. Thomson; B.Sc., ARCST, Ph.D. (Glasgow); Manager

Foundry Section
R.K. Buhr; B.Eng. (McGill); Head

K.G. Davis; B.Sc. (Birmingham), M.A.Sc., Ph.D. (British
Columbia); Res. Sci.



J.L. Dion; B.A.Sc. (Montreal); P.Eng.; Phys. Sci.

R.A. Matte; B.Eng. (Sherbrooke); Engineer

G. Morin; B.A.Sc. (Laval); P.Eng.; Engineer

A.R. Palmer; B.Sc., Ph.D. (London); P.Eng.; Res. Sci.

M. Sahoo; B.Sc., B.E. (l.I.Sc., Bangalore), Ph.D.
(U.B.C.), P.Eng.; Res. Scl.

E.l. Szabo; M.Sc., Ph.D. (Nottingham); Res. Sci.

R.D. Warda; B.A.Sc. (British Columbia), Ph.D. (Cam-
bridge); Res. Sci.

L.V. Whiting; B.Sc., M.Sc., Ph.D. (McGill), M.B.A.
(Ottawa); Res. Sci.
Metal Forming Section

G.E. Ruddle; B.A.Sc., M.Sc. (Waterloo), D.Sc. (Vir-
ginia), P.Eng.; Res. Sci. Acting Head

D.L. Baragar; B.Sc., M.Sc., Ph.D. (Queen’s); Res. Sci.
C. Galvani; B.Eng. (Montreal Univ.); Phys. Sci.

C. Ozsoy; M.Sc., Ph.D. (Technical Univ. of Istanbul);
Visiting Fellow

J.J M. Too; B.Sc. (Taiwan); M.Sc. (McGill}; Ph.D.
(Wales); Res. Sci.
Nondestructive Testing Section

V.L. Caron; B.A.Sc. (Laval), M.Eng. (Paris), P.Eng.;
Head

G. Landry; B.A.Sc. (Montreal); Phys. Sci.

D.K. Mak; B.Sc., M.Sc., Ph.D. (Toronto); Res. Sci.
J.P. Monchalin; D. Eng. (Paris); M.Sc., Ph.D. (M.L.T.);
Res. Sci.

Welding Section

J.T. McGrath; B.A.Sc., M.A.Sc., Ph.D. (Toronto), P.Eng.;
Head

J.T. Bowker; B.Met., Ph.D. (Sheffield); Res. Sci.

J.E.M. Braid; B.A.Sc. (Waterloo); Ph.D. (Cambridge);
Res. Sci.

R.S. Chandel; B.E. (Nagpur), Ph.D. (Birmingham),
C.Eng. M.I.LM.; Res. Sci.

L.C. Mallory; BASc. MASc. (Waterloo), Interchange
Canada Exchange

N.J. Smith; B.Sc. (Calgary); M.Eng. (Alberta) Phy. Sci.

Metals Development Laboratory
D.W.G. White; S.M., Sc.D. (M.L.T.), P.Eng.; Manager

Corrosion Science Section

R.W. Revie; B.Eng., M.Eng. (R.P.l.); Ph.D. (M.L.T.);
Head

J.B. Gilmour; B.Sc. (Queen’s), Ph.D. (McMaster),
P.Eng.; Res. Sci.

D.C. Briggs; B.Eng., M.Eng. (McGill), Ph.D. (Queen’s);
Res. Sci.

R.J. Brigham; B.Sc., M.Sc., Ph.D. (McMaster); Res. Sci.

H.M. Hindham; B.Sc. (Cairo), Ph.D. (McMaster); Res.
Sci.

G.R. Hoey; B.Sc., M.Sc., Ph.D. (Toronto); Res. Sci.
AW, Lui; B.Sc., M.A.Sc., Ph.D. (Windsor); Res. Sci.
V.S. Sastri; B.Sc., M.A,, Ph.D. (New York); Res. Sci.
V. Scepanovic; B.Eng. (Belgrade), M.Eng., Ph.D
(McMaster); Res. Sci.

Engineering Physics Section

W.R. Tyson; B.A.Sc. (Toronto), Ph.D. (Cambridge);
Head

R. Bouchard; B.Sc. (Laval); Phy.Sci.
J. Boutin; B.Eng., M.A.Sc. (Montreal); Phys. Sci.
G. Bhuyan; B.Sc., Ph.D. (Memorial); Visiting Fellow

B. Faucher; Eng. INSA (Lyon), M.Sc. (Laval), Ph.D.
(Ottawa), P.Eng; Res. Sci.

J. Harbec; B.Eng. (McGill), P.Eng.; Phys. Sci.

G. Roy; M.Sc. (Silesian Univ.), Ph.D. (P.A.S.); Res. Sci.
O. Vosikovsky; B.A.Sc., Ph.D. (Prague); Res. Sci.
K.C. Wang; B.A.Sc., Ph.D. (Rensselaer); Res. Sci.

Metal Physics Section

W.N. Roberts; M.A., Ph.D. (Leeds); Head

G.J.C. Carpenter; B.Sc., Ph.D. (Wales); Res. Sci.
E.J. Cousineau; B.Sc. (Carleton); Phys. Sci.

R. Holt; B.A.Sc. (Toronto); Res. Sci.

J.A. Jackman; B.Sc., Ph.D. (Guelph); Res. Sci.

J. Ng-Yelim; B.A. (Carleton), B.Sc. (Ottawa); Phys. Sci.
R.H. Packwood; B.Sc., Ph.D. (Birmingham); Res. Sci.

Metallurgy Section
J.D. Boyd; B.A.Sc. (Toronto), Ph.D. (Cambridge); Head

L.E. Collins; B.Sc., M.Sc. (Queen’s), Ph.D. (M.1.T.}; Res.
Sci.

A. Couture; B.A., B.A.Sc. (Laval), P.Eng.; Res. Sci.
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B. Dogan; B.Sc., M.Sc., Ph.D. (Manchester); Visiting
Feliow

B.A. Euser; B.Sc. (Toronto); Phys. Sci.

D.M. Fegredo; B.Sc., M.Sc., Dipl. 1.l.Sc., Ph.D.
(Sheffield), M.I.M.; Res. Sci.

R.F. Knight; B.Sc., M.Sc. (Queen’s); Res. Sci.
T.F. Malis; B.Sc., M.Sc., Ph.D. (Manitoba); Res. Sci.
D.E. Parsons; B.A.Sc. (Toronto), P.Eng.; Res. Sci.

M. Sahoo; B.Sc., B.E. (l.l.Sc., Bangalore), Ph.D. (British
Columbia), P.Eng.; Res. Sci.

M.T. Shehata; B.Eng. (Cairo), Ph.D. (McMaster); Res.
Sci.

Z2.S. Wronski; M.Sc., (Warsaw), D.Sc. (Warsaw); Tech.
Univ., Res. Sci.

COAL RESEARCH LABORATORIES

T.D. Brown; B.Sc. (Durham); Ph.D. (Sheffield), C.Eng.;
Director

Coal Mining Research

D.B. Stewart; B.Sc., M.Sc. (Queen’s), PEng.; Manager

Coal Research Laboratory: Cape Breton
G.A. Haslett; B.Sc. (Durham), C.Eng., P.Eng.; Group
Leader

Strata Mechanics

P.R.M. Cain; B.Sc., Ph.D. (Cardiff); Res. Sci.

T.R.C. Aston; B.Sc. (Cardiff), Ph.D. (Nottingham); Res.
Sci.

Coal Mine Environments

J.C.Y. Hwang; B.Sc. (Taiwan), M.Sc. (Central), M.Sc.
(McGill), Ph.D. (McGill); Res. Sci.

B.W. Konda; B.Eng. (Uyderabad), Ph.D. (Noitingham),
P.Eng.; Phys. Sci.

D.J. Kennedy; B.Sc. (Windsor); Phys. Sci.
G.W. Klinowski; M.Sc. (Silesian Tech.); Engineer

Coal Testing
G.W. Bonnell; B.Sc. (Dalhousie); Chemist

Surface Mining Laboratory

Geotechnical Engineering

B.M. Das; B.Sc., A.L.S.M. (India School of Mines); Ph.D.
(Tech. U. of Mines, Ostrava, Czechoslovakia), P.Eng.;
Res. Sci
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A.W. Stokes; B.Sc., Ph.D. (Nottingham); Res. Sci.

Environmental Control

R.N. Chakravorty; B.Ch.E. (Jadavpur), Ph.D. (Not-
tingham); Res. Sci.

N.J. Stuart; B.Sc., Ph.D. (Nottingham); Res. Sci.

R.J. Kolada; B.Sc., Ph.D. (Nottingham); Res. Si.

J. Szymanski; M.Sc., Ph.D. (Wroclaw); Res. Sci.

V. Srajer; M.Sc. (Univ. Appl. Sci., Kosice), P.Eng.; Engi-
neer

Coal Reserve Assessment

A.S. Romaniuk; B.Sc. (Queen’s), P.Eng.; Phys. Sci.

Advanced Technology

R.K. Singhal; B.Sc. (Nottingham), Ph.D. (Newcastle-on-
Tyne), C.Eng., P.Eng.; Phys. Sci.

H.G. Naidu; B.Sc., A.L.S.M. (India School of Mines);
P.Eng.; Engineer :
Fuel Processing Research Laboratory

H.A. Hamza; B.Sc. (Cairo); Ph.D. (Newcastle-on-Tyne);
Manager

N.E. Anderson; B.Sc. (Alberta); Phys. Sci.

Carbonization
A.B. Fung; B.Sc. (Waterloo), P.Eng.; Engineer
R. Zrobok; B.Sc. (Alberta); Phys. Sci.

Fossil-Fuel Science and Applications

K.H. Michaelian; B.Sc. (California); Ph.D. (Simon
Fraser); Res. Sci.

D. Axelson; B.Sc., Ph.D (Toronto); Res. Sci.
C.W. Angle; B.Sc. (Alberta); Phys. Sci.

R. Mikula, B.Sc. (Saskatchewan), Ph.D. (British Colum-
bia); Phys. Sci.

S. Twa; B.Sc. (British Columbia); Phys. Sci.
Y. Theriault; B.Sc., M.Sc., Ph.D. (Alberia); Res. Sci.
X. Shu; Ph.D. (Imperial College); PDF

Process Control and Computer Applications
J.L. Picard; B.Sc. (Alberta); Phys. Sci.

N.A. Mansour; B.Sc. (Ain Shams), B.Sc. (Alberta),
Ph.D. (Alberta); Res. Sci.

W.l. Friesen; B.Sc. (Brock), Ph.D. (British Columbia);
Res. Sci.



AW.F. Mo; B.Sc. (Alberta); Phys. Sci.
R. Ansari; Ph.D. (Western Ontario); PDF

Coal Preparation (Pilot Plant)

M.W. Mikhail; B.Sc. (Assuit), M.Sc. (Alberta), P.Eng.;
Engineer

A.l. Salama; B.Sc. (Alexandria), Ph.D. (Alberta); Res.
Sci.

I.S. Parsons; B.Sc. (Western Ontario); Phys. Sci.

Engineering and Field Demonstration
K. Hashmi; B.Sc. (Alberta), P.Eng.; Engineer
Z. Potoczny; B.Sc., M.Sc. (Toronto); Engineer
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CANMET REPRESENTATION ON TECHNICAL
COMMITTEES 1986-1987
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CANMET REPRESENTATION ON TECHNICAL COMMITTEES 1986-1987

INTERNATIONAL
AIR POLLUTION CONTROL ASSOCIATION
A.P.C.A. TS-2.3, Residential Fuel Combustion (chairperson) .................... A.C.S. Hayden (ERL)
A.P.C.A. TS-2.2, Industrial Fuel Combustion (secretary) ........................ A.C.S. Hayden (ERL)
A.P.C.A. Ottawa Chapter (secretary) ...........cciiiiioni s, S.W. Lee (ERL)
A.P.C.A. Quebec Section Executive (past chairperson) ......................... R.J. Lafleur (ERL)
Air Pollution (member at 1arge) ... R. Prokopuk (ERL)
BRITISH FLAME RESEARCH COMMITTEE (member) ................ccovvunn... G.K. Lee (ERL)
CANADA/JAPAN COAL LIQUEFACTION PROGRAM (Canadian coordinator) ....... D.A. Reeve (ERL)
Working Group (Secretary) . ....c.vvivi i e M. lkura (ERL)

CANADA/FEDERAL REPUBLIC OF GERMANY SCIENCE AND TECHNOLOGY

AGREEMENT COAL SLURRY PIPELINES
100 To ] o {5 T- 1 (o] PP T.D. Brown (CRL)
Project Leader ... ... . M.W. Mikhail (CRL)

CANADIAN SUBCOMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL
COMMISSION, TECHNICAL COMMITTEE 31

Electric Apparatus for Explosive Atmospheres (chairman) ....................... J.A. Bossert (MRL)

Subcommittee 31A (Member) ... . G. Lobay (MRL)

Subcommittee 31 (MeMber) . ... K.J. Mintz (MRL)
COMPUTERS AND MINING

Contributing editor ... i R.K. Singhal (CRL)
EXTRACTIVE AND PROCESS METALLURGY

Member editorial board ......... . . G.M. Ritcey (MSL)
EIGHTH INTERNATIONAL STRATA CONTROL CONFERENCE ORGANIZING
COMMITTEE

(Canadian representative) . ....... ... i D.B. Stewart (CRL)
FUEL PROCESSING TECHNOLOGY

Editorial advisory board . ...... ... e H.A. Hamza (CRL)
FUEL (LONDON) (EASTERN REGIONAL EDITOR)

International Editorial Board (Canadian editor) .................. ... ... . ... A.E. George (ERL)
HYDROMETALLURGY

EdOr oo e G.M. Ritcey (MSL)

Members editorial board ........ . i J.E. Dutrizic (MSL)

.................................................... D.J. Mackinnon (MSL)
.................................................... R.G.L. McCready (MSL)

INSTITUTION OF MINING AND METALLURGY (U.K.)
Mining Industry Editorial Advisory Board .............. ... . i R.K. Singhal (CRL)

INTERNATIONAL ASSOCIATION OF COMPUTATIONAL MECHANICS (member) ... J.J.M. Too (PMRL)

AFFILIATION KEY:

DGO Director General’s Office CRL Coal Research Laboratories

ERL Energy Research Laboratories RPO Research Program Office

MRL Mining Research Laboratories TID Technology Information Division

MSL Mineral Sciences Laboratories NUTPO National Uranium Tailings Program Office

PMRL Physical Metallurgy Research OTT Office of Technology Transfer
Laboratories
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1986 INTERNATIONAL CONFERENCE ON: EFFECTS AND CONTROL
OF INCLUSIONS AND RESIDUALS IN STEELS
Organizing Committee (chairman) ............ . ... i,

INTERNATIONAL ATOMIC ENERGY AGENCY
Consultants Group on Uranium Extraction (member) ...........................
Analytical Techniques in Uranium Exploitation, Development
and Ore Processing (consultant) ..............c i

11th INTERNATIONAL CONGRESS ON X-RAY OPTICS AND MICROANALYSIS
Program (Chairman) ... .....o ottt e e
Program Committee (chairman) ............. . i,

INTERNATIONAL CONGRESS ON CATALYSIS (1988)
Advertising and Publications Committee (chairman) ............................
(member) ............ .
Technical Program Committee (member) ............... e
(member) ... ... e
(member) ...

INTERNATIONAL CONFERENCE ON SEPARATION SCIENCE AND TECHNOLOGY:

International Committee (member) ................o i
(chairman 2nd Conference) ...,

SECOND INTERNATIONAL CONFERENCE ON RADIOACTIVE WASTE
MANAGEMENT -
Member Advisory Committee .. ... .. .. i

INTERNATIONAL COMMITTEE ON COAL PETROGRAPHY
Petrography (working member) ........... i e
Petrography of Organic Sediments (member) ............... ... ... ... ...,
Subcommittee on Industrial Application of Coal Petrography
(MM o e e

INTERNATIONAL COMMITTEE ON COAL RESEARCH (member) ................

INTERNATIONAL COMMITTEE ON APPLIED MINERALOGY IN THE MINERAL
INDUSTRY
(Canadian representative) . ........cour i e
(liaison representative) ....... ..o

INTERNATIONAL COMMITTEE ON FUELS AND LUBRICANTS (member) .........

INTERNATIONAL DISTRICT HEATING AND COOLING ASSOCIATION
International Relations Committee (chairman) ............ ... ... ...t

INTERNATIONAL ENERGY AGENCY
Fossil Fuels Working Party (member) ........ ... .ot
Coal Research Executive Committee (member) ............. ... .oiviii.n.
Coal-Liquid Mixture Implementing Agreement ............ ..ot
Atmospheric Fluidized Bed Combustion Agreement ................... ... 0.
Low NO, Coal Combustion of Pulverized Coal Agreement ......................
Coal Combustion Sciences Implementing Agreement ..........................

Organizing Committee — International Conference on

1076 T IS T =1 o=
District Heating Implementing Agreement ................ ... .......0. e
Advanced Heat Pump Implementing Agreement .............. ...,
Program of Research Development and Production of Hydrogen

from Water (Canadian Contact Technical) ............... ..o,
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J.D. Boyd (PMRL)

M.C. Campbell (MSL)
J.L. Dalton (MSL)

R.H. Packwood (PMRL)
G. Carpenter (PMRL)

M. Ternan (ERL)

J. Monnier (ERL)

J.F. Kriz (ERL)

J.R. Brown (ERL)
C.W. Fairbridge (RPO)

G.M. Ritcey (MSL)
F-M. Ritcey (MSL)

R.D. John (MSL)

B.N. Nandi (ERL)
B.N. Nandi (ERL)

B.N. Nandi (ERL)
D.A. Reeve (ERL)

W. Petruk (MSL)
W. Petruk (MSL)

S. Coulombe (ERL)
M. Wiggin (ERL)

D.A. Reeve (ERL)
D.A. Reeve (ERL)
H. Whaley (ERL)
F.D. Friedrich (ERL)
E.J. Anthony (ERL)
G.K. Lee (ERL)

G.K. Lee (ERL)

H. Whaley (ERL)
P.M.J. Hughes (ERL)

J.T. Price (ERL)
M. Wiggin (ERL)
M. Wiggin (ERL)

S.M. Ahmed (MSL)




INTERNATIONAL FLAME RESEARCH FOUNDATION
Aerodynamics Panel (member) ........... ... ... ... i
Flame Chemistry Panel (member) . ........ .. ... i
Joint Committee (member) ... ... .. e
Pulverized Coal Panel (member) ......... . i
Oil and Gas Panel (member) ... ... i

INTERNATIONAL INSTITUTE OF WELDING
Canadian Council (Chairman) . .........oiiiiiiii i
Commission X, Residual Stress, Stress Relieving Brittle
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