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FOREWORD

Since the appointment of its first director in 1901, the
Canada Centre for Mineral and Energy Techneclogy has continued its key
role in research and development and the transfer of information and
technology on minerals and mineral fuels. Over the years the branch
has greatly expanded its facilities and diversified the scope of its
activities, but the principal goals have remained unchanged: to en-
sure that advanced technology is available to help Canadian industry
make ever greater contributions to the national economy, and to pro-
vide the technical knowledge base needed for the formulation and
achievement of national policy objectives.

In the context of the nation's drive to reduce dependence on
imported oil, emphasis in recent years has been placed on research
related to the production of liquid fuels and electricity from alter-
native fossil fuel sources such as heavy oils and low-grade coal.
Research on the efficiency of processing and utilizing fuels addresses
the government's conservation objectives. The branch is also involved
in major projects to demonstrate advanced energy technologies in
several Canadian locations.

The shift in priority from minerals to energy has reduced the
resources available for mineral-related projects., Under the matrix
management system, however, the shift has been effected without
serious disruption to normal operation of facilities or personnel.
At present, the Minerals Research Program focuses on the development
of advanced technologies that are efficient and economical, but at the
same time protective of the environment and of the health and safety
of the workers involved and of the population at large.

The branch discharges its information and technology transfer
mandate in many ways. The formal Information Program, encompassing
computer-aided documentation and traditional information dissemination
methods, combined with the informal information transfer and publish-
ing activities of the research staff, constitute an increasingly more
visible and indispensable complement to the R & D activities proper.
Technology is also transferred through licensing agreements, through
workshops and seminars, and through extensive cooperation with in-
dustry.

D.F. Coates
Director-General
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INTRODUCTION

This review presents highlights of the research and develop-
ment carried out at, or sponsored by, the Canada Centre for Mineral
and Energy Technology during the 1979/80 fiscal year. CANMET operates
under a matrix management system in which management of the two re-
search program offices - Minerals and Energy - interacts with line
management in planning, controlling and evaluating projects. This
review is organized according to program structure rather than func-
tional units, thus drawing together related research activities taking
place in the various laboratories.

Under matrix management, program directors are responsible
for project selection, planning in cooperation with laboratory manage-
ment, allocating resources on a broad scale, monitoring progress and
reporting results. Line management is responsible for implementing
projects, monitoring and evaluating work performance, and monitoring
operational control of the five functional units - Mining Research
Laboratories (MRL), Mineral Sciences Laboratories (MSL), Physical
Metallurgy Research Laboratories (PMRL), Energy Research Laboratories
(ERL), and Technology Information Division (TID). Line management
determines how, where and by whom the work will be done, including the
acquisition of expertise and equipment.

The text that follows reflects several important trends in
the activities of the branch. The key roles of contracting-out, joint
projects and other forms of govermment-industry cooperation are ap-
parent.

- The proportion of work performed under contract continues to
ignerease and now represents about 25% of the branch budget. The
current federal government emphasis on energy development has meant
an expansion and diversification of CANMET's Energy Research Program.
This has been effected by various means including participation in
demonstration projects, initiation of major contracting-out programs
such as in coal conversion and expansion of in-house facilities.

In both the Minerals and Energy Programs previous heavy com-
mitments to certain fields such as heavy oil upgrading and pit slope
design are being reduced or modified as the technologies are trans-
ferred to industry and new priorities are identified. However, al-
though the nature of the various activities may change, the branch's
prime functions remain the same: to ensure the availability and ef-
fective, environmentally acceptable utilization of mineral and energy
resources; to develop advanced technology; and to ensure that public
and private sector organizations have the technical information to
formulate and achieve national, regional and industrial goals.
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ENERGY RESEARCH PROGRAM

The Energy Research Program of CANMET is con-
cerned with two departmental activities: Energy
Sources (Supply, Demand and Substitution), and
Energy Research and Technology Development. As
CANMET is an applied research and development
organization, by far the greater effort, in terms
of both funds and personnel, is directed at the
latter. Most of the work deals with fossil and
nuclear fuels in keeping with CANMET's tradi-
tional expertise. The highlights for 1979-80 are
outlined below.

In cooperation with provincial governments and
industry, the department is assessing the quality
and extent of the energy resources available for
various purposes in Canada. To this effort
CANMET contributes its considerable scientific
and technical expertise. This year it made a
major contribution to the departmental publica-
tion, "Coal resources and reserves of Canada".
The branch's annual economic and engineering
evaluations of operating and projected uranium
mines once again formed an important part of the
department's assessment of uranium supply and
demand . For low-grade petroleum resources such
as o0lil sands and heavy oils, characterization in-
formation is being gathered that will help im-
prove processing methods in addition to providing
data on the nature of the resources. All this
resource and reserve assessment work is supported
by extensive analytical laboratories, which com-
bine traditional methods and facilities in use
over many years with modern sophistication.

Dealing principally with fossil and nuclear
fuels, the technology research and development
activities are wide-ranging - from improved min-
ing methods to the quality and use of refined
products. This work features day-to-day formal
and informal interaction with industry, other
government agencies, research centres and uni-
versities. There 1is a growing emphasis on con-
tract research, and joint programs are common.
The objective is to ensure that the technology is
available to meet future Canadian mineral and
energy needs as efficiently and economically as
possible, with special attention to environmental
concerns and occupational safety.

To help conserve limited supplies of non-renew-
able energy resources such as oil and gas, CANMET
is involved in a number of projects. Fluidized-
bed combustion, for example, promises to be an
excellent means of burning low-grade fuels such
as coals and solid wastes while controlling sul-
phur emissions. The development of a design for

such a facility to be located in the Maritimes is
the subject of a cooperative project with the
Department of National Defence. Combustion of
coal mixed with oil may also assist Eastern
Canada in its drive to reduce dependence on oil
imports. A continuing program of evaluating a
variety of Canadian coals for combustion behav-
iour and emissions is also underway.

Research on automobiles has revealed the inade-
quacies of conventional engine technology in
terms of efficiency and emissions during winter.
In home heating, work is directed toward more ef-
ficient oil- and wood-fired appliances. A retro-
fit kit for oil furnaces could reduce oil consump-
tion by as much as 20%.

In coal mining research, the branch has continued
its work in the Western coal fields on the
special problems that they pose for miners.
Instrumentation for such tasks as ground control
and subsidence measurements plays a big part in
these studies. Health and safety of miners is
also an important concern, and in this regard
CANMET's expertise has been recognized through
requests to provide expert witnesses in the in-
vestigation of a fatal explosion in a Cape Breton
colliery. The mining equipment certification
service, established at the request of provincial
mines inspectors, was augmented by the installa-
tion of an hydraulic fluids flammability testing
facility.

Coal utilization continues to be a growing prior-
ity area for research. Increasing attention to
coal quality for thermal or metallurgical uses
has added impetus to the coal preparation work.
The presence of large amounts of fines and high
oxidation levels in Western coals and the poten-
tial preparation problems they present are re-
ceiving attention at the Edmonton laboratory.

Coal, when converted to coke, is an essential
ingredient in steelmaking. To the benefit of
both coal- and steel-producing areas, the branch
has for many years worked with industry in exam-
ining the quality of coals and blends, as well as
developing improved cokemaking processes, par-
ticularly as applied to Canadian coals.

The potential for coal to supply liquid and gas-
eous fuels is being addressed through an exten-
sive coal conversion research program, most of
which is carried out through contracts. This
contract program has been in operation since
1976, and has generated excellent data on a var-



iety of topics. In its own laboratories, CANMET
has commissioned coal gasification equipment  and
is constructing liquefaction equipment.

Hydrocracking technology, which has been demon-
strated at the pilot scale and is now being
transferred to Petro-Canada for commercializ-
ation, is a major contribution to -0il~sand ‘and
heavy-o0il research. This technique promises im-
proved yields with less waste production than
currently-used, carbon-rejection processes. This
work is supported by essential studies on im-
proved catalysts.

Nuclear energy has for many years been a ma jor
subject of federal government research. Mineral
processing specialists have established a tradi-
tion of 1nvest1gat1ve research into better ways
to recover uranium from a variety of ores.
Recently the processing- studies have also been
directed to the recovery of valuable byproducts
including thorium, and the reduction of potential
environmental contaminants, particularly radio-
nuclides, in the effluents. Metallurgists have
also been studying the behaviour of pr'essur'e
vessel steels in heavy water plants.

Energy tr'anspor’tation, an all-important consider-
ation in the Canadian geographical context, has
also formed part of the Energy Research Program.
Nine years of research on materials for oil and
gas pipelines has led to creation of a body of
expertise on the metallurgical qualities of line-
pipe steels. The growing interest in coal pipe-
line transportation is also being addressed
through studies on the effects of slurry trans-
port on coal properties and on the problems of
slurry separation.

During fiscal year 1979/80, the CANMET Energy
Research Program involved 234 person-years and
expenditures of $15.5 .x 10 Some 75 research
contracts were awarded to outside or‘ganlzatlons
to augment the work done in branch laboratories.

ENERGY SOURCES: SUPPLY, DEMAND
AND SUBSTITUTION

The first essential Step:in the development of. a
resource is to determine its location, quality
and quantity, and the likelihood that it can be
recovered ~under current technological and econ-
omic conditions. Energy resources, or the
amounts of material in place, are estimated from
geological surveys and exploration which generate
location and .quantity data. together with limited
quality assessments. For. fossil and nuclear
fuels, CANMET, in cooperation with departmental
economists, extends these assessments to the de-
termination of reserves, a subset of resources
which takes into account additional quality con-
siderations , and technical and economic con-
straints.

Based on its long experience with the chemistry,
mining, and utilization of energy resources such
as coal, peat, uranium, oil sands and heavy oils,

CANMET plays a vital role in the federal govern-
ment's efforts to determine what resources we
have and whether they can be feasibly recovered,
keeping in mind the requirements of particular

end uses. One subject of particular interest is
the inevitable need to look to lower-grade re-
sources as high-grade deposits are depleted;
quality variations in such resources require

special consideration in connection with partic-
ular utilization modes.

Analysis and Characterization of Petroleum
Resources

Oil-sand bitumen and heavy oils are leading al-
ternatives to conventional crude o0il, but differ
from it.in many important respects. Characteriz-
ation studies on these materials and their der-
ivatives is therefore an important adjunct to
research on liquid fuels production, as well as
being a way of establishing the quality of the
resource base. The work includes development of
analytical procedures and technology for the eco-

nomic removal of nitrogenous compounds which
cause catalyst deactivation in upgrading
processes.

Separation of nitrogenous components from unpro-
cessed bitumen and from the coker Kkerosene of
Athabasca bitumen was investigated during the
year, using inexpensive sorbent materials and
industrial wastes of Canadian origin. Chemically
pretreated materials gave removal levels of up to
90%. .A preliminary patent search has been com-
pleted and a patent application is being written.

Polynuclear aromatic hydrocarbons constitute a
considerable amount of the aromatics in bitumens
and heavy oils. Compositional information about
these compounds can help in efforts to minimize
hydrogen consumption in primary upgrading pro-
cesses and to minimize coke formation in the
reactor, as well as indicating the degree of fur-
ther upgrading required to obtain desired pro-
ducts. Scientists have developed a normal
bonded-phase, high-performance, 1liquid chromato-
graphic method for separation of. polynuclear aro-
matics according to ring number .in the molecule.
The system was applied to a large number of indi-
vidual hydrocarbons and to the aromatics in
Lloydminster and Medicine River oils of the
Alberta Basin.

Scientists also completed a series of character-~
izations of the various components in Lloyd-
minster o0il and its thermal -and catalytic
hydrocracking products. Such studies help assess
product quality and provide insight to. reaction
mechanisms. Work was also begun on synthetic
derivatives from Cold Lake and Venezuelan feed-
stocks.

Sulphur compounds occur in high levels in heavy
oils. and can reduce refining capacity and in-
crease product cost. Market specifications also
require that sulphur in processing products be
kept within certain limits. As part of continu-
ing research in this area, CANMET is investigat-




ing the effects of changing hydrocracking condi-
tions on the sulphur-type distribution in the
light gas oil of Lloydminster and Cold Lake
hydrocracked products.

Development of improved analytical methods is a
key element in the characterization work. This
year a hydrocarbon procedure was devised as a
reliable way of determining olefin content in
distillate fractions, especially in those higher
than naphtha. Work on improving the compound-
type analysis of bitumen and its products was
focussed on 1liquid chromatography with ultra-
violet detection to replace time consuming gravi-
metric quantitation.

The oil and gas analytical laboratory performed
some 16 000 determinations on 3330 gaseous, liquid
and solid samples from in-house projects and out-
side organizations. Outside clients include pro-
vinecial governments, utilities, provincial mines
inspectors and a variety of public and private
sector organizations. In methodology development,
the laboratory has begun a program to adapt or
modify techniques for the analysis of coal lique-
faction samples.

Uranium Reserves and Production

Each year a report is prepared for the depart-
ment's Uranium Resource Appraisal Group (URAG)
based on engineering and economic evaluations of
operating and projected mines. The data are in-
cluded in the department's annual assessment of
uranium supply and demand. CANMET's concern is
with mineability and productive capacity, and
extends to the development of better assessment
methods. The annual compilation by URAG helps
form the basis for national policies on nuclear
energy.

Much of the data are gathered through visits to
operating and projected mine and mill sites and
discussions with company staff. Specialists from
CANMET compare company-supplied information with
their own estimates and include both in their
report to URAG. Minimum economic or cutoff
grades are established after evaluation of mining
and economic factors. The productive capacity of
each property over time is estimated to give a
projection of total Canadian uranium production.

To assist in mineability studies contracts were
awarded during the year to develop mining cost
models and standard approaches to mine economic
evaluation.

Determination of mill productive capacity adds
another dimension to the projections. This work
is carried out by mineral processing experts.
There are presently six operating uranium mills
in Canada and three more are being planned.
Recent expansion and process improvements have
increased productive capacity. In new proper-
ties, the more complex mineralogy will demand
more complex metallurgical circuits. During the
year staff also coordinated a survey of Canadian
mills for the Nuclear Energy Agency (Paris) and
the International Atomic Energy Agency (Vienna).

Coal and Peat

Canada has vast resources of coal, located mainly
in Western Canada with smaller deposits in the
Maritimes. The growing role of coal for a var-
iety of uses in both the domestic and export mar-
kets requires that a detailed knowledge base of
coal extent and quality be available to re-
searchers, policy-makers, and coal producers and
consumers. Coal is a highly variable substance,
and big differences in quality and deposit char-
acteristics are to be found.

For many years a program of coal resource and
reserve assessment has been maintained and this
year a major contribution was made to the
publication, "Coal resources and reserves of
Canada', issued by the department's Energy Policy
Sector. The combined expertise of a multi-disci-
plinary team goes into the preparation of
CANMET's contribution.

Assessment of the national coal resource base by
federal authorities is facilitated by cooperation
with provineial governments and coal-producing
companies. In the Canada/Saskatchewan coal in-
ventory project, coal analyses were completed and
a report describing the methodology used in the
quality assessment was published under contract
by the Saskatchewan Research Council. Work in
the Canada/Nova Scotia inventory featured analy-
sis of offshore samples and quality assessments
at potential surface mining sites for thermal
coal onshore. The importance of including coal
quality considerations is stressed in all quanti-
tative resource and reserve assessments, not only
those carried out by exploration and production
companies. For commercially-produced coals, coal
specialists published up-to-date information on
chemical and physical characteristiecs.

Mining specialists contribute to the knowledge
base by helping determine the quantity and qual-
ity of coal that can be recovered with current
technology under existing economic circum-
stances. With publication of resource and re-
serve estimates by the department this year, they
are now concentrating on documenting reserve
estimation methodology. A report on reserve
assessment criteria used by coal companies is in
the final stages of preparation.

In its mineability work the branch has entered
into an agreement with the Alberta Energy
Resources Conservation Board to cooperatively
evaluate the Bonner and Moore mine simulation
model. A report was also produced discussing the
potential for bucket wheel technology in coal
mining on the plains.

Another report identifies criteria for selecting
underground mining methods. On the basis of this
work an initial selection of mining methods suit-
able for Western coal fields will be undertaken.
Reports on available underground computer models
and critical factors in underground coal mining
in Western Canada are in the final stages of
preparation.

An important aspect of work on the manufacture of













unaffected by the use of emulsions and any cata-
lytiec combustion reactions attributed to the
water were considered insignificant. Boiler ef-
ficiency deteriorated with increasing water con-
tent. CANMET considers that such emulsions are
unlikely to be a viable energy conservation or
emissions control strategy.

Industrial Process Heating - A cooperative pro-
Jject was undertaken this year with the Ferrous
Energy Research Association, an organization com-
prising Canadian steel producers, to investigate
the performance of typical industrial steam-
atomized, residual-oil burners. Steam-oil ratio
was shown to have a significant effect on heat
transfer and emission characteristics of the
flames, with steam temperature and burner hard-
ware being insignificant variables.

Burner Development - CANMET represents the
department in an International Energy Agency
project to elucidate the mechanism of nitrogen
oxide formation in pulverized-coal combustion.
Canada, the United States, Denmark and Sweden are
funding exploratory burns in a California labora-
tory on some 50 world coals, eight of which are
Canadian. Depending on results, these trials
might lead to an expanded project.

In another study being done under contract, the
Canadian Gas Research Institute is developing a
low-calorific gas burner suitable for dirty gas.
Laboratory flame stability tests have led to
design of a prototype which will be field tested
in the coming year.

Fluidized-bed Combustion - Among the many emer-
ging technologies for efficient, environmentally-
acceptable use of coal, fluidized-bed combustion
(FBC) is considered by many experts to be the
most promising. The technique involves burning
coal or other fuel, in a bed of inert material
through which air is directed such that the bed
is "fluidized"™, or behaves 1like a boiling
liquid. It is of potentially great benefit to
Canada.

Simple uncooled beds are already in commerical
use as incinerators for high-moisture materials
such as wood waste and sewage sludge. More com-
plex cooled combustors integrated into steam
boilers are still under development, and offer
the following benefits:

- ability to control SO2 emissions, and thus
acid rain, by adding limestone when burning
high-sulphur coal;

~ ability to burn coals with high moisture and
ash contents and low reactivity;

-~ economic advantages in both large and small
units;

~ in pressurized units, a means for more efficient
coal-to-electricity cycles.

As these advantages are consistent with Canadian
environmental concerns, £fuel types and energy
needs, fluidized-bed technology has been given
high priority.

To introduce the technology to Canada the federal

government has assumed a substantial part of the
financial risk in five demonstration projects
supported by a pilot-scale R & D program.

The major project is to demonstrate an atmos-
pheric FBC boiler in cooperation with the Depart-
ment of National Defence at the CFB Summerside
heating plant. Two competing firms have com-
pleted conceptual boiler and plant designs, one
drawing on American technology and the other on
British. Detailed designs and price quotations
were commenced early in 1980. Each firm has
identified a Canadian source for the boiler, thus
putting two Canadian firms in a position to manu-
facture the equipment. The design fuel is a 5%
sulphur coal from Cape Breton, with wood chips as
a supplementary fuel capable of supplying up to
30% of the heat input at any load. The target
date for commissioning the first boiler is the
end of 1982.

The two conceptual designs, which are substan-
tially different, were prepared by Foster-Wheeler
Limited for American technology and a team
consisting of Integ Limited and Coal Processing
Consultants (CPC) for British. As the Integ-CPC
team has no manufacturing capability it was re-
placed by a licensee, Dominion Bridge Co. Ltd.,
for detailed design and price proposal. Two
other related contracts were issued during the
year. Integ has almost completed a solid waste
disposal study on the quantity, nature, environ-
mental effects and potential uses of the bed
residue. Foster-Wheeler is carrying out pilot-
scale tests with the design coal, wood chips, and
limestone.

The second project is to demonstrate the technol-
ogy at the industrial scale, at which convention-
al pulverized-fired equipment with the necessary
flue gas desulphurization equipment 1is uneco-
nomical. A boiler at the Chatham station of the
New Brunswick Electric Power Commission was sel-
ected, based on its size, for a conceptual design
study of retrofitting the boiler for fluidized-
bed combustion of coal and wood chips. The
study, sponsored by the Canadian Electrical
Association, indicated +that the retrofit plan
would reduce capacity by 40% with no economic
advantage over new conventional equipment. As an
alternative the department through Supply and
Services Canada, has invited expressions of in-
terest for a conceptual industrial-scale design
package including design capability, fabricating
capability in Canada, and a Canadian end user
willing to provide a portion of the capital cost.

In the third project, the department is cofunding
with the Nova Scotia Power Corporation a site
review study by an engineering firm for a pos-
sible 150-MWe demonstration unit. Utility appli-
cations of FBC would help reduce dependence on
foreign oil in the Maritimes. The unit would be
linked to existing turbogenerator equipment.

Coal washery rejects are the proposed fuel in the
fourth project. Washed metallurgical coal must
be dried before it can be sent to market, and
natural gas has traditionally been the dryer
fuel. If it is possible to use the rejects it







0il and Gas Technology

Like its work on minerals and coals, CANMET's in-
volvement in petroleum and gas research is re-
lated primarily to the development of marginal or
low~-grade resources that may not be economically
attractive in the short term but have long-term
potential or regional value. Thus for many years
studies have been carried out on the oil-sand and
heavy~-oil deposits of Western Canada.

Now that these resources are being developed com-
mercially work is continuing to ensure that the
technology available addresses national energy
and environmental objectives. The most wvisible
aspect of this work has been the CANMET hydro-
cracking process for bitumen and heavy-oil
upgrading, but the research also includes oil
sands mining, bitumen/sand separation, emulsion-
breaking, and supporting catalysis and materials
research.

0il Sands Mining ~ A study conducted in 1977-78
identified a need for fuller understanding of the
engineering behaviour of o0il sands to better
assess the potential of different mining technol-
ogies. Three subsequent contracts have been com-
pleted on mining characteristics of Waterways
limestones, bitumen content analysis, and com-
puter modelling for stress and strain analysis.
These formed the basis for successful de-briefing
and technology transfer seminars. A survey of
industrial research needs has also begun.

Bitumen/Sand Separation -~ Pilot plant develop-
ment of the Magna International cold
water/solvent process for "separation of bitumen
from oil sands has been completed on a cost-
shared basis. An independent technical/economic
assessment has recommended advancement to a
demonstration scale. If successful this process
could reduce energy and tailings ponds require-
ments and produce a less environmentally hazard-
ous effluentt

Demulsification of In situ Wellhead Emulsions -~
The recovery of heavy oil using in situ methods
yields relatively stable systems of o0il emulsified
in water. For economic and technical reasons it
is important to separate the oil and water phases
as cleanly as possible. A continuing cost-re-
covery project with Texaco Canada Ine. has invol-
ved monitoring changes in the emulsions produced,
evaluating demulsifiers and optimizing demulsifi-
cation conditions. The best separation achieved
during the year was 20% water in the oil phase and
clean water containing no oil. In contract work
at the University of Western Ontario, progress has
been encouraging with several bacteria found to
produce highly effective demulsifiers.

CANMET has also developed a method to clean
""black water" using inexpensive Canadian waste
materials. This method has formed the basis for
a patent application.

CANMET Hydrocracking Process -~ Hydrocracking is
a process that can be used to upgrade heavy crude
oils, bitumen, refinery residuals and <coal

liquids. These feedstocks generally have a high
content of piteh or vacuum residuum which has
high sulphur and metals contents. The product of
many years of research, the hydrocracking process
breaks down the pitch portion to distillable
materials and gives higher distillate yields than
the competing processes which are based on coking
or carbon rejection. Three patents on the process
have been awarded and 18 other applications have
been filed.

In 1979, CANMET signed an agreement granting
Petro~Canada exclusive worldwide rights and
licence to use, practise, commercialize, exploit
and sub-license to others the CANMET hydro-
cracking process. The agreement will also serve
as a basis to achieve the following goals:

~ development of the process to the point of
commercialization within five years;

- maximization of Canadian industrial
participation in development and ultimate
licensing;

~ professional development of CANMET personnel
through hands-on participation in
commercialization of a new technology;

- fair sharing among participants of potential
revenues from licensed applications;

- maintenance by CANMET of adequate control over
its intellectual property in respect of the
process; and

- reasonable sharing by the participants in new
intellectual property developed under the
agreement.

In collaboration with a task force, Petro-~Canada
has made advances in process evaluation and mar-
keting. Three major reports have been made to
date: a technical evaluation, commercial pro-
jections, and preliminary economic evaluation.
-The company is currently seeking joint venture
partners for design and construction of a
demonstration plant.

Three distinet activities are under way at CANMET
with respect to this process: in-house research
to strengthen the patent position, to investigate
new applications, and to develop new concepts;
contract work to determine process economics, to
optimize process elements, and to aid in scale~
up; and technology transfer efforts to help the
process licensor with development, commercializ-
.ation and marketing.

The in-house pilot plant program in 1979/80 was
aimed at developing a strong technology data
package, with all experiments being planned to
facilitate rapid commercialization. Increased
capacity was added with completion of a second
160-L/d pilot plant in September 1979. Several
feedstocks were evaluated at conversion levels
above 80%, and several experiments were conducted
to obtain long-term operability data. The
results showed the flexibility of the process to
various feedstocks at high conversions, and its
long~-term operability and flexibility at low gas
rates. Success was also achieved in a series of
experiments on fast start-up. Empirical and






simulated industrial conditions.
steels were tested during the year.

Eight selected

Although abrasion-resistant steels might be ad-
vantageous at higher transport velocities at
points of severe wear, the desirable design ap-
proach is low velocity in large diameter pipes to
reduce the need for costly special steels. The
decision is ultimately a trade-off between the
cost of special steels and the replacement cost
of conventional steel pipes.

Coal Technology ‘

In the national interest, a program of research
on coal technology has traditionally been main-
tained, even during the industry's perioed of
decline in the 1950's and early 1960's. The
result is that when interest in coal grew in the
1970's, the branch had a head start and was able
to QqQuickly expand its research and development
programs in the many aspects of coal technology
from mining through processing to utilization.

It is now the leading centre of coal research
expertise in Canada, its aim being the efficient
development and use of the national resource with
due regard for occupational safety and environ-
mental quality. Private sector involvement is a
notable feature of the program, which covers
mainly " mining, preparation, carbonization and
conversion. Coal combustion is a major part of
the conservation technology work described above.

Coal Mining Technology -~ Working out of the
branch's Western O0Office in Calgary, scientists
and engineers are carrying out a program of field
work to study the problems of mining in Western
Canadian coalfields. The program features con-
tinuing mutual assistance and cooperation with
coal producing companies.

Ground Control - Some of Canada's best metallur-
gical coal deposits are located in mountainous
terrain in Western Canada. These deposits
present special challenges to coal miners who
must cope with steep seams of variable thicknesses
with surrounding strata whose behaviour is diffi-
cult to predicet and control.

Much of CANMET's ground control research is car-
ried out in North America's only hydraulic mine,
located in southeastern British Columbia. The
work includes strata control and subsidence
measurements, as well as geological investi-
gations. A report on the geology in the viecinity
of the hydraulic mine has been drafted. A con-
tract study concluded that smaller roadways using
alternative support systems could be advanced
more rapidly than the drivage method now used.

Strata control with roof bolts was the subject of
a series of tests at a new mine. Other contracts
covered the adaptation and development of
geophysical techniques for Canadian coals and the
feasibility of punch mining in the highwall of an
open pit.

Health and Safety in Coal Mines - Coal mining
has traditionally been a hazardous occupation.
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Through research, however, the health and safety
record of coal mines has improved markedly in
recent years. In Canada, CANMET plays a leading
role in this research. The main hazards of con-
cern to its scientists are the risk of explosion
and fire.

The release of methane in underground coal mines
is a problem as old as coal mining itself, and
together with dust presents one of the major haz-
ards and causes of economic losses. The problem
is expected to become more acute as production
increases in the West and in the deep, gaseous
mines of Cape Breton.

During the year, monitoring of the methane emis-
sion pattern at a Western mine continued. A pre-
liminary study using sealed samples indicated
methane desorption from Devco's No. 26 and Lingan
coals to be 8.2 and 6.8 m3/t. Staff also par-
ticipated as experts in a federal inquiry into an
explosion in a Cape Breton colliery. A new pro-
ject was also launched to develop and demonstrate
a comprehensive environmental monitoring system
for underground coal mines and to evaluate me-
thane control technology as a long-term solution
to the emission problen.

There are four aspects to branch research on the
explosibility of coal dust: minimum ignition

temperature, minimum explosible dust concentra-
tion, minimum ignition energy, and expected pres-
sure rise. Scientists determined minimum

ignition temperatures in a furnace to be about
480°C for Cape Breton coal dust, lower than for
Western coals. The ignition sensitivity of Cape
Breton coal is also higher. The effect of me-
thane on minimum explosive dust concentration
will be greater in Cape Breton coal than in a
standard American sample. Completion of the ex-
plosibility index for Canadian coals, and work on
peak pressure determination, are planned for the
coming year.

Provinecial mines inspectors, particularly in the
coal producing provinces, depend on CANMET's
certification services and advice on the use of
equipment in explosive gas atmospheres. Related
research is carried out to solve specific pro-
blems and to maintain expertise. The information
and experience gained is passed on by partici-
pation in relevant standards committees; for ex-
ample, this year the branch hosted a meeting of a
technical committee of the International Electro-
technical Commission, and staff participated in
several Canadian Standards Association and
Instrument Society of America meetings.

The certification service was set up at the re-
quest of federal and provinecial mines ministers.
The branch now operates Canada's only laboratory
conducting explosion tests on equipment for use
in explosive gas atmospheres. Forty-two certifi-
cates were issued during the year for electrical
and diesel equipment and fire-resistant materials.

This year the laboratory facilities were aug-
mented by completion of a test chamber for fire-
resistant hydraulic fluids. The chamber includes
equipment for spray-ignition testing and wear-
















six major technologies. The following examples
are highlights from this program.

A study was carried out by the Sandwell Beak
Research Group to evaluate the potential of
Athabasca bitumen and a bitumen-derived heavy oil
as solvents for the liquefaction of a variety of
Canadian coals. These batch autoclave tests were
run at various ratios of carbon monoxide to
hydrogen as reducing gas and in the presence of
selected liquefaction catalysts. Further tests
are being carried out to clarify some of the re-
sults from this study, but initial indications
are that bitumen can serve as an acceptable sol-
vent for the liquefaction of some coals. A
similar study by Saskatchewan Power Corporation
usging Lloydminster heavy oil as solvent will be
completed in the fiscal year.

Investigations into the flash hydropyrolysis of a
variety of Canadian coals were carried out by the
chemical engineering departments at McGill and
Waterloo Universities. These studies were aimed
at developing a precise feeder system for solids,
at using fluidized-bed reactors for coal lique-
faction, and at determining the effects of coal
type and hydrogenating agent on the yields and
composition of products. Initial results were
promising but final reports have not yet been
received.

Nuclear Energy

Utilization of the energy value of nuclear fuels
such as uranium involves a geries of steps from
resource assessment to power generation. The
lead role in this work is taken by Atomic Energy
of Canada Limited, a government-owned corpor-
ation, where the emphasis is on the power genera-
tion step. CANMET, because of its tradition of
expertise in mining and metallurgy, assumes a
large share of the responsibility for ensuring
that future reactor fuel supplies are produced as
efficiently and inexpensively as possible, with
due regard for potential environmental conse-
quences., The uranium resource assessment work
was described earlier in this review. Its re-
search on uranium mining and environmental pro-
tection is described later under the Minerals
Program. The discussion below deals with the re-
covery of uranium from ores, and the critical
need for high-quality materials for heavy-water
plants.

Uranium Extraction - Uranium processing has been
of major interest for CANMET since the early days
of Canada's nuclear program. The aim in current
research is to improve the existing uranium ex-
traction technology bg removing hazardous radio-
nuclides (e.g., Ra 26, Th230 Pb210  ete.)
from the effluents and by extracting potentially
valuable byproducts, such as thorium and rare
earths, Reduction of operating costs is also
important because possible environmental
restrictions might otherwise render operations
uneconomic. New approaches such as bacterial
leaching are also studied. A supportive but also
essential element of the program is the develop~
ment of improved methods of chemical analysis.
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Two major uranium extraction projects are under
way. The first deals with sulphuric acid leach-
ing followed by ion exchange or solvent extrac-
tion to improve recovery of metals and economics,
and to produce effluents that are environmentally
acceptable. The second is concerned with alter-
natives to sulphuric acid technology that will
improve uranium and byproduct recoveries and
minimize the environmental impact of mill opera-
tions.

As in all of the mineral and energy research,
there has been emphasis on low-grade resources.
In one study, low-grade ores from Copconda and
Burnt Lake, analyzing 0.006% U30g, were
assessed for amenability to bacteria-assisted
leaching. The tests, using minus 2-mm (10-mesh)
material, indicated that both ores are 1leached
when iron is added to ‘the bacterial 1leach
medium. The high-grade but extremely complex
Saskatchewan ores that contain arsenic and nickel
are being studied as well.

Scientists have also been working to optimize the
conditions for solvent extraction of uranium and
of precipitation in the mill ec¢ircuits. In sol-
vent extraction the interest is in the mechanism
of crud formation and in ways to prevent its for-
mation or treat it to recover valuable organic
extractants, thereby removing organic contamin-
ants from the tailings. In continuous tests in a
mixer-settler circuit, crud was produced in both
extraction and stripping circuits. There appears
to be uranium precipitation in the strip circuit
similar to that obtained in the mill operation.
The problem of excessive amounts of silica in the
ion-exchange/precipitation ec¢ircuit, which can
lead to the formation of a stable emulsion in
subsequent refining, is being addressed in
another study.

A cooperative project is also being conducted
with Eldorado Nuclear Limited to develop and
test, on a pilot-plant scale, a process to re-
cover U308 from Beaverlodge mnmine water, while
demonstrating single-stage continuous ion ex-
change in a deep fluidized-bed colummn on a large
scale. The first pilot-plant run decreased the
U308‘from 9 to 3 ppm and produced an eluate con-
taining 0.9 g U308 per litre. Improved elution is
expected to improve extraction and thus decrease
the uranium level presently being discharged to
the tailings pond. Yellowcake was produced at the
site.

Removal of "poisons" such as silica, elemental
sulphur, molybdenum and tetrathionates from anion
exchangers used in uranium processing is the sub-
ject of another study. Sodium carbonate and cal-
c¢ium hydroxide are being examined as alternatives
to the more costly caustic soda for removing
tetrathionates.

The alternatives to sulphuric acid technology
being pursued include continuous high~temperature
chlorination, hydrochloric acid leaching and
chlorine-assisted leaching.

The chlorination work has been done in a vertical







A small bench-scale project was also conducted to
assess the potential of gasification of biomass
to synthesis gas and to evaluate the role of
catalysts in the process. Using waste material
stripped from full-tree chips during the debark-
ing process, the researchers concluded that pot-
assium carbonate is an effective catalyst. Below
700°C, the conversion rate is not influenced by
the potassium- carbonate catalyst or by steam.
With steam, the rate increases markedly above
T700°C because of the onset of the steam-carbon

reaction. Either steam or the catalyst causes
major changes in product distribution. Both
increase the selectivity of the formation of

carbon monoxide and hydrogen. The catalyst is
equally effective whether added as a dry powder
or impregnated as an aqueous solution.

Wood for Space Heating - Concern among home~
owners over the cost and security of supply of
conventional heating fuels has led to a dramatic
increase in heating with wood:. The lack of ob-
jective data on which claims about woodstove ef-
ficiencies can be based has prompted the develop-
ment of a technique for measuring efficiency and
to compare the relative performance of generic
types. Results indicate that sidedraft and hori-
zontal-baffle designs offer greater efficiency
and less creosote formation than conventional
stoves. Field trials have also shown that, pro-
perly installed, a good sidedraft stove can re-
duce fossil fuel requirements for the homeowner.

Researchers also compared the performance of. a
dry hardwood (maple) .and compressed  wood
briquettes in three woodstove  types. The
briquettes tended to generate more hydrocarbon
and carbon monoxide emissions in an ‘airtight box
stove, and presented an overheating hazard in a
non-airtight stove. The two fuels performed
equally well in a Scandinavian baffled stove.

Combustion of Wood Wastes -~ In a collaborative
study with industry, studies were conducted on
the .comminution and combustion performance of
pelletized wood waste in a pilot-scale, pulver-
ized fired boiler which normally burns coal. The
low bulk density of the wood led to plugging of
the pulverizer but this is unlikely to be a pro-
blem in full-scale equipment. The pellets burned
well but only with oil support. Emissions were
low.

Energy Transportation

The geographical features of Canada, such as the
great distances and difficult terrain, present
serious challenges. to engineers involved in
transporting energy to market. This is particu-
larly important when new sources of supply are
being developed in remote locations. The poten-
tial of such sources in meeting future energy
needs has helped provide the impetus for work on
coal, gas and oil transportation. In addition,
the work addresses the more general, persistent
issues of transportation cost reduction, safety
and reliability. Special needs are also being
considered, such as the use -of coal-water slur-
ries for hydraulic mining and moving coal from
mines to centrally-located washeries.
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Coal in Slurry Pipelines -~ The focus in CANMET's
work on ‘coal slurry pipelines is on its effects
on coal properties and on separation of the coal
from the slurry. Two Western Canadian coals were
exposed this year to a variety of common inor-
ganic corrosion inhibitors such as sodium hy-

droxide, sodium silicate, potassium dichromate
and lime.

Under experimental conditions that match or ex-
ceed the severity of pipeline conditions, the
caking properties of the coals, or their ag-~
glomerating and softening tendencies, were not
significantly affected. However, the coking pro-~
perties such as free swelling index, dilatation,

and softening point degraded quickly.

The possibility of transporting coal in oil in
under-utilized oil pipelines is raised from time
to time. The technical feasibility of separating
the slurries to recover the oil for refinery feed
remains to be thoroughly explored. Potential
contaminants of the recovered oil include oxi~
dized organic constituents and inorganic material
such as clays. The coal must also meet end use
requirements. The separation envisioned would
likely comprise a mechanical step -~ filtration or
centrifugation - followed by fluidized-~bed
evaporation of oil from the cake.

Filtration in a filter press at 400 kPa produced
a cake containing about .15% oil. The cake was .
washed with varsol to aid evaporation. A pre-
liminary assessment showed that centrifugation is
likely to be much cheaper than pressure filtra-
tion, and that fluidized-bed evaporation would be
feasible at temperatures low enough to. prevent
the destruction of caking properties.

CANMET is coordinating Canada's contribution to
an IEA investigation of transporting coarse coal
up to 50 mm in size in water pipelines. Such
coarse coal transport would have the advantage of
eliminating the crushing associated with pre-
sently-practised fine coal slurrying, and would
substantially reduce the cost of drying the coal
after transport. _ .

Coarse coal-water slurry .transport could be of
particular value in moving coal from new mines to
existing railheads, particularly in the 50-100 km
range. It also has potential for transporting
coal mined underground to surface. Current work
includes testing a variety of coals in a major
pipeline test loop run by Saskatchewan Research
Council, and evaluating a sensor to measure
slurry density, and hence volume of coal moved,
without disturbing the flow.

Materials for Natural Gas Pipelines -~ Nine years

of research has led to the creation in the public
sector of a body of expertise on the metallur-
gical properties of 1line~pipe steels. Dis-
semination of this knowledge in the form of in-
formation and advice, whether to policy-makers,
regulatory agencies, industry or the general
public, is a principal objective. During the
year, as Canada's two line-pipe mills moved in-
crementally closer to a fully viable, commercial
Grade 70 product, CANMET's work continued. Work
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solutions, where sulphate is removed by precipita-
tion of gypsum. ’

Sulphate buildup during the leaching of sulphide
concentrates in ferric chloride solutions will
present severe operating problems. Jarosite pre-
cipitation is being investigated as a means of
controlling both sulphate and iron concentrations
in such operations. Preliminary investigations
on Jjarosite formation from concentrated chloride
solutions containing low concentrations of sul-
phate were completed and the results have been
published,

As part of the solution purification investiga-
tions, a study on the cementation of cobalt from
synthetic zinc chloride solutions has been com-
pleted. The purification of lead chloride solu-
tions by cementation techniques is also being
studied. Both basic and practical aspects of sil-
ver and copper cementation from lead chloride
leach solutions are being examined.

An evaluation of fused salt electrolysis as a
route to electrowinning lead has also been com-
pleted. Based on this survey, compositions and
temperatures suitable for fused salt electrowinn-
ing were selected. The results of this evaluation
and survey have been published.

Zinc is a common impurity in lead concentrates and
a buildup of zinc chloride in the hydrometallurgi-
cal lead process solutions would be expected.
Zinc can be removed by the aqueous electrolysis
of its chloride, CANMET has initiated a study to
investigate the parameters - solution composition,
temperature, current density, deposit morphology,
etec. - affecting the recovery of high purity zine
from aqueous chloride media, and to determine the
conditions, cell design and materials of construc-
tion that could be employed for a commercial cell.
A diaphragm-air sparging cell has been designed
and constructed. Smooth, compact, dendrite-free
24-h zinc deposits have been electrowon at 095%
current efficiency from aqueous zinc chloride
electrolyte. Further investigations are being
conducted on the effects of various metallic im-

purities and additives on the morphology and

orientation of these 24-h zinc deposits.

Processing of Ferrous Ores - CANMET research in
iron ore processing is aimed primarily at improv-
ing process technology to enhance Canada‘'s compet-
itive position in world markets. In conjunction
with the Canadian Steel Industry Research Associ-
ation (CSIRA), some fifteen problems were defined,
related to iron ore recovery, grade, pellet quali-
ty, energy consumption and environmental impact.
During 1979, representatives of the Canadian iron
ore producers met as the Iron Ore Technical Task
Force to discuss priorities among these problems.
The top priorities were identified as: tailings-
removal of colloidal iron, water recycling, and
fine ore recovery; concentrate-alkali and phos-
phorus removal; ore characterization and variabil-
ity; pelletizing characterization of bentonite,
process improvement and substitute binders.

CANMET work in 1979 was constrained by the availa-
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bility of pfofessionél peréonnel.

Heat balance
and material balance programs were made available
to the iron ore companies, and an effective liai-
son on heat balances was developed between one
company and Waterloo University. One company in-
itiated field trials of techniques developed by
CANMET for the removal of colloidal iron from
"'red water".
An initiative to organize a cooperative research
group in electric arc furnace technology has been
delayed awaiting a review by CSIRA.

" Bentonite is a common concern to Canadian iron ore

producers due primarily to rising costs and deter-
ioration in quality of the Western types. Another
problem area outlined by the Iron Ore Technical
Task force was that of ore variability., These two
problems are currently being investigated.

The iron and steel industry is dependent on high
quality coke for use in blast furnaces. A major

Hconcern is the high cost of coke which requires

o Premium grades of coal., An ironmaking process has
3 been developed in which composite iron ore-coal

> pellets are smelted to produce liquid iron. Theo-
15 retical and bench-scale studies have determined

A

the manner in which individual composite pellets
react, their compositional 1limitations and the
chemical compositions of the resultant slag and
iron. The theortical basis for this process has
been developed and preparations for hot-model
'pilot-plant" trials are continuing.

Processing of Industrial Minerals

Alumina - Canada's aluminum industry is completely
dependent on imported bauxite or. alumina as the
raw material. To guard against possible interrup-
tion of supply due to political sanctions or un-
realistic prices, CANMET is participating in a
joint program with the U.S. Bureau of Mines to
evaluate processes for producing alumina from do-
mestic resources. Both acid and alkali leach pro-
cesses are being investigated on various domestic
sources, such as anorthosite, clays, coal rejects,
and fly ash.,

Work on the development of aluminum acid extrac-
tion processes for coaly waste, anorthosites and
fly ash continued during the year. Laboratory
work on the acid extraction of aluminum from flui-
dized-bed ash of Hat Creek coal waste was complet-
ed and a report issued. The work involved a study
of combustion temperature and its effect on alumi-
num extraction in hydrochloric or sulphuric acid.
Various leaching parameters such as time, tempera-
ture, acid concentration and particle size were
investigated.

Based on the determined leach parameters, work
continued on the HCl gas sparge process. Low tem-
perature calcination at U400°C followed by water
leaching was devised to reduce the Mg and Cr im-
purities. Phosphorus was the one impurity that
remained over target concentration in the process.

Solvent extraction and ion exchange are being in-

vestigated as potential methods of separating




these impurities.
cess was developed,

A flowsheet for the entire pro-

Specification~grade alumina could not be made with
the HCl-gas sparging process employing fluidized-
bed ash as feed. Consequently, a process was
developed wherein crude alumina was produced by
an HCl process and purified by a caustic process.
This caustic process is similar to the Bayer pro-
cess except that the digestion temperature and
pressure is lower and that silica removal is not
required. Precipitation of aluminum trihydrate
resulted in an alumina product that met all purity
specifications for cell grade alumina. Work on
this process in continuing.

Leach tests on the extraction of alumina from a
number of Ontario anorthosites were completed.
Extractions varied from 18% to 88% indicating that
not all anorthosites are amenable to acid dissolu-
tion. Alumina was also leached from samples of
three Canadian fly ashes with either hydrochloric
acid or a mixture of hydrochlorie-~hydrofluoric
acid. Depending on leaching conditions, between
29% and 75% of the total alumina was extracted.

Alkaline extractions of alumina by the lime-sinter
and modified lime-sinter processes, were performed
on two samples of coaly waste from the Hat Creek
deposit in British Columbia. The modified lime-
sinter process employs the addition of some soda
ash. The relative extraction efficiencies of
these processes were found to depend on the quali-
ty of combustible material in the sintering
charge. When the ash content in the coaly waste
was greater than 30%, the modified lime-sinter
process gave better alumina extractions.

These two alkaline processes were also tested on
five Ontario anorthosite samples. A sample from
the deposit near Parry Sound yielded the best alu-
mina extraction of approximately 85%. Nepheline
seynite from the French River deposit in Ontario
provided an extraction of 60% by the lime-sinter
process. Both investigations were reported.

Additional studies on the alkaline extraction pro-
cesses 1lnvolved detailed investigations on aspects
of the lime-sinter process as applied to the Lac

St. Jean, Quebec, anorthosites; examination of
leach residues from the modified lime-sinter pro-
cess and their possible utilization; and research
on silica removal from sodium aluminate liquor.

These processes, using non-bauxitic raw materials
for the production of alumina, were compared with
the Bayer process for bauxite. Because of the
energy content that can be utilized for combustion
during calcination, The Hat Creek coaly waste,
when treated by the HCl-caustic extraction and
purification process, or by the modified lime-
sinter process, compared favourably with bauxite
in the Bayer process.

Mineral Insulation - Most of the mineral thermal
insulation produced in Canada is made from rela-
tively expensive imported raw materials. Only a
small percentage is made from domestic low-cost
materials. The process used for insulation pro-
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duction is not well advanced technologically and
suffers from environmental and energy related
problems.

CANMET is investigating less energy intensive and
more environmentally acceptable processes for pro-
ducing mineral thermal insulation from indigenous
inexpensive raw materials. Process parameters
such as melting and fiberizing are being investi-
gated using a recently installed submerged elec-
trode resistance furnace. Viscosity relations of
melted glass and the agglomeration and recycling
of waste materials are being studied under con-
tract. A review of published information on the
distribution of materials suitable for production
of mineral insulation is being prepared along with
a survey of current information on processing.
Mathematical analysis of the various melt para-
meters and their effect on surface tension have
been completed.

CANMET R & D on the utilization of mineral-based
materials aims at improved international competi-
tiveness in selected downstream products that de-
pend on the resource base and have significant
value-added components. Projects are designed to
develop new uses, improve behavioural characteris-
tics, and increase quality of mineral-based mater-
ials. Consequently, the range of work including
metal-forming technology, metal-casting techno-
logy, mitigation of corrosion and wear, durability
of concrete, and certification of reference mater-
ials, gives the Utilization Sub-Activity consider-
able diversity. The focal point for this mineral-
based materials technology development is the
first priority in Canada's evolving mineral poli-
cies -~ "Industrial development and diversifica-
tion",

Integrity of Metallic Materials ~ The suitability
for service of metallic structures depends upon
the tolerance of the material to flaws which in-
variably exist. Welds, in particular welds in
thick walled pressure vessels and oil pipelines
where public safety and environmental damage are
of concern, are a primary source of defects intro-
duced in the manufacturing process. CANMET is
pursuing the goal of improved integrity of metal-
lic structures by developing non-destructive eval-
uation methodology for identifying, quantitative-
ly, weld defects and by relating defect size and
shape to resulting mechanical properties; particu-
larly toughness as measured by destructive impact
tests. Residual stresses in weldments, reduced
toughness in heat-affected zones adjacent to weld-
ments, and deterioration of weldments and parent
metal due to environmental interactions, are com-
plementary areas of technological concern in im-
proving the integrity of metallic structures.

During the past five years, there have been a num-
ber of pipeline failures by a mechanism identified
as corrosion fatigue. This phenomena is a func-
tion of the size of a flaw introduced in pipeline
manufacture, e.g., depth of a weld-toe crack or
concentration of an active corrosive agent such
















A double-spiral fluidity test casting was used to
determine the effect of different mould materials
and mould castings on the fluidity or castability
of two commercial aluminum casting alloys. To
verify the results of the fluidity test, a thin-
walled casting was designed and produced. This
test 1is now available to Canadian non-ferrous
founders who may wish to supply the expanding mar-
ket for thin-walled automotive castings.

The manner in which molten metal enters a mould
cavity can have a marked effect on the quality of
the resulting casting. Despite this, few foundry-
men utilize good gating design in their moulding
practice. Work has been undertaken at CANMET to
improve gating design practice in. the Canadian
foundry industry. To achieve this, a computer
model has been developed to predict the flow of
liquid metal in sprues, runners and ingates. Good
correlation was achieved between the actual and
predicted manner in which iron and aluminum filled
a horizontal runner/ingate system,

In work on gas in copper alloys, an apparatus was
constructed to measure the gas content of these
melts in the foundry. Testing indicated that the
relative gas contents of short and intermediate
freezing range alloys, such as aluminum-bronze and
cupro-nickel, could be determined with sufficient
accuracy and reproducibility to become an accept-
able foundry process control instrument. Demon-
strations of the applicability of the apparatus
to commercial foundry operations are currently un-
der way.

Related work on casting technology included pro-
jects on cast copper tuyeres, "black spots" in
Mg~-Zr castings, and grain refining methods in alu-
minum~free steel castings. The cast copper tuyere
work was undertaken to assist Canadian foundries
to switch from producing single-compartment cast
copper tuyeres to two-compartment tuyeres and thus
become competitive with off-shore suppliers.
Black spots are being investigated to develop met-
hods of eliminating these defects from Mg-Zr cast-
ings. In grain refining methods, the effect of
heat treatment in the intercritical temperature
range on the toughness of thick section (50-mm)
plain carbon steel castings, with and without nio-
bium additions, have been assessed. Conventional
double normalized heat treatment produced superior
toughness. :

In the era of soaring energy costs, CANMET has in-
stituted a program of identifying and quantifying
opportunitites for energy conservation in metal
melting, handling and heating operations. Three
aspects are currently being  .investigated: ladle
preheating with gas torches, liquid metal insul-
ants and cupola melting operations.

Ladle preheating is critical in steel foundries
as the difference between furnace tapping temper-
ature and mould pouring temperature should be
small, Tests in CANMET's experimental foundry
with a commercial gas torch and a 250-kg ladle in-
dicated that the most important variable in pre-
heating efficiency was the use of ladle covers.
Gas savings of up to 50% were obtained in tests
of various covers. Tests to determine the effect-
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iveness of various insulants used on the surface
of molten steel in transfer ladles and tundishes
indicated that the furnace power required to keep
the metal temperature in the holding crucible con-
stant could be reduced by 25% when insulants were
used as a cover.

Improved efficiency of Canadian cupola melting
operations offers direct and indirect energy sav-
ings through increased melting efficiency and re-~
duced metal scrap. Accordingly, an industry-wide
program was initiated to measure cupola efficienc-
ies and to relate them to operating practices.
All on-site testing has been completed with data
obtained from 30 foundries across Canada. The
findings indicate that approximately 20% of the
cupola operations were efficient and little im-
provement could be obtained without™ substantial
new investment, 60% could achieve small yet signi-
ficant improvements through changes in operating
practice, and 20% could achieve substantial gains
in efficiency through changes in practice and re-
pairs to malfunctioning equipment. Final reports
describing -specific losses in efficiency and sug-
gesting corrective measures are being prepared for
each foundry.

As part of the transfer of CANMET foundry research
information to industry, two 1issues of the
Canadian Foundry News Letter were published., Con~
siderable interest has been generated by the pub-
lication with numerous requests received for cop-
ies of the CANMET reports listed.

To guide future research and development projects
at CANMET, an assessment of the technological cap-
abilities of the foundry industry was completed.
The industry's major concern was to upgrade its
technical competence by training more engineers
and technicians.

Powder forging, a process that offers both mater-
ials and energy savings, has found little applic~
ation in Canada. CANMET is currently examining
the feasibility of producing tool steels by pre-
form forging.

Research and development on high strength copper-
nickel alloys and manganese-nickel-aluminum bron-
zes has continued with support from the Department
of National Defence (DND). Two practical results
of the efforts to date have been: a three day
seminar/workshop on "Foundry Technology for Copper
Casting Alloys" attended by - 42 representatives
from 25 foundries, and the casting of two sSets of
eight hydraulic manifolds for submarines by a
Southern Ontario bronze foundry., These castings,
required for routine refitting, were previously
purchased by DND from Britain.

In the laboratory, welding studies on cupro-nickel
alloys were completed and work on nickel-aluminum
bronzes commenced. R & D aimed at improving the
resistance of nickel-aluminum-bronzes to dealumin-
ification was completed, and recommendations were
made for controlling dealuminification in terms
of optimum alloy composition and the heat treat-
ment of castings.

Following DOT's decision to prolong the shipping




season in coastal waters, Coast Guard ice-breakers
encountered more severe ice conditions resulting
in several propeller failures. These propellers
are made of manganese-nickel-aluminum bronze, and
the evidence suggests that the impact properties
of these alloys is lower than expected by supplier
and user alike. As a result, CANMET has under-
taken to determine the effect of composition and
heat treatment on the mechanical properties of
these bronzes.

The increasing demand for higher strength, tougher
steel products for the energy and transportation
industries is creating the need for both higher-
powered rolling mills and more effective use of
existing facilities where possible. To optimize
both product properties and productivity of roll-
ing mills, it is necessary to predict the power
requirements for various alloys and rolling sched-
ules from measurements of metal flow stresses as
a function of strain rate and temperature. To a-
chieve this, the 460-mm rolling mill has been in-
strumented to measure various mill operating para-
meters such as power, separating force, time and
temperature. Programs have been written to record
these data using a minicomputer. During 1979,
mill operating data were recorded for a wide range
of high-strength steels, particularly dual phase
and titanium-nitrogen (TiN) steels. Rolling data
from laboratory simulation of the finish rolling
schedule for an X-70 grade line pipe steel were
collected for correlation with data from an indus-
trial mill. A new computer program was also writ-
ten to provide for on-line computation between
passes of rolling power for a given thickness re-
duction. In addition, a two-day seminar, entitled
“Analyses of Flow Stresses and Rolling Mill Sched-
ules to Improve Productivity" held at CANMET, was
well attended by representatives from industry,
universities and government. Plans are under way
to coordinate a second seminar.

The pipelines of the mid-to-late 1980's will pro-
bably require line pipe with higher mechanical
properties than X-70 grade. One possible process
to produce higher strength line pipe is to quench
controlled-rolled plate directly off the mill.
Previous results have shown that X-100 grade ma-
terial can be produced using the CANMET rolling
mill and quenching facilities. Work in 1979-80
was aimed at completing the characterization of
mill weldability of direct quenched plate, deter-
mining the susceptibility of the plate to hydrogen
cracking, and evaluating the preferred orientation
of the plate.

Further aspects of metal fabrication technology
currently under investigation involve determining
alloy compositions and thermomechanical processing
schedules required for more weldable, tougher, and
abrasion resistant plate steels for the mining in-
dustry; evaluating quenched and tempered rods for
use in grinding mills; and ascertaining the opti-
mum consumables and welding parameters for mill
and field welding of X-70 grade line pipe steel.

Conservation

The need for conserving minerals and metals, and
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Instrumented Charpy V notch testing machine for
determining impact energy of line-pipe steel as a
measure of resistance to brittle fracture

consequently, energy, is self-evident. Conserva-
tion can be effected in the main by optimizing the
use of metals in fabricated products, developing
substitute materials, finding uses for what are
now considered waste products, and increasing re-
cycle ratios through technological innovation.

Mineral Wastes -~ In an effort to publicize the ex-
tent and availability of primary mining and miner-
al processing wastes in Canada and to stimulate
interest in their utilization, data are being com-
piled on their occurrence, physical and chemical
characteristics, and potential uses.

Investigation of samples of waste rock and mill
tailings from operting mines in the Atlantic Pro-
vinces was completed. The report on mining wastes
in British Columbia has been distributed to mine
operators in that province, to government agen-
cies, and to individuals and companies having in-
terest in these wastes and their re-use potential.

Information on metallurgical wastes from iron and
steel manufacturing plants in Canada has been re-
ceived and is being compiled. Various waste sam-
ples including slag, dust and sludge from these
plants are being processed and analyzed.

One of the potential uses of mineral wastes is in
mineral fillers. Field work and laboratory stud-




ies of select mineral waste samples for this use
are nearing completion and a preliminary evalua-
tion report is scheduled for early 1980.

Environment, Health and Safety

Strlngent controls on’ ﬁe%ﬁorking environment and
on liquid and gaseous effluents from mining and
metallurgical operations have imposed serious con-
straints on the industry. Because research funds
4°ﬁ$pentuon these environmentally related issues sel-

?t+ dom provide a return dn investment, industry tends
to minimize such expenditures and to develop

4“ short-term remedies. Long-term technology devel-
. opment to ensure proper resolution of environment,
Q{i health and safety issues is \pherefore dependent

on goyernment initlatives. CANMET, in cooperation

'¢2E w1th %@Heral and grov1nclal agencles, is a major

(‘\’( contrlbutor to thé development of.._technology-—re=»
guired—to~ensure~long~term.solutions.-to--these--pro-
“blems. ‘

h \ Underground Environment - The objective 'of this
5 L, work is to develop control methods capable of re-
/71\ ducing levels of dust, radiation, various fumes,

and noise in underground mines so that workers!'
average levels of exposure are significantly below
provincial and federal standards.

The sampling and analysis of airborne dust in
mines have been under investigation by CANMET
staff for several years. In the past year alone,
several thousand silica determinations. were run
for clients across Canada. Research efforts dur-
ing 1979 focussed on determining the relationship
between dust size distribution and thoron daughter
content; development of a specific fibre instru-
ment capable of determining asbestos concentra-
tions in airborné dust samples; and statistical
evaluation of quartz dust and total respirable
dust data collected during sampling campaigns at
two mines in the Elliot Lake area. CANMET's ef-
forts in the development of the:CAMPEDS personal
dust sampling apparatus are being rewarded as the
unit is gaining acceptance from provincial mine
inspectorates and mining companies alike.

With the exception of noise, the best means of re-
ducing underground health hazards is to provide
adequate ventilation. To this end, CANMET is
developing mathematical models of underground ven-
tilation networks that will define the method,
gquantity and distribution of fresh air for every.
working area so that the average levels of. air-.
borne contaminants are reduced .below existing
standards. Models have been developed to calcu=
late airway resistance and other ventilation para-.
meters, and radon daughter growth in ventilated
tunnels. Tests are continuing with SFg tracer
gas to determine mine air residence times. In ad-
dition, a comprehensive study was completed on
radiation, ventilation and dust variables in un-
derground mines in the Elliot. Lake and Agnew Lake
regions., The final network ventilation model 1is
being formulated to incorporate all these measured
variables when defining underground ventllatlon
system requirements.
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A 3000-L radon gas box calibration facility now
near completion for measuring the amount of radi-
ation in mines

Last year, the Elliot Lake/Sudbury Ventilation
Group identified a need for a training module for
ventilation technicians to bridge the gap between
theory and practice. Consequently, a manual was
prepared demonstrating the proper methods of us-
ing, checking and maintaining instruments, the
proper choice of locations for sampling, and the
measurement of various ventilatlon parameters.

CANMET and the. U.S. Bureau of Mines are conducting
a cooperative study of radiation problems related
o uranium mining. Instrumentation to accurately
and quickly measure radon and radon daughters is
being developed at CANMET. Underground technical
evaluations of two alpha-particle personal dosi-
meters are in progress and the CANMET-designed and
~developed Canalph~3 alpha-spectrometer has been
contracted - out for commercial production. A
"flow-through™ radon gas system has been designed
for the purpose of making laboratory measurements
of radon emanation from ores.

Using the CANMET developed "Noise Monitor Hat",
noise exposure measurements of 650 operating per-

;










where necessary. Employing a titrimetric method,
CANMET recently developed a procedure for the di-
rect determination of sulphate in the presence of
thiosalts.

Studies continued on the generation of thiosalts
during the milling of sulphide ores. Testing of
Brunswick Mining and Smelting Corporation (BMS)
ore in CANMET's continuous process development
unit (CPDU) indicated that approximately 1000 g
thiosalt per ton of ore were generated during mil-
ling. Thiosulphate was generated primarily during
grinding and conditioning and trithionate during
scavenging. A comparison of the rates of genera-
tion of thiosalts by BMS ore versus the rates for
individual mineral components of the ore, indicat-
ed that pyrite was the largest contributor to
thiosalt generation.

Destruction of thiosalts in mill solutions through
oxidation with SO, plus air, charcoal plus air,
and chlorine was examined. Only the chlorination
process proved technically successful, but had a
major economic drawback due to operating costs,
estimated at $6 million per year for the BMS oper-
ation. A similar economic drawback was encounter-
ed for the electro-oxidation process.

Bacterial oxidation is one of the few processes
that appears to be economically and technically
feasible for treating mill effluent containing
thiosalt. At optimum conditions, the bacteria
thiobacillus thiooxidans can consume or oxidize
38 mg/h thiosulphate in a solution containing
.2000 mg thiosulphate. Testwork is continuing on
the development of mixed cultures of these micro-
organisms and selection of optimum conditions for
the efficient oxidation of all thiosalt species
present in mill effluents.

Pyrometallurgical Emissions - The emission of un-
desirable elements during the pyrometallurgical
processing of ores, concentrates and metals is of
concern to federal and provincial health and envi-
ronmental authorities, private industry, and the
public. Sulphur oxides, arsenic, mercury, lead,
selenium and tellurium are Jjust some examples of
toxic elements emitted in the off-gases of roast-~
ing and smelting operations. Sulphur dioxide has
recently gained notoriety for its 1link to acid
rain formation. CANMET's objectives are to pro-
vide fundamental data on the form and distribution
of the major toxic elements encountered in
Canadian non-ferrous pyrometallurgical processes,
and to develop and evaluate economically attrac-
tive methods for controlling these gaseous and
particulate emissions.

Analytical methods are being developed to rapidly
and accurately determine trace quantities of these
toxic metals in various sediments, sulphide ores,
concentrates, dusts and solutions. A study is un-
der way to characterize mercury sources in ores
and concentrates according to mineral origin. The
development of a fluidized bed-type scrubber for
the removal of mercury from gaseous emissions is
continuing. Compilations of process flowsheets
and mass balances for mercury and arsenic in
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Canadian non-ferrous metal processing plants are
in progress.

As a result of CANMET's participation in the Non-
Ferrous Smelting Industry Task Force, input is be-
ing provided for reports and regulations relating
to emissions in the smelting industry.

Plant Environment - To alleviate health and safety
problems associated with asbestos fibre dusts gen-
erated during dry processing of asbestos ores,
work is being carried out to develop the basic
unit operations required for wet asbestos process-
ing, and to evaluate these techniques on the basis
of their technical and economic viability.

Testing of the CANMET developed cone-type classi-
fier for primary wet fibre separation is continu-
ing. Results indicate that the recovery of liber-
ated fibre from the wet asbestos separator is
somewhat better than that from a laboratory dry
separation technique. Some entrapment of dust and
short fibre in the long fibre was encountered, and
was attributed to possible opening of long fibre
by water. Further work is planned on the entrap-
ment aspect as well as overall cone-classifier
performance to gain better understanding of the
water/solids system.

‘Transgortation

To develop and promote new and improved materials
for Canadian transportation systems - both public
and private - is the major goal of CANMET's ef-
forts in transportation R & D.

Materials for Transportation - The continuing
growth of bulk commodity traffic on railroads is
causing increased rail wear, especially on curved
track. One approach to this problem is the use
of improved premium rail. The objective of this
CANMET project is to contribute to the development
of a better rail. In particular, the aim is to
develop technology to produce an economical, weld-
able premium rail that can be manufactured in
Canadian rail mills with minimum modifications to
existing facilities.

There are several aspects to this project. They
range from the characterization of existing pre-
mium rails and their failure modes to the develop-
ment of alloy compositions, processing technology
and welding procedures for improved premium qual-
ity rail.

During the past year, considerable progress was
made towards winding up work on the evaluation of
existing premium rails. The objective of this
work has been to provide base-line data against
which progress in developing an improved premium
rail could be assessed. In the course of this
phase of the project, the metallurgical and me-
chanical properties of a number of quenched and
tempered alloy rails, including rail from the
Soviet Union, were determined.
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MINERAL AND ENERGY TECHNOLOGY INFORMATION

Through research publication, seminars, technical
advice to policy makers, assistance to industry
with technological problems in extracting, pro-
cessing and utilizing mineral and energy resour-
ces, through assessing and creating significant
information resources, and making them readily
available to the Canadian public, CANMET in

1979/80 continued to make important contributions

to the economic well-being of Canada. The Techno-

logy Information Division, (TID) in collaboration
with the research staff contributed to this objec-
tive specifically by:

(1) selecting, acquiring and organizing relevant
information resources required to support
in-house research, and by acting as the na-
tional resource centre for world-wide litera-
ture in mineral and energy technology;

(2) preparing machine-readable abstracts and in-
dexes on various aspects of mineral and
energy technology to supplement existing com-
mercial abstracting and indexing services;
(3) disseminating technical information through
editing, transcribing, publishing and distri-
buting research reports by CANMET scientists
or private sector researchers working on
CANMET-sponsored projects;
(4) disseminating technical information and pro-
viding technical advice to policy makers,
scientists and engineers in government, in-
dustry and the universities on mineral and
energy technology through its inquiry re-
sponse and referral service.

Information Resources Development

As part of the national science-technology infor-
mation network, CANMET has a special responsibil-
ity to maintain an information resource collection
in mineral and energy technology, not only to meet
the demands of CANMET's research scientists, but
also to respond to the information needs of scien-
tists, technologists and decision makers through-
out Canada.

Towards this goal, the library acquired 2226 new
monographs, conference proceedings, technical re-
ports, etc., and more than 7500 research reports
on microfiche. Thirty-seven new periodicals were
added to the subscription list for a total of 2136
technical Jjournals providing world-wide coverage

of research and development in mining, mineral
processing, metallurgy and fossil-fuel energy
technology. Current inventory of the technology

information base stands at 177 406 items.

Information Processing

The library's Cataloguing and Classification Unit
processed and entered 1292 new items. Plans are
well advanced to introduce computer-assisted cata-
loguing in 1980/81 with an expected increase in
productivity through sharing of common data with
other libraries using the same UTLAS system.

The Mining Technology Information File (MINTEC),
publicly accessible through QL Systems since July
1979, was augmented by 1631 items. Significant
inroads were made to convert to machine readable
form components of this file created prior to
1973. These records, numbering about 6000 will
be added to the on-line file during 1980/81.

Public reaction to the on-line availability of
MINTEC has been most favourable. Use of the file
by researchers throughout Canada has been increas-
ing every month and several data base vendors out-
side Canada have shown interest in acquiring it
for distribution on their systems.

Conversion preparation for on-line implementation
of the Mineral Processing Technology File
(MINPROC) received considerable attention during
the year and despite some unforeseen difficulties,
it is expected to become accessible to the public
in 1980/81, commencing with approximately 3000
records.

Contributions of Canadian material to the Inter-
national Energy Agency's (IEA) Coal Technology
Data Base were maintained at the target level; 325
new records of Canadian origin were added. Preli-
minary work on this database containing about
25 000 items on recent world coal research and
development is complete and on-line implementation
in Canada is expected before the end of 1980.

A joint study with CISTI has been undertaken to
determine feasibility of a cooperative Canadian
Energy Data Base. Discussions were held with po-
tential contributors from across the country and
results indicate good potential and considerable
interest. Further study and discussions are plan-
ned for 1980/81 and a final report to senior man-
agement is expected late in 1980.



Information Dissemination

Reports describing CANMET research and development
in 1979/80 numbered 515, including 15 contract re-
ports. A large number of contract reports were
received too late for processing before the end
of the year but will be reported in 1980/81. De-~
tails on the type of reports produced are provided
in Table 1.

To deal with the heavy demand for CANMET publica-
tions resulting from wider publicity, arrangements
were made with a private company to distribute
copies of all new CANMET publications not normally
handled by Supply and Services Canada. The com-~
pany offers CANMET publications in traditional
print or microfiche formats, providing speedy re-
sponse and distribution services that would be
difficult to match with available in-house resour-
ces. The service is proving popular with the pub-
lic, and provides a greater awareness of CANMET
contributions to technology far beyond that poss-
ible through CANMET's distribution facilities.

Substantial progress was made in gathering some
6000 pre-1975 CANMET publications for microfilm-
ing. Target for public access to microfilm sets
and a printed index to these older but useful pub-
lications is late 1981.

The Technical Inquiries Section serviced a total
of 106 current awareness profiles; 65 of these
were based on databases provided by commercial
vendors and 41 on CANMET's own MINTEC file. As
part of this service, the library circulated more
than 47 000 copies of current issues of scientific
and technical journals to CANMET staff.

Over-the-counter loans from the library to EMR
staff continued at close to 24 000; loans to other
government departments and to industry, and aca-
demic libraries totalled 4968. )
The technical information service provided by
CANMET through its Technology Information Division

Uy

handled 2443 major inquiries relating to CANMET's
areas of expertise. A break-down by field and
source of inquiry is provided in Table 2. The
more than 25 per cent increase in inquiries over
the previous year clearly indicates the need, wide
acceptance and growing awareness of this service.

In addition to the more formal information dissem-
ination activities of TID, CANMET scientists and
engineers provided advice and technical informa-
tion relating to their own fields of expertise to
various personnel in Y495 companies, of which 411
were Canadian-based and 84 in other countries
around the world. Information and advice was re-
quested from and supplied to 181 government de-
partments and agencies, and 60 educational insti-
tutions, bringing the total techical inquiries
responded to by CANMET staff in 1979-80 to well
over 5000, ’

In other activities designed to exchange and dis-
seminate technology information, CANMET research
staff participated in more than 85 conferences,
and contributed to mineral and energy technology
development through participation in national and
international technical committees.

Exchange of publications with international agen-

cies, is a significant means of providing know-
ledge of Canadian expertise and development
abroad, as well as an important source of diffi-

cult~to-obtain information. The practice has been
continued and slightly expanded by the addition
of new exchange partners from Mexico, South Korea
and Poland.

In addition to the coal documentation already men-
tioned, TID, as the Canadian operating agents of
IEA's Coal Technology Information Service (CTIS)
and the Mining Technology Clearing House (MTCH)
continued to gather information on coal research
and development in Canada, distribute IEA publica-
tions on coal science and technology to interested
parties in Canada, and to act as the intermediary
between suppliers and users of coal information.

Table 1 - CANMET publications by category and source, 1979-80

Category MSL ERL MRL PMRL RPO MRP ERP ADM TID Total
CANMET Reports 22 8 5 3 2 I Lh
Presentations and :
journal submissions Ly 9 21 21 9 104
Unclassified, limited .
external distribution 72 20 T4 29 8 203
Unclassified, internal .
distribution 29 - 15 19 y 67
Confidential 8 27 10 37 82
Contract reports 15 15

Total 175 64 125 109 17 25 515

Number of confidential reports declassified - 95
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Table 2 - Inquiries processed by TID staff by subject and origin, 1979-80
Within Canada Outside Canada
- 2 -2
o o >
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Mining 142 39 153 103 265 72 8 14 54 29 879 35
Min Proc 176 16 38 34 141 36 14 13 26 9 503 21
Metallurgy 175 7 30 11 106 15 3 5 11 5 368 15
Energy 71 17 61 36 32 75 4 2 7 T 312 13
Coal 58 22 62 21 63 27 14 9 10 8 295 12
General 45 7 13 2 11 5 - 2 1 - 86 4
Totals: No. 667 108 357 207 618 230 43 45 109 58 2u42
% 28 y 15 8 26 9 2 2 4y 2 100
Total within Canada 2187 90
Total outside Canada 254 10
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APPENDIX A

CANMET PROFESSIONAL STAFF

DIRECTOR-GENERAL'S OFFICE

D.F. Coates; B.Eng., M.Eng., Ph.D. (McGill), B.A.,
M.A. (Oxford); D.Se. (h.c.) (Carleton); F.R.S.C.;
Director-General

V.A. Haw; B.Sc., M.Sc. (Queen's); Deputy Director-
General

RESEARCH PROGRAM OFFICE

V.A. Haw; B.Sc., M.Sc. (Queen's); Director,
Minerals Research Program (MRP)

D.A. Reeve; B.Sc., Ph.D. (Birmingham); Director,
Energy Research Program (ERP)

W.J.S. Craigen; B.Sc. (Queen's), P.Eng.; Assistant
Director, Processing (MRP)

G. Herget; Dipl. Geol., Ph.D. (Munich), P.Eng.;
Assistant Director, Mining (MRP)

R.J. Brigham; B.Sc., M.Sc. (McMaster); Assistant
Director, Utilization (MRP)

G.S. Bartlett; B.Sc., B.A. (Memorial); Economist
R. Sage; B.Sc. (Bristol), M.A.Sc. (Ottawa);
Assistant Director, Supply

I.C.G. Ogle; B.A.Sc., Ph.D. (UBC); Assistant
Director, Utilization & Materials

H. Sawatzky; B.S.A., M.S.A., Ph.D. (Toronto);
Assistant Director, Processing

TECHNOLOGY INFORMATION DIVISION

J.E. Kanasy; B.Sc., B.A. (Windsor), M.A.
(Michigan), Ph.D. (Pittsburgh); Chief of Division

LIBRARY

G. Peckham; B.A., B.L.S. (McGill); Chief Librarian
J. Hoy B.A., B.L.S. (Ottawa); Librarian

K. Nagy; B.Sc., B.L.S. (McGill); Librarian

I. Weniger; B.A., M.L.S. (Western); Librarian

TECHNICAL INQUIRIES

P.G. Sutterlin; B.Sc. (McMaster), Ph.D.
(Northwestern); Section Head

C.F. Dixon; B.Eng., (N.S.T.C.), P.Eng.; Metall.
Info. Off.

L.G. Hicks; B.Sc. (Memorial), B.Sc. (Queen's);
Min. Info. Off.

A.A. Ignatow; B.Sc., M.Se. (MeGill); Min. Proc.
Info. Off.

A.L. Job; A.C.S.M. (Eng.), C.Eng.; Min. Info. Off.
B.E. Lawton; B.Sc. (Queen's), P.Eng.; Coal Info.
off.

R.J.C. MacDonald; B.Sc. (St. Francis Xavier);

Min. Proc. Info. Off.

I. Slowikowski; M.A. (Ottawa), D.D.S. (Beirut);
Eastern Buropean Tech. Spec.

G.W. Taylor; B.Sc. (Queen's); Energy Info. Off.

PUBLICATIONS
C. Mamen; B.Eng. (McGill), Eng.; Section Head,
Editor

J. Collins-Decotret; B.A. (Ottawa); Ed. Asst.
(French)

TECHNICAL SERVICES DIVISION

E.K. Swimmings; B.Sc. (Queen's), P.Eng.; Chief of
Division

D.M. Norman; M.I.Mech. Eng. Borough Polytechnique
(U.X.); Engineer

ENERGY RESEARCH LABORATORIES

B.I. Parsons; B.Sc., Ph.D. (MecGill), D.Phil.
(Oxford); Chief of Laboratories

CANADIAN COMBUSTION RESEARCH LABORATORY

G.K. Lee; B.Sc., M.Sc. (Queen's), P.Eng., C.Eng.;
Manager

DEVELOPING ENERGY TECHNOLOGY

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

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

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

INDUSTRIAL HEAT PROCESSES

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



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

ENERGY CONSERVATION

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

R.W. Braaten; B.Eng. (Carleton), P.Eng.; Engineer
ENGINEERING DESIGN AND PROJECT MONITORING

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

QUALITY ASSURANCE

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

COAL RESOURCE AND PROCESSING LABORATORY

T.D. Brown; B.Sc. (Sheffield),
P.Eng.; Manager

J.C. Botham*; B.Sc.

(burham), Ph.D.
(Queen's), P.Eng.; Manager
ANALYTICAL AND EVALUATION SERVICES

Solid Fuels Analyses and Standardization

W.J. Montgomery; B.S.A. (Toronto); Phys. Sci.

J.Z. Skulski; Chem. Eng. (Wroclaw, Poland);
Chemist

L.C.G. Janke; B.Sc. (Wilfrid Laurier), B.Ed.
(Queen's); Phys. Seci.

Coal Treatment

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

Petrology

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

COAL AND PEAT RESOURCES

T.E. Tibbetts; B.Sc., B.Ed. (Dalhousie)j Res. Sci.

Evaluation Laboratory - Ottawa

D.K. Faurschouj B.A.Sc. (Toronto); Res. Seci.
J.R. Donaldson; B.A. (Acadia); Phys. Sci.

Evaluation Laboratory - Sydney, N.S.

G.W. Bonnell; B.Sc. (Dalhousie); Chemist
RESEARCH

B.J.P. Whalley; B.Sc., Ph.D. (McGill); Res. Sci.
Coal and Coke Constitution

B.N. Nandij; B.Sec., M.Sc. (Calcutta), Dr. Ing.;
Res. Sci.

L. Ciavagliaj; B.Eng. (Carleton); Phys. Sci.

A. Alias; B.Tech. (Warangah), M.A.Sc. (Windsor);
Phys. Seci.

¥Retired 29/12/79
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A. Gazley; B.Sc. (Carleton); Phys. Sci.
Metallurgical Processes

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

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

C.J. Adams; B.Sc., M.,Se. (MeGill), Ph.D.
(McMaster), P.Eng.; Res. Sci.

Gasification
R.A. Campbell; B.Sc., M.Sc. (Queents); Res. Sci.
G.N. Banksj B.A. (British Columbia); Res. Sci.
G.V. Siriarnij; B.Sc. (Ottawa); Res. Sci.
Fluidization Research

I.T. Lauj B.Sc.

Engineer
M. Skubnik; B.Eng., M.Eng. (Bratislava); Engineer

(Taiwan), M.A.Sc. (Ottawa);

Engineering

V. Marwaha; B.Sc. (Punjab), M.A.Sc. (Windsor);
Engineer

SYNTHETIC FUELS RESEARCH LABORATORY

J.M. Denis; B.A.Sc. (Ottawa), P.Eng.; Manager
BITUMEN PROCESSING

B.B. Pruden; B.Eng. (Saskatchewan), M.A.Sc.
(British Columbia), Ph.D. (McGill),. P.Eng.;

Res. Sci.

R. Ranganathanj B.E. (Annamalai, India), M.E.
(Indian Inst. Sci.), Ph.D. (Saskatchewan);

Res. Sci,

R.B. Logiej B.Sc. (New Brunswick), P.Eng.;
Engineer .

C.P. Khulbe; B.Sc., M.Sc. (Agra, India), M.A.Sc.,
Ph.D. (Ottawa); Res. Sci.

D.J. Patmorej B.Sc. (Bristol), Ph.D. (Alberta);
Res. Sci. '

K. Belinko; B.Sc. Ph.D. (Carleton); Res. Sci.

J. Tscheng; B.Sc. (Taiwan), M.Sc. (W. Virginia),
Ph.D. (British Columbia); Res. Sci.

CATALYSIS RESEARCH

M. Ternanj B.A.Sc. (British Columbia), Ph.D.
(MeGill), P.Eng.; Res. Sci.

A. Szladow; B.Sc. (Breslau), Ph.D.
Res. Sci.

J.F. Kelly; B.Eng., Ph.D. (McGill), P.Eng.;

Res. Sci.

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

M.C.V. Sekharj; B.Sc. (Madras), M.Se. (IIT,
Madras), Ph.D. (Calgary); Phys. Sci.

P. Champagne; Dipl. Chem. Technol. (Algonquin),
B.Sc. (Ottawa), Ph.D. (Ottawa); Res. Sci.

(Penn State) .

RESEARCH ON BITUMINOUS SUBSTANCES

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




S.M. Ahmed; B.Sc., M.Sc. (Osmania, India); Chemist
J.E. Beshaij B.Sc. (McMaster); Chemist

J. Chmielowiec; M.Sc. (Warsaw), Ph.D. (Pol. Acad.
Sei.); PDF )

M.A. Poirier; B.Sc., M.Sc., Ph.D. (Montreal);

Res. Sei.

ANALYTICAL SECTION

E. Furimskyj; Dipl. Eng. (Prague), Ph.D. (Ottawa);
Chemist

D.M. Clugston; B.Sc., Ph.D. (McMaster); Chemist
A. Yates; B.Sc. (Manitoba); Chemist

R.E. Gill; B.Sc. (St. Francis Xavier); Chemist
EQUIPMENT DEVELOPMENT

L.P. Mysak; B.A.Sc. (Ottawa), P.Eng.; Engineer

WESTERN RESEARCH LABORATORY (EDMONTON)

W.R. Leeder; B.Sc., Ph.D. (British Columbia);
Manager

COAL BENEFICIATION RESEARCH

J.L. Picard; B.Sc. (Alberta); Phys. Sci.

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

CARBONIZATION RESEARCH

A.B. Fungj B.Sc. (Eng.) (Waterloo), P.Eng.;
Engineer

FLOCCULATION RESEARCH
H.A. Hamzaj; B.Sec. (Cairo), Ph.D. (Newcastle-on-
Tyne); Res. Sci.

N.E. Andersen; B.Sc. (Alberta); Phys. Sci.
K.A. Hashmi; B.Sec. (Alberta); Engineer

MINING RESEARCH LABORATORY

T.S. Cochrane; B.A.Sc., M.Sc. (Washington);
P.Eng.; Chief of Laboratories

ROCK MECHANICS LABORATORY

G.E. Larocque; B.Sc. (Carleton); Manager

A. Boyer; B.Sc. (Montreal)j; Phys. Sci.

R. Boyle; B.Sc. (Ottawa); Comp. Sci.

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

L. Geller; Dipl, Mech. Eng. (Budapest); B.Sc.
(Eng.) (London), M.A.Se. (Toronto); Phys. Sci.
M. Gyenge; Dipl. Eng. (Budapest), P.Eng.;

Res. Sci.

R.L. Sabourin; B.Se., M.Eng. (Ecole Polytechnique)
P.Eng.; Engineer

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

Y.S. Yu; B.Se., M.Eng. (MeGill); Res. Sei.
D.F. Walshj B.Sc. (Memorial); Phys. Sei.
R.J.R. Welwood; B.Sec. (Queen's); Phys. Sci.
A.S. Wong; B.Se. (National Taiwan University),
M.Sc. (Ottawa); Phys. Sei.

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

ELLIOT LAKE LABORATORY

R.0. Tervo; B.A.Se. (Toronto), Ph.D. (Bradford),
P.Eng.; Manager

J. Bigu; M.Sec. (Barcelona), Ph.D.; Res.Sci.

K.C. Cheng; B.Sc., M.Eng. (Tainan Chen-Kung,
Taiwan)j; Engineer

V. deKorompay; Dipl. Min. Eng. (Hungary); Phys.
Sei.

M. Gangal; B.Sc. (Agra, India), M.Sc. (Rokee,
India & MeGill), Ph.D. (Calgary); Res. Sci.

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

B. Kirk; B.Sc., (Waterloo); Phys. Sci.

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

B. Muir; B.Sc. (Queen's); Phys. Sci.

D.R. Murray; B.A.Sc. (McDonald College)s Phys.
Sei.

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

N.K. Dave; B.Sc., M.Sc., (Rajastman, India), Ph.D.
(Queen's); PDF

CANADIAN EXPLOSIVES RESEARCH LABORATORY

J.A. Darling; B.A. (Queen's); Manager

E. Contestabilej B.Sc. (Carleton); Phys. Sci.
K.K. Feng; B.Sc., M.Sc., Ph.D. (Iowa)j Res. Seci.
R.R. Vandebeek; B.Sc., M.Sc. (Carleton); Chemist
C.A. Vary; B.Sc. (Ottawa); Tech. Off.

WESTERN OFFICE, CALGARY

G. Zahary; B.Sc., M.Eng. (McGill); P.Eng.j; Manager
F. Grant; B.Se. (Alberta), P.Eng.; Res. Sci.

W. Baxter; B.Sc., (Calgary); Phys. Sci.

H.U. Bielenstein; B.Sc., M.Sc. (Alberta), Ph.D.
(Queen's); Res. Seci.

R.N. Chakravorty; B.Che., (Jadavpur, India),

Ph.D. (Nottingham); Res. Sci.

B. Das; B.ME (School of Mines, India), Ph.D.
(Tech. Univ. of Mines, Czechoslovakia); Engineer
M.Y. Fisekei; Dipl. Eng., M.Eng., Ph.D.
(Sheffield); Res. Sci.

A.S. Romaniukj B.Sc. (Queen's); P.Eng.j; Phys. Sci.
V. Srajer; M.A.Sc. (Mining) (Univ. of Applied
Science, Czechoslovakia)j Engineer

CANADIAN EXPLOSIVE ATMOSPHERES LABORATORY

J.A. Bossert; B.Sc., (Queen's); Manager

E.D. Dainty; B.Sc., M.Sc., (Toronto) P.Eng.;
Res. Sei.

G. Lobay; B.Sec., (Manitoba); Engineer

P. Mogan; B.A.Sc. (Toronto), P.Eng.; Res. Seci.
N. Sarinj Dipl. (Mech. & Auto Eng.) (Oxford
College of Technology), B.A.Sc. Mech.Eng.
(Waterloo); Engineer

S. Silver; B.Sc., (Manitoba); Res. Sci.

K. Katsuyama; B.Eng., M.Eng., Ph.D. (Kyoto,
Japan); PDF



MINERAL SCIENCES LABORATORIES

W.A. Gow; B.A.Sc. (Toronto)j Chief of Laboratories
T.J. Patel; B.Sc. (Oregon State), M.Sc.
(Washington State); Min. Proc. Abstractor

CHEMICAL LABORATORY

R.G. Sabourin; B.Sc. (Ottawa); Manager
C.H. McMaster; B.Sc., M.Sc. (Queen's); Assistant
Manager ’ : -

METALS AND ALLOYS

D.J. Barkley; B.Sc. (Carleton); Chemist
E.H. MacEachern; B.Sc. (Mount Allison)j -Chemist
A.L. Letendre; B.Sc. (Sherbrooke); Chemist

ORES AND FIRE ASSAY

J.C.
R.R.

Hole; B.A. (Toronto); Chemist
Craig; B.Sc. (Glasgow); Chemist

SOLUTION CHEMISTRY

R.J. Guest; B.Sc. (Acadia); Res. Sci.
G.A. Hunt; B.Sc. (Carleton); Chemist
J.E. Atkinson; B.A. (Queen's); Chemist
A.D. King; B.Sc. (UBC); Chemist

SPECTROCHEMISTRY

G.L,
J.L.
C.W.
T.R.
Sci.
R.E.

Masonj A.Metallurgy (Sheffield); Chemist
Daltoh; B.S., M.Eng. (Carleton); Chemist
Smith; M.Sc., Ph.D. (Queen's); Chemist

Churchill; B.Sc. (Western Ontario); Phys.

Horton; B.Sc. (Carleton); Chemist
SPECIAL ANALYSES

A. Hitchenj; B.Sc. (McMaster); Chemist

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

M.E. Leaver; B.Sc. (Queen's); Chemist
SPECIAL PROJECTS

E.M. Donaldsonj B.Sc. (Manitoba); Res. Sci.

E. Mark; B.A. (Toronto); Chemist
H.F. Steger; B.Sc., Ph.D. (McMaster); Res. Sci.

ORE PROCESSING LABORATORY

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

R.W. Bruce*; B.Sc. (Queen's), P.Eng.; Assistant
Manager

EXTRACTIVE METALLURGY

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

K.E. Haque; M.Sc., Ph.D. (Ottawa); Res. Sci.
B.H. Lucasj B.Sc. (Queen's), P.Eng.; Res. Sci.
H.W. Parsons; B.Sc. (Alberta); Res. Sci.
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V.M. McNamara; B.Sc,, B.Eng., M.A.Sc. (Toronto),
P. Eng.; Res. Sci.

A.J. Gilmore; B.Sc. (Manitoba); Res, Sci.

H.H., McCreedy¥*; B, Sc., M.Sc. (Alberta), P.Eng.;
Res. Sci.
J.M. Skeaff;
Res. Sci.

A, Jongejan;
Res. Sci.

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

V.N. Saleh; B.A.Sc. (Ottawa); Engineer

C. Hamer; Dipl. Eng. (Dalhousie) B.E. (N.S.T.C.),
M.Sc. (Queen's)

B.,A.Sc., M.A.Sc., Ph.D. (Toronto);

Geol. Can. Drs. (Amsterdam), Ph.D.;

MINERAL DRESSING

L.L. Sirois; B.A., B.Eng., M.Eng. (McGill),
P.Eng.; Res. Sci.

A.I. Stemerowicz; B.Sc. (Queen's), P.Eng.;

Res. Sci.

D. Raicevic; B.Sc. (Belgrade); Res. Sci,

G.I. Mathieu; B.A., B.Sc. (Laval); Res. Sci.
I.B, Klymowsky; M.Eng. (McGill), P.Eng.; Res. Sci.
W.H. Cameron; B.Sc., (Queen's); Phys, Sci.

M, Pritzker; B,Eng. (McGill); M.S. (California);
Phys. Sci.

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

J.M.D. Wilson; B.Sc., M.A,Sc. (Queen's); Phys.
Sei.

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

ENGINEERING AND ECONOMIC EVALUATION
E.G. Joe; B.Sc. (Queen's); Phys. Sci.
F.J. Kelly; B.Ch.Eng. (N.S.); Res. Sci.

J. Palmer; B.Sc. (Aberdeen), P.Eng.; Engineer
W.S. Wong; B.Eng. (McMaster), P.Eng.; Engineer

PHYSICAL SCIENCES LABORATORY

7

D.C. Harris; B.Sc., M.A., Ph.D. (Toronto); Manager
CRYSTAL STRUCTURE

J.T. Szymanskij B.Sc., Ph.D. (London); Res. Sci.
J.F. Rowland; B.Sc., M.Sc. (Queen's); Res. Sci.

RADIATION AND MINERAL PHYSICS

M.G. Townsend; B.Sc., Ph,D. (Southampton);
Res. Sci.
A. Leclerc; B.Sc., Ph D. (Ottawa); Res. Sci.

CORROSION

G.R. Hoey; B.Sc., M.Sc., Ph.D. (Toronto);

Res. Sci.

A.W. Luij B.Sc., M.A.Sc. (Windsor); Res. Sci.
J.C. Saiddington; Chem.Eng., M.A.Sc. (Toronto);
Phys. Sci.

V.S. Sastrij B.Sc., M.A., Ph.D. (New York),
Res. Sci.

¥Deceased 16/10/79




MINERALOGY

L.J. Cabrij B.Sc., M.Sc., Ph.D. (McGill);
Res. Sci.

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

S. Kaiman¥*; B.S., M.A. (Toronto); Phys. Sci.

M.R. Hughson; B.Sc. (Western Ontario); Phys. Sci.
J.L. Jamborj; B.A., M.Se. (UBC), Ph.D. (Carleton);
Res. Sei.

T.T. Chen; B.Sc. (Taiwan), M.Sc. (Carleton),
Ph.D. (Cornell); Res. Sci.

METALLURGICAL CHEMISTRY

J.E. Dutrizacj B.A.Sc., M.A.Sc., Ph.D. (Toronto);
Res. Sei,

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

Res. Sci.

E. Roliaj; B.A. (UBC); Chemist

K. Bartels; B.Sc. (Carleton); Chemist

P. Pint; B.A.Sc., M.A.Sc., Ph.D. (Toronto);

Res. Seci.

0. Dinardoj; B.Sc. (Carleton); Phy. Sci.

PHYSICAL CHEMISTRY

A.H. Webster; B.A., M.A., Ph.D. (UBC); Res. Sci.
S.A. Mikhail; B.Sc., M.Sc., Ph.D. (Cairo); Res.
Seci.

S.M. Ahmed; B.Se., M.Se., Ph.D. (Sask.); Res. Sci.
R. Sutarno; B.E., M.E., Ph.D. (N.S.T.C.);

Res. Sci.

R.F. Pilgrim; B.Sc. (Queen's); Res. Seci.
L.G. Ripley; B.Sc., M.A. (Queen's); Res. Sci.
V.H. Rolko; B.Sc. (Manitoba); Chemist

INDUSTRIAL MINERALS LABORATORY

G.W. Riley; A.C.S.M. (Camborne School of Mines),
P.Eng.; Manager

CONSTRUCTION MATERIALS

V.M.
Res.
H.S.
E.E.
Res.
G.G.

Malhotra; B.Sc., B.E. (W. Australia);
Sei.

Wilson; B.E. (Sask.); Res. Sci.
Berry; C.Chem., MRIC, Ph.D. (Surrey);
Sci.

Carette; B.Sc. (Laval); Engineer

NON~METALLIC AND WASTE MINERALS

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

A.A. Winer; B.A.Sc. (Toronto), P.Eng.; Res.
S.S. Wang; B.Sc. (Hong Kong Baptist), M.Sc.
of California), Ph.D. (Toronto); Phys. Sci.

Sci.
(U.

ORE MINERALOGY

R.M. Buchanan; B.A., M.A. (Toronto); Phys. Sci.
J.A. Soles; B.A.Sc., M.A.Sc., Ph,D. (MeGill), P.
Eng.; Res. Sci.

R.S. Dean; B.Sc., M.Sc., Ph.D. (McGill), P.Eng.;
Res. Seci.

*¥Retired 12/27/79
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CERAMICS

K.E. Bell; B,E. (Sask.), P.Eng.; Res. Sci.

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

D.H.H. Quon; B.Sc. (National Sun Yat Sen U.),
M.Sc. (Ohio U.), Ph.D. (Michigan U.); Res. Sci.
D.J. Green; B.Sc. (Liverpool), M.Sc., Ph.D.
(McMaster); Res. Sci.

V.V. Mirkovich; Dipl. Eng. (Zagreb); Ph.D.
(Toronto); Res. Sci.

T.B. Weston¥*; B.A. (Toronto); Res. Sci.

PHYSICAL METALLURGY RESEARCH
LABORATORIES

W.H. Erickson; B.Se. (Mich. Tech.), Ph.D,
(Durham), P.Eng.; Chief of Laboratories

METAL PROCESSING LABORATORY

J.T. Jubbj; B.A.Sc., M.A.Sc., Ph.D. (Toronto);
Manager

FOUNDRY

R.K. Buhr; B.Eng. (McGill); Res. Sci. )
K.G. Davis; B.Sc., M.A.Sc., Ph.D, (UBC); Res. Sci.

B. Lagowski; B.Sc., M.Se. (Polish Univ. London);

Res. Seci. |
E.I. Szabo; M.Sc., Ph.D. (Nottingham); Res. Sci.

R.D. Warda; B.A. Sc. (UBC), Ph.D. (Cambridge);

Res. Seci.

L. Whiting; B.Sc., M.Sc., Ph.D. (MeGill), MBA

(Ottawa); Res. Seci.

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

METAL FORMING

A.F. Crawley;
W.A. Pollard;
Res. Seci.
G.E. Ruddle; B.A.Sc., M.Sc. (Waterloo), D.Sec.
(Virginia) P.Eng.; Res. Sci.

H.M. Skelly; B.Sc., Ph.D. (Glasgow), F.R.I.C.,
F.I.M.; Res. Seci.

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

NONDESTRUCTIVE TESTING
V.L. Caron; B.A.Sc. (Laval), M.Eng. (Paris);
Phys. Sci.

J. Gordine; B.Sc., Ph.D. (Leeds); Res. Sci.

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

Z. Paley; B.Sc., M.Sc. (Haifa), Ph.D. (MeGill);
Res. Seci.

METAL DEVELOPMENT LABORATORY

D.W.G. White; S.M., Sc.D. (M.I.T.); Manager

¥Retired 12/17/79
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CORROSION SCIENCE

R.J. Brigham; B.Sc., Ph.D. (McGill); Res. Seci.
G.J. Biefer; B.Sc., Ph.D. (McGill); Res. Sci.
J.B. Gilmour; B.Sc. (Queen's), Ph.D. (McMaster),
P.Eng.; Res. Sci.

G.R. Hoey; Sc., M.Sec., Ph.D. (Toronto); Res. Seci.
A.W. Lui; B.Se., M.A.Se., Ph.D. (Windsor); Res.
Sei.

R.D. McDonald; B.Se., (Queen's); Res. Sci.

W.R. Revie; B.Eng. (McGill), M.Eng. (R.P.I.),
Ph.D. (M.I.T.); Res. Sci.

J.C. Saiddington; Chem. Eng., M.A.Sc. (Toronto);
Res. Sci.

V.S. Sastri; B.Se., M.A., Ph.D. (New York); Res.
Sei.

ENGINEERING AND METAL PHYSICS

A.J. Williams; B.Sc., M.Se., Ph.D. (Birmingham),
P.Eng.; Res. Sci.

L.P. Trudeau; B.A.Sc., M.A. (Toronto); Res. Seci.
0. Vosikovsky; B.A.Sc., Ph.D. (Prague); Res. Sei.
K.C. Wang; B.A. Sc., Ph.D. (Rensselaer); Res. Sci
P.J. Todkill; B.A.Sc. (Toronto); Engineer

J. Harbec; B,Eng. (McGill), P.Eng.; Phys. Sci.
E.J. Cousineau; B.Sc. (Carleton); Phys. Sci.

K.S. Milliken; B.Sc. (Queen's); Res. Sci.

C.M. Mitchell; B.A.Sc., M.A.Sc., Ph.D. (Toronto);
Res. Seci.

J. Ng-Yelim; B.A., (Carleton), B.Sc. (Ottawa);
Phys. Seci.

R.H. Packwood; B.Sc., Ph.D. (Birmingham); Res.
Sei.

E. Smith; M.A., Ph.D. (Cambridge); Res. Sci.

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

METALLURGY

J.D. Boyd; B.A.Sc. (Toronto), Ph.D. (Cambridge);
Res. Sci.

D.R. Bell; B.Eng. (McGill); Res. Seci.

D.M. Fegredo; B.Se., M.Se., Dipl., I.I.Sec., Ph.D.
(Sheffield), A.I.M.; Res. Sci.

M.J. Godden; B.Met., Ph.D., (Sheffield); Res. Sci.
R.F. Knight; B.Sc., M.Sc. (Queen's); Res. Sci.
D.C. Briggs; B.Eng., M.Eng. (McGill) Ph,D.
{Queen's); Res. Sci.

A. Couture; B.A., B.A.Sc. (Laval), P.Eng.; Res.
Sei.

I. Ogle; B.Sc., Ph.D., (British Columbia); Res.
Sei.

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

M.J. Lavigne; B.A., B.A.Sc., Ph.D. (Laval);

Res. Sci.

D.E. Parsons; B.A.Sc. (Toronto); Res. Sci.

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

L.N. Pussegoda; B.Sc. (Eng.), (Ceylon), Ph.D.
(Canterbury, N.Z.); PDF

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

CANMET STAFF AS OF MARCH 31, 1980

Division Professionals Non-professionals Total
Administration and Central Services .eeveesevavasscns y 84 88
Research Program Office eeeeverececenceassescsccnnnes 9 3 12
Energy Research Laboratories ....ceeceeeccceccsncnccees 61 77 138
Mining Research Laboratories .eeeessccessessecsnsnnes hy 39 83
Mineral Sciences Laboratories ieceeveeseessseseessncs 88 99 187
Physical Metallurgy Research Laboratories .ciesseecss 45 75 120
Technology Information DivisSion cececessessesscsncsss 14 19 33

TOLALS e euneevncnnnsenasonenusesscannssssensannsnnes 265 396 661




APPENDIX B

CANMET REPRESENTATION ON TECHNICAL COMMITTEES 1978-79
INTERNATIONAL

BRITISH FLAME RESEARCH COMMITTEE (member) «.ssssseescscessssesssss G.K. Lee (ERL)

CANADA/SOVIET MIXED COMMISSION FOR COOPERATION IN THE
INDUSTRIAL APPLICATION OF SCIENCE AND TECHNOLOGY

Non-Ferrous Metals Industry Working Group (chairman) ......... V.A. Haw (DGO)
EXTEST (regional representative) seiesesesssssessaseasasssasssesss J.A. Darling (MRL)
INSTITUTE OF BRIQUETTING AND AGGLOMERATION

Executive Committee (member) «.eeueeeecerascessesssesssnnssess T.E. Tibbetts (ERL)

Proceedings Committee (member) .e.vvecescscesessssncnsesnsess. T.E. Tibbetts (ERL)

Program and Papers Committee (member) svicvessessscearsasssasss T.E. Tibbetts (ERL)

INTERNATIONAL ATOMIC ENERGY AGENCY

Advisory Group Division of Nuclear Safety and
Environmental Protection (member) ....ceveessvessesesssansne.. M. Gyenge (MRL)

INTERNATIONAL COMMITTEE ON COAL PETROGRAPHY
Petrography (working member) .....seceeesssseescessassossssses B.N. Nandi (ERL)
Petrography of Organic Sediments (member) ....csessesevesssssss B.N. Nandi (ERL)
Subcommittee on Industrial Applications of Coal
Petrology (Member) sieesecesesscesssssesssesasasssnnasasessss- B.N. Nandi (ERL)
INTERNATIONAL COMMITTEE FOR COAL RESEARCH (member) ...ee¢eessese.. D.A. Reeve (RPO)
INTERNATIONAL COMMITTEE FOR SOLVENT EXTRACTION TECHNOLOGY (member) G.M. Ritcey (MSL)
INTERNATIONAL CONFERENCE ON THERMAL CONDUCTIVITY CONFERENCES
(ALreChtOr) seevevecessesesosossesnsssccsnsssnnssssscsssscsnssess VoVe Mirkovich (MSL)
INTERNATIONAL ELECTROTECHNICAL COMMISSION
Committee 31, Electrical Apparatus for Explosive Atmospheres
(ChairMAan) seeeeeeensssssasssancanosoossasessssasnsenssesss JeA. Bossert (MRL)
Subcommittee 314, Flameproof Enclosures (chairman) ......ss... J.A. Bossert (MRL)
INTERNATIONAL ENERGY AGENCY
Coal Services
Mining Technology Clearing House

Executive Committee (member) eceieeseessecessasssess D.A. Reeve (RPO)
Hydrotransport Subcommittee vieeeessvaseosssssesssss L. Geller (MRL)

AFFILIATION KEY:
MSL Mineral Sciences Laboratories
DGO Director-General's Office PMRL Physical Metallurgy Research Laboratories
ERL Energy Research Laboratories RPO Research Program Office
MRL  Mining Research Laboratories TID Technology Information Division
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Technical Information Service
. Executive Committee (member) ..eeeecessessececssssses D.A. Reeve (RPO)
Technical Committee (mMEmMbEr) .sieeseesessesessesseses J.E, Kanasy (TID)

Annex VI (Photocatalytic Water Electrolysis) of the
Implementing Agreement for a Program of Research and
Development on the Production of Hydrogen from Water
(Canadian Technical Contact Person) seeeecesscesesessecees S¢M. Ahmed (MSL)

INTERNATIONAL FLAME RESEARCH FOUNDATION

Aerodynamics Panel (member) ....ecesvesseesesssasssssassesssss, H. Whaley (ERL)
Flame Chemistry Panel (member) ...vecesesesesssssesessscssssss BE.J. Anthony (ERL)

INTERNATIONAL INSTITUTE OF WELDING

Canadian Council (MEMDEr') .eeeeeesesesssssasassscssssosscnsses J.T. McGrath (PMRL)
Commission X, Residual Stress, Stress Relieving Brittle
Fracture (chairman) ..esesecessscscsscassnsossoncssnncassssass dJ.T. McGrath (PMRL)

INTERNATIONAL JOURNAL OF HYDROMETALLURGY (editor) ..eeseessesseses G.M, Ritcey (MSL)
Editorial Board (members) ....ssesesseessssssscssessssensseses D.J. MacKinnon (MSL)

seesssesnsevsesenarasssssnsnssessess G.M. Ritcey (MSL)

International Solvent Extraction 80 Committee (member) ....... G.M. Ritcey (MSL)

INTERNATIONAL JOURNAL OF PRESSURE VESSEL AND PIPING
Editorial Board (MEMDEr) .vsevesessessassesssvsnnvocrsocsacens J.T. McGrath (PMRL)

INTERNATIONAL MINERAL PROCESSING CONGRESS

International Scientific Committee (member) ...eeeeeveesssssss L,L. Sirois (MSL)
Organizing committee (MEmMDEr) .eeveesvecessvsavrssssessrssrees MCo Campbell (MSL)

INTERNATIONAL MINE VENTILATION CONGRESS (member) ...eeeeseessssses G, Knight (MRL)
INTERNATIONAL MINERALOGICAL ASSOCIATION

Commission on New Minerals and Mineral Names
(Canadian representative) sveeeesessseseeavesssveesenssss D.C. Harris (MSL)
Commission of Ore Microscopy (Canadian representative) ....... L.J. Cabri (MSL)

INTERNATIONAL ORGANIZATTON FOR STANDARDIZATION

Canadian Advisory Committee
CERTICO, Certification (member) ...sceeeeussssscescrssssscaases dJ.A. Bossert (MRL)
REMCO, Reference Materials (chairman) .......eeesesesesesssses RoL. Cunningham (MSL)
(MEMDEr) suvessnenseescrsosssnesesssesencssenssnnansansss G.H., Faye (MSL)
TC17/8C1, Analysis of Steel and Cast Iron (member) ........... R.G. Sabourin (MSL)
SC4, Heat Treated Alloy and Free-Cutting Steels :
(MEMDErS) euveesenusersorsssorrosassrsooncssoncanssonnranse Buhr (PMRL)
. Parsons (PMRL)
Parsons (PMRL)
Parsons (PMRL)
Parsons (PMRL)
Parsons (PMRL)
McMaster (MSL)

SC6, Methods of Mechanical Testing (chairman) ....eeeee..

SC7, Test Methods other than Mechanical (member) ........

SC11, Steel Castings (Secretary) ceeesesssereseecrsesanes

SC15, Rail Steels (MEMDEr) sevssvevesvnnnsseseescansonsais

TC18/3C1, Zinc and Zinc Alloys (MEMDEr) ..eesesccecsssssvenoss
TC24, Sieves, Sieving and other Sizing Methods

(member) +.eeeesesees

TC25, Cast Iron (MEMDEr) ...eeeeessescsssssassacssnsaosancnsons

TC26, Copper and Copper Alloys (chairman) seseeeesssevescecsoes

SC1, Analysis of Copper and Copper Alloys (members) .....

.
.

QUUDuouououox
.
TEEmEEAR

Riley (MSL)

Buhr (PMRL)
Edwards (PMRL)
McMaster (MSL)
Sabourin (MSL)
Edwards (PMRL)
Edwards (PMRL)
Montgomery (ERL)
Picard (ERL)
Montgomery (ERL)
Botham (ERL)

.
.

« o
P

SC3, Cast Copper ALloys (MEMDEr) seesesveesrssrsonsscsnnns
WG5, TerminOlOgY sseesssesoceceoserosannsssnnsnssoencnnses
TC27, Solid Mineral Fuels (chairman) s.eeevessssssssscescseans
SC1, Coal Preparabtion .sieecessssecesssnssenssvensnconncas
SC2, Brown Coals & Lignites (member) .....oeeeeesescecsss
SC3, Coke (MEMDEr) sevussvavssssssnssvsvesssnsoscnsncnnos
WG6, Evaluation of Flocculants
for use in Coal Preparation (CONvenor) sveeeeeesvescsesse

CELD L OSTIR
.

QG O0QRITOR=
.

.

o]
=

Hamza (ERL)
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WG9, Grindability (member) ...eeeeeeescesescscecccsncnses
WG12, Plasticity (member) .eeeeeeenseecscocrenonncosonnns
WG13, Ash Analysis (secretariat) .eeeecessvsscssssrscones
TC33/WG3, Refractories (member) ...ieeeeececeeeescososasnaanas
TCUT7, Chemistry (MEmMDEr) ..eseeecesecsosesosnseaasosssnnessnnns
TC56, Mica (Chairman) .eeevececescsesssssssssssasssnsssncavnns
TC69, Application of Statistics (member) ..ceeeeseecnceconsnns
TCT71, Concrete (Chairman) ...eececesosessessossessnscansasnans

TCTT7, Asbestos (MEMDEr) .evevresssessssesssccsaassanssosssassas
TC79, Light Metals and their Alloys (member) .....eeieeeeeesees

SC1, Light Metals and their Alloys (member) ...eceeeees..

TC82, Mining (ChailrMan) ...eeeesseseosessacsscosnssocnsnnaonss

(MEMDEP) viiierneerennsesaasnscssosenonnnennesons

TC102, Iron Ores (MEMDEr) .cevesssssscscecassocasancncnssonans

SC1, Sampling (ChairMan) .eeseescscsecsnrscasonesennonses

5C2, Chemical Analysis (chairman) ..ue.eeiececseocsvnoesss

WGT7, Statistics (Chairman) .viueieeeceseceecncenncoonnnns

SC3, Physical Testing of Iron Ores (chairman) .....ccee..

SCU, Size Determination, Iron Ores (chairman) ...........

TC107/SC6, Metallic and other Non-organic Coatings (member) ..

TC111/5C1, Chain (MEMBEr) .euiiuiveiesecsssensacsnosesesvaannes

SClU, Materials for Chain (chairman) «.uieeeeeeeesceeoennns
TC119, Testing of Powder Metallurgical Materials and

Products (member) ...iieeeeseesecececeeesoncasvssncancnnns

TC129/5C2, Aluminum Ores (MEMDEr) «..iveeesrsesanssssssaasanes

TC155, Nickel and Nickel Al10oys (MEmMDEr) teveveeevecesensoneacs

SC3, Refined Nickel (MemMber) ..ueueeeseseensesenssonnnsns

SCH, Analysis of Nickel Alloys (MEMbEr) .uevevevovereenses

TC156/WG1 Corrosion of Metals and Alloys (member) ..eeeeeveco.

TC163/5C3, U4, Insulation (MEMDEr) ...eeieeeiervesvoncecnsronsas

TC164, Mechanical Testing of Metals (chairman) ....eeeeceeceses

(members) .iveeescensnnees

TC166, Ceramic Ware in Contact with Food (member) ...eeevecees

TC175, Fluorspar Ore (MEmber) .eieeeseeesesssscsesnsecaossoeses

INTERNATIONAL PEAT SOCIETY (vice-president) «ivieeeseeseescoeonsns
Canadian National Committee (secretary-treasurer) ..ceveceeecss

INTERNATIONAL SCIENTIFIC COMMITTEE OF THE INTERNATIONAL
MINERAL PROCESSING CONGRESS (Member) ..eueeeeesecscacscencsoncenes

Organizing Committee of the International Federation of
Automation in Mining, Mineral and Metal Processing (member) ..

INTERNATIONAL SOCIETY FOR ROCK MECHANICS
(member Of COUNCIL) tveeveneccaransoacosncvssosesnasacsensnans
Commission on Standardization of Laboratory
and Field Tests (MEMDEr) .sveeeesesessnocessesevansensnsnsenese
INTERNATIONAL SOLVENT EXTRACTION CONFERENCE
International Journal of Hydrometallurgy (editor) .veceeeveces
(proceedings editor) .vivecescess
Editorial Board (MEmMbEr) ..evevecsccovscesrsnsnassosnsoscnavsns

INTERNATIONAL STANDARDS ORGANIZATION - CANADIAN ADVISORY COMMITTEE

Committee on Certification (member) .c.ieeeececsssessoseancnes
Technical Committee 82-Mining (chairman) ..ieeeeeevececoncsans

INTERNATIONAL STRATA CONTROL CONFERENCE (7th) (1978)
International Organizing Committee (members) ...veeevecesecess

INTERNATIONAL THERMAL CONDUCTIVITY CONFERENCE (director) «.veeee..

=HODME GO

.

QUYrEr dOOR G =

M.
A.
J.
H.

Montgomery (ERL)
Botham (ERL)
Montgomery (ERL)
Bell (MSL)
McMaster (MSL)
Riley (MSL)
utarno (MSL)
Malhotra (MSL)
Winer (MSL)
Todkill (PMRL)
McMaster (MSL)

R. Welwood (MRL)
A.L. Job (TID)

R. Sutarno (MSL)
R. Sutarno (MSL)
R. Sutarno (MSL)
R. Sutarno (MSL)

J.T

G.W.
K.E,
R.K
R.K

‘HMampLmmLmE

= =

WROGOUrPOOQOOQI QD

D.F.

G. H

T.S.

V.V,

Price (ERL)
Riley (MSL)
Bell (MSL)

Buhr (PMRL)
Buhr (PMRL)

Skelly (PMRL)
McMaster (MSL)
Lavigne (PMRL)
McMaster (MSL)
McMaster (MSL)
Biefer (PMRL)
Winer (MSL)
Todkill (PMRL)
Jubb (PMRL)
osikovsky (PMRL)
Bell (MSL)
Buchanan (MSL)

Tibbetts (ERL)

Tibbetts (ERL)

Sirois (MSL)

Sirois (MSL)

Coates (DGO)

erget (MRL)

Ritcey (MSL)
Lucas (MSL)
MacKinnon (MSL)

Bossert (MRL)
Welwood (MRL)

Cochrane (MRL)

Mirkovich



INTERNATIONAL TUNNELLING ASSOCIATION
Tunnelling Office of Canada (members) .ieeeeesecesssssescnsees
INTERNATIONAL UNION OF CRYSTALLOGRAPHY

Executive Committee XIIth Congress and General Assembly

(MEMDEI) o vveesroeanasoonernsssssstessansasssssssascsacns

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY 28TH CONGRESS
(3e3310N ChALIrMAN) teveetesvtsansanssssnssnsosossescnssnsensasns

INTERNATIONAL UNION OF TESTING AND RESEARCH
LABORATORIES FOR MATERIALS AND STRUCTURES

Committee 42 CEA, Early Strength Development of Concrete

(MEMDEI') ssvesevsssasscasssasoonasassssssssesesossssssasss

NUCLEAR ENERGY AGENCY/INTERNATIONAL ATOMIC ENERGY AGENCY

Working Group on Uranium Extraction (vice-chairman) ..........
Working Group on Uranium Mill Tailings (member) ..cesesesocess

ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT
International Group of Experts on Unstable
Substances (MEMDEr) ..eeescessassrsorscassossraassesssssssanss
Ammonium Nitrate Subcommittee (member) ..v.eeveesreseeesss
Long-Range Transport of Air Pollution (member) .eceesescoscess
Waste~Heat Utilization (MEmMbEer) seessvessescssescoscsssscosnss

WORLD MINING CONGRESS

Canadian National Committee (Member) ..seeseceerscressoensces
Organizing Committee (MEMDEr) ..veeesesossocsrcssrsescsanssns

UNITED STATES OF AMERICA

AMERICAN CONCRETE INSTITUTE
Committee 214, Strength Evaluation (chairman) «.eeeseeececcss

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS -
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION

Aerosol Technology Committee sueveeverenvesrscenracnnasvanssns
AMERICAN DEEP DRAWING RESEARCH GROUP (mMember) seuveeeeerscecoccacans
AMERICAN FOUNDRYMEN'S SOCIETY

Brass and Bronze Division (Member) .v.eeseessscseccccscccaccas

Ductile Iron Division Research Committee (member) ..eoeeessess

Editorial Board, International Cast Metals Journal (member) ..

AMERICAN INSTITUTE OF MINING, METALLURGICAL
AND PETROLEUM ENGINEERS

Hydrometallurgy Committee (Member) ...eceesesesocvscacscasenas
Hydrometallurgical Session, Denver (chairman) ..eeeesessccscas
Metal. Trans. (Key reader) .eo.ieecceseeescsrosasoasasnsnsassons

AMERICAN SOCIETY OF MECHANICAL ENGINEERS

Air Pollution Control Division Research Committee (member) ...
Fuels Division Research Committee (member) .e.eesecocesnscscas

L. Geller (MRL)

K.S. Millken (MSL)

J.E. Dutrizac (MSL)

V.M. Malhotra (MSL)

M.C. Campbell (MSL)
E.G. Joe (MSL)

J.A. Darling (MRL)
J.A. Darling (MRL)
H. Whaley (ERL)

F.D. Friedriech (ERL)

D.F. Coates (DGO)
D.F. Coates (DGO)

V.M. Malhotra (MSL)

G. Knight (MRL)

J.T. Jubb (PMRL)

J.0. Edwards (PMRL)
R.K. Buhr (PMRL)
R.K. Buhr (PMRL)

G.M. Ritcey (MSL)
G.M. Ritcey (MSL)
J.E. Dutrizac (MSL)

H. Whaley (ERL)
G.K. Lee (ERL)
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Research Committee on Corrosion and Deposits
from Combustlon Gases (MEmMDEr) «sevevererencannrscnsssasesassas
Task Force on Energy Conversion Research (member) ..eceeeveesss

AMERICAN SOCIETY FOR METALS

Advisory Technical Awareness Council (member) eeveeeeecccesess
Ottawa Valley Chapter (chairman) .ececesescesesssensasarasenes

(secretary-treasurer) ..eeeeesccesensnse
(education chairman) ...eeesessecssoscas
(asst. secretary-treasurer) c.oeecesee.s

AMERICAN SOCIETY FOR TESTING AND MATERIALS

Task Group on Mining Waste (member) ...ivecveeeencencnennceeas
Task Group on Asbestos Materials (chairman) ....ceeeeeeneeenss
B-2, Non-Ferrous Metals and Alloys (member) .uveveeeescenssoses
B-5, Copper and Copper Alloys, Cast and Wrought (member) .....
B-6, Die Cast Metals and Alloys (MEMbEr) ...euveeeeeesensesenns
B-7, Light Metals and Alloys, Cast and Wrought (member) ......
C-9, Concrete (SECretary) ceuseeesscessssnssosssosssssrosnoans
C-9-02-05, Nondestructive Testing of Concrete
(ChairMan) eeueeerienneesnssosasssnaserssssannasacenansnns
C-9-02-11, Accelerated Strength Testing (member) .......
D-5, Coal and Coke (ChAirman) seveeesssesosscocsonsssnsnsoanes
D-5-02, Nomenclature and Definitions (member) ...eeeees.
D-5-07, Physical Properties of Coal (member) .eeceeceess
D-5-15, Plasticity and Swelling (member) ....eieceesocss
D-5-21, Methods of Analysis (member) svewevesecsossnneea
D-5-22, Physical Testing of Coke (member) ..seeeeseceses
D-5-27, American Group ISO/TC-27 (member) ..eeeeeecescees
D-5-28, Petrographic Analysis of Coal (members) .e.sese.

D-5-29, Major and Trace Elements (member) ....eceeeceeea.
D-30-03, High Modulus Fibres (asbestos) (member) ....eeeeeecs
E-2, Emission Spectroscopy (1st vice-chairman) ..eeeeeceesees
E-2-E-3, Merger Committee (member) ...eeceececesscccsconssosns

E-2-11, Ores, Slags and Miscellaneous Materials

(chairman)

I I I I R I N N I I I B N IR I T I S R 1

E-9, Fatigue (MEmMDEr) .uvieeieiussennsssnssrensosansassvaveasns
E-16, Sampling and Analysis of Metal-Bearing Ores and
Related Materials (MEmMDEr) seviesessassnecesasessososesonanns
E-24, Fracture Testing of Metals (member) .ciiveeveececessanss
E24-04-05, Fatigue crack growth rate testing in aqueous
environments (MEMBEr) teveeserensrresorasssnonnssnsnsnns
E-28, Mechanical Testing (member) .siceeeesecasssssssescocenes
E-34, Toxic and Hazardous Materials (member) .ie.eeeesecseens
E-38-06, Materials of Construction from Recovered
Materials (MEMDEr) teveeeeosscocssnenssesansnrosssassssnsesons
E-155, Magnesium Alloys (chairman) ...eceeecesesasssnenosenes

INSTRUMENT SOCIETY OF AMERICA

Committee SP-12, Instruments for Use in Hazardous
Locations (MEMDEr) ceveeersoceceasossoersesvocsensonononansases
Subcommittee SP-12.13, Combustible Gas Detectors (member) ....

MINERALOGICAL SOCIETY OF AMERICA

Nominating Committee for Fellows (chairman) ..cveeeeseeeseeces

NATIONAL ASSOCIATION OF CORROSION ENGINEERS

Unit Committee on Inhibitors (MEmber) ceeeecesecesesesscncnses

Unit Committee T-1F, Metallurgy of 0il Field

Equipment (MEmMbEr) ..eveeececeenenreaerensssasonscssssssosnsns

Task Group T-1F-9, Metals Testing Techniques for Sulphide
Corrosion Cracking (MemMber) .ceseesssssesessssossnssnsses

G.K. Lee (ERL)
G.K. Lee (ERL)

J.D. Boyd (PMRL)
W.R. Tyson (PMRL)
K.C. Wang (PMRL)
M. Sahoo (PMRL)
R.W. Revie (PMRL)

Collings (MSL)
Winer (MSL)

Edwards (PMRL)
Edwards (PMRL)
Edwards (PMRL)
Edwards (PMRL)
Malhotra (MSL)

<L LUGYG P
clleNoNoNolh i

Malhotra (MSL)
Malhotra (MSL) [
Montgomery (ERL)
Montgomery (ERL)
Lloyd (ERL)
Botham (ERL)
Montgomery (ERL)
Botham (ERL)
Montgomery (ERL)
Nandi (ERL)
Jorgensen (ERL)
Montgomery (ERL)
Winer (MSL)
Mason (MSL)
Mason (MSL)

.
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.
.
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G.L. Mason (MSL)
0. Vosikovsky (PMRL)

R. Sutarno (MSL)
0. Vosikovsky (PMRL)

0. Vosikovsky (PMRL)
P.J. Todkill (PMRL)
A.A, Winer (MSL)

R.K. Collings (MSL)
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CANADIAN GOVERNMENT SPECIFICATIONS BOARD
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FOR DIESEL ENGINES AND EMUILSIFICATION AS AN APPROACH TO THE
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veseseesesssess  L.P. Trudeau (PMRL)
CAMBRIAN COLLEGE OF APPLIED ARTS AND TECHNOLOGY
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CANADIAN MINERAL ANALYSTS ASSOCIATION (treasurer) ....esssesesssse R.R. Craig (MSL)
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(executive member) ..eesesvssasssesensesss H.H. MceCreedy (MSL)
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