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INTRODUCTION

Good morning ladies and gentlemen, I am very pleased to have the
opportunity of presenting the work of the Whiteshell Nuclear Research
Establishments (WNRE) to you. And I thank the organizers of the Workshop for
giving me the opportunity of sharing in this learning experience. Some of you
know us very well at Whiteshell. Dr. Lentle, for example, had a career term in
our Health and Safety Division and has continued interactions with the site for
over a decade* Others of you from Western Canada also know the capabilities and
excitement of our research laboratories.

It is a formidable task to represent the creative pursuits of the
multidisciplinary Whiteshell staff. Before I attempt to give you an overview of
our programs and our capabilities, let me describe our locale and our
facilities.

WNRE was conceived in the late fifties as a logical extension of the work
of Atomic Energy of Canada Limited (AECL) into Western Canada. The laboratories
were established with the following purposes:

to place high technology laboratories in a Western locale devoid of this

resource and otherwise economically depressed.

to expand AECL laboratories beyond the facilities of the Chalk River

Nuclear Laboratories.

to provide a new site for the specific development of the organic-
cooled, heavy-water-moderated reactor.

The site selected for these laboratories was northeast of Winnipeg along
the Winnipeg River. For this purpose, the residential community of Pinawa was
established and this village has developed into an active society of 2300
persons.

Our laboratory setting is downstream of Pinawa in a tract of 40 square
kilometres of land set aside by the Atomic Energy Control Act as a designated
"Protected Place". The site is twenty-three years old, is the workplace of 1100
employees, and has achieved social, economic and technical goals of which AECL
and the Canadian public can be proud.

For example, the organic-cooled reactor was proven to be a viable concept
and capable as an alternate to CANDU; the Establishment is the largest single



- 16 -

employer in Eastern Manitoba; WNRE has trained, or encouraged, a large number of
local apprentices to become ticketed journeymen, local young people to become
skilled technologists, professionals and administrators and provided a secondary
economic base for local service contractors which has given them a thriving
livelihood.

The Whiteshell Nuclear Research Establishment is a self-sufficient site
with a complete range of facilities, from laundry to design engineering services
in support of the research and development programs- The research programs are
divided amongst four divisions plus a new business project, as listed below

- Waste Management Division

- Applied Science Division
Chemistry and Materials Science Division

- Mini-Reactor Business
- Health and Safety Division

I would like to describe the action in each of these divisions briefly and
concentrate on some of the capabilities of the Health and Safety Division in the
final instance.

WASTE MANAGEMENT

The Canadian nuclear fuel waste management program is centred at WNRE. The
intensity of organization of this project, nationally in Canada, is akin to the
NASA effort to put a man on the moon. Many consulting firms, universities,
government departments and research laboratories have a role to play in this
project. The Canadian concept is centred on emplacement of nuclear fuel waste
in crystalline rock, and to this end a world class research laboratory is being
excavated out of the Lac du Bonnet pluton near our facilities. This Underground
Research Laboratory will operate at a depth of 240 m in a portion of a granite
block that has dimensions of 60 x 25 x 15 kilometres and has been stable for a
billion years. The rock is one of 1500 plutons on the Canadian Shield, devoid
of mineral content, massive and stable and seemingly a logical place for
emplacement of high-level nuclear waste somewhere in Ontario and sometime in the
next century.

Research includes cladding the waste, backfilling the disposal vault with a
selected buffer, sealing the disposal vault, understanding the hydrogeology of a
disposal site, and modelling of the possible transfer of any dissolved
radionuclides to man. Each of these capabilities is being developed in our
laboratories.

This highly mission-oriented research must have sufficiently complete
documentation by the end of this decade to enter into public hearings in the
nineties and construction of a facility somewhere in Ontario in the next
century.

APPLIED SCIENCE

The Applied Science Division operates major facilities and undertakes
research primarily directed towards reactor safety and advanced reactor fuels.
Some of this research is supported by the beneficiaries of the knowledge:
Ontario Hydro and the Electric Power Research Institute in the U.S.A. The WNRE
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computing facility and the Hot Cells Facility, as well as other major
laboratories, are operated by this division.

The Hot Cells Facility is particularly worthy of note. It is the only
facility of its kind in Western Canada and has shielded cells capable of
handling 370 TBq (10 000 curies) of cobalt-60. These cells are equipped with
remote manipulators and are used for examination of fresh reactor fuels and for
reprocessing experiments in support of advanced fuels research. They were used
to examine the radioactive debris from the Russian satellite, Cosmos 954.

A long campaign of fuel reprocessing studies called the Thorium Fuel
Reprocessing Experiment has been completed in these cells. These experiments
have involved much support from reactor physics and from analytical service as
well as extensive chemical engineering in the study of separating fissile and
fertile fuels for future fuelling of the CANDU reactors, beyond the use of
uranium.

The Hot Cells Facility is also supported by separate alpha-laboratories in
containing glove boxes in which high-level alpha activity is handled in
controlled and isolated containment.

Another notable project in this Division is the Containment Test Facility
in which hydrogen deflagration tests are performed using geometrical shapes
similar to those of the CANDU system. These studies are important for the
handling of radiolytically produced hydrogen in the reactor core.

Finally, the RD-14 Loop is a major thermalhydraulic research facility, six
stories tall and requiring 11 megawatts to drive its heaters. This facility is
capable of simulating many reactor piping and cooling accidents. These tests
generate computer models that provide the basis of safety studies in support of
reactor licenses.

CHEMISTRY AND MATERIALS SCIENCE

The Chemistry and Materials Science Division encompasses the Materials
Science Branch, the Analytical Science Branch, the Research Chemistry Branch and
the Radiation Applications Research Branch. Work by the first three of these
branches is described by their names. Their research tools are at the forefront
of their respective disciplines and the Analytical Science Branch, in
particular, provides a high-quality analytical service that meets on-site and
off-site needs.

The newly formed Radiation Applications Research Branch has groups
concerned with food and agriculture, physics and accelerators, and industrial
applications.

The three groups represent a new push by our site to use the irradiators
available through the Radiochemical Company in new markets. For example, the
food group is advancing the use of irradiators to extend the shelf life of
delicate fruits, vegetables and fish.
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The accelerator group is working to define a role for accelerators invented
in Chalk River and built in Ottawa. High through-put medical product
sterilization facilities, for example, will provide high radiation doses from
accelerators as an alternate to cobalt-60 sources in the future.

The third group is applying radiation to the radiolytic detoxification of
polychlorinated biphenyl (PCB), and in industrial processes in which
sterilization is a necessary part of bacteriological contamination control.

The collective aim of these groups is new business for and new market
applications of AECL's existing radiation technology.

MINI-REACTOR BUSINESS

Many of you are familiar with the AECL SLOWPOKE reactor system. Six of
these reactors operate in Canadian research centres, currently. They have a
power output of 20 kilowatts and are useful research tools, licensed for
unattended operation up to twenty-four hours. They are self-regulating and
convection cooled. Hence, they are simple heat sources, requiring little
attention and have few moving parts.

This concept is being exploited in a new generation of small reactor
systems for heat and electricity. Currently, a demonstration model with a
thermal output of 2 megawatts is under construction at Whiteshell. Co-
generation of electricity and heat for local distribution from such a system is
considered to be competitive with diesel electric generation in northern
Canadian communities. The concept is attracting increasing interest offshore as
well.

A substantial market appears to exist for this new product. 1 expect that
you will be hearing more about the SLOWPOKE Energy System in the Canadian press
in the next year when the current demonstration model has achieved criticality.

HEALTH AND SAFETY DIVISION

The WNRE Health and Safety Division is composed of the five groupings shown
below:

- Environmental Research Branch

- Medical Biophysics Branch
- Medical Services Branch
- Radiation and Industrial Safety Branch
- WNRE Environmental Authority.

The Environmental Research Branch is divided into sections dealing with

ecological research, meteorology and environmental monitoring.

Ecological Research encompasses studies of environmental radiation and the
movement of radionuclides in soil, particularly soil of the Canadian Shield.
The environmental radiation studies use large cesium-137 sources elevato] in
towers in the midst of controlled areas. The FIG (Field Irradiator-Gamma)
experiment involves a large gamma radiation source that irradiates a kilometre
diameter tract. The botanical aspects make this a unique experiment yielding
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data that are applicable to the understanding of radiation stress on the
Canadian environment. A companion project called ZEUS has irradiated hectare
area tracts of meadow in a bushland setting to study radiation stress on the
meadow vole. This experiment has involved demographic and physiological studies
of the mouse population subjected during their nine-month life span to a uniform
radiation dose rate in their natural habitat.

The study of radionuclide movement in soils has been concentrated on
long-lived nuclides such as technetium-99, to provide data to develop a computer
code for predicting nuclide transport for the waste management program.

Meteorological research supports the waste management program and provides
an on-site service. Mobile facilities for airborne concentration measurements
and fixed meteorological monitoring stations have been used to obtain data for
computer models that predict airborne transfer of material from ground sources
and from elevated sources. This model has been tested internationally. It is a
basis for evaluation of on-site releases as well as a tool for predicting the
impact of postulated airborne releases in impact studies.

The major tools and services that are available to the Environmental
Research Branch are shown below. Of course, the environmental monitoring
section is a major analytical tool that supports the branch's research program
as well as monitoring the environmental impact of the Whiteshell site.

- Field Irradiators
- Field Laboratories
- Herbarium
- Environmental Monitoring

Radioana]ytical Service
- Meteorological Stations.

Research in the Medical Biophysics Branch is divided into the four
categories shown below:

- Kadiobiology
Radiation Biochemistry

- Biochemical Technology
- Molecular Radiobiology.

I want to briefly mention some projects which are underway in this branch
and to describe specialized capabilities of the researchers that may interest
you.

Scientists in this branch use cell cultures to investigate the nature of
radiation damage and the manner in which this damage may lead to consequences
for the whole organism. Over two dozen cell lines are maintained in the cell
culture facility, including bone cell progenitor cells.

In a recent study, the occurrence of multiple centrioles in C3H-T10 1/2
cells was studied by immunofluorescent staining of tubulin. Cytoplasmic
microtubule organizing centres were made visible by disrupting the microtubules
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and allowing them to reform. Within 48 hours after the administration of
1 Gray (100 rads) of x-radiation, the number of microtubule organizing centres
increased compared with the number in non-irradiated cells. The combination of
biochemical tools, microscopy for gross-structure observations, electron
microscopy for ultrastructure observations, and tissue culture facilities make
such studies possible.

The importance of activated oxygen in one of its several forms has been a
focus of attention by this branch. Superoxide radicals, hydroxyl radicals,
singlet oxygen, ozone, and peroxides have been implicated in pathological
conditions. Radioprotective enzymes remove the toxic components before they
attack cellular targets, and they provide protection to the cell in addition to
the repair enzymes, which remove selective DNA damage.

Superoxide dismutase is an enzyme that detoxifies the superoxide oxygen
radical. In a recent study, for example, phospholipid model membranes were
irradiated by incubation with tritiated water at a variety of dose rates to a
dose of b Gray (600 rads). Radioprotection effects of 80-90% were achieved by
use of superoxide dismutase in the model system.

The branch has learned to isolate superoxide dismutase and to use the
enzyme in a variety of radiobiological studies. This has led to the further
development of this enzyme from human sources. Clinical application of super-
oxide dismutase will initially exploit the drug's anti-inflammatory property in
the treatment of arthritis and the treatment of radiation side effects in
radiotherapy patients.

Thus these laboratories have demonstrated a capability of producing and
characterizing this drug with high purity, high stability and high specific
activity. This is a competence that the group can carry forward to other
enzymes.

Monoclonal antibodies to enzymes have been developed by the Medical
Biophysics researchers, and these offer potential applications in research and
medicine. Hybridomas that synthesize and secrete monoclonal antibodies with
desired characteristics are stored cryogenically and aliquots of the cells can
be used as needed. For example monoclonal antibodies to the cupro-zinc form of
human superoxide dismutase that recognize either the active or inactive
superoxide dismutase fractions but not both have been isolated. This capability
can be carried forward to the production of similar antibodies to other
enzymes.

I mentioned earlier that the laboratory has over two dozen cell lines in
its culture facility. This capability offers an opportunity of investigating
the carcinogenicity of a compound using a variety of cells. End points such as
survival, ability to transform to the cancer state, ability of transformed cells
to be brought back to normal, and ability to induce chromosome aberrations can
be studied.

The analtyical cell sorter in this laboratory will analyze a large number
of cells, rapidly, on a cell-by-cell basis. This is a laser-based instrument
with computer control that can characterize cells by size, viability, and
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membrane structure, and uses light scattering and fluorescent properties to
examine macroraolecular composition.

In addition to these capabilities the Medical Biophysics Branch operates a
whole body counter and a bioassay service. Liquid scintillation counting,
specific gamma emitting nuclide counting and gross-alpha and gross-beta counting
equipment are available. The radiochemical laboratory performs uranium, thorium
and plutonium assays. Hence this is a workplace monitoring capability that can
be applied to the mining industry, to contamination clean-up operations, or to
health care centres.

The main facilities of the Medical Biophysics Branch are listed below:

Irradiators
- Cell Culture Facilities
- Analytical Cell Sorter

Fluorescence Spectrometer
- Fluorescence Microscope

Transmission Electron Microscope
Bioassay Laboratory

- Liquid Scintillation Counter
- Whole Body Counter

The Radiation and Industrial Safety Branch provides services of dosimetry,
contamination control and education. Amongst these services is the capability
for response to off-site emergencies and waste handling expertise. The branch
has portable equipment and packed supplies for response to off-site incidents on
short notice.

The Branch currently organizes courses on the handling of radioactive
material for site employees. A number of persons from industries in the West
have also joined the on-site courses for training. This service is being
organized into a formal offering of a technical radioactive material handling
course with hands-on experience in our laboratories. This course may be of
value to nuclear medicine departments in the training of their staff.

Pyrohydrolysis Incineration

The wNRE Environmental Authority and Chalk River have jointly sponsored the
testing of a new incineration concept, which is called pyrohydrolysis
incineration. Essentially waste is consumed at high temperature and high
pressure in the presence of excess steam. The off-gas is scrubbed and filtered
and can be exhausted without the treatment required in an excess-air
incinerator. Large volume reductions of liquid and solid feeds have been
observed.

I envision the production of an autoclave-sized device for the volume
reduction of nuclear medicine wastes, prior to their disposal in a radioactive
waste facility.
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A particular interest of mine in our informal discussions will be to
understand the manner in which you handle your radioactive wastes, what the
costs are, and what the market potential is for a volume-reduction device suc.-.
as the pyrohydrolysis incinerator.

SUMMARY

In review then, researchers in the WNRE Health and Safety Division operate
in the context of a large multi-disciplinary research site at the Whiteshell
Nuclear Research Establishment. The Division is akin to a mini-institute,
undertaking research, providing services and teaching. We have capabilities
based on our research programs, the talents of our staff and our capital
equipment and facilities that may be of use to you.

More than describing our capabilities, I hope to understand the
requirements you have and to identify areas in which we may assist in the
quality and efficiency of your health care contributions.


