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Summary
This document is a summary of the report Maintaining Excellence:
Planning a New Multi-Purpose Research Reactor for Canada. In
representing the interests of the Canadian nuclear science and
engineering community, the Canadian Nuclear Society (CNS)
issued that report as a factual, objective contribution to the national
discussion on the future role of a national multi-purpose research
reactor in Canada. The report includes background material
and recommended requirements, gleaned from the current user
community of the National Research Universal (NRU) reactor at
AECL Chalk River Laboratories.

A history of

Innovation
Canada is one of the nations that introduced
the world to nuclear energy during the 1940s,
and it was the first nation to operate a large,
multi-purpose research reactor (NRX).
By the mid-1950s, Canada’s reputation in several fields of
nuclear science was first-rate, and a second, more powerful
research reactor, the National Research Universal (NRU), was
built alongside NRX and started up in 1957. Other countries
had built or planned research reactors, but for size, power,
flexibility, and ease with which it accommodated numerous
industrial, medical, and scientific needs simultaneously,
nothing in the world matched NRU.
The NRX and NRU were more than research reactors;
they were catalysts for innovation such as this country had
never witnessed in its short history. With the nurturing
of the Canadian government, they catapulted Canadian
researchers to the global forefront. These two
unique machines anchored a scientific enterprise
that pushed the frontiers in metallurgy, solidstate physics, chemistry, biology, electronics,
information technology, and the growing
field of reactor engineering, in addition to
theoretical and experimental nuclear
physics.
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Neutron Scattering (CINS) draws attention to
the vital role that materials play in our daily
lives, and the unique ability of neutron beams to
provide new knowledge for the development of
advanced materials. This will support Canada’s
traditional strengths in material studies, as
well as enabling leading-edge research in soft
materials, life sciences, and nanotechnologies.

For more than 60 years, having a flexible and
powerful multi-purpose research reactor has enabled
Canada to make a positive difference in this world.
From the invention of cobalt cancer therapy and
nuclear medicine, to the world’s most adaptable and
efficient power reactor, Canadian know-how has
benefited from having a powerful neutron source in
our scientific tool kit.

For decades, bold research and development in nuclear science and technology has positioned Canada as a leader in the nuclear industry and helped power the
national economy. Today, the nuclear sector generates approximately 71,000 jobs across Canada and total government revenues of approximately $6.6 billion
each year which results in $1.5 billion in taxes to the federal and provincial governments. With strong government support, technological progress through applied
nuclear knowledge and research will continue to strengthen and drive innovation across Canada’s resource-driven economy. Advances in nuclear research have
led to considerable breakthroughs in oil and gas, clean energy, healthcare and agriculture, among others, and has improved the quality of life for all Canadians.

The need for a new

•

Radioisotopes have revolutionized treatment
and diagnosis in medicine, and have become
vital to industry in manufacturing and analysis.
The unequalled effectiveness of radioisotopes
in each of these areas, and the promise of both
new applications and expanded global use of
traditional applications, ensure that demand for
radioisotopes will increase.

multi-purpose research reactor
Canada’s first large-scale multi-purpose research
reactor, the NRX, ceased operation in 1992 and is
now being decommissioned. Canada’s second, and
largest, multi-purpose research reactor, the NRU, is
over fifty years old and in need of refurbishment or
replacement.
•
The three fundamental missions of the NRU
reactor – neutron beam applications, radioisotope
production and reactor fuel and material testing –
will continue to be in demand, increasingly, in the
21st century:
•

Neutron beam applications:
In its 2008 report, Planning to 2050 for Materials
Research with Neutron Beams in Canada, (available
at: www.cins.ca) the Canadian Institute for

Radioisotope production:  

Reactor fuel and material testing:  
The nuclear “renaissance” involves not just new
power reactor development but innovation in
small heating and other special-purpose reactors,
as well as advanced fuel cycles. The fuels and
materials used in these systems will require
testing under nominal and extreme conditions,
thereby requiring a test reactor with the
flexibility, power, and size to respond to these
varying needs.
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Why in

Canada?
The need to acquire a new domestic irradiation
facility is sometimes questioned, given that
facilities exist in other nations that might be
accessible to Canadian users for a price.
There are several reasons that maintaining a domestic capability
in the three fundamental missions of NRU will benefit
Canadian science and industry, and Canadians in general:

Competitiveness:  
Canada’s nuclear power industry competes with much larger
vendors with priority access to test reactors. It is both a
practical necessity and a matter of international status to
have a major irradiation test facility within one’s engineering
infrastructure supporting a bid for new reactor development,
supply and life-cycle maintenance.

Uniqueness of Canadian
Nuclear Technology:  
There is a limit to what can be learned from testing
unique fuels and materials in someone else’s
test facility. Restrictions on the simulation
environment or geometries accommodated
can significantly curtail irradiation plans,
and thus hinder Canada’s ability to
develop the reactor and fuel
designs that it needs for the
future.
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Atomic Energy of Canada Limited’s Chalk River Laboratories is the site of its National Research Universal (NRU) reactor, one of the largest and most versatile
nuclear research reactors in the world. Launched in 1957, NRU is the world leader in the production of medical isotopes, a national centre for materials research
using neutron beams and is crucial to Canadian nuclear engineering research and development. Work at NRU has resulted in pioneering advances in the medical, industrial and scientific fields, and nuclear knowledge generated through NRU has produced numerous spin-off companies and commercial applications. The
NRU reactor has surpassed its originally intended operational life and development of a new multi-purpose research reactor is critical for Canada to maintain its
entrepreneurial edge in the nuclear sector.

Scope and Responsiveness:  
Having to book time in another reactor where
one is not a priority user means accepting
limits on access and scheduling. The cost of
an external irradiation program itself may lead
to a reduction in scope, and often answers to
operational or licensing issues are required
on a timescale and scope that can only be
simultaneously achievable in a domestic facility.

Development of People:  
Having opportunities to carry out research at a
foreign facility has advantages; however, reliance
upon a foreign facility is not a sustainable option,
and eventually skilled personnel would leave the
field or leave Canada. Moreover, a domestic
facility is conducive to attracting foreign experts
while facilitating student interaction, ensuring
a steady, domestic stream of skilled personnel
entering the field.

Commercialisation of Knowledge:
Canada’s nuclear R&D history includes
many examples of the commercialisation of

knowledge, including proprietary R&D and spinoff technologies that have become additional
high-tech development streams within the
country. Further, Canadian industries may not
be able to sustain an R&D program at a foreign
facility. The nation that operates a multi-purpose
research reactor controls most of the R&D that
it supports, and accrues most of the resulting
economic benefits.

Sustainability of Industrial
and Medical Capability:
For decades, Canada has had an edge over other
nations in its access to an abundant, domestic
supply of radioisotopes for industry and health
care. Removal of this capability, and evolving
Canada's status from 'supplier' to 'user' of
radioisotopes, would be a step backwards. Canada
is a nation that can afford to be a world leader
in only a select set of technologies, and there
is strategic importance in maintaining these
specializations, particularly when earned over 60
years.
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Return on Taxpayer

Investment
The Canadian Energy Research Institute
(CERI) estimates a benefit-to-cost ratio of 1.5
to 1 for nuclear R&D in Canada. A domestic
state-of-the-art multipurpose research reactor
enables this favourable return on investment.
Over 30,000 people employed in 150 companies supporting the
Canadian nuclear industry are indebted to NRU. Canada has
pioneered the modern field of nuclear medicine and continues
to improve the health of more than 20 million patients in 80
countries each year. And, of the handful of Nobel Prizes won by
Canadians, one came for pioneering work using neutrons from
NRU.
No other investment in a science facility has demonstrated such
significant returns to Canadians. An investment in a new multipurpose research reactor will bring about comparable returns
to Canada in the 21st century.

Alignment with Canada’s
S&T Strategy
A new multi-purpose research reactor aligns
with Canada’s federal strategy on science
and technology, with its vision to “build
a sustainable national competitive
advantage based on science
and technology, and
6

Photo courtesy of Promation Engineering Ltd.

Entrepreneurial Advantage:  

Promoting World-Class Excellence:
A world-class multi-purpose research reactor
promotes excellence in multiple areas of R&D with
a cost-effectiveness that can be matched by few
other single facilities.

The medical and other spin-off applications
from the NRU are testament to the innovation
that is fostered by a vibrant and world-leading
facility. Such a unique and powerful tool provides
avenues for niche development to which Canadian
entrepreneurs would not otherwise have access.

Focusing on Priorities:  

Knowledge Advantage:  

Encouraging Partnerships:  

Applied research in nuclear technology,
environmental protection, radioisotopes and
biology provide cost-effective focal points in the
S&T Strategy’s key research areas of environmental
science and technology, natural resources and
energy, and health and related life sciences and
technology.

A multi-purpose research reactor is a nexus
for private, public, university, and international
partnerships, under an appropriate “national
laboratory” governance model.

People Advantage:  
A world-leading R&D facility is a powerful signal to
the world that Canada invests in its human scientific
capital. Diverse and leading-edge capabilities will
attract the brightest minds, and encourage students
to pursue careers in science and technology.
While promoting these three S&T Advantages, a new
multi-purpose research reactor also embodies the four
core implementation principles.
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the skilled workers whose aspirations, ambitions, and
talents bring innovation to life.” It will solidify Canada’s
leading role in multi-disciplinary R&D and fulfill the
three S&T Advantages sought in Canada’s strategy:

Nuclear science and technology is one of Canada’s
core strengths on the world stage. Nuclear energy
and medical technologies were both recently
identified as specific federal S&T priorities.

Enhancing Accountability:  
Benefits from the facility will accrue to all
Canadians and citizens of the world, particularly if
deployed within the broad mandate of a “national
laboratory” governance model. Operation would
be fully accountable to the Canadian taxpayer.
A new multi-purpose research reactor would secure
Canada’s role as a world leader in science and
technology, and foster entrepreneurial innovation and
creativity.

Established in 1995, Promation Engineering is a Canadian automation integrator, tooling supplier and component manufacturer, and one of over 150
companies and 30,000 people supported through Canada’s $6.6 billion a year nuclear industry. With 80 full-time employees, including 15 engineers,
Promation’s industry expertise and extensive experience in the nuclear sector is in high demand across Canada and around the world. Access to a
modern multi-purpose research reactor would support the groundbreaking research companies like Promation need to continue to foster entrepreneurial
innovation and reinforce Canada’s leadership position in the nuclear industry.
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What would it

Look Like?
Several general themes, drawn from a highlevel assessment of the recommendations
coming from the members of the NRU user
community, are worth highlighting. Rationale
for these themes can be found in the detailed
requirements given in the full report:
•

Flexibility

•

Realistic experimental conditions

•

Extreme experimental conditions

•

High capacity factor
•

Large volume core
•

On-power access to the core
The detailed recommendation found in the full
report fall within the following general R&D areas:
•

neutron scattering (advanced materials)
•

radioisotopes for medicine and industry
•

advanced reactor fuel development
•

reactor safety
•
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reactor fuel channel development

instrumentation and control

•

reactor materials and chemistry

•

advanced reactors (e.g. Generation IV)

configuration that even to take the refurbishment
option would mean a major financial investment, and
would guarantee a substantial period of time without
neutrons (the so-called "neutron gap") for all three
of the scientific communities who use NRU.
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•

Replace or Rebuild NRU?

A preliminary assessment of these two options
was undertaken in a study commissioned by the
National Research Council in 2005. That study
The NRU reactor was designed with a capability for
identified the “neutron gap” as a major concern with
replacement of its main vessel due to anticipated
the refurbishment option. The lack of a "neutron
aging, a procedure that was performed once, in
gap", the attraction of top-level researchers as well
1972-74. In discussing the prospect of a new
as students making career choices
multi-purpose research reactor
Properly planned and sustainably in science and technology, and
for Canada, the option of
the potential for more advanced
refurbishing NRU in this manner resourced, a new multi-purpose
capabilities, were identified as
must be considered. Although
research reactor would represent significant benefits of building a
the NRU has become eclipsed
new multi-purpose research reactor.
in the research-reactor world
a significant step in securing
in terms of maximum neutron
This is clearly an area for further
flux, there is even now no better
Canada’s role as a world leader in detailed analysis, with a view to
facility for overall flexibility,
choosing the most cost-effective
robustness of design and ease of
science and technology, and serve option for Canadian science and
operation.
as a key source of entrepreneurial industry, and the Canadian taxpayer.
Nevertheless, many of the
requirements outlined in the
report imply sufficient technical
augmentation of NRU’s current

innovation and creativity.

Canada is firmly committed to the peaceful use of nuclear knowledge and research, and to being a responsible global citizen in the application of nuclear technology.
Canada takes a leadership role in several international initiatives to advance our understanding of proliferation resistance, and apply this knowledge to the design and
safeguarding of next-generation reactor technology. These initiatives include the International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) of the
IAEA, and the Proliferation Resistance and Physical Protection Working Group of the Generation IV International Forum (GIF). Strong investment in nuclear research
and development is necessary to maintain Canada’s standing in the international community while assuring its independence around energy production.
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The Bottom

Line

Canada’s nuclear industry, envied around the
world and a jewel of achievement at home, is
in danger of withering and dying without a new
large-scale research reactor. Equally endangered
is the cutting-edge science and technology that
has made Canada a leader in the development of
advanced materials and radioisotopes. These efforts
have all benefited from access to a powerful, multipurpose research reactor that has existed in one form
or another since 1947.
Canada’s one facility of this type currently in operation,
the NRU reactor at AECL Chalk River Laboratories, is a
well-designed machine that has surpassed its originally
intended operational life. If Canada is to maintain
the edge it currently enjoys in industry, science and
medicine, then a new multi-purpose research reactor
is required to support ongoing and future research
and development activities.
The three fundamental missions of the NRU
reactor – neutron beam applications,
radioisotope production and reactor
fuel and material testing – will
continue to be in demand,
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increasingly, in the 21st century. Maintaining a
domestic capability in these three missions will
benefit Canadian science and industry, and Canadians
in general.
As such, the benefits to Canadians from a new
multi-purpose research reactor are in alignment
with Canada’s federal strategy on science and
technology and fulfill the three S&T Advantages:
Entrepreneurial Advantage, Knowledge Advantage
and People Advantage.
While promoting these three S&T Advantages, a
new multi-purpose research reactor also embodies
the four core principles that will guide the
implementation of the S&T Strategy: Promoting
World-Class Excellence, Encouraging Partnerships,
Focusing on Priorities and Enhancing Accountability.
A new multi-purpose research reactor would be a
very visible investment of public funds, with benefits
accruing to all Canadians and citizens of the world,
particularly if deployed within the broad mandate
of a “national laboratory” governance model.
Operation of the facility, and the R&D it supports,
would be accountable to the Canadian taxpayer.
Canadians have already benefited greatly from their
investment in nuclear R&D.
Looking at the combined requirements of the diverse
user community, a new multi-purpose research

reactor for Canada needs to be flexible, high-power
and physically large, with a high capacity factor and
on-power access to the core. It needs to be able to
simulate realistic conditions for the development of
advanced power reactors, and support high neutron
fluxes, as well as localized high temperatures and
pressures. It should be built with infrastructure
needs in mind – waste management, specialized
analysis facilities, etc. – and it should be built
with allowance for future innovative uses – some
emerging now, some to be sparked in the minds of
young scientists not yet born. Canada’s brightest
will be inspired to reach for new heights, and will be
given the tools to get there.
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With 71,000 Canadians employed in diverse and challenging disciplines through Canada’s nuclear sector, the industry has been a source of secure jobs and career
opportunities for knowledge workers and trades people for decades. On an international scale, a new multi-purpose nuclear research reactor will act as a beacon to
the most highly educated and skilled workers from around the world – workers that are needed for Canada to succeed in today’s modern global economy. And, by
providing its citizens with world-class resources and facilities, Canada will maintain its position at the forefront of science and technology while benefiting communities across the country through the creation of local jobs. Ultimately, a new reactor will be an investment in Canada’s most important resource – its people.

In short, a plan for a new multi-purpose research
reactor for Canada would have the benefit of
learning lessons from NRU, whose designers in
turn learned from the lessons of NRX: a robust,
flexible, operationally-efficient machine need not be
overly complicated. It should be built with an eye
to the future - as large and as versatile as possible to anticipate the uses it will be put to decades later,
as they emerge. It should be maintainable, and it
should be maintained.
Properly planned and sustainably resourced, a new
multi-purpose research reactor would represent a
significant step in securing Canada’s role as a world
leader in science and technology, and a key source of
entrepreneurial innovation and creativity.
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