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Preface
On May 28, 2009, Natural Resources Canada (NRCan) announced the creation of an
Expert Review Panel (referred to here as the Panel) to review new options to secure
medium- to long-term supply of medical isotopes for the Canadian health system from
the private and public sectors.
The current global shortage of medical isotopes resulting from the outage of the National
Research Universal (NRU) reactor in Chalk River, Ontario highlights the need to explore
new options for addressing this critical need.
On June 19, 2009, NRCan issued a Call for Expressions of Interest (EOI) to supply
isotopes in the medium and long-term, with a deadline of July 31, 2009 for responses.
This document is the formal response of the Government of Saskatchewan in partnership
with the University of Saskatchewan to NRCan’s Call for EOI.
Establishment of a medical isotopes production facility in Saskatchewan will depend
upon many factors, including a strong federal partnership and the outcome of The Future
of Uranium in Saskatchewan Public Consultation Process. The Government of
Saskatchewan will receive a final report from the Chair of those public consultations by
August 31, 2009.
The current proposal has been developed during the course of this provincial consultation
process in order to meet the federal timelines for EOIs. In so doing, it is hoped that it may
also serve as a basis for informed public engagement on these critical issues, both in the
short- and long-term future.
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1.

Executive Summary

1.1

Context

On June 19, 2009, Natural Resources Canada announced the appointment of an Expert
Review Panel on Medical Isotope Production with the mandate to review Expressions of
Interest (EOI) from the private and public sectors to supply key medical isotopes for
Canada in the medium and long term. The Government of Canada set a deadline for
submissions to the Expert Review Panel of July 31, 2009. This document is the formal
submission of the Province of Saskatchewan, in partnership with the University of
Saskatchewan.
The search for new sources of medical isotopes is motivated by recent outages at both the
National Research Universal (NRU) reactor at Chalk River, and at other major medical
isotope-producing reactors around the world. The NRU provides isotopes to serve
national and international medical needs, including an estimated 30 to 40 per cent of the
global supply of molybdenum-99 (Mo-99). With the planned final shutdown of the NRU
in 2016, Canada needs a new supply of medical isotopes.
Stable supply of these isotopes is critical to patient health. Canada’s health care system
relies on medical isotopes to diagnose and treat thousands of patients every day. Doctors
use isotopes in nuclear imaging 30,000 times every week in Canada to quickly and
accurately diagnose illness including many forms of cancer. Isotopes are also used in a
form of cancer treatment called brachytherapy, whereby radiation from isotopes is used
to control or eliminate cancerous growths. Approximately 300 brachytherapy treatments
are performed in Canadian hospitals every week to treat patients diagnosed with various
forms of cancer.
The Province of Saskatchewan has the interest, history, and proven capability to
address this issue of national and global importance. As the world’s leading producer
of uranium, Saskatchewan is currently exploring opportunities to add value to its uranium
resources, including through increased research and development. Saskatchewan has a
long history of nuclear-related research and development, including our pioneering role
in cobalt therapy in the 1950s. Today, the thriving research capacity of the University of
Saskatchewan (U of S) and the Canadian Light Source synchrotron, provide the expertise,
synergy and track record that make Saskatoon a natural location for Canada’s next
research reactor. Over the past year a broad spectrum of U of S faculty engaged in
nuclear-related studies have been exploring the concept of a new, national centre for
nuclear studies, including a new research reactor facility.
This new national research reactor facility, the Canadian Neutron Source, is
Saskatchewan’s proposal for securing medical isotopes and neutron research for
Canada’s future.
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1.2 Saskatchewan’s Proposed Solution: The Canadian Neutron
Source
The Province of Saskatchewan, the University of Saskatchewan and their collaborators
are together proposing a new world-class research facility to meet Canada’s medical
isotope and research needs: the Canadian Neutron Source (CNS).
The Canadian Neutron Source is a proposed new 20MWth, low-enriched uranium (LEU)
research reactor facility, optimized to serve two purposes:
1. delivery of medical isotopes—specifically, with a preliminary goal of 2,000 sixday Curies of Mo-99 per week to serve the Canadian and export market; and
2. delivery of neutron beams for neutron science—to serve the needs of Canadian
science in both industry and the public sector.
While the first purpose of the CNS—to ensure a reliable supply of medical isotopes for
Canada—is increasingly well understood, the second purpose to deliver neutron beams
for neutron science has been much less recognized.
Neutron scattering enables scientists to explore the properties of materials down to the
atomic level. Since the 1950s, scientists at the National Research Universal (NRU)
reactor in Chalk River, Ontario have used neutron scattering to conduct studies in
materials science and engineering, physics, chemistry, earth sciences and biology, and to
solve industrial problems.
Other nations have recognized the importance of research into materials science using
neutron beam lines and the critical need for a reliable, long-term supply of medical
isotopes. Recent examples include Australia, which in 2007 opened its new Open Pool
Australian Light-water (OPAL) research reactor. Plans for construction of a new research
reactor were also recently announced in the Netherlands. Without a replacement in 2016
when the NRU is scheduled to be permanently shut down, most of the scientists that
currently utilize the NRU and the research they conduct will leave Canada.
The Canadian Neutron Source will meet the needs of Canada’s medical community by
delivering a safe, reliable supply of life-saving medical isotopes for the next 50 years.
And the CNS will support innovation while attracting and retaining world-class
researchers that establish Saskatchewan and Canada as leaders in the international
knowledge economy.

1.3

Project Costs and Funding

Initial cost estimates for the CNS have been benchmarked against facilities around the
world, including the Australian research reactor OPAL—a proven technology that has
been recently implemented and that can be used for both neutron scattering and medical
isotope production. Based on this analysis, we estimate total project development and
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construction cost of $500M to $750M and an operating cost $45M to $70M annually in
2009 Canadian dollars.
We estimate project development costs at 10% of total project costs, or $50M to $75M.
We propose the Government of Canada provide 50 per cent ($25M to $37.5M) of project
development funding with the remaining 50 per cent ($25M to $37.55M) provided by the
Province of Saskatchewan.
We propose that the Government of Canada provide 75 per cent ($337.5M to $506.25M)
of the construction cost for the CNS, with the remaining 25 per cent ($112.5M to
$168.75M) funded by the Province of Saskatchewan.
We propose that the Government of Canada provide 60 per cent ($27M to $42M) of
annual operating costs, with the Province of Saskatchewan funding 25 per cent ($11M to
$18M) and industry funding the remaining 15 per cent ($7M to $11M) via isotope sales
and industrial science.
Funding Source
Government of
Canada
Government of
Saskatchewan
Industry
Total*

Development
Capital ($M)

Construction Capital
($M)

Annual Operating
($M)

$25-37.5 (50%)

$337.5 – $506.25 (75%)

$27 - $42 (60%)

$25-37.5 (50%)

$112.5- $168.75 (25%)

$11 - $18 (25%)

-

-

$7 - $11 (15%)

$50-$75 (100%)

$450 - $675 (100%)

$45 - $70 (100%)

*Totals may not add to 100% due to rounding
These costs are based on the dual-purpose reactor and beamlines but exclude capital and
operating costs for processing and possible purification of molybdenum-99 from
irradiated targets. These isotope processing facilities will be part of the CNS. The costs
and funding of these facilities will be determined in the development of the full proposal.

1.4

Schedule and Next Steps

Based on initial analysis, we believe the CNS could be completed and ready for isotope
production as early as 2016. The completion date will depend upon a range of factors,
including time required to secure the commitment of funding partners, the environmental
and regulatory review process and the completion of public input processes.
A potential timeline is shown in Table 1. With submission of this Expression of Interest
we are nearing completion of the first of four phases of work to develop the CNS.
Depending upon the response from the Expert Review Panel and the Government of
Canada, and taking into consideration the outcome of UDP public consultations within
Saskatchewan, the Province of Saskatchewan could move to assemble a full proposal in
Phase 2. We estimate that this phase could be completed in six to 12 months, during
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which time we would refine our scientific and industrial program, define a reactor
technology, determine our approach to target processing, refine our cost and schedule
estimates, and begin the regulatory, environmental and public input process.
Once overall project funding is confirmed, we could then move to detailed design of the
full facility in Phase 3. We would go forward to tendering the major construction
packages at the end of this phase, which could be completed in 12 to 18 months after
funding is confirmed.
Construction and commissioning of the facility would proceed in Phase 4, and would
only be initiated once regulatory, environmental and public input processes were
completed and the CNSC had issued a license to construct. Phase 4 would require an
estimated 60 to 72 months.
Between each phase we envision a “go/no-go” decision, with release of funding to go to
the next stage. This phased approach is a “best-practice” in project management and
enables funding partners to minimize risk.
This potential timeline is based on initial conversations with the Canadian Nuclear Safety
Commission (CNSC) and several of our collaborators. This timeline would be refined
and verified during the work of Phase 2.
Table 1
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1.5

Fit with Assessment Criteria

In the call for Expressions of Interest, Natural Resources Canada articulated in its
Proponent’s Guide five assessment criteria by which submissions would be evaluated.
These criteria are: Technical Feasibility, Business Implementation, Timeliness,
Regulatory Issues, and Benefits to Canadians. A summary description of our proposal
against each of these is given in Table 2 and discussed below.

Technical feasibility of the CNS is very high since it is based on existing, proven
research reactor technology. Our goal is to establish a research reactor which can be used
to reliably produce medical isotopes and to explore the frontiers of innovation on a broad
range of scientific topics, such as health, materials science and potential reactor
technology. It is not our goal to test the frontiers of innovation in design and construction
of the CNS itself. Design and construction of the CNS will focus on employing the best
proven technology currently available.
Business implementation is supported by three key features of our proposal. First, we
have the skills and track record to successfully deliver major science projects, such as the
the Canadian Light Source (CLS) which is Canada’s largest science project in a
generation, and the $140M Containment Level-3 vaccine facility International Vaccine
Centre (InterVac). Furthermore, the CLS offers research and operational synergies with
the CNS, as recognized by nations that have co-located their synchrotron facilities and
neutron sources.
Second, we have built an expanding network of national and international collaborators
in government, industry and universities to support the successful completion of this
project.
Finally, Saskatchewan offers a supportive environment with a provincial government that
will consider a major financial investment in establishing the CNS. Together with
expected revenue streams from isotope sales and industrial use of neutron beamlines, the
CNS will be funded in partnership among the Government of Canada, the Province of
Saskatchewan and industry.
Timeliness to deliver the CNS facility in approximately seven years, with potential
commissioning as early as 2016 to coincide with the Government of Canada’s stated plan
to shutdown the NRU. Constructing a new research reactor is a long-term project;
however, it also yields long-term benefits, creating a stable long-term supply of isotopes
and supporting the longer-term advancement of science and technology in Canada.
Regulatory Issues: Saskatchewan has direct experience with federal and provincial

regulatory and licencing requirements and issues garnered from the successful
development, construction and ongoing operation of the Canadian Light Source (CLS),
which is governed by a Class I B Particle Accelerator Operating License issued by the
CNSC.
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The CNS proposal is based on the development of a 20MWth LEU research reactor
facility using an existing reactor technology that has been built and is currently regulated
in other jurisdictions. Therefore, without compromising a comprehensive evaluation of
public health and safety and environmental sustainability, we anticipate no fundamental
barriers to an effective and efficient regulatory process for securing approvals from
federal and provincial regulators that will be shorter than would be the case with new or
unproven technology or with a nuclear power generation proposal.
Benefits to Canadians of our proposal are in three principal areas: isotope production;
economic impact; and international leadership in R&D in alignment with the Government
of Canada’s Science and Technology Strategy.
The CNS will support the medical diagnosis and treatment of Canadians by delivering up
to 2,000 six-day Curies of Mo-99 weekly, which is approximately four times the amount
required to meet Canadian needs.
The estimated capital cost for the construction of the CNS is between $500 million to
$750 million, and will contribute directly and indirectly $314 million to $471 million
respectively to Saskatchewan’s total GDP. The development and construction phases of
the CNS will contribute directly and indirectly 2,000 to 3,000 person years of total
employment to all industries during its estimated six-year construction period in
Saskatchewan.
The CNS’s annual operational cost is estimated to be $45 million to $70 million, with an
expected annual direct and indirect economic impact of $34 million to $53 million on
Saskatchewan’s total GDP. Also, during the CNS’s operation it will annually contribute
between 125 and 194 person years of total employment to all industries in
Saskatchewan.
Finally, the CNS will benefit Canadians by delivering not just an isotope solution, but by
also building a globally competitive neutron research and training facility that has a high
degree of alignment with the federal Science and Technology (S&T) Strategy. Released
in 2007 and entitled Mobilizing Science and Technology to Canada’s Advantage,
Canada’s S&T strategy defines four priority research areas: environmental science and
technologies; natural resources and energy; health and related life sciences and
technologies; and information and communications technologies. The CNS will have
impact on all four of these areas through isotope production and research, and through
neutron scattering studies.
Furthermore, this proposal will support the training of researchers and other highly
qualified graduates, strengthened through synergy with the CLS and other research
infrastructure at the University of Saskatchewan. Recognizing the weakness of industryled R&D in Canada, the federal S&T strategy also emphasizes partnerships among
industry, academe, and government. The CNS is strongly aligned with this approach,
with a vision to engage industry through isotope production, through industrial use of
neutron beamlines, and through participation in the governing board of the CNS.
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Table 2: Summary of Saskatchewan’s proposal against the assessment criteria
Criteria
Technical Feasibility
Business
Implementation

Canadian Neutron Source
 Existing and proven reactor technology mitigates
technical risk




Track record and synergy of existing major science
facilities
Extensive government, university and industry
partnerships
Federal/provincial/industry cost sharing

Timeliness




Potential commissioning in 2016, when NRU shuts down
Long-term solution to medical isotope problem

Regulatory Issues



Previously proven technology to facilitate meeting of
regulatory requirements
Existing isotope technology
Experience with CLS project and SLOWPOKEII research





Benefits to Canadians





Isotope production to serve Canadian and export market
Positive short-and long-term impacts of GDP and
employment
International leadership in R&D in alignment with federal
Science & Technology Strategy

The importance of this project to Canada from scientific, economic, and public policy
perspectives is underscored by the many letters of support shown in Appendix A.

1.6

Part of a Western Solution

Saskatchewan’s proposal for reactor-based production of medical isotopes complements
accelerator-based proposals developed by the TRIUMF subatomic physics laboratory at
the University of British Columbia and by the Prairie Isotope Production Enterprise
(PIPE) in Manitoba. Taken together, these three proposals not only create a robust, longterm supply of medical isotopes for Canada from multiple sources and from a
combination of nuclear and non-nuclear technologies, but also provide strong support to
Canada’s science and technology strategy.
This collaborative solution is reinforced by the provision of advice by CLS staff at the
University of Saskatchewan to the accelerator-based isotope production proposals being
developed by TRIUMF and PIPE. While accelerator-based isotopes solutions tend to
yield smaller amounts of isotopes, combining isotope production from the CNS with
isotope production from TRIUMF and PIPE would ensure Canada’s leadership by
providing a secure supply of isotopes not only for Canada but for countries around the
world.
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1.7

Why Saskatchewan?

Canada needs the CNS, and Saskatchewan is the ideal location within Canada for three
primary reasons:
 We have the synergy of the University of Saskatchewan and the Canadian Light
Source;
 We have the track record to deliver; and
 We offer a supportive environment with a provincial commitment to consider a
significant investment in the initiative.
In 1951, the first use of cobalt-60 in treating cancer was pioneered by a University of
Saskatchewan research team, in partnership with AECL. Today, Saskatchewan’s nuclear
R&D capabilities include the Canadian Light Source (CLS) synchrotron as well as a
SLOWPOKE II reactor. The CLS—which uses photons to study materials—is highly
synergistic with a neutron source, which uses neutrons to conduct complementary
research. These synergies enhance research through collaboration, but can also deliver
financial and operational savings through shared infrastructure and support services.
Indeed, the United States, United Kingdom, France, Switzerland and now Sweden have
recognized the value of these synergies by co-locating their neutron sources next to their
synchrotrons. Furthermore, in successfully delivering the CLS—the largest Canadian
science project in a generation—Saskatchewan and the U of S have demonstrated that we
have the skills and track record to make this complex project an international success.
Finally, Saskatchewan offers a supportive environment, including a provincial
commitment to consider a major financial investment in establishing the CNS.
Canada needs the Canadian Neutron Source and Saskatchewan is the place to build
it.
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2.

Project Details

The project proposed in this EOI is to build a research reactor, the Canadian Neutron
Source (CNS), with two primary missions:



To supply isotopes for medical and other applications; and
To supply neutron beams for research and industrial applications.

This reactor is anticipated to be in the 20MWth power level range and would be sited
near the Canadian Light Source. This reactor would have one of the highest neutron
fluxes of any research reactor in the world, making it highly suitable for both isotope
production and world-class neutron science. The proposed CNS would strongly
complement the CLS synchrotron on the University of Saskatchewan campus.
Production of approximately 2,000 six-day Curies of the medical isotope molybdenum99 (Mo-99) could be anticipated once full operations commence. This level of
production would certainly exceed the needs of the Canadian nuclear medicine
community and would provide some export potential for further revenue streams to
support operation of the enterprise.
The scope of this proposal is limited to building a dual-purpose research reactor and
foundational beamlines and research infrastructure. It does not include facilities to
manufacture irradiation targets. The proposed CNS will include infrastructure to extract
specific isotopes from the irradiated targets as raw material for commercial production of
medical isotopes and will also include waste handling facilities for materials from isotope
production and reactor operations. Details of this infrastructure will be included in the
full proposal stage.

2.1

Project Description and Technology Identification

The proposed CNS reactor is envisaged as part of a national centre of excellence in
nuclear science. Around the world, research reactors are used as sources of neutrons for
scientific research, research and development applications, and production of isotopes for
medical and industrial applications. A reactor for this purpose is sometimes referred to as
a test reactor; in this document the term research reactor will be used throughout.
Research reactors are designed to create a high density of neutrons in the core of the
reactor with a thermal neutron flux in the range of 1014 to 1015 neutrons per square
centimetre per second. As such, they have a much lower operating power than reactors
designed for power generation. Typical power levels in a research reactor range up to
approximately 100MWth (megawatts thermal power)—less than three per cent of a
power generation reactor (typically in excess of 3,000MWth).
Research reactors can have a variety of designs but all are intended to generate neutrons
to probe or change materials. For applications where materials will be altered by neutron
irradiation, the core is designed with insertion channels to hold targets, whether
intermixed with the fuel or outside the fuel region. It is into such channels that target
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material is placed, such as a uranium target, to create the Mo-99 isotope by fission of
uranium-235. Additionally, some designs (such as the proposed CNS) have tubes
through the reactor’s shielding wall into which neutron beams are be emitted for research
applications outside the reactor core.
The ideal target material for production of Mo-99 is highly enriched uranium (HEU;
more than 20 per cent by weight enrichment of U-235) because it provides the largest
quantity of isotope product per volume of waste. However, due to proliferation concerns,
any modern approach to reactor design will use ONLY low-enriched uranium (LEU; less
than 20 per cent by weight enrichment of U-235) for fuel and also for isotope targets.
The proposed reactor will use LEU fuel elements and LEU target materials for medical
isotope production. This would be the first research reactor in Canada to use LEU (nonweapons-grade uranium) as target material. Recently, both Health Canada and the FDA
accepted LEU-based technetium generators whose material was from the OPAL
facility. This acceptance help facilitate approval of CNS based isotopes. Further
investigation will be needed to ensure the isotopes derived from the CNS meet regulatory
standards.
There are several research reactor models which are capable of the dual role of isotope
generation and neutron research. Table 3 identifies reactor facilities capable of creating
medical isotopes.
TABLE 3 Research, Test, and Isotope Production Reactors for Mo-99 Production – adapted from Medical
Isotope Production Without Highly Enriched Uranium, National Academy of Sciences, pages 38-40.
Reactor
Name

Location

Owner

Reactor
Category

Reactors Used by Large-Scale Producers of Mo-99
Chalk River, AECL
Research
NRU
Canada
Petten,
European
Test
HFR
Netherlands
Commission
Mol,
SKC-CEN
Test
BR2
Belguim
Saclay,
CEA/CENResearch
OSIRIS
France
Saclay
Pelindaba,
NESCSA
Research
SAFARI-1
South Africa
Reactors Used by Regional Producers of Mo-99
Buenos
CNEA
Research
RA-3
Aires,
Argentina
Lucas
ANSTO
Research
OPAL
Heights,
Australia
Obninsk,
Karpov
Research
WWR-TS
Russia
Institute
MURR

G.A.
Siwabessy
MPR
ETRR-2
RP-10
RECH-1
MARIA

Columbia,
Missouri,
USA
Serpong,
Tangerang
(West, Java)
Inshas,
Egypt
Peru
Chile
Poland
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Max
Power
(MWth)a

Comm.
Date

Max
Annual
Op
Days

Fuel
Type

Target
Type

Mo-99
Producer

135

1957

315

LEU

HEU

50

1961

290

LEU

HEU

100

1961

115

HEUb

HEU

70

1966

220

LEU

HEU

20

1965

315

HEU
(45%)c

HEU

MDS
Nordion
Mallinckrodt
IRE
Mallinckrodt
IRE
Mallinckrodt
IRE
NTP

10

1968

230

LEU

LEU

CNEA

20

2007

340

LEU

LEUd

ANSTO

15

1964

190

HEU
(36%)

HEU

Karpov
Institute

University
of Missouri

Research

10

1966

339

HEUb

LEU

NNEA

Research

30

1987

147

LEU

LEU

AEAE

Research

22

1997

294

LEU

LEU

IPEN
CCEN
IAE

Research
Research
Test

10
5
30

1988
1974
1974

104
48
140

LEU
LEU
HEU

Reactor
Name

Location

Owner

Reactor
Category

Max
Power
(MWth)a

Comm.
Date

Max
Annual
Op
Days

TRIGA II
Pitesti
HANARO
JMTR

Romania

RAAN

Test

14

1979

84

S. Korea
KAERI
Test
30
1994
252
Oarai,
JAERI
Test
50
1968
182
Ibaraki-ken,
Japan
Reactors That Are Not Yet Operating But That Could Be Used for Mo-99 Production
Chalk River,
10
e
MAPLE
Canada
Reactors
Cadarache,
100
2014
Jules
France
(est)
Horowitz
Reactor
Petten,
30-80
2016
300
PALLAS
Netherlandsb
(est)
(est)
Lynchburg,
0.20 /
5 yrs
350
Medical
Virgina,
unit
from
(est)
Isotope
funding
Production USA
System

Fuel
Type

Target
Type

Mo-99
Producer

(36%)
LEU
LEU
LEU

LEU

HEUf

LEUg

LEU?

Mallinckrodt
IRE

LEU

LEU?

LEU

LEU

Mallinckrodt
IRE
B&W

a

Reactor power is not a measure of a reactor’s Mo-99 production capacity. In general, capacity depends on neutron
flux and the number of targets that can be irradiated simultaneously.
b
Reactor will be converted to LEU when suitable fuel is available.
c
In the process of converting to LEU
d
LEU-based isotope production scheduled to begin in 2009.
e
Reactors have been shut down.
f
HEU was used in original design.
g
Reactor may start up with 27 per cent HEU if high density LEU fuel is not available.
h
Anticipated location.
SOURCES: Reactor data from IAEA (2000, Series No. 3 – Nuclear research reactors of the world) and discussions
with reactor operators.

The most recently commissioned reactor with the dual role of medical isotope production
and neutron research is the OPAL (Open Pool Australian Light-water) reactor located in
Lucas Heights, New South Wales just outside Sydney. The OPAL reactor, built to
supply various radioisotopes for all of Australia and most of South East Asian medical,
industrial and research markets, was constructed by an Argentinean company—INVAP
(Investigacion Aplicaciones, S.E.). Owned and operated by the Australian Nuclear
Science and Technology Organization (ANSTO—Australia’s national nuclear research
and development organization), the OPAL facility began construction in 2002, leading to
first operations in 2007.
OPAL’s advanced design makes it one of the most flexible, efficient and safe research
and production reactors worldwide. According to Australia’s nuclear safety regulatory
body ARPANSA (Australian Radiation Protection and Nuclear Safety Agency), a
problem with partial movement of plates within fuel assemblies was identified after
initial operation, but neither this problem, nor a leak of a small amount of ordinary water
from the reactor pool into the heavy water contained in the reflector vessel, have posed
any safety or radiation risk.
Total capital cost of the OPAL facility was approximately $400M USD, which includes
the cost of an array of neutron beam instruments. The OPAL reactor replaces an earlier
research reactor, High Flux Australian Reactor (HIFAR), which previously created
medical isotopes. The Lucas Heights site had the necessary shielded containments or
“hot cell” facilities to extract Mo-99 and other isotopes from irradiated targets.
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As the development of this project continues, the final design could be of Argentinean
design, an AECL design, or some other design as deemed most appropriate for our needs.
The decision of which technology model will be used will be made in the full proposal.
While the design chosen could have implications for construction costs, we have relied
on the Australian experience with OPAL as a reliable basis for estimated costs at this
stage.
2.1.1

Reasons for Undertaking the Project

Saskatchewan’s interest in undertaking this project and its proposed solution is based
upon three key reasons:




The need for a new secure supply of medical isotopes
The need for a national neutron source
The Saskatchewan advantage

Need for a New Secure Supply of Medical Isotopes
a)

The Current Isotope Crisis

The primary reason for undertaking this project is the current and continuing medical
isotope crisis arising from the loss of production of Mo-99 from the Chalk River National
Research Universal (NRU) reactor and at some other major medical isotope-producing
reactors around the world.
Medical isotope production is concentrated among a few research reactors worldwide.
Canada’s NRU reactor and the Dutch Petten reactor together produced 70 per cent of the
world’s supply of medical isotopes [NAS Report, 2008]. Both of these reactors are older
facilities (NRU began operating in 1957 and Petten in 1961). Other major research
reactors—Belgium’s BR-2, France’s OSIRIS, and South Africa’s SAFARI—were also
built in the 1960s and are aging. These five reactors supply 90 per cent of the Mo-99
used in the world [NAS Report, 2008].
The recent failure and continued outage of both the NRU reactor and the Petten reactor
have added significantly to the insecurity of the world’s supply of isotopes. Growing
operating problems as these isotope facilities approach decommissioning age have led to
NRCan’s current call for alternatives to address isotope needs.
If replacement sources are not found and the present NRU, Petten and OSIRIS reactors
are decommissioned as planned, a deficit of Mo-99 is estimated at approximately 13,000
six-day Curies per week by 2020. Even with optimistic assumptions, new isotope
production expected at the Missouri University Research Reactor (MURR), Argentina’s
CNEA, Australia’s OPAL and France’s JHR will fall short of supplying this increasing
demand. If all four of these facilities begin maximum isotope production before 2020,
roughly 4,000 six-day Curies per week of unmet global demand would still exist [UDP
Report, 2009]. An additional four isotope-producing research reactors would still be
required to meet global demand.
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Strategically, Canada should maintain a role in isotope production to avoid reliance on
the United States or other foreign producers of isotopes. A Canadian solution is vital for
the long-term health interests of the country.
b)

Expanding Isotope Demand for Medical and Other Applications

Table 4 below, with information adapted from Radioisotopes in Medicine— a report by
the World Nuclear Association—illustrates the wide variety of existing medical isotopes
produced by neutron sources and their applications:
Table 4 - Reactor Isotopes
Isotope
Bismuth-213
Chromium-51
Cobalt-60
Dysprosium-165
Erium-169
Holmium-166

Half Life
46 minutes
28 days
5.27 years
2 hours
9.4 days
26 hours

Purpose
therapy
diagnosis
therapy
therapy
therapy
diagnosis/therapy

60 days

diagnosis/therapy

Iodine-131
Iridium-192
Iron-59
Lutetium-177
Molybdenum-99
Palladium-103
Phosphorous-32
Potassium-42
Rhenium-186
Rhenium-188
Samarium-153
Selenium-75
Sodium-24
Strontium-89

8 days
74 days
46 days
6.7 days
66 hours
17 days
14 days
12 hours
3.8 days
17 hours
47 hours
120 days
15 hours
50 days

diagnosis/therapy
therapy
diagnosis
therapy
diagnosis
therapy
therapy
diagnosis
pain relief
therapy
pain relief
diagnosis
diagnosis
pain relief

Technetium-99m

6 hours

Iodine-125

Xenon-133
Ytterbium-169
Ytterbium-177
Yttrium-90

5 days
32 days
1.9 hours
64 hours

diagnosis

diagnosis
diagnosis
diagnosis
therapy/pain relief

Application
Oncology
blood labelling / protein loss
Oncology
Arthritis
Joint pain
Livers
Oncology/kidney/thrombosis/
Hormone count
Thyroid/beta/renal/liver
Oncology
Spleen
Endocrine
Cardiology
Oncology
Blood
Blood
Oncology
Cardiology
Oncology
Digestive system
Electrolytes
Oncology
Cardiology, skeleton, brain,
thyroid, lungs, liver, spleen,
kidney, gall bladder, bone marrow,
salivary glands, infections, blood
and other
Pulmonary
Neurology
Endocrine
Oncology/arthritis

Nevertheless, North American use of medical isotopes, either for diagnostic or
therapeutic purposes, is expanding. The market for Mo-99 has been growing steadily in
recent years, and this growth is anticipated to continue as the population of both Canada
and the United States ages.
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U.S. isotope usage grew at 3.6 per cent per year between 2002 and 2008 [NRC Report,
2008].1 The total world demand for Mo-99 is 12,000 six-day Curies per week [NRCS
Report, 2008]. The rise in global demand is estimated to be one to five per cent per year.
The most common use for medical isotopes is diagnostic imaging. In 2008, there were
22.5 million Tc-99m doses (derived from Mo-99) used in the U.S., plus an estimated
three million PET/CT images. Medical isotopes are also used for therapy, particularly for
cancer therapy or cancer pain relief. (Saskatchewan is home to the first successful
radiation treatment for cancer—cobalt-60. A cobalt-60 unit is in use today at the U of S
for veterinary cancer therapy).
The business case to produce Mo-99 is strong because the proposed reactor facility will
support a full range of dozens, and perhaps hundreds, of medical applications now and in
the future. There are tremendous opportunities to discover and commercialize new
isotopes and their new applications.
The opportunity for Saskatchewan to participate in leading-edge isotope research will
create commercial opportunities for Canada in:
 Medicine
 Environmental science and management
 Industrial and materials science applications
 Geosciences
 Nuclear waste treatment
The future of nuclear medicine is in designer isotopes—the relatively new capability to
make specific rare isotopes and radiopharmaceuticals that can help solve scientific
problems and improve human health.
There are approximately 300 stable isotopes of the 81 stable elements and more than 800
radioactive isotopes, or radioisotopes. Isotopes are well classified, but potential
applications are not well understood. The current need and focus on Mo-99 masks
potential opportunities for developing other medical isotopes for commercial and other
applications.
There are two principal and complementary ways of producing radioisotopes—within a
nuclear reactor (neutron-rich radioisotopes) and within a particle accelerator (neutronpoor radioisotopes).
Saskatchewan’s proposal for reactor-based production of medical isotopes complements
accelerator-based proposals developed by the TRIUMF subatomic physics laboratory at
the University of British Columbia and by the Prairie Isotope Production Enterprise
(PIPE) in Manitoba. Taken together, these three proposals not only create a robust, longterm supply of medical isotopes for Canada from multiple sources and from a
combination of nuclear and non-nuclear technologies, but also provide strong support to
Canada’s science and technology strategy.

1

Medical Isotope Production Without Highly Enriched Uranium’, National Research Council, 2009, ISBN-10: 0-309-13039-5
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This collaborative solution is reinforced by the provision of advice by CLS staff at the
University of Saskatchewan to the accelerator-based isotope production proposals being
developed by TRIUMF and PIPE. While accelerator-based isotopes solutions tend to
yield smaller amounts of isotopes, combining isotope production from the CNS with
isotope production from TRIUMF and PIPE would ensure Canada’s leadership by
providing a secure supply of isotopes not only for Canada but for countries around the
world.

Need for a National Neutron Source
The impending loss of the NRU will have a significant impact on the Canadian research
community, as it serves as a national centre for neutron beam research—NRC Canadian
Neutron Beam Centre. This world-class facility will fall victim to the decommissioning
of the NRU facility unless an alternative solution is found. Loss of this facility will
jeopardize:
 the ability to participate meaningfully and to maintain a leading presence in a
global network of facilities for neutron-based materials research;
 the capacity for innovation in neutron beam methods for life sciences, industrial
applications, and nanotechnology, as well as ownership of arising knowledge and
development of new economic activities in these areas;
 a resource for training thousands of highly qualified personnel for careers in
science and engineering in academia, industry, nuclear energy and government;
 a resource to attract and retain highly qualified people pursuing careers in science,
engineering and technology in Canada; and
 a facility that generates unique knowledge enabling Canadian companies to
penetrate new markets and compete internationally.
Without a prompt commitment to replace and enhance this nationally unique scientific
resource, Canada risks the permanent loss of national competencies that contribute to
value creation in key sectors of the Canadian economy, including health, industry,
science, energy, environment, education and trade, as well as supporting scientific
activity across Canada in academia, industry and government.
a)

Neutron Demand Among Scientists

Because neutron research spans materials science, basic research, biological and medical
research, as well as a myriad of industrial applications, demand for neutron scattering in
Canada and internationally is growing faster than can be delivered.
Other major neutron sources, such as the Spallation Neutron source at Oak Ridge
National Laboratories in Tennessee and the research reactor at the Institut Laue-Langevin
in France, are heavily used and likely unable to address the growing demand for access to
neutron facilities. With Canada’s NRU reactor now approaching the end of its life
following 51 years of internationally recognized service, the capacity shortfall is
particularly threatening for Canadian neutron scientists, who will be forced to move their
research programs to the U.S., Europe or Asia. This would be a tremendous loss to
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Canada as the expertise and experience gained from over 50 years could be lost. The
development of a new neutron capability in Canada is timely.
Canada has a long history in reactor development and use of neutrons for research
purposes. Arguably, Canada invented neutron research with the realization by Bertram
Brockhouse that these particles could be used to give completely new insight to matter—
a discovery for which he shared the Nobel Prize in 1994. Were Canada to not replace the
URU reactor at Chalk River not only would the research of hundreds of Canadian and
international scientists be threatened, but Canada's potential would be lessened with the
loss of this important research tool.
The NRU reactor supports science and industry in three distinct areas: production of
isotopes for medicine and industry; testing of fuels and components for nuclear power
technologies; and supplier of neutrons for the Canadian Neutron Beam Centre for
research across a broad spectrum of disciplines—from material and basic sciences, to
industrial applications and medicine. Every sector of the economy—including aerospace,
automotive and manufacturing, as well as Canada's four science and technology priority
areas (energy, environment, health and communications)—benefits from the application
of neutron scattering.
The neutron scattering community is well organized with more than 100 Canadian
scientists from industry, government and academe. Long-term planning has culminated
most recently in the 2008 document Planning to 2050 for Material Research with
Neutron Beams in Canada prepared by the Canadian Institute for Neutron Scattering.
This document clearly lays out the needs of the community, specifically a world-class
facility addressing the three missions (reactor development, isotopes, and neutrons) that
NRU now fulfils.
Neutron beam laboratories worldwide are increasingly oversubscribed as researchers
expand the range of neutron applications. A number of research applications exist due to
the unique properties of neutrons, particularly where neutrons have low energies in the
range of milli-electron volts. Neutrons are uncharged and thus do not exhibit Coulomb
interaction with electrons in matter, but they do interact with atomic nucleus through the
nuclear force. This aspect makes neutrons very useful for investigating matter,
particularly in conjunction with information derived from X-ray studies which probe the
electron distribution of matter. These two methods then allow investigation of the
electronic and nuclear properties of matter, providing a very complete picture of atoms
and molecules.
Further, neutrons can be “polarized” allowing them to be uniquely used to investigate
magnetic properties of materials, something that is very difficult with X-rays. Study of
magnetic materials is important for both basic research and industrial applications such as
high-density magnetic storage techniques for hard drives and other electronics products.
Neutrons are very penetrating due to their uncharged nature, which makes them the probe
of choice for large objects, from bridge beams, to aircraft and automotive components.
Neutrons are also sensitive to differences among isotopes of elements. For example, an
isotope of hydrogen, deuterium, has a significantly different neutron signature than
normal hydrogen, enabling isotope substitution methods to reveal complex structures in
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hydrogen-rich materials, for example to “see” the water hydrating protein molecules.
This research is key to understanding the role of water and hydrogen bonding in
mediating reactivity and investigating multi-component systems such as membranes,
protein-protein interactions and DNA/protein complexes, knowledge which provides
important clues into disease processes and how to treat or cure disease. Hydrogen is very
hard to see with X-rays because it contains very little charge and thus is nearly invisible
to photons.
b)

Synergies between the CLS and the CNS

Coupling a research reactor that delivers medical isotopes with a state-of-the-art neutron
beam capability can maintain Canada’s long historical lead in neutron and medical
research. Placing that facility adjacent to Canada’s newest, largest, photon research
facility—the Canadian Light Source—will create a synergy found in only a few places in
the world.
Besides assisting the global isotope crisis, having a research reactor and neutron source in
conjunction with the CLS will create a rich research environment. Neutron-based
research tends to fall into three categories—material sciences, biomedical applications,
and imaging—and in each of these areas, neutron applications are highly complementary
with synchrotron methods and applications.
The collocation of the CNS with the CLS would have several benefits both economically
and scientifically, as is being realized at leading neutron and synchrotron facilities
internationally—for example at the collocated European Synchrotron Radiation Facility
and Institute Laue-Langevin research reactor, ESRF/ILL, in France. At the ILL facility,
approximately 20 per cent of the neutron researchers are also users of the ESRF
synchrotron source. The European Union has decided to collocate the next neutron
spallation source with a new synchrotron in Lund, Sweden. The CLS and CNS together
will strengthen the science done, provide many opportunities for partnerships on research,
and enhance user support through common laboratories and facilities.
Collaborative research and partnerships that would grow from these research synergies
will naturally lead to opportunities to create new joint facilities that benefit the CNS and
CLS. This could include biological preparation laboratories, crystal preparation facilities,
metrology labs, advanced instrumentation and data collection collaborations, common
data storage and visualization, and detector development. The synergies of collocation
would attract high-calibre science, and will also attract world-leading scientists to the
CNS and CLS.
In addition to scientific infrastructure, user support would be enhanced by development
of additional joint facilities, such as user food and lodging facilities, joint scientific and
technical library, and common technical shops and support services. Common user
services, including commercialization and industrial user access, as well as health and
safety, are other examples of the benefits of collocation of neutron and synchrotron
facilities.
As an international venue for conferences and workshops, there would be few to equal a
collocated CLS and CNS.
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c)

Industrial Neutron Demand

Neutrons are increasingly being used in industry to help improve products and processes.
To meet this growing demand, a strong foundation of basic and applied research is
needed. Unique contribution of neutron science to applied research include:
1) Neutron scattering:
 Atomic structure determination for materials design
 Studies of material response to extreme environments
 Hydrogen in metals and hydrogen storage
 Magnetism and superconductivity
 Structural biology and biotechnology
 Nanomagnetic materials for next-generation information storage
 Polymer science and engineering
 Residual stress measurements for engineering and industrial applications
2) Neutron radiography:
 Nuclear fuel technology
 Aerospace component reliability
 Biomedical and agriculture
 Cultural heritage
 Other potential applications:

Civil engineering

Ordnance industry

Real time radiography
3) Neutron activation analysis
4) Isotopes for industrial applications
5) Silicon “doping” (which alters conductivity) for electronic and computer
components, particularly for the burgeoning solar-cell industry (ie. large-area
photovoltaics and high-efficiency switching power electronics for electric
vehicles)
The strong industrial engagement program of the CLS would enhance opportunities to
engage industry in CNS applications.

The Saskatchewan Advantage
The third broad reason for this proposed project is the “Saskatchewan Advantage.” That
is, Saskatchewan has a set of competitive advantages that make it the best location for
Canada’s new research reactor.
 The synergy of the Canadian Light Source and other facilities on the U of S
campus;
 Saskatchewan is willing to make a significant financial commitment;
 The skills and track record to make this project a success; and
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a)

Opportunity to create a nuclear centre of excellence with the CNS as the
centerpiece in a province that is the world’s leading producer of uranium.
Synergies at the U of S Campus

As alluded to earlier, there are multiple synergies that derive from co-locating a
synchrotron facility and a neutron source: the science and the international user
community are similar; photon-based and neutron-based research is highly
complementary; there’s potential for multiple partnerships; and the skills required to
build and operate these complex laboratories are similar. Indeed, this is what the
European Union has recognized in co-locating the European Synchrotron Radiation
Facility and the Institut Laue-Langevin research reactor in the city of Grenoble, and in
making the strategic decision to plan construction of the European Spallation neutron
Souce ESS in Lund, Sweden which will also be home to the new MAX-IV synchrotron.
The University of Saskatchewan is also home to a vibrant and growing life sciences
cluster, which offers other potential research and teaching synergies to a new research
reactor. The U of S has a broad array of life sciences colleges, with research and
teaching spanning human, animal and plant life. These include the Colleges of Medicine,
Nursing, Veterinary Medicine, and Agriculture and Bioresources, as well as the Vaccine
and Infectious Disease Organization (VIDO). Related infrastructure includes our
$350M-plus Academic Health Sciences Centre currently under construction, the $140M
InterVac Containment Level-3 vaccine laboratory, a $70M addition and renovation to the
Western College of Veterinary Medicine, and the new unique-in-North America
biomedical imaging beamline at CLS. All of these facilities offer potential for synergistic
research and teaching partnerships with the CNS.
b)

Provincial willingness to make a significant financial commitment

The Government of Saskatchewan is willing and able to make a significant financial
commitment to fund the construction of the CNS. This willingness is based on the
benefits of expanded research, development and training to the province; the health
benefits and revenue stream provided by medical isotopes; and the potential to further
expand provincial capacity and economic benefits through the nuclear industry.
The Province of Saskatchewan is currently the world’s leading producer of uranium, and
is seeking to explore opportunities to “add value” to those resources and grow industry
further along the nuclear value chain. In 2008/09, the Province created the Uranium
Development Partnership (UDP) to provide recommendations on how to achieve those
value-added goals. In its final report in March 2009, the UDP recommended that the
Province “partner with the Federal Government to pursue the construction of a research
reactor in the Province as a complement to synergies with existing research
infrastructure and capabilities and to better position the Province to participate in
multiple areas of study.”2 The recommendations of the UDP report are now the subject
of public consultation which will guide further government decision-making in this area.

2

“Capturing the full potential of the uranium value chain in Saskatchewan”, Uranium Development Partnership, March 31, 2009.
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c)

Skills and track record to make this project a success

Saskatchewan has the skills and overall track record to make CNS a success. This is
demonstrated by our history in nuclear research and development (R&D) and by our
experience in successfully delivering and operating two of the largest and most complex
science projects in Canada: CLS and VIDO/InterVac.
Saskatchewan has a history and an existing base of nuclear R&D upon which it can
build. In 1948, the University of Saskatchewan, in collaboration with the Saskatchewan
Cancer Agency, built the first betatron facility in Canada. In 1951, the use of cobalt-60 in
treating cancer was pioneered by a University of Saskatchewan research team in
collaboration with AECL. Today, Saskatchewan’s nuclear-related R&D capabilities
include the infrastructure and staff associated with the CLS, as well as the SLOWPOKE
II reactor operated by the Saskatchewan Research Council on the University of
Saskatchewan campus.
In constructing and managing facilities such as CLS and VIDO/InterVac, the Province of
Saskatchewan has demonstrated the ability to successfully deliver some of the largest and
most complex scientific projects in Canadian history.


The CLS, with current invested capital of approximately $300M, is regulated by a
Class I B Particle Accelerator Operating License issued by the Canadian Nuclear
Safety Commission (CNSC), and currently employs 160 staff. CLS has an
aggressive industrial science mandate, allocating up to 25 per cent of each
beamline’s time for industrial use—three times what has been achieved in any
other synchrotron globally. In a recent review of CLS operations, an international
NSERC review committee stated that:

“The facility, wholly owned by the University of Saskatchewan, is unique in
Canada as the only synchrotron radiation facility in the country and many of its
beamlines are also unique on the global stage. The life science program is particularly
impressive and appears to have been carefully shaped. The materials science programs
include several innovative techniques, and others which are well established but
necessary. About 50 per cent of projects undertaken with industrial partners have been in
the field of earth sciences. Phase I construction has seven completed beamlines at
various stages of commissioning. Initial demand for beam time at some of the beamlines
is high and results of the research being carried out have begun to appear in important
scientific journals.”


VIDO (the Vaccine and Infectious Disease Organization) is a world leader in
research and development of vaccine and immunity-enhancing technologies for
humans and animals. VIDO is a non-profit organization owned by the University
of Saskatchewan and operates with support from the the Government of Canada,
the governments of Saskatchewan and Alberta, industry competitive grants, and
charitable foundations. VIDO has been a leader in building partnerships with
industry, holding more than 80 U.S. patents, most commercially licensed, and has
commercialized seven vaccines, five of which were world firsts. VIDO is now
leading construction of the International Vaccine Centre (InterVac), which will be
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the largest Containment Level 3 vaccine research facility in Canada dealing with
both human and large animal diseases.
Saskatchewan has clearly demonstrated that it has the skills and experience to
successfully develop the sort of science infrastructure and programming that a new
research reactor would represent.
d)

Synergies with a U of S Nuclear Centre of Excellence

Our proposed solution to the present medical isotope problem is part of a coordinated set
of activities at the University of Saskatchewan that includes a proposed research reactor
as the centerpiece of the university’s nuclear research and training activities.
Over the past year, a number of departments, faculty and groups on campus have been
organized to form a new centre—the Institute for Nuclear Studies. This centre would be
a key contributor to a proposed national centre for nuclear science, medicine and
technology based at the U of S—a partnership among government, academic, community
and industry interests to support the network of nuclear research and development in
Saskatchewan.
Researchers and representatives from the College of Arts and Science, College of
Medicine, College of Engineering, College of Agriculture and Bioresources, College of
Nursing, Western College of Veterinary Medicine, College of Law, School of
Environment and Sustainability, School of Public Health, the Johnson-Shoyama School
of Public Policy, Toxicology Centre, and the Canadian Light Source, are collaborating on
the development of the centre. The multi-disciplinary centre aims to build on key
research strengths, expand opportunities for research and training, and become an
international leader in specific areas of nuclear studies including not just scientific areas
but also the environmental and social context of sustainable nuclear development.
The scope of this nuclear studies centre includes new infrastructure that could offer space
for offices, laboratories, meetings, and classrooms. Through this centre, the University
would proceed toward final specification, design review, and oversight of various aspects
of construction of the proposed research reactor.
This EOI for the Canadian Neutron Source is attractive from many perspectives including
scientific, technical, economic, and public policy. This is demonstrated by the letters of
support shown in Appendix A.
In summary, the renewed interest in nuclear energy, the dire shortage of medical isotopes,
the impact of the loss of a neutron source for Canadian research and industry, the
Province of Saskatchewan prepared to be more than just a supplier of uranium and
looking for value-added opportunities, the potential synergy between the Canadian Light
Source and a neutron source, and the University of Saskatchewan capacity to capitalize
on the research opportunities a research reactor will supply has all led to this proposal for
a dual-purpose research reactor in proximity to the campus and the Canadian Light
Source.
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2.1.2

Technologies Employed

The technology of the proposed CNS for creating neutron-rich medical isotopes is the
current standard—making isotopes by bombardment of targets in the high neutron flux of
a uranium-fueled research reactor.
Research reactors have the capacity to fulfill numerous functions. In defining the roles
that the CNS would play, a number of other options (besides OPAL) are available.
Single-purpose reactors such as the MAPLE and B&W reactors are designed solely for
isotope production. Other reactors are multi-purpose such as the NRU, OPAL, and others
(see research reactor—Table 3 on page 10).
As pointed out in the Uranium Development Partnership report, a reactor for just isotope
production, without some other activity to justify the facility, was not found to be
economically feasible. When considering a NRU replacement, which encompasses
reactor development technology, neutron beam research, and isotope production, it
became clear that meeting all of these needs would result in a reactor much like the NRU,
with large power and a correspondingly large core and high relative cost. The driver of
high cost rested primarily upon maintaining high flux in a large core to accommodate
testing of new reactor technology. From an economic point of view, a smaller version
that addresses the needs of isotope production and neutron beam research is thus
appropriate for the present context.
Given Canada will likely consider development of an additional facility that may fulfill
the broader role of the current NRU, a dual-role facility is a good match for the
University of Saskatchewan and the Government of Saskatchewan.
The synergy of combining a neutron source and a synchrotron source geographically was
viewed to be a major benefit to the Canadian research community in terms of research
tools. Additionally, economic efficiencies may be achieved by consolidation of some of
the management and service activities of the neutron source with those of the Canadian
Light Source.
Various research reactors recently commissioned or currently under development provide
potential models. These include:
 MPR multi-purpose research reactor in Java, commissioned in 1987;
 HANARO research reactor in South Korea, commissioned in 1994;
 ETRR-2 research reactor in Egypt, commissioned in 1997;
 FRM-II reactor in Germany, commissioned in 2004; and
 and Australia’s OPAL reactor commissioned in 2007.
Of all these models, the OPAL facility is close to our dual-role needs in that it was
specifically built for medical isotope production and neutron beam research. Also, it was
specifically built to use LEU as fuel and target material (the FRM-II facility is presently
using HEU).
The recently commissioned OPAL reactor, which currently provides medical isotopes to
Australia and soon to the Far East, serves as a useful model for the CNS. Nevertheless, a
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higher neutron flux than is achieved by OPAL would be desired to both increase isotope
production capacity and to increase potential for research.

Figure 1 shows a cut-away view of the OPAL reactor facility.

Figure 1 Cut-away view of the OPAL reactor facility. This dual purpose (medical isotopes and neutron research) facility is
similar to the proposed reactor facility in this expression of interest document.
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Potential Canadian Neutron Source Facility Specifications
An overall design specification for the proposed reactor is to achieve more than 1x1015
neutrons/cm2/s of thermal neutron flux at the nose of the exit beam tubes. This would
make it a world-class neutron source.
The proponents have not yet selected a specific reactor design. What follows is a
description of some elements that could be included based on an analysis of existing
facilities in other places. A technology will be selected in the next phase.
Without a completed design, the amount of medical isotope production of higher neutron
flux is uncertain, but it might be expected that a near three-fold increase in activity could
be achieved compared to the OPAL source. Thus medical isotope (Mo-99) production of
approximately 2,000 six-day Curies might be expected once full operations commence.
This level of production would certainly exceed the needs of the Canadian nuclear
medicine community and would provide some export potential for further revenue
streams to support operation of the enterprise.
The building and structures required are: a reactor core, reactor pool and vessel, reflector,
reactor shielding, irradiation positions in the pool, neutron beam ports, reactor building,
neutron guide building, offices and visitors centre building, auxiliary buildings, reactor
facility substation, and possibly cooling towers.
Additionally, there must be an area to allow fuel and targets to be loaded or unloaded
from the reactor and transferred into suitable containers for shipment to final locations.
Finally, the CNS will require a number of offices, meeting rooms, laboratories,
machinery rooms, shops, shipping and receiving rooms, washrooms, etc.
An overall description of the various facility components follows. An example of the
layout of a reactor and associated neutron beamlines is given in figure 2.
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Figure 2 Concept of reactor hall and guide hall showing the possible arrangement of neutron beamlines for a variety of
materials research activities. This figure (courtesy of Prof. Dominic Ryan, McGill) was produced at the time of the proposal
for a Canadian Neutron Facility (~2000), and the suite of neutron instruments reflects the views of the Canadian neutron
scattering community about how it might evolve over the first 20 years of operation.
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a)

Reactor Core, Hall, and Experimental Guide Hall
A neutron reflector that surrounds the core is used to sustain the nuclear reaction
and create a large volume of high-thermal neutron flux in which to locate
irradiation sites and the leading ends of neutron beam tubes.
The most likely moderator/reflector material will be heavy-water. It is possible
that a water reflector or a beryllium or graphite reflector may need to be added to
optimize the shape of the neutron flux distribution. Heat generated within the
core will be removed by circulating water through the fuel plates. Control
elements will be used to control the rate of reaction within the core. The
reactivity feedback coefficients must be negative, which means any power
increase or temperature increase reduces core reactivity.
For example, the OPAL reactor has 16 fuel assemblies in a 4x4 array in the core
with a core dimension of 35cm x 35cm (horizontal dimensions) x 61.5cm (vertical
dimension). There are five control rods or plates composed of Ag-In-Cd. The
core is loaded at the beginning of a run cycle with 6.25kg of U-235. The average
run time is 29 full power days. The fuel is LEU (19.7 per cent enriched U-235)
and is a uranium silicide—aluminum dispersed fuel. The fuel assemblies are
composed of 21 plates (65mm x 615mm x 1.5mm thick).
The OPAL reactor core is located near the bottom of a vessel that is 4.5m in
internal diameter and 14.1m in internal height filled with light-water.
Surrounding the core is a heavy-water neutron reflector. The control rods in the
OPAL design are driven from below the core.
Provisions in the CNS would be made to include irradiation tubes (both for
isotope production and industrial/research purposes), as well as hot and cold
neutron sources.

b)

Medical Isotope Target Irradiation Tubes
The reactor core must allow access for a number of target irradiation tubes. In the
OPAL design, there are 15 bulk production irradiation positions located outside
the core in the reactor pool vessel. There are 53 vertical pneumatic rigs, seven
large volume irradiation facilities, and five beam tubes for neutron beam research.

c)

Neutron Beam Ports
To meet the needs of the neutron scattering community, a number of ports will
enable neutron beams to be directed for research purposes. Approximately 10
ports will be required to meet the needs of the Canadian neutron scattering
community. Included in these ports would be two whose neutrons arise from a
cold source (ie. liquid deuterium or hydrogen) and two from a hot source. The
remaining approximately six ports are tangential to the core, deriving neutrons
from the location of peak thermal flux of the moderator. The layout of these ports
and beamlines is expected to be similar to figure 2.
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d)

Reactor Hall
The reactor hall houses the reactor, reactor vessel, cooling pool, reactor shielding
and a number of neutron beamlines. Some of the thermal beamlines and the cold
source neutron beamlines will exit the reactor building into the guide hall. The top
of the reactor vessel will permit access to the various irradiation ports and enable
fuel loading and unloading.

e)

Guide Hall
The guide hall primarily houses cold neutron beamlines as shown in figure 2. The
layout of the hall is identified as the long part of the building shown in figure 1
adjacent to the reactor hall.

f)

Cooling Pool
The cooling pool is connected to the reactor vessel to allow immersed transfer of
fuel and targets to and from the reactor vessel irradiation locations. The cooling
pool is where used fuel is stored to allow short-lived isotopes to decay to facilitate
subsequent transfer to long-term storage or spent fuel processing facilities. Also,
the irradiated targets for isotope production are temporarily stored for the same
reason prior to shipment to an isotope processing facility.

g)

Cooling Tower
The OPAL reactor generates 20MW of heat which must be dissipated. The
cooling of the reactor results in warmed water that is not suitable for power
generation (i.e. not high temperature). Some of this water can be used to heat the
facility in the winter. The cooling towers are used to remove the bulk of the heat
generated.

Isotope Production: Mo-99
The process of making Mo-99 isotope material involves four broad steps:
 uranium target fabrication (not part of this proposal);
 target irradiation in a reactor;
 target processing to remove and purify Mo-99; and
 preparation of technetium generators, the end product that is shipped to hospitals
and clinics.
a)

Target Irradiation in a Reactor
Mo-99 is created as a fission product of U-235 by irradiation of a target in the
neutron-rich environment of the reactor core. Because the half-life of Mo-99 is
just 66 hours, an equilibrium is soon reached as the amount of Mo-99 created
equals that which decays. A typical irradiation cycle is seven days, or about three
half-lives. Of the original starting material of U-235, about three per cent has
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undergone fission in this time, and approximately six per cent of the fission
products are Mo-99.
The processing of irradiated targets to extract Mo-99 would occur at or near the
CNS site. This initial processing extracts the Mo-99 as raw material for further
purification and preparation of technetium generators.. What follows is a very
brief description of these processes.
b)

Target Processing
The targets are composed of plates containing Low-Enriched U-235 (LEU). After
irradiation, the targets are chemically processed to separate Mo-99 and the many
other fission products, including I-131, I-125, Xe-133, etc.
The target is typically either dissolved in an alkaline or acidic solution, depending
upon the target composition. Alkaline solution is preferred for aluminumcontaining target materials. A sodium hydroxide (NaOH) solution dissolves the
target, and the Mo-99 enters solution as Na2MoO4. Hydrogen is evolved in the
dissolution process and some fission gases such as Xe-133, which may be
recovered and sold. The solution is filtered, purified by ion exchange, and passed
through an alumina column that preferentially adsorbs the molybdate ion (MoO42
). Finally, the alumina column is flushed and the molybdate removed from the
column using a concentrated saline or ammonium hydroxide solution. A similar
procedure is used for non-aluminum target materials, using an acid process.
These procedures are carried out within highly secure and specialized facilities,
and require heavily shielded infrastructure known as hot cells.

c)

Technetium Generators
The purified molybdate solution is adsorbed onto alumina rods (about 10mm
diameter) that are shipped to radio-pharmacies and hospitals in shielded cartridges
known as technetium generators.
Upon decay, the product Tc-99m forms pertechnetate (TcO4-), which is not tightly
bound to the alumina due to the reduced charge and can be washed out by a
solution, typically saline, to release the pertechnetate molecule in a process
referred to as eluting.
The generators can be eluted several times a day as needed. The 66-hour half-life
of the parent isotope, Mo-99, allows the generator to be used for approximately
one week, which prevents these medical isotopes from being stockpiled.

Once the generator has been eluted, there are a number of Tc-99m kits that can be
used to create radiopharmaceuticals for functional imaging of brain, kidney, heart,
bone, liver and lung. The properties of the radiopharmaceuticals enable the
pertechnetate compounds to be taken preferentially up in specific organs, and
variation in that uptake infers function. For example, Tc-99m methylene
disphosphonate is preferentially taken up in regions of high bone turnover and
thus is a good marker for bone cancer.
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2.1.3

Additional Scientific & Technological Investigations Required

The CNS concept is based on an initial review of current technologies and high-level
engineering and financial benchmarking of the OPAL and other research reactors. The
scientific and technical investigation has focused on the reactor technology. One aspect
of this proposal is a reactor specification with a higher neutron flux than the OPAL
design. Moving beyond the EOI to a fully developed proposal containing more detailed
scientific, engineering and financial study to deliver a research reactor will require six to
twelve months to complete.
A processing facility would be located at or near the CNS site to extract and possibly
purify the Mo-99 raw material for shipment to a technetium generator facility. The
details of handling targets and the management of the waste must be assessed.
Key scientific and technological issues to resolve in the fuller proposal include:
 Possible impact on power, design and isotope production of a higher neutron
flux;
 As this would be the first reactor in Canada to use LEU as target material,
further investigation is needed to ensure the isotopes derived from the CNS
meet Health Canada regulatory standards, and U.S. FDA standards if these
isotopes are exported. Recently, both Health Canada and the FDA accepted
LEU-based technetium generators whose material was from the OPAL
facility. This acceptance help facilitate approval of CNS based isotopes;
 Developing a process for evaluation of reactor technologies, a short list of
reactor technologies, and a subsequent tendering process to choose the
technology;
 Establishing a source of target material and reactor fuel. Both these issues are
very closely linked to the choice of reactor technology;
 Preliminary discussions have taken place with MDS Nordion and the
Prairie Isotope Production Enterprise (PIPE)). However, further
development of the design, construction and operation of a hot cell
facility as part of the CNS to process radiating targets will be required
in phase 2;
 Production and distribution of Tc-99m generators, perhaps in partnership with
other isotope producers—there have been preliminary discussions with PIPE;
 Production of medical isotopes other than Mo-99;
 Pursuit of further R&D in nuclear medicine, which requires facilities for target
handling and processing on site as for research into the development of new
isotopes for medical and industrial applications and a unique training
opportunity in radiopharmaceuticals at the University of Saskatchewan.
 Site selection;
 Path to regulatory approval;
 Waste management of a) reactor fuel and b) waste from isotope production;.
 Number of initial neutron beamlines and phased approach to completion of
CNS;
 Feasibility of other capabilities, such as boron neutron capture therapy
(BNCT); and
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Definition of core laboratory, office, and meeting space requirements.

These issues will be addressed in phases 2 and 3.
2.1.4

Plans for Bringing the Technology to Commercial Scale

The operation of the OPAL and other research reactors around the world demonstrate that
this type of reactor technology is mature, safe, cost-effective, commercially available and
operating at a commercial scale. No new technologies are required to produce medical
isotopes. The higher neutron flux of the proposed CNS compared to OPAL may impact
the scale of isotope production and needs to be assessed. The proponents will be able to
determine the scope of production of Mo-99 once the design is completed.
As mentioned in section 2.1.3 above, further development of the design, construction and
operation of a hot cell facility as part of the CNS to process irradiated targets will be
completed in phases 2 and 3.
2.1.5

Past Work Upon Which this Proposal Builds

This EOI builds on several key aspects of U of S and CLS strength including delivering
major science facilities, building on our tradition of nuclear physics innovation, and a
dynamic research cluster. The proposed CNS would also exploit synergies between
photon and neutron research and building proven international technology.
Delivering on Major Science Facilities
As host to two of Canada’s largest science projects—the Canadian Light Source and the
International Vaccine Centre or InterVac—Saskatchewan has demonstrated it has the
ability to boldly envision and deliver on major national science facilities.
In particular, this proposal builds on the successful establishment of the Canadian Light
Source, one of the most advanced synchrotrons in the world today. It’s a powerful tool
for academic and industrial research in a wide variety of areas including materials science,
environmental science, natural resources and energy, health and life sciences, and
information and communications technology.
The CLS is a national science and technology strategy success story—a big-science
facility completed essentially on time, on budget, and on specification. Indeed, the CLS
serves as a model for project development, management, and success in obtaining
regulatory approvals, providing a strong foundation upon which to build a successful
research reactor in Saskatchewan.
The CLS was developed with a broad range of government, industry and university
partners. These include:
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Operating Funding Partners
University of Saskatchewan
Canadian Institutes of Health Research
(CIHR)
National Research Council (NRC)

Natural Sciences and Engineering
Research Council
Western Economic Diversification
Government of Saskatchewan

Capital Funding Partners
University of Saskatchewan
Canada Foundation for Innovation
Government of Saskatchewan
Western Economic Diversification
Ontario Innovation Trust
Government of Ontario
Government of British Columbia
Saskatchewan Advanced Education,
Employment and Labour
Alberta Innovation & Science
National Research Council
Alberta Heritage Foundation for
Medical Research
City of Saskatoon
SaskPower
National Resources Canada

Heart& Stroke Foundation of
Saskatchewan
Royal University Hospital Foundation
Saskatchewan Health Research
Foundation
Saskatoon Health Region
Boehringer Ingelheim
Rockwell Collins Canada
University of Alberta
University of Western Ontario
Regina Qu’Appelle Health Region
Canadian Cancer Society, Saskatchewan
Division
Saskatchewan Cancer Agency
Breast Cancer Society of Canada

In addition to the University of Saskatchewan, 36 universities have endorsed the CLS.
These are:
University of Alberta
University of British Columbia
Carleton University
University of Calgary
Concordia University
Dalhousie University
École Polytechnique de Montréal
University of Guelph
Laurentian University
Université Laval
University of Lethbridge
McGill University
University of Manitoba
McMaster University

University of New Brunswick
University of Northern British Columbia
University of North Carolina at Chapel Hill
University of Ottawa
Queen’s University
Université de Quebec (INRS)
University of Regina
Royal Military College of Canada
Université de Sherbrooke
St. Mary’s University
St. Francis Xavier University
Simon Fraser University
Trent University
University of Toronto
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Memorial University of Newfoundland
Monash University
Université de Montréal
Mount Allison University

University of Victoria
University of Waterloo
University of Western Ontario
University of Windsor

The CLS grew out of scientific expertise gained by Canadian synchrotron researchers
using and operating facilities outside Canada, together with a sophisticated physics
community which developed and operated the world’s highest energy continuous-duty
electron beam at the Saskatchewan Accelerator Laboratory pulse stretcher ring.
Building on Our Tradition of Nuclear Physics Innovation
In the post-war period, the U of S was in the forefront of Canadian nuclear physics, with
Canada’s first betatron installed on campus in 1948 and the world’s first non-commercial
cobalt-60 therapy unit for the treatment of cancer opening in 1951.
The Saskatchewan Accelerator Laboratory (SAL), which opened on the U of S campus in
1961, reflects this institution’s history as a forerunner in research, innovation, and
discovery. SAL was portrayed as the next logical step on the university’s research path
and this facility supported radiology, chemistry, and sub-atomic physics research. In 1997,
it was determined that the SAL, and the expertise that had contributed so much to its
success, should become the foundation upon which to build Canada’s first synchrotron.
Saskatchewan also has a long history of experience with the management of a modest
nuclear facility housed within the Saskatchewan Research Council. The SLOWPOKE II
(Safe LOW Power Kritical Experiment) is a low-power research reactor used to perform
analytical testing for a variety of clients using neutron activation analysis, a nondestructive technique that requires little sample preparation. This facility adds value to
the province and to Canada because local analytical needs can be met here, thus adding
value to the economy. The SLOWPOKE has also contributed to training and research at
the University of Saskatchewan.
Under the leadership of the Canadian synchrotron research community and the
commitment of the University and the Province of Saskatchewan, CLS has established
itself as a pioneer in advanced accelerator design and operations, with many CLS features
being modeled in newer synchrotrons in the U.K., Australia, and China. The design of the
CLS is the most compact and cost-effective of the new generation of synchrotrons.
The building and major components, including the linear accelerator, booster ring and
storage ring were developed over a five-year period beginning in September 1999 at a
capital cost of $141 million.
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Figure 3 – Canadian Light Source

As displayed in Figure 3 above, simply described, the light source operates in the
following way: electrons are produced using a conventional thermal electron gun and
accelerated to 250 MeV using a linear accelerator (the heart of the old SAL). The
electrons are then injected into a booster synchrotron where they are further accelerated
to 2.9 GeV (2,900 MeV), and transferred into the electron storage ring. When the
trajectory of high-energy electrons is bent in passing through powerful magnetic fields in
the storage ring, the electrons emit an extremely brilliant broad spectrum of photons
known as synchrotron light or synchrotron radiation, covering the spectral range from the
far infrared to hard X-rays.
In July of 2004, Canadian Light Source Inc. received approval from the Canadian
Nuclear Safety Commission (CNSC) to proceed with routine operations of the CLS
facility. These components are fully operational, meeting or exceeding design
specifications. Round-the-clock operations started in 2005. On May 15, 2006, CNSC
renewed the Canadian Light Source Class I B Particle Accelerator Operating License for
a term of six years.
The CLS has the capacity to host approximately 30 beamlines, and at present 21 are
completed or in varying stages of planning, development and commissioning. At an
average cost of about $10M, new beamlines involve collaboration and partnership, with
strategic engagement of the international community of researchers. CLS beamlines
support a diverse user community in fields ranging from far infrared spectroscopy to
advanced material and environmental science capabilities to high-resolution novel
medical imaging modalities. The growth in the number of synchrotron scientists in
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Canada is remarkable since the development of the CLS, having recently surpassed 2000
user visits.
Researchers from virtually all major scientific areas, from physics, chemistry, life
sciences, medicine, engineering, environmental science, both pure and applied, are
attracted by opportunities to apply synchrotron light to exploration of the frontiers of
their disciplines. This multidisciplinary milieu leads to a sharing of ideas, techniques,
and experience that is a hallmark of synchrotrons, and creates an innovative environment
with few equals.
Enhancing a Dynamic Research Cluster
The successful development of the CLS at the University of Saskatchewan has been a
catalyst for development of bold new major science facilities that are creating a unique
science research cluster and establishing the university and the province as a leading
centre for innovation.
The growing research cluster, with particular strength in the life sciences, includes a
broad array of colleges (medicine, veterinary medicine, agriculture and bioresources,
nursing), schools (public health, public policy and environment and sustainability), and
facilities that offer potential for synergistic research and teaching partnerships with a new
research reactor. Two key examples:


The $141-M International Vaccine Centre (InterVac)—a highly complex,
Containment Level 3 national research facility scheduled for completion in
2010—has been made possible through partnership with the federal government,
the Province, University, and industry. InterVac, which builds on the renowned
work of the Vaccine and Infectious Disease Organization, is poised to firmly
establish Canada’s international leadership in vaccine development. Research in
structural biology at the CLS complements that planned for InterVac, where
breakthroughs in understanding mechanisms of infection and treatment will rely
on research at both organismal and molecular levels.



To support this growing commitment to research leadership, the Province of
Saskatchewan has committed to the construction of a new $350M-plus Academic
Health Science Centre at the University of Saskatchewan, which will
accommodate a new generation of life science researchers and students, with two
of Canada’s national research facilities, CLS and InterVac, literally at their
doorstep. The AHSC, the largest capital project ever undertaken by the U of S,
will bring health science colleges and the new School of Public Health under one
roof, leading to new research collaborations and training opportunities across all
four pillars of health research—biomedical, clinical, health systems and services,
and population health.

The proposed CNS would be enhanced and supported by this vibrant research cluster,
which is closely linked to Innovation Place, one of the most rapidly growing and
successful university-related research parks in North America. This vast complex of
laboratories, offices, and greenhouses on the U of S campus is an exceptional research
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and commercialization environment that builds upon the university’s strengths in areas
including agriculture, life sciences, biotechnology, and resource development, and has
become a symbol of the city’s advanced technology community. Supported by
government initiatives and driven by public policy mandates, Innovation Place has
enhanced job creation in advanced technology sectors. With employee numbers totalling
in excess of 2000, Innovation Place contributes more than $240 million annually to the
local and provincial economies while leveraging the life science research infrastructure
clustered in and around the U of S.
Exploiting Synergies Between Photon and Neutron Research
Collocation of a major research reactor and a synchrotron does not exist in North
America. Thus, location of a neutron source at the University of Saskatchewan represents
an opportunity for collocation of complementary research facilities that will be unique in
North America and among only a handful in the world. It would present Canada’s
growing synchrotron and neutron research communities with an extraordinary
opportunity to create a research environment that is among the best in the world.
Photons, as particles of electromagnetic radiation, or light, “see” the electrons of atoms
and molecules, providing an opportunity to visualize materials at the level of the atom
and the properties of bonds between atoms. Neutrons are heavy particles with a neutral
charge, and “see” only the nuclei of atoms. These two very different techniques for
visualizing and analyzing materials are complementary, and it is increasingly common
for researchers to rely on BOTH techniques in order to fully understand the fundamental
properties and behaviour of materials at the atomic and molecular levels.
At the international research establishment at Grenoble, France, the Institute LaueLangevin and the European Synchrotron Radiation Facility (ILL and ESRF), a research
reactor (ILL, a neutron source) and a synchrotron (ESRF, a photon source) are collocated.
Collaboration among researchers utilizing these two facilities is enhanced by
opportunities for researchers to meet and interact and is rapidly growing, such that now
approximately 20 per cent of ILL users are also regular users of the ESRF.
While collocation greatly enhances such opportunities for collaboration, for many types
of experiments samples must be moved directly from one facility to another. Thus, the
European Union has committed to a major new investment in infrastructure to house
researchers and supporting laboratories that will facilitate research that relies on both the
ILL and ESRF, in particular to support structural biology and research into “soft
condensed matter.” This research is poised to have great impact on the fields of
molecular biology, nanotechnology, biotechnology, and the environmental and energy
sciences.
New opportunities for complementary research are emerging at the intersection of photon
and neutron beam research on materials properties under “extreme conditions”, with
potential contributions to a diversity of fields, from synthesis of novel biomaterials, to
biochemistry, to fundamental solid state physics and chemistry.
The European Community is clearly recognizing the emerging scientific opportunities
presented by collocation of photon and neutron sources, and has recently made a decision
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to collocate the next major European synchrotron, the MAX IV, and the proposed
European Spallation neutron Source (ESS) in Lund, Sweden.
Locating the CNS at the University of Saskatchewan would serve the national and
international need for medical isotope production, while at the same time complementing
Saskatchewan’s scientific infrastructure investments.
Building on Proven Technology
Models such as the Australian OPAL reactor represent proven technology with known
costs and a known construction schedule that is well positioned as a model for the
proposed facility. Recognized as a reliable and flexible neutron source, this type of dualpurpose research reactor serves multiple purposes, including:
 Radioisotope production;
 Neutron source for scientific research; and
 Industrial applications, ranging from neutron-activation analysis of materials to
doping for use in the semiconductor industry.
Research reactors of the power and versatility of the OPAL and similar designs are
capable of addressing Canada’s medical isotope and research needs, and are located
elsewhere near heavily populated areas.
The CNS would create in Saskatchewan a synergistic research environment that would
be unique in North America, and would present outstanding opportunities for Canadian
research communities and industries.

2.2

Partnerships and Collaborations

The Canadian Neutron Source will be a partnership between the Province of
Saskatchewan and the University of Saskatchewan. As outlined in the table below, this
collaboration will build on existing, developing and future collaborators across a variety
of sectors and interconnected areas of activity, including:





Medicine and health delivery, including formal partners in the Mo-99/Tc-99m
supply chain;
Commercial partnership opportunities with novel isotope applications, materials
science and biomedical technologies;
Community and other government stakeholders that serve to maintain and build
linkages for public benefits of innovation and health; and,
Neutron science partners and collaborators in academic, public and commercial
organizations as the science foundations and the network for transferring
knowledge for real benefits for Canadians.

As the CNS develops and begins operation, legal and formal partnerships will be
established, while diverse and less formal collaborations will develop with many
organizations and institutions, nationally and internationally.
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The following table 5 provides a summary of existing, developing, and future partners,
collaborators and relationships that will support and/or participate in the activities
comprising the proposal for the CNS. Further details regarding some of these are also in
table 5 (below).
Table 5 - Canadian Neutron Source
Partnerships, Collaborators and Key Relationships
(* denotes attached letter of support)

Partnership
Province of Saskatchewan
Proponent
Including:
Crown Investments Corporation of Saskatchewan
Enterprise Saskatchewan
Ministry of Advanced Education Employment and
Labour
Ministry of Energy and Resources
Ministry of Environment
Saskatchewan Cancer Agency

University of Saskatchewan
Principal Partner
Including;
College of Arts & Sciences
College of Engineering
College of Medicine
Western College of Veterinary Medicine
Canadian Light Source synchrotron
VIDO/InterVac

Collaborators and Relationships
Medicine and
Health Delivery

Existing
 Saskatoon Health Region
 SK Health Research
Foundation*






Developing
BC/Alberta Cancer
research network
MDS Nordion*
MEVEX
PIPE
TRIUMF

AECL
Hitachi
IBM



Commercial
Opportunities





Cameco
AREVA
AECOM





Community &
Other
Government
Stakeholders



Canadian Nuclear
Society – Saskatchewan
Chapter

 CEA, France
 JAEA, Japan
 Nuclear Waste

Neutron Science





UNENE*
NUCLEUS/REACTEUR
Canadian Light Source
Inc.*
 SRC SLOWPOKE II
 Idaho National
Laboratories
 NRC – Chalk River

Future
Medical Alley
Stanford Advanced Imaging
Center
 Saskatchewan Centre for
Innovation in Health Imaging
 Western Health Agencies
 PET/CT centres







Battelle
Small Nuclear Development
Organization of CANDU
Industries
 CANDU Owners Group


US Department of Energy




PALLAS, Netherlands
Helmholtz-Zentrum Institute,
Germany

Management
Organization
 City of Saskatoon
 Canadian Institute of










Neutron Scattering*
OPAL
Bragg Institute*
Oak Ridge National
Laboratories
Missouri University
Research Reactor
(MURR)
TRIUMF
Institute LaueLangevin, EU*
McMaster University
McGill University
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2.2.1

Medicine and Health Delivery

The University of Saskatchewan has strong existing involvement with regional, national
and international medical and science networks. The CNS will build on these
relationships and thereby maintain Canada’s leading international role in nuclear science
and medicine.
Faculty within the U of S College of Medicine and department of physics and
engineering physics partner with the Saskatchewan Cancer Agency in the conduct of
basic, translational and clinical research. The U of S is also home to the Western College
of Veterinary Medicine (WCVM), where world-leading biomedical research serves all of
Western Canada. The Vaccine and Infectious Disease Organization, with its origin within
the veterinary biomedical community and now dedicated to human and animal vaccines
and immunology, is developing the Containment Level 3 International Vaccine Centre
(VIDO/InterVac) and has fully engaged an international network of pharmaceutical
companies and health delivery partners. This established network creates a direct link to
international markets and beneficiaries. Collaboration among these and other
organizations, including the Saskatchewan Health Research Foundation, has created a
unique biomedical cluster that will serve as a strong foundation for the commitment to
health research delivery of the CNS.
Developing relationships will provide the basis for enhanced and new medical
applications developed at the CNS in partnership with industries engaged in the
processing, distribution, and utilization of medical isotopes, particularly MDS Nordion,
PIPE, MEVEX, and other established players. As a preliminary goal, the CNS will
supply approximately 2,000 six-day Curies per week to medical markets through partners
such as these. Complementary technologies developed at TRIUMF, on the UBC campus,
will contribute to a more comprehensive array of medical isotopes for the Canadian and
international health providers.
A strong regional isotope and biomedical research cluster will emerge as the
Saskatchewan Cancer Agency joins the Alberta and British Columbia cancer research
network. Positron emission tomography (PET)—computed tomography (CT) centres—
are proving to be a key technology in leading-edge medical diagnosis and treatment. The
CNS will develop Canada-wide linkages with the national medical research community
in the development of novel medical isotopes for application to PET/CT technologies.
Future partnership with the internationally recognized health-science research community
of “Life Sciences Alley” in Minneapolis will be sought order to help establish the CNS as
world leader in medical isotope research and applications, and to enable collaborations to
emerge with diverse medical research institutes from across Canada. As one of only a
few international synchrotron-based biomedical imaging facilities (BMIT at CLS, ESRF
in France, Stanford Advanced Imaging Centre, and the Australian Synchrotron), a
neutron source will create an opportunity to explore new techniques at the intersection of
neutron and synchrotron science in partnership with the best in the world.
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2.2.2

Commercial Opportunities

The nuclear sector in Western Canada, most notably Cameco and Areva but including a
diversity of smaller companies, has a long history of partnership with the University of
Saskatchewan and the Province of Saskatchewan, primarily surrounding research related
to uranium resource development. These established partnerships form a firm base for
future research and commercial development of the uranium value chain.
An emerging research centre, tentatively called the mineral technology research centre, is
currently under development at the University of Saskatchewan. This will serve to
facilitate partnerships to support expanded uranium exploration, mining, and processing,
and to enhance research into environmental remediation and stewardship. This represents
an important component of the uranium cycle, and will be a significant mandate of the
nuclear centre at the U of S.
Developing a partnership with AECL has emerged as the University of Saskatchewan has
initiated plans for an enhanced research emphasis on nuclear studies and establishment of
a national centre for nuclear studies. Partnerships with many major industries in the high
technology areas, from aerospace to Hitachi and IBM, are growing from commercial
utilization of the CLS. As the CNS is developed, the many technological applications of
neutron beams will be a natural complement to the photon sources at the CLS.
Future commercialization partners, including the scientific infrastructure management
company Battelle, have already expressed interest in collaborating with the CLS and
nuclear studies research community for future commercialization opportunities. With the
commissioning of the CNS, it is anticipated there will be intense national and
international industrial demand for access to neutron beamlines for product testing,
quality assurance, and novel materials development, leading to significant opportunities
for industrial research collaborations and partnerships.
2.2.3

Community and Other Government Stakeholders

CNS development must engage community and professional organizations and public
agencies that oversee approval and regulation processes. Their partnership with the City
of Saskatoon was instrumental in bringing the CLS to the U of S, and it will be critical to
develop the same supportive partnership with the proposal of the CNS.
The University of Saskatchewan and the Saskatchewan Research Council have extensive
experience in working collaboratively with independent government agencies, including
the Canadian Nuclear Safety Commission and other environmental and health regulators,
in ensuring that infrastructure at the U of S meets all regional and national requirements
for safe operation. The CNSC maintains regulatory oversight of both the CLS and
Saskatchewan Research Council SLOWPOKE II reactor, and responsibilities to the
CNSC would grow significantly in scope with the development of the CNS. In addition,
the CNS will continue to develop its collaboration with new public agencies, such as the
Nuclear Waste Management Organization.
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With development of the CNS, opportunities will emerge for collaborations with
international regulatory bodies, as the neutron researcher community and industrial users
will cross international boundaries, and so will the commercial and research products of
the CNS. Through the efforts of U of S faculty, there is emerging interest in establishing
working relationships with atomic energy agencies in France, Japan, and Vietnam, among
others, with a primary focus on research and training activities that would involve the
CNS. In addition, a multiple-level research and formal regulatory relationship will be
developed with the United States Department of Energy, most probably through direct
partnerships DOE-funded national institutions—including the Idaho National Lab and the
Oak Ridge National Lab.
2.2.4

Neutron Science Collaborators

The science infrastructure at the CNS will provide a base for multiple industrial and
research partnerships in Canada and internationally. Many of these partnerships already
exist and will expand extensively with new nuclear and medical opportunities.
Key existing partnerships in this regard include those with the SRC SLOWPOKE, the
Canadian Light Source, and the University Network of Excellence for Nuclear
Engineering (UNENE). These partnerships are in addition to the health delivery
partnerships already listed. Active isotope science, materials research and nuclear
engineering programs are in place at the U of S, and will expand to support the CNS.
A memorandum of understanding is currently in place between the Province of
Saskatchewan and Idaho National Laboratories for joint energy initiatives. This will
include nuclear research and materials science activities. An MOU is not in place with
NRC, but the Canadian Neutron Beam Centre (NRC-CNBC) at Chalk River has been
providing strategic advice for neutron facility development. The NRC-CNBC
collaboration will facilitate expansion of the network of neutron users at the CNS. A new
partnership with Canadian nuclear scientists through a NCE proposal will also create
opportunities for the national user community at the CNS. The networks of centres of
excellence proposal NUCLEUS/REACTEUR led by Dr. John Luxat from McMaster
University includes theme leaders from the U of S. This partnership is for nuclear science
and will help establish the network for CNS contributions to Canadian nuclear science.
The U of S has initiated discussions with several national and international organizations
to establish research and user partnerships at the CNS. The most important Canadian
support derives from the Canadian Institute of Neutron Scattering (CINS), a research
network that currently depends on the NRU reactor for neutron science. The potential for
a high flux reactor next to a synchrotron is an exciting prospect, and will serve as a
powerful incentive for recruitment and retention of outstanding faculty, researchers, and
students.
In order that the CNS achieves the highest standards for performance, the CNS will work
in collaboration with the major international neutron sources and gain advice and
guidance from their established expertise. The Bragg Institute and the OPAL reactor
group, the researchers at the Oak Ridge and Idaho National Labs, MURR at the
University of Missouri, the international user community of the Institut Laue-Langevin
40 | P a g e

in France, the world’s leading neutron research facility, and others have encouraged early
establishment of collaborations that will support successful establishment of CNS among
the best in the world. Discussions have also been initiated with the accelerator science
community at TRIUMF in order to identify areas of common interest for future
collaboration. An opportunity exists for establishment of collaborative relationships with
Berlin’s Helmholtz-Zentrum Institut and the PALLAS reactor project being developed in
The Netherlands. PALLAS is currently out for tender, so provides an outstanding
opportunity to investigate current technologies.
There is clear and enthusiastic support for new neutron research capacity among the
Canadian nuclear science community. More importantly, there is clear enthusiasm for
development of a new Canadian Neutron Source among the international research
community. With the CNS, Canada will be able to maintain its national strengths in
neutron science, create new collaborations and partnerships internationally, and sustain a
position of leadership in neutron science among the best in the world.
2.2.5

Governance

The reactor could be owned by the Province of Saskatchewan and operated by a separate
legal entity in the form of a non-profit corporation (“CNS Co”). Alternatively, the reactor
could be owned directly by the University of Saskatchewan.
Membership in CNS Co would include multiple governments, industry, and the
University of Saskatchewan. Membership and ownership will take into consideration
regulatory requirements of CNSC and funding agencies. As an example of a similar
model, the Canadian Light Source is owned by the University of Saskatchewan and
leased to the Canadian Light Source Inc., a legal entity with a governing Board of
Directors drawn from government, academia, and industry.
A board of directors for CNS Co would be drawn from the membership, and represent
government, industry and academe. The Board would be supported by Scientific and
User advisory committees in line with best-practice of similar institutes. The governance
philosophy of the CNS Co will reflect and support its mandate to serve peer-reviewed
science, public health, and industrial user communities.
The CNS is a dual-use reactor that will serve both health and science networks. The
governance of the CNS will reflect the collaborative nature of the medical and neutron
partnerships and ensure the public benefits of science. A key feature of governance is
professional management on behalf of the research, medical and industry partners.
Professional research management creates a common environment for science,
commercial and applied partners, and students to jointly achieve the public goals of the
CNS.
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3.

Methodology and Risk Mitigation

This section describes the methodology that is planned for the delivery of the project and
identifies the risks and mitigation strategies.

3.1

Statement of Work

The statement of work has been developed based on information gathered from the
OPAL project in Australia and extensive experience with project management of large
and complex Canadian research facilities such as the Canadian Light Source. To achieve
the EOI submission deadlines, the proponents have extensively used OPAL project
information modified at the highest level to suit the project environment in Saskatoon and
Saskatchewan. As indicated in our methodology, detailed project planning will
commence following the EOI proposal phase, and the statement of work will be revisited
and reviewed to produce a logical and optimised CNS-specific project plan.
3.1.1

Project basis

The technical basis for the CNS project is considered to be the OPAL description
contained in Sections 1 and 4 of the Preliminary Safety Analysis report (PSAR) (May
2001), with a reactor and other technical components as described in Section 2 of this
EOI. The PSAR is the only publicly available description of the OPAL facility that is of
sufficient detail to describe the scope of the technical and conventional aspects of the
facility within the time constraints of this submission.
Though environmental and regulatory requirements will impact the final location of the
CNS, the current proposed location is on the U of S campus in the vicinity of the
Canadian Light Source. Figure 4 below illustrates three of several possible locations of
the site on a campus map.
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Figure 4 - Potential University of Saskatchewan locations for the CNS

The site is approximately 250m by 100m (25,000 square metres). The facilities may
cover 50 per cent to 75 per cent of this area. To illustrate the complexity of the facilities
and infrastructure required to support the reactor, we have included several representative
plan views, elevation views and floor plans extracted from the OPAL PSAR.

Figure 5: A plan view of the OPAL facilities and site which is
approximately 250m by 100m in size.

Figure 6 Reactor Building Schematic Layout: An elevation view of the
OPAL facility, which to the top of the cooling tower is 49m high.

Figure 7 Reactor Building Level 5 Layout: The floor plan for Level 5,
which, in a highlighted area, shows the Outer Containment Boundary
which encompasses the reactor and the supporting infrastructure.

Figure 8: Neutron Guide Hall – Layout Plan Level 0: The Neutron Guide
Hall in which beamlines for research and diagnostics are installed and
operated.

Figure 9: Reactor Building Level +10 Layout: The floor plan for Level 10,
which, once again shows the breadth and complexity of the infrastructure
within the Outer Containment Boundary.
The following sections outline the work packages and methodology that would be used to
deliver a project with this scope.
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Figure 5
A Plan View of OPAL Facilities
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Figure 6
Reactor Building Schematic Layout
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Figure 7
Reactor Building Level 5 Layout
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Figure 8
Neutron Guide Hall – Layout Plan Level 0
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Figure 9
Reactor Building Level +10 Layout
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3.1.2

Primary Work Packages

The objective of the project is to successfully deliver a complete, commissioned and
operating CNS consistent with the basis defined in Section 3.1.1. For the purpose of this
submission, the project is divided into four primary work packages which represent the
four major deliverables of the project. These primary work packages are:


1.0 - Reactor: All reactor equipment and all architectural, structural, mechanical,
electrical, instrumentation design and construction work within and including the
Outer Containment Boundary, including:
o Reactor Core, Reactor Pool and Vessel, Reflector, Shielding
o Medical Isotope Target Irradiation Tubes
o Neutron Beam Ports
o Reactor Hall
o Guide Hall
o Cooling Pool
o Cooling Tower



2.0 - Balance of plant: All design and construction related to office, laboratory,
mechanical/electrical room, and research centre development outside the Outer
Containment Boundary.



3.0 - Off-sites: All sewer, water and power utilities, all telecommunication and
data services, and all civil works required to prepare for the other work packages.



4.0 - Reactor Diagnostic and Research Facilities: The initial reactor research
beamlines and guide-hall infrastructure.

Each of the major work packages will be broken down as follows:












Project management
Environmental assessment related to CEAA and CNSC regulatory approvals
Concept design—all architectural, civil, structural, mechanical, electrical,
instrumentation tasks
Preliminary design
Detailed design
Procurement
Construction and manufacturing
Installation, —including verification testing, and inspections
Preoperational testing—systems testing and verification for integration
Commissioning—CNSC and other regulatory demonstrations
Permits to operate—CNSC, City of Saskatoon, U of S, plus all other final permits
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3.2

Project Management Methodology

3.2.1

Overall Project Management Approach

The CNS project will be delivered using a structured and disciplined Project Management
(PM) methodology. This approach to PM is time-tested on large, complex projects and
more importantly on large-scale, complex science and research projects such as the
Canadian Light Source (CLS).
Assessment of project delivery methodologies and contracting vehicles will be a key
action of the PM team. Although some elements of the project may be suitable for the
“design, bid and build approach” other methods such as “design build” or “supply and
install” may be better for other project elements. This is especially relevant for systems or
components of technical complexity such as the reactor.
3.2.2

Project Initiation – Part of Phase 2

It is envisaged that the work to be undertaken by the appointed team as part of the project
start up would include:











3.2.3

Detailed negotiations with a number of public and private sector participants
Finalization of a complete financial package, including risk identification and
management and all legal documentation
Finalization of governance structure and ownership
Initial discussions with the Canadian Nuclear Safety Commission (CNSC)
Appointment of a Project Manager and other key members of the project delivery
team
Detailed discussions with specialists on the specialized equipment such as the
reactor and the neutron beamlines
Development of an effective Project Implementation Manual (PIM)
Environmental Assessment
Assessment and finalization of project insurance details
Commencement of project planning, programming and preliminary design of all
aspects of the project.
Project Management Activities

The project management activities required for the CNS project consist of:






Co-ordinating all specialists from concept to completion
Managing the planning and design of the offsites and balance of plant facilities
and their systems
Managing the planning and design of the reactor and the research facilities and
their systems
Managing the procurement process
Managing project costs, cost reporting and forecasts
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3.2.4

Managing regulatory issues and license requirements
Managing project schedules
Communicating project status to all stakeholders throughout the course of the
project, and
Managing the project’s health and safety program.
Project Implementation Manual (PIM)

The Project Implementation Manual (PIM) will be developed to document the guidelines,
systems and procedures for the planning and execution of the project. The PIM acts as a
bridge among all members of the project delivery team. Integration of core facilities and
research elements within the PIM is necessary to achieve the ultimate operational
timelines, budgets and operating criteria.
The PIM will evolve as the project definition is finalized and carried through to
implementation. The PIM has five important purposes:






requires the project team to think through all ramifications of what is to be
designed and built
records the agreement with the project stakeholders as to what is to be designed
and built
forms the basis for control and reporting of approvals, design, procurement, risk
analysis, construction, fabrication, installation, commissioning, and other project
activities
acts as the quality program by which the team can be audited, and
defines authorities and responsibilities for each project participant

The PIM is a critical tool for the project and was used as a basis in the planning,
implementation and commissioning of the CLS project. The CNSC is familiar with this
PM concept and how PIM was implemented at the CLS Project.
3.2.5

Cost and Budget Control

The cost control system has four basic underpinnings:
 Integrity of the control budget is maintained at all times and a proper audit trial,
including owner’s approval, exists for any changes made
 Commitments made are compared with budget and estimate provisions
 Monthly cost reporting includes updated forecasts to complete, reflecting the
latest information on design evolution, on-site experience or known changes to
the estimate basis
 Committed and invoiced costs are recorded and processed to provide a full
accounting audit trial
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3.2.6

Design Control

Success in controlling the design and engineering evolution is critical to the overall
success of the project. The key principles of control on which the designers and the
Project Manager must work together include:







3.2.7

set clear definition of requirements
ensure concept is practicable
estimate costs in detail at various stages of the design process
force resolution of unusual design details as early as possible
monitor all design activities and expedite progress
ensure that development of sufficient lead-time items for items of extreme
speciality
maintain configuration control on design and engineering documents.
Scheduling and Expediting

Project schedules will be developed during the formulation of the PIM and incorporate:
environmental assessment activities; regulatory approvals; design and engineering
durations; procurement cycle; fabrication and/or construction; installation and
commissioning; and testing of components and systems, plus the regulatory testing and
verification process which will ultimately lead to the application for operations.
3.2.8

Reporting

The project management team will define the reporting tools and cycle necessary to meet
the communication and status needs for the project.
The standard format of the project report would include:
Executive Summary
 Project management
 Design and engineering
 Permits and approvals
 Tender and contracts
 Physical status of the project
 Health and safety
 Financial status
 Project schedule
 Information required
 Photographs and illustrations
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3.2.9

Performance Management and Measurement

At this early stage, it is not possible to provide specific performance measures that will be
adopted. However, in monitoring performance, it is expected that the following principles
will be adopted for the initial capital phase:






Comprehensive project management procedures will be established, as referenced
earlier.
Monthly Project Management status reports with both financial and non-financial
information will be provided.
Clear performance measures will be identified.
Regular independent audits will be completed.
Health and safety reporting will be undertaken.

During the operational phase, we would envision operational performance monitoring
and management will be clearly specified and quantified based on a “benchmarking”
exercise of international facilities. These performance measures will encompass all areas
of operations (financial and non-financial). Possible measures include:













3.3

Monthly financial reporting and achievement of financial targets
Completion of regular external audits
Placing of performance measures on the facility manager and other service
providers
Normal governance requirements
Health and safety
Isotope production and marketing results
Development of private sector usage
Development of international usage
Client satisfaction rating
Extent of downtime
Compliance with regulatory conditions
Reactor stability.

Schedule and Milestones

The project schedule has been created based on the assumption that the project team will:
 Initiate actions to continue development of the scientific and technical basis
beginning in Q1-2010;
 Commence development of the project management systems and procedures in
Q1-2010; and
 Initiate and continue discussions with regulators regarding screening EA and
licencing process.
Figure 10 “CNS Project Schedule” illustrates a macro-level view of the project phases as
illustrated by Table 1 Potential Timeline within the Executive Summary of this EOI
submission.
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3.3.1

Significant Events and Milestones

The importance of the CNS to the community and to Canada demands a dedicated,
focused and committed approach, with aggressive timelines as outlined in this schedule.
Based on the results of similar projects such as the OPAL facility in Australia and
projects such as the CLS, the following are key milestones for the successful delivery of
the CNS facility:
Phase 1 – Define Concept (past 12 months)
Over the past year, Saskatchewan has actively been engaged in discussions about
how the province can capture the full potential of the uranium value chain and
advance nuclear-related research and training opportunities. Significant events
and milestones from Phase 1 include:
 Conceptual development over the past year of a University of
Saskatchewan institute of nuclear studies and a national centre for nuclear
science and technology of which the CNS would be a centre piece;.
 Submission of the Uranium Development Partnership Report in March
2009;
 Creation of the CNS concept and its relevant support details – June and
July 2009; and
 Development and submission of the CNS EOI by July 31, 2009.
Phase 2 –Preliminary Design (six to 12 months)
The following schedule is predicated on the assumption that Phase 2 would
be starting in January, 2010.
Within the next year, the project team will create a preliminary design and project
management systems and procedures necessary to successfully deliver the CNS.
Significant events and milestones from Phase 2 include:
 Initiation of full project reporting on a monthly basis;
 Issuance of the CNS Project Implementation Plan;
 Initiation of the environmental assessment and licencing process including
public input;
 Finalization of principal project partnerships by end of Q1 2010;
 Issuance of the Preliminary Safety Analysis Report by end of Q1 2010;
 Initiation of workshops and users meetings;
 Refinement and finalization of the scientific and technical basis by mid2010;
 Issuance of the technical and conventional preliminary design reports by
mid-2010;
 Finalization of the contracting methodology for the CNS by mid-2010;
 Issuance of the Preliminary Safety Analysis Report by end of Q1 2010
 Finalization of project partnerships by end of Q1 2010;
 Issuance of the technical and conventional preliminary design reports by
mid-2010;
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Phase 3—Detailed Design (12- 18 months)
In phase 3, the design for the technical and conventional facilities must be
completed, as well as implementation of agreed upon contracting strategy and
methodology. Significant events and milestones from Phase 3 include:
 Completion of the detailed design and engineering packages;
 Commencement of the procurement of suppliers and contractors ,
especially for long lead or critical components or systems;
 Continuation of the regulatory, licencing and public input process;
 Complete screening EA and licencing process;
 Secure CNSC decision on EA;
 Secure CNSC decision on licencing;
 Secure all other licenses and approvals required to complete project
development; and
 Continuation of full project monthly reporting.
Phase 4—Construction and Commissioning, (60 - 72 months)
Within the next six years, the team will focus on the supply, installation and
construction of the conventional and technical facilities. Also within this phase
will be the facility commissioning processes. Significant events and milestones
include:
 Completion of the site preparation and utilities; by Q2 2012;
 Completion of the conventional facilities for the Reactor Building,
Neutron Guide Hall and support facilities; by Q2 2014;
 Installation of the technical infrastructure systems such as HVAC, water,
power, controls, safety, security, and communications; by Q1 2015;
 Installation of specialized technical systems such as the reactor, neutron
beamlines, target handling, and remote handling facilities; by Q1 2015;
 Continuation of the quality control and assurance program for all facets of
the project throughout 2012 to 2016;
 Continuation of regulatory process and communication throughout 2012 to
2016;
 Issuance of the Final Safety Analysis Report by Q3 2016; and
 Issuance of the application from CNSC for the License to Commission,
followed by the License to Operate by Q4 2016.
Note: Figure 10 includes a summary of the phases in the CNS project, and identifies the
primary milestones and outputs for each phase, and lists an anticipated completion date.
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3.4

Financial Structure and Business Case

3.4.1

Estimated Project Cost

Required accuracy and known uncertainties
The estimated project cost for CNS (as the project is specified in Section 2 and scoped in
Section 3.1) is an important factor in the business case. Ideally, the construction and
project cost estimate would be comprehensive, accurate and bottom-up, but at this time
and for this EOI, it is not possible to provide such a cost estimate for CNS. A detailed
estimate will be developed during the proposal stage of Phase 2.
There are many inter-related uncertainties that affect the cost of a project with this
complexity and duration. Major uncertainties include:











The scope of the project work packages is not clearly defined. Although CNS is
specified in section 2, there are unknowns related to the systems and equipment
that will be required. For example, reactor design, research infrastructure,
complexity of the target handling capability, extent of hot cell infrastructure
required, etc. are as yet highly preliminary.
The project cost must capitalize and include the labour, services, material and
equipment that ultimately may be supplied by public organizations as
contributions to the project. It is not possible to identify and estimate these
contributions at this time.
The site or possible sites have not been identified for CNS to the extent that a cost
impact can be determined.
The project cost must include the following elements which are uncertain at this
time:
o land and real property
o program leadership and oversight
o health and safety program
o regulatory approvals
o insurance and risk
o communications and outreach
o financing
o commissioning test equipment
o project management and project services
o fuel for commissioning and start-up
Impact of increasing the neutron flux on the cost of the technology or length of
the project schedule is not known, and could increase the cost of a Saskatchewanbased project.
The project delivery methodology has not been selected. On a work- package bywork-package basis, the methodology must be selected. Common methodologies,
such as Design-Bid-Build and Design-Build have different cost and risk profiles.
As a CNSC licensed organization, the CNS will be required to carry a
decommissioning reserve. The cost of securing and maintaining this reserve is
unknown at this time.
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Cost by comparison analysis
At this time, the best estimate that can be developed for CNS is a cost range in which the
project is likely to fall as it is scoped, planned and executed. The range can be developed
by examining other recent and similar installations in other locations around the world
and translating those costs to a Saskatchewan and Saskatoon-based project in current
dollars.
Reliable and consistent information on existing facilities is very difficult obtain. Most of
the important capital cost information is typically proprietary to the facility and not
readily available in the public domain. However, to adequately compare these projects,
each was characterized based upon these important capital cost factors:






Size of the reactor: only reactors between 20 and 100 MW were considered;
Only reactors in developed, industrial economies were considered;
Level of integration with existing support infrastructure;
While only LEU fuel will be used in CNS, facilities that use either HEU or LEU fuel
were considered in the analysis;
Only facilities that can support both isotope production and neutron science were
considered.

Table 6, “Cost data for Representative Facilities,” identifies several of projects that meet
these criteria. Based on the range of project costs in this table, the CNS project costs will
likely fall within the range: $500M to $750M (CAD 2009). Once again, this is a very
high level estimate based on data from diverse sources. As described previously, a
detailed estimate will be developed as a task during the proposal phase.

Table 6: Cost data for Representative Facilities
Estimated Annual Operations costs

Name
OPAL
FRM II
HANARO
HFR - ILL
HFIR

Max
Power
(MW)
Australia
20
Germany
20
South Korea
30
France
60
USA
85
Location

Start Neutron Medical Project
Reported
Fuel costs
Date Science Isotopes costs ($M) Ops costs ($M)
($M)
2007
2004
1994
1971
1965

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

368 (2008)
680 (1996)
82 (1987)
72 (1967)
16 (1961)

130
43
50
62
60

10
10
10
10
10

Staff costs
#
175
246
82
239
177

($M)
26
37
12
36
27

Operating
($M)

Notes:

Data derived from http://www.iaea.org/worldatom/rrdb and http://www.ill.eu/ as
well as interviews with operators

All project and operations costs are in $M CAD.

Project costs are calculated by applying the $CAD conversion factor to the
reported construction costs in the native currency.

Project costs are from the date of construction only (shown in brackets), and have
not been adjusted for inflation to current dollars.
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94
-4
28
16
23










3.4.2

For OPAL, the project cost is based on a re-estimate for the construction cost
done in 2008. As a result, its construction year is indicated as 2008. The OPAL
cost does not include an unspecified cost of ANSTO supplied goods and services
and unspecified existing infrastructure. This is substantial, and could be in the
order of 10 to 20 per cent of the reported construction cost. At 20 per cent, this
would yield an OPAL–equivalent cost estimate of $440M CAD.
Operations costs are calculated by applying the $CAD conversion factor to the
reported annual operations costs in the native currency for the most recent year
reported (2006 or later).
Operations costs for OPAL as reported are high for unexplained reasons. It is
possible that other ANSTO facility operations are included in this figure.
Operations costs are only converted and not escalated from the year in which the
facility commenced operation (ie. start date).
For HANARO, the reported staff size (82) is not consistent with the other
facilities (~150 to ~250). Reported staff size may only include operations staff
and not research staff. Assuming 2:1 ratio between operations and research staff,
then the likely staff size for Hanaro is approximately 125.
For ILL, 478 staff are reported on the facility web site. It has been assumed that
only half (239) are dedicated to basic reactor and research activities, with the
remaining committed to the extensive original research program at this mature
facility.
Estimated Operations Cost

The estimated annual cost of CNS operations is $45M to $70M and is a critical factor in
the business case.
Ideally, the operations cost estimate would be comprehensive, accurate and bottom-up
and based on a proposed 5- to 10-year operations and maintenance plan and including
plans for ongoing capital development. At this time, however, it is not possible to provide
such an operations cost estimate for CNS. A detailed estimate will be developed during
Phase 2.
In addition to reasons identified in the assessment of possible capital costs, additional
uncertainties that affect the operations and maintenance of a facility of this complexity
include:




The degree of collocation and integration with the operation of the Canadian
Light Source, University of Saskatchewan, and the Saskatchewan Research
Council
The extent of the ongoing capital development is not defined, including
enhancement of neutron research capabilities and isotope processing capacity.
The operations cost must include the following elements which are not possible to
estimate at this time:
o land and real property
o operations leadership and oversight
o health and safety program
o renewal of regulatory licenses
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o insurance and risk
o communications and outreach
o financing
o consumables and fuel
The operations, maintenance and ongoing develop philosophy has not be
established and would include short- and long –term objectives, priorities and
timelines.
Staffing profiles are not defined.
The cost of maintaining the decommissioning reserve is unknown at this time.

Cost by comparison analysis
At this time, the best estimate for operations costs that can be developed for CNS is a cost
range in which the operation of the project is likely to fall, as has been done for the
capital cost estimate.
The range can be developed by examining other recent and similar installations in other
locations around the world and translating those costs to a Saskatchewan and Saskatoonbased project in current dollars.
Reliable and consistent information on existing facilities is very difficult obtain. Most of
the important operating cost information is typically proprietary to the facility and not
readily available in the public domain. However, to adequately compare these projects,
each must be characterized based these important capital cost factors:





Size of the reactor: only reactors between 20 and 100 MW will be considered.
Location of reactor in the world: only reactors in developed, industrial economies will
be used.
Level of integration with existing support infrastructure: integration or support by
other co-located organizations would reduce the annual operating cost of the facility.
Start of operations: only faculties starting operations in the last 50 years will be
considered.

The following table identifies several comparable projects. In each case, the annual
operations cost is broken down into these elements:





Annual fuel cycle cost, based on single core replacement costs of $2M-3M, with
three to four replacement cycles per year, resulting in a total annual cost of
~$10M.
Staff costs: this is the total burdened cost of all staff in the facility, including
salary, benefits, etc. For each staff member, the average cost is assumed to be
$150,000 CAD. Staffing requirements are estimated to be approximately between
130 and 230.
Other costs: This includes all other operations expenses, including utilities,
consumables, insurance, regular maintenance, contractors, etc.
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The operations cost assumptions for five similar facilities are contained in Table 6.
Based on these data, and understanding the level of uncertainty, the best estimate for
CNS annual operating costs are:
Minimun
Fuel Cycle
Staff
Other
Total

$10M
$20M
$15M
$45M

Maximum
$10M
$35M
$25M
$70M

Once again, this estimate of CNS operations costs of $45M to $70M per year is a very
high level estimate based on data from diverse sources. As described previously, a
detailed estimate will be developed during the proposal Phase 2.
3.4.3

Estimated Revenue Streams

The CNS would produce an average of 2,000 six-day Curies of Mo-99, per week in the
form of unpurified targets. Based on a preliminary business case for isotope production
and sales, we estimate that this would generate annual revenues of ~$14M, variable costs
of ~$7M, resulting in a net contribution of ~$7M annually towards the other costs of the
Centre.
This estimate is sensitive to the selling price of isotopes and to other assumptions on
volume, labour costs, and the cost of target material. These variables will be further
defined when a more detailed proposal and business case are assembled. Initial
assumptions for the isotope business case are summarized in Figure 11
Figure 11: Preliminary Isotope Business Case
Average Weekly Sales Volume
Unit Selling Price (unprocessed
targets)
Sales Price of other Isotopes (e.g.
Co-60)
Annual Sales Revenue
Unit Cost of Targets
Cost of Targets
Incremental Employees
Labour Costs
Contribution Margin
Contribution Margin (% of
Sales)
Notes
1.
2.
3.
4.
5.

2000
100
33
13.9
40.0
4.2
20
3.0
6.7
48%

Units
Six-day Ci per week
$ per six-day Ci of
Mo-99
$ per Ci of other
isotopes
$M
$ per six-day Ci
$M
FTE’s
$M
$M

Notes
Note 1
Note 2
Note 3

Note 4
Note 5

Press research indicates OPAL may produce 1800 six-day Curies per week. Discussions with industry
indicate this could be more like 2,000 to 2,500 six-day Curies.
Industry estimate.
Approximated other isotope revenue as 33 per cent of Mo-99 revenue.
Uranium Development Partnership Report estimated unit cost of targets at $40 per six-day Curie.
Based on various discussions with industry.
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A second revenue stream will be from industrial use of the CNS neutron beamlines.
Though a detailed estimate of these revenues has not been completed at this time,
discussions with other facilities around the world suggest that an aggressive yet realistic
target is for 15 per cent of total operating costs to be covered by industrial sources,
including both fees from neutron beamlines and contributions from isotope production.
We have therefore assumed that 15 per cent of CNS funding will be from industry.

3.5

Expectations of Government and Overall Funding Plan

Based on initial analysis as shown in Section 3.4, the CNS would have an estimated
capital cost of $500M to $750M for the development and construction phases, and an
annual operating cost of $45M to $70M.
We estimate project development costs at 10% of total project costs, or $50M to $75M.
We propose the Government of Canada provide 50 per cent ($25M to $37.5M) of project
development funding with the remaining 50 per cent ($25M to $37.5M) provided by the
Province of Saskatchewan.
We propose that the Government of Canada provide 75 per cent ($337.5M to $506.25M)
of the construction cost for the CNS, with the remaining 25 per cent ($112.5M to
$168.75M) funded by the Province of Saskatchewan.
We propose that the Government of Canada provide 60 per cent ($27M to $42M) of
annual operating costs, with the Province of Saskatchewan funding 25 per cent ($11M to
$18M) and industry funding the remaining 15 per cent ($7M to $11M) via isotope sales
and industrial science.
These proposed funding contributions are summarized in Figure 12.
Figure 12: Proposed CNS Funding
Funding Source
Government of
Canada
Government of
Saskatchewan
Industry
Total*

Development
Capital ($M)

Construction Capital
($M)

Annual
Operating ($M)

$25-37.5 (50%)

$337.5 – $506.25 (75%)

$27 - $42 (60%)

$25-37.5 (50%)

$112.5- $168.75 (25%)

$11 - $18 (25%)

-

-

$7 - $11 (15%)

$50-$75 (100%)

$450 - $675 (100%)

$45 - $70 (100%)

*Totals may not add to 100% due to rounding
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3.6

Risks and Risk Mitigation Strategy

Proactive and thorough risk management for the CNS Project and operations are critical
for the facility to achieve its technical and financial objectives. This section demonstrates
that based on extensive experience with similar, large and complex projects, the
proponents have a comprehensive understanding of the risks, and the mitigation strategies.
3.6.1

Risk Management

During project execution and into operations, the CNS management team will use a
proactive, structured and disciplined risk management process. In this process, identified
risks will be categorized (technical, schedule, business) assessed for their likelihood (high,
medium, low) and potential impact (high, medium, low). For each risk, based on the
likelihood and potential impact, mitigation strategies will be identified and actions taken
to either reduce the likelihood of occurrence or control the impact.
The remainder of this section summarizes the risks identified to date and provides a
preliminary assessment of likelihood and impact. The risks are ordered such that those
with a high likelihood and high impact are at the top. In each case, an initial mitigation
strategy has been identified.
Table 7 address risks during definition, design, construction and commissioning.
Table 8 address risks during operations.
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Table 7 Risks during definition, design, construction and commissioning
Likelihood
(H,M,L)

Impact
(H,M,L)

Scope and budget can not be reconciled
and this delays all aspects of the project
and escalates cost.

H

H

Immediately commence definition of
project scope, cost and schedule and
secure support from all stakeholders as
defined in 3.2.2 Tasks Prior to Project
Initiation . Develop a detailed project
implementation manual to define all
agreed project parameters.

Key Performance criteria not identified
and approved

H

H

Immediately commence definition of
performance criteria obtain approval
from all stakeholders.

Public concern delays regulatory
approval

H

H

Manage all communications and
establish an outreach program modeled
after the CLS and VIDO/InterVac
programs

Lack of communication in all levels of
government about the project delays
funding and regulatory approval

H

H

Ensure all stakeholders are represented
on the steering committee and develop
a communication plan in the project
implementation manual facilitate
communication

Specialty construction techniques are
required and not available and this
delays approval of the design.

H

M

Extensive engineering and architectural
review of project implementation manual
to identify specialty techniques early and
suppliers for those techniques.

Identification and agreement of all codes
is not obtained and this delays
completion of the design

M

H

Extensive engineering and architectural
review of project implementation manual
to reconcile code conflicts early

Isolation from seismic, ground water and
vibration delays approval of design

M

H

Apply testing, measurement early

Scaling up the reactor technology
impacts ability to obtain CNSC operating
license

M

H

Conduct accelerated and focused
research and develop on this issue

Transportation and handling of
irradiated targets requires specialized
equipment not currently factored into the
scope

M

H

Develop a detailed operations and
logistics plan

Project implementation plan not
comprehensive or well defined and this
compromises design and procurement
delays

M

M

Extensive review of project
implementation manual

Inadequate insurance program
increases stakeholder exposure and
risk.

L

H

Review and oversight by UofS and CLS
Risk Management

Security (anti-terrorism) requirements
delay project execution, escalate costs.

L

H

Establish security plan as part of the
project implementation manual and
integrate other security and enforcement
stakeholders from provincial, federal,
municipal and U of S organizations

Exotic materials such as tritium, require
emergency planning and preparedness
and this impacts project schedule.

L

H

Develop detailed operations,
maintenance and logistics plan

Risk

Mitigation Strategy

Technical Risks
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Likelihood
(H,M,L)

Impact
(H,M,L)

Diminished public support or significant
anti-development group actions could
delay funding decisions and/or
regulatory approval

H

H

Ongoing management of
communications and early
establishment of outreach program
modeled after the CLS program.

Reduced availability of experienced
designers and engineers lengthens
timelines and delays project

H

H

Conduct extensive engineering and
architectural review of project
implementation manual to identify
technology and staff requirement early

Reduced availability of suppliers and
contractors suitable for this project
lengthens timelines and delays project

H

H

Conduct extensive engineering and
architectural review of project
implementation manual to identify
specialty techniques early and suppliers
for those techniques.

Project organizational structure does not
meet project requirements and this
delays decisions and approvals

H

H

Conduct extensive review of project
implementation manual

Flow of funding not matching
implementation methodology

H

H

Establish a credible cash flow plan in
project implementation manual, which is
approved in advance of project start.

Failure to achieve regulatory approval
from Meewasin Valley Authority could
impact and delay site selection and
overall project

H

H

Integrate UofS Facilities management
Division and Meewasin Valley Authority
into the concept development and
planning process early

Failure to achieve regulatory approval
from CNSC for the License to Construct
could delay overall project

H

H

Identify all requirements for CNSC
regulatory approval and establish a plan
for compliance in the project
implementation manual. Integrate
CNSC into the planning process early.

Failure to achieve regulatory approval –
Health Canada could delay
commissioning of Isotope production

H

H

Identify all requirements for CNSC
regulatory approval and establish a plan
for compliance in the project
implementation manual. Integrate
Health Canada into the planning
process early.

Failure to achieve environmental
regulatory approval –could impact and
delay site selection and overall project

H

H

Identify all requirements for
environmental regulatory approval and
establish a plan for compliance in the
project implementation manual.
Integrate regulatory agencies into the
planning process early.

Changes in government could impact
project governance, funding and
priorities.

H

H

Establish a project implementation plan
and oversight committee that
accommodates changes at all levels of
government.

Delay in approval of governance
structure delays design and
procurement approvals

M

H

Early focus on definition and approval of
governance structure

Project systems and procedures do not
meet project requirements and this
delays decisions and approvals

M

H

Conduct extensive review of project
implementation manual

Risk

Mitigation Strategy

Schedule Risks
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Likelihood
(H,M,L)

Impact
(H,M,L)

Agreement on project definition goals
and objectives not achieved by all
stakeholders

M

H

Conduct extensive review of project
implementation manual

Schedule for delivery is unrealistic for
the scope and standards necessary for
the project

M

M

Conduct extensive review of project
implementation manual

Reduced availability of exotic elements
or components delays procurement and
escalates costs

M

M

Conduct extensive engineering and
architectural review of project
implementation manual to identify exotic
material requirements early and
potential suppliers.

CNSC QA and QC requirements could
delay both approval of design and start
of construction

M

M

Establish a detailed QA/QC plan in the
project implementation manual

Construction market conditions could
escalate construction costs

H

H

Advance the design and development of
the facility such that once regulatory
approval is achieved the procurement
can be conducted to match market
conditions. Establish options in the
design and phases in the construction
plan that will allow the project to realize
cost savings by reducing scope or
lengthening the schedule.

Material market conditions could
escalate construction costs

H

H

Detailed operations, maintenance and
logistics plan

Limited suppliers for critical components
could escalate construction costs

H

H

Extensive engineering and architectural
review of project implementation manual
to identify critical components early and
suppliers for those components. Preorder as required to ensure availability.

Approved budget does not match the
scope of work or the schedule
commitments

H

H

Extensive review of project
implementation manual

Contract methodology not consistent
with owner or stakeholder expectations
or culture could escalate costs

M

H

Extensive review of contract
methodology in project implementation
manual

Changes in government

M

H

Establish a project implementation plan
and oversight committee that
accommodates changes at all levels of
government.

Risk

Mitigation Strategy

Business Risks
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Table 8: Risks during operation
Likelihood
(H,M,L)

Impact
(H,M,L)

Loss of communications on the reactor
safety system

L

H

Conduct extensive technical review of
concept, preliminary and detailed
designs

Reliability and capacity of the existing
power supply could impact operations
and production of isotopes

L

H

Determine reliability and capacity
requirements early and establish plan
with power providers. Ensure that
design includes emergency and backup
power supplies.

Reactor leakage and accidents could
impact safety, operations or production

L

H

Conduct extensive engineering review
to ensure that designs include fail-safe
and redundant systems to
accommodate all major technical risks

Aircraft collision could impact safety,
operations or production

L

H

Conduct extensive engineering review
to ensure that designs include fail-safe
and redundant systems to
accommodate all major technical risks

Vandalism could impact safety,
operations or production

L

H

Conduct extensive engineering review
to ensure that designs include fail-safe
and redundant systems to
accommodate all major technical risks

Terrorism (including sabotage) could
impact safety, operations or production

L

H

Establish security plan as part of the
project implementation manual and
integrate other security and
enforcement stakeholders from
provincial, federal, municipal and UofS
organizations

QA and QC requirements required by
CNSC could increase operations costs
and impact production schedules

L

M

Establish detailed QA/QC plan in the
operations plan

Reactor or systems down time
jeopardize market obligations

L

M

Conduct extensive engineering and
operations review of production plan in
the operations plan, to identify backup
procedures and technologies such that
production targets can be achieved.

Failure to sustain an experienced work
force and supplier base

M

M

Conduct extensive engineering and
operations review of design to identify
operations technology and staff
requirement early

Reactor is unable to satisfy isotope
production requirements and achieve
revenue targets

M

M

Conduct extensive engineering and
operations review of production plan in
the operations plan, to identify backup
procedures and technologies such that
production targets can be achieved.

Budgetary shortfalls on the research
side could impact ongoing capital
development and operations

M

M

Establish a long-term approved
operations plan and includes core
funding from reliable sources.

Market for medical isotopes is reduced
by other sources

M

M

Throughout the project, monitor and
forecast demand for isotopes and
incorporate into operations plan.
Develop flexible design such that new
revenue streams are possible. Review

Risk

Mitigation Strategy
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Risk

Likelihood
(H,M,L)

Impact
(H,M,L)

Mitigation Strategy

the production plan extensively and
align production with products that are
unlikely to fluctuate drastically
throughout the life of the reactor.
Revenue from neutron research fee-forservice does not meet requirements

3.7

M

M

Develop flexible design such that new
revenue streams are possible through
products or research.

Regulatory Issues

Saskatchewan has direct experience with federal and provincial regulatory and licencing
requirements and issues garnered from the successful development, construction and
ongoing operation of the Canadian Light Source (CLS), which is governed by a Class I B
Particle Accelerator Operating License issued by the CNSC.
The CNS proposal is based on the development of a 20MWth LEU research reactor
facility using an existing reactor technology that has been built and is currently regulated
in other jurisdictions.
Therefore, without compromising a comprehensive evaluation of public health and safety
and environmental sustainability, we anticipate no fundamental barriers to an effective
and efficient regulatory process for securing approvals from federal and provincial
regulators that will be shorter than would be the case with new or unproven technology or
with a nuclear power generation proposal.
Preliminary discussions with CNSC suggest that the Commission’s integrated
Environmental Assessment screening and licencing process would take into account all
federal environmental, regulatory and licencing approvals required of the proposed CNS.
This would be achieved through a parallel review by the CNSC of the proponent’s
technical EA information and licencing documentation and CNSC staff’s presentation of
EA and licencing information to the Commission in one hearing.
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Table 9: An overview of the integrated CNSC Screening and licencing process

There may also be other governing bodies from which approvals may be required
including the Saskatchewan Ministry of Environment; Saskatchewan Ministry of
Advanced Education, Labour and Employment; the City of Saskatoon; the University of
Saskatchewan and the Meewasin Valley Authority. Identification of all project approvals
required in addition to the environmental, regulatory and licencing approvals covered on
the CNSC’s integrated Environmental Assessment screening and licencing process will
be identified and the appropriate processed initiated in Phase 2.
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4.

Impact and Expected Outcomes

4.1

Impact on Isotope Supply

The CNS will support the medical diagnosis and treatment of Canadians by delivering
approximately 2,000 six-day Curies of Mo-99 weekly, which is approximately four times
the amount required to serve Canada.

4.2

Contribution to Canada’s S&T Strategy

The proposal to develop the Canadian Neutron Source in Saskatchewan is well aligned
with Canada's S&T Strategy, representing research and development (R&D) in areas
relating to health and innovation that will result in direct benefit to Canada. The proposal
builds on areas in which Canada has demonstrable S&T strength and a strategic
advantage, and where increased focus would clearly position Canada's capability to one
of global competitiveness. Synergies between the neutron-based research capabilities of
the CNS and the photon-based research at the Canadian Light Source will create an
environment of innovation unique in North America, and among the best in the world.
The strategic vision that has guided the development of this proposal recognizes a
number of imperatives:





4.2.1

Sustain Canada’s commitment to meeting the national and international demand
for diagnostic and therapeutic medical isotopes;
Build a centre of excellence in research and development to support innovation
and foster international leadership in nuclear science;
Capture value-adding opportunities associated with new and emerging
technologies through application and development of research, and training of
skilled personnel; and
Create opportunities for commercial applications of neutron sources and neutron
science in Saskatchewan and Canada.
Knowledge advantage

Released in 2007 and entitled Mobilizing Science and Technology to Canada’s
Advantage, Canada’s S&T strategy defines four priority research areas to pursue as part
of its Knowledge Advantage. As outlined below, the CNS will impact on all four of
these areas through isotopes production and through neutron scattering research and
applications.
a)

Health and related life sciences and technologies

Canada has long been recognized as an international leader in the development
and application of techniques utilizing radioisotopes in medical diagnosis and
treatment. Interruptions in operation of the aging NRU isotope production facility
at Chalk River has revealed Canada’s vulnerability to global shortages of critical
medical radioisotopes, and indeed has revealed a looming international crisis in
security of availability of radioisotopes and access to essential therapies. Secure,
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Canadian supply of medical isotopes has been, and will continue to be, a national
priority.
In addition to maintaining production of isotopes for established methodologies,
Canada has an opportunity, with the CNS, to explore new and innovative medical
applications for radioisotopes. This enhancement of research into medical
isotopes, made possible by development of a new-generation research reactor,
will contribute significantly to Canada’s strategic priorities in the broad area of
health, and will ensure that Canada remains firmly established among the world
leaders in medical diagnostics and therapy. The emerging world-class excellence
in research in medical imaging, diagnostics, and therapy at the Canadian Light
Source at the University of Saskatchewan would be significantly enhanced by
complementary research into radioisotope applications. Furthermore, synergistic
neutron/photon research in the field of structural biology and in the study of soft
matter is at the cutting-edge of innovation in molecular biology, biotechnology,
and nanomaterials.
The potential to apply neutron science to biomedical research and structural
biology is recognized internationally as an emerging area for deeper
understanding of the molecular basis for health and disease. The complementary
application of photon and neutron techniques is probing the frontiers of science at
the interface of chemistry and biology, and has motivated the international
community to promote collocation of the next generation of synchrotrons and
neutron sources. Collocation of the CLS synchrotron with the CNS would
provide for the synergistic research environment that would enable Canada to
pioneer development of novel approaches to addressing issues of human health
and treatment of disease.
b)

Environmental science and technologies
Two aspects of environmental stewardship arise from the nuclear cycle. One is
that nuclear energy has one of the smallest “carbon footprints” of any base-load
power source. The implications for humanity’s contributions to the atmospheric
concentrations of greenhouse gases, and therefore to global climate change, is
significant. Nuclear power’s record of reliable production of energy is
increasingly being recognized as a basis for renewed development of nuclear
power generation facilities based upon a new generation of reactors.
The second aspect is the safe storage and potential re-use of used fuel and
management of radioactive waste products. The CNS, as the centerpiece for
enhance nuclear studies research at the University of Saskatchewan, would build
upon U of S expertise in the area of environmental impact of uranium mining and
on sequestration of radioactive materials. This aspect of the nuclear cycle
remains an outstanding issue at the national and international levels, and demands
solutions for short- as well as long-term handling of radioactive materials, safe
storage of spent fuel, and for recycling and reuse of fuels.
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c)

Natural resources and energy
Nuclear energy is an integral part of the Canada’s energy supply, and will
continue to be so through refurbishment and extension of usefulness of existing
reactor infrastructure and the potential development of a new generation of
nuclear power reactors based upon advanced materials and designs. Renewed
global interest in nuclear power as an alternative to carbon-based energy sources
has led to the realization that the international capacity for research and training in
the many areas that impinge upon the nuclear industry is far below projected need.
The proposal to locate the CNS at the University of Saskatchewan will provide
both enhanced opportunities for research in support of Canada’s nuclear
technological development and increased capacity for training to meet the
demands of Canada’s nuclear industries. Of particular concern is a projected
shortage of highly qualified personnel who will succeed the existing skilled
workforce responsible for the safe and sustainable management of Canada’s many
nuclear power reactors.
Canada’s historical role as an international leader in research and training in
nuclear science and engineering has been based upon continuing world-class
excellence of infrastructure and research and training environments at AECL and
a number of institutions and industry partners across Canada. With development
of the CNS in Saskatchewan, Canada will be assured that it will retain its role as
an innovator in reactor design and nuclear safety, and in training of the highly
qualified personnel required by industry.

d)

Information and communications technologies
Neutron research is at the cutting edge of innovation in the electronics and
communications industries. Magnetic properties of materials can be investigated
at the atomic level with “polarized” neutrons, with potential to contribute
fundamental knowledge of direct benefit to the electronics industries, particularly
for development of nanomagnetic materials for next-generation information
storage. The utilization of neutron sources to replace conventional thermal or ionimplantation methods for silicon doping of electronic components at the nano
scale is emerging as a major advance in “green electronics” as well as other
innovations in electronics and communication applications.

4.2.2

Entrepreneurial Advantage

This proposal also aligns itself with federal support for public-private research
partnerships as reflected in Canada’s Entrepreneurial Advantage.
Neutron science contributes to a fundamental understanding of the most basic properties
of materials at the atomic and molecular scales. New developments in nanotechnology,
including those emerging from complementary research that utilizes the photon sources
of a synchrotron and the neutron sources of a research reactor, are at the cutting edge of
technological innovation, with the promise of novel technologies and significant potential
for industrial application.
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In addition to the basis for primary research across a breadth of the materials sciences,
structural biology, nuclear physics, and engineering, among many others, neutrons have
many very practical applications. For example, non-destructive testing of hard materials,
including crucial components of aircraft engines which must function flawlessly under
extreme conditions, is accomplished most effectively, and in some cases can only be
accomplished, within a neutron diffractometer. Technologically advanced materials and
industrial components are a hallmark of Canada’s priorities in industrial development and
commercialization. These industries may be at a significant disadvantage in the global
market place if there is insecure access to the unique and non-destructive quality
assurance that is possible with a neutron source.
Recognizing the weakness of industry-led R&D in Canada, the S&T strategy emphasizes
partnerships among industry, acadamia, and government. The CNS is strongly aligned
with this, with a vision to engage industry through isotope production, through industrial
use of neutron beamlines, and through participation in the governing board of the CNS.
4.2.3

People Advantage

To establish and sustain a position of leadership in research and commercialization,
Canada must create a capacity for innovation and training required by both industry and
institutions. The CNS will be part of a national centre for nuclear research and training
based at the University of Saskatchewan and will enable engagement with the national
community in the integration of regional capacity for training into a coherent
commitment to national priorities for research and development in the many disciplines
implicated in the nuclear cycle.
This national centre, currently in the conceptual planning stage, will address the breadth
of needs of the nuclear medicine industries, from exploration and mining to engineering,
nuclear physics, environmental science, occupational health, and public policy. For
example, it is proposed that new capacity for training in the earth, environmental, and
engineering sciences be developed to address shortages of specialists to support the
activities for the uranium exploration and mining industry. Increased capacity is required
in academic nuclear engineering and physics programs to support the training of nuclear
specialists and operators. Importantly, the centre will enhance training opportunities
across the social and environmental sciences to meet the increasing demands from
regulatory agencies and communities that must assess and mitigate the risks and benefits
of the nuclear industry.
Canada’s capacity for innovation has been built upon our ability to attract, train, and
retain talented High Quality People—talented researchers and scientists whose
discoveries and application of research in a diversity of disciplines have contributed
significantly to the prosperity of Canadians. Sustainability of socioeconomic well being
of Canadians will depend upon our ability to remain competitive in our recruitment of
talented people in an increasingly competitive global environment.
The research and development opportunities presented by the CNS will contribute to an
environment of innovation that will generate new ideas for Canada's long-term benefit,
with long-term commercialization prospects supporting innovation, competitiveness and
national leadership in the development of emerging technologies.
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4.3

Economic Impact

The economic impact of the CNS during its construction and operational phases was
estimated using Statistics Canada’s Input-Output model.
The Input-Output model is an inter-provincial model that is owned by Statistics Canada
and includes national and provincial multipliers that are used to calculate the impact of
projects on the economy. Saskatchewan and the other Canadian provinces are able to
access the Input-Output model to calculate the economic impact of projects on their
provinces.
The Input-Output model does not show whether or not the project is profitable, but rather
the impact on the entire Saskatchewan economy. The calculations are based on the 2005
input-output multipliers from Statistics Canada, which are the most currently available
data.
Based on the above, the economic impact of the CNS on Saskatchewan’s economy is
expected to be as follows:
4.3.1

Construction Phase

The estimated capital costs of $500 million to $750 million for the construction of the
CNS were derived using OPAL and other comparable reactors a benchmarks. A capital
cost of $500 million to $750 million will have the following estimated economic impact
spread over the six year construction period of the CNS:




4.3.2

Total GDP - $314 million to $471 million (direct and indirect)
(note that the total GDP impact figures do not represent total revenues and should
not be interpreted as such)
Total labour Income - $128 million to $192 million (direct and indirect)
Total employment to all industries in Saskatchewan* – 2,000 to 3,000 person
years (direct and indirect). Note: a single full-time job may represent multiple
person years over the duration of the project.
Operational Phase

During the operational phase, it is assumed that revenues will be derived through the sale
of isotopes and cost-recovery use of beamlines. Although revenues are generally used as
an approximation of the gross change in economic activity in the Input-Output model,
this can also be accomplished by summing the operational costs associated with the
project.
The operations of the CNS were assumed to be similar to an electric power generation,
transmission and distribution industry. The reason for this is that the Input/Output model
uses Statistics Canada’s North American Industry Classification Code to calculate an
economic impact and does not have any coding that is applicable to the CNS. Therefore
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the electric power generation, transmission and distribution industry was the closest
industry within Statistics Canada’s coding system to the CNS.
The annual operational cost is estimated to be $45 million to $70 million for the CNS and
is expected to have the following economic impact on Saskatchewan during its
operational phase:




*

Total GDP - $34 million to $53 million (direct and indirect) on an annual basis
(note that the total GDP impact figures do not represent total revenues and should
not be interpreted as such)
Total labour income - $8 million to $12 million (direct and indirect) on an annual
basis
Total employment to all industries in Saskatchewan* –125 person years to 194
person years (direct and indirect) on an annual basis
Direct employment – 66 person years to 102 person years on an annual
basis

The Input-Output model estimates the employment impacts in terms of the number of
person years (PYs) of employment that are supported by the labour income paid.
This can also be expressed as “full-time” job equivalents (FTEs), based on a 40-hour
work week. PYs of employment or FTEs may differ somewhat from the actual
number of workers involved with the CNS, particularly in the construction phase.
The Input-Output model is unable to estimate the number of workers in all industries
that will be affected by the CNS, but their employment as a result of the project is
counted in the PY estimates. The projected 2,000 to 3,000 PYs of employment (or
FTEs) in the construction phase will be spread out over the six-year construction
period. In the operational phase, the estimated employment impact of 125 to 194 PYs
of employment (or FTEs) will occur year after year for the entire time the CNS is in
operation.
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Appendix A:

Letters of Support

The following is a list of Letters of Support that have been provided to the NCWG. The
letters are also included in this appendix on the following pages.
Bob Allen, CEO - Saskatchewan Cancer Agency
Terry Baker, Board Chair & June M. Bold, CEO - Saskatchewan Health Research
Foundation
Donna Brunskill, Executive Director – Saskatchewan Registered Nurses’ Association
Gerald W. Grandey, President and CEO – Cameco Corporation
Josef Hormes, Executive Director – Canadian Light Source
D.A. Kendel, Registrar – College of Physicians and Surgeons of Saskatchewan
Walter Keyes, Branch Chair - Canadian Nuclear Society – Saskatchewan Branch
Anthony G. Klein – former Chairman of the Beam Instruments Advisory Committee of
OPAL
John C. Luxat, Industrial Research Chair – NSERC/UNENE
José Luis Martínez Peña, Associate Director Projects & Techniques – Institut LaueLangevin
Calvin Sonntag, CEO – Saskatoon Regional Economic Development Authority Inc.
Robert A. Robinson, Head – Bragg Institute
Bruce Richet, Executive Vice President Community Infrastructure - AECOM
Dominic Ryan, President – Canadian Institute for Neutron Scattering
Shirley Ryan, Executive Director – North Saskatoon Business Association
Martin Vogel, CEO/Executive Director – Saskatchewan Medical Association
David Walker, Chairman – Prairie Isotope Production Enterprise
Steve West, President – MDS Nordion
Bernie White, Registrar/CEO – The College of Dental Surgeons of Saskatchewan
John White – former Director of the Institut Laue-Langevin
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Appendix B:

University of Saskatchewan Nuclear Studies

The development of the initiative in nuclear studies at the University of Saskatchewan
represents a broad base of engagement in the various disciplines, and includes a diversity
of viewpoints, that touch on the many aspects of the nuclear industry, from mining to
nuclear science, medicine, environmental stewardship, public policy and community
development. These discussions, which are ongoing, engage a broad range of faculty,
including those listed below:
1.

The Nuclear Cycle

Exploration
Kevin Ansdell, Geological Sciences (Department Head), Mineral deposits and
Precambrian geology; Robert Kerrich, Geological Sciences (George McLeod Research
Chair), Mineral exploration, origin of mineral deposits; Yuanming Pan, Geological
Sciences, Mineral exploration, origin of mineral deposits.
Mining and Milling
Lee Barbour, Civil and Geological Engineering (Head), Mining reclamation; Don
Bergstrom, Mechanical Engineering (Department Head), Fluid dynamics, slurry flow;
Jim Hendry, Geological Sciences (Cameco-NSERC Industrial Research Chair),
hydrogeochemistry; Scott Noble, Agricultural and Bioresource Engineering,
Autonomous vehicle and collaborative driving systems; Jit Sharma, Civil and
Geological Engineering, Mine flooding and pit side walls management.
Conversion, Power and other Value-Added Activities
Don Bergstrom, Mechanical Engineering, Computational fluid dynamics; Janusz
Kozinski, Dean (Engineering), Supercritical fluid water processes, Generation IV
reactors and building security; Chary Rangacharyulu, Physics and Engineering Physics
(Department Head), Nuclear and elementary particle physics, radiation safety and
training; David Sumner, Mechanical Engineering, Flow induced vibration in fuel
bundles; Raj Srinivasan, Mathematics and Statistics, Applied probability, queuing
networks; Jacek Szmigielski, Mathematics and Statistics, Integrable systems, inverse
systems, mathematical physics; Hui Wang, Chemical Engineering, Hydrogen production,
integrated with nuclear fission; Chris Zhang, Mechanical Engineering, Robotics and
Director of the Centre for Creative and Innovative Design.
Safe Storage
Chris Hawkes, Geological Sciences, Geological storage; Jim Hendry, Geological
Sciences (Cameco-NSERC IRC), Safe storage in aquitards.
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2.

Science and Medical Foundations

Science Foundations
Michael Bradley, Physics and Engineering Physics, Plasma physics, materials science
applications under extreme conditions; Ian Burgess, Chemistry, Neutron research;
organic films for corrosion resistance in reactor coolant tubes; Rainer Dick, Physics and
Engineering Physics, Condensed matter physics, particle physics theory; Masoud
Ghezelbash, Physics and Engineering Physics, Theoretical physics, quantum gravity;
Andrew Grosvenor, Chemistry, Structural chemistry, sequestration of Uranium in
natural and synthetic materials; Akira Hirose, Physics and Engineering Physics (Canada
Research Chair), Nuclear fusion, world’s leading plasma fuel injection technology; Rob
Pywell, Physics and Engineering Physics, Subatomic physics, photo-nuclear reactions;
Stephen Reid, Chemistry, Analytical chemistry, nuclear magnetic resonance; Robert
Scott, Chemistry, Material science – corrosion resistant materials; Andrei Smolyakov,
Physics and Engineering Physics, Plasma physics theory; Artur Sowa, Mathematics and
Statistics, Mathematical physics; Ray Spiteri, Computer Science, Scientific highperformance computing; Ron Steer, Chemistry, Absorption of electromagnetic radiation
and behaviour of molecules at higher excited states; John Tse, Physics and Engineering
Physics (Canada Research Chair), Theoretical material science, creating new
thermoelectric and industrial materials; Stephen Urquhart, Chemistry, Materials
properties, synchrotron science, behaviour of materials at the nano scale; Chijin Xiao,
Physics and Engineering Physics, Plasma physics, controlled thermonuclear fusion;
Qiaoqin Yang, Mechanical Engineering (Canada Research Chair), Nano-engineering
coating technologies
Medical Foundations
Peter Bretscher, Microbiology and Immunology, Cancer Stem Cell Research Initiative;
Alan Casson, (Head) Surgery, Cancer Stem Cell Research Initiative; Dean Chapman,
(Canada Research Chair) Anatomy and Cell Biology, Cancer Stem Cell Research
Initiative, nuclear imaging; David Cooper, Anatomy and Cell Biology, Visualization and
imaging; John DeCoteau, Pathology, Cancer Stem Cell Research Initiative; Louis
Delbaere, (Canada Research Chair) Biochemistry, Cancer Stem Cell Research Initiative;
Ron Geyer, Biochemistry, Cancer Stem Cell Research Initiative; Nathaniel Osgood,
Computer Science, Health informatics; Narinder Sidhu, Saskatchewan Cancer Clinic,
Physics Adjunct Professor, Medical physics; Pat Thomas, Toxicology Centre, Radiation
toxicology; Wei Xiao, (Head) Microbiology and Immunology, Cancer Stem Cell
Research Initiative.
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3.

Environment and Social Development

Environmental Stewardship
Monique Dube, School of Environment and Sustainability (Canada Research Chair),
Environmental consequences of mine discharge; John Giesy, Veterinary Biomedical
Sciences, Toxicology Centre (Canada Research Chair), Environmental toxicology; Keith
Hobson, Canadian Wildlife Service, Biology Adjunct Professor, Bird migration patterns
using heavy isotopes; David Janz, Toxicology Centre, Distribution, fate, transport and
biological effects of mine effluent; Tom Kotzer, Cameco Corp, Geological Sciences
Adjunct Professor, Synchrotron science, environmental geochemistry; Karsten Liber,
Toxicology (Dir), School of Environment (Dir), Aquatic toxicology; Som Niyogi,
Biology, Environmental physiology and aquatic toxicology of aquatic animals; Ingrid
Pickering, Geological Sciences (Canada Research Chair), Molecular environmental
science, synchrotron science; Len Wassenaar, National Water Research Institute,
Geological Sciences Adjunct, Stable Isotopes, environmental geochemistry; Judit Smits,
Veterinary Pathology, Immunotoxicology in wildlife exposed to environmental hazards;
Xulin Guo, Geography and Planning, Remote sensing, vegetation assessment, landscape
change; Lawrence Martz, Geography and Planning (Dean College Grad St & Res),
Hydrology, water resource modeling; Cherie Westbrook, Geography and Planning,
Ecohydrology.
Social, Policy and Governance Capacity
Michael Atkinson, Johnson-Shoyama Graduate School for Public Policy (Executive
Director), Governance for public policy; Kalowatie Deonandan, Political Studies, Mine
development, impact on public health and socioeconomic development; Harley
Dickinson, Sociology (Vice-Dean Social Science), Medical sociology and public policy;
Richard Gray, Bioresource Policy, Business and Economics, Biofuels and energy
innovation policy; Bram Noble, Geography and Planning, Social and environmental
impact assessment; Peter Phillips, Political Studies, Governing transformative
technological change; Martin Phillipson, Law (Associate Dean), Environmental Policy
and Law; Greg Poelzer, Political Studies, International Centre for Northern Governance
and Development (Director), University of the Arctic (past Dean), Northern governance
and public policy; Tom Porter, Research Facilitation; Bioresource Policy, Business and
Economics Adjunct, Economic development, and science, technology and innovation;
Todd Pugsley, Chemical Engineering, Special Advisor (Energy) to VP Research, Energy
strategies and strategic technology development; Maureen Reed, Geography and
Planning, Community-based ecosystem management, sustainability; Martha SmithNorris, History, American history, nuclear policies.
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Aboriginal and Northern Development
Tom Allen, Bioresource Policy, Business, and Economics, Aboriginal entrepreneurship,
Indigenous Land Management Institute; Bonita Beatty, Native Studies, First Nation
governance and health care; Lalita Bharadwaj, Nursing, Toxicology Centre, Public
health, Aboriginal community water treatment and safety; Doug Clark, Centennial Chair,
School of Environment and Sustainability, Northern resource management and
Aboriginal community development; Hayley Hesseln, Bioresource Policy, Business and
Economics, University of the Arctic (Dean), Environmental and resource economics;
Robert Innes, Native Studies, Nation building, self-governance and treaty land claims;
Ron Laliberte, Native Studies, Aboriginal migrant labour; David Natcher, Bioresource
Policy, Business and Economics, Aboriginal Land Management, Natural Resource
Management; Evelyn Peters, Geography and Planning (Canada Research Chair), First
Nations and Metis issues and self-governance.

4. The Canadian Light Source Synchrotron
Emil Hallin, Director of Strategic Scientific Development; Mark de Jong, Deputy
Director & Director of Accelerators.
Uranium mining sector: Jeff Cutler, Director of Industrial Science; Jeff Warner,
Industrial Liaison Scientist; Ning Chen, Beamline Scientist (HXMA).
Medical imaging: Tomasz Wysokinski, Beamline Scientist (BMIT).
Science foundations and materials science, complementary to neutron scattering: Robert
Blyth, Assistant Director of Research; Renfei Feng, beamline scientist (VESPERS);
Michel Fodje, Beamline Scientist (CMCF2); Pawel Grochulski, Beamline Scientist
(CMCF); Yongfeng Hu, Beamline Scientist (SXRMB); Feizhou He, Beamline Scientist
(REIXS); Chithra Karunakaran, Beamline Scientist (SM); Chang-Yong Kim,
Beamline Scientist (HXMA); Julie Thompson, Industrial Liaison Scientist.
Software engineering in a nuclear environment: Elder Matias, Controls &
Instrumentation Development Manager.
Radiation safety, CNSC regulation: Mohamed Benmerrouche, HSE Manager; Grant
Cubbon, HSE Radiological Control Coordinator.
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