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Canadian Neutron Facility (CNF) - Key points

Background — The current neutron beam laboratory

The CNF neutron beam laboratory builds on a historic foundation that extends from
Nobel prize-winner Bertram Brockhouse to the present Neutron Program for
Materials Research (NRC) at Chalk River. Canada'’s neutron beam expertise is
highly regarded worldwide.

The neutron beam laboratory generates knowledge that is exploited by the full
spectrum of science and technology, from academic exploration and student
education to problem-solving for industry.

Industrial clients of current neutron beam services are from all materials intensive
sectors: aerospace, automotive, manufacturing, nuclear, oil & gas and materials
producers.

The neutron beam laboratory is presently used by university and industry
researchers located across Canada (over 20 universities, over 60 projects for
Canadian companies).

The neutron beam laboratory is used by many foreign universities, companies and
institutions, enabling reciprocal Canadian access to an extensive array of research
facilities worldwide.

The Canadian neutron beam laboratory and Canada’s base of expertise is
threatened by the imminent closure of the NRU research reactor at Chalk River
Laboratories. The reactor is not expected to operate beyond 2005.

Current Proposal - The Canadian Neutron Facility

Since 1994, there has been a serious effort to replace the NRU reactor with a
modern neutron source. The most recent push to obtain funding for a Canadian
Neutron Facility has been led jointly by the National Research Council of Canada

and AECL, beginning in 1998.

The total construction cost of the CNF will be $466M (escalated over 6 years of
construction). Worldwide, such projects are funded entirely by national governments
as strategic investments in their research infrastructure.

Over 20,000 researchers from across Canada will use the neutron beam laboratory
at the CNF during its 40 year lifetime.

The neutron beam laboratory at the proposed CNF will extend Canada's ability to
generate knowledge applicable to industry sectors such as pharmaceuticals, foods,
biomaterials, electronics and computing devices.



The knowledge generated by the CNF will pertain to the materials and components
required by Canadian industries that support 400,000 jobs.

Unlike other big science facilities that focus on single subjects, such as astronomy or
particle physics, the CNF’s neutron beam laboratory will support research in many
science areas, including: physics, chemistry, blology materials science and
engineering.

The world-class CNF neutron beam laboratory will attract talented young
researchers and keep them in Canada.

As a multi-disciplinary educational environment, the CNF will enhance the
capabilities and outlook of students who will graduate to positions in knowledge-
intensive, high-technology industries.

The CNF will be one of a small number (about 20) of such facilities worldwide.
Companies that exploit the unique knowledge obtained by neutron beam
measurements can achieve a competitive advantage in a global arena.

The Urgency

It will take 6 years to construct the CNF, and commission the first neutron
instruments. Even if the CNF is funded today, there will be a 2-year gap in the
availability of neutrons for the Canadian research community.

The “neutron gap” disrupts the continuity of training required to exploit neutron beam
technology. The training of young researchers will decline in the 4 years prior to the
gap and will not recover for a number of years after the CNF starts up.

The “neutron gap” disrupts the continuity of the research and development projects
presently underway. The academic and industrial user community will begin to
dissipate prior to the gap.

The research staff at the laboratory are key to the effective exploitation of neutron
beam methods by the user community.

Exciting and well-funded neutron beam projects are presently underway in the US,
the UK, Germany, Australia and China. Attractive opportunities offshore may draw
the essential Canadian expertise away during this time of funding uncertainty for the
Canadian Neutron Facility.

Dr. John Root, Program Leader

Neutron Program for Materials Research
National Research Council of Canada
Chalk River Laboratories

(613) 584-8811 ext. 3974
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Visit of

" NRCan
&

Nuclear, Non-Proliferation and Disarmament Implementation Agency of the
Department of Foreign Affairs and International Trade Officials

to Chalk River Laboratories

2000 Thursday, August 31

FINAL AGENDA
9:30 Arrival at Outer Gate
9:30-9:45 Delegation will be escorted to Visitors’ Centre by
CRL staff
9:45-10:00 | Registration and badging CRL Protective Services
10:00 Welcome & Site Introduction (20 min) P.J. Fehrenbach
Overview of Refurbishment Activities (10 min) D.F. Weeks
Pre-Tour Discussion(Two Thom mini-buses will pick
up at Visitors’ Centre for tour) Visitors’ Centre
10:30 Divided group to board 2 buses
Driving Tour of site with stops at:
BLUE TOUR GOLD TOUR
1. NRU (25 min) 1. Waste Management Area “B” (25 min)
W.R. Shorter * Bldg. 150 D.K. Raman
2.  Fuel Development Lab (20 min) 2. NRU (25 min)
J.D. Sullivan * Bldg. 300 W.R. Shorter * Bldg. 150
3. Waste Management Area “B” (25 min) 3.  Fuel Development Lab (20 min)
D.K. Raman J.D. Sullivan * Bldg. 300
Thom bus to deliver to Private Dining Room Thom bus to deliver to Private Dining Room
1:00-2:00 4 LUNCH . . ..
(18 visitors, P. Fehrenbach, J.P. Labrie, A. Vikis, D. Weeks, B. Shorter, Buffet in Private Dining Room
J.D. Sullivan, D. Raman, R. Drouin, J. Bond, D. Taylor)
2:00 NRCan Depart
(Thom bus will pick up visitors from Private Dining
Room entrance and deliver to Visitors’ Centre for
departure.)
1:30-2:30 DFAIT visitors: J.P. Labrie, J.A. Bond, D.B. Taylor
MAPLE Reactor and NPF Tour
(CRL driver with van will pick up for tour and deliver to
Visitors’ Centre for departure.)
2:30 DFAIT Depart
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List of AECL Personnel

Paul Fehrenbach, General Manager, CANDU Technology Development (CRL)
Jean Pierre Labrie, General Manager, Research and [sotope Reactor Business (SP)
Dale Weeks, Deputy General Manager, Facilities and Nuclear Operations (CRL)
Andy Vikis, Director, Health, Chemistry & Environment (CRL)

Jim Bond, Manager, Isotope Processing Facility (CRL)

Don Taylor, Manager, MAPLE Operations (CRL)

Bob Drouin, Facilities and Nuclear Operations (CRL)

Dave Raman, Waste Management and Decommissioning (CRL)

Biil Shorter, Manager, NRU Operations (CRL)

Jim Sullivan, Fuel Development (CRL)

. Blue Tour Narrators Gold Tour Narrators
SD&E . Andy Vikis Ron Mitchel
FNO George Dolinar Bob Drouin
CTD Andrew White Paul Fehrenbach
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List of Visitors

NRCan

Minister's Office:

Pat Breton, Press Secretary

John Embury, Director of Communications

Dan Seekings, Policy Advisor, Energy Sector
Marjolaine Rocheleau, Secretary

Deputy Minister's Office:

Robert Laframboise, Executive Assistant (TBC)
C:g;‘mmunications Branch:

Mary O'Rourke, Associate Director General

Tracy Thiessen, A/Account Executive, Energy Sector
Alice Barnabé, Communications Officer, Energy Sector
Cathy McRae, Account Executive, Climate Change Sector
Jean-Guy Dégagné, Chief, Editorial Services

Ellen Charette, A/Director, Public Affairs (TBC)
Energy Resources Branch:

Dan Whelan, Director General (TBC)

Nuclear Energy Division:

Arlene Brunke, Public Information Officer
Martin Lamontagne, Analyst

DFAIT

Nuclear, Non-Proliferation and Disarmament Implementation Agency:

Mark Gwozdecky, Director

Maria Raletich-Rajicic, Deputy Director, Nuclear Safety, G-7 & Eastern Europe, CTBT, Bilateral Relations

Terry Wood, Deputy Director, Non-Proliferation, Bilateral Co-operation, Export Controls

Ché van Haastrecht, Nuclear Cooperation Officer

* 2000 August 29



Check | Blue Gold Narrator
point | Tour | Tour
1 10:30 | 10:30 | Depart Visitor Centre (Blue Tour to Check Point 2, Gold Tour to Check Point 12)
2 10:35 § 11:15 | Buildings 513, 524 Radiological sciences support to government policy, environmental protection, protection of staff working at SD&E
nuclear sites
Hospital/Clinic - required for initial screening of radiatios incidents FNO
Cafeteria - used by all staff, required for staff from active area FNO
Fire Department - required to protect assets and staff ENO
Bldg. 412 - manufacturing services FNO
Quonsets - used for storage, need replacement FNO
3 10:45 | 11:25 | Bldg. 456 - houses support and R&D staff, slated for retirement CTD
Waste treatment centre - basic requirement for an industrial site FNO
4 10:50 | 11:30 | Active Area Gate - security check
Power house - another basic requirement for an industrial site FNO
Q‘) 10:55 | 11:35 | Stop at NRU: used for isotope production, CANDU R&D (fuel, materials, safety, chemistry), basic R&D (neutron beam materials
studies)
5 Y, 11:20 | 12:00 | Depart NRU
T~ Active Drain Project - necessary refurbishment to active site infrastructure FNO
Bldg. 234 - Universal Cells, required to support Isotopes, CANDU business, site operations FNO
6 11:25 | 12:05 |.MTF/loops - thermalhydraulics studies fundamental to water reactors, mix of new and old facilities CTD
Active machine shop - key support to active site FNO
ZED-2 - provides basic physics data for CANDU reactors, required to support Canadian nuclear utilities and the CNSC (e.g. data CTD
fundamental to analysis of large Loss-of-Coolant accidents)
Bldg. 469 & 145 - relocating reactor safety R&D programs from Whiteshell Laboratories CTD
7 11:30 | 12:10 | Bldg. 320/330 - active chemistry, “modern” 20-year old buildings CTD
Bldg. 107 - building due for decommissioning, requires extensive characterization/decontamination FNO
Bldg. 250 - houses tritium/heavy water/reactor chemistry R&D, older building requiring alternatives for programs/staff and SD&E
decommissioning
Bldg. 210 - decontamination, support required for an active site FNO
8 11:35 | 12:15 | Building 215 CECEUD: demonstration of key CANDU technology - cheaper and more environmentally friendly. investment payoff - SD&E
recycling used heavy water
9 11:40 | 12:20 | MAPLE and NPF: successful spinout business, requires infrastructure of an active site; important to world health industry CTD
NRX and associated buildings - decommissioned reactor FNO
Building 375 - Fuel and materials cells - key facility for nuclear laboratory and to support domestic nuclear industry, modernization CTD
P required. Surface science labs - important instruments for materials studies in support of nuclear industry
g)?) 11:45 | 12:25 | Stop at Bldg. 300: Fuel development lab - essential technology, simplicity eases technology transfer, important spinout business for CTD
P— Canada
10 12:10 | 12:50 | depart Building 300
12:15 | 12:55 | exit Active Area - personnel monitoring

* 2000 August 29



Check

Blue

Gold

N Narrator
point | Tour | Tour . )

Bldg. 114 - restored, now being used for FNO ENO
Bldg. 137 - decommissioned, now being considered for other uses FNO

12 12:20 | 10:35 | Stop at Waste Management area”B”": important infrastructure for active site and for Canadian nuclear waste (historic and current); FNO
essential facility for a nuclear laboratory
Waste Management area “G” - canisters for dry spent fue! storage FNO
low-level waste “D” - support public policy, expense of accepting waste from formerly unregulated sites FNO

13 12:55 | 11:05 | Depart Waste Management Area (Blue Tour for Cafeteria, Gold Tour for Check Point 2)

14 13:00 | 13:00 | Private Dining Room for Lunch
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Welcome & Site
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Introduction to AECL’s
Chalk River Laboratories

P.J. Fehrenbach
CRL Site Head &
General Manager

CANDU Technology Development
2000 August 31
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How We Began

Canada’s nuclear program born at Chalk River
Laboratories

First sustained fission reaction outside USA achieved
1945 Sept. 5 in ZEEP (Zero Energy Experimental Pile)

From those early days came larger and more powerful
research reactor designs:

1947 NRX (National Research EXperimental)
1957 NRU (National Research Universal)

NRX and NRU key facilities in development of CANDU
design--and other nuclear technology

NRU produces ~70% of world radioisotope supply for
medical and industrlal applications

NRU continues to be used by AECL and NRC for CANDU
fuel and materials testing and for advanced materials
research

Some Notable Achievements

1962: First CANDU prototype, Nuclear Power
Demonstration (NPD), feeds nuclear-generated
electricity to the Ontario grid

1967: A larger prototype, the 208 MW Douglas Point
reactor, supplies electricity to the Ontario grid

1971: The first of the Pickering A 520 MWe
commercial scale CANDU reactors in operation
1987: CANDU nuclear power system cited as one of
Canada’s 10 most significant accomplishments of
the first 100 years of engineering in Canada.

1994: Dr. Bertram Brockhouse shares Nobel Prize
in Physics for work on the applications of neutron
beams performed at Chalk River in the 1950’s

Wealth & Job Creation of
Canadian Nuclear Industry

$5 billion in electricity/goods/services annually

Ernst & Young (1993):

30,000 direct/10,000 indirect jobs (150 Co.)
$700M income and sales tax annually
$500M trade surplus in 1991

OH estimate: $17 billion in FX savings (‘65 to
‘89)

Two CANDU sales to Korea: single largest
export order in 1992

Two CANDU 6 units sold to China in 1996

AECL-CRL Economic Impact on Region
1998/99 :

Salaries $104,000,000
Local Goods & Services
Contracts $14,000,000
Transportation 1,500,000
Accommodation 200,000
$15,700,000

Grant-in-Lieu of Taxes ~ 2,500,000
No. of visitors/year ~ 30,000




AECL Staff Distribution (2000 August)

L: 326
Other: 46

CRL: 1878

Total Staff: 3793

- )
CRL Staff Profile

Nuclear Operators: 141

Admil’ﬂsupport: 509 Management: 88

.

Prof. & Tech: 801
Trades: 339

Total Staff: 1878

Current CRL Activities/Responsibilities

 CANDU Technology R&D

» Maintain Design & Licensing Basis,

» Advance CANDU Designs, Products & Services

< Support Operating Stations - COG (CNSC Stakeholder)
Public Policy Support, e.g.

« Pu disposition project - “MOX”

+ Radioactive Waste Storage/Management (historic + current)

« International technical representation (JAEA, NEA, etc.)
Commercial Activities

» Research Reactor Fuel Fabrication

« Commercial R&D
Neutron Scattering for Materials Science (NRC)
Medical Isotope Production (MDS NORDION)
Facilities and Nuclear Operations

AECL’s Range of R&D Activities
" L
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CANDU R&D Objectives:

Evolution of CANDU Reactors

Combination of R&D
and Engineering

Project
Experience

Operating = 3
Feedback :
Engineering
Customer .
:eq:nwh | * Improved Economics
T oy « Enhanced Safety

* Fuel Cycle Flexibility

Next Generation CANDU Features

» Significant capital cost reduction - competitive
with natural gas

» Higher thermal efficiency - increase coolant
outlet temperature (330°C) & pressure

* 600 MWe from smaller core

+ Slightly enriched fuel

« Light water coolant - less heavy water

« Enhanced passive safety

« Simplify all other components & systems

NG CANDU - Optimizing the Reactor Core

——

By switching to CANFLEX
SEU, the channel power
ranges fom 6.2 to 8.2 MWt

The CANDU 6 fuel channel
output ranges from 3 to 6.6
Mwt.

Thermal efficiency can
be increased by higher
temperatures.

A much smaller core is
possible with fewer fuel

The smaller core size channels, a smaller calandria
drives down the cost and less heavy water.

of many other systems.




CANDU NG

CANDU 6, 9

CANDU X Mark 2

CANDU X Mark 1.

286 250 300 350 400

450 500 550 600 650

Inlet Steam -Turbine Temperatire (dég. C)

Canadian Nuclear R&D Fu

=3 LN

1996 N-B Prdgran
Review Study Bag

level for no nlicleg

nding Trends

theleae

Notes:

(1) Includes staff in SD&E, CTD, and PE at CRL & WL

(2) Excludes staff in Engineered Products and Services, Safety & Licensing

New Initiatives at Chalk River

Two MAPLE reactors and an isotope processing
facility for isotope production by NORDION

Site infrastructure being refurbished and
updated

- site master plan

- active drain system

- building consolidation

New waste management facilities
- liquid waste treatment plant

- above ground storage (MAGS)

Planning underway for Canadian Neutron
Facility to replace NRU




Isotope production

60-70% of world market CANDU® research & development

50,000 medical procedures daily

Medical Isotope Reactor Canadian Neutron Facility
MDS Nordion facilities to take Proposed to take over CANDU®

over isotope production
In service by end of 2000

1957-2005

Research
NI}C materials research

and NRC materials research
currently done in NRU

Summary

CRL is a multi-tenant site

CRL, as a national nuclear laboratory, is a key
element of R&D infrastructure in Canada

» essential for CANDU development

+ essential for NRC/Canadian university neutron
scattering

+ essential for medical isotope productiori
A research reactor (CNF to replace NRU) is a
key facility for a national nuclear laboratory

Nuclear industry R&D capability study by COG
recommended more R&D spending on CANDU




Overview
Refurbishment
Activities




Natural Resources Canada Visit to CRL

“Facilities & Nuclear Operations”
2000 August 31

Dale F. Weeks
Deputy General Manager

FNO Mission

We are a valued business partner, relied upon to
provide:

* process-integrated facility management and
nuclear operations;

* innovative products and services.



CRL EXCLUSION AREA




FNO Mandate

. Responsible for safe operation of facilities

« site licence holder for AECL (CRL & WL)

compliance with Nuclear Safety Act
monitoring & control of emissions
radiation monitoring of personnel
emergency preparedness

Decommissioning of nuclear facilities

« safe shut-down and storage with surveillance

« ultimately achieve end state

FNO Mandate ... con’t.

3. Provision of operating and landlord
services:

172 site buildings;

diverse tenants; offices, machine shops, and research
laboratories,

electrical distribution & other services equivalent to a small
town,

heating, ventilation & air conditioning loads equivalent to
University of Ottawa,

processes systems and equipment range from conventional

to nuclear



FNO Mandate .... con’t

4. Provision of general services:
« road, grounds and vehicle maintenance;
* building structure maintenance and renewal
» food & cafeteria services;
+ sewage treatment;
« fire protection and response;
* manufacturing.

5. Radioactive & non-radioactive waste

management:
* treatment, segregation, storage, disposal.

FNO Human Resources - Total People CRL: 877




CRL Site - “Layered” View

City Services

» Municipal services and utilities (taxes, sewerage, heat, electricity)

Industrial Site & Services

« Basic industrial site and services (bldg. maint, envir monitoring,
etc.)

Nuclear Licensed Site

» Permission to conduct nuclear activities

Waste Management Capability

» Ability to manage nuclear waste

Operating Nuclear Site

* Services to conduct nuclear operations

License Listed Facilities
* Specific nuclear facilities to conduct nuclear work

KEY ISSUES & FUTURE CHALLENGES

= Regulatory:

* Highly regulated site (e.g. Cdn. Nuclear Safety Commission)

* increasing regulatory scrutiny
= CRL Infrastructure:

+ Old and complex site with attendant maintenance/refurbishment needs
= Waste & Liabilities:

« Risk and liabilities from past waste practices

=> Business Climate:
 Adopting contemporary business tools to site operations including
business planning, activity based management, process focus
=> Partnerships

 Developing partnering business relationships, a new era for AECL (e.g
integrating DIF to AECL operations; NRC; Health Canada)



KEY ISSUES & FUTURE CHALLENGES

FNO BUSINESS PROCESS MODEL

AECL/CRL PRODUCTS

iyeon [NUCL. LIABILITY
STEWARDSHIP

" Current [ Ristorical

FACILITIES & CANDU R&D

LANDLORD SLRY. | "8Ob6 &

ISOTOPES i‘,

[fwml'l 730 § AECLRBD 1 COG R&0

|

A

FNO T C ROCESSES 5ES
MANA ITE

l PRODUCT/FUEL WASTE

MANUFACTURING® OPERATE A DECOMMISSIONING

/[ LICENCE LISTED FACILITIES MGMT

r NEW FACILITY FACILITIES Y
PROJECTS [ N\ b~~~ "~~~ |~ DECOMMISSIONING l
T PROJECTS

EQUIPMENT
WORK [ RELIABILITY I
INUCLEAR & aAmm\cnil__» MANAGEMENT
MATERIALS MGMT '\, CONFIGURATION
CONTROL J
SUPPORT SERVICES MATERIALS &
(includes Manage Nuclear Complex & SERVICES
Direct Organization (GM))
ENABLING PROCESSES [ LossPREVENTION | [ TRAINING
{Corporate-wide and/or facliities specific)
* Product M dfram Werk M wnd FuetM weas Nuclear Fualin SPM Revision R6 99/08/18

KEY ISSUES & FUTURE CHALLENGES

CRL Infrastructure Refurbishment:

Major projects completed since 1994:
 e.g. 2 new boilers for powerhouse; new security and monitoring
gatehouses; decontamination centre upgrades; life safety and fire

protection upgrades; Waste Treatment Centre upgrades;
refurbishment of 32,000 sq’; demolition of 55,000 sq’

Major projects in progress:
 e.g. Active Drain System replacement (in excess of 6000 feet of
buried line) ; Modular Above Ground Storage (MAGS); NRU
upgrades; B107 and B430 Transfer to Decommissioning



KEY ISSUES & FUTURE CHALLENGES

CRL Infrastructure Refurbishment > Site Master Plan:
« Vision and a road map for decision making
« Comprehensive site plan linked to strategic business plans

« Integrate industry standard facility management principles:

« Maintenance funding mode! for campus style facilities based on Present
Replacement Value (PRV)
- Establishes a Life Cycle Index (LCI) for all buildings
« Establishes a deficiency listing program
Key Objectives of Site Master Plan:
 Match space with business needs - consolidation resulting in
space reduction of 269,000 sq’

* Refurbish Valued Assets
¢ Reduce Long Term Liabilities

Impact on CRL Real Estate

Use Categ‘ ory (sqft)

Existing Post SMP
« Building Services 93,593 64,365
« Labs 221,291 178,865
« Offices 212,084 185,659
« Process Services 173,305 148,824
«  Workshops 84,962 53,185
+ Storage 245934 202,361
« Common Areas 310,221 238,913

+ Total 1,341,390 1,072,172



FNO Cost Attribution

FNO - Cost Aftribution
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Research and Decommissioning
Costs
1998/99 Actuals

Research 87
Indirects -
Facilities
Chalk River 75
Whiteshell 11
86
Common services 29
Amortization 2
Total indirects 117
Total costs before 204
Decommissioning 16
Capital 13
Total 233

B Faciliies and Nuciear O'perations -
“Estimated Base Costto Meet Minimum Requirements Exclusive of Research
$ Millions

GM

P 545
Licensing SPOC (1.7)
QA {0.9)
Planning 1.0
Nuc Safety 0.8
Safety & Radioiogical Protsction 54
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Check | Blue Gold Narrator
point | Tour | Tour

1 10:30 | 10:30 | Depart Visitor Centre (Blue Tour to Check Point 2, Gold Tour to Check Point 12)

2 10:35 | 11:15 | Buildings 513, 524 Radiological sciences support to government policy, environmental protection, protection of staff working at SD&E
nuclear sites
Hospital/Clinic - required for initial screening of radiation incidents FNO
Cafeteria - used by all staff, required for staff from active area FNO
Fire Department - required to protect assets and staff FNO
Bldg. 412 - for site support, R&D and commercial deliverables FNO
Quonsets - used for storage, need replacement FNO

3 10:45 | 11:25 | Bldg. 456 - houses support and R&D staff, slated for retirement CTD
Waste treatment centre - basic requirement for an industrial site FNO

4 10:50 | 11:30 | Active Area Gate - security check
Power house - another basic requirement for an industrial site FNO

5 10:55 | 11:35 | Stop at NRU: used for isotope production, CANDU R&D (fuel, materials, safety, chemistry), basic R&D (neutron beam materials
studies)

5 11:20 | 12:00 | Depart NRU
Active Drain Project - necessary refurbishment to active site infrastructure FNO
Bldg. 234 - Universal Cells, required to support Isotopes, CANDU business, site operations FNO

6 11:25 | 12:05 | MTF/loops - thermalhydraulics studies fundamental to water reactors, mix of new and old facilities CTD
Active machine shop - key support to active site FNO
ZED-2 - provides basic physics data for CANDU reactors, required to support Canadian nuclear utllmes and the CNSC (e.g. data CTD
fundamental to analysis of large Loss-of-Coolant accidents)
Bldg. 469 & 145 - relocating reactor safety R&D programs from Whiteshell Laboratories CTD

7 11:30 | 12:10 | Bldg. 320/330 - active chemistry, “modern” 20-year old buildings CTD
Bldg. 107 - building due for decommissioning, requires extensive characterization/decontamination FNO
Bldg. 250 - houses tritium/heavy water/reactor chemistry R&D, older building requiring alternatives for programs/staff and SD&E
decommissioning
Bldg. 210 - decontamination, support required for an active site FNO

8 11:35 | 12:15 | Building 215 CECEUD: demonstration of key CANDU technology - cheaper and more environmentally friendly. investment payoff - SD&E
recycling used heavy water

9 11:40 | 12:20 | MAPLE and NPF: successful spinout business, requires infrastructure of an active site; important to world health industry CTD
NRX and associated buildings - decommissioned reactor FNO
Building 375 - Fuel and materials cells - key facility for nuclear laboratory and to support domestic nuclear industry, modernization CTD
required. Surface science labs - important instruments for materials studies in support of nuclear industry

10 11:45 | 12:25 | Stop at Bldg. 300: Fuel development lab - essential technology, simplicity eases technology transfer, important spinout business for CTD
Canada

10 12:10 | 12:50 [ depart Building 300

11 12:15 | 12:55 | exit Active Area - personnel monitoring

* 2000 August 29



Cheek | Blue Gold Narrator
point | Tour | Tour
Bldg. 114 - restored, now being used for FNO FNO
Bldg. 137 - decommissioned, now being considered for other uses FNO
12 12:20 | 10:35 | Stop at Waste Management area”B”: important infrastructure for active site and for Canadian nuclear waste (historic and current); FNO
essential facility for a nuclear laboratory
Waste Management area “G” - canisters for dry spent fuel storage FNO
low-level waste “D” - used to aceept eontaminated waste from other Canadian sites FNO
13 12:55 | 11:05 | Depart Waste Management Area (Blue Tour for Cafeteria, Gold Tour for Check Point 2)
14 13:00 | 13:00 | Private Dining Room for Lunch

* 2000 August 29



B CANDU Life Sciences




CANDU Life Sciences Cenfre

The CANDU Life Sciences Centre, to your right as you enter the Chalk River
Laboratories (CRL) plant gate, houses AECL’s program in Environmental and
Radiological Sciences. These programs develop the knowledge and technologies to
measure and control CANDU power emissions and assess their radiological impact on
man and the environment.

The Environmental program includes R&D to identify CANDU waste and emission
sources, and technologies for reducing releases at the source. R&D is also conducted to
assess the dispersion of potential releases to the environment via various pathways and
to assess the impact of such releases on plant and animal life. In addition, the program
carries out all the radiological and non-radiological environmental monitoring for the
CRL site.

The Radiological Sciences program includes R&D funded jointly by the CANDU Owners
Group utilities and AECL to develop improved technologies to measure radiation and
radiation dose to workers in a CANDU power reactor environment. In addition, the
Radiological Sciences program includes a component of radiation biology research
aimed at understanding the interactions of radiation with living systems and the role of
genetic and environmental factors in in determining cancer risk. The latter program
focuses on low radiation dose and dose-rates relevant to exposures of atomic radiation
workers and the public as a result of nuclear fuel cycle activities. The research includes
in vivo experiments with mice using a state-of-the-art Biological Research Facility.

The AECL program in Radiological Sciences traditionally served the national needs
benefiting several customers (AECL, CNSC, Canadian nuclear utilities, Canadian
uranium industry, Health Canada, et al.). Program cutbacks, as a result of the changing
focus of AECL and the Canadian nuclear utilities, have placed the future of this program
at risk and necessitated a new structure to enable the program to access research
funds to supplement those of the nuclear industry. Presently, the program has been
transferred to Health Canada’s Radiation Protection Bureau, on an interim basis, as a -
first step towards the establishment at CRL of an independent institute, the National
Centre for Radiological Sciences (NCRS), with a mandate to:

Carry out R&D in radiological sciences

Offer R&D on a commercial basis to the nuclear industry

Provide dosimetry services to AECL and other customers on a commercial basis
Inform and advise government and industry, and participate in formulating national /
international radiological standards.

It is expected that NCRS would network with other government departments and
universities across Canada to provide as broad a level of technical expertise as possible
and to leverage industrial funding with government research grants.
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Responsible Nuclear Power

F or all Atomic Energy Canada Limited (AECL) customers, CANDU means much more than a nuclear station. Q
It is the assurance that leading-edge CANDU? technology will stay leading-edge, maintained by some of the
world’s best nuclear specialists. s

Protection of workers and the environment are among our highest priorities at AECL—something we carefully
factor into the CANDU design and our underlying research and development. Our people are world-renowned for
their knowledge and skill in the management of tritium, and for the conservation of a valuable resource—heavy
water. All CANDU stations are designed to operate with emission levels considerably lower than recommended
international standards.

AECL is the world leader in heavy water management.

HeaVY Water— CANDU'’s heavy water systems have been extensively
engineered, ensuring their high integrity and high
The BeSt MOderatOI' reliability. Integrated monitoring, collection and
recovery systems are also included to ensure station
ECLs CANDU nuclear power reactors use natural operators can manage their heavy water resource
uranium as fuel, and deuterium enriched water asa  effectively. We regularly review the heavy water
moderator and coolant. Heavy water is very effective(l) management operating procedures and strategies
in slowing down neutrons in the chain reaction fission adopted at each station to improve the effectiveness of
process. This, combined with other features of the our CANDU heavy water management system designs.

CANDU design, produce the excellent neutron
economy of the CANDU reactor.

Tritium—A By-Product

Heavy water is the common name for deuterium oxide

(D;0). It is the same as ordinary “light” water (H,0) ritium occurs naturally in the Earth’s atmosphere
except that the hydrogen atoms in each ordinary water due to the interaction of cosmic radiation with
molecule are replaced by “heavy” deuterium (D), a nitrogen and oxygen. Tritium is another, yet ‘heavier’,
non-radioactive isotope of hydrogen. Deuterium atoms form of hydrogen that is created if a deuterium atom
have a neutron in their nucleus, making a heavy water adds another neutron to its nucleus through the thermal
molecule about 10 per cent heavier than ordinary water. neutron capture reaction 2H(n,y)3H [or D(n,¥)T].

As a moderator, heavy water is eighty times more In the CANDU reactor, the principal method of tritium
effective than light water at generating the thermal formation is through neutron capture by the deuterium
neutrons that initiate the fission process. This means in the molecules of heavy water. While this is the
natural uranium can be used in CANDU reactors, principal method of forming tritium, it can also be

with no requirements for enrichment services and fuel formed through ternary fission in the fuel, as it is in
reprocessing. The high neutron efficiency of the all reactor types. As well, tritium is formed by neutron
CANDU design also allows the flexibility of using reactions with the light elements, boron and lithium,
other fuel cycles, such as uranium recovered from light used to control the water chemistry of the moderator
water reactors (RU) and thorium. and coolant systems.

{1) Although light water is more efficient than heavy water for slowing e

down neutrons, it is less effective in promoting fission because it

absorbs more neutrons in the process.




Tritium Production

The rate of tritium production in heavy water depends on
the number of neutrons produced by the reactor, and the
amount of time the water spends in the reactor core. Since
the heavy water used to cool the fuel circulates outside
the reactor, it spends less time being bombarded by neutrons.
As a result, the rate of tritium formation is about 60 times
lower in the coolant than in the moderator. However,
because the volume of water in the moderator is larger,
the resulting concentration difference is about 40 times.

The level of tritium in each system depends on the
quantity of heavy water, the rate of tritium production
(which is affected by station operating efficiency), and
the loss of tritium due to radioactive decay. Tritium
levels in the moderator water build up with continued
operation to the equivalent of a few tens-of-parts per
million tritium over the lifetime of the reactor. Some
stations choose to remove tritium from the heavy water,
as part of their station operational activities and overall
management strategy. However, CANDU stations are
designed to accommodate the expected maximum levels
of tritium, and operate with worker doses and radiological
emissions as low as reasonably achievable in accordance
with international recommendations.

Well-established Monitoring

and Dosimetry

The uptake of small quantities of tritium is not a
significant health hazard. Because tritium is a weak
beta-emitter, it is one of the least radiotoxic radionuclides
and only when tritium is ingested or inhaled does it pose
a health risk to humans and other living things.

Monitoring and dosimetry technologies are well-established

and tritium’s health effects well-understood.

Tritium Release — A Small Fraction
of Background Radiation

Although tritium is not particularly hazardous, it is of
concern due to the fact that small amounts naturally
escape as vapour or liquid from the reactor systems. The
CANDU design ensures that worker radiation doses and
environmental emission from all radioactive isotopes are
well within regulatory limits. Doses to CANDU station
workers are among the lowest in the world in operating
reactors. Although tritium is a significant contributor to
both worker dose and environmental emissions, its ease
of detection at very low levels permits good control

of the small amount that does escape.

Due to the value of heavy water, CANDU design and
operations have placed considerable emphasis on
minimizing the loss of heavy water from both the
moderator and coolant systems, and the plant in
general. While tritiated heavy water may escape in the
form of liquid or vapour, specially-designed systems
recover all but a trace of this heavy water, limiting the
environmental emission of tritium to a small fraction of
the environment's natural radiation levels.

Four Decades of Experience

AECL has continued to improve tritium containment,
tritium measurement (dosimetry), operating procedures,
worker safety, and emissions control during more than
four decades of research and development and CANDU
plant operating experience.







Plant Design

Q C ANDU plants are designed by AECL with a

“defense-in-depth” approach—the use of multiple
barriers. A multi-system, multi-structure design provides
sealed barriers around nuclear components. Throughout
the operating life of a station, the heavy water inventory
is managed using this multi-level approach, coupled
with operational protocols.

CANDU reactor systems are specifically designed to:

* minimize the escape of heavy water from the
moderator and coolant systems

 maximize the recovery of heavy water that does escape

In the CANDU reactor’s high-pressure, high-

temperature coolant system, most of the components
are interconnected by an all-welded piping system to
minimize leakage, and the system has no large valves.

The moderator is a low-pressure, low-temperature system.
Hence, the potential for heavy water escape is even less

than that of the coolant system. As there are a number of
valves in the moderator system, routine operations will cause
a small amount of leakage. The moderator system, however,
contributes less than 10 per cent to the total heavy water
recovered in the reactor building’s collection systems.

*Public doses already less than
1 per cent of Canadian limit

Emissions {Airbome Tritium)

*Point Lepreau

Wolsong

Heavy Water Management Systems
As heavy water can escape from the moderator and
coolant systems as a vapour or liquid, heavy water
recovery systems are designed to collect and recover
this vapour or liquid as quickly as possible. Annual
heavy water losses are a very small fraction of the
heavy water inventory.

Separation of Two Systems
Because of the large difference in tritium content
between the moderator and coolant systems, the
recovered heavy water is segregated to avoid mixing.
Recovery, clean-up, upgrading and storage systems
are all segregated to:
« separate the main process systems, coolant and
moderator, through to the auxiliary systems
« provide atmospheric segregation of high and
low tritium zones
» duplicate liquid collection systems
» duplicate vapour recovery systems
» duplicate sampling, and D,O handling
and storage systems

Evolution of Design means Emissions Decline

Akkuyu 1 and 2
Wolsong 1 2,34 &
Gentilly 2 Qinshan 1 and 2

Embalse






Liquid Recovery System

A closed pipe network serves certain moderator and
coolant system components, such as seals and gaskets,
and collects any liquid leakage. The closed network
prevents heavy water from entering the containment
building. With this system, recovered heavy water is
kept pure, free of any light water vapou{' present in the
containment building. After testing it for purity, the
collected water is pumped directly back into the reactor.

Special Drainage System

A special drainage system is designed into CANDU
units to collect any liquid heavy water that leaks from
components unprotected by the closed piping network.
Designed to accept the uncontrolled release of
contaminated heavy water, any liquid leakage can be
detected very quickly by leakage monitors built into
the floor drains in all potential leak areas.

Liquid Recovery Tanks

Depending on the level of contamination, the heavy
water collected by the drainage systems is pumped
into either liquid recovery tanks, the heavy water
cleanup system or, if too diluted by light water, the
liquid radioactive waste management system.

Heavy Water Cleanup System

Except for the heavy water collected by the closed
pipework recovery system, any heavy water recovered
will be diluted by light water. The light water can come
from other cooling systems in the reactor, or water

vapour in the air that circulates through the containment

building. To be reused, recovered heavy water must be
upgraded prior to its return to the moderator or coolant
systems. Upgrading is a simple distillation process that
purifies the heavy water by removing the light water
molecules and cleanup removes any other impurities
that it may have picked up.

Vapour Recovery Dryers _
Heavy water escaping from the reactor systems as a
vapour is recovered from the containment building’s
air by dehumidifiers or ‘dryers’. Multiple dryers are
installed in two segregated vapour recovery systems.
By capturing the vapour, dryer systems optimize the
recovery of heavy water. The heavy water can be
removed from the dryers by a simple heating process
and transferred to the cleanup system for recycling
into the reactor systems. Vapour recovery systems are
designed to
* maintain a dry atmosphere in the containment
building, recovering heavy water from very small
leaks as quickly as possible
« keep the airborne tritium level as low as possible
* maintain an air-flow pattern that prevents
high-level tritium vapour from moving to
adjacent areas
» minimize heavy water losses and tritium
releases during routine maintenance on heavy

water systems




Managing Tritium

CANDU station is laid out to minimize the radiation dose incurred by operating personnel. Stations are

classified into different “zones” depending on the level of hazard from all radionuclides. Areas of higher tritium

levels are maintained at negative pressure relative to the surroundings. Because of the high tritium content in the

moderator, all moderator equipment is enclosed to minimize any cross-contamination.

Monitoring and Measuring Tritium
and Deuterium

. Tritiated heavy water is particularly easy to detect since
it is radioactive. Techniques have been developed that
allow the determination of one tritium atom in 1018
hydrogen atoms.

For heavy water and tritium control, both water and
air samples can be analyzed for either their dewuteritm
content or their tritium content.

Due to the value of heavy water, the deuterium content
of collected liquid and vapour is measured to determine
the amount recovered. As well, the deuterium content
of any water vapour that leaves the station, either
through waste management or ventilation systems, is
carefully measured to determine heavy water loss.

As part of AECL’s defense-in-depth strategy to protect
the worker, the environment and the public, three levels
of tritium monitoring programs have been developed:
e measuring tritium-in-air in stations (Workplace)
« monitoring workers for tritium contamination (Worker)
» monitoring emissions and the environment

(Public and Environment)

The results from each program are inter-related and
together provide an integrated set of data for directing
heavy water management activities.

Workplace Protection

To achieve safety goals, equipment and procedures are
in place to monitor tritium levels throughout the
station. AECL is the industry leader in the development
of tritium measurement technologies. Operational
radiation protection is designed into CANDU stations,
and hand-held, portable and installed equipment is used
to measure tritium throughout the workplace.

Worker Safety

The dynamics of tritium behaviour including, uptake,
metabolism and retention in the body, are well-known.
Since any radioactive dose can only come from tritium
that has been ingested or inhaled, specialized tritium
bioassay monitoring and dosimetry programs are in place
to routinely monitor workers. These programs are based
on recommendations from the International
Commission on Radiological Protection (ICRP).

Public and the Environment —
The ALARA Criterion

Stations strive to attain emission levels that are As Low
As Reasonably Achievable (the ALARA criterion)—
well below the limits set by local authorities for public
safety and environmental protection. To satisfy this
philosophy, the tritium content of all air and water
streams leaving the station is monitored. The
environment beyond the reactor boundary is also
monitored to confirm emission measurements.




Easily Measured Emissions

Small amounts of tritiated water or water vapour
escape even with the most proficient system design
and operational efforts. Escape can occur through the
radioactive waste management system’s ventilation
pathway, or through the liquid waste management
system. Tritium emissions from the station are easily
monitored and measured to ensure public safety.

Environmental Monitoring

The environmental dispersion of tritium is complex.
To predict doses to the public, models of tritium
behaviour upon release into air or water are available.
To confirm the expected low tritium levels, procedures
for environmental sampling are used.

Measuring Techniques — Fast and Safe
A variety of instrumentation and sampling methods

are used to evaluate tritium levels in the workplace and
the environment. The tritium-monitoring programs,
designed for worker and environmental protection, use a
combination of tritium samplers and real-time monitors.

Tritium in vegetation is
measured as part of AECL’s

environmental transport studies.

Response time is fast using real-time monitors that
can measure tritium at much less than one part per
trillion in air (1 part in 1,000,000,000,000). Tritium-
in-air concentrations are measured down to a fraction
of the level required to assure that worker dose limits
are not exceeded. Real-time monitors provide worker
protection against any sudden changes in the
workplace hazard (e.g., a temporary leak caused by

a maintenance activity).

A “sampler” method, in many cases, is the only practical
solution for measurements where extremely high
sensitivity is required. Over a period of time, a sample
of sufficient volume is collected to determine the low
tritium content, using very sensitive';nalysis techniques.
Samplers can be located both within the station, in
release pathways, and in the environment surrounding
the station.

Where long-term performance and trends are of interest,
environmental measurements are generally made using

the “sampler” approach.




Flexibility for Station Management

he CANDU design allows each station to select heavy water and tritium management strategies that meet their
operational requirements. A number of station-specific issues must be considered in the application of ALARA

principles, and compliance with local requirements. Stations can readily incorporate the latest improvements in

technology to evolve their management strategies.

-Plant Aging
There is sufficient integrity and flexibility in the
CANDU design to ensure that occupational dose
and radiological emissions easily meet regulatory
requirements, even with plant ageing. However, as the
tritium concentrations in the heavy water systems
increase with time, the need for attention to tritium
emissions and worker dose is more critical than in the
early years of operation. To meet the challenge posed by
increased tritium inventories in the heavy water systems,
station operators can choose from a number of strategies
to maintain low worker doses and emissions.

Local Emission Limits Well Below
Regulatory Limits

In their most recent publication, the International
Commission on Radiological Protection recommends
a set radiation emission limit of 1mSv — less than half
the natural background rate in most places. A station’s
goal is to limit radiation doses to the environment and
the public to well below regulatory limits, ensuring
neither is put at risk. Dose exposures to the public
depend on the types and quantities of radioactive
materials that are emitted, and on the geographic

and atmospheric conditions surrounding a station.
Consequently, emission limits are site-specific.

Station Operating Procedures

Heavy water and tritium management equipment can
be optimized to suit each plant’s specific requirements.
As such, the best operating procedures for installed
equipment may vary. Exchange of information between
stations, and assistance from AECL, ensures that the
best practices are shared for routine operations.

Economic Factors

While heavy water is a valuable asset, its value is
relative to other operating costs, and varies from station
to station. lts value to each station can be influenced by
labour rates, power costs, source of supply and strategic
considerations such as corporate and national goals.
Each station adopts the optimal management strategy
for its conditions.
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Research and Development at AECL

water production.

ECL has long-established research and development (R&D) programs in tritium health science; tritium in
the environment; in-station management of heavy water and tritium; engineering improvements and heavy

Activities range from improving processes, technologies, components and instrumentation for the containment,
and recovery and monitoring of the tritiated heavy water inventory, to studies of fundamental behavior and
interaction of tritium and tritiated heavy water with materials, the environment, and man.

Advancing CANDU — Continuous
Product Evolution

AECL is committed to continual product improvement.
An important component of the engineering and R&D

programs is to review plant operating records and
experience. This feedback is used to direct improvements
in heavy water and tritium management technologies

for CANDU designs.

AECL investigates various technologies for the continued
successful management of heavy water and tritium in
the CANDU product:

* monitoring instrumentation and techniques

e dosimetry

» tritium behaviour in the environment

» heavy water upgrading

* vapour recovery dryers

* water detritiation

Measurement Technologies

and Methods

Gamma radiation, noble gases and'low-air humidity in
the station environment can all impact performance of
tritium measuring instrumentation. On-line, real-time
tritium monitoring methods have been a recent focus of
the R&D effort. These include methods for monitoring
tritium in the workplace, in water pathways, and in
emissions from the station. Through design innovations,
the use of special materials and alternate measurement
principles, AECL continues to advance these systems to
provide enhanced performance and accuracy.

As well, sampling methods and measuring techniques
continue to be refined to increase accuracy, sensitivity
and cost-effectiveness.

Instrumentation Qualification

AECL evaluates tritium sampling and monitoring
instrumentation, as it becomes available, to determine
its performance characteristics in the CANDU
environment. We actively pursue new leading-edge
technologies that are more sensitive and efficient to
improve the quality of CANDU monitoring programs.
AECL also develops new instruments for specialized

CANDU needs.



Enhancing Vapour Recovery

Dryer Systems

Over the years, AECL has acquired an excellent
understanding of the operational parameters and
physical-property data required to efficiently recover
tritiated water vapour from air atmospheres. AECL has
evolved the vapour recovery dryer system designs to
improve reliability, and overall system performance in
the CANDU environment. Using simulations and
well-tested instrumentation, AECL optimizes and
monitors dryer performance.

Dosimetry

The dosimetry for tritiated water intakes are well studied
and understood for radiation protection purposes. Two
recent AECL studies using human bioassay data have
provided further confidence in the existing practice

of tritium dosimetry. The ongoing research in dosimetry
is focused on the modelling of tritium retention and
excretion from tritium intakes other than tritiated water.

Water Detritiation

The process of removing tritium from heavy water is
based on the hydrogen-water exchange reaction. AECL
has recently developed an effective hydrogen-water
exchange catalyst that allows this exchange to occur at
low temperature. The catalyst makes the detritiation
process simpler, and more cost-effective.

AECLs expert knowledge encompasses process design,
materials selection and decontamination, waste
management safe storage methods and measurement
techniques for concentrated tritium. AECL has
designed and constructed a detritiation process facility
using this improved technology and the same
containment and recovery principles as a CANDU
station, and is demonstrating this technology for future

commercial use.

13

Catalytic Exchange Process for
Upgrading Heavy Water

Using AECL's hydrogen-water exchange catalyst,
a project is underway to demonstrate the combined G
electrolysis and catalytic exchange (CECE) process .
for upgrading heavy water. This has the potential to

be a more cost-efficient process than the water

distillation process that is currently being used. .
The process is being demonstrated in a pilot-scale

facility and should be available for commercial use

by the year 2000.

Our R&D facilities allow for analysis, storage and manipulation

of high-specific-activity tritium.




inventory, and to protéct thelr workets and thelt env1ronment.

Acknowledgments

Joan Miller, B.Sc. (Hon.)

Manager, Chemical Engineering

Chas Boss, B.Sc.
Reactor Core Physics

b n o

LRSS SRR,

e
S M

L N7
W




For more information please contact your AECL Account Representative.

AECL Sheridan Park
(Head Office)

2251 Speakman Drive
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e provide metallographic and ceramographic
examination and interpretation
examine corrosion products
determine fuel burn-up and provide
transuranic isotopic analysis

e determine hydrogen and deuterium content

e determine oxide thickness on fuel cladding

- and reactor materials using FTIR

e gamma scan fuel and reactor materials
puncture irradiated fuel elements to collect
and analyze fission gas samples and
measure fuel element void volume and gas
pressure

e conduct fracture toughness, tensile,
compressive, impact and hardness tests

e conduct burst and fatigue tests
assess crack initiation and sub-critical
crack growth evaluation
measure microdensity
provide scanning electron microscope
examination and interpretation

¢ conduct a full range of fuel and reactor
component safety experiments
remotely encapsulate and package waste
perform surveillance testing for nuclear
power stations to monitor-changes in the
properties of materials

e conduct specialized experiments based on
client specifications

Handling

Irradiated fuel and fuel channel assemblies are
dismantled and sectioned in our research
reactor spent fuel bays and/or the large
receiving cells. The bays can handle 75 ton
shipping containers, with assemblies up to 4
meters long and 30 cm in diameter. AECL is
currently modifying a dry hot cell receiving
station to accommodate shipping containers up
to 30 tons, with larger assemblies up to 4
meters long and 30 cm square. Smaller fuel
assemblies and fuel channel components can
be received directly into the cells.

Using remotely operated equipment, fuel
assemblies and fuel channel components are

dismantled, dimensioned and visually
examined using a wide variety of optical
instruments. For further examination, fuel and
fuel channel sections are then transferred to a
more specialized hot cell.

Support Services

AECL will also:

¢ facilitate shipment of radioactive materials
to and from sites

e provide contract administration and project
management

¢ provide requisite technical expertise and
consultation

e undertake new experiments and
accommodate a wide range of
investigations

e archive experimental samples in storage
blocks

e provide irradiation services in our high
flux research reactor ’

e provide analyses by gamma spectroscopy,
mass spectrometry and liquid e
chromatography, secondary ion mass
spectrometry, inductively-coupled plasma
spectroscopy, and other methods

e perform transmission electron microscopy
and X-ray photoelectron spectroscopy

For more information, please contact
your AECL Account Representative
AECL, Chalk River Laboratories

Chalk River, Ontario, Canada KOJ 1J0
Tel.: (613)584-8811 Fax: (613)584-3250
Marc Robillard - Ext 3848

e-mail: robillardm®@aecl.ca

or

Shaun Cotnam - Ext. 6080

e-mail: cotnams @aecl.ca

Related Products & Services

Hot Cell Workstations (Catalogue # 7-12)

Fracture & Failure Analysis (Catalogue # 7-13)

ZED-2 Research Reactor (Catalogue # 7-14)

Fuel Bundle & Fuel Channel Testing (Catalogue # 7-15)

CANDU' iy a Registered Trademark of Atomic Encrgy of Canada Limited
Printed in Canada October 1998 Catalogue # 7-11 D088



Surface Science Labs










rface Analysis—Techniques & ‘Equipmlent ‘.,r\\

\, !
A

(]

’

Technique

Key Uses

Key Benefits

Equipment Highlights

Scanning Auger Microscopy (SAM)

¢ Microanalysis in the upper few
atomic layers

¢ Elemental analysis from
BetoUat<0.1 at. %

* May provide chemical-state
information in favourable cases

¢ High spatial resolution from a well-
focused electron beam, point analyses
and ‘line scans’

® Depth resolution on the order of a few
atomic layers

¢ Secondary electron imaging and
elemental mapping

¢ Relatively fast semi-quantitative analyses

¢ Compositional depth profiles in
instruments equipped with ion guns

e Perkin Elmer PHI 670
Auger Nanoprobe in Class C
Radioisotope Laboratory

e Schottky field-emission electron
gun for high brightness and
spatial resolution

¢ on gun for sputter removal of surface
layers and Zalar Rotation for high
performance depth profiling

¢ In-situ fracture stage for fracturing
samples under ultra-high vacuum
(minimal surface contamination)

® Noran EDX system for X-ray
analysis (B to U)

Scanning Electron Microscopy (SEM) and
Enecrgy/Wavelength Dispersive
X-Ray (EDX/WDX) Microanalysis

e High spatial resolution image
of surface morphology

¢ Elemental analysis from
CtoUat<0.1at. %

¢ Exceptional spatial resolution and

depth of field

* An effective physical image of the sample
when detecting secondary electrons

¢ Atomic number contrast in sample when
detecting backscattered electrons

¢ Quick semi-quantitative elemental analysis

¢ JEOL 5400 SEM with EDX, capable of
light element detection, for analysis
of inactive materials

¢ JEQOL 840A SEM with Noran
EDX system housed in Class C
Radioisotope Laboratory

o A shielded JEOL 840A SEM, ina
licensed facility, with a Noran EDX
system and two WDX spectrometers
for characterization of highly
radioactive materials

Secondary Ion Mass
Spectrometry (SIMS)

¢ Depth profiling
¢ lon imaging

¢ Quantitative microanalysis, with ppm

sensitivity, using appropriate standards

® ppm sensitivity
e [sotopic analysis

¢ Detection of all elements, including
hydrogen

¢ Compositional depth profiles with
excellent depth resolution

¢ lon imaging with sub-micron
spatial resolution

¢ CAMECA IMS 6F ion
microanalyzer modified to
accommodate radioactive materials

¢ Instrument housed in Class B
Radioisotope Laboratory

¢ Both Cs* and duoplasmatron
(oxygen) ion sources

e Can be operated as either an ion
microprobe or ion microscope




Technique

Key Uses

Key Benefits

Equipment Highlights

X-Ray Photoelectron
Spectroscopy (XPS)

XPS is also known as Electron
Spectroscopy for Chemical
Analysis (ESCA)

¢ Surface analysis of solids for
all elements except H

* Readily obtainable chemical
state information

® Thin film analysis

¢ Detection limits on the order of

~0.01 at. %

Suirable for all types of solids in
virtually any form

Low risk of damage on even radiation-
sensitive materials

Straightforward quantitative analysis
Imaging capabilitics with spatial
resolution <10 pm

Compositional depth profiles in
instruments equipped with ion guns

VG Scientific ESCALAB 220i-XL Imaging-
XPS with an X-ray monochromator and
twin-anode sources

High-performance Schottky field-
emission electron gun for auxiliary SAM,

SEM and EELS analyses

UHYV pocket chamber for heating and
cooling, controlled gas exposure, and ion
etching of radioactive materials

Unique fracture stage for retention and
analysis of both fracture surfaces

Instrument housed in Class B
Radioisotope Laboratory and fitted with
appropriate shielding for studies of
highly radioactive materials

X-Ray Diffraction

¢ Texture, line-broadening, residual stress
and powder analyses for both non-active
and radioactive materials

Precise measurement and analysis

Extensive specimen preparation
capabilities for non-active and
radioactive materials

Rigaku 12kW rotating anode
diffractometer, with a Cu rotating
anode target

Philips texture goniometer with

Ni-filtered CuKa radiation for
generating full pole texture plots

A 6/20 goniometer with a graphite
monochromator, used on a second port
for line-broadening or powder analysis

Surface Metrology

¢ Precise measurement of surface texture—
roughness, waviness and BAC parameters,
for non-active materials

Precise measurement and analysis of
manufactured components

Fretting analysis of tested fuel
bundles and fuel channels

Characterization of fuel bundles

Taylor Hobson Form Talysurf Mark I,
equipped with METREX “profileView
SLR” software for on-screen analysis

Remote Optical Microscopy for
Post Irradiation Examination

¢ Surface microscopy of metals

and ceramics

Microscopic examination of highly
radioactive materials at magnifications
from 16X to 1250X

Image analysis of layers/coatings and
volume fraction measurements

Digital imaging and archiving (images
can also be captured on 4x5 inch Polaroid
film, 35 mm film, videotape, or digitally)

A Leica Telatom 4 and a Reichert
Telatom with radiation-resistant
optical components

Bright field, polarized light, differential
interference contrast, and oblique
lighting capabilities

Microhardness tester

Computer-controlled scanning stage













For more information please contact your
AECL Account Representative or

AECL CANDU & Technical Services
AECL Head Office

2251 Speakman Drive

Mississauga, Ontario, Canada L5K 1B2
Tel: (905) 823-9040 Fax: (905) 823-9866

Chalk River, Ontario:
Tel: (613) 584-3311 Fax: (613) 584-1812

Related Products and Services

CANDU & Technical Services (Marcom Catalogue #5-1)
EQ Assessment and Testing Services (12-1)

Fuel Channel Inspection Services (7-1)

Post-Irradiation Examination Services (7-11)

Zirconium Services (5-20)
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Enhanced Reactor Performance

"FEATURES

'BENEFITS |

Higher (up to 8%) Critical Channel
Power (CCP)

Lower {(up to 20%) peak linear
element power ratings for the
same bundle power

CANFLEX is compatible with
existing 700 MWe class CANDU 6
reactors and 600 MWe class
Pickering reactors, and is compatible
with other CANDU designs

Evolutionary design built on
foundation of more than 30 years’
operating CANDU reactors

Potential uprating of
reactor power

Greater operating and
safety margins

Accessibility
Uses existing equipment
Minimal changeover costs

¢ Proven technology
¢ Long-term economic benefits
» Ongoing support by AECL experts




For more information, contact your
AECL Account Representative
or AECL CANDU & Technical Services

AECL Head Office

2251 Speakman Drive

Mississauga, Ontario, Canada L5K 1B2
Tel: (1-905) 823-9040

Fax: (1-905) 823-9866

Chalk River, Ontario:
Tel: (1-613) 584-3311
Fax: (1-613) 584-1812

Visit our website at:
http://www.aecl.ca

CANDU® (CANada Deuterium Uranium) is a registered trademark of Atomic Energy of Canada Limited (AECL).
CANFLEX™ is a trademark of Atomic Energy of Canada Limited (AECL).

Publi¢ aussi en frangais.
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Canadian and foreign buyers of the
CANDU system place critical
importance on the degree of AECL’s
commitment to research and

development. To be economically
attractive, a nuclear plant must have a
continuous high capacity factor for 30-40
years. A purchasing utility must,
therefore, be convinced that the vendor
will have the capability to back up the
technology over its full operating
lifetime.

The Importance of Materials Research
for Universities and Industry

Neutron beams can provide unique
information that is key to the
understanding and control of advanced
materials. Neutron beam research
provides scientists and engineers with
valuable information about materials that
affect our daily lives. The results of
neutron beam research include
improvements in everyday products,
such as jet aircraft, high-speed trains,
plastics, pharmaceuticals and magnetic
devices such as computer disks, pocket
calculators and lightweight magnets in
automobiles. As well, neutron research
improves industrial products and
materials, such as polymers, metals and
ceramics, gas pipelines, railsteel, welded
structures, CANDU pressure tubes, high-

With AECL’s continued (and enhanced)
capabilities in these areas, CANDU
technology and the Canadian nuclear
industry will have the tools to prosper in
the 21st century. Federal government
support for the CNF should be viewed in
the context of the substantial levels of
direct and indirect government support
that are provided to competing
light-water reactor technologies in the
U.S., France, Japan and Germany.
Building the CNF is a key component of
a successful ongoing industry, and
ensures a future CANDU option for
Canada—clean electricity supporting the
Kyoto Protocol on Climate Change.

‘

temperature superconductors, biological
materials, and synthetic nanostructures.

For the future, much more needs to be

known about biological materials and

polymers. The CNF will provide an

entirely new capability for Canada in

these rapidly growing areas. It will

provide copious beams of neutrons

whose wavelengths match the larger-

scale structures of importance in the life

sciences and in new soft materials.

Larger wavelengths are produced by

cooling neutrons to low energies. These

cold neutrons from the CNF will open

the door to many new fields of science

and technology and will create ‘
applications for neutron beams that were .}
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Safety and Licensing

The Canadian nuclear reactor safety
philosophy and practice has evolved over
four decades. A long-standing basic
principle is that the licensee
(owner/operator) has the main
responsibility for achieving a high
standard of safety. The operator of the
CNF is responsible for ensuring the
health and safety of its employees and
the public, as well as the protection of
the environment.

The overall safety objective for the CNF
is to protect individuals, society and the
environment by establishing and
maintaining an effective defence against
radiological hazards.

NRC will support AECL in its efforts to
obtain the above licenses by providing
technical data related to the safe design,
installation, commissioning and
operation of the cold source, the neutron
guides and the suite of neutron beam
instruments proposed.

Good design practice and construction,
including the use of appropriate codes
and standards and a quality assurance
program, will ensure reactor safety for
normal operation and anticipated
abnormal events. Operating procedures
for the reactor will ensure that
radioactive releases and the resultant
radiation doses are as low as reasonably
achievable. The defence-in-depth ‘
strategy will be followed in the design of
the CNF to compensate for potential
human and mechanical failure and
unexpected occurrences. Abnormal
events will be prevented, then mitigated,
then accommodated, in that order; and a
series of barriers will prevent, reduce or ‘
slow down releases of radioactivity into

the environment. O

The facility will meet the regulatory
requirements of the Atomic Energy
Control Board (AECB). The AECB will
issue a site approval, and construction

Reyett

and operating licenses, when AECL has
demonstrated that the design and
operation of the facility meets all safety
requirements.
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Project Schedule

The CNF project schedule for the reactor
and CANDU facilities has an estimated
duration of 72 months, and encompasses
major activities in engineering, safety
and licensing, procurement, construction,
installation, and commissioning. The
NRC Beam facilities will be completed
by month 96.

A risk analysis was carried out for the
concept first developed in 1994, and it
defined the major areas of uncertainty
associated with both cost and schedule.
Since 1995, AECL has carried out a
pre-project program that focused on
these areas of uncertainty. This will
reduce the level of funding that the full
project would need to set aside for risk
and contingency. The present schedule

reflects the advances made and the risk
management activities planned during
the pre-project phase.

The schedule for obtaining a
construction license was identified as a
major schedule uncertainty.
Consequently, a key pre-project activity
has been an up-front licensing process
with the AECB. This is focused on
reaching agreement before project start
that there are no fundamental barriers to
licensing the CNE. A companion activity
was to define the scope and consequent
schedule of the environmental
assessment that must be completed to

confirm the acceptability of the CNF ‘}
siting. Together these two initiatives l
have reduced the schedule risk

associated with licensing. ‘)

CNF Project Milestones

Engineering Funding Approval Month 0
Construction License Approval Month 30
Construction and Installation Complete Month 60
Nuclear Commissioning Complete Month 72
(CNF and CANDU facilities)

Beam Instrument Commissioning Complete Month 96
(NRC Beam facilities)
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Summary

» The National Research Council of
Canada (NRC) and Atomic Energy of
Canada Limited (AECL) jointly
propose a new Canadian Neutron
Facility for Materials Research (CNF)
to support next-generation neutron-

based materials research and innovation
in Canada for the 21st century. The
proposal is brought forward with full
regard for academic, research and
industrial stakeholders.

The purpose of the CNF is to provide:

1) the advanced materials research
capability to meet the needs of
Canadian universities and industry,
thus ensuring Canadian
competitiveness on many fronts in
the global arena

ii) an essential testing facility to
advance the CANDU power reactor
design. This will ensure the
Canadian nuclear industry
(36 billion annual contribution to
the Canadian economy) remains
competitive and that CANDU is
available to Canada in the future,
when the need for new,
environmentally-sound electricity
generation arises, as dictated by the
Kyoto Protocol on Climate Change.

* During the construction and
operational phases of the CNF, local
and national economic stimulation is
substantial. Ninety per cent (90%),
about $350 million, of the CNF can
be provided by Canadian firms.

« All industrialized, and some newly
industrialized countries, have access to
neutron beams from research reactors.
However, because of the growing
international awareness of the critical
importance of neutrons for advanced
materials development, the global
demand is now exceeding supply.

* Australia, China, Egypt, Germany,
Holland, Japan and Thailand have
identified the requirement for advanced
materials research facilities in the
21st century and are already
constructing, or planning to construct,
new research reactors.

* All nuclear vendor countries have
access to government-supported
research reactors to augment their
commercial programs.

* Several generations of Canadian
materials researchers will be trained at
this facility, providing a continuous,
strong knowledge-base in Canada.



* A CNF Project, planned to begin in

1999, would have a projected reactor
start-up in 2005. The total estimated
cost for the reactor and program
facilities is $388 million. The CNF
reactor is estimated at $208 million;
CANDU development facilities are
estimated at $90 million, while the
neutron beam facilities are $90 million.

Operating costs for the CNF are
estimated at $14.2 million annually,
about half those of the current NRU
research reactor. Operating costs for the
CANDU programs will be about

$30 million annually. The operating
costs for the CNF Neutron Beam
Laboratory are projected to be

$8 million annually when the operation
is mature in 2006/07. Operating funds
will be contributed by the CNF
owner/operator, the CANDU Program,
and by the Beam Laboratory operator,
respectively.

* AECL and NRC will produce a
detailed CNF Decommissioning Plan
for the AECB. From MAPLE 1 and
MAPLE 2 planning experience, a CNF
decommissioning provision with a
present value estimated in the range of
$60 - 80 million (1998 $) would cover
future facility decommissioning
including fuel disposal, and will be
detailed in the formal licensing
submission.

» With a strategic investment in the CNE,
the federal government can lay the
foundation for a revitalized materials
research infrastructure to support -

innovation, knowledge and productivity

for Canada.
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Uto provide an es-
sential testing facility to
advance the CANDU®
power reactor design, to
ensure the future com-
petitiveness of the Ca-
nadian nuclear industry,
and to have CANDU
available to Canada now
and in the future to pro-
vide environmentally-
sound electricity.

A CNF project, be-
ginning in 1999/2000,
would have a projected
reactor start-up in 2005/
06. The total estimated

Horizontal Fuel-Test
Facilities

Vertical Fuel-Test Facilities

Materials Irradiation
Facilities

Hot Cells

Service Irradiation Facilities

Figure 4: Facilities for CANDU Development

3 test sections, each with up to 3 CANDU bundles, connected to 2 loops
Bottom test section can be replaced with a high-integrity test section for

future severe fuel damage Blowdown Test Facility (BTF) tests
CANTHERM advanced fuel channel capability

1 test loop with 2 test sections for multi-element partial fuel bundles
Space to connect one test section to a second loop
Space for a BTF loop system

4 split-core sites
4 fast neutron sites

1 general purpose cell
6 vertical tubes including:

1 hydraulic rabbit system
Provision for a pneumatic rabbit system

cost for the reactor and program facilities at the Chalk River
site is $388 million (1998$): $208 million for the CNF reac-
tor and $90 million each for the CANDU development fa-
cilities and the neutron beam facilities.

The CNF Reactor

The CNF reactor (Figure 1) is based on AECL’s well-
established MAPLE technology. An artist’s impression of
the CNF Building, including the neutron beam guide hall, is
shown in Figure 2. The reactor assembly is located at the
bottom of a 15.6-metre-deep light-water-filled pool. The
core is separated into two halves, with the space between
containing three horizontal test sections, each capable of
being fitted with a full-diameter CANDU fuel channel, hold-
ing three CANDU fuel bundles per channel. Cooling sys-
tems can simulate current and advanced CANDU condi-
tions. Key systems include the fuel, the process and serv-
ice systems, the control system, and two independent shut-
down systems. The reactor uses low-enriched uranium
fuel (U,Si,-Al, 19.7 wt% U-235), satisfying international
nuclear non-proliferation guidelines. The fuel generates a
flux of fast neutrons in the core and a high thermal flux in
the surrounding heavy water reflector tank; a maximum
unperturbed thermal neutron flux of 4 x 10'® neutrons.nmr
25! is achieved.

Figure 5. Facilities for advanced mate-
rials research using neutron beams

6 thermal beam tubes in the reactor hall
1 cold source feeding seven neutron guides
1 thermal source feeding two neutron guides
1 new spectrometer directly viewing the cold
source
5 instruments relocated from NRU
5 new instruments in the Guide Hall
Provision for 23 instrument stations

Experimental Facilities

Experimental facilities are shown for CANDU devel-
opment (Figure 4) and advanced materials research (Fig-
ure 5). The neutrons in the reactor core are used to irradi-
ate advanced fuels, materials and components in test sec-
tions that reproduce a nuclear power reactor’s operating
environment. Additionally, the effects of different cooling
conditions and chemistry can be simulated. After irradia-
tion, these materials are examined and tested in shielded
“hot cells” to obtain information on their performance un-
der power reactor conditions. Irradiation research and
proof-testing has, and continues to be, an essential element
in ensuring a successful CANDU nuclear industry.

For advanced materials research, beams of neutrons
are guided to experimental stations outside the reactor core,
where they are used as powerful probes of materials. This
technique, pioneered at Chalk River by Canadian Nobel
Laureate Bertram Brockhouse in the 1950s and now used
world-wide, is called neutron scattering. The neutron-beam
instruments in the CNF will provide Canada with state-of-
the-art capabilities in wide-ranging fields of science and
engineering. Most importantly, the cold neutron source, a
new capability for Canada, will open new research oppor-
tunities for Canadian scientists, particularly in the emerging
fields of bio-materials and polymers.

Status

Pre-project technical activities specific to the CNF have
been underway for four years supporting MAPLE technol-
ogy, including a cost- and schedule-reduction program with
the principle of maintaining CNF performance with the high-
est-priority facilities, “up-front” licensing with the Atomic
Energy Control Board (AECB), and preliminary discussions
on environmental assessment. The CNF will meet the regu-
latory requirements of the AECB; the AECB will issue a
site approval. and construction and operating licenses, when

Nuclear Canada Yearbook 1999









The Canadian Neutron Facility:
Leading-Edge Technology for
Canada’s Future

The National Research Council of Canada (NRC) and Atomic
Energy of Canada Limited (AECL), in partnership with
universities and industry, are jointly proposing a new
Canadian Neutron Facility for Materials Research (CNF) to
support next-generation neutron-based materials research
and innovation in Canada.

The purpose of the proposed CNF is two-fold:

« to provide an advanced materials research capability to
meet the needs of Canadian universities and industry

- to provide an essential testing facility to advance the
CANDU power reactor design and ensure the future
competitiveness of the Canadian nuclear industry

Construction of the CNF is planned to begin in 1999, with
projected start-up of the reactor in 2005. The total estimated
cost for the reactor and program facilities at the Chalk River
site is $388 million.
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* The National Research Council of Canada (NRC) and
Atomic Energy of Canada Limited (AECL)—in
partnership with universities and industry—are
jointly proposing a new Canadian Neutron Facility
(CNF) to support next-generation neutron-based
materials research and innovation in Canada for the
twenty-first century.

¢ *The CNFis a key component of a revitalized national
' materials research infrastructure.

® The purpose of the CNF is to provide:

* an advanced materials research capability to meet
the needs of Canadian universities and industry,
thus ensuring Canadian competitiveness on many
fronts in the global arena

() * an essential testing facility to advance the CANDU
power reactor design, thus ensuring the Canadian
nuclear industry—with its $6B annual contribution
to the Canadian economy—remains competitive
and that CANDU is available to Canada in the
future when the need for new, environmentally-
sound electricity arises

* Several generations of Canadian materials researchers
will be trained on this facility, providing a continuous
knowledge-base in Canada, and a centre that will
retain Canadian talent.

* Allindustrialized, and some newly-industrialized
countries, have access to neutron beams from research
reactors. However, because of the growing
international awareness of the critical importance of
neutrons for advanced materials development, the
global demand is now exceeding supply.

* Germany, Australia, Japan, Egypt, Holland, Thailand and
China have identified the requirement for advanced
materials research facilities in the twenty-first century
and are already constructing, or planning to construct,
new research reactors. In addition, all nuclear vendor
countries have research reactors to support their
commercial programs.

* The Canadian government—in partnership with
universities and industry—can lay the foundation for a
revitalized materials research infrastructure for Canada
by strategic investments in key national facilities.

* With the completion of the CNF—along with the
Canadian Light Source Synchrotron Facility in
Saskatchewan and the upgrading of TRIUMF in British
Columbia—Canada will have a materials research
infrastructure that includes major facilities for cutting-
edge research and innovation well into the next century.

* Construction of the CNF is planned to begin in 1999,
with projected start-up of the reactorin 200s. The
total estimated cost for the reactor and program
facilities at the Chalk River site is $388 million.

CANDU® is a registered trademark of Atomic Energy of Canada Limited (AECL).
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Canada’s investment in nuclear science and engineering R&D has greatly improved the
lives of Canadians over the past half century through the production of environmentally
friendly and cost-effective electricity as well as through important roles in medicine,
agriculture, manufacturing and resource exploitation. Continued investment in nuclear
research and development is of vital importance if Canada is to maintain its scientific,
technological, commercial and diplomatic standing while continuing to support long-
term national goals.

CANADA’'S NUCLEAR ACHIEVEMENTS

The excellence of Canadian nuclear science and technology throughout
the last half century, under the leadership of Atomic Energy of Canada
Limited (AECL), has been recognized internationally for many reasons,
including:

+ development of the CANDU® power reactor;

+ development of the MAPLE research and isotope production reactor;
» development of products that improve the quality of human lives;

» participation in the control of nuclear weapons proliferation; and

« the award of a Nobel Prize in physics.

Despite this international reputation, most Canadians are largely unaware
of the extent to which the products of nuclear science and engineering

support their daily lives. Many of these are shown in Figure 1 (see page 3).




Tens of thousands of Canadians derive their employment from the invest-
ment in nuclear science and engineering R&D, and its main product—
environmentally friendly and cost-effective electricity—has helped drive
Canada’s economy for more than 25 years. Overseas sales of CANDU
reactors also contribute substantially to both Canada’s economy and to

global environmental protection.

The contribution of nuclear R&D through the development and use of
radioisotopes is important in many aspects of our lives. Canada is the
world’s leading producer and supplier of cobalt-60 used in cancer therapy
irradiators, a device developed in Canada almost 50 years ago. Canada is
also the leading producer and supplier of short-lived radioisotopes for
nuclear medicine, which are used to perform 20 million diagnostic tests
and treatments a year worldwide. In biology, radioisotopes have made
possible the revolution in our understanding of life at the molecular level,

which has led to highly effective new treatments for diseases.

Cobalt-60 irradiators, produced in Canada, are also used in such diverse
applications as the sterilization of medical devices and products, insect
control in agriculture, and the destruction of potentially lethal microbial
contaminants in food. Radioisotopes have many other applications,
including well-logging in the oil industry, analysis of ore samples in the
mining industry, radiography, process control and quality assurance in
manufacturing, detection and measurement of industrial pollutants, and

smoke detectors in the home.

In 1994, Bertram Brockhouse was awarded a Nobel Prize for work that
commenced in the 1950s using the NRX (now shut down) and NRU reac-
tors at AECL’s Chalk River Laboratories (CRL). This work led to the neu-
tron scattering techniques that are widely used in many industries, includ-
ing aerospace, automotive, oil and gas, and manufacturing, to assess the
behaviour and properties of materials. This technology is now an essential
requirement for the development of advanced materials for a knowledge-
based economy, and is an example of the long-term payback that comes

from investment in basic research.
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CONTINUING BENEFITS OF NUCLEAR R&D

Historically,
the cost of electricity from
Ontario’s nuclear reactors

has been less than that for

coal-fired plants.

Government support for R&D constitutes a long-term investment in
future technology which private industry, dependent on short-term return
on investment, is not able to make. There is ample evidence to show that
the benefits still to be realized by government investment in nuclear sci-
ence and engineering R&D in Canada will be at least as significant as
those already achieved. The consequences of not supporting this R&D
would be to reduce our industrial competitiveness in both nuclear and
non-nuclear sectors. On the other hand, supporting nuclear science and
engineering R&D will result in economic, environmental, safety, political
and diplomatic, strategic, and technological advantages for Canada in the
future, and will allow the government to make choices not available to

countries without nuclear R&D.

Economic DEVELOPMENT
Maintenance of a high living standard and sustained wealth creation for

Canadians require the assurance of an adequate, reliable, diverse and com-
petitive energy supply. Nuclear electricity has contributed significantly to
Canada’s energy supply through the effective use of nuclear R&D funding.
Canada’s CANDU reactors have produced more electricity per R&D
dollar spent than reactors of any other country with a significant nuclear
power program. The contribution of nuclear electricity to GDP was some
$28B to 1998, while government support to that date was $5.8B. Nuclear
generation currently provides 12% of Canada's electricity and about 48%
of Ontario’s. By using nuclear fuel, Ontario has saved more than

$18 billion in avoiding costs of imported fossil fuel. Historically, the cost
of electricity from Ontario’s nuclear reactors has been less than that for
coal-fired plants, and studies show that electricity generation from existing

nuclear plants and from new plants will continue to be competitive.

As existing CANDU plants age, they continue to need R&D support to
ensure safe and economic operation and to cope with unexpected events.
The speedy resolution, by AECL and the utilities, of problems that

emerged at the Darlington and Point Lepreau Nuclear Generating Stations
demonstrates the importance of this R&D support in protecting these .)

major capital investments. Maintaining and extending the lifetime of
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nuclear power plants, a proven cost-effective option, also requires continued
R&D support. In the USA, extension of the lifetime of current reactors to
60 years is becoming a competitive reality. For CANDU reactors to
achieve similar lifetime targets, additional R&D by AECL and the utilities
will be necessary. If R&D funding is curtailed, Canada’s investment in
nuclear power could be prematurely written off, leading to major expendi-
tures for replacement power, largely from fossil-fired plants. Furthermore,
international marketing of CANDU reactors would be seriously
jeopardized, since CANDU customers need and expect after-sale R&D
support from AECL.

High-tech jobs result from Canada’s investment in nuclear science and
engineering R&D. About 150 firms and a further 3,000 subcontractors
across Canada benefit from each foreign CANDU sale. To ensure that
CANDU reactors remain competitive, AECL is developing new CANDU
designs with reduced capital and operating costs, improved efficiency and
enhanced safety features. In the international market, future CANDU
designs must compete against advanced reactor designs of other vendors,
based on R&D done in the national laboratories of countries such as the
USA, France, Germany and Japan. Canada’s international competitive-
ness will suffer if CANDU does not have strong R&D support.

ENVIRONMENTAL CONTROL

Because of adverse global climate changes resulting from the increasing
quantities of CO; and other greenhouse gases (GHG) in the atmosphere,
an international agreement was reached at the Kyoto Climate Change
Conference in 1997 to reduce GHG emissions. Canada has committed to
a reduction of 6% in GHG emissions below 1990 levels by the year 2010.
About 80% of Canada’s electricity is generated by hydro and nuclear
plants, which do not emit GHG, while only about 20% is generated by
fossil fuels, which emit GHG. The lay-up of eight nuclear reactors in
Ontario has resulted in increased emissions of GHG and other air pollu-
tants from coal-fired units. If Canada is to meet its Kyoto commitments
without severe economic disruption, all the laid-up reactors must be

returned to service as soon as possible and operated to 2010 and beyond.




Looking further into the future, to 2020 and beyond, to avoid additional
GHG emissions Canada must also build new reactors to replace obsolete
coal-fired power plants and to meet increases in electricity demand.
While new renewable energy sources have the potential to contribute up
to 10% of Canada’s future electrical energy supply, only nuclear energy
can make the necessary contribution to large-scale energy production

while supporting Canada’s commitment to GHG reduction.

Its nuclear power Environmental pollution is a world-wide problem. Large populous devel-
oping countries, such as China, which are heavily dependent on coal, will

program and nuclear R&D
continue to be among the world's major atmospheric polluters. It is in

expertise also allow Canada _ . .
Canada's and the world’s economic and environmental interest to encour-

political, diplomatic and age these countries to include nuclear power in their energy mix, as a

technological options not contribution to sustainable development. Under the Kyoto Protocol
available to countries with- mechanisms, Canada may obtain greenhouse gas credits for CANDU
out such expertise. exports, to be shared with the customer country. Such arrangements

would help Canada meet its Kyoto commitments while gaining economic

benefits.

Present practices for nuclear fuel waste management and storage in
Canada are safe and economical and these practices could be continued
indefinitely. Furthermore, the concept for long-term deep geological
disposal of nuclear fuel waste, developed by AECL, has been judged to
be safe. Thus, concemns about the safety of nuclear fuel waste manage-
ment and disposal should not impose constraints on the future growth of

nuclear power in Canada.

SAFETY AND REGULATION

Nuclear R&D capability is a requirement for the licensing and safe
operation of nuclear power plants. The Atomic Energy Control Board
(AECB), the independent federal regulator, requires that licensees have
the capacity to perform the R&D essential to safe operation of nuclear
power plants in Canada. The facilities of AECL serve as a shared
resource for the utilities through which questions from the regulator can

be addressed, and the AECB also contracts some research at these facili-

ties. However, the AECB has recently expressed concern about reductions .)

in funding for safety-related research by Canada’s nuclear utilities.




This emphasizes the need to provide continuing government support for
long-term safety-related research by AECL.

ENERGY PoLicy

Energy is one of the most important resources for modern society. Events
such as the 1973 oil embargo and the 1997 Kyoto Protocol illustrate the
importance of a national policy that will safeguard Canada’s energy
supply while supporting global objectives. As noted above, Canada’s mix
of electrical energy sources has benefited the nation by providing
economic and reliable electricity with much lower emissions of green-
house gases and other air pollutants per unit of electricity generated than
almost any other industrialized country. Its nuclear power program and
nuclear R&D expertise also allow Canada political, diplomatic and

technological options not available to countries without such expertise.

INTERNATIONAL INITIATIVES

Canada is a member of the G-7, a position from which it can contribute
broadly to the development and well-being of the world community and
assist in meeting international objectives. Canada’s contribution to
international safeguards, and foreign policy initiatives, such as the proposal
to destroy weapons-grade plutonium in CANDU reactors, are only

possible because Canada has a successful nuclear power program.

The World Bank projects that the world population will increase to

7 billion by 2010. Nuclear energy can make significant contributions to
impoverished and rapidly growing societies in the future. CANDU
reactors could not only produce electricity, but could also be used to pro-
vide fresh water from sea water on a scale sufficient for the agricultural,

industrial and personal needs of large populations in developing nations.

ApVANCED TECHNOLOGY

Many countries with successful nuclear programs have National
Laboratories, where governments support the laboratory infrastructure
and provide direct funding for activities that are in the national interest.
Since some of AECL’s R&D resources and programs are of interest to
government Ministries, the AECB, non-nuclear industries, research

organizations and universities, they should be treated as a national asset




and funded separately from the commercial activities of AECL. This was
the case for AECL’s Materials Science Program, which has been reorga-
nized under the National Research Council, and is being considered for
its Radiobiology Research Program. It is also the case for the proposed
Canadian Neutron Facility (CNF).

The replacement of the now 42-year old NRU reactor by a new research
reactor, the CNF, by the year 2005 is a vital element in the continued
support of nuclear R&D. The CNF is essential for ongoing support and
life extension of current CANDU reactors and the development of future
CANDU designs. It will also provide an indispensable tool for probing
the nature of materials, a need basic to the industrial base of an advanced
technological economy. The CNF can be used to study a wide variety of
materials, including alloys, plastics and semi-conductors, and will be
influential in opening up new areas of research in biological materials.
For these reasons, the National Research Council has joined with AECL
in a proposal to the Federal Government for the detailed design and

construction of the CNF.

CANDU anp THE HYDROGEN Economy

To ensure that Canada has adequate energy in the 21st Century will
require new thinking about traditional means of meeting the various
demands for energy. In this respect, an exciting opportunity exists for the
future conversion of Canada's transportation system from a fossil-fuel
base to an electrolytic-hydrogen base. With the help of federal funding,
and other public and private-sector investment, Canada is now well
positioned to play a major role, both technical and economic, in a world
revolution in GHG-free transportation fuels. CANDU nuclear reactors
could produce the electricity for Canadian-developed high-efficiency
electrolysis cells, to provide hydrogen for Canada’s world-leading fuel
cell technology to power cars, buses and trucks. For this to proceed on
a large scale, it will be necessary to build additional CANDU reactors
and to develop the necessary infrastructure. This revolution would help
Canada meet its GHG commitment well beyond the period of the

Kyoto agreement.
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SUMMARY AND CONCLUSIONS

» To ensure that Canadians continue to enjoy the many benefits of nuclear
technology, government investment in nuclear science and engineering
R&D must be maintained. There is ample evidence to show that the
benefits still to be realized will be at least as significant as those already

achieved.

» The generation of nuclear electricity will continue to be economically
viable, and it will play an essential role in driving the nation’s economy
while protecting the environment by avoiding greenhouse gases and other
pollutants. Continuing research is needed to support and extend the
productive lifetime of existing CANDU reactors in Canada and abroad,

and to develop competitive advanced reactor designs.

« Canada’s nuclear expertise supports the nation’s strategic and diplomatic
initiatives, including safeguarding nuclear material and the possibility of
destroying weapons plutonium in Canadian reactors. It could also support
other initiatives by providing GHG-free electricity and fresh water to

developing regions of the world.

* To ensure that the benefits of nuclear technology continue for Canadians
we must maintain the research base as a national asset. The immediate
requirement is for the Canadian Neutron Facility, a dual-purpose facility
that will support both CANDU-related research and the study of advanced

industrial and biological materials.

» The use of nuclear power to generate hydrogen fuel would revolutionize
transportation and would dramatically curtail the emission of greenhouse

gases and other pollutants.
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