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EDITORIAL

Different Perspectives

Allendance at two evenls, reported in
this issue, provides the background [lor
the following comments.

The first was the CNS Workshop on
\geing (of heat transporl systems in
CANDU reactors, not of we mortals).
Those attending had strong technical
backgrounds, were keenly interested and
involved in their work, and participated
aclively in the sessions of the Workshop.
They represented, to us, the strengih of our nuclear power
program. It was impessible to come away from that exercise
having any doubt that the problems associated with feed-
ers, [uel channels and steam generators (the three specific
subjects of the Workshop) will be solved - if those directly
involved are given the support and means to do so.

Further, despite their concentration on the immediale
problems belore them (oflen, apparently, to the detriment of
their persenal life}, most of the participants seemed to have
a reasonably sound perspective of our nuclear induskry as a
whole. .

The other evenl was the Canadian Nuclear Association’s
Nuclear Industry Seminar 2003. This attracted over live
times as many delegaltes ai the Workshop above bul the
participation was markedly different, The involvement of the
audience al the Seminar was dismally poor, possibly partially
due to the different format and objective. Only a handlul of
people asked questions of the presenters and few of those

were penelrating. With many delegates coming from vari-
ous goverament departments and embassies, a substantial
number of the delegates may have had only a peripheral
connection with our nuclear program.

The lack of open participation may have also been due
partially to the superficiality of some of the presentations.
FFew provided any substantial information. A couple, such
as those from AREVA and AECL, could be put into the cai-
egory of marketing. Despite the AREVA chairman's pointed
comment about a European Nuclear Reactor being built in
Onlario no one questioned it. Nor, after AECLs president
extolled the virtues ol his company, did anyone ask about the
omission of any mention of the MAPLE project. (Perhaps that
is a forbidden subject.)

There were, however, long coffee breaks-that provided
time for conversation and an opportunity to learn about the
products and services of the various companies and organi-
zations thal had displays.

We are probably biased, but these Lwo experiences rein-
force our belief that the future of our ongoing nuclear power
program lies largely with those who are actively and directiy
maintaining and improving the performance of our exisling
planls. As has been said by many, and has been demon-
strated in the USA, the best way to obtain public acceptance
ol nuclear power is to have the current plants run very well.
Il there is intelligent management those on the front line can
deliver that goal.

Fred Boyd

IN THIS ISSUE

Much of this issue is drawn [rom lwo quite different evenls
held over the past month. One was the CNS Workshop on
CANDU Life Cycle Management; the other the recent 2005
Nuclear Industry Seminar 2005. But we also have lwo more
papers from {ast fall's Simulation Conference.

Up first is our report on the workshop mentioned above,
under the title First CNS Workshop Proves Successful,
That is followed by a reporl [rom Korea closely linked to
the specific topic of the workshop, Ageing Management of
Heat Transport Systems of CANDU Nuclear Power Plants,
litled Periodic Salely Review for Wolsong Unit 1.
(Unfortunately, the nature of the Workshop precluded the
preparation of papers.)

Then follow wo papers [rom the 6th Inlernational
Conference on Simulation Methods in Nuclear Enginecring,
which was held in Monlreal lasl October. The [irst was one
of the plenary presentations, Implementation of Low Void
Reactivity Fuel in Bruce B. The second one is Evaluation
of Safety Margins During Storage of CANDU Fuel in
MACSTOR / KN 400 Modules.

Our report, CNA Nuclear Industry Seminar 2005,

reflects the guite differenl nature of that event from the
Workshop above. 1t is followed by two of the presenla-
Lions given, the first that from Linda Keen, president of the
Canadian Nuoclear Safety Commission, entitied Canada’s
Changing Nuciear environment - the Challenges Ahead
for Canada’s Nuclear Regulator. Thal is accompanied by
the perspective of Jake Epp, chairman of Onlario Power
Generation, which we have titled OPG Chairman Reports
on Nuclear Progress.

There is a short report on Lhe second annual meeting of
Women In Nuclear Canada, which was held just prior Lo
the CNA Seminar.

General News follows; with our usual eclectic choice of
news items that we hope will be of some interest, and then
the Obituaries.

The CNS News section is expanded thanks to Associale
Editor, Bryan White.

And then there is Jeremy Whitlock’s satirical comment in
Endpoint.

Again we hope you find something of interest and wel-
come your feedback.
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First CNS Workshop proves successful
Workshop on CANDU Life Cycle Management focuses on HTS Ageing

The first “workshop” organized by the Canadian Nuclear
Society proved Lo be very successfil. The CNS has held and
continues to hold many conferences, symposia, and courses,
but the Workshop on CANDU Life Cycle Management, held
in Oshawa, Ontario, February 21 and 22, 2005, was the first
of that format.

About 90 people (a dozen or so [rom overseas) assembied
al the Holiday Inn in Oshawa to compare notes on Ageing
Managemeni of Heat Transport Systems of CANDU nucle-
ar power plants, the first chosen subject of a proposed series
of workshops on CANDU Life Cycle Management. Orfginal
plans were to hold the workshop at the Darlington station,
about 20 km east, which would have limited numbers to 60,
but a number of factors precluded the use of that venue.

Although the title referred to the heat transport system the
Workshop focussed on three major components; fuel channels;
feeders; steam generalors.

The format involved four short presentations ab the begin-
ning of the [irst morning followed by six “breakoul” sessions.
Alter lunch there were two more presentations and a [urther
four “breakoul” sessions [ollowed by a dinner.

The second day began with reports from the “breakout”
sessions, each of which elicited further discussion. Closing
the Workshop were two presentations, one providing a look
forward on Life Cycle Management of other componenls, the
second an overview of the relevant work of the CANDU Owners
Group (COG).

Prabhu Kundurpi, the principal orga-
nizer of the Workshop, greeted the del-
egates and then invited Bill Schneider,
CNS president and a very recent retiree
from Babcock and Wilcox Canada, to
B formally open the Workshop. Schneider
8l brought greetings from the Society and
noted the intention to hold further ones.
Brian Duncan, Director of Operations at Darlington, added
his welcome and emphasized the importance of the topics
to be discussed. Feeders may be the limiting component of
current CANDU reactors, he commented.

OVERVIEW
Jim Nickerson, of Atomic Energy of Canada Limited, opened
the session with an overview of Life Cycle Management {LCM),
which he also referred Lo as Plant Life Management (PliM). He
gave hree descriptions of LCM:
¢ engineering, operations and maintenance actions o con-
trol within acceptable limits, ageing degradation and wear

of systems, structures and components (SCCs).

"« a structured and comprehensive ageing managment pro-

gram to assist in ensuring physical asset life targets are
mel and that signidficant ageing effects are detecled as
early as possible and mitigated

« the integration of ageing and economic planning to
optimize the operation, maintenance and service life of
SCCs, maintain an acceptable level of performance and
safety, maximize return on investment over the service
life of the plant.

He presented the following chart to illustrate the concept.
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We can’t stop ageing, he said, bul, if we understand i, we
can manage it gracefully and predictably (and then comment-
ed that people and organizations also age).

An organized approach is needed. he said, since some
ageing issues may be overlooked. A proactive approach rather
reactive should be followed, he argued, and many groups need
to he involved, including operations, maintenance, and engi-
neering. The role of AECL, he said is to provide services, such
as retubing, and develop new designs.

Regulatory position

A view [rom the regulator was provided by
Andrei Blahoianu, of the Canadian Nuclear
Safety Commission, who titled his presen-
tation, “Canadian Regulatory Approach
Towards Ageing Management Programs and
Critical Component Condition Monitoring
and Evaluation”.
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During earlier operating years, Canadian CANDU plants
operated with good capacily factors, he noted, but, as plants
aged, degradation mechanisms that were not previously iden-
tified began to have an effect.

For the fuel channels, he noted that pressure tubes had
experienced creep, delayed hydride cracking, and property
changes that could lead to failure and subsequent inadequate
[uel cooling and impairment of SDS 2. That leads Lo require-
ments for ingpection, leak detection, chemistry control and
monitoring.

Regarding feeders he cited stress corrosion cracking, low
lemperature creep cracking and other phenomenon that could
lead to fallure of feeder piping and resuliing primary coolant
leaks. More chemistry control, chemical inhibitors and inspec-
tion is needed and, il necessary, repairs or replacement.

Steam generators can experience corrosion, erosion and
wear which could lead o tube leaking or ruplture and the pos-
sible release of primary coolant. Chemistry control, primary
side cleaning, anti-vibration supporls are needed.

In response to the discovery of these degradation mecha-
nisms, CNSC stalf made use of the “regulation-by-feedback”
model. This process is primarily reactive, responding to in-
service inspection results and in-service failures. Because the
regulation-by-feedback process was developed on a case-by-
case basis for certain systems it lacks a systematic, proactive,
and comprehensive approach. As a resull, CNSC initiated a
generic action item (GAI) to address the concerns. That GAI,
“Assurance of Continuing Nuclear Station Safety”, required
licensees Lo demonstrate that:

* npotentially detrimental changes in planl condition are iden-
Lified & addressed;

* ageing-relate programs are integrated;

* gteady-state and dynamic analyses remain valid;

* reviews of component ageing are being conducled;

* reliabilily assessments remain valid; and,

¢ planned mainienance programs are sufficient Lo ensure
safe operation of the plant.

Licensees responded by developing programs based on
guidelines from the [nternational Atomic Energy Agency thai
cover ageing management of special safety and safely-related
systems. Based on the submissions from licensees the CNSG
closed the generic action item in 2003. Effectiveness of the
programs will be monitored through the CNSC ongoing compli-
ance program. C

Age related reguiatory requirements are also included in
a several regulatory documents, e.8.

* (Class I Nuclear Facilities Regulations

« Regulatory documents R-7, R-8, R-O

e 5-98, Reliability Programs [or NPPs

+ specific Power Reactor Licence Condilions, e.g. 5.2 and
7.1

Because the lack ol explicit regulatory requirements ham-
pers effective regulatory oversight of ageing management, pro-
grams, he said CNSC stafl are planning to develop a reguiatory
standard outlining requirements for such programs. In addi-

tion CNSC staff foresee the need for further development in the
areas of risk-informed operation, using probabilistic tools for
condition assessmenls and condition monitoring.

Korean perspective

Dr. Seong Kim, from the Korea Institute for Nuclear Safety
(KINS), began with an overview of the nuclear power program
in Korea, noting the remarkable growth since the first com-
mercial operation of Kori Unit 1 in 1978. Korea has now 20
operating nuclear power units: 16 PWRs and 4 PHWRs with
a total licensed output of 18,716Mwe, which is 33% of the
generation capacity of the country. Six PWRS are currently
under construction and 28 units are planned to be in opera-
ticn by 2015.

He then described the Korean regulatory system. The
Ministry of Science and Technology (MOST) is the reguia-
tory authority. It develops regulatory policy and makes
Safety Commission (NSC) whose principal function is deci-
sion-making on major nuclear issues. The Korea Institute

of Nuclear Safety (KINS) is a regulatory expert organization

that provides technical support to MOST.

His spoke specifically on Periodic Salely Reviews, (fe
referred to, and made available, the report on the Periodic
Safety Review of Wolsong 1 conducted in 2003, which is
reprinted in this issue of the CNS Bulletin.)

Noting that PSRs are required under Lhe international
Nuclear Safety Convention, MOST issued guidelines in 2000.
KHNP, the operator, submitled a PSR plan for Wolsong 1 in
2001 using 11 salety factors identified in the IAEA guide. the
regulators added three additional topics: plant design; PSA;
external hazard analysis. The PSR report for Wolsong 1 was
submitied in 2003. The regulalors accepted the licensee's self-
assessment but identified 27 safety requirements, 24 of which
were to be [ulfilled by the licensee on a voluntary basis. The
olher three were:

e need for an integrated managmenl program for pressure
tube ageing

o need for a management program [or feeders

» need for a quantitative reanalysis of postulaled accidents.
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Dr, Kim closed by commenting that KINS is studying the
application of PSR to plant life management.

The Workshop then broke into six “breakout” sessions
where delegates compared notes on the topic of their choice.
The six sessions were:

* fuel channel life cycle management

» [eeder life cycle management

¢ chemistry control

e PHT activity and magnetite transport and PHT side of
boilers

* PHT equipment and support systems

+ life cycle management to Nuclear Asset Management

After lunch there were two more presentations, one from
Ontario Power Generation, the other on CANDU 6 units.

OPG

Paul Spekkens, vice-president, special
projects, ab Ontario Power Generation,
provided the OPG perspective. He defined
Life Cycle Management as:

¢ a decision-making process to choose
the best, balanced option for asset man-
agement

safe operation (e.g. inspection) and for
economic optimization {e.g. cleaning)
and, evolves over Lime.

He spoke of LCM governance in OPG, which includes:

= Detailed Program & Procedurgs for conducling all ele-
ments of LCM

» (lear accountabilities and internal interfaces

» Consistency in methodology and criteria across plants and
components

= Support for husiness case

+ Sustainable and continuing program

» [ntegrated Aging Management (JAM) Program

* [AM Procedures for identifying IAM Program Systems,
Structures & Components

e  Aging Management Review

« Station Condition Assessment

» (bsolescence ldentification & Evaluation

e Links to related governance

* Systems & Component Programs

e 8G, FC, Feeders...

¢ [Lngineering Programs

* Licensing basis, OPEX, ECC

* Inspection & Maintenance Programs

¢ System surveillance, PM

e Chemistry Program

e Qutage & Generation planning process

LCM is carried out at different levels, he noted:

» that includes elements required for

s Gomponent - aging effecls on integrity or performance

» System - cumulative effect of individual component aging
» Unit - overall unit aging strategy integrating all systems
+ Fleel - optimal strategy for plant-level investments

At the unit level he reported that there are separate LOM
plans for Fuel Channels, Feeders, and Steam Generators.
These are maintained by a “Technical Authority” in the
engineering support group; approved by the Chief Nuclear
Engineer; and updated on a regular schedule based on the
maturity of the plan (Feeders, FCs: annually; SGs: every 2
years).

The LCM program for steam generators started “late In life”,
he said, but aggressive inspection campaign has almost “base-
lined” all the boilers. Major maintenance programs planned
inciude:

¢ Secondary side cleaning: PA & PP
+ Primary side cleaning: Darlington
s Divider plate repairs: Pickering

¢ AVB installation: Darlington

For pressure tubes there are three principal issues, he said:
» D2 uptake

» Delormation/contact with calandria tube

* Flaws

On all of these there needs to be a strong link between
LCM priorities and the industrys R&D program. OPG has a
detailed, mature LCM strategy and plan for every unil, he
slated, which is based on all known degradation mechanisms
and identifies knowledge gaps to be closed by R&D. Inspection
and maintenance plans extend for 10 years.

There are two main degradation mechanisms identified for
feeders, he noted, thinning and cracking. The LCM for feeders
is not fully mature; the exient of thinning is not fully under-
stood, and, the extent and mechanism of cracking is poorly
understood. The development of solukions is underway but
an optimal long-term strategy is still not available. An indus-
try-wide common Technical Basis for feeder LCM is being
developed.

He commented that “end of life” will be determined by the
“fitness for service” of the major plant components. If all units
reach “end of life” at the same time we will have an impossible
situation, he observed.

CANDU 6

The perspective of CANDU 6 owners was presented by Marc
Aubrey of Hydro Quebec.

HOQ began life studies on Gentilly 2 back in the mid 1990s, he
noted. In 2000 they began a pre-project study for the replace-
ment of the pressure tubes. That study has been extended to
2005 with a target of 2010 to 2011. Related environmental
reviews have been conducted.

Aubrey also gave the presentation from Point Lepreau that
had been prepared by Paul Thompson. Phase 1 of the rehabili-
tation plan has been completed and it is hoped that Phase 2,

CNS Bulletin, Vol. 26, No. | 5



LT

detailed planning, will begin in the spring of 2005. The current
proposal is for a major outage between 2008 and 2009. A pro-
posal from Bruce Power 1o lease Point Lepreau is still being
studied by the New Brunswick government.

The afterncon “breakout” sessions continued four of those
of the morning:
o feeder life cycle management
e PHT activity and magnetite transport and PHT side of

boilers

¢ PHT equipment and support systems
e life cycle managementi to nuclear asset management

In introducing the dinner speaker, Ban Meneley, CNS 2nd
vice-president and chairman of the Design and Materials
Division (the sponsors of the Workshop) stated two “facts”
about today’s nuclear industry: (1) engineering and technology
services will be needed for the whole life of current stations
which could be 60 to 100 years, and {2} the “centre of gravity”
of the industry has moved from research labs to engineering
offices to operating stations.

Dinner speaker, Sandy Stock, Director of Engineering,
Darlington Nuclear, Ontario Power Generation, gave a per
sonal overview with emphasis on the need to combine techni-
cal planning with business planning. We can take business
risks, he said, if the technical knowledge is adequale, but not

safety risks. Noting the small size of the Ganadian nuclear
industry he urged cooperation between all parties. He closed
by asserting that together we can sell the next plant based on
successful operation of our existing ones.

In the summary sessions the next morning, the rapporteurs
attempted to identily points under four headings: issue; man-
agement; limitations; integration strategies. It was evident
that the small group discussions had been animated and, In
the limited time available further discussion developed follow-
ing presentation of the summaries..

The Workshop closed with two short presentations:
s Extending Life Cycle Management Techniques to
components other than boilers, pressure tubes and
feeders o by Larry Bird, of Bruce Power

¢« (COG program
© by Malcolm Lightfoot, of CANDU Owners Group.

After the closing lunch most of the overseas delegates par-
ticipated in a “mini” tour of the Darlinglon station.

The Workshop was organized by Prabhu Kundurpi, Jack
Nickerson and Jacques Plourde. A report with a digest of the
summary reports is being prepared.
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Periodic Safety Review for Wolsong Unit |

Ed. Note: Following is an extract from the 2004 Annual
Report of the Korea Institute of Nuclear Safety on the first
Pertodic Safety Review of the Wolsong 1 unit. It was pro-
vided by Dr. Seong Kim of KINS following his participation
in the CANDU Life Cycle Management Workshop held in
Oshawa, Ontario, Febrouary 21 and 22, 2005.

| Up-to-date Progress

Of the 19 nuclear power plants [in Korea] nine unils
have been in operation for more than ten years as of
the end of 2003. In compliance with the Article of the
Convention on Nuclear Safety (CNS), the necessity for the
Periodic Safely Review (PSR) was reviewed by the Nuclear
Salety Commission (NSC) for legislation,

The NSC decided Lo adopt the Pericdic Safety Review as
a safety evaluation process during the lifetime of nuclear
power plants. The Commission requested that the regula-
tory body and operators prepare a comprehensive plan
necessary to implement the PSR, such as work scopes to
be conducted by each institution, legislalive processes,
schedule of future performance, etc.

MOST [Ministry ol Science and Technology] issued
‘Implementing Guidelines for PSR’ on May 30, 2000. The
Atomic Energy Act was revised lo include basic direction
and framework for the implementation of PSR in July 2001.
Detailed provisions including review scope, method, pro-
cedure, and applicable technical standards are stipulated
in the Enforcement Decree of the Atomic Energy Act.

KINS [Korea Inslitute of Nuclear Safety] has completed
the development of Review Guidelines for PSR of PHWR
[Pressurized Heavy Water Reactors].

2 PSR Implementing Method

PSR should be undertaken every 10 years after issu-
ance of an operating license. The first PSR for the NPPs
now beyond 10 years of operation will be completed
within 4 years. The schedule for each NPP is prescribed
in the Notice No. 2002-05 of the Minister of Science and
Technology. The operator of NPPg, KHNP, has the prime
responsibility of performing the PSR. The regulatory body
specifies PSR requirements and reviews the PSR resulis
performed by the operator. Review scope is specified
clearly in the Enforcement Decree, but detailed scope may
vary depending on the plant age. The PSR for twin plants
should be separately considered in the area of the ageing
of structures, sysitems and components and the physical
status of each plant.

3 PSR Review Standards and Criteria

The PSR is performed based on technical requirements
for the location, structures, components and performance
of reactor lacilities and for the safety measures for the
operalion of reactor acilities prescribed under the nuclear
legislative and regulatory framework. Delailed technical
requirements can be referenced o those applied to the
operating license of a NPP issued near the beginning of
the PSR such as Wolsong Unilts 2, 3 and 4. Exemptions
may be possible, if the technical requirements are deemed
inappropriate to be applied with

A view of the Wolsong site showing all four units

differences in the design princi-
ples or the operalional charac-
teristics of the nuclear reactor.
Justification for the exemptions
should be provided Laking into
account; physical posasibility,
safety signilicance, and cosl-
benefit.,

PSA could provide useful
insights for the justification.

4 Safety Review
Guidelines for PSR
The salety review guidelines
(SRG) of the PSR for CANDU
reaclors consist of the review
principles, review areas and
methods, technical standards,
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and methods of constructing review
reports thak are needed to implement

Table 5-1 Structure of PSR Safety Review Guidelines for CANDU Reactors

the PSKR. These guidelines can be used i Parh S R Chapter sifuiiain i Clause
. P ot . . . 1. Introduction

for folClen!n and consistent reviews 2, Periodic Safety Review Implementation Methods

and evaluations of the PSR by regula- 1. General |3, Evaluation Area and Methods

tory body and applicanl. It was devel-

Guidelines | 4. Technical Standards

5. Basic Directions for the Report Oreanization System

oped in reference to the aging evalu-

6. Corrective Measures for the PSR

ation experiences for CANDU reac-

1. Plant Description

1.1 General Considerations
1.2 Site Characteristics

tor, Standard Review Plan for license
renewal and generic ageing lessons
learned reports of NRC including the
agelng management programs in IAEA
technical documents.

The SRGs are composed of general
guidelines and detailed guidelines io
keep the consistency with LWR review
guidelines. The general guidelines
include background, evaluation meth-

ods, review areas, technical standards, gﬁtg’agzgomance 5 411 Focllos Madhine
reporting system, and corrective mea- 2.5.1 Valves
2.5 Bafety System Components | 2.5.2 Pumps

sures for PSR. The detailed guidelines
deal with 11 safety [actors and consist
of six chapters as shown in Table 1.
The formal of the detailed guideline
is composed of the following items: 1}
Area of Review, 2} Acceptance Criteria,
3) Review Procedure, 4) Evaluation
Findings, and 5) Implementation.

iL Detailed
Guidelines

2. Aging Management and

2.1 Scoping and Screening

2.2.1 Reactor Building
2.2.2 Safety-Related Structures

2.2 Structures

2.3 Reactor Assemblies

2.4.1 Fuel Channel! Assemblies
2.4.2 Feeders

2.4.3 Primary System Piping
2.4.4 PHTS Pumps

2.4.5 Steam Generators

2.4.6 Pressurizer

2.4.7 Valves

2.4.8 Pumps

2.4.9 Heat Exchangers

2.4.10 Piping & Comp. Supports

2.4 Reactor Process Systems

2.5.3 Pressure Vessels
2.5.4 Heat Exchangers
2.6 & 2.7 Electrical and Instruznentation & Controls

2.8.1 Valves

2.8.2 Pumps

2.8.3 Pressure Vessels
2.8.4 Heat Exchangers
2.8.5 HVAC Systems
2.8.6 EDG Systems

2.9.1 Secondary System Piping

2.8 Auxiliary Systems

2.9 Turbine Generators,
Auxiliary Systems

3. Equipment Qualification

3.1 Environmental Qualification
3.2 Seismic Qualification

4.1 SRG for Ageing
Management and Safety
Performance Evaluation

4, Radiation Protection and | 4.2 Radioactive Waste
Waste Management

4.1 Radiation Management

Management
4.3 Environmental Impact

Ageing management program should
predict and detect the ltiming when

5, Safety Analysis

5.1 Safety Analysis
5.2 Salety Performance
3.3 Fire Protecticn

required salety functions are threat-
ened and adequate correclive actions
or mitigation measures should be
taken. Nuclear power planl should

6. Plant Operation

6.1 Organization and
Administration

6.2 Procedures

6.3 Human Factors

6.4 Emergency Planning

have systematic ageing management

programme and feedback mechanism

consisting of all relevant activities, such as surveillance,
maintenance, chemisiry controls, and operating experi-
ences Lo ensure that required safety margins of S5Cs
[systems, structures, components] important to safety are
maintained throughout plant service life.

Ageing management program should include both mana-
gerial aspects, for example, program policy, procedures,
performance indicalors. staffing, resources, record keep-
ing. and lechnical aspects, for example, ageing manage-
ment methodology, extent of understanding of relevant
ageing phenomena, SSC specific acceptance criteria,
ageing detection and mitigation methods, and actual
physical condition of 85Cs.

The guidelines for ageing managemenl and safety per-
formance evalualion of chapler 2 in detlailed SRGs are

composed of nine articles and again divided into a scop-
ing/screening guideline and 41 guidelines for major 85Cs.

4.2  Guidelines for the Other Items

Guidelines for plant description, equipment qualifica-
tion, radiation prolection and wasle management, safety
analysis, and plant operation were developed based on
the domeslic and oversea regulation experiences refer-
ring IAEA safety series. The detailed guidelines were
composed of 23 articles. Now, the PSR draft guide-
lings for CANDU reactor are being reviewed along with
Canadian Nuclear Salety Commission {CNSC) to reflect
Canadian experiences.
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5 PSR Progress for

Table 5-2 Example of Safety Improvement Items of Wolsung Unit |

Wolsong Unit | . Safety If_‘:ic’to'rs..'_. SRR S _Sa_fétjr Iu'lpi'_t.)vén:}'éli_t _If.e'ms'_- e " Remark.
The PSR report on Wolsong unit 1 was . . - Addition of tri puramet.er related to the
submitted to the regulatory body in June 1. Actual Conditions of Plants temperatur Ogmdmmsys}em
2003 and the review was compleled in - Establishment of integrated management
June 2004. It took 12 months t0 review program for pressure tube aging, and
the PSR report. The review results are 2. Aging Management and Safety | feeders and .weak parts of main Complementary
ized as follows: Performanee Evaluation feedwater pipe
Summarize - Modification and refurbishment of electrical
Self-assessment of licensee was effec- and control systems
tive and permissible. Current state was 3. Equipment Qualification - Improvement seismic and environmental
satisfactory and maintained within current ' qualification programs
app]icable codes and standards. However 4. Radiation Protection, Waste - Modification of calculating method for
. ded K L Management and radiation exposure using recent guidelines
it was recommended Lo take some actions Environmental impact - Periodic modification of ditution factor of
to enhance the safety of plant using cur- - Use of Experiences sea water
rent operational experiences and resulis - Quantitative re-analysis of postulated
. accidents
of study. . . 3 f,zf‘;.g’:::g sis and Safety - Monitoring primary coolant temperature to | Complementary
A tolal of 27 salety improvement items check the degradation of performance of
were identified from the PSR review for steam generator
various safety factors and some items are 6. Plant Operation - Modification of EOP by using of human
listed in Table 5-2. The safety improvement - Procedures factor considerations
items are composed of two calegories - Organization/ Administration | - Strengthen MMI review process
) . , . ’ - Human Factors - Update the assumption of evacuation time of
complementary item’ and ‘recommenda- - Emergency Planning public

Lion item’, depending on the follow-up
actions by regulatory body or licensee.

Three ilems belong Lo ‘complementary
item’ which requires the follow-up review of regulatory
body. [For example, Lhe function of pressure tubes, some
feeders and weak parts of main feedwaler pipe could not
be guaranteed for the designed life time. Based on the cur-
rent analysis, most of pressure tubes could contact with
feeders due to expansion in 2007 and reach the expansion
limit in 2010.

Thus, the items were selected as complementary item
for follow-up actions before the

designed lifetime. The followings are 3 complementary
items identified during the PSR review:

1} Establishment of integrated management program for
pressure tube aging

2) Eslablishment of management program for sonie feed-
ers and weak parts of main feedwater pipe

3} Quanlitalive reanalysis of postulated accidents

Alter the results ol Wolsong unit 1 PSR review are
endorsed by Nuclear Salety Commission {NSG), licensee
shall prepare and submit the schedules and specily [ollow-
up actions for complementary ilems to the regulatory
body within 3 months. The regulatory body will review the
adequacy of planned schedules and follow-up actions of
the licensee.

A tolal of 24 items of the safety improvement ilems
belong to ‘recommendation item’ category These ilems are
drawn from current operational experiences and analyti-
cal evaluations. Basically, recommendation items do not
require the review of regulatory body in processing follow-
up actions. These items are carried oul by licensee as vol-
untary activities. It is expected that the safety of Wolsong

unit * would be enhanced if recommendation items are
adopted as planned.

Now, the final review resulis of Wolsong unit 1 PSR
report are under the review of Nuclear Safety Commission
and will be finalized in near future.

6 Application of PSR Results to
Plant Life Management

The PSR review resulls are possible to be ulilized in
verifying the safety for plant life extension, i.e. continu-
ous operation beyond the plant designed lifetime. Korea
has performed the research on how to link the PSR with
continued operation. According to the present result of
the research, there seems Lo be no significant technical
safely issues on utilizing the PSR results for life extension.
However, additional requirements should be assigned
for regulatory posiltion for continued operation such as
review of aging managemen!, impact on environment, up-
dated Technical Specifications, and supplemented [FSAR.
Currently, there is no plan Lo extend the lifelime of a
power plant because a domestic model lor plant life man-
agement is not established. However,

Government recognizes the importance ol plant life
management and began research for establishment of
plant life extension. This research includes specifica-
tion of the documents [or submittal to regulatory body,
detailed review procedures, process of public hearing
and so on. The preliminary results ol the research will
be shown in the end of this year and final resulls will be
shown next year.
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Implementation of Low Void Reactivity Fuel

in Bruce B

by R.M. Chun and F.C. Iglesias and G.H. Archinoff

fid. Note: ‘The following paper was presented in the open-
ing plenary session of the 6th International Conference
on Simuation Methods in Nuclear Engineering, held in
Montreal, October 2004. See Vol. 24, No. 4 issue of the CNS
Bulletin for a report on that conference.

Introduction
In order to return all operating unils to 100% Full Power
{FP) to end of life, Bruce Power is planning the implemen-
tation of design changes in all units to increase the robust-
ness ol safety margins and miligate the elfects of core
ageing. One of these design changes is the replacement ol
the current 37-element [uel bundle by the Bruce-LVREF {Low
Void Reactivity Fuel) fuel bundle. This new bundle has been
designed to reduce the core void reactivity by the addition of
burnable poison and to enhance the critical heal flux (CHF)
characteristics by increasing the sub channel flow mixing.
To ensure successful implementation of this design
change, Bruce Power has eslablished a dedicated project
organisalion Lo manage all the necessary activities under
the New Fuel Project. The new luel implementation will be
performed in Lwo stages. In the first stage 24 LEVRIF bundles
will be luelled into two pre-selected channels to confirm
that these bundles performed as expecled and that the

Figure | shows the current Bruce 37-element and the
LVRF 43-element fuel bundle designs.

Current Design

LVRF Design

bundle channel interaction is similar Lo the current bundle
design. During the second and final stage, the normal fuel-
ling operation of the Bruce reactors will use LYRF bundles,
thus inilialing the gradual conversion of each core to low
void reactivity fuel.
The Bruce LVRF bundie design introduces several main
modifications to the current 37-element design,
¢ 43-clements instead of 37 with btwo distinct element
diameters rather than one;

¢ A burnable poison, Dysprosium {Dy), is added to the
central fuel element;

+ The uranium dioxide in the 42 remaining elements is
enriched in 235U; and

» Bundle geometry improved lo increase GHF characleris-
tics and decrease element linear power, particularly in
the ouler elements.

in order Lo obtain concurrence from the Canadian Nuclear
Safety Commission (CNSC), Bruce Power is preparing a
Safety Case thal describes the analysis, assessment and
plant modifications required to confidently demonstrale the
safe operation of Lthe Bruce reactors with this new bundle
design. A major part of the Safety Case is the Safety
Analysis of relevani Design Basis Accidents (DBAS).

Prior Lo conducting the safety analysis, a review has been
completed to address the qualification of the Safely Analysis
Soltware (SAS). This work was performed [0 ensure that
the computer codes used are suitably qualified to model the
LVRF fuel bundle design.

This paper provides a brief overview of the New Fuel Project,
a description of the implemented SAS qualification process, a
discussion of the core characterislics with the new fuel, and a
summary of the preliminary safely analysis resulls.

Overview of New Fuel Project

Bruce Power is managing Lhe overali project with a
number of key services provided by the following external
organizalions:

= Alomic Energy of Canada Limited {AECL) is managing
the design and qualification testing of the fuel.

» A consortium formed by Nuclear Safety Solutions (NSS)
and AECL is performing analysis of accidents, system
performance, and the potential for out-reactor criticality
of the fuel.

| Bruce Power, Toronto, Ontario
2 Candesco Research Corp, Toronto, Ontario
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s (Cameco and Zircalec are managing the production of the

new fuel bundles.

Various agreements are aiso in place for specialized ser-
vices such as assessing impact on the fuel handling system,
developing an in-house criticality program, designing and
testing transportation containers and enhancing the per-
formance of a limited number of existing support systems
where required.

The major activities in the New Fuel Project are summa-
rized as follows:

a) Determine the optimum composition of the new fuel,
i.e., the amount of Dysprosium in the central element
and the percentage of 235U in the other elements.

b} Customize the CANFLEX bundle design for use in Bruce
B reactors.

¢) Qualily the new fuel for use in Bruce B reactors.

d) Prepare a Safety Case to obtain regulatory approval for
use of the new fuel.

¢) Conduct an environmental assessment to an appropri-
ate level as required by the Canadian Environmental

to first conduct a demonstration irradiation of the new fuel
followed by full core loading, and subsequent power raise
to 100% FP.

In the following sections, some of the performed tasks in
support of the preparation of the Safety Case, including the
work ont SAS qualification, are described.

Software Qualification

Al SAS used for the safety analysis of DBAs must be
qualified for the appropriate range of conditions expected for
those accidents. Each SAS has a defined domain of appli-
cability that mirrors the expected range of conditions of the
DBAs for which the code will be used. The domains of appli-
cability covers ranges of temperature, burnup, pressures,
etc. and other relevant parameters. The process used by
Bruce Power for SAS qualification follows that established by
the Canadian nuclear industry and concurred by the CNSC.

Figure 2: Validation Process

Assessment Act. ) Prbdan | My
1 ¥ Defeition porars
f) Identify the optimal scheme [or introducing the new o Documert || T
. ity functiond
fuel into the reactor core. s ! 1”"“’“"“’“‘““’""‘
N R . . Softvarn Software
g) Identify and implement design changes, revised proce- ; [} Bt | iy e 3
dures and training programs 1o accommodale safe and lm ot
economical use of the new luel, covering from receipt ey ) ! carputr o i Fianey__ vaiaion s
of fresh fuel in the station to transferring irradiated fuel e, | TERNCL | wsancn e 1 %°°mwu‘m
I . . e TR
to the dry fuel storage facility for retention in a dry fuel wamie | DOCUENT |
e cods a N
storage facility. Rottesprerarmn | ki ey | Bitaseransia
Completion of the above activities will allow Bruce Power ! | VALDATION ps——
I REPCRT ] FUDHTKMFERCRT
Table 2: Major Computer Codes Used in Safety Analysis I —
| L 4
vauoTIEN L :’mmgdnwaﬂ .
o - L e - i T VRNLAL Aok pficaia
T echnical Discipline Safety Analysis Software Deseription .
I
Reactor Physics WIMS-IST ! ox ¢
RESPIST Application of these SAS to the safely analysis of the
different DBAs for the Bruce B reactors fuelled with
DRAGON Caleulates roaclivity mochanisms the LVRF design requires that only certain domains of
Solves the quations for jso1ope applicability need to be modified and only in a subsets of
ORIGEN generation and provides inventories the codes. If a particular code requires changes related
for fission products, actinides and - L. " . o A ;
fissile materials. to LVRE, additional qualification effort is required as
. . . Simulates the primary heat ansport stated by the SAS qualification process. This additional
¥ { p
Thermal Hydraulics TUF system and channel behaviour, i A R . . )
Tlerates with RESP, Provides gualification work includes modifications to the software,
g::‘i’;';j:";‘l:’rf;}ﬂjﬁg;me] verification of these modifications, related changes in
Fuef and Fuel Channel FACTAR 2.0 behaviour during accidents. Requires solbware documentation and pei‘formance ol new valida-
mputs from FACTAR. 85, RSP and tion exercises if required. All this additional qualification
SOURCE. S to extend the generic qualification is called ‘Incremental
FACTAR.S e e iy 8 Qualification’. Table 1 presents some of the major com-
Pravides information to FACTAR 2.0 puter codes used in the salety analysis.
and SOURCE.
Caleulates fssion products
3 -IST inv ies and rel . Requi . .
et iR s~ | Validation
FACTAR 2.0. Prevides fission - sai idati \
product sowrce tem in the pricuary The safety a_nai}sls vahdgﬂon plogesg as deve_lop.ed
heat transport systent. by the Canadian nuclear industry is the result of a
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co-operative development of information relevant to safety
analysis computer code verification and validation. It is
consistent with international practice, complies with appli-
cable quality assurance requirements 1], and takes into
account regulatory guidelines [2].

The computer code validation methodoelogy is organised
as a multi-stage process asseciated with a structured set
of documents, as shown in Figure 2. The first two stages
are implemented by the preparation of a Technical Basis
Document and Validation Matrix Documents, which are
prepared in an manner to remain applicable to any specific
computer codes {Generic Activities). The remaining stages
ol the process involve the completion of Validation Plans,
Validation Exercises and Validation Manuals for specilic
computer codes (Code Specific Validation)}.

The introduction of the LVRF design and required changes
in SAS were implemented in compliance with this process.
Both activities, generic and code specilic, were reviewed
and updated as necessary. These revisions focused on the
impact of the design changes introduced by the new fuel
design. The role of the main validation documents is briefly
described below.

Technical Basis Document

The Technical Basis Document (TBD) provides a technical
breakdown of each of the accident categories relevant for
CANDU accident analysis. The main objective of a TBD is
to provide a foundation for selecting physical phenomena of
importance for the validation of computer codes. Primary
phenomena involved in each accident scenario are identi-
fied and grouped into technical specialities or disciplines
for which computer code validation will have to be provided.
The document focuses on the phenomena and disciplines
involved, however il does not specily the computer codes Lo
be emploved in the analysis,

Validation Matrices

Validation Matrices (VM) are prepared to relate, by disci-
pline and for each accident sequence, the phenomena iden-
tilied in the TBD to data sels thal exhibit the phenomena.
The data sets are taken from operational data, experimental
measurements, analylic solutions, single effect tests, inte-
gral effects tests or results from other validated computer
codes.

Validation Plans

Validation Plans are specified for a particular computer
code version. The plan identifies the intended applications
for which a computer code version is being validaled, and
uses the validation matrices Lo identily dala sets for valida-
tion and any gaps in the dalta available for validation. The
plan details what will be performed to demonslrale that a
particular computer code version accuralely represents ihe
phenomena occurring in selected accident scenarios for the
intended range of application.

Validation Exercises

The Validation Exercises compare the computer code
results (modelling of governing phenomena) to the relevant
data sets and assesses, if possible, the uncertainties and
biases in the identified key safety output parameters over
the range of application.

Validation Manuals

Validation Manuals summarise the results of validation
exercises in the context of the validation plan. They docu-
ment how the technical basis for validation of a parttcular
computer code has been covered. Each document also
summarises the accuracy and uncertainty associated with
computer code predictions of the identified key safety
outpul parameters for the range of intended applications.
These documents are intended to be a guide to users in
practical applications of the computer code.

Code Configuration Control

Under this activity all required software modification were
performed following the current established procedures and
Standards [1, 2]. All these activities are code specilic and
must be performed for each individual code. The main
tasks in this area are: Software Modification, Software
Verification, Configuration Gontrol, and Soltware Release.

The set of qualilied SAS for LVRF application were used
to perform preliminary analysis to assess the key charac-
teristics of an LVRF core.

Characteristics of an LVRF Core

Analysis was performed to determine the characteristics
of an equilibrium fuelled LVRF core. One of the key require-
ments of the new fuel is that the average discharge burnup
be similar to that for the current fuel. The [uel composition
established to meet this requirement also ensures that the
overall characteristics of an LVRF core are similar to those
for 37-element fuel.

The reactor physics analysis was performed with the
WIMS-DRAGON-RFSP toolset, which is the same toolset
used in analysis of 37-element fuel. The calculation of fis-
sion producl inventories was performed with ORIGEN-S,
with & cross-seclion data set generated with WIMS specili-
cally for LVRF. The calculation of fission product inventory
distributions was calculated with the SOURCE code.

Time Average Core Model

An RESP time average core model was developed, based
on WIMS-generaled cross sections, in turn based on data
from the ENDF-B/VI library augmented to account for burn-
able Dy isotopes. The reactivity device incremental cross-
seciions were generaled specifically for the LVRE core using
DRAGON. The RFSP model is for a 12-bundle-per-channel,
fuelling-with-flow core, with a “water bundle” at the channel
intel to reflect removal of the 13th bundle. The key charac-
teristics of the LVRF core are compared 1o those for a 37-ele-
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X . Reference Design
Parameter 37-element NU fuel LVRF

Maximuem Channel Power (KW) 6539 6337
Maximun Bundle Power (kW) 757 755
IAverage Cell Flux (nfcm’.s) 1.8GE+14 LT2E+14
[Reactivity Decay Rate (mk/FPD) -0.413 .510
|Average Fuel Exit Bumup

MWh/bundle) 3620 3730
|verage Fuel Exit Bumup

MWhikell) 188 200
[Feed Rate (channels/FPD) 4,39 4.25
[Feed Rate (bundles/FPD) 18.8 18,2

ment Natural Uranium (NU) core in the following table:

The table indicates that the key characteristics of an
LVRF core are very similar to those of a 37-element NU
core. The maximum channel and bundle powers are very
comparable. The cell average flux is somewhat lower, which
is to be expected with slightly enriched fuel. The average
discharge burnup is slightly higher with LVRF, meaning that
the feed rate of bundles will be slightly lower, All of these
small changes are in the positive direction with respect to
improved safety and operating flexibility.

Bundle Radial Power Profile

The bundle radial power profile as a function of burnup was
generated using the WIMS code. The following table compares
the fuel element linear ratings for LVREF 1o 37-element NU fuel
at, three different burnups. In all cases, the ratings are nor-
malized for a nominal bundle power of 1000 kW,

Ring Linear Rating for Linear Rating for Linenr Rating for
Number Fresh Fuek (KW/m) Mid Burnap Fucl Discharge Burnup Fuel
{KWimn) (KW/m)

LVREF NU LVRF NU LVRF NU

1 113 43.0 170 43.5 220 44,8

2 46.9 45.1 49.6 45.6 51.9 46.7

3 42.0 314 427 S1.5 43.1 51.9

4 4.6 63.9 530 63.6 51.7 G629

The table shows that, as expected due to the presence
of Dy, the central element linear rating (ring number 1) is
very low in comparison to that for NU fuel. The table also
gshows that at high burnups, the linear rating of the inner
ring is very similar to that for the outer ring. The maximum
linear element rating for LVRF occurs for fresh fuel, but it
Is still significantly less than the outer element linear rating
for NU fuel.

Reactivity Device Worths

The RFSP model was used Lo generate stalic worths of
the reaclivily devices. The results are compared o those
for a 37-element NU core in the following table:

Calculated Device Static
Reactivity Worth émk) fora ' . i
Device LVRF Core Dev Ice'\\ orths for a

T NU Core
AVER *SINULATE

ZCR. fill change from 0% to

100% =6.43 -6.45 -7

All adjusters withdrawn 174 17.2 133

All control absorbers inserted -8.72 -8.7 9

All shutoff rods inserted -65.3 -64.9 -68.1

Results for an LVRF core are presented for both the time

average core {using the *TIME-AVER module of RFSP) and
the time average equivalent model (generated using the
*SIMULATE module of RFSP). In both cases, the device
worths are predicted to be lower than for an LVRF core,
although nol significantly so. This result is expected because
of the lower thermal flux associated with the LVRF core.

Decay Power

A method based on the ANSIANS-5.1-1994 standard [3]
was used to derive the LVRF decay power curve for times up
to 100,000 seconds. WIMS was used to generate cross-sec-
tions specific to LVRF, as well as the flission rate fractions
for the fissile isotopes.

One aspect of LVRF that is unique o LVRF is the Dy con-
tained in the centre element. The effects of neutron capture in
poison during operation at power are implicitly included in the
methodology, since all reactions that have a significant impact
on the neutronic balance are accounted for in the reaction rates
provided by the WIMS lattice cell calculation. Hence, capture
gamma energy contributions as the result of neutron capture
in 160Dy, 161Dy, 162Dy, 163Dy, 164Dy, 165H0, 166Er, and
167Fr are considered. However, this does not account for the
energy contributed to decay power due (o radicactive Dy after
shutdown. The decay of 165Dy accounts for about 80-90%
of contributions due to Dy activation products, and all these
contributions together account for less than 1.6% of the total
decay heal power in the time period considered. The reaction
164Dy (n,v) 165Dy is expliciily modelled in the WIMS lattice
cell calculation, and so the associated reaction rate (relative
to other absorption events within the lattice cell) is extracted
as a function of burnup. The decay power from the activation
product 165Dy is then evaluated in an analogous way to the
manner in which the decay power contribution from 2390,
formed the reaction 238U (n,y) 239U, is treated in the ANSI/
ANS5.1-1994 standard.

The ratio of decay power for LVRF Lo thal used in the
Safety Report for 37-element NU fuel is shown in the fol-
lowing table:

Cooling Time | Ratio of LVRF Decay Power to Safety
(s) Analysis Decay Power Fraction for 37-
Element Fuel
(both with one sigma uncertainty)

1 1.003
10 0.986
100 0.964
600 0.967
1000 0.975
3000 0.99
10000 0.988

The table shows that, except for the [irst second after
shutdown, the decay power for LVRF is less than that used
in the Safety Report for 37-clement fuel.

Fission Product Inventories and Inventory
Distributions
The ORIGEN-8 code was used to calculate fission product
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inventories for radiologically significant nuclides. The SOURCE
2.0 code was used to calculate the distribution of fission prod-
ucts among the grain, grain boundary and [ree inventories.

The invenlory of the most radiologically significant
nuclide, -131, is about 8% lower in a high power (7.2
MW) LVRF [uel channel compared to NU fuel. The results
for other nuclides show wide variations, with some having
lower inventories for 37-element fuel, and other having
higher inventories. In terms of the impact on fission prod-
uct releases under accident conditions, an important con-
sideration is the free inventory of [ission producls, as the
free inventory is readily available for release from the luel
element following fuel sheath failure. The free inventory is
significantly lower for LVRF compared to NU fuel, due to the
lower fuel temperatures caused by the lower fuel element
ratings. The free inventory fraction in a high power channel
{7.2 MW) for Xe, Kr, I and Cs isotopes is 15.5% [or NU [uel,
and 4.3% for LVRF. The reduction in free inventory [raction
dominates the impact of LVRF on the fission product inven-
tory available for release upon fuel sheath failure.

Key Safety Improvements of an LVRF Core
The key attributes of LVRF that contribute to enhanced
safeby are:

* Reduced coolant void reactivity — This reduces the power
pulse following a Loss of Coolant Accident (LOCA}, and
is the primary reason lor adopting LVRE. The lower
power pulse results in reduced fuel sheath and fuel cen-
terline temperatures following a LOCA.

» Increased critical heat flux — The LVRF design resulls
in increased critical heat flux, which in turn resulls in
increased critical channel power. These effects help to

60% P Break 100% RIH Break
Reference 37- Reference 37-
LVRF Element LVRF Element
Fuel Fuel
Reactor Power (%
FP) 100 90 100 90
g‘)ed“"d Trip Time 0.495 0.353 0328 0.214
Peak Reactivily (mk) 3.91 3.75 3.87 5.67
Prompt Criticality
Reactivity Threshold 58 N/A 38 N/A
(mk)
Peak Reactor Power -
(Relative) 2.71 5.27 2.83 3.37
Enthalpy of the outer
elements of the . -
hottest bundle at 5 5 373 732 378 776
(kJ/kg)
Hot channel energy
deposition at 3 s (MJ) B4 63.9 33.8 67.3
Peak Fuel Centreline
Temperature (°C) 197G 2260 19903 2310
Peak Fuel Sheath
Temperature (°C) 1210 1440 702 1350

mitigate the effect of plant ageing, including the effect of
pressure Lube diametral creep.

» Lower fuel element ratings — Fuel element ratings are
lower in the [VRF design, due fo the larger number
of fuel elements. This reduces the initial fuel element
average and centerline lemperatures, thereby providing
increased margin to fuel centerline melting. The lower
fuel temperatures also result in a reduction in the free
fission product inventory, which reduces the quantity of
fission products available for release upon fuel sheath
defect or failure.

Large LOCA analysis was performed and resulis com-
pared o those from analysis for the current fuel design that
supports operation up to 90% [P and which defines the
current acceptable safety envelope. Two break sizes and
focations were considered:

« 100% Reactor Inlet Header (RIH) Break — This double-
ended guillotine break leads to rapid voiding of the Heal
Transport System coolant and hence a very large posi-
tive reactivity transient.

+ 80% Pump Discharge (PD) Piping Break — This partial
break leads to a period of low flow in the fuel channels
downstiream of the break which, combined with the over-
power transient, results in fuel heatup prior to injection
of emergency coolant.

Both breaks were analysed Lo confirm that the accep-
tance criteria for large LOCA analysis are met. The pri-
mary criterion is demonstration that fuel channel integrily
is maintained, which is in lurn achieved il fuel centreline
and fuel sheath melling are avoided. Previous analysis
indicates that if these criteria are met, public doses will be
well within the regulatory limits,

Key results of the large LOCA analysis are shown in the
following table.

The resuits indicaie the following:

a) The trip Limes for the 37-clement fuel analysis are ear-
lier than for LVRF because the reactor power increase
for 37-element fuel is more rapid due to the higher
coolant void reactivity. Therefore, the Lrip selpoints
are reached earlier. However, although the trip is inili-
ated later for LVRF, the peak power and the integrated
power are significantly smaller compared to 37-gle-
ment fuel.

b} Prompt criticality is avoided with large margin. Peak
relative bundle and channel powers are significanily
reduced. TFuel centreline and sheath temperatures
are also significantly reduced and are well below the
respective melting points.

¢) The results indicate that LVRF fuel design will result in
acceptable large LOCA consequences and will provide
increased operating margins for the key parameters at
100% FF.

Conclusions
This paper has described key aspects of the New Fuel
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Project that will implement LVRF in Bruce B. The new
fuel will reduce coolani void reactivity significantly, resull-
ing in reduced large LOCA consequences and supporting
operation at 100% FP with increased operating margins.
Improved critical heat flux will mitigate the effect of pres-
sure tube diametral creep.

The characteristics of an equilibrium fuelled LVRF core
have been quantified. In general, many of the key charac-
teristics are essentially unaffected by the introduction of
the new fuel design, or are more benign.

This work represents only inilial phase of the analysis
needed to supporl the new fuel design. Addilional analysis
will be performed to support a demonstration irradiation of
[VRT in two fuel channels, transition of the core from NU Lo
LVRF while at power, and the equilibrium LVRF core.
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Summary

This paper covers an evaluation of the available salety
margin against [uel bundle degradation during dry stor-
age of CANDU spent fuel bundles in a MACSTOR/KN-400
module, considering normal, off-normal and postulated
accidental conditions.

Korea Hydro and Nuclear Power (KHNP), in collabora-
tion with Atomic Energy of Canada Limited (AECL), are
developing a new module [or the dry storage of spent fuel
from the four CANDU 6 nuclear reactors al the Wolsong
site in South Korea. The module provides the benefil of
occupying significantly less area than the concrele canis-
ters presently used. The modules are designed for a mini-
mum service life of 50 years. During that period, the spent
fuel bundies shall be safely stored. This imposes that
failure of a fuel bundle element or unacceptable degrada-
tion of an existing defect (from reactor operation} does not
occur during the dry storage period.

The fuel bundies are stored in an air-filled fuel basket that
releases 365 Watls on average and a maximum of 390 Watts
when rare fuel loading conditions are postulated. In addi-
tion, specific accidental air flow
cooling conditions are postulated

results in a volumelric increase of the pellet that can over-

stress the fuel element sheathing. The level of fuel peilel

oxidation is best evaluated as a percentage weight gain. To

prevent overskressing of the Zircaloy sheathing, the amount

of oxidation has to be maintained below 0.6% weight gain.

The evalualion of the fuel safety margin required calculal~

ing the total U0, weight gain during the entire dry storage

period, for comparison with the allowable weight gain. This

required Lhe integration of:

1. Data from [uel bundle heat decay assessment;

2. Heat transfer model in fuel basket for normal and off-
normal loading conditions;

3. Heat transfer model in MACSTOR/KN-400 module [or
normal, off-normal and accidental operating condilions;

4. The fuel oxidation (U0, to U,0,) kinetics; and

5. The seasonal ambient air temperature using local mete-
orological data.

Figure 1 provides a summary of the main results. The
safety margins, available before the allowable fuel oxida-
tion is reached, are provided as a function of the fuel basket
power when normal, off-normal or accidental evenis are
postulated to occur. The oxidalion process mainly occurs
during the first f[ew years, becoming negligible thereafter.
Ifor the operating conditions considered, the total fuel oxi-
dation would only reach about 1/4 of the allowable, even
when an accidental operating condition is postolated to

that consist of 100% blockage of o 10 7

all air inlets on one side of the g 038 — pverage Baskel Pawar 3645 W '

module. These conditions can g 08 —Maximum Baskel Bawer. 3506 W/

generate a peak daily fuel tem- $207 Aiowmtie weight ]

perature of up to 155°C during a g g g'g' ------- gaima08% T N
reference hol summer day during k! g‘ 0.4 g -

the first year ol operation. The X203 g AT L O N oo 438 V0
fuel temperature decreases over 3 02 i - Aeciderts) condiions: 472 W
the years and also fluctuates due z Ny L "l okt g

to daily and seasonal tempera- g om ' ’ ‘ '

7 fations. At this tempera. 250 300 350 400 450 500 550
ture variations. Hot Basket Power (Watts)

ture, fuel elements with intact
Zircaloy sheathing will not expe-
rience damage. However, for the
few fuel bundle elements that
are non-leaktighl (less than 1
per 37,000), some re-oxidation of UO, into higher oxides
such as U,0. / U,0, and U,0, will occur. This latter form of
Uranium oxide is undesirable due to its lower density that

Figure | MACSTOR/KN-400 UO22 Pellet Oxidation as a Function of Fuel Basket
Power for Normal, Off-Normal and Accidental Conditions

I AECL Montréal, Montréal, Québec
2 KHNPR Nuclear Environment Technology Institute, Taejon, Korea
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occur. Due to the excellent cooling provided hy the diverse
and redundant air circuit used, the fuel will be safely stored
in the MACSTOR/KN-400 storage module.

. INTRODUCTION

Korea Hydro and Nuclear Power (KHNP) and Nuclear
Environment Technology Institute (NETEC), in collabora-
tion with AECL, are developing a high capacity MACSTOR

Table 1: Generic Design Parameters for MACSTOR200 and
MACSTOR/KN-400 Storage Modules

FTEM MACSTOR 200 MACSTOR/KN-400
PARAMETERS PARAMETERS
Plant applicability Gentilly 2 Wolseng 1-4
Cemavoda
Design lifetime of structure 50 years
Size
Lengih (m) 216m 217 m
Width {m} gim 12.7m
Height (m} 15m 7.5m
Capacity:
*  Number of fuel bundles per 12600 bundies 24 000 bundtes
madule
*  Number of fisel baskels per 200 fuel baskets 400 fue! baskets
module
» Number of storage cylinders 20 storage cylinders per 40 storage eylinders per
per module module (2 x 10 array) module {4 x 10 array)

v Starape cylinder capacity

10 fuel baskets (each holding 60 bundles)

Air cooling eircuit

10 air inlets (5 on each side)
12 air outlets (6 on each side)

Total medule heat release:

73 kW
(Analysed at 78 kW)

1459 kW
(Analyzed at 146.7 kW)

Ambient air temperature

40°C daily average temperature

40°C daily peak temperatare

L : Base AT S

Figure 2 lllustration of MACSTOR/KN-400
Storage Module

The bundles in a MACSTOR module are stored int a
fuel hasket holding 60 bundles. The fuel basket acts as
a primary confinement barrier to the fuel bundles. 10
such fuel baskets are stacked in a storage cylinder. The
storage cylinder acts as a containmenl barrier to the
fuel basket and thus provides a secondary conlinement
barrier to the fuel bundies. The two modules use an
identical air circuit made of 10 air inleis in the lower
portion of the module and 12 air outlets in the top por-
tion. The MACSTOR 200 has two rows of len cylinders
each, while the MACSTOR/KN-400 has four rows of ten
cylinders.

ORIGEN fuel bundlo heat decay
over 50 years

(Modular Air-Cooled STORage} storage module, the
MACSTOR/KN-400. It is intended for dry storage of irra-
diated fuel bundles from the four operating CANDU 6
reactors at the Wolsong site in South Korea. The design
parameters of the reference MACSTOR/KN-400 storage
module are provided in Table 1, while Figure 2 provides
an illustration of the module. The new storage module is
designed to contain 400 fuel baskets while a MAGSTOR
200 holds 200 identical fuel baskels. The new slorage
module uses the same passive air cooling circuil but
has to dissipate 146 kW ol heat, twice the power the
MAGCSTOR 200 module has to dissipate. The MACSTOR
200 modules have been in service since 1995 with five
modules in operation at Gentilly 2 (Canada) and one al
the Cernavoda station (Romania) as of 2003.

The spent fuel bundles have Lo be stored safely.
The principal safely design criterion applied for the
design and licensing is that deterioration of the intact
or defective fuel bundles during the service life of the
facility be prevented. A specific evaluation of safety
marging for the new MACSTOR/KN-400 module design
is necessary as the fuel temperatures reached in this
larger capacity module are abeut 12°C higher than in
a MACSTOR 200 module, thus slightly increasing the
expected total oxidation of she fuel.

Simglified #1el hundle
hoat decay
CATHENA haat tranafor
R v, nodel for MACSTOR 200 Fuol Baskat
- {storage cylindarto als) Thermal Teats
CATHENA storage *
cylindor to air hoat CATHENA Model of
Genlilly2 MACSTOR 200 transfer modaol for Fuel Baskaot
ihermal tests {(H-Q} MACSTOR 400: {rominal fuel baskot
normal off-comal and powet)
accidont condith i
N Simplified heal transler [Simgiifiod Modet of Fuel
del for MACSTCR 4! Basket Hoat Trensfer
Dsgroe-hour data {stocago cylinder to i (varsable hoat reloase)
Amblent air Storaga cylinder to alr Fual bundie to =
tamperature + lomperatura difference + storage cylinder - Fuet tomporatur

Fuet oxidation tests

rats

ings U0,
oxidation medel

0y
culculations

Inalr at > 175*C
laboratary conditions
[ Fudl cxldalion tests
In air at $50°C In heated

concrale canister

i

Integration over entira
storage paricd

i

alr

UQ, exldation caleulations for
anllre storage periad
{narmal aparation)

i

and pestulated

Monthly avnman dota
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Tetal uo,
over storage perlod
{o¥f-nomal aparation and

Figure 3 Diagram of Calculations for
MACSTOR/KN-400 Fuel Oxidation
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2. General Calculationnal Methods for
Evaluation of Fuel Oxidation

The task of evaluating the total fuel oxidation over the
planned 50 years service life requires the calculation of the
fuel bundle heat release over time, the fuel temperature, the
fuel oxidation rate, the integration for the fuel oxidation and
the evaluation of off-normal and accidenial conditions. As
detailed caleulations are Lime consuming, simplified models
were used. These were derived from various test programs at
AECL and from detailed compuler models using the AECLs
developed CATHENA [1] heat transfer code. The calculation
method is depicted in Figure 3.

2.1 Test Programs

The heat transfer characteristics and fuel bundle tem-
peratures reached in a fuel basket stored in a section of
storage cylinder are obtained from a series of thermal lesls
performed at AECLis Whileshell Laboratories. The tesls
involved a full-scale mock-up of a fuel basket positioned in
a section of a storage cylinder. These tests can be used ko
predict the temperature difference between a fuel bundle and
the storage cylinder. AECL has also performed a series of
full-scale thermal tests of the MACSTOR module air circuil
at AECLs Whiteshell Laboratories. These Lests can be used
to predict the temperature difference between a storage
cylinder and ambient air. The test results were used during
the implementation phase of the MACSTOR 200 module and
various thermal models were made of the test apparatus [2].
Hydro-Québec has aiso made temperature measurements on
the first two MACSTOR 200 modules constructed at Gentilly
2. This data has also been used Lo further develop improved
lieal transfer models, including a detailed CATHENA model
of the MACSTOR 200 module air circuit {31. The heal trans-
fer model for the MACSTOR/KN-400 module was derived
from this MACSTOR 200 CATHENA model, modificd to take
into account the features specific Lo the MACSTOR/KN-400
design [3]. These CATHENA models can provide the vertical
storage cylinder and concrete temperature distribution cre-
ated by the air flowing upwards. Only the storage cylinder
temperature near the top is used for [uel oxidation
assessment.

ture decreases with time. The fuel oxidation rate is greatly
influenced by the temperature reached by the stored fuel and
decreases quickly. Oxidation of Uranium oxide (UQ,) in air
has an exponential behaviour: a fuel temperature decrease
ol approximately 8°C will reduce the oxidation rate by a
factor of two. At the end of the storage period, the fuel heai
release and fuel temperature have decreased significantly.
Following 50 years of dry storage, the fuel bundle heat
release decreases by a factor of approximately 3. This power
reduction significantly reduces the fuel temperature that in
turn reduces the oxidation rates by nearly two orders of mag-
nitude, making further coniributions negligible thereafter.
The fuel temperature is also influenced by daily and seasonal
ambient air temperatures variations. The oxidation rale can
vary by one order of magnitude due to seasonal variations.
It is thus important to consider ambient air temperature
variations Lo correctly evaluate the total effect on the fuel.
The temperature data is obtained from various historical air
temperature statistics lor the nuclear plant.

The fuel temperature evaluation is made by two separale
heat transfer calculations: one to evaluate the temperature
difference between the fuel and storage cylinder and one
lo evaluate the temperature difference belween the storage
cylinder and ambient air. The two results are then added to
the ambient air temperature. Each of these two calculations
would require a specific CATHENA simulation. An adequate
stahbilization of the concrete and [uel temperatures requires
a computer simulation that may last several hours depending
on initial conditions. The ambient air temperature variations
over a year can be expressed from a set of degree-hours
spanning from minus 12°C to plus 33°C, a span of 45°C. The
evaluation of fael oxidation over a 50 years storage period
would thus imply 2250 lemperalure evaluations that would
require 4500 CATHENA simulations to evaluate the [uel oxida-
tion for normal operating conditions. Fuel oxidation analyses
for offt-normal and accidental conditions have o consider
increased fuel temperature over a short period of time. Such
evaluations are best made using monthly average ambienl air
lemperatures thal requires 12 fuel temperature evaluations

Table 2 Reference Fuel Bundle And Fuel Basket

PARAMETER VALUE

2.2 Calculation Tasks

Reference fuct ¢ooling period

6 years for reference fuel

The evaluation of the total fuel oxidation first requires

Fuct age spread in module None

(All bundles are conservatively assumed to have the
reference cooling period)

calculating the fuel bundle heal release, followed by an

Reference average fuel burnup

187.2 MWhikgU

evaluation of the fuel temperature for the initial cooling

Bundle heat release for referencs average fuel burnup

6.08 Watls

period (6 years). Using the fuel temperature and a fuel

Reference maximum fuel burnup

290 MWhikgU

Bundle heat release for reference maximun: fuel burnup

9.76 Watls

oxidation model developed by AECL, the oxidation rate
at this temperature is then obtained. Multiplying the

Reference hot basket configuration

553 avemge burnup/power fuel bundles
7 high burnep/power bundles in a central clusler

rate by the time increment provides lhe oxidation over
the period. The process is repeated for each lime incre-

Fuel basket heas refease:
* Average basket
* ot basken:

364.8 Watts
390.6 Wats

ment considered and the oxidation integrated over the
entire service life of the facility. Supplementary cffects
from postulated events are then considered.

As the heat release from the spent nuclear [uel
decreases over the storage period, the fuel tempera-

Configuration of fugt bundle analysed for oxidation
Bundle condition

.
.
.
-

Bundle power
Basket power
Bundle position in cluster
Cluster positien in basket

* Defective {non-leaktight)
s 9.7 Wats

s Hot basket of 300.6 Walts
s Center position in chuster
= Near center
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per year; such an approach would require of the order of 1200
CATHENA evaluations for each off-normal and accidental
case. As the design of the MACSTOR/KN-400 evolves such sets
of evaluations would be required for each design configuration
considered. The above methodology would be prohibitively
time consuming to perform, particularly for parametric calcu-
lations. Thus the fuel oxidation was obtained [rom simplified
heat transfer models that were derived from detailed ORIGEN
and CATHENA caleulations and/or simplified models derived
primarily from tests. Figure 3 provides an illustration of the
relationship between [he test programs, the calculations using
detailed and simplified models vsed for the assessment. This
paper describes the calculationnal methods used to perform
the various fuel oxidation evaluations during the design phase
of the MACSTOR/KN-400 module.

3. Fuel and Fuel Basket
Reference Conditions

3.1 Reference Fuel Bundle and Maximum Fuel
Basket Heat Release

The reference fuel is a standard natural Uraniumn CANDU
6 bundle that has benefited from a coocling period of 6
vears. Table 2 provides the reference fuel bundle param-
elers. The MACSTOR/KN-400 is designed to dissipate a
reference average power ol 6.08 W per fuel bundle. This
typically corresponds (for the reference burnup case) o
a fuel bundle that has been cooled for approximately 6
years in the storage bay. Bundles do not all achieve the
same burnup. The characteristics of a [uel bundle that has
reached a high burnup are provided in Table 2. A CANDU 6
reactor typically produces less than 1% ol such high burnup
bundies. It would be unlikely that a larger number of high
burnup bundles find their way into a specilic fuel baskel.
To ensure that a conservative [uel oxidation assessment is
made, the analysis considers off-nermal loading conditions
maximizing the fuel temperature in a fuel hasket that would
contain some high burnup bundles dispersed in the [uel
basket. The series of tests conducted at AECLs Whilteshell
Research Laboratories established that maximum fuel
temperatures were obtained in a cluster of 7 high burnup
bundles. Maximum fuel temperatures were also observed to
reach their highest value when the cluster was located near
the center of the basket. This occurs because the center
position does not contain fuel as il is occupied by the center
post used to il the fuel basket.

3.2 Decrease of Fuel Bundle Heat Release With Time

The heat release of a fuel bundle decreases monotonically
with time due to the disintegration of its radienuclides. The
total fuel bundle heat release from [ission and activation
products is calculated using the ORIGEN code. The avail-
able heat release calculations were made [or specific cool-
ing pericds representative of the service life of the facility.
An accurate evaluation of the heat release for a specific
cooling time can be obtained from interpolation from the

reference calculations Lo limit the calculation time.
A simplified inlerpolation model of the type shown in the
following Eq. 1:

Ofuel bundle power = a + b * expt" + d * expt" (Eq. 1)

is used, where T is the time expressed in years and the
constants a to e are constants developed from the ORIGEN
calculations. This model provides an accuracy in reproduc-
ing the ORIGEN data of the order of = 0.5% over the time
range. During the service life of the module, the fuel power
decreases by a factor of approximately 3, resulting in a neg-
ligible oxidation rate within a decade alter loading.

4, Oxidation Process of UO, Ceramic
Fuel Pellets

Fuel bundles are made of 37 fuel elements that contain
a large number of U0, ceramic fuel pellets sealed within a
thin walled tube sheathing made of Zircaloy. The behaviour
of an intact fuel bundle and of a non-leaktight fuel bundle
is quite different from one another. The design of the
MACSTOR/KN-400 is made o ensure that all (either intact
or non-leaktight) fuel bundies operale at a temperature that
is sufficiently low to conservatively prevent damage Lo the
fuel bundle. The reference bundle conditions for which the
weight gain is calculated, are listed in Table 2.

The behaviour of Zircaloy sheathing under an air cover
gas has been studied during the development of Zircaloy
sheathed fuels in the 60's and 70’'s. The MACSTOR/KN-400
is projected to operate the fuel at a maximum initial tem-
perature below 150°C and decreasing thereafter. At those
temperatures, there is no concern for the Zircaloy sheath-
ing to fail due to oxidation in an air cover gas.

4,1 The UO2 Ceramic Fuel Pellet Oxidation Process

A bundle that is dry stored with a fuel element having non-
leaktight sheathing may be susceplible Lo oxidation of the
U0, pellets from the air (from the 0, molecules) contained
inside the basket. An intact fuel bundle will not oxidize
and will not degrade at typical dry storage temperatures.
A Dbasket contains sufficient Oxygen to fully oxidize one or
several non-leaktight fuel elements. When UO, oxidizes,
it gains weight in the process. The weight gain provides a
practical measure of the oxidation. For several decades, the
U0, pellet oxidation process in air at various lemperatures
and conditions has been the subject of studies al AECL and
at several other laboratories worldwide. The experiments of
L.J. Hastings (an AECL researcher) and coworkers, involved
exposing non-irradiated and irradiated UQ, samples to air
at various temperatures represenlative of storage condi-
tions of CANDU fuel bundles.

The UO, oxidation is a multi-step process that can be
summarized by the following reactions described in the fol-
lowing Eq. 2.
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uo, = U0,0,/U,0, = U0, (Eq2)

[Fluorite cebic Lype crystal no voiume change swetling (orthorhombic)

The oxidation of UO, first proceeds by diffusion of Oxygen
atoms in the UQ, crystalline matrix producing U,0, and U,0,
thalt have similar crystallographic characteristics {density
and structure) to UO, . The presence of those materials
in the pellel is of no consequence as it does not generale
swelling and does not overstress the Zircaloy sheathing.
The U,0, /U0, materials then proceed through a slower
process of nucleation and growth by oxidation to generate
U,0, . This rale of reaction is slower and requires a higher
temperature to reach a given rate. The U,0, phase has an
orthorhombic crystalline structure that has a much lower
density. The production of U,0, thus resulls, when il occurs,
in a significant swelling of the order of 25% to 30%. This
swelling breaks the ceramic pellet into smaller pleces. As
long as U0, converts only to U,0, /U0, and U,0, is kept in
trace amounts, there is no further degradation expected to
the fuel pellel and fuel bundle element sheathing. The com-
plete conversion of the U0, to U,0, /U 0, would correspond
to a weight gain of the order of 2% while a complete conver-
sion Lo 0,0, would correspond Lo a 3.9% weight gain.

The general fuel safety criterion applied for dry storage
is that no further degradation of intact or defectlive fuel
sheathing should occur during the planned storage period.
This conservative criteria is sel to minimize the release of
contamination inside the fuel basket and to ensure that fuel
bundles can be retrieved from the fuel basket. To inhibit fuel
degradation during storage, the strain on the fuel element
sheathing has to be limited 1o below 29 to prevent opening
of an already existing crack in the sheathing. This criterion
is mel when fuel swelling is limited to less than 29, which
occurs when about 15% of the ceramic would be converted
to U,0, [4]. This conversion corresponds to a fuel pellet
weight gain of 0.6%. This weight gain is thus used as the
limit criteria.

42  The UO, Weight Gain Model

AECLSs laboratories and others in various countries have
investigated UO, oxidation as a function of the temperature
and irradiation level. The tests have indicated that over a
wide temperalure range the reaction rates generally follow
an Arrhenius type reaction {4 and 5]. The chemical reac-
tion rate is a positive exponential function of temperature.
A simplilied and conservative U0, weight gain model can
be expressed by an Arrhenius type equation (such as Lq.
3), taken from [3]. This empirical equation is named the
Hastings’ equation, from Lthe name of the AECL scientist,
Ian. J. Hastings who developed the empirical model. The

hourly weight gain can be expressed as:
Ea

Weight gain per hour (%/h) = 1.53 » 10'° -6["“1“@“] {Eq. 3)

Where:
E, = Activation Energy = 120 000 J/ mol;

R = Gas constant = 8.3145 J/°K — mol;
T = Fuel temperature in °K.

The reaction rate predicted by the equation generally
doubles with an increase of approximately 8°C in the fuel
temperature. The total weight gain over the entire 50 years
service life of the MACSTOR/KN-400 module can be calcu-
lated by integrating (summing up) the incremental oxida-
tion over periods of lime. The ambient temperature data
used for evaluation of normal operation are the degres-hour
data that provides how many hours in a year the tempera-
ture was within a specific 1°C range. The integration is
thus made over the range of temperature for the specific
number of hours and the process is repeated for each of the
50 years of storage. The fuel bundle decay heat is conser-
vatively assumed to have remained at its maximum during
the entire year.

Over the years, Lhe fuel temperature decreases due Lo the
decay of radionuclides and the fuel oxidation rate decreases
even more quickly as it decreases with a steep exponential
function. Figure 4 illustrates the yearly weight gain and the
cumulative weight gain as a function of the storage period.
Most of the oxidation occurs in the first few years of dry
storage. Storage beyond the first decade produces liltle
extra oxidation. Storage beyond 50 years would produce a
negligible increase in oxidation.

5. Fuel Temperature in
MACSTOR/KN-400 Module

The lemperature reached by the fuel in the MACSTOR/KN-

400 storage module is Lhe sum of:

+ The ambient air lemperature

+ The storage cylinder te ambient air temperature differ-
ence.

* Fuel Lo storage cylinder lemperature diflerence;

The ambien! air iemperature:

The actual yearly ambienl air lemperature dala near
Wolsong is used. The air temperature can be expressed as
a set of degree-hour data thal represents the number of
hours the air temperature spends at a particular tempera-
ture. Alternatively, monthly average temperatures are used
{(with a small factor to correct for the elfect of the differenl
temperature database) for ofl-normal and postulated acci-
dental events.

Storage cyvlinder to ambient air temperature difference;

The storage cylinders of a MAGSTOR/KN-400 are laid
out in a 4 by 10 array. The storage cylinders located in
the two middle rows are surrounded by four other stor-
age cylinders. This decreases the infrared heal dissipation
capability and increases the lemperature of the middle rows
of storage cylinders. The maximum daily average tempera-
ture of the central storage cylinders has been calculated in
the CATHENA thermal evaluation as 80.5°C [3]. Only the
maximum storage cylinder temperatures that are reached
near the top of the storage cylinder are considered. Since
the fuel bundles decays with time, the storage cylinder
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temperature has been calculated for a seb of reduced fuel
bundle heat release, down to 2 Watts,

The CATHENA data results can be reproduced within an
accuracy of 0.1°C using a simplified heat transfer model of
the type AT = a Qus® where a and b are constants derived
from the results of the delailed CATHENA simulations and
QHB is the hot basket heat release in Watks.

Fuel io storage cvlingder temperature difference;

The temperature difference between the warmest fuel
bundle in the test basket and the storage cylinder has been
evalualed by a series of tests made at AECLs Whiteshell
Research Laboratories at powers of 360 Watts (average
bundle power), 390 Watts (various cluster position in hot
hasket) and 585 Watts (average bundle power}. The tem-
perature difference between the warmest fuel bundle in a
hot basket and the storage cylinder can be modeled as the
following Eq. 4:

T, - T, =a Qus* + ¢ (Qus/390.56)! (Eq. 4)

Where values a to d are constants developed from the test
dala, and:

T, : is the fuel temperature in (°C):

T, : is Lhe siorage cylinder tlemperature (°C};

Qus : is the hot basket power in Walts for a specific
Lime period;

390.6 Watts : is the maximum hot basket power.

From LEg. 3, the fuel to storage cylinder temperature dif-
ference can be obtained for the hol hbasket power reached
during the various years of the storage period.

6. Fuel Weight Gain

The fuel weighl gain can be evalualed by integrating the
Hastings equation over the entire dry storage period using
the methodology depicted in Figure 3. A sub-integration
cycle is made for each year of storage. The luel bundle
heat release [or a particular year is calculated separately
and is conservalively kepl constant during the year at ils
maximum initial value.

For normal operation of the module and normal ambient
air temperature conditions, the integration of the lifetime
oxidation results in a 0.13% weight gain (see Figure 4). A
slightly higher total oxidation is reached when accidental
conditions are postulated.

A parametric evaluation of the safety margin has been
made to evaluate how the safety margin varies until the
fuel oxidation limit is reached. The fuel temperature can
be increased by increasing the fuel basket power until the
maximum altlowable fuel weight gain of 0.6% is reached.
Results are shown in Figure 1. The maximum initial temper-
ature that would still be acceptable for the MACSTOR/KN-
400 storage module to safely store the reference spent fuel
is 169°C assuming normal and off-normal operating condi-
tions. A similar parametric evaluation has also been made
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Figufe 4 MACSTOR/KN-400 Fuel Weight Gain as a
Function of Time

for accidental conditions and indicates thal such events
would neot significantly decrease the maximum allowable
initial fuel temperature, as indicated in Table 3.

The MACSTOR/KN-400 design thus provides a fuel tem-
perature margin of 19°C with respecl to the allowable initial
fuel temperature. This indicates that it is not essential to
cvaluate the fuel temperature to a substantial accuracy as
the design provides ample temperature margin. Thus the
accuracy of the heat transfer models is nol critical to support
the conclusion that the fuel safety is unafiected by the use
of air as the cover gas. Table 3 provides a summary of the
data from the Wolsong site specific fuel weighl gain analysis
for the MACSTOR/KN-400 slorage module assuming the fuel
has gone through normal, off-normal and accidental storage
conditions. The lable also provides the maximum hot basket
power at which il is sale Lo store the fuel.

7. Off-normal and Accidental
Thermal Conditions

The MACSTOR module is equipped with 10 large capacity
air inlets and 12 large capacity air outlets. Cooling of the
fuel is made by passive means thal do nol require active
devices or power. The postulated temporary blockage of
one air circuil air inlets and outlets by debris can be con-
sidered credible during the lifetime of the lacility. Such an
event would be classified as an oll-normal event and would
be a thermally benign evenl that would be bound by the
accidental air flow blockage event. The worse case acciden-
tal cooling condition that is considered credible consists of
a 100% blockage of all air inlets on one side of the module
for 5 days. Such a blockage has been analyzed with the
CATHENA code and would increase the fuel temperature by
4°C. This very small effect is simply due to the high degree
of redundancy built into the passive cooling air paths. [t
is thus expected that large ambient air temperature varia-
tions over an entire summer will have a more significant
effect on fuel oxidation. The postulated off-normal weather
event consisks of 3 consecutive summer months with record
ambient air temperatures. The available weather data indi-
cates this event corresponds 1o an ambient air iemperature
increase of 3.8°C but for a 3 month period.
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Table 3 Summary of Fuel Oxidation Results for a Non
Leaktight Bundle

Ambient Air Normal QOff-Normal | Accidental
Temperature Ambient Air
Conditions Temperature
Conditions

Total fuel oxida- 0 o =
tion reached (% < 0.13% < 0.14% < 0.15%
weighl gain)
Safety factor > 4.6 > 4.3 >4
Maximum initial
fuel temperature
for reference con-
ditions of 40°C o o o
peak daily tem- > 170°C > 169°C > 168°C
perature - hot
hasket power
varied
Ambient air Lem- |, 4 7o0 2 16°C > 15°C
perature margin
Maximum power - . ;
of ot baskets > 482 Walls |> 478 Watts |> 472 Walls

The posiulated worse case “accidental” weather event
consists in 12 consecutive months with record ambienl
air temperatures. Such an evenl however Lranslates into
a relatively small increase in the overall fuel oxidation as
seen in Figures 1 and 4. The MACSTOR/KN-400 design thus
maintains large safety [aclors before the 0.6% weight gain
limit would be reached even when worse case events are
postulated to occur.

8. Conclusion

This evaluation of the fuel weight gain indicates that there
is ample margin Lo protect the reference fuel against degra-
dation. The storage of the reference fuel in the MACSTOR/
KN-400 during the planned 50 years of storage is thus safe
as long as the total power of a postulated hot fuel hasket
does not exceeds 478 Watts. This power cannot be reached
by spent fuel generated by the Wolsong 1 reactors that has
been cooled for at least 6 years.
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CNA’s Nuclear Industry Seminar 2005

- changed venue, modified program, record attendance

Whether it was due to the changed venue, a modified pro-
gram, or the renewed interest in nuclear, or all three, this
yvear's Nuclear Industry Seminar held by the Canadian Nuclear
Association drew a record attendance of close to 500.

The Seminar, with the theme “The Nuclear Renaissance
- Powering Up”, was held on the evening of March 9 and
all day March 10, 2005, at the Westin Hotel in Oftawa, a
change from the past several years,. It was accompanied
by an exhibition with displays from many of the organiza-
tions associated with the Canadian nuclear program. The
program focussed entirely on nuclear power with some
emphasis on the international scene and the relationship of
nuclear power and environmental concerns.

On the afternoon of March 9 Women In Nuclear Canada
(WIN Canada) took advaniage of the gathering to hold its
second annual meeking. (See a separate report on that
meeting in this issue of the CNS Bulletin.)

The evening of March 9 was devoted
Lo an excellent reception at which John
Efford, Minister of Natural Resources
Canada brought greetings and com-
ments from his role as Canada’s min-
ister of “energy’. He reiterated his
remarks of a year ago that he was a
strong supporter of nuclear energy
and noted that the federal govern-
ment is providing financial support for the development
of the Advanced CANDU Reacltor (ACR). He also noted
that Canada was cne of the first five countries Lo sign
the International Generation IV Nuclear R & D Agreement
[along with France, Japan, UK, USA].

Looking Lo the future for nuclear power the Minister said,
“We have the demand, we have lthe resource base and the
capacity. The final crucial condition is public support. This has
always been a challenge and is one that you must address.”

Prior to the actual seminar the
next day there was a breakfast with
a presentaiion by Jake Epp, chair-
man of Ontaric Power Generation. He
commented that the past year, since
his appointment as chairman in April
2004, had been “challenging”. OPG
is being renewed, he stated, includ-
ing the appointment of a new Board
of Directors on which there are four
members with nuclear experience. (See the last issue of the
CNS Bulletin, Vol. 25, No. 4, December 2004, for an article

on those appointmenis.)

OPG has been under a microscope, he noted, referring
to the Manley report that cited the cosi and schedule over-
runs on the rehabilitation of Pickering unit 4 and the KPMG
review that concluded that the project, and the earlier
nuclear performance improvement program, jeopardized
the financial future of the company. In conlrast, he said.
the rehabilitation of Pickering unit 1 is essentially on cost
amndd schedule with a predicted completion date of July and
cost of $1 billion.

Operation has improved, he reported, especially at
Darlington, as have relations with the regulator (the
Canadian Nuclear Safety Commission. A few years ago
CNSC had limited the term of Operating Licences to 6
months, he commented, now OPG is seeking a five-year
licence for Pickering A, similar Lo those for Darlington and
Pickering B.

Referring to the importance of people he noted that OPG's

nuclear operations employs two thirds of OPG's total staff
while it produces 40% of the electricity generated. le
acknowledged improved relations with unions and noted
OPG's support for universities and colleges. In closing he
expressed appreciation of the work of senlor management
{several of whom were in the audience) and of all OPG
employees. (The full text of Jake Fpps’ presenlation is
reprinted in this issue of the CNS Bulletin.)
: o Murray Elston, president of the
CNA, opened the official program,
which, unlike previous years, had only
eight main speakers. He then turned
the chairmanship of the morning ses-
sion over to Duncan Hawthorne,
president of
Bruce Power and
chairman of the
CNA. Hawthorne
introduced a video presentation by
James Lovelock, an author and
Visiting Fellow at Oxford University.
Lovelock originated the Gaia theory
in which he considers the surface of
the earth, with its atmosphere and
biosphere as a single self-regulating organism. Lovelock
was unable {0 altend in person because of poor health and
offered Lo present his talk by video.

Global warming presents dire consequences, he slated,
noting the slow progress on the Kyoto accord. “Green”
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energy sources are nol sufficient Lo meel our needs,
Lovelock asserted, we need appropriaie nuclear energy.
He asseried that nuclear energy could buy time in our
fight against global warming. (An extract from his talk
was published in the Globe and Mail newspaper as an
OpEd piece on March 10 and the video can be seen on
the CNA website <wwiv.cna.ca>.)

He was followed by Anne
Laavergeon, chairman of the execu-
tive board of AREVA, the huge French
nuclear conglomerate, who began
with an overview of her company,
noting the two main subsidiaries
in Canada, Cogema and Canberra.
AREVA has sales of $18 billion dol-
lars annually and employs aboul
70,000, she reported.

Although new plants are proceeding or planned in several
countries such as China, Japan, Finland, IFrance she com-
mented that not everyone was convinced about the need
or appropriateness of nuclear power. Politicat leadership
and public support are needed, she said. Noting Ontarios
decision to close its coal-fired plants, she observed that, on
a mid-term perspective, it paved the way for new plants to
be built. “1 trust Canadian utilities will have several tech-
nologies to choose from”, she said, and mentioned the EPR
design being buill in Finland and France.

To a question she commented that she was impressed
with the approach taken in Finland both for the decision
10 build a new nuclear plant and the process lor waste
management.

Next was Joe Colvin, who was introduced as “President
emeritus” of Nuclear Energy Institute, having very recently
retired from the role of president and CEO. There is con-
siderable optimism within the nuciear community in the
USA, he reported. In less than a decade there has been a
remarkable improvement in the operation of US nuclear
plants, he noted, Fogether with upratings this has resulted
in added generation equivalent to the outpul of 18 new
plants. Noting that the US Nuclear Regulatory Commission
had originally issued licences for 40 years, he slated Lhat
30 plants have received licences for extended life, with 18
under review and 23 proposed. He acknowledged thal Lhe
USNRC had streamlined ils process and was now approving
licence exlensions in two years.

Colvin claimed that public supporl was greater than most
of us perceive and is greatest near existing plants. The risks
associated with licensing and financing are improving but
there is still concern aboul future markets. Nevertheless,
he sald, there are 19 corporations looking seriously at
new nuclear plants. “I expect a new proposal in 12 to 18
months”, he said in closing.

Elston then introduced Linda Keen, president ol the
Canadian Nuclear Safety Commission. noling that she had
just been elected president of the Third Review Meeting of
the Convention on Nuctear Safety to be held this year. She

is the immediate past-president
of the International Nuclear
Regulators Association.

Keen began with reciting the
challenges she presented at the
2004 Seminar: provide specif-
ic input; develop a strategic
communication plan; develop
standards beyond regulatory
requirements. The progress on the last two has been poor,
she said. She then referred to the pressures on the GNSG,
noting the demands of various stakeholders: government;
international; industry; and the public who, she stated, are
the CNSCs primary clients. She then reviewed progress
in various areas: nuclear power plants, nuclear medicine,
uranium mines and mills, waste management, safeguards.
(The prepared text of Ms. Keens presentation is reprinted
in this issue of the CNS Bulletin.}

The luncheon speaker was Jesse Ausubel, director of
the Program for Human Environment, and a senior research
associate at the Rockefeller University, who Lilled his talk,
“Renewable and Nuclear Heresies”. So called “renew-
ables” are not really “green”, he asserted. After noting the
“decarbonization” of energy sources through increase of
the hydrogen to carbon ratio, he showed the immense iand
space that would be required for biomass, wind, or solar lo
supply all of our eleclricity. To a question he commented
that because nuclear is too identified with electricity other
applications should be sought.

After lunch the first speaker was Robert Van Adel, presi-
dent of AECL, who gave a strong recital of his company’s
capabilities. AECL has a total life cycle approach, he said,
involving: refurbishment; reactors; services; waste manage-
ment; and delivery capability. e showed an illustration of
retubing machines taken from a 30 minule video,

e noted that while other vendors may offer ong-ofl proj-
ects they do not provide on-going benefits Lo Ganada such
as sustaining the domestic industry. To keep the new build
oplion open we musl start the approvals process now, he
asserted. Starling a site-specilic environmentat assessment
now could make a convincing public case for a new CANDU
plant. In his concluding remarks he stated, “It is my firm
belief that Canada will remain CANDU couniry.”

William Griffith, vice-president,
of Bechiel Power Corporation,
provided an overview of nuclear
activities in countries around the
Pacific basin, which he named
as: USA, Canada, Mexico, Japan,
China, Korea, Taiwan and Russia..
'This is the greatest growth market
for nuclear , he commented, with
20 unils under construction and
between 40 and 60 units planned. e gave operation data
showing capacity factors ranging from 64% for Canada to
929% for Korea and the USA.
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He then went into some detail on the situation and pros-
pects in USA, Japan, Korea and China. US plants have had
outstanding performance, he stated, bul no new plants are
planned. Japan proposes 11 new units by 2011 but is facing
public opposition because of a series ol accidents and inci-
dents. Korea has 18 units operating and 8 under construction,
including two 1400 MW plants of Korean design. China has
issued an invitation to bid on 8 units to three foreign compa-
nies: Westinghouse; AREVA / Framatome; and Alomstroexport
of Russia, with a decision scheduled for the end of 2005.

In closing he repeated the dominance of the area in
nuclear consiruclion. Many of Lhe countries are striving to
be less dependant on energy imports, but all are facing the
need to resolve the spent fuel disposal issue,

The final speaker, Philip Prince, president of the
Canadian Energy Research Institute, began by noting that
a new review of energy in Canada by his institute would be
issued soon. He observed that if all the world used as much
energy per capita as in North America the world's energy
consumption would increase by five times. After brielly
surveying various energy sources he concluded with these
“ouesses” for the future:

e il production will peak then decline

* gas production will grow in the short term, peak, then
decline

e coal production will remain stable

» gl fossil fuels will increase in price

o there will be more skringent environmental rules

e renewables and nuclear wilt face off.

Following a briel closing message from CNA president
Murray Elston the remaining delegates gathered for final
conversations while enjoying the closing reception.

Several companies and organizations provided significank
support through sponsorships; such as AECL for the open-
ing reception, AREVA for the lunch, Bruce Power [or the
breaklast. Other sponsors were: OPG, Wardrop, Babcock
& Wilcox Canada, Zircaloy Precision Industry, GE Canada,
NB Power, MDS Nordion, Cameco, Aecon, Hydro Quebec,
Kinetrics lan Martin, Canatom NPM, Comstock, RCM
Technologies, UOIT, Dameco and the CNS. Many of those
had booths in the exhibition.

Scenes from the CNA Nuclear Industry Seminar 2005
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Canada’s Changing Nuclear Environment
— The Challenges Ahead for Canada’s Nuclear Regulator

by Linda J. Keen

Ed. Note: Following is the basic text of the presentation
by Linda Keen, President and CEQ of the Canadian Nuclear
Safety commission to the GNA 2005 Nuclear Industry
Seminar held March 10, 2005 in Oltawa.

As the title for your seminar implies — The Nuclear
Renaissance — Powering Up - the Canadian nuclear industry
seems poised Lo experience significant growth In all seg-
ments of the nuclear cycle and in virtually all arcas where
nuclear substances are used for industrial, medical or other
purposes. And this growth has obvious implications for the
Canadian Nuclear Safety Contmission, as the regulator.

The CNSC exists Lo protect the health, safety and security
of our client, Canadians, to protect our environment and o
ensure that Canada's commitments on the peaceful use of
nuclear energy are respected. It is the very essence of our
mandate - and its a commitment thai we will never lose
sight of whalever new growth or new demands are put upon
us in the future.

I would like to outline for you some of the challenges that
the CNSC faces as the industry moves forward on a path of
growth and development, however I would like to Lake a few
minules Lo speak about three challenges that | put before the
industry last year, al your Winter Seminar:

The first challenge was for the industry to provide specific
input into the CNSC's planning process. Through our envi-
ronmental scanning, we had identified a range of potential
changes in the nuclear industry over the next ten years.

I explained last year, that as a regulator, our ability to
respond to future challenges depended on a better dialogue
with the industry on the specifics of your plans. And that only
by having clear indications of where the industry is planning
to make changes or additions could the CNSC plan Lo regu-
late these facilities effectively and efficiently.

I am pleased to report that we have received an excellent
response by the industry. Individual licensees, under the pro-
tection of commercial confidentiality, have cooperated and
provided us with full and appropriale details of their future
plans. However, in most cases, the decisions regarding reac-
tor refurbishment and new builds rest with respective provin-
cial governments, and licensees are often nol in a position to
indicate to us their firm plans. This lack of concrete informa-
tion remains the biggest area ol uncerlainty for the CNSG in
planning for future projects, which would require signilicant
planning, and significant resources.

The second challenge 1 put before the CNA last year was
for your industry to develop a strategic approach to both

proactive and reactive communications. The GNSC, as a reg-
ulator, cannot communicate on industry issues as we must
remain neutral. Our role is, and must remain, to ensure that
nuclear operations in Ganada are safe and secure and this Is
what we communicate Lo our stakeholders.

In my opinion [CNA president] Mr. Murray Elston has been
very proactive in addressing the issues that have been raised
by the public. Communication and consultation are extremely
important elements in winning and keeping the public’s trust

_—in fact, | would say this is key to your future development.

| note however, that communication efforts by individual
companies have been mixed. Some companies are very active
in maintaining an ongoing dialogue in their communities
— others are not. | would suggest to the CNA that there is
more work to be done in benchmarking your members’ com-
munication activities and practices. You could benefit greatly
in sharing with each other your best practices when it comes
Lo your communications and consultation programs,

The communications efforts by individual
companies have been mixed.

The third and final challenge that I put before you last
year, was for the industry to develop approaches that exceed
regulatory standards. The CNSC standard is the standard
required for health and safety. I indicated thal you should be
striving to exceed this level in your day-to-day activities — a
need for you to implement your own standards [or safety and
security, for environmental protection and for stakeholder
engagement. | regret to say that my assessment of your suc-
cess in this area is lower than in the other two areas. We are
told that the industry is prepared, on a voluntary basis, to
reach standards that would be in place with, or without the
presence of the CNSC. Yet, in terms of progress, we see only
modest steps of the industry working together to develop
your own standards.

A positive sign is the industry response following the
events of 9/11, which required a number of enhanced physi-
cal prolection measures be implemented al major nuclear
facilities. In order to achieve a standardized approach in
implementing these new security requirements, the industry
formed the Inter Utility Security Working Group. This group,
which includes representatives from the nuclear power reac-
tors and the major research establishments, has been meet-
ing on a regular basis to discuss lopics of mutual interest
such as developing standardized approaches to physical pro-
tection measures as well as reviewing proposed regulatory
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security standards and guides. The CNSC has participated on

a regular basis al these meetings.

Another positive indicator of industry moving to higher
standards is the work of the CNAs Regulatory Affairs
Committee on regulatory matters. The commitiee has become
much more stralegic and more proactive in working with our
Regulatory Affairs and Operations groups. They have been
working on areas where both the regulator and the industry
have identified opportunities to improve our effectiveness
and our efficiency. As an example your Regulatory Affairs
Committee has prioritized several areas for future discussion
with the GNSC.

However, more could be done, for example, in working
together Lo have clear integrated plans on waste manage-
ment.

Now, let me turn to the guestion of Nuclear Renaissance
and share with you the challenges that confront the CNSC in
this period of increased activity.

Here are some of the key pressures and decisions that both
industry and government are facing:

Increased demand for electricity arising from economic
growth, environmental pressures Lo pursue emissions-free
electricity supplies as well as aging nuclear power plants
have placed the restart and refurbishment of Canada’s [leet
of nuclear reactors high on industry and governments energy
priorities;

The possibility of new fuel designs and fuel mixes;

* Rising prices and demand for uranium is resulting in
accelerated exploitation of existing uranium ore reserves
and exploration for new uranium resources;

+ Governmenls and industry are addressing legacy wasle
issues by constructing nuclear waste management facti-
lies;

* [acilities Lo treat cancer using nuclear medicine Lech-
nologies are expanding as the population ages and
cancer rates rise; and

» International obligations with respect to verification of
the use of nuclear substances for peaceful purposes
have extended to other facilities in the nuclear fuel cycle,
and new verification measures have been introduced.

This represents our early assessment of polential industry
developmernts.

Balancing Demands

The CNSC is faced with demands from four groups of
stakeholders:

s government / parliament
+ public and other stakeholders
» industry / licensees
All of these groups, including licensees, believe that thelr
demands are the most important. What are those demands?

From Government/Parliament:
There has been an unprecedented demand from central

agencies and Parliament for increased accountability. I
believe the CNSC is well governed and we have illustrated
this in all areas where we are accountable: from our finan-
cial and auditing obligations, to official languages, to human
resources, 1o privacy matters, to access to information. This
excellence and this high level reporting are not withoul cost
in time and resources. The CNSC will endeavour, through
proactive streamlined reporting such as our RPP and our
Annual Report, to address these requests efficiently.

But, there is definitely a need by Parliament to see tangible
reporting of accountability and good governance. The CNSC
has shown ils commitment to improving its effectiveness
as reflected in the OAG's report released in February. The
December 2000 report of the Office of the Auditor General
stated that the CNSC needed fo improve iis regulatory
regime to ensure that it continued to protect the health and
safety of Canadians. In response, the CNSC embarked on an
improvement program o address their recommendations but
with the higger objective of being “best in ¢lass.” [ am very
pleased to reporl that the OAG released a report last month
that was a follow-up to the 2000 findings and Mrs. Fraser,
Canada’s Auditor General stated in a press briefing that “the
CNSC has made significant progress in acting on the recom-
mendations we [the OAG] made in 2000 on the licensing and
regulation of nuclear power reactors. She added “the [CNSC
stood] out as an example of an organization that took [the
0AG's] recommendations very seriously...”

1 would also like to point out that the CNSG is very sup-
portive of the Government’s Smart Regulation initiative. The
CNSC's regulatory regime will continue to evolve to meel new
understanding of risks, changing expectations of governments
and the public, and an expanding nuclear induslry. As an
independent regulator, the CNSC has been implementing the
principles of smart regulation and will continue to do so.

The Public and other Stakeholders

And this leads me to the public - the Canadian cilizens
who are our only clients. They expect us to deliver on our
obligations to protect their health, their safety and their
environment with regards Lo Canada’s use of nuclear energy
and materials. They also want a greater oppertunity Lo voice
their concerns directly to decision makers as we licence and
regulate nuclear activities. We have a limited budget to com-
municate widely with Canadians but we do undertake crucial
communications activities for industry stakeholders includ-
ing licensees, the public, interest groups and others. These
include our web site and new publications on the CNSC.

The CNSC itself has been active this past year in meeting
stakeholders, including community leaders, environmental
groups and union officials, Lo assure them of our consistent
oversight of the nuclear industry. Our Outreach Program is
largeted to areas where we are able Lo identify clear value to
our mandate. For the GNSC, outreach is communicalion with
stakeholders on issues or information of mutual interest, lis-
tening 1o the views received, and acting where appropriate.
This type of effective communication and consultation helps
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to achieve the CNSC's strategic objective of transparency and
helps us work lowards cne of our goals of altaining public
confidence in the nuclear regulatory regime’s effecliveness.

From Industry/Licensees
Licensees have several expectations from the CNSC. These
include:

+ an efficient organization which carries out its respon-
sibilities and respecis the value of financial and human
resources.

+ an organization that provides a clear regulatory frame-
work so that licensees have a clear understanding of our
expectations.

s an organization that has been structured and is managed
in such a way that it is ready to handle the necessary
workload in a timely manner.

How is the CNSC responding lo these industry/licensee
expectations?

Nuclear Power Plants

In the area of nuclear power reactors, the CNSC has realized
that the current management structure and processes would
not provide the necessary support for our regulatory work.
We have embarked on what 1 would describe as our largest
and most ambitious improvement program since ! became
President of the CNSC more than four years ago. We have set
in motion the development of the Power Reactor Regulation
Improvement Program - or PRRIP — which was launched in
November of last year. The first major initiatives of the pro-
gram which involve major organizational and management
changes will be completed by the end of this month.

The program focuses on five key areas:
¢« Planning and Reporting;
¢ Process Management of Compliance;
» Process Managemeni of Licensing;
s Risk-informed Approach; and
« Information and communication.

Although there is a significani amount of work required in
addressing these, we believe, and through our consultations
with licensees, we know you believe, that this work is worth
the effort to increase our effectiveness, our elliciency and
our common approaches, which include the development of
performance standards.

We expecl that improvements in the power reactor pro-
gram will continue for the nexl two or three years.

Nuclear Medicine

Licence applications from Class Il nuclear facilities — prin-
cipally cancer ireatment facilities — have grown 86% over
the past [our years. We are expecling another increase of
nearly 15% again this year. This increase is in response
to Increased funding by governmenls to reduce wail limes

o

for critical illnesses provided in the recent health accord.
The use of nuclear substances for diagnostic purposes and
procedures, which need to be reviewed and licensed by the
CNSC, have also increased significanily.

Environmental Assessment

Two years ago, the CNSC began [o streamline scme areas
of our regulatory oversight related to environmental assess-
ments which resulled in an improved GNSC-CEAA program
— the February 2004 Canadian Nuclear Safety. Commission
— Guidelines for Environmental Assessments pursuant o the
requirements of the Canadian Environmental Assessment Act.
Following that, we began two additional activities: the track-
ing of three projects against the revised CNSC-CEAA process
and a comprehensive independent review of how the CNSC
conducts environmental assessments, CNSC staff believes
there is room [or improvement within both the Canadian
Environmental Assessment Act (CEAA) and the Nuclear
Safety and Controf Act (NSCA) and to that end, this will be
discussed with the Commission at our March 23rd meeting.

New Reactor Projects

Although the CNSC has not received an application to
licence a new nuclear power plant, GNSC staff have taken
the unprecedented move of developing a new licensing basis,
starting with the new documenl Licensing Kequiremenls
for the Design of New Nuclear Power Plants which will be
finalized for trial use this year. This document is based on
JAEA document NSR 1 and will provide clarity for the licens-
ing of new and exisling NPPs through a cleser alignment of
Canadian requirements with international practices and the
adoption of a more risk-informed approach to licensing.

The CNSC is prepared to engage in technical reviews such
as the current ARCL Advanced CANDU Reactor (ACR) which
will provide a statement indicating whether there are any
significant issues that would potentially prevent granting a
licence to prepare a site, construct or operate such a reac-
tor in Canada. This stalement will also indicate under what
condiLions a licence could be issued, if lechnical issues were
identificd. To the extent practical, all reviews are conducted
against a new set of lechnology-neutral requirements devel-
oped by CNSGC stalf and final choices will remain with the
operator. The regulatory review is paid for by the vendors.

Uranium Mines and Mills

For mining projects the CNSC has decided thal it must
devote more resources Lo project planning so that we can
continue to document the progress and proposed schedules
on mining projects. In the long term, it will resull in a more
formal record for consultation and tracking of progress, Lo
identify what is working well and determine the areas where
either the CNSC or licensees need Lo improve elfectiveness.
This development is in response to a lack of clear under-
standing by the licensee of the regulatory oversight require-
ments and of our limelines.
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Waste Management

In the area of waste management, we could see over the
next few years, some large projects that will place heavy
demands on regulatory planning and oversight. These proj-
ects could include the low-level and medium-level waste sites
at Kincardine and the work at the Whiteshell and Chalk River
Laboratories. Further work will also be needed at the Port
Hope low-level waste siie.

Also, the Nuclear Waste Management Organization’s Draft
Study Report will be released this Spring and will include the
NWMO's recommendations to the Government of Ganada and
allow for public review and comment before the final Report
and its recommendation are submitted to the Minister of
Natural Resources Canada by November 15, 2005.

We lack in Canada a forum or mechanism to consider all
areas of waste management. There is a need for clear inte-
grated plans on how spent fuel and radioactive waste will be
managed in order to ensure continued safety into the future.
This must be consistent with the expectations laid out for
Canada in the report from the Joint Convention on the Safely
of Spent Fuel Managemeni and the Safety of Radioactive
Waste Management. | believe that key industry leaders share
my view that the initiative to create and implement an inte-
grated wasle management strategy must be taken by indus-
try, in cooperation with Natural Resources Canada.

International Stalceholders

Safeguards

In the face of almost daily media reports on the dangers
of nuclear prolileration, it came as no surprise last month
when Prime Minister Paul Martin recognized the “serious”
nature of this threat in his remarks in Brussels to the Summit
of NATO leaders. For this audience, the implication is clear:
For nuclear energy programs Lo grow and to prosper, there
must be confidence that all countries and all aspects of the
worldwide nuclear industry are meeting their international
commitments to use nuclear energy solely for peacelul pur-
poses. Canada is subject to this enhanced scrutiny in ensur-
ing peaceful uses of nuclear energy.

The CNSC is responsible for implemenling the neces-
sary regulatory systems to ensure that the Government of
Canada’s international obligations are respecled In this
regard. For a country with significant export in nuclear
materials and radioactive substances and with a significant
domestic dependence on the supply of electricity from the
peaceful uses of nuclear energy, we cannot afford compla-
Cency.

From the front-end of the nuclear fuel cycle to nuclear
power plants and waste management facilities, both the
CNSC and indusiry must design better approaches o meet
our needs for a national safeguards system that is better
than present approaches, that is a made-in-Canada solution
and that meets our international obligations.

Convention on Nuclear Safety

As you may know, 1 was asked by my peers in the
international nuctear regulatory community to accept the
appointment of the Presidency of the Review Meeting of
the Convention on Nuclear Safety to be held in Vienna next
month. It was an honour for me to accept this nomination,
but more importantly, 1 feel it is a validation of Canada’s long
history of commitment to ensuring a safe nuclear regime. I
wish to state the importance 1 place on Canada being ready
to subject itsell, both regulator and industry together, to the
rigorous peer review of the other 58 signatory countries to
the Convention.

Canada’s delegation will be led by the Director General
of Power Reactor Regulation, Tan Grant, and will involve
industry as well. Canada has already placed its report and
the answers {0 the peer questions received from the other
delegations on the CNSC Web site and also linked this infor-
mation to the IARA Web site in Vienna. And for the first time
ever the head of Canada’s delegation will hold a press brief-
ing at the end of the meeting to discuss with the media the
results of our peer review. [ want to state clearly to you that
my vision for this Convention and for this process is one of
transparency. [ fervently believe our willingness to be trans-
parent throughout this entire process will determine how
citizens of Canada and citizens of the world perceive us and
whether the public is prepared to confide their trust in us.

[ have tried to briefly outline for you the many issues that
face the CNSC as a result of licensee activity and expecta-
tions. To get a more comprehensive view of the CNSCs plans
for the next few years, [ encourage you Lo obtain and read a
copy of the CNSC's 2005-2006 Report on Plans and Priorities
when it Is tabled in Parliament later this spring.

The CNSC

As you can see, we have many demands from our various
stakeholders. The CNSC’s vision, stralegic objectives and
work plans all seek to find a balance between these multiple
and sometimes conflicting demands.

The growth in nuclear activities that 1 have described to
you today is placing pressures on the CNSC that cannot be
mel with existing resources. The CNSC will be seeking lo
address these pressures. It is a vigorous and challenging
agenda for the CNSC. Allow me to conclude my remarks
by saying 1 strongly believe that the CNSC is a world-class
regulator that is prepared to meet international standards,
[hat is prepared to commit to effecliveness without equivo-
cation, vet still maintain ciear objectives of transparency,
efficiency and continuous improvement. The CNSC's vision
and strategic objectives have a purpose. That purpose is to
ensure safety.

For further information on the CNSC go Lo its website
<www.nuclearsafety.gc.ca>
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OPG Chairman Reports on Nuclear Progress

Ed. Nete: Following is a slightly edited version of the text
of the presentation by Jake Epp, Chairman of the Board of
Directors of Ontario Power Generation to the CNA Nuclear
Industry Seminar, March 10, 2008, in Ottawa.

Introduction

The past year at Oniario
Power Generation has been
challenging, intense, and gen-
erally positive. We are in
the process of renewing OPG.
This includes the creation of
a new Board, which is almosl
[ully constituted. We now
have 11 of 12 Board members
in place who bring to the com-
pany impressive business cre-
dentials, including significant nuclear operating experience.

OPG’s three major prioritics over the past year have
been cost conlrol; Pickering A Unit T return Lo service; and
improving the performance of our generating stations. They
remain our priorities Loday.

We generate electricity from nuclear, hydroelectric and
fossil-fuelled stations. Nuclear generation represented
40 per cent of our production in 2004. Almost twe thirds
of our employees work at our nuclear stations, or directly
support them. Nuoclear is an area of our business where
we have made improvements, but where there are further
opporbunities Lo improve.

Efficient and safe nuclear operations are key
to our success. Good nuclear performance is
also extremely important to the province.
Ontario is the engine of the Canadian econo-
my, representing more than 40 per cent of the
country's GDP. Over the next few years, the
province will need more power, to support ils
growth and to replace coal-fired generation,
which the provincial government intends to
phase out. Ontario needs nuclear power ko
help keep the price of electricity competitive.

OPG's nuclear generators are very well
positioned Lo help the province meel its
electricity needs — by increasing production

" Jake Epp

Our priorities
_ remain:
cost c'ontro_l;.__
: __i*eturh _-
Pickering A-1

to service;

A successful nuclear program puts safety first, and then
seeks to maximize production while controlling costs. A
successful program is also socially responsible.

The new regulated price for the output from our nuclear
stations makes these nuclear objectives even more impor-
tant. Qur facilities will receive a price of $49.50 per mega-
walt hour. We have a clear motivation to keep the lid on
costs and to continually improve our production of terawatt
hours, while also maintaining good public and employee
safety performance.

QPG will also eventually be subject to annual public
reviews of our cosls and our operations. We welcome a new
emphasis on openness and transparency.

Progress

To review the progress we have made lowards becom-
ing a successful nuclear operator T'll begin with a brief
discussion of our 2004 results and some early results for
this year to date. Then I will give an update on how we are
meeting our commitments on the Pickering Unit 1 return to
service. I'll conclude with a few comments on our efforts to
reach a social consensus on the question of nuclear waste
management.

A year ago, OPG was under the microscope. We were
responding to the recommendations of the Pickering A
Review Panel, which I chaired. We were also working with
the OPG Review Committee, chaired by the Honourable
John Manley, whose mandate included a review of the
potentkial return of Pickering Unit 1. 1 also
served on this panel, along with former
Scotiabank Chairman Peler Godsoe.

The two reviews clearly highlighted the poor
performance of the company’s nuclear opera-
tions, and each focused on cost and schedule
overruns alb the Pickering A Unit 4 return to
service project.

Another review of OPG, this one by KPMG
carly in 2004, looked at how the companys
poor performance in the nuclear area — spe-
cifically the Pickering A Unit 4 project and the
nuclear performance improvement program
initiated in 1997 - had jeopardized the finan-
cial future of the company.

from our existing stations; by returning laid- - im rove _ _ _ .

s b senice:and by rhabllangnd TP 0TS s e b s e B
extending the lives of the staktions as they erformance ' - ! / ”

reach their current retirement dates. P — specilically in the areas of production and
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cost conirol - while maintaining our already very good
safety performance.

Our 2004 nuclear results show that we made some very
good progress.

Production was up at each station. Darlington led the
way with an increase of 7 per cent in electricity produc-
tion, and a capability factor of 87.5 per cent — up from 81.7
per cent in 2003. Darlington Unit 2 led all
Canadian nuclear units in terms of capabil-
ity factor, at 96.2 per cent. Darlington Unit

will lead to more dependable and predictable performance.

Our employees know that this is a destiny issue for them.
If we can get the performance at each s{ation to where we
want it, then we can make a case Lo extend the lives of the
stations. If we fail, then our Board and our shareholder are
unlikely Lo authorize investments in life extension.

Across the nuclear business, our employees have
improved their performance over the past
three years, as measured by a human per-
formance metric we employ. The number of

4 was only slightly behind, at 95.1 per cent. Our biggest human performance events — in other words,
The Darlington station had the highest capa- o errors that can lead to lost production — con-
bility factor of any multi-unil nuclear station challenge tinued the steady decline achieved over recent
in Canada lasl year. ) yvears, and amounted to only half the number
Pickering B increased production by 4 per Is to expected in 2004.
cenl, and increased its capability factor from . Through our nuclear workforce planning,
67.5 per ceni Lo 69.7 per cent in 2004. Unit improve we have projected an increased rale of retire-
5 had a very good year with a capability factor ments as many employees reach relirement
of 92.6 per cent, our age. To offsel the retirements, we have put in
Last year was the first full year of operation i place a multi-year recruitment campaign for
for Pickering A Unil 4 since it was returned. " forced. operators, maintainers, and engineers. We
Its capability factor improved from 70.3 per : L have also had some very constructive inpul
cent for the last four months of 2003 to 73.3 outage [rom our unions in this very important issue.
per cent last year, indicating thal we are get- In support of our workforce planning, we
ting the kinks out after the long shutdown. Performaﬂce continue to build relationships with major

Our employee safety performance was
strong again last year. Bolh the Accldent
Severily Rate and the All Injury Rale, which
measure days lost and frequency of injury, were sol-
idly in the top quartile according to Canadian Electricity
Association stalistics. As of early this week, Pickering A
Unit 4 has gone more than a year, and Darlington almost a
year, without a lost time accident. Pickering B had a lost
time accident last month, but before that it went close to a
vear and a half without such an occurrence, its best safety
performance ever.

We now have a much beller understanding of the mate-
rial condition of our stations, following a comprehensive
inspection program. We lrack the physical condition of
each major system through each station’s Plant Condition
Index. We have a good handle on where we need to invest
money in routine maintenance and during planned oulages
to improve performance.

Our biggest challenge is to improve our [orced outage
performance. Last year we improved performance on
planned outages. While the number of planned outage days
exceeded our business plan, this was mainly because we
advanced fuel channel work into the 2004 planned outages.
Without the added work, we were close to delivering the
planned outages on schedule and cost. Thats better than
previous years.

Qur goal is to fix the equipment thal needs Lo be fixed,
and 1o eliminale other problems that cause forced outages.
At Pickering B, for example, we have developed more than
3,000 work orders that are ranked in order of importance.
Each one is to be completed over the next three years. This

universities and colleges. For example,

we work closely with Durham College and

the Universily of the Ontario Institute of
‘Fechnology on the design of their courses, which prepare
their students for a career in the electricily industry. We
have also established six research chairs at Ontario univer-
sities, and with our induslry partners we helped the univer-
gities to create a Masters degree in Nuclear Engineering.
We are now atltracting a number of top engineering gradu-
ales to OPG. They telt us they chose to work in the nuclear
industry because of our emphasis on training and profes-
sionat skills developmerdt.

I mentioned the support of our unions: Power Workers'
Union; society of Energy Professionals; Canadian Union of
Skilled Workers. The leadership of these unions is com-
mitted not only Lo its members, buk also to the health and
prospects of OPG going forward. In my conversations with
the union leadership over the past year, I know that they
fully understand the connection between sltrong nuclear
performance and a strong OPG.

I also wanl to acknowledge the importance that we place
on our relationship with the regulator, the Canadian Nuclear
Safety Commission. Recently we applied for a five-year
license for Pickering A, the same term that we have for
Pickering B and Darlington. 1 recall that back in 1996 the
performance at Pickering resulted in only a six-month license.
In recent years, OPG has worked hard to improve the salety
and operating performance across the nuclear fleel. We rec-
ognize that we have the principal accountability for nuclear
safety. We also respecl the oversight role of the CNSC, which
encourages us lowards continuous improvement.
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A final area of nuclear performance that 1 want to address
is cost control. In 2004, we delivered our program, including
the additional outage work, while remaining below budget.
We also decreased our cost of production in 2004. In the
new, regulated price environment, cost management — while
meeting production targets — will be the key to our financial
success and the future viability of OPG going forwart,

The performance of our nuclear stations for the first
two months of 2005 has been encouraging. To the end of
February:

* Darlington had a gress capability factor of 96.7 per
cent,

* Pickering B was at 89.2 per cent {which is all the more
impressive given that Unit 5 has been in a planned
outage since February 10), and

* Pickering A Unit 4 was at 99.6 per cent.

Pickering A, Unit |

Now [ would like to turn to another area where we have
made good progress — the Pickering A Unit 1 project.

During the first half of 2004, we completed all the neces-
sary planning work for the Unit 1 return to service. In July,
the Ontario government endorsed our Board’s decision that
we proceed with Unit 1. The target date for completion
of all construction was June 1 of this year, and the total
budget was $900 million.

As of early this week, we are 83 per cent complete. In
November, we slighlly revised our budget and schedule,
with construction expected Lo be complete between early
June and mid July, and the total budget forecast to increase
by $75 to $100 million.

The push on budget and schedule resulted from delays
in mobilizing the construction force during the busy
summer construction season. We also experienced lower
than expected productiv-
ity during the [all. As a
result of the close part-
nership between man-
agement and conlrac-
tors, productivity levels
have improved signifi-
cantly since then.

Our schedule con-
tinues Lo see commis-
sioning beginning in the
summer and for Unit 1
to be fully back on line
in the early Sepiember
o mid October period.
Given the size and com-
plexity of the project,
and a cerlain amount of
new work that has been
identified during con-
struction in the almost

/iew of Pi cering NGS with “A”

thirty-five year old Unit 1, we feel we have remained close
to budget and schedule on this project.

This must be one of the most complex construction proj-
ects in Canada. The project consists of more than 20,000
construction tasks. We have purchased more than 18,000
unigue parts, and almost 3 million individual parts. We are
installing 204 kilometres of new electrical cable, and 26
kilometres of new pipe to house the cable. Our scaffolding
includes 6 kilometres of ladders.

Pickering A is the oldest nuclear station in Canada, and
was designed with much more eguipment inside nuclear
coentainment compared to later stations. This means that
for many of the tasks performed in the project, our workers
have to be protected from radiation. Thal makes the job
tougher, and productivity lower. [t takes a lot of time to
suit up, bring materials through airlocks, and work while
encumbered in a plastic suil and a breathing apparatus.

To ensure that we keep Lo the current budget and sched-
ule, we have a very high level of project tracking and over-
sighl al Pickering 1. This is one of the biggest changes in
the Pickering 1 project compared to the earlier Pickering
4 project.

OPG's project managemenl lracks progress using a
number of metrics. The three main metrics are a Schedule
Performance Index, a Cost Performance Index, and an
Earned Value reporlt. These are updated daily, and con-
solidated weekly, for management reporting.

The project’s schedule, budgel, and risks are discussed
ai weekly meelings involving the senior management of
the company and the independent auditors. Project man-
agement and the independent auditors also make reports
Lo each meeting of the Pickering A Oversight Commillee
of the Board, and the project is discussed in detail at
each full Board meeting.

The next two months will be critical as we complete
individual projects and
begin Lo tie everything
together. This is the
most intense parl of the
schedule. Work areas
are getting congested, as
various crews converge
1o tie syslems and equip-
ment logether.  This
makes scheduling and
work execution a chal-
lenge.

We remain cautiously
optimistic that we will
have this unit operating
in the fall. There are still
risks, but we are man-
aging them. The per-
formance metrics that
we have put in place for
the Unit 1 project have

units in foreground.
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worked well. The determination of our proj-

agreement between OPG and Kincardine to

ecl managers to execute the project has been L W'aste" o move forward to the regulatory review phase.
unwavering. The teamwork and commitment _ _ The Municipality polled its residents and
of our employees and our contractors has management. received a strong endorsement. 1 would like
been remarkable. = to congratulate the Mayor and his Council

isa. .. ... on their farsightedness in considering the

Social responsibility
A third area that defines nuclear success is
demonstrating social responsibility. This is

stations, for example, we have partnered with

destiny iés_Ue

health and well being of their community
and working with OPG on this difficult issue.
I would also like to thank the other com-

Concluding comments

an area that we work hard on each day, cspo- fOI‘OLII" X munities involved for their participation and
cially at our station communities. . support.
In the communities around our Pickering - . mdUStrY g

more than 225 local groups over the past

three years. In the Darlington communities,

our partnership has extended to 190 local ini-

tialives over this period, We aiso keep community leaders
informed aboul our activities, and we communicate regu-
larly with our station neighbours through a newsletter and
advertisements. We encourage our employees to be active
in the community and to support local charities through our
annual charity campaign.

We also strive to have a posilive economic impact on
our host communities. In the Pickering community, for
example, we recently opened a new office building near the
Pickering stations. We are moving 400 employees from our
head office in Toronto o be closer to the generating sta-
tions. In the process we are benefiting the local economy.

One aspect of our social responsibility [ particularly
wanl to comment on is the work of OPG and others in the
nuclear industry to develop a social consensus on manag-
ing radioactive wasles.

There are two processes underway. The [irst is headed
by the Nuclear Waste Management Organization, known
as the NWMO, which is an entily sei up under fed-
eral legislation and led by Elizabeth Dowdeswell. The
NWMO’s mandate is to consult the Canadian public, Lo
propose approaches for the management of nuclear fuel
waste, and to submit a recommendation to the Canadian
Government on long-term used Miel management. This is
a destiny issue for our industry.

Senior executives of OPG, Hydro-Quebec and New
Brunswick Power constitute the Board of Directors. OPG
is taking a strong interest in the work ol the NWMO through
our participation on the Board.

The second waste managemenl process is unfolding in the
host community of our Western Waste Managemenlt Facilily,
adjacent to the Bruce nuclear stations. The Municipality
of Kincardine and OPG have completed a three-year study
ol alternatives [or the long-term management of low and
intermediate level wasle.

This resulted in the selection of a Deep Geologic
Repository as the preferred alternative, as well as an

The past year has been generally positive.
The progress made to date towards a societal
consensus on the management of nuclear
waste is certainly a major positive. Our experience on
the Pickering A Unit 1 project, as we approach the final
stages of construction, has been very good. And finally, we
are encouraged by the improvements we have made in the
areas of production, mainienance, and cost control at our
nine eperating nuclear units, while maintaining high safety
levels.
I won't say that we have turned the corner yet. Bul I will
say that we have achieved much over the lasl year thal
gives me hope and confidence for the future.
[ would like to make two linal observations..
¢ First, on behalf of the OPG Board of Directors, I want to
express my appreciation o the senior management of
the company, our nuclear executives and all our nuclear
employees for the excellent job they have done over the
past year.

* Second, 1 want to make a general observation aboul the
Canadian nuclear industry.

Canada is a small country in population. Yet, despile
our small size, we are home Lo a number of major, world
class industries — industries such as telecommunications;
financial services; transportation; resource exploration and
development; and, of course, our nuclear energy industry.

Nuclear energy is a major Canadian success story. IUs
a homegrown Lechnology. It has delivered significant ben-
efits to this country in terms of jobs, economic growkh,
technological innovation and international prestige. It's
been a source of vast quantities of sale, reliable, afford-
able energy that are free of emissions contributing Lo
smog and giohal warming,

[ urge you o coniinue to work together for the good
of the nuclear industry. We all share a common goal - Lo
ensure that nuclear energy continues to play a major role
in meeting Canada’s energy needs. That is an important
and worthy task, and we at OPG are proud to be associ-
ated with it.
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WIN Canada holds second meeting

Cheryl McCulloch speaks lo the meeling of WIN Canada in
Ottawa, March 8, 2005, The organization’s new logo can be seen
on the screen,

The lledging organization ol Women In Nuclear Canada
(WIN Canada) took advantage of the Canadian Nuclear
Association’s Nuclear Indusiry Seminar in Otlawa March 9
and 10, 2005 10 hold their second annual meeting.

About 60 women and a smattering of men turned ouk for
the gathering which was held on the afternoon of March 9,
prior to the opening reception of the Seminar,

Susan Brisseble, from Bruce Power, who is also a
member of the Board of WIN Global, opened the meeling
by welcoming everyone and quickly turned to the proposed
Terms of Reference for WIN Cananda. Commenls, she said

were requested within a week. She then referred to the
proposed “logo” (see photo) which quickly won approval
on a show of hands.

She was followed by reports from the two WIN branches
that have been established, at Bruce and at Darlington.
Cheryl McCulloch reported for the Bruce group and went
on Lo note that polls had shown the different approach of
women Lo nuclear compared to men. In particular, she said,
women are concerned about the potential effect on chil-
dren. We must explain, she urged her listeners.

Helen Spencer reported for the group at Darlington,
which now has 40 members. They have supported the
relicensing of Pickering A, WIN Global to be held in the
Czech Republic in April 2005 and the proposed WIN Global
in Canada in 2006. The branch is concenlrating on career
development and outreach.

Yvette Amor, with Babcock & Wilcox Canada, gave an
upbeal outline of plans for WIN Global 2006 to be held
in Canada. The chosen venue is “Canadas Technology
Triangle” cenlred on Cambridge, Ontario, and the dates,
May 29 to June 2, 2006. Hotel space has been reserved and
a number of tours and other events planned.

The meeting then broke into “brainstorming” to dis-
cuss four topics: speakers; sponsors; Canadian themes;
Canadian nuclear landscape. The participation was enthu-
siaslic giving the organizers many pages of ideas.

For more information on WIN Canada contacl Susan
Brissetie, e-mail: susan.brissetle@brucepower.com

Conference Tracks:

Analysis.

Climate Change Technology:

Engineering Challenges and Solutions in the 21st Century
May 9-12, 2006 - Ottawa Congress Centre, Ottawa, Ontario Canada

Call for Papers

The Engineering Instifute of Canada (EIC) and its member organizations (which includes the Canadian Nuclear Society) are
organizing the 2006 EIC Climate Change Technology Conference - Engineering Challenges and Saoiutions in the 215t Ceniury. This
conference will examine engineering solutions that either mitigate, or adapt to, climate change.

Interested authors/panelisis are invited to submit a proposal for a manuscript for presentation at a Paper or a Poster Session or
for an elecironic presentation to be part of a Panel Discussion.

1. Policy, Strategy and Regulations; 2. Monitoring & Recording GHG Emissions and Climate Indicators; 3. Engineering for
Mitigation (Reductions and removals of GHG.); 4. Engineering for Adaptation (Allowing for GC in infrastructure design); 5.
Financial and Risk Management; 6. Continuing Education and Engineering Roles; 7. Standards and Protocols; 8. Modeling and

Full information and guidelines for propasals are available on the Conference website: www.ccc2006.ca
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GENERAL news

CAE sells power plant simulator business to L-3 MAPP

In February 2003 Montreal based CAE sold its Marine
Controls Division to L-3 Communications. The new com-
pany will be headquartered in Montreal under the name
L-3 Communications MAPPS Inc. (Marine Automation and
Power Plant Simulation). CAE will concentrate on its avia-
Lion training and simulation business.

The business acquired from CAE has operations in the
United States, the United Kingdom, Norway, ltaly, India
and Malaysia and is a leading global supplier of integrated
marine control systems and products for warships, sub-
marines and high-end ocean-going commercial vessels
worldwide. Since 1973 the former CAE Power Systems
and Simulation team has established itself as a leader in
power plant simulators for the energy sector, with over 30
utilities worldwide benefiting [rom this technology. Most
of the simulators for CANDU units around the world have
been supplied by CAE, including the most recent one for the
Qinshan station in China. (See the cover photograph.) The
group has also upgraded numerous simulalors.

The former CAE business unit will be transformed inlo a
stand-alone company within L-3 Communication. MAPPS

MOU and Agreement with China

In January 2005 David L. Emerson, Minister of Industry,
Robert Van Adel, President and CEOQ of Atomic Energy of
Canada Limited {AECL), Mr. Zhang Guobao, Vice Minister
of China National Development and Reform Commission
(NDRC) and of China Nalional Nuclear Corporation signed
a Memorandum of Understanding that will result in greater
miclear energy co-operation belween the two countries.
Canadian Prime Minister Paul Martin and Chinese Premier
Wen Jiabo witnessed the signing. The MOU will establish a
framework for collaboration on research and development
programs, projects and activities aimed at furthering a
basic understanding of nuclear energy and its applications,
and improving cosl and safety of nuclear energy systems. It
will facilitate uranium resource development.

Two days earlier Atomic Energy of Canada Limited
(AECL) and the Shanghai Nuclear Engineering Research
and Design Institute (SNERDI) agreed to undertake joint

has retained the entire employee population (some 460+
people) thal served the organizalion while part of the CAE
group, and is hiring more personnel to suppori expected
growth. This includes CAE’s former executive vice president
of the business unil (Mr. Rashid Khan), who is now presi-
dent of MAPPS, and his entire management ieam. Other
former CAE operations, now MAPPS unils, are located
in Bangalore (India), Burgess Hill (England}, Drammen
(Norway), Genoa (ltaly}, Leesburg, Virginia (USA) and
Kuala Lumpur (Malaysia).

Headquartered in New York City, L-3 Communications
provides intelligence, surveillance and reconnaissance
(ISR) syslems, secure communicalions systems, aircraft
modernization, training and government services and is
a merchant supplier of a broad array of high technology
products. its customers include the U.S. Department of
Defense, Department of Homeland Security, selected U.S.
Government intelligence agencies and aerospace prime
contractors.

For turther information go io the company's web site at
www,L-3com.com/mapps

programs in the development of advanced CANDU technol-

ogy and products.

AECL and SNERDI will undertake the following:

* joinl engineering work on CANDU operational support
areas including plant life management, maintenance,
and ingpection;

* cooperale on joint development projecls on operation
of CANDU reactors, including fuel management and
fuel cycie studies for existing and future CANDU [uel
designs;

» jointly refine and apply the advanced engineering tools
used by AECL to engineering tasks in CANDU design,
consiruction, and operation.

In 2003 SNERDI eslablished a CANDU [Engineering
Cenire (CEC) in cooperation with AECL to provide Lechni-
cal service for the Qinshan project and to participate in the
design of ACR.

CNS Bulletin, Vol. 26, No. | 37




Cameco Proceeds with Cigar Lake Mine Construction

Cameco Corporation has announced that construction
of the Cigar Lake project will begin this year. This is the
world’s second largest, high-grade uranium deposit after
McArthur River.

Cameco will operate
Cigar Lake on behall of
& joint venture consist-
ing of Cameco (slight-
ly larger than 509%]),
COGEMA Resources Inc.,
a subsidiary of AREVA
(3796), idemitsu Uranium
Exploration Canada
Ltd. {8%) and TEPCO
Resources Inc. (596). On
December 20, 2004, the
Canadian Nuclear Safety
Commission (CNSC)
announced that it had
approved a construc-
tion licence for Cigar
Lake located aboul
660 kilometres north of
Saskatoon.

Cameco anticipates
construction will begin
early in 2005 and take approximately 27 months Lo com-
plete. Production could begin in 2007 followed by a ramp
up period of up Lo three years before the mine reaches full
production of 18 million pounds per year.

In making the development decision, the Cigar Lake
joint venture approved a construction budget of about
$450 million thal includes surface and underground
facilities at Cigar Lake as well as changes to the mill-
ing facilities at McClean Lake and Rabbit Lake, Cameco
expects to fund ils share of construction costs with oper-
ating cash flow and debl.

Locaied in northern Saskatchewan. Cigar Lake is the world’s
largest undeveloped uranium deposit.

Initially Cigar Lake ore will be processed at the mill
located at Cogema’s McClean Lake operation, 70 Kilome-
tres to the northeast. As Cigar Lake production ramps
up lo full capacity, just
over half of final ura-
nium processing will be
completed at Cameco's
Rabbit Lake mill facil-
ity, pending regulatory
approval.

During construction,
a maximum of about
350 workers will be
employed at the Cigar
Lake site. Approximately
250 people will be per-
manently employed after
production begins.

The Cigar Lake deposit
was discovered in 1981.
Test mine development
began in 1987 and was
completed in 2000. An
environmental impaci
stalement was [iled with
the relevant regulatory
authorities in 1995. After a thorough environmental
assessmenl, in April 1998 ihe federal and provincial
governments accepted the recommendations of a joint-
review panel and authorized the project 1o proceed Lo the
regulatory licensing stage. In 2003, a further screening
level environmental assessment was required before con-
struction and operating licences could be issued. The envi-
ronmental assessment study reporl was filed in February
2004 and accepted by the CNSC in July 2004, allowing the
project Lo proceed Lo conslruction licensing.

AECL and MDS engage mediator for MAPLE

MDS Inc. and Alomic Energy of Canada Limited (AECL)
have agreed to seek a mediated resolution of the issues
related to the construction, commissioning and operation
of the MAPLE [acilities in Chalk River, Ontario. These facili-
ties, when commissioned, will exclusively produce medical
isotopes used globally for the diagnosis and treatment of
disease.

Onkario Appeals Court Judge Stephen Goudge has been
appointed as the mediator and will work closely with the
two parties. The Government of Canada has agreed to have
a representative be a formal observer in this process.

Robert Van Adel, President and Chief Executive Officer

of AECL was quoied as saying, “We are eniering into this
voluntary mediation process with the spirit and intent of
arriving at a satisfactory resolution to all of the outstanding
issues and we look [orward to the successful commission-
ing of the MAPLE reactors.”

MDS Nordion, a subsidiary of MDS Inc., commissioned
the design and construction of the two MAPLE reactors at
AECLs Chalk River Laboratories to be dedicated sources
of radioisotopes for medical use. The reactors have not yet
gone into service and are five years behind schedule. The
almost 50-year-old NRU research reactor has coniinued to
supply the radioisolopes during this period.
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This year, 2005, marks the G0th
anniversary of the start up of ZEEP
(Zero Energy Experimental Pile). On
September 5, 1945 at the Chalk River
Nuclear Laboratories, then part of the
National Research Council of Canada,
the small reactor sustained the first
nuclear fission reaction outside of
the United States. This event has come to be known as the
beginning of Canada’s nuclear program. ZEEP was decom-
missioned in 1973 and then further dismantied and put into
storage in the late 1990s.

To commemorate ZEEP's 60th anniversary Afomic Energy
of Canada Limited has arranged for the reactor to be par-
tially reassembled at the Canada Museum of Science and
Technology in Ottawa as part of its Mega Science exhibit,
that opened in mid February. ZEEP will be unveiled in June

ZEEP to be rebuilt at museum for 60th anniversary

and will be an important component of the Museum's collec-
tion for af leasl the next two years.

The Museum’s websile is:
http.//www.sciencelech.technomuses.ca/

Mega Science and the ZEEP exhibit, coincide with the 2005
World Year of Physics (WYP2005). Canada, along with coun-
trites from around the world, is hosting events to mark the
year. 2005 was chosen in ceiebration of the 100th anniversa-
ry of Albert Einstein’s three famous publications in physics:
on the theory of relativity; quantum theory; and the theory
of brownian motion. The Canadian Association of Physicists
{CAP) is organizing Canada’s WYP2003 events with fundrais-
ing and public awareness campaigns. AECL is a major spon-
sor of the event to bring recognition of Canada’s significant
accomplishments in physics over the last cenlbury.

To find out more about the 2005 World Year of Physics,
visit hitp/Awww.cap.ca/wyp/aboutWYP.asp.

Canada signs Generation IV agreement

Canada was among the first five countries to sign in
Febrouary 2005 a Framework Agreement for International
Collaboration on Research and Development of Generation
IV Nuclear Energy Systems. under the Generation IV
International Forum, along with France, Japan, United
Kingdom and the United Stales. Six other countries are
expected to sign.

The Agreement is a signilicant step in the development
of the Generation IV International Forum (GIF), a group
whose member countries are inlerested in joining their
efforts to carry out the R&D needed Lo develop the next
generation of nuclear energy systems. The driving force
behind GIF is to develop nuclear reactor designs for use
heyond 2025 that address the challenges facing nuclear
technologies today. Canada has played a prominent role in
developing the policy framework and providing technical
expertise and leadership.

The Framework Agreement, for which the Secrelary-
General of the Organisalion for Economic Co-operation

NRC President appointed

In February 2005, the Honourable David L. Emerson,
Minister of Indusiry and Minister responsible for the
National Research Council of Canada (NRC), announced
the appointment of Dr. Pierre Coulombe as President of
the National Research Council of Canada. He succeeds
Dr. Arthur Carty, who was named Science Adviser to the
Cabinet last year

As former Chairman of the Board and CEO of the Centre
de recherche industrielle du Québec, Dr. Coulombe devel-
oped strong experience as a leader of a research organiza-
tion commitied to commercialization. In addition, he was

and Development (OECD) is the Depositary, allows the
participating countries o move forward on joint research
projects on the six reactor concepls that the GIF partici-
pants have selected for development. These are: gas-cooled;
lead-cocled; molten salt; supercritical-water-cooled and
very-high-temperature reactor systems. These advanced
technologies offer the promise of advantages in the areas
of economics, safety and reliability, sustainability, physical
protection and proliferation resistance and could be deployed
commercially by 2020-2030. Canada is taking the lead in the
work on supercrilical water-cooled reactors (SCWR).

The six other GIF members (Argentina, Brazil, Euraiom,
the Republic of Korea, the Republic of South Africa and
Swilzerland) are expected 10 accede to the Agreement in the
coming months. Pending their accession, all GIF members
will continue to participale in the group’s activities over the
next year.

The Nuclear Energy Agency of the OECD serves as Technical
Secretariat to the Generation IV International Foram.

President and CEO of Infectio Diagnoslic inc., where he
helped showecase Canada's leadership in medical research
and diagnostic technology, completing two rounds of private
equity financing and negotialing major research contracts
for the company.

In the public sector, Dr. Coulombe held the office of
Assistant Deputy Minister (Technology) with the Government
of Québec. He earned Bachelor degrees in arts and physics
engineering, as well as a PhD in experimental medicine at
Université Laval, and was Assistant Professor of Medicine
at Université Laval.
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CNSC Responds to 2005 OAG Report

The February 2005 Report of the Office of the Audiior
General of Canada stated thal, “The Canadian Nuclear
Salety Commission has responded to our observations
and informs us that it is conlinuing with the improve-
ments il began in response Lo the December 2000 recom-
mendations.” The Report also states that, “Overall, the
Canadian Nuclear Safety Commission has made satisfac-
tory progress in response to our recommendations from
our December 2000 audit of power reactor regulation.”

The December 2000 report recommended areas where
the CNSC needed to improve its regulatory regime for
power reactors Lo ensure that it continued to protect
the health and safety of Canadians, The report made a
number of recommendations for improvements.

The OAG conducted a follow-up audit in 2003-2004
to assess the progress the CNSC had made to improve
the regulatory regime for power reactors since the 2000
audil. The follow-up audit noles that the CNSC has made

satisfactory progress in responding to almost all recom-
mendations stemming from the 2000 audil.

On the 0AG's recommendation o implement a system-
atic, risk-informed approach to the regulation of power
reactors, Lhe CNSC states that it is achieving steady prog-
ress in the area and an improvement plan to implement a
risk-informed approach to power reactor regulation will
be prepared by March 2005.

The CNSC further stated that it recognizes thatl there is
room for further improvement and that it remains strongly
commilted to ongoing improvements in all areas of regu-
lation within the CNSC’s mandate. The GNSGC’s plans are
contained in its Report on Plans and Priorities and are
reported to Parliament in its Annual Repori.

To obtain a copy of the 2005 Report of the Office of the
Auditor General, visit hitp:/www.oag-bvg.gc.ca/domino/
reports.nsf

CNSC invites comments on proposed documents

The Canadian Nuclear Safety commission has issued, for
review and comment, a list of proposed regulatory docu-
ments the list sets out the purpose and scope [or the pro-
posed documents.

In March 2004 the CNSC published a list of High Priority
Documents. Since then three additional proposed regula-
tory documents were added to the lisk:

» P-324 Safety Goals for Nuclear Power Planls
«  P-325 Nuclear emergency Management
e P-336 Reporting Requirements 1o Salisfy [AEA

Safeguards and Canadian Nuclear Non-Proliferation
commitments
Three regulatory documents were published:

«  5-260 Making Changes to Dose-Related
Information Filed with the National dose Regislry

» G-129 Revision 1, Keeping Radiation Exposures
and Doses “As Low as Reasonably Achievable
{ALARA)"

«  P-290 Managing Radicactive Wastes

The revised Proposed Regulatory Documenis can be
viewed on the CNSC website <www.nuclearsalely.ge.ca>

Comments are requested by April 22, 2005

Over the period since last year 29 draft regulatory docu-
ments have been issued by the CNSC for review and com-
ment. The most recenl ones were:
e 5-08 Revision 1 Reliability Programs [or Nuclear
Power Plants
Technical and Quality Assurance
Reguirements for Dosimeiry
Services
Safety Analysis [or Nuclear Power
Planls

The closing dates for comments on those three were in
March 2005

¢ 5-106 Revision 1

s 5-310
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Howard B. Newcombe

Dr. Howard B. Newcombe, an influential pioneer in
radiation genetics and long-lime researcher at the Chalk
River Nuclear Laboratories, died on February 14 in his
91st year.

A Nova Scotian, Howard obtained degrees from Acadia
Universily and the Imperial College of Tropical Agriculture,
Trinidad, before completing his Ph.D. in genelics at McGill
University in 1939, He spent a year as a Research Scholar
in cytogenetics al the John Innes Horticullural Institution, in
Surrey, England, followed by a short period with the British
Ministry of Supply, before joining the war effort as a Radar
Officer in the Royal Navy Volunteer Reserve. In 1946 he
came back Lo North America as a research associale with
the Department of Genetics of the Carnegic Institute, work-
ing at Cold Spring Harbor on Long Island. In 1947 he came
to Chalk River and was Head of Biology Branch from 1949
to 1970 and Head of Populalion Research Branch from 1970
until s retirement in 1979.

Howards work on the genetic ellects of radiation and
on applying computers lor medical record linkage led to
inlernational recognition. In 1949 he introduced what has
become widely referred lo as the Newcombe Fluctuation
Test. His experiment, which involved the statislical analysis
of the distribution of colonies of mutant cells, showed Lhatl
mutations in bacleria arose randomly and sponlaneously and
were nol an adaptive response to environmental conditions;
a finding Lhat contributed Lo the end of Lamarckian biology.
In a 1957 paper on the biological hazards of 908r, he sug-
gested a non-threshold linear model lor cancer induction by
radiation, an extension of the view, by then generally held,
that genetic mutations foflowed this model. Such a model
became the basis, slill in place, for recommendalions by
the International Commission on Radiological Prolection.
That same yecar he poinled to the implications lor popula-
tion health research that the application of compulers lo
analyzing records could make. e went on Lo develop com-
puler-based probabilistic linkage models for health records:
essendially a way of bringing logether iwo or more ilems of
separately recorded data aboul a person, The approach has
proved Lo be an extremely powerful tool for public heaith
research including epidemiological studics of the effects of
radiation. His work in genelics and in medical record-link-
age made him well-known inlernationally; he collaborated
in the early 1960s with Nobelist Hermann Muller at Indiana
University and, throughout his career, he lectured extensively
in North America and Eurepe on record-linkage techniques.

Recognition of his scientific achievements included elec-
tion to Fellowship in the Royal Society of Canada in 1963;
a 1967 Cenlennial medal; the International Scienlific
Achievement Award in the Area of Medical Informaltion
Processing in 1974; and the Genetics Society of Canada
Annual Award of Excellence in 1975. Honorary D.Sc.
degrees were awarded him by McGill University in 1966 and

by Acadia Universily in 1970.

Howard was the secretary ol the Genelics Soclely of
America from 1956 to 1958 and was instrumental in
starting the Genetics Society of Canada, serving as ils
President in 1965. [e was President of the American
Society of Human Genelics in 1965, a member of the
Board of Directors of the Sociely for the Study of Social
Biology from 1971 to 1974 and a member of the edito-
rial boards of Radiation Bolany, Mutation Research and
Human Genetics Abstracis.

He was a member (and served wo terms as chairman)
of the commillee on radiation effeclts of the International
Commission on Radiation Protection from 1962 1o 1972 and
a member of the main commigsion of the ICRP from 1965 to
1977, He served on the Expert Advisory Panel on Human
Genetics of the World Health Organization and he was one
of the earliest members of the Canadian delegation Lo the
United Nations Scienlilic Committee on the Effects of Alomic
Radiation.

Howard continued 1o wrile and advise aller his retirement
from Chalk River, maintaining a lively interest in radiation
genelics and population heallth, Even in recent years, a
chance encounter with him on his daily excursion Lo pick up
the mail could lead to a stimulating exchange of ideas.

Our thanks to Dr. Richard Osborne for the above nole.

Terence John Carter

Dr. John Carter, a former nuclear fuel scientist al the
Chalk River Laboralories of Atomic Energy of Canada
Limited, died November 18, 2004 al home aller a brief ill-
ness, at age 70.

Martyn Wash provided the following note.
Remembering Our Friend - Terry Carter

Like many people who knew Terry Carter, 1 was saddened
Lo hear of his passing. When T was gent 1o Chalk River as
par} of AECUs program of industry attaches in 1980, Terry
was my ¢irect supervisor in the Fuel Engineering Branch.
As soon as I met Terry [ liked him. Terry participated in
many fuel irradiations and made a meaningful contribulion
to advancing our knowledge base aboul, CANDU fuel. He was
never reluctant to share this information with anyone includ-
ing green horns like me, Terry was a knowledge mentor 1o so
many of us in this industry.

Terry was a gentle giant and always a gentleman. In addi-
tion Lo being my supervisor, he was a fun lunchlime compan-
ion on many walks aronnd Chalk River. e was always willing
to parlicipale in discussions aboul on-going experiments,
world events or discussions aboul family or [riends. After 1
left Chalk River, 1 was fortunate [0 continue my [riendship
with him over the phone or al conferences during the inler-
vening years, As a farewell Lo a good Iviend, [ can easily say
that whenever everyone spoke of Terry, they always did so
wilh warmth as a person and respect as a professional.
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D. Allen Bromley

Dr. D. Allan Bromley, a native
of the Ottawa valley and an
early researcher at the Chalk
River Nuciear Laboratories
who went on fo become
the first person to hold the
Cabinet-level rank of Adviser
to the President of the USA for
Science and Technology, died
in New Haven, Connecticut on February 10, 2005, at
the age of 78.

Born in Westmeath, Ontario, Bromley received a B.Sc.
degree in 1948 and an M.Sc. in 1950 from Queen’s
University and a Ph.D. degree from the University of
Rochester in 1952,

From 1955 until 1960 he served as a Senior
Research Officer and head of one of the nuclear
physics sections working with accelerators at the
Chalk River Nuclear Laboratories (CRNL) of Alomic
Energy of Canada Ltd. (AECL).

He moved to Yale University in 1960 and helped
create A W. Wright Nuclear Structure Laboratory which
he headed from 1263 to 1989. From 1972 until 1993,
he held the Henry Ford IT Professorship in Physics at
Yale, and from 1970 to 1977, he served as chair ol the
Yale Physics Department.

It 1989 he was appointed Assistant to the President
for Science and Technology. Between 1989 and 1993
He was responsible for the [irst formal published
statement of U.5. Technology Policy and played a
central role in expanding cooperation between the
federal government and the privale seclor Loward
effective use of technology in U.S. society. He also
chaired the President’s Council of Advisors on Science
and Technology and the Intergovernmental Council on
Science, Engineering and Technology.

For more than two decades, Bromley was a leader
in the national and international science and science
policy communities. He served as president of the
American Association for the Advancement of Science,
the International Union of Pure and Applied Physics
and the president of the American Physical Society in
1997. Five years later the APS awarded him its 2002
Nicholson Prize

In 1998 Bromley gave the “keynote” address at a
workshop held in Ottawa that had been organized
by AECL and the National Research Council to gain
support for the propesed Canadian Neutron Facility, a

4GMW(th} pool-type reactor with associated neutron
bean facilities. Despite his support that project has not
proceeded.

Hans Bethe

Hans Albrecht Bethe, the last of the senior physicists
of the Manhattan Project and a Nobel laureate in
physics, died March 6, 2005 in his 99th year.

Bethe was born in Strasbourg, Alsace-Lorraine,
then part of Germany, on July 2 1906, He attended the
Gymnasium in Frankfurt from 1915 to 1924. He then
studied at the University of Frankfurt for two years,
and at Munich for two and one half years, oblaining
his Ph. D. in theoretical physics in July 1928.Because
his mother was Jewish Bethe was uncomfortable in
Nazi Germany and emigrated to England in Oclober
1933 where he held a temporary position as Lecturer
al the University of Manchesier for the year 1933-
1934, and a fellowship at the University of Bristol in
the fall of 1934.

In February 1935 he was appointed Assistant
Professor al Cornell University, Ithaca, N. Y. US.A..
He stayed there until his death, except for sabbalical
leaves and for an absence during World War .

In 1943, Bethe joined the then secret Los Alamos
laboratory as head of the theoretical division, and he
played a key role in the complex calculations leading
to the design of the atomic bomb. He was described as
a brilliant man with the steadiness and determination
of a battleship

At Cornell University in the late 1930s he had written
a brilliant series of papers on nuclear physics which
hecame known as “Bethe's Bible” and which, according
to Edward Teller, contained everything there was to
know about nuclear physics. In 1938, Bethe developed
the theory of the carbon cycle, a nuclear process for
generating energy in the Sun, and stars like it, by
fusing hydrogen into helium. For this work, Bethe was
awarded the Nobel Prize in Physics in 1967. After
the Second World War, Bethe returned to Cornell to
his first love, teaching and research into the structure
of atoms, molecules and condensed matter, and the
theory of quantum electrodynamics. In 1961, Bethe
received the Fermi Award from the United States Atomic
Energy Commission, “for contributions to nuclear and
theoretical physics, to peaceful uses of atomic energy,
and to the security of the United States.”
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CNS hews

Council Activities

Council writes in support of the
Advanced CANDU Reactor

It January 2005, Dominion Rescurces announced its
decision to withdraw from the US Department of Energy
pre-licensing process involving Atomic Energy of Canada
Limited’s ACR-700. AECL has announced thab it will
now direct resources to the development of the ACR-1200
MWe design. The development of a “1000 MWe” CANDU
reactor design has been attempted previously however the
reactor physics of the larger core proved limiting. The more
compaclt ACR core design will facilitate this increase. The
November/December issue of Physics in Canada {Vol. 60,
No. 6) coniains several articles on the ACR and previous
issues of the CNS Bulletin have included papers on various
aspect of the design.

In early February 2005, the Council of the Canadian
Nuclear Society sent a letter in support of the development
of the Advanced CANDU Reactor to 22 Ministers of the
Government of Canada and the Government Leader in the
Senate. The body of the letter appears below.

We are writing to you on behalf of the Canadian Nuclear
Society (CNS). This Society comprises more than one
thousand scientists, technical experts, educators, and
managers who work in Canadian nuclear science and
engineering. The continuing good health of Canadian
muclear technology is a crucial component of both Canada’s
energy security and its future success as a technologically
developed nation. Therefore, we write (o encourage your
support for continued federal funding of nuclear R&D in
Canada, including the development of the Advanced CANDU
Reactor (CANDU-ACR).

There is now a real opportunity for the federal government
to give a boost to the further development of the CANDU
energy system. Canada has already achieved commercial
success around the world with the original CANDU design.
The CANDU-ACR needs only a few years of final engineering
Lo assure its position as a serious competitor for the
massive impending market for new electricity generating
capacity, as the price of natural gas, and probably also
of oil, rises in response to shortages. Nothing will be
more important to the “takeoff” of this improved CANDU
technology venture than to have ACR units installed and

operating in Canada.

The imminent need for additional electricity generation
in Ontario offers a very cost-effective way to achieve this
demonsiration of advanced Canadian technology. [n this
regard, a senior member of our Society, br. J.T. Rogers of
Carileton University, recently prepared a succinct and cogent
analysis in support of the installation of more CANDU
generating stations in Ontario. Professor Rogers’ document
is attached. You will see that his recommendation is to
instail nuclear units to satisfy the long-term electricily needs
of Ontario, based on examination of various alternatives for
future generation. This recommendation is relevant not
only to Omtario, but to the whole of Canada and indeed
to the world, Nuclear-electric generation using CANDU
reactors can provide environmentally sound solutions to
world enengy supply problems, as well as major economic
benefits to our nation.

The members of our Society have great pride in Canadas
world-class CANDU technology, which is not only a technical
success story (named in the "top ten” of Canada’s engineering
aclifevements of the last century), bul an economic driver
as well. Nuclear reactors supply about 169 of Canada’s
electricity usage, including about half the electricity needs
of Ontario. According lo the Canadian Energy Research
Institute (CERI), the nuclear industry is worth aboul $5
billion annually to the Canadian economy, accounting
for about 30,000 highly skilled direct and indirect jobs
nationwide. In fact, the Industrys influence on Canadas
excellent science and engineering infrastructure extends
well beyond this, including post-secondary education,
advanced materials development, and nuclear medicine and
other applications of radioisolopes.

It is our understanding that CANDU-ACR development
is co-funded through both federal investment and the re-
investment of commercial earnings by AECL. In addition,
the non-nuclear “balance of plant” has been optimized for
the CANDU-ACR by the Hitachi Corporation, through its
own investment. This funding partnership between a crown
corporation, the federal government, and the private sector
leverages the governments investment.

As the sole shareholder of AECL the federal government
will benefit directly from this investment, but the expected
return will accrue to Canada as a whole. AECL is the lead
company in a broad partnership of Canadian industries

CNS Bulletin, Vol. 26, No. | 43



now associated with nuclear energy and related Canadian

technologies.  Additionally, and importantly, industrial
firms will also receive technology and economic benefils in
terms of sustained technology development opportunities,
profits and jobs.

In summary, your support for farther CANDU-ACR
development funding will ensure that the Canadian
government will benelit through the continuing prosperity
of its citizens, its technological leadership, and the security
of our long-term energy supply.

The letier references a study by Dr. J.T. Rogers of
Carleton University entitled “Options For Coal-Fired Power
Plants In Ontario,” and a report “Economic¢ Impact of the
Nuclear Indusiry in Canada”, Canadian Energy Research
Institute, July 2003.

Dr. Rogers’ report is available at: www.cns-snc.ca/media/
CNS_Position_Papers/Ontario_coal.pdf

The CERI report is available at: www.cna.ca/english/files/
study/CNAStudySept16-03.pdf

Presentation to NWMO

On February 1, 2005 Jeremy Whitlock, past-president of
the CNS made a presentation to the Advisory Council of the
Nuclear Wasle Managemenl Organization (NWMOQO). This
presentation appears elsewhere in this issue of the CNS
Bulletin and is available al: www.cns-snc.ca/media/CNS_
Position_Papers/NWMO_presentation.pdf

Support for education

The CNS Council has supporled the Education and
Communications Commiliee providing sponsorship support
Lo two not-for-profit, charitable organizations in 2005: the
Deep River Science Academy. and Scientists in School.

CNS President Bill Schneider presenis DRSA National Board
Chair Dale Torgerson with the CNS donation for 2003.

The Deep River Science Academy has been
operaling a campus at Deep River for 18 years
and al Pinawa for 11 years. Each summer, the
Deep River Science Academy provides senior
high school students and their tutors the

opporlunity to participate in real Research & Development
projects with supervisors at the [acilities of our research
pariners. In 2004, 60 students enjoyed the unique DRSA
experience: 42 at the Deep River, Ontario Campus; and 18
at the Pinawa, Manitoba Campus. The high school student
tuition fee includes lheir accommodation {approximately
6 weeks), while the university undergraduate tutors are
employed by DRSA for the summer.

The DRSA program has been recognized for its sSuccess
in promoting interest in science and engineering careers
among Canadian youth. Most recently, the DRSA received
a 2004 Michael Smith Award sponsored by the Naticnal
Science and Engineering Research Council (NSERC) for
outstanding achievement in the promotion of science in
Capada, Many DRSA graduates and former tutors have
successfully pursued careers in engineering, science, and
education.

The DRSA receives linancial support from the Government
of Canada, provincial and local governments, Industry,
foundations, and individuals. The DRSA program offers
studenls the opportunity to earn credits for their research
& development project work, and additionally at the Deep
River Campus for an optional science course. To learn
more aboul the DRSA, visil their websile www.drsa.ca .

Scienlists in School (SiS} is anolher
award-winning program which originated in
1989. Presenlers, passionate ahoul science
and trained by Scientists in School team
leaders go into clementary school class-
rooms in a growing number of Ontario com-
munities. There, Lhey present one or more of
the 77 hands-on, curriculum-aligned workshops in science,
engineering, the environment, lechnology and mathematics.
FFun topic titles such as: Electricity: Gel Charged! and Soil:
Its Too Important o Treal Like Dirt help to keep ieachers
and studenis intrigued and motivated.

As the largest non-profit science outreach organization in
Canada, Scientisls in School works with 13 dilferent school
boards. This year, the organization’s 260 presenters are
scheduled to reach 360,000 elementary students, 14,000
teachers and 30,000 parent volunteers. The program
originaled in the Durham region through an initiative of the
Canadian Federation of University Women. Il has expanded
through Toronto, as far as Halton, with a salellile organi-
zalion in Guelph and a new branch starting this year in
Ottawa. Scieniisis in School distributes ils program cata-
logue to 1,600 schools in arcas served; teachers request
specific presentations and pay a fee [or the service. SiS is
supported by a number of funding partners.

In a recent presentation to CNS Council, Cindy Adams,
Executive Director for SiS, advised that students become
‘scientists’ in their own school through these investigative
workshops. She also cited studies highlighting the impor-
tance of igniting a passion for science in the early years of
childhood in order for long-term interests to develop.

i chool
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CNS members interested in becoming SiS presenters or
wanling more information may wish to explore their web-
site: htip://www.scientisisinschool.ca .

In Memorium

Dr. D. Allan Bromley, esteemed nuclear physicist, former
science advisor to the President of the United States of
America, and the first Sterling Prolfessor Sciences at Yale
University died February 10, 2005 at age 79. Dr. Bromley,
a native of the Ottawa Valley attended Queen’s University
in Kingston for his undergraduate and MSc, and earned
his PhD at Rochester University. Dr. Bromley worked at
the Chalk River Laboratories in what he described as the
“golden years” of nuclear physics.

Doris Brockhouse, wile of Nobel Prize winner Bertram
Brockhouse donated the medal and certificate to the Canada
Science and Technology Museum on February 17. Dr
Brockhouse was awarded the Nobel Prize in Physics in 1994,
sharing the award with American physicist Clifford G. Shull for
their separate but concurrent development of neutron-scatter-
ing techniques. Dr. Brockhouse died October 13, 2003.

Upcoming Events

The 55th Canadian Chemical Engineering Conference will
be held in Toronto, October. 16-19, 2005 with the theme:
Innovation for a Healthy Planet. There is a focus on energy,
and nuclear in particular, in some sessions. For details:
www.csche2005.ca .

Bruce - John Krane

Mr. Ken Talbot, Chief Nuclear lngineer, Bruce Power
will be addressing the Bruce Branch of the CNS Monday
May 9th and Wednesday May 18th on an overview and les-
sons learned from his IAEA OSART visit of Kashiwazaki
— Karewie Nuclear Power Stalion, Japan.

Challk River — Morgan Brown

The Chalk River Branch annual general meeting was held
December 7, 2004. The Branch Executive are: Morgan
Brown, Chair; Blair Bromley, Vice-Chair; Marcel Heming,
Treasurer; Uditha Senaratne, Program Coordinator; Bill
Bourns and Bryan White, Members-Al-Large; and Michael
Stephens, Past-Chair.

The Chalk River Branch second annual essay conlest on
the Benefits of Nuclear Science and Technology is under-
way, spearheaded by Blair Bromley. Tied in with that, the
Branch will have a display table at the Renfrew County
Regional Science Fair on Saturday April 8, 2005. The essay
contest entries are due April 30th.

On March 8th ONS Presidenl Bill Schneider presented
a seminar entitied: “Plant Design Concept Features Over
the Years and the Grief as Well as the Lxcellence that
Flowed There-from.” In his presentation, Bill first provided
an overview of current CNS events and a summary of the
initiatives taken during his term of office Lo increase the
services offered to CNS members who work in operating
nuclear facitities. He presented a review of the history of
Babcock and Wilcox Canada. Bill followed with a spirited
review of some of the inleresting features of CANDU plant
secondary system designs and the lessons that may learned
therefrom.

Bob Pollock of AREVA-COGEMA Resources will be the
guesl speaker on April 7th. As a regular part of Chalk River
Branch meelings, Blair Bromley provides a brief “Nuclear
News” Lo the members.

Darlington - Jacques Plourde

The Darlington Branch is interfacing with the new UGIT
Branch and is investigating the possibility of a Plant tour
in mid-March. Jointly with the CNS, OPG Darlington con-
ducted a 2-day workshop on Heal Transport System Life
Cycle Management. This was attended by approximately 90
people, including a significanl off-shore contingent.

Ottawa - Jim Harvie

The Ottawa held its first meeting of 2000 with a talk by
CNS President, Bill Schneider, on March 10. His presenta-
tion was in three parts: an overview of Society activities;
a quick picture of the nuclear steam generator work a
Babecock & Wilcox Canada {from which he retired ear-
lier this year): and, comments on some aspects of CANDU
design thai, in his opinion, had not been well based.

The next meeting will be on April 7 when Frank King [rom
Ontario Power Generation will speak about the proposed
low and intermediale radioactive waste depository planned
for the Bruce site.

Québec — Michel Rhéaume

Un mémoire portant sur la problématique des déchets
nucléaires a été présenté en décembre dernier & Bécancour
{Qc) par le professeur Daniel Rozon devant fa Commission
du BAPE dans le cadre des audiences publiques sur le projet
de réfection de la centrale de Genlilly-2. Ce mémoire porte
sur la problématique a long terme. Il retrace I'historique
du programme canadien de gestion des déchets et décrit
le plan de I'étude en cours par la Société de geslion des
déchets nucléaires (SGDN). Lauteur présente son poini
de vie sur les mythes entourant la question des déchets
nucléaires, et plus particuliérement sur la perception du
risque qui limite sérieusement notre capacilé a établir une
politique nationale de gestion des déchets. Comple tenu
des enjeux énergébiques el environnementaux auxquels
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nous sommes tous confrontés, auteur conclut qu’il serait
irresponsable de réduire la production nucléaire actuelle si
elle est pour étre remplacée par des moyens plus polluants,
plus chers et beaucoup plus invasifs. Le mémoire peut étre

obtenu sur le site : hitp://www.polymtl.ca/nucleaire/docs/
documents/BAPE_DR_V2.pdf

A propos de 'auteur ; Danief Rozon est Fellow de la SNC
el professeur au département de génie physique de 'Ecole
Polytechnique de Montréal, Il est titulaire de la Chaire
Hydro-Québec en génie nucléaire & 'Ecole Polytechnique
depuis sa création en 1988.

A brief on nuclear wastes was presented last December
by Pr. Daniel Rozon in Bécancour (Qc), before the BAPE
Environmental Commission on Gentilly-2 refurbishment.
This brief deals with the long-term perspective. The on-
going study by the Nuclear Waste Management Organization
(NWMO) is described in the context of the Canadian nuclear
waste management program. The author presenis his views
on the myths surrounding nuclear wasles, which seriously
affect the general perception of the risks and limits our
ability Lo establish a national waste management policy.
Considering the enormous stakes involved with future
energy supplies, the author concludes that it would be
totally irresponsible to reduce current nuclear production
if it is to be replaced by more polluting, more expensive
and more invasive means. The brief, written in French, can
be obtained at: http://www.polymtl.ca/nucleaire/docs/docu-
ments/BAPE_DR_V2 pdf

About the author: Daniel Rozon is a Fellow of Lhe
CNS. He is a prolessor of Engineering Physics at cole
Polytechnique e Monlréal, and has held the Hydro-Québec
Chair in Nuclear Engineering since its creation in 1988.

The Quebec Branch has prepared a brief to be presented
before the Parliamentary Commission entitled: Quebec
Enecrgetic Sector: Context, Stakes and Questioning.

On March 8, 2005 in Quebec City M. Gilles Sabourin and
Ms Elisabeth Varin will present the brief, supporting the use
of Nuclear Energy in the Quebec future Energetic Policy.

M. Guy Marleau oblained an agreement with Université
de Montréal o refurbish the Montreal Laboratory Plaque.

Sheridan Park - Adriaan Buijs

The Sheridan Park Branch annual general meeting was
held December 15, 2004. The Branch Executive include:
Adriaan Buijs, Chair; Olga Jevremovic, Treasurer; Peter
Schwanke, Margaret MacDonald, and Raj Jain, Members-
Al-Large. AECL Senior Scientist Romney Duffey presented
a seminar on risk at the meeting.

Ab a subsequent meeting on January 10, 2005, Prof.
Podowski from the Rensselaer Polytechnical Instituie gave
a presentation on lwo-phase [low.

University of Ontario Institute of Technology
— Spencer Gill

The formation of a new CNS-UOIT Branch was approved
by CNS Council on March 4, 2005. The executive for the
new branch includes Spencer Gill {Chairperson}, Andrew
Harrison (Vice-Chair), Mohammad El-Mansi {Treasurer),
Ashlea Colton (Educational Outreach) and Ruth MacLeod
(Secretary).

The branch is planning aclivities such as guest speak-
ers, field trips, and educational ouireach programs Lo
commence September 2005, The CNS-UOIT branch is nol
exclusive to students, and the branch welcomes all CNS
members to parlicipate in the upcoming activities. More
information will be available as soon as the branch has the
opportunity to develop its website. In the meantime, if you
have any questions, please [eel free to contact Spencer Gill
al spencer.gilld@mycampus.uoit.ca.
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CNS Presentation to the

NWMO Adyvisory Council

Fd. Note: Efizabeth Dowdeswell, president of the Nuclear
Waste Management Organization (NWMQ), invited the
Canadian Nuvclear Society to make a presentation 1o
its Advisory Council. Past President Jeremy Whitlock
was chosen by the CNS Council to be the presenier.
Following is his presentation, which had been vetted by
the CNS executive. The gathering took place in Toronto,
on February 1, 20035.

Although minuies of meetings of the Advisory Council are
posted on the NWMO website (wwav.nwmo.ca) there is no
record yet of this February 1 session.

Preamble

The Canadian Nuclear Sociely (CNS), established in 1979
and independently incorporated in 1898, is a not-for-profit
learned society with a nation-wide membership of over
1000. The CNS is dedicated to the exchange of information
on the peacelul applications of nuclear science and tech-
nology. This encompasses all aspecls of nuclear energy,
uranfum, lission and other nuclear technologies such as
occupational and environmental protection, medical diag-
nosis and treatment, the use of radioisolopes, and [ood
preservation. CNS members join as individuals (there Is no
corporate category of membership), and are drawn mainly
from the various fields mentioned above, including from
within the academic community.

The CNS welcomes the opportunity to discuss with ihe
NWMO Advisory Gouncil its views regarding the manage-
meni of used nuclear power reactor fuel in Canada, and the
NWMO process.

l. An Ethically Defensible
History of Development

1.1. Nuclear power is an available technology for econom-
ical, large-scale electricity generation that has both
low public health risk and low environmental impact.
CANDU nuclear technology, first developed in Canada
in the 19508, today provides about 15% of Canada'’s
electricity requirements' and 45% of the consump-
tion in Ontario?. Its net benefit to society makes it
an ethical choice as a contributor to Canada’s energy
needs.

1.2. The used fuel rom Canadas nuclear power reac-
tors is managed in a safe and responsible manner,

using in-ground water pools and aboveground dry
canisters, casks, and modules located at the reactor
sites. The volume of used nuclear fuel produced in
Canada is not large. For example, the total volume of
used nuclear fuel produced by Canada’s power reac-
tors from 1962 Lo 2033 will be roughly equal to the
volume of domestic solid waste currently produced by
the City of Toronto in one day?. The current approach
of on-gite storage and monitoring is sustainable for
many decades, but is nol intended to represent a
long-term solution.

1.3. The long-term management of used nuciear fuel has
been investigated by the Canadian nuclear indusiry
from ihe outset of nuclear power development’.
In the early years the research focused upon the
reprocessing and subsequent recycling of the useful
fraction of used fuel, due to the then-perceived lim-
ited availability of uranium ore. In this case, for
example, the leffover waste from reprocessing would
have been incorporated into glass biocks, which had
been confirmed through field tests o be resistant
to leaching. Laler, with uranium known Lo be an
abundant Canadian resource, the focus shifted to a
once-through feel cycle and the direct disposal of the
resulting used fuel without reprocessing. Therefore,
whether focused on the reprocessing or the seques-
tering of its waste products, nuclear power develop-
ment has proceeded with ethically delfensible atten-
tion to its long-term liability. In 1975 the induskry
defined its objeclive Lo be Lo “... isolate and contain
the radioactive material so that no long term surveil-
lance by future generations will be required and that
there will be negligible risk to man and his environ-

| Source: Natural Resources Canada

2 Source: The Independent Electricity Market Operator, Ontario, 2003
3 The Nuclear Waste Management Organization (NWMQO) expects that 3.6

million used fuel bundles will exist in Canada by the end of 2033, With a
volume of roughly 0.004 cubic metres per bundle, the total volume of used
fuel from Canada’s CANDU reactors over 70 years would be 14,400 cubic
metres (a volume the size of a cosser field to a height of 2.25 metres). The
volume of solid domestic waste currently shipped by Toronto to Michigan
is about 5 millien cubic metres per year, or on average about 14,000 cubic
metres per day.

4 The R&D effort in the area of waste management during the earliest days of

the Canadian nuclear industry is evident in public reports by Atomic Energy
of Canada Ltd. {AECL} dating back to the early [950s, around the time that
planning and early design work for a Canadian nuclear power program were
initiated.
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o
ment ab any time. ... Storage [sic] underground, in nuclear fuel is also needed to maintain puciear power
deep tmpermeable strata, will be developed to pro- lechnology as an available energy option for future
vide ultimate isolation from the environment with the generations, which the CNS supports as an ethical
minimum of surveillance and maintenance.™ goal given the technology’s net benelit to society as
1.4. In 1978 the federal and Ontario governmenis joint- claimed in paragraph 1.1. In general, the public cur-
ly initiated the Nuclear Fuel Waste Management rently sees the lack of a committed, socially accept-
Program (NFWMP), under the aegis of both Atomic able plan for the long-term management of used
Energy of Canada Ltd. (AECL)., which developed the nuclear fuel as a significant deficiency of the nuciear
science and technology of deep geological disposal power option.
for used power reactor fuel, and Ontario Hydro (now 2.4, While the above discussion establishes the need for a
Ontario Power Generation), which had responsibility decision on the long-term management of used nucle-
for studies of interim used fuel storage and transpor- ar fuel, all the details of the implementation need
tation. In 1988 the Environmental Impact Statement not be decided upon quickly, nor all at once. lnterim
(EIS)} developed by the NFWMP was submitted to the storage for decades remains a viable, albeit demand-
federal government, which subsequently referred it ing, practice, provided that serious work also starks
to an Environment Assessment Panel (the “Seaborn and continues steadily on preparing long-term stor-
Panel”). The Seaborn Panels final report in 1998 age or disposal facilities. Step-by-step progression
found the EIS to be technically sound, bul lacking along the chosen route, with full assurance provided
broad public support. The response ol the federal gov- at each step, may be necessary to gain the fullest
ernment to the recommendations of the Seaborn Panel public acceptance. This suggests a more satisfactory
resulted in the passing of the Nuclear Fuel Waste Act, strategy, from a sustainable development point of
and the subsequent creation of the Nuclear Waste view, of “convertible storage”, a hybrid oplion which
Management Organization (NWMQ), in 2002°, is discussed in paragraph 4.4.

2. The Need For A Decision 3. The Nature of Public Consultation

2.1. A decision on the long-ierm management of used 3.1.  Public consultation, involving as broad a representation
nuclear fuel is needed under the principle of sustain- of various constituencies as possible, is important for
able development, requiring that the current generation Lthe social acceptability of any long-term used nuclear
take steps to minimize the liability it transfers to future fuel management program, The selection of a long-term
generations?. The low volume and manageable nature management option for used nuclear fuel depends as
of used nuclear fuel are consistent with the principle of much upon value judgmenis, and the establishment of
sustainable developmeni, inasmuch as these features trust and confidence in the organizations that will ulti-
minimize the future burden of the used fuel. However, a mately implement and regulate the process, as it does
means of long-lerm management, requiring minimal on- on any remaining technical uncertainties.
going human intervention, is needed to fully meet the 3.2.  While public consultation, such as that currently imple-
current generation’s obligation to fulure generations. mented by the NWMO, may be sufficient to assess the

2.2.  While the principle of sustainable development implies values held important by the public as they apply to

that such a long-term strategy needs Lo be decided long-term used nuclear fuel management, it is inherent-
upon and implemented by the current generation, ly insufficient to provide a realistic measure of “broad
it does nol suggest the nature of the slrategy. For public support”, as described in the Seaborn Report8.
example, permanen! disposal of used nuclear fuel Such support should necessarily be based upon a broad
may be considered Lo be inconsistent with the prin- public understanding of the issues involved, both tech-
ciple of sustainable development if it prevents future nical and social, and would be demonstrated, in part, by
generations from utilizing the remaining considerable an informed and broad public response to public inter
energy content of the fuel. On the other hand, surface action programs such as those of the NWMO. However,
or near-surface storage imposes a responsibility for it seems unlikely that the NWMO will be able Lo obtain
ongoing care on future generations. an informed and broad public response. Failing this,

2.3. A decision on the long-term management of used public consultation can still indicate a level of “public

5 Peter ]. Dyne, “Managing Nuclear Wastes”, AECL-5136, May [970.

6 The NWMO was created with the purpose “to develop collaboratively with Canadians a management approach for the long-term care of Canada’s used nuclear fue/
that is socially acceptable, technically sound, enviammentally responsible and economically feasible.” (source: NWMO website) The NWMG has been charged with
recommending to the federal government by 2005 November |5 an approach to the long-term management of Canada's used nuclear fuel. The NWMQ will then
implement the approach decided upon by the government.

7 In 1987 the World Commission on Environment and Developmen (the Brundtland Commission) defined sustainable development as “development that meets the
needs of the present without compromising the ability of future generations to meet thely own needs.”
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3.3.

4.2,

4.3.

acceptance” (a more passive response) of the prevail-
ing long-term waste-management strategy, as well
as the values held important by the public, and this
information will be useful to an organization like the
NWMO in guiding its recommendations Lo the govern-
ment. However, it is essential that a clear definition
of “acceptable” be put forth in any assessment of the
public consultation process.

Notwithstanding its importance in determining public
values and perceptions, and in establishing public
trust and confidence in the implementing organiza-
tions, public consultation cannot be used to determine
the real level of safety associated with any of the
long-term wasle-management options. The distine-
tion between public acceptability and safety, clouded
in the Seaborn Report by the creation of the concept
of “salety from a social perspective”, must be made in
ortler for a clear conclusion, with clear responsibilities
and a clear path forward, to be established.

The Options

Several options for used nuclear fuel management,
including deep geological disposal, are understood
well enough technically to be credible and viable.
Deep geological disposal, in particular, is in an
advanced state of scientific and Lechnical understand-
ing within Canada, while many of the principles and
lechnologies of used fuel storage have been demon-
gtrated for years al reactor sites within Canada. The
NWMO on-line documents present the technical and
non-technical pros and cons of the oplions compre-
hensively enough to capture the important differences
between the options. The CNS endorses the NWMO’s
scrupulously neutral approach to date on which option
should be recommended for government decision.
Deep geological disposal has been investigaled by
several countries, including Canada, as a promising
technology for long-term management of used nuclear
fuel. The concept is atlractive because il represenis a
relatively simple isolation stralegy that closes the fuel
gycle with minimal long-term impact on the biosphere.
Al the same time it minimizes future dependence on
social stability, intellectnal and industrial capacity,
funding, and commitment. In principle the currently
defined process of deep geological disposal is revers-
ible at any point; that is, retrieval of the used fuel is a
[easible option, albeit at an increasing cost the [urther
the disposal process has been implemented.

This concepl of reversibility {(retrievability) is atirac-
tive because it is consistent with the principle of sus-
tainable development: it initiates a process of isola-
tion with the intent of limiting the liability transferred
to [uture generations, while not precluding future
generations from either (a) benefiting from the used
nuclear fuel if they so desire (e.g. through reprocess-
ing), or (b) applying an alternative waste treatment

4.4.

4.5.

5.2.

lechnology if they deem it preferable (e.g. partition-
ing and transmutation of the long-lived radionuclides
into shorter-lived nuclides).

The CNS therefore encourages the NWMO Lo take a
more detailed look at an option of “convertible” deep
geological storage, which combines the best features
of geological storage and disposal. “Convertible”
storage could consist of excavating a deep geological
repository capable of receiving used fuel either in
storage casks {or storage (until a decision is made
regarding retrieval and Lreatment of the used fuel),
or in disposal containers for immediale permanent
emplacement and backfilling of the disposal galleries
and connecting tunnels, The decision between imple-
menting storage or disposal need not be taken now
in any event, as site characlerization, environmental
assessmenlts and regulatory authorization processes,
and facility construction will extend over a decade
or more before the underground facility is ready to
receive any fuel. Ifit is later decided to reprocess the
fuel for recycling (and to dispose of only the actual
wasle fraction of the fuel), or to partition and trans-
mute the long-lived nuclides in the [uel (to shorten or
eliminate the required period of wasle isolation), the
necessary facilities can later he co-iocaled with the
repository, as long as those possibilities are borne in
mind during the original siting decision. Even il stor-
age is begun, the fuel casks could easily be retrieved
and (if necessary) the fuel could be repackaged in
disposal conlainers for re-emplacement and backfill-
ing. Like deep geological disposal, the “convertible”
storage approach achieves consistency with the
principle of susiainable development, by initiaking
the steps leading to possible permanent isclation of
the wasle during the stewardship of the current gen-
eration. At the same lime il proceeds in a step-wise
fashion and is adaptabie, deferring important deci-
sions until they must be made.

Part of the public uncertainly regarding any olf-site
sequestering strategy for used nuclear fuel concerns
the nature of the siting process. It is important for
gaining social acceplance, therefore, that the NWMO
release for public discussion ils proposed sikting pro-
cedure. The CNS supports a principle of “informed
voluntarism” in any siking process; thal is, one imple-
mented with adequate preparation, involving clear
and factual communication of all risks and benefits,
before inviting community participation.

Summary And Recommendations
Nuclear power is an ethical choice for energy
generation in Canada, with waste products that have
been managed in the short- and intermediate-term in
a safe and responsible manner from the outset of the
industry. (Ref: paragraphs 1.1 and 1.2)
Nuclear power developmenl in Canada has proceeded
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5.4.

5.5.

from its oulset with ethically defensible attention to
the long-term management of its waste products.
(Ref: paragraphs 1.3 and 1.4)

A decision on the long-term management of used
nuclear fuel is needed under the principle of
sustainable development, although this principle
suggests neither the nature of the management
strategy, nor the timing of detailed implementation
decisions. (Ref: paragraphs 2.1, 2.2, and 2.4)

A decision on the long-term management of used
nuclear fuel is needed to maintain the option of
nuclear power technology for future generations,
which the CNS believes is an ethical goal. (Ref:
paragraph 2.3)

Value judgments and public trust will be as important
as technical considerations in determining Canada’s
long-term used nuclear fuel management strategy.
Public consultation is vital in assessing these value
judgments and establishing public trust. (Ref:
paragraph 3.1)

Public consultation, as currently (and practically)
implemented, cannot determine a level of “broad

0.7.

5.8.

5.9.

public support” for used nuclear fuel management
technologies, nor can it be used to determine the safety
of these technologies. (Ref: paragraphs 3.2 and 3.3)
Several options for used nuclear fuel management are
understood well enough to be technically viable and
credible, and the public information disseminated by
the NWMO is sufficiently comprehensive to highlight the
main differences between them. (Ref: paragraph 4.1)
The concepts of retrievability and disposal both have
features that make them consistent with the principle
of sustainable development. Therefore an attractive
compromise strategy is one of “convertible” storage
that synthesizes the best features of each (from
the point of view of sustainable development). The
NWMO is encouraged to consider this concept. (Ref:
paragraphs 2.4, 4.2, 4.3, and 4.4)

Public acceptance of any off-site strategy will need full
public discussion of a proposed siting process. The
NWMO is encouraged to initiate such discussion, and
to incorporate a principle of “informed voluntarism”
in the proposed process. (Ref: paragraph 4.5)
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Canadian Nuclear Society
Société Nucléaire Canadienne
WWW.ChS-SNhC.Ca

“Supporting nuclear science and technology for over 25 years”

“Plus de 25 ans de promotion de la science et de la technologie nucléaires”

26" Annual Conference

“The New Nuclear
Generation”

26"™ Conférence annuelle

“Le nouveau nucléaire et
la génération de reléve”

Toronto Marriott Eaton Centre Hotel

June 12-15, 2005

The CNS enters its second quarter-century at a time of
renewal and revitalization across the nuclear industry.

Our 26 Annual Conference will look ahead at new
technologies, processes, and solutions being putin place fo
meet the challenges of building and sustaining a new
generation of people and facilities into the long-term future.

National and international speakers will address many
aspects of these challenges, including long-term security of
supply, technical and communication challenges, and
revitalizing our human resources.

Presentations in technical sessions will address such topics
as new fuel design programs, advanced reactor designs and
new design concepts, thermalhydraulics, reactor physics,
control room technology and isofope supply fo the world.

e 2005 W.B. Lewis Lecture/Luncheon:

Guest Speaker: Mr. Thomas Isaacs,
Director of Policy, Planning and Special Studies,
Lawrence Livermore National Laboratories (USA)

* Three plenary sessions + many
technical sessions

» 29t" CNS-CNA Student Conference
e Honours & Awards Banquet

* North American Young Generation
in Nuclear Professional Seminar

* Reception, breaks, exhibits, and
other networking opportunities

JOIN US IN JUNE!

For more information and
registration, visit www.cns-snc.ca

12-15 juin 2005

La SNC amorce son second quart de siécle alors que I'industrie
nucléaire faitface a un renouvellement et 3 une revitalisation.

Notre 26“™ Conférence annuelle jettera un regard en avant, sur les
nouvelles technologies, les processus, et les solutions
nécessaires pour répondre aux défis du développement et du
maintien de nouvelles centrales et ressources humaines.

Des conférenciers nationaux et internationaux toucheront sur
divers aspects de ces défis, y-inclus fa disponibilité des ressources
a long terme, les défis techniques, les défis de communication, et le
renouvellement de nos ressources humaines.

Les présentations techniques discuteront de divers sujets, tels
nouveaux designs du combustible, nouveaux concepts de
réacteurs avancés, thermohydraulique, physique des réacteurs,
technologies de la salle de commande, et production de radio-
isotopes pourrépondre a la demande mondiale.

e Conférence/déjeuner W.B. Lewis 2005:
Conférencier invité: M. Thomas Isaacs,
Director of Policy, Planning and Special Studies,
Lawrence Livermore National Laboratories (E.-U.A.)
* Trois sessions pléniéres + bon nombre
de sessions techniques

s 29™ Conférence étudiante SNC-ANC

* Banquet des prix canadiens pour
contributions nucléaires exceptionnelles

s Atelier professionnel de la Jeune
Génération Nord-Ameéricaine dans le
Nucléaire

s Reception, pauses-café, exposition, et
autres occasions de développer un
réseau de connaissances

Soyez des nétres en juin!

Pour plus de détails et pour vous
inscrire, visitez www.cns-snc.ca




Canadian Nuclear Society
26th Annual Conference
(incorporating Student Conference)
“The New Nuclear Generation”
Toronto, Ontario
2005 June 12-15
REGISTRATION FORM

(Please type or write in block letters)

*

Name:

(Dr/Mr./Ms.) First Last
Title:

Organization:

Business Address:

Street # Street Name

City Province/Slale

Poslal Gode Gountry

Business Telephone:

Fax:

E-mail:

Il 'you are a speaker, please check this box: O

I a speaker at the Student Conference, pls. check Q

If you would like vegetarian meals, pls. check this box: 4

This registration form is also available on the CNS web site, at www.
cns-sne.ca.

Please mail, fax, or e-mail registration form with payment to
Canadian Nuclear Society,

480 University Ave., Suite 200,

Toronto, ON, M5G 1V2

Fax: 416-977-8131; e-mail: cns-snc@on.aibn.com

Tel.: 416-977-7620

For further information regarding the Gonference, please conlact Mrs.
Denise Rouben, CNS Office Manager, using the contact information
above.

The Conference Hotel will be the Toronto Marriott Eaton Centre, 525
Bay St., Toronto, ON, M5G 2L2. Room reservations must be made
directly with the Hotel at 1 800-905-0667. When calling the hotel,
you must indicate that the reservation is for the CNS 2005 Annual
Conference. A block of rooms is held for the Conference until 2003
May 20; please reserve early. The price of rooms is $199 per night
+ lax, single or double. Smoking or non-smoking rooms are available
upon request.

For Office Use:

CNS Member? Yes d No 4
ID #:

Entered: 2005/

Processed: 2005/

Receipt sent: 2005/

REGISTRATION OPTIONS

Registering: By May 3 After May 3
Note:

1) To register as a GCNS member, your membership
must be in good standing. Have you paid your 2005
membership fee?

Pls. give your CNS member ID (from membership
card):
2) All prices include 7% GST (#870488889 RT).

CNS Member $588.50 0  $663.40 O
Non-CNS Member  $668.75 30  $743.65 Q0

(Includes all CNS Sessions, one copy of Proceedings, Reception,
Conference meals including Banquet)

CNS Retiree Member $171.20 0  $214.00 Q
Full-Time Student $107.00 @ $139.10Q

Full-Time Student presenting paper at Student Conf. $0
(Includes all CNS Sessions, one copy of Proceedings, Reception,
Conference meals including Banquet)

One-Day Registration (includes sessions and Conference meals
for the day — Luncheon on Mon. or Wed., Banquel on Tues. Does not

include Conference Proceedings.)
Note: Monday Luncheon includes 2005 W.B. Lewis Lecture

Please indicate for which day: 0 Mon.,d Tues.,.d Wed.
CNS Member $304.95 0  $337.05Q
Non-CNS Member $342.40Q $374.50Q

Guest accompanying registrant O
(Permilts complimentary attendance at Receplion)

Guesl's Name:

Additional Luncheon Tickets: @ $53.50 =
For which day? d Mon (W.B. Lewis Lecture),  Wed

Additional Tickets for Banquet (+ Pre-Banquel Reception
+ Entertainment) (Tues): ___@%80.25 =

Additional CD-ROM Proceedings: _ @ $74.90 =
(Price will be $107.00 post Conference)

NOTE: All fees in Canadian dollars
[1C$ A US $0.80 in 2005 February]

Total Due: $
Cheque (to “Canadian Nuclear Society”)
or O AMEX O MasterCard or U VISA
Name on credit card:

Card #:
Expiry Date (yyyy/mm): 200 /

Signature (required for card payment):

Date: 200_/__/

Please note Cancellation Policy: A fee of $100 will be charged
for all cancellations received after 20056 May 10.

Please type or wrile in block lellers




We would like to welcome the lollowing new members, who
have joined the CNS in the last few months.

Francis Allen, RMC Kingston

Neill Allen, Ontario Power Generation

Don Amundrud

Bill Artiss

thrahim Khaiil Attieh, AECL

Ron G. Barsi, Golder Associates Ltd.

Fiona Bennett, RadSafe Canada, Ltd.

Tineka Joy Bishop, CNSC

Jim Blyth, Ontario Power Generation

Robert R. Bodner, AEGL

Debbie Boudreau

Micnaet Edward Broczkowski, University of
Wastern Ontario

Gordon Bruce, Ontaric Power Generation

Nawal Shabbir Chishty

sungwhan Cho, University of Western Ontario

Richard Cook, RCM Technalogies

Christine T. Gosby, Bruce Powsr

Joseph Anthony Crockett, Framatome ANP

Frangois Claude Cussac, University of New
Brunswick

Mark Andrew Danilko, McMaster University

Heather Anne Davis, CNSC

Ninoshka Louisa-Ann Dsouza, University of
Ontario institute of Technology

George Epaminondas, Ontario Power Generation

David Earle Essensa, N.B. Power Point Lepreau
Generating Station

George H. Fostar, East Coast Management Group

Edward Spencer Fox, E.S. Fox Lid.

Miklos (Mike Garamszeghy, Ontario Power
Generation Inc.

Nous aimerions accueillir chaudement les nouveaux membhbres

suivants, qui ont fait adhésion a la SNC ces derniers mois.

Ron Gavrin, Ontario Power Generation

Richard Grondin, Perma-Fix Environmental
Services Inc.

Andrew M. Harrison, University of Ontario
institute of Technology

Fahad Haseen, University of Ontario Institute of
Technology

Shigec Hattori, Hitachi Ltd., Power Systems

Heming He, University of Western Ontario

Harley William Hughes, Ontario Power Generation

Pellumb Jakupi, University of Western Ontario

Richard John Jessap, Comstock Canada Ltd.

Andrew Douglas Justason, Centre for Nuclear
Energy Research

Akhil Kanaujia, University of Ontario Institute of
Technology

Mohammed Khan, University of Ontario Institute
of Technology

Nafisah Samirah Khan, UDIT

Saad Ahmed Khan, University of Ontario Institute
of Technology

Mahsa Khatibi, tniversity of New Brunswick

Makoto Kikuchi, NTC AECL-Hitachi

Milena Kostova, International Safety Research

Peter Kwan, Ontario Power Generation

Trevor Langlais, N.B. Power Nuclear

Ross Ellsworth Lewis, University of Ontario
institute of Technology

Cyril K. MacNeil, Retired NB Power

Kenneth William Marlow, UOIT

Lennard McGoey, Ontaric Power Generation IMS

Franco Merola, Ontaric Power Generation

Henry Mousek, N.B. Power Nuclear

John Roberi Noble, East Coast Management
Group

Jaroslav F. Pachner

Joseph Parete, McMaster University

Amin Patel, University of Ontaric Institute of
Technology

Colleen M. Poliey, Zircatec Precision Industriss
Inc.

Aaron David Quastel, U of Toronto Inst. for
Aerospace Studies

Matthew E. Rampley, Ontario Power Generation

Kazem Rassouli, Ontario Power Generation

Matthew Arnotd Roherty, N8 Power Pt Lepreau

Kimberly C.M. Rowsell, 1. of Waterloo/Memorial L.

Curiis James Russelt, University of Ontario
Institute of Technology

Ted Shin, Project Manager

Subo Sinnathanby, Ontario Power Generation

Ajay Sood, Analyst

Wai How Soong, Babcock & Wilcox 2075Canada

Robert Strang, RSB Logistic Inc.

Jakub Marian Szymandera, Nuclear Safety
Solutions Lid.

Robert David Taylor, Kinectrics Inc.

Dong V. Tchmshkyan

Samantha Therrien, York University

Elan Thomas, Kinectrics

Pauline Carol Watson, Nuclear Safety Solutions
Syed Zaidi
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END POINT

A Close Call for America
by Jeremy Whitiock

RICHMOND, VA - Almost a century and a half ago,
Generals Ulysses 8. Grant and Robert E. Lee squared off just
north of here in the Battle of North Anna, a typically incon-
clusive and wasteful engagement of the Civil War.

At the beginming of 2005 a new and different Battie of
North Anna again threatened o rend apart America’s heart
and soul, but unity prevailed and the homeland has emerged
the stronger for it.

Canadians, like the Gommunists before them, have been
allowed Lo creep into the homes and industries of the heart-
land, let in by apathy, naiveté, and the wholesale bleeding-
heart betrayal of traditional American values.

Nowhere are these values entrenched stronger than in
the sovereign domain of nuclear energy, the cornerstone of
America’s God-given right to military and industrial suprem-
acy, bestowed through the sweat and toil of red-blooded
American scientists in the middle of the last century.

The CANDU nuclear reactor, a hodge-podge of ideals
cobbled together by obstinacy, traces its roots to the desper-
ate attempts of refugee enemy aliens to replicaie American
innovation during the Second World War.

This pretender lo genius came knocking at America’s
door, and utterly astounded observers by winning the bulk
of DOE pre-licensing funding announced late last year.
Largesse in hand, Dominion Energys North Anna expan-
sion vaulted leagues ahead of other nuclear resurrections
around the country.

“This just ain’t right,” protested Budd Snively of the group
Keep Atoms American, “we haven't seen a disregard for U.S.
birthright like this since the Toyota Corolla.”

Snively shakes his head as he recounts an undercover
investigation his group undertook, in the
guise of NRC salely analysls.

“They just ain’t like us up there.
All this talk of ‘milli-k’” and using
compuler codes we've never heard
of. They weren’t even applying the
ANS standards. Theyre worse than
the French.”

Jerry Falwell of the Moral Majority
agrees. “The Canadians are Satan’s
engineers. They speak in tongues
and invoke their heathen spirits. I'm
told they worship their heavy water
like a god. This is blasphemous and
unnatural: God intended us to harvest
the energy that sustains us from [is

*.. one Nation under God, indivisible,
With Liberty and LWRs for all.”

bountiful elements: the water, the air, and the rocks of our
earth.”

“American enrichment of uranium is acceptable”, Falwell
concedes, “After all that makes use of the technology that
makes America strong and safe, which is our God-given
right.”

Budd Snively echoes this criticism of the insurgent
Canadian technology: “They lay their reactor on its back and
refuel it with these long phallic machines, day in and day out.
It’s an affront to American decency and family values.”

“I'm certainly not surprised,” adds Falwell. "We're talk-
ing about a country that legalizes abortion, marijuana, and
homosexual marriage - but not,” he adds with obvious con-
lempl, “atomic weapons.”

What happened next was a call to arms worthy of Paul
Revere. America awoke and look action long before this
technological Pearl Harbour got a chance to progress any
[urther.

The moral outrage evinced by the likes of Snively and
Falwell found resonance in the living rooms and boardrooms
of the nation,

In {ess time than it Lakes a stuck-open pressure reliel valve
Lo uncover a BWR core, Dominion Energy announced that it
had decided instead to go with General Electric, a reassuring
turn to the old red, white, and blue: [amiliar to housewives
coast Lo coast and keeping Americans strong since 1892.

The moral underpinnings of this sudden reversal were
downpiayed in Dominions official announcement. “We
simply told the Canadians,” a company spokesman recounted
on Larey King Live, "thal the Virgin Mary appeared to us over
the Christmas break and begged us not Lo do it.”

With the plaid-shirted, monarchisi horde suc-
cessfully turned back al the border for now,
time has been found for sober reflection,
and even a bit of sportsmanlike conces-
sion from the safe vantage point of total
victory. Some American engineers have
mused aloud about the significantly better
fuel elficiency found in CANDU, compared
with U.S. designs,

“Ah yes,” intones Budd Snively with
measured disdain, “thats what they
said about the Corolla too.”

Most of the above springs solely from

the authors mind. Sadly, this includes

Budd Snively.
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CALENDAR

2005

Apr.6-8

Apr. 17 - 2]

Apr. 25 -29

May 8- 11

May 15 - 19

May 16 - 20

june5-8

june 1215

June 25 - 28

Aug.7-12

Aug. 14- 18

6th International Exhibition on
Nuclear Power Industry
Shanghai, China

website:  www.coastal.com.hk

Moente Carlo 2005

Chattanooga, Tennessee

Contact: Bernadette Kirk, ORNL
email: kirkbl@ornl.gov

5th Int’l. Conference
on Isotopes

Brussels, Belgium
website:  www.jre.nl/Sici

National Conf. on Radioactive
Waste Management,
Decommissioning and
Environmental Restoration
Ottawa, Ontario

Contact: M. Stephens, AECL
email: stephensm(@aecl.ca

International Congress on
Advances in Nuclear Power Plants
Seoul Korea

website:  www.icapp2005.org

ICONE 12 - Int’l Conference on
Nuclear Engineering

Beijing, China

website:  www.ns.org.cn.lCONE2005

American Nuclear Society
Annual Meeting

San Diego, California
website:  www.ans.org

26th CNS Annual Conference and
29th CNA/CNS Student Conference
Toronto, Ontario

Contact: Denise Rouben, CNS

email: cns-snc{@on.aibn.com

LOWRAD 2005

- Effects of Low Levels of Radiation
Hamilton, Ontario

email: www.science.mcmaster.ca

SmiRT 18 18th International
Conference on Structural
Mechanics in Reactor Technelogy
Bejing, China

website:  www.smirt-18.org.cn

Int'l Conference on Environmental
Degradation of Materials in
Nuclear Power Systems

Salt Lake City, Utah

email: piking@babcock.com

Sept. 4-9

Sept. [1 - I5

Sept., [8- 2]

Oct.2-6

Oct. 9- 13

Nov. 20 - 22

Dec. 11 - 14

2006

4th International Conference on
Inertial Fusion Sciences and
Applications

Biarritz, France

website:  www.celia.u-bordeaux| fr

PSA ‘05 Probabilistic Safety
Analysis 2005

San Francisco, California

website:  www.ans.org/meetings/psa

9th Int'l Conference on CANDU Fuel
Belleville, Ontario
website:  www.cns-snc.ca

NURETH 11 Nuclear Reactor
Thermal Hydraulics

Avignen, France

website: www.hurethl |.com

Global 2005
Tsukaba, Japan
website:  www.global2005.0rg

7th CNS Int’l. Conference on
CANDU Maintenance
Toronto, Ontario

Contact: Denise Rouben, CNS
email: cns-snc@on.aibn.com

European Nuclear Conference
Yersailles, France
website:  www.sfcn.fr/enc2005

Feb. 12 - I5

May. 9 - {2

May. 29 - June 2

Juned4 -8
June [l - 14
Sept. [0 - 14

ANS Topical Meetings - 9th
Emergency Preparedness & Response
- | Ith Robotics & Remote Systems
Salt Lake City, Utah

website:  www.sharingselutions.com

EIC Climate Change
Conference 2006

Cttawa, Ontario

website:  www.ccc2006.ca

WIN Global
Cambridge, Ontario
email: susan.brissette@brucepower.com

ANS Summer Meeting
Reno, Nevada
website:  www.ans.org

1 7¢th CNS Conference & 30th
CNS/CNA Student Conference
Toronte, Ontario

website:  www.cns-snc.ca

Physor - 2006 Physics of Reactors 2006
Vancouver, British Columbia
email: roubenb@alum.mit.edu
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That's beca

dustrial construction, fabrication and el
chanical, electrical and civil/structural dep_
project design requirements. And E.S. FOX deli
the project, from start to finish, using advanced proprietary planning
systems, developed by our in-house computer group.

And, in addition, we have unique and complementary expertise as major sheet
metal, pressure vessel, module and pipe fabricators, with proven quality standards,
including 1SO 9001. All of which means we can effectively deliver nuclear, thermal
and hydro-electric power projects for our many clients.

Throughout the better part of a century, E.S. FOX Ltd. has earned a reputation for the
highest quality workmanship, engineering excellence and operational efficiency,
resulting in cost-effective and timely project completion.

To learn more, call us at (905) 354-3700, or visit us on the Web.

JFOX.

CONSTRUCTORS

We build powerful solutions

9127 Montrose Road, Niagara Falls, Ontario L2E 6S5
Tel: (905) 354-3700 Fax: (905) 354-5599 Email: esfox@esfox.com

www.esfox.com
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