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ANNUAL REPORT TO THE ATOMIC ENERGY CONTROL BOARD
ON THE REGULATORY RESEARCH AND SUPPORT PROGRAM
APRIL 1. 1994 - MARCH 31. 1995

A report prepared by the Regulatory Research and Support Program staff.

ABSTRACT

The Regulatory Research and Support Program (RSP) is intended to augment and extend
activities, undertaken by the Atomic Energy Control Board, beyond what would be possible
with in-house resources. The overall objective of the research and support activity is to
produce pertinent and independent information that will assist the Board and its staff in
making sound, timely and credible decisions for the regulation of nuclear facilities and
materials.

During Fiscal Year 1994/95, a total of $3.245M was spent on RSP research and support
work. The range of activities included projects in the general fields of nuclear reactors, fuel
cycle facilities, uranium mines and mills, waste management, dosimetry, health physics,
regulations and regulatory process development, and other special support services. Some of
this work was organized into sub-program groups, each of which addresses research and
support effort in theme-related areas. Five sub-programs were launched during the year
bringing to eight the total number of such sub-programs. Areas addressed in the sub-
programs are environmental impact assessment and management, safety critical software,
seismologic studies, pressure boundary integrity, integrity of containment and safety-related
structures, human factors, internal dosimetry, and health effects in human populations.

During the year, there were a total of 157 active projects. This number included projects
planned for the year, others which remained incomplete from the previous year and a
significant number of projects which were initiated in response to new, high-priority needs.

This report presents information on the scope of RSP activities during the year and describes
how the program was managed, organized and implemented. Overviews are presented of
research and support work undertaken in each field of activity and some highlights of results
obtained are included. More detailed information has been compiled into seven appendices
which are being issued as a separate document. The membership of active review panels is
given in Appendix A. Appendix B contains summary descriptions and information on the
status of individual projects. Appendix C presents a list of those projects which were within
the overall RSP but were not active during the year. Appendix D lists the projects
undergoing review of final report or post-project evaluation. All projects which were
worked on during the year are listed in Appendix E. Specific objectives set for the RSP for
Fiscal Year 1994/95 and the degree to which the objectives were achieved are outlined in
Appendix F. Appendix G lists the INFO-series reports that were published during Fiscal
Year 1994/95.
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RÉSUMÉ

Le Programme d'études normatives et d'appui à la réglementation vise à augmenter et à
étendre les activités de la Commission de contrôle de l'énergie atomique au-delà ce qu'il est
possible d'entreprendre avec les ressources internes. L'objectif global du Programme est
d'obtenir des renseignements pertinents et indépendants pour aider la Commission et ses
agents à prendre des décisions judicieuses, opportunes et valables concernant la
réglementation des installations et des substances nucléaires.

Au cours de l'exercice 1994-1995, un total de 3,245 millions de dollars ont été consacrés aux
travaux de recherche et d'appui dans le cadre du programme. Les activités comprenaient des
projets dans les domaines généraux des réacteurs nucléaires, des installations du cycle du
combustible, des mines et des usines de concentration d'uranium, de la gestion des déchets,
de la dosimétrie, de la radioprotection, de la réglementation et du processus de
réglementation et d'autres services d'appui particuliers. Certains travaux ont été regroupés et
organisés par sous-programmes pour mieux tenir compte des efforts de recherche et d'appui
portant sur des domaines thématiques communs. Cinq sous-programmes ont été lancés au
cours de l'exercice, ce qui porte leur nombre à huit. Les domaines visés par les sous-
programmes sont l'évaluation et la gestion des répercussions environnementales, les logiciels
essentiels à la sûreté, les études sismologiques, l'intégrité de l'enveloppe de pression,
l'intégrité des structures de confinement et des structures reliées à la sécurité, les facteurs
humains, la dosimétrie interne et les effets sur la santé des humains.

Au cours de l'exercice, on a dénombré 157 projets. Certains étaient prévus pour l'année,
tandis que d'autres avaient été entrepris au cours de l'exercice précédent; un bon nombre
d'autres projets ont été entrepris en réponse à des besoins nouveaux et hautement prioritaires.

Le présent rapport fournit des renseignements sur la portée des activités du Programme au
cours de l'exercice et décrit la façon dont ces activités ont été gérées, organisées et
exécutées. On y trouve aussi un aperçu des travaux de recherche et d'appui dans chaque
domaine d'activité et les faits saillants de certains résultats obtenus. On trouvera dans une
publication distincte des renseignements plus détaillés organisés en sept annexes. La
composition des comités d'examen est indiquée à l'annexe A. L'annexe B fournit une
description sommaire des projets et des renseignements sur l'état de projets individuels.
L'annexe C présente une liste des projets compris dans le programme global, mais pour
lesquels il n'y a pas eu d'activité au cours de l'exercice. L'annexe D énumère les projets
pour lesquels l'examen du rapport final est en cours ou pour lesquels l'évaluation finale n'est
pas terminée. Tous les projets qui ont fait l'objet d'activité au cours de l'exercice sont
énumérés à l'annexe E. L'annexe F précise les objectifs particuliers du Programme pour
l'exercice 1994-1995 et indique dans quelle mesure ces objectifs ont été atteints. Enfin,
l'annexe G énumère les rapports de la série INFO publiés au cours de l'exercice 1994-1995.
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ANNUAL REPORT TO THE ATOMIC ENERGY CONTROL BOARD
ON THE REGULATORY RESEARCH AND SUPPORT PROGRAM

COVERING THE PERIOD 1 APRIL 1994 TO 31 MARCH 1995

1. INTRODUCTION

The mission of the AECB's Regulatory Research and Support Program (RSP) is to develop and
manage a mission-oriented research program which contributes to fulfilling the needs of the
operational directorates of the AECB in setting standards and in regulating the nuclear industry in
Canada. The general objectives of the RSP are:

(a) To acquire (through contracts awarded to outside sources) knowledge, expertise and advice
needed to assist the AECB in making sound, timely and credible decisions concerning the
regulation of nuclear energy and materials, within the resources allocated to the Regulatory
Research and Support Program;

(b) To ensure that research activities are relevant to the AECB mandate, and that priorities are
set to satisfy AECB needs;

(c) To anticipate long-term research needs;

(d) To develop and maintain structures (Sub-programs) that link research projects together;

(e) To maintain up-to-date knowledge in research conducted, in Canada and elsewhere, which
is pertinent to the mandate of the AECB, both with a view to ensuring consistently high
quality research work and to enhancing the competence of the AECB and thus its credibility
in the eyes of licensees and the public;

(f) To ensure that the scientific and technical content of the RSP and of the individual projects
within the RSP is appropriate;

(g) To stimulate licensees to undertake work on certain topics relating to health, safety, security
or protection of the environment;

(h) To develop equipment and procedures to enhance health, safety, security or protection of
the environment where the industry is not required, or not in a position, to do so;

(i) To develop sources of knowledge and expertise in the private sector and elsewhere outside
the AECB on which the AECB may draw;

(j) To establish co-operation with other federal and provincial government agencies and with
international agencies in research and support projects to achieve the best value for money.
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DetaUs on the general administrative procedures of the RSP are described in INFO-0157 Rev. 1,
the AECB's Regulatory Research and Support Program. The RSP for fiscal year 1994/95 which
is described, generally, in BMD 94-1 was approved by the Board at its meeting of January 27,
1994.

Following suggestions by the Board, the Executive Committee and the Joint Sub-Committee on
Regulatory Research (JSCRR), the layout of the Annual Report of the Regulatory Research and
Support Program has been changed, beginning in fiscal year 1993/94. The published Annual
Report will consist of Sections 1, 2, 3, 4 and 5, as well as Tables 1, 2 and 3, giving the most
important aspects of the program. All remaining information on individual projects will be
available, as Appendices, on request. This change should greatly facilitate the publication of the
Annual Report, and at the same time reduce the paper burden associated with its issuance.

Section 1 of this report is the Introduction. Sections 2 and 3 review the RSP performance and the
process associated with the technical and administrative management of the program, by AECB
staff. Sections 4 and 5 review the technical results from projects in the eight Sub-programs and
nine remaining Mission Objects that were active in fiscal year 1994/95. Table 1 compares the
planned and actual spending for fiscal year 1994/95. The funds expended on (a): the eight Sub-
programs and (b) the nine remaining Mission Objects are given in Table 2. Table 3 is a sum of the
eight Sub-programs and nine remaining Mission Objects into the full Mission Objects. The
concept of Sub-programs (or discipline-related research themes) was described in detail in BMD
94-21 and BMD 95-09 and is not repeated in this Annual Report. Since individual projects are
drawn from the full Mission Objects to form Sub-programs, the projects left over, which are not
contained in Sub-programs, are contained in the remaining Mission Objects.

The membership of active review panels is given in Appendix A. (See also Section 3.2 for an
overview of the review panel concept). Appendix B contains the project summaries and the status
of the individual projects, including those projects for which a post-project evaluation (PPE) has
been completed during the fiscal year. Appendix C contains a list (project number and title) of
those projects which were not active, and Appendix D contains a list (project number and title) of
those projects which are complete except for their post-project evaluations. Appendix E is a list of
all active projects, by project number and title. Appendix F is a list of specific objectives set for the
RSP for the fiscal year 1994/95 and indicates how (or to what extent) each specific objective was
met. Appendix G contains a list of research project reports that have been published in the AECB
INFO-series during fiscal year 1994/95.

2. OVERVIEW OF RSP FOR FISCAL YEAR 1994/95

2.1 Statistics

Beginning with the Annual Report for fiscal year 1993/94, staff of the RSP are presenting the
statistical information in a simplified way, stressing the most important aspects in a table and
leaving the detail for mention in the narrative sections. For example, the two summaries (Original
Plan at the start of the fiscal year and Final Status at the end of the fiscal year), which used to
appear in previous Annual Reports, have been combined into a single summary, Table 1, with far
fewer entries. The number of active projects and their expected cost are given in the Original Plan,
while the actual number of projects (including their source) and their actual cost are given in the
Final Status. Most other details are relegated to the accompanying text. (See Tables 2 and 3 for a
breakdown by Sub-program and remaining Mission Objects; any discrepancies between the data in
Table 1 and those in Tables 2 and 3 are due to rounding-off adjustments.)
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The designations assigned to each project were as follows:

- Category 0 meant that a project was in progress at the start of fiscal year 1994/95;

- Category 1 meant that a project was planned to be started during the Fiscal year;

- Category 2 was used for a project awaiting the outcome of a previous project or the acquisition
of other information; and

- Category 3 meant that a project was not intended to be funded during the fiscal year, but was
held in reserve (until funds became available).

- Category NEW meant that a project arose during the fiscal year, but after the Program
Document had been published.

- Category UCO (unplanned carry-over) meant that a project had started prior to the beginning of
the fiscal year and had been expected to be completed in that fiscal year (e.g., 1993/94), but carried
over into the program year (1994/95), and so had not been included in the Program Document for
fiscal year 1994/95. ("Ongoing" projects in this category were still not completed in the program
year 1994/95.)

- Category PPE meant that the project was undergoing post-project evaluation.

Several items within Table 1 are noteworthy. In fiscal year 1994/95, 157 projects were active
instead of the 125 projects planned in fiscal year 1994/95. Of these, 45 were completed during the
period and a post-project evaluation (PPE) was initiated and/or completed for each. This difference
was accounted for, largely, because of the new, high priority projects which arose during the year,
displacing some of the planned projects. An additional 15 projects, which were intended for
completion before the start of fiscal year 1994/95, did carry over into the program year (unplanned
carry-overs). These two items illustrate the flexibility and dynamism of the RSP, as well as the
ability of RSP staff to react to the new and unexpected needs of their client divisions.

Although the nominal budget for the RSP presented in the Program Document for fiscal year
1994/95 was $3850k the actual starting budget at April 1, 1994 was $3504k. Of this amount, the
budget was expended as follows:

(a) research and support contracts $3006k (85.8%);
(and some associated administrative costs)

(b) contributions to international projects $113k (3.2%);
(c) project review panels $43k(1.2%);
(d) AECB staff travel (related to projects) $83k (2.4%);
(e) miscellaneous transfers out of RSP $113k (3.2%);
(f) amount lapsed $146k(4.2%).



Table 1: Overview of Planned and Actual Spending for Fiscal Year 1994/95

Original Plan

RSP Projects
Category 0, 1, 2
(High Priority)

RSP Projects
Category 3
(Reserve)

TOTAL

Number of
Projects

125

(61)

186

Effective Budget+

at Start of Fiscal Year
($k)

3402

(0)

3402

Final Status

Project Source

RSP Projects
(Category 0,1,2)

Projects Elevated
from Category 3

NEW
(Not in Original Plan)

UCO
(Unplanned Carry-
overs)

PPE
(Not in Original Plan)

TOTAL

Number of
Projects

Completed 44
Ongoing 52

96

Completed 1
Ongoing 2.

3

Completed 15
Ongoing 19

34

Completed 11
Ongoing A

15

9

157

Actual Spent
($k)

1099
1446

2545

0
51

51

186
354

540

80
29

109

0

3245

+The Effective Budget ($3402k) is the "starting" budget at April 1,1994 ($3504k) minus the contributions to international projects ($113k),
with round-off adjustments.
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2.2 Priorities

As in previous years, a ranking document was prepared, in which the priorities and allocations of
funds within each Sub-program and remaining Mission Object were set out. The final decisions on
priorities, at the project level, were made by the Executive Committee, in consultation with
operational divisional managers and with the advice and suggestions of the Joint Sub-Committee
on Regulatory Research (JSCRR). The ranking document formed part of the Board Member
Document, approved by the Board at its meeting in January 1994. The ranking document
permitted the Research Program Officers (within the RSP) as well as their proponent or client
divisions to know the relative priority for the initiation of individual (Categories 1 and 2) projects
well in advance of the start of the fiscal year. The early approval by the Board of the RSP
permitted the timely initiation of several projects at the start of the fiscal year. As usual, however,
the ranking document was not static. As new and urgent projects arose during the fiscal year, they
displaced projects of lower priority, thus ensuring that projects of the highest priority received the
necessary attention and funding.

Projects within each Sub-program and remaining Mission Object were originally ranked by the
divisions which were the proponents for the projects in the particular Sub-program or remaining
Mission Object. The ranking was not done by staff responsible for the RSP. Where more than
one proponent division contributed projects to a Sub-program, RSP staff facilitated the integration
of these projects and the multiple priorities of the various proponent divisions. The rationales of
each proponent division, for purposes of priority setting, were many and varied and were not
documented by the proponent divisions. Therefore, it was difficult for RSP staff to determine why
one project preceded another in rank or why some projects failed to be ranked highly enough to be
included among Category 1 projects in the Original Plan for the fiscal year. Nevertheless, some
attempt has been made to describe, retrospectively, what the priorities were in a number of broad
research and support areas.

In ensuring that AECB licensed activities do not result in unacceptable impacts on the environment,
AECB staff identified current research needs and grouped specific projects as Sub-program 1. In
this Sub-program, 8 projects (costing $193k) were active in fiscal year 1994/95, in the following
subject areas:

(a) tools for environmental impact assessments (3 projects, $84k);
(b) impact of specific practices of licensees (3 projects, $90k);
(c) improvement of assessment model performance (1 project, $16k); and
(d) generic regulatory issues (1 project, $3k).

The possibility of internal contamination exists for workers at many facilities AECB licensed, in
particular, those working in the nuclear power industry, uranium mining and nuclear medicine.
While external radiation exposures can usually be measured by means of dosimeters such as TLDs,
no such methods exist for the measurement of radiation doses from internally deposited
radionuclides. A calculation must be made to estimate the dose to various organs from the
measured activity emanating from the body (in the case of energetic gamma emitters) or from
measurements on excreta (in the case of internal sources of weakly penetrating radiation).

Work was done (expenditure of $ 126k) on three projects in Sub-program 2. Two projects involved
the standard problem exercise which forms a framework for assessing safety-critical software. The
third was a review of the reliability of the dual computers which control the operation of the
CANDU reactors.

Work was done (expenditure of $9Ik) on three projects in Sub-program 3. Two projects involved
examination of the nature of geological structures and the third was a seismic monitoring project.
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There were two Sub-programs (4 and 5) in the area of engineering research. There were seven
active projects in Sub-program 4 (total expenditure of $424k). They addressed assurance of
integrity, degradation and the fitness-for-service of pressure boundary components.

In Sub-program 5, four projects were undertaken (costing $73k). The areas worked on included
development of a reliability-based inspection approach, assessment of load tolerance and
characterization of seismic hazard for concrete containment structures.

There were ten active projects in Sub-program 6 (total expenditure of $388k). Five projects
addressed training requirements and evaluations of testing and training programs (44% of the total
expenditure), five other projects involved human factors issues (56% of the total expenditure),
such as human factors issues in fuel handling, human factors guides and various aspects of skills
requirements for nuclear operations personnel.

Research into the methods and models of internal dosimetry have been grouped into
Sub-program 7. In the Sub-program, $307k was spent on 9 projects in the following subject
areas:

(a) biokinetic models (2 projects, $122k);
(b) systemic models (2 projects, $1 Ilk);
(c) workplace monitoring (2 project, $43k);
(d) bioassay(l project, $16k); and
(e) computational methods (2 projects, $15k)

In the evaluation of radiological risk, as a basis for regulatory decision-making, epidemiological
studies (of the health effects of radiation) were prominent in fiscal year 1994/95, and grouped in
Sub-program 8. A total of $23 Ik was spent on 14 projects. These projects (some of which were
carried out as part of international studies) dealt with the following aspects of epidemiology:

(a) radiogenic cancers (7 projects, $74k);
(b) exposure and dose estimates (2 projects, $52k);
(c) effects on embryo and fetus (2 projects, $82k); and
(d) improvement of data bases and registries (3 projects, $22k).

In the remaining Mission Object 2 research was done in several areas:

Five projects were worked on (expenditure of $156k) in the general area of reactor physics. Two
were assessments of compliance with power limits and two others examined criticality issues. The
last one involved an independent assessment of the capabilities of computer codes which are used
for reactor physics analyses at CANDU plants.

Four projects (expenditure of $78k) were worked on in the area of Probabilistic Safety Assessment
(PSA) with the emphasis on the completion of the survey of the current status on PSA
requirements from several European regulators.

Ten active projects (total expenditure of $160k) were carried out to review several reactor safety
analysis topics such as emergency filter behaviour under harsh conditions, fuel behaviour
following power excursion, fuel behaviour under dryout conditions, compliance with bulk reactor
power limits and guidelines for safety analysis review.

Further details of the entire RSP are given in Sections 4 and 5.
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2.3 Administration and Management

The main features of the administration and management of the RSP during fiscal year 1994/95
follow.

2.3.1 Administrative Aspects

Three vacancies emerged during the period. One of the vacancies which occurred early in the
period was not refilled, in anticipation of a planned person-year reduction in fiscal year 1994/95.
The staffing action for the other two vacancies commenced late in the fiscal year.

Several measures were instituted during the fiscal year to try to ensure that a higher proportion of
planned projects were initiated or completed in fiscal year 1994/95.

(a) The re-structuring of the RSP into Sub-programs, or discipline-related research themes,
continued in the fiscal year. There were eight Sub-programs in place during the period.

New procedures, for initiation and approval of projects within Sub-programs, reduced the
response time for the project approval process. Since requests for approvals and comments
were targeted to the proponent and evaluator divisions only, there has been a noticeable
increase in efficiency in the process.

Moreover, the partial transition of the RSP from Mission Objects to Sub-programs resulted
in a reduction in response time for project review by the proponent divisions. This was so
since the relationships and results among projects within Sub-programs were better
understood than they were when they existed as unrelated projects within Mission Objects.

(b) Unforeseen absences (special assignments, illnesses, long-term leaves, etc.) by staff, in
addition to the vacancies created by departing staff (noted above), prevented the three
section supervisors from concentrating more fully on their supervisory duties related to
program planning, budget control and distribution of effort among their respective staff.
These absences are likely to continue into the next fiscal year.

(c) The addition of the Contracting Officer within the Division and the use of a standard AECB
contract have greatly speeded up and facilitated the issuance of contracts, for those projects
that do not require the use of Public Works and Government Services Canada (the former
Department of Supply and Services). Despite the initiatives taken to improve the efficiency
of the management of the RSP, many projects could not be started on time because of the
long delays in obtaining the necessary reviews, by client divisions, of project work
statements. Since these reviews were crucial to the initiation of projects, this aspect
remained the major impediment (over which the AECB had some control) to the timely
initiation of projects.

Owing to these delays, some projects were initiated much later than anticipated or planned,
while other projects had to be delayed until fiscal year 1995/96. Late in the fiscal year
some funds ($113k) had to be transferred out of the RSP to meet other needs of the AECB,
while a balance of $146k remained unspent. This unspent amount (lapse) was somewhat
higher than that experienced in previous fiscal years.

2.3.2 Carry-Over Projects

Again, in fiscal year 1994/95, the RSP contained a large proportion ($2,055k or 58%) of carry-
over projects (i.e., Category 0 projects, which began in one fiscal year and continued into the
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following fiscal year, or program year.) As the summary below shows, there have been wide
fluctuations, in recent years, in the amount and percentage of funds devoted to carry-over projects.

Fiscal Year

1994/95
1993/94
1992/93
1991/92
1990/91
1989/90

Actual Funds and Fraction of
Original Budget Carried Over
($k)
2055
1705
2495
1266
803

2444

(%)
58
46
68
36
23
80

Carry-over projects represent the reality that relatively few projects can be initiated and completed
in the same fiscal year, owing to the long lead times needed to proceed through all of the technical
reviews and administrative requirements before a contract is actually initiated and because many
projects are multi-year undertakings. [For example, only 34 projects were initiated and completed
(up to the issuance of a PPE) in fiscal year 1994/95.] While this fact means that some portion of
the RSP budget is already "committed" at the start of each new fiscal year, leaving less money to
initiate new projects, the overall efficiency of management of the RSP is enhanced. This is so
because the transition between fiscal years is smoother and the work load is better distributed, both
for RSP staff and for client division staff, when projects are initiated over the duration of a fiscal
year, rather than predominantly at the start of the year. Human resource limitations prevent the
initiation of all new projects immediately at the start of a new fiscal year.

2.3.3 Reserve Projects

Projects deemed to be worthwhile, but for which funds were unavailable at the start of the fiscal
year, were assigned to a reserve list (Category 3). As in previous years, there were a large number
of Category 3 projects in fiscal year 1994/95. From one point of view, the excess of demand (the
estimated cost of all Category 3 projects) over supply (the available RSP budget) may suggest that
a much larger RSP budget is warranted; on the other hand, the existence of an excess of demand
over supply imposes healthy competition among the many and varied priorities of clients to ensure
that those projects of most worth to the AECB are funded.

During the course of a fiscal year (and this was true for fiscal year 1994/95) some funds became
available, as decommitments arose from existing high-priority (Category 0,1 or 2) projects within
a given Sub-program or remaining Mission Object. While most of these planned expenditures
were assigned to those new and urgent projects which arose during the fiscal year and to
unplanned carry-overs, the balance was generally expended on the projects on the ranked reserve
list (Category 3). Of course, very few of the worthwhile Categoiy 3 projects can be funded in any
given fiscal year, necessitating further deferral or cancellation of these projects.

2.3.4 Objectives

As part of the AECB's review of its institutional objectives, each directorate, division and program
prepared a set of its own objectives, relating how these fitted into the institutional objectives.
These objectives were approved by Executive Committee for implementation in fiscal year
1994/95. Staff responsible for the Regulatory Research and Support Program also prepared such a
set of objectives and measures to judge their achievement. The objectives were developed as
follows:
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(a) broad, long-term objectives of the RSP;
(b) shorter-term specific objectives of the RSP, for fiscal year 1994/95; and
(c) quantitative measures (where possible) by which the shorter-term specific objectives would

be judged.

The broad, long-term objectives of the RSP for fiscal year 1994/95 are given on page 1 of this
Annual Report. The results, (based on the quantitative measures) associated with meeting the
shorter-term specific objectives set for the RSP, are reported in Appendix F.

3. PROCESS

3.1 Authorization

Project packages for directly-related projects which are not part of a Sub-program, and costing the
AECB $150k or more, are individually approved by the Board; those costing $75k to $150k are
approved by the President; and those costing less than $75k are approved by the Director General
of Research and Safeguards.

3.2 Review Panels

Review Panels are set up by AECB Research Program Officers to provide independent scientific
advice to the AECB on some projects, including the appropriateness of any test facilities and
procedures, interpretation of results, and soundness of theoretical models. The AECB organizes a
panel for one or for several related projects on the basis of the following considerations:

(a) cost;
(b) complexity;
(c) whether a new area of activity or discipline is involved;
(d) whether ethical considerations are involved (e.g., studies involving human data, or

experiments involving animals); and
(e) whether a number of projects, which fall into a similar group or subject area, would benefit

overall from a review panel.

On occasion, an individual consultant may be requested to give independent advice on a particular
project or group of projects, carried out by other consultants.

In fiscal year 1994/95, there were 7 review panels involved in 10 active projects. It has become
more common over the years to use a core review panel to oversee a number of projects, each
augmented by one or two specialists for additional specific aspects. Each such sub-panel is
counted as a panel. On average, each Research Program Officer coordinates the efforts of just one
review panel at any given time.

The status of RSP review panels can be summarized as follows:

(a) With some exceptions, the size and number of review panels have tended to diminish over
the years. In keeping with identified needs for a more manageable and effective forum for
discussion, while permitting a healthy diversity of opinion, the AECB is selecting panelists
more carefully, not only for their depth or breadth of expertise, as appropriate, but also for
their ability to be constructive in small groups. Intellectual and scientific input from
panelists remains high; therefore, so too does their value to the AECB. As well, the recent
downward trend in the number of active review panels can be attributed, in part, to the
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reduced need for review panels as the maturity and expertise of the AECB's staff increase
(This trend will be accelerated by the budget reductions imposed on the RSP beginning in
fiscal year 1995/96.).

(b) The direct cost of review panels to the RSP budget, for fiscal year 1994/95, was $43k
which represented 1.2% of the RSP total working budget and 3.2% of the costs of the
active projects which were overseen by these review panels. Although the direct costs to
the RSP are reasonably low, the indirect costs (in terms of the AECB Research Program
Officers' time and effort) may be considerable.

(c) The number of review panels has remained low over the last several years as shown below.

Fiscal Year

1994/95
1993/94
1992/93
1991/92
1990/91

Number of Active
Review Panels

7
8
11
9
15

Number of Active
Projects Overseen
by Review Panels

10
11
16
12
21

As the idea of Sub-programs takes hold, it is likely that a core review panel may be constituted for
each Sub-program, with additional specialists added for specific projects or domains of interest.
This aspect of the use of review panels is still being investigated.

Generally speaking, the review panels continue to provide a net benefit to the RSP.

Beginning with the fiscal year 1987/88 Annual Report and continuing through the present one, the
impact of the review panels on the conduct and direction of the work being done by the contractor
has been described and is included in the individual project descriptions in Appendix B under the
sub-heading: Review Panel Activities. The more administrative matters involving review panels
(number of meetings, correspondence, reviews, etc.) are addressed in Appendix A.

3.3 Post-Project Evaluation (PPE)

The evaluation is intended to address six aspects:

a) an evaluation of the contractor's performance;
b) a review of the actual use made of the results of the project;
c) an evaluation of the value of the work to, and its effect on, AECB activities;
d) an evaluation of any contribution to the general body of scientific knowledge (starting with

evaluations begun in fiscal year 1987/88);
e) an evaluation of the value of the work in relation to the cost ("value for money"); and
f) recommendations (if any) for further work or further action.

Parts a), b) and f) are the responsibility of an evaluator identified when the project is initiated.
There may be more than one evaluator, and evaluators may be appointed from inside or outside the
AECB. Parts c), d), and e) are the responsibility of the Research and Support Division. RSD staff
may also contribute to part b). If a panel exists, it provides input to parts of the evaluation as well.
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For the post-project evaluation, an initial questionnaire is sent out to proponent and evaluator
divisions within a month of the acceptance of the final report and is intended to be completed
within a few months of their receipt by the divisions. If necessary, follow-up questionnaires are
issued until sufficient information has been collected to complete the evaluation and draw the
necessary conclusions. A summary of the results and conclusions of each project, when
completed and evaluated, is stored in an information retrieval system (MORIS) as a record and for
analysis, as required. A project is not considered to be complete until the post-project evaluation
has been completed. The "Final Evaluation" appearing in Appendix B is a brief synopsis of the
conclusions of the full PPE. In the past, there has always been a backlog of projects (listed in
Appendix D) which had been finished except for the post-project evaluation. The Research and
Support Division has reviewed the list of projects which have been completed, except for the post-
project evaluation, and has decided not to continue to seek post-project evaluations for projects
completed prior to April 1,1993. With the elimination of these older projects, there are no projects
for which the only activity would have been completion of the post-project evaluation process (i.e.,
no entries in Appendix D).

The Executive Committee has agreed to a modification, aimed at improving efficiency, in the
process of post-project evaluation, whereby follow-up requests will be made by the Director
General (Directorate of Research and Safeguards) to the Directors General of the proponent and
evaluator divisions, if post-project evaluations have not been completed in the periods which had
been agreed upon at the Director level in the respective directorates.

Post-project evaluations have been completed at a much faster rate during the fiscal year 1994/95 in
response to the increased emphasis of being able to demonstrate the utilization of results of projects
completed within the RSP.

A pilot study has revealed that there have been 31 PPEs issued by March 31,1995 out of 34 final
reports accepted in the one year period October 1,1993 to September 30,1994. Efforts are
continuing to increase the return rate of each PPE, to within six months of the acceptance of the
final report of the respective project.

3.4 Publications

The practice of listing open-literature publications, in addition to the AECB INFO-series reports
which have resulted from RSP contracts, has been continued this year. Substantial effort has been
made in fiscal year 1994/95 by staff of the Office of Public Information (OPI) to reduce the back-
log of contract reports slated for publication in the INFO-series; 20 INFO reports have been
published as shown in Appendix G. Together with the write-off of the very old final reports, OPI
expects to eliminate the back-log in fiscal year 1995/96. Open-literature publications include
articles in refereed journals, proceedings of conferences, seminars and workshops, contributions
to review articles, and so on. It is worth remembering that publications may not appear in the open
literature until several years after the publication of the INFO-series report, by which time the
project has been dropped from the Annual Report of the RSP. Moreover, many private sector
contractors tend not to devote their energies (after the completion of the contract report) to the
preparation of open-literature publications.

4. REVIEW BY SUB-PROGRAM

During fiscal year 1993/94, work commenced on the re-casting of the present Mission Object
structure into one based on discipline-related themes, or Sub-programs. Each Sub-program is a set
of related projects giving complementary results and is intended to achieve a particular over-all
objective. Projects contained in each of the Sub-programs have been taken either from a single
Mission Object or from several Mission Objects and are linked by the complementary nature of
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each project's objective, rather than being linked to a particular licensed activity or facility. (Full
Mission Objects, from which projects have been drawn to form Sub-programs, are then referred to
as remaining Mission Objects.) AECB staff thinks that the Sub-program approach will give a
rational and defensible basis for developing the RSP. Considerable staff effort went into the
planning, consultation and development of the first three Sub-programs initiated in fiscal year
1993/94 and the five Sub-programs initiated in fiscal year 1994/95. (Four additional Sub-programs
are planned for fiscal year 1995/96). The highlights of selected projects are discussed in each Sub-
program.

About 52% of the expenditures for fiscal year 1994/95 were devoted to projects within Sub-
programs.

4.1 Sub-Program 1: Environmental Impact Assessment and Management

4.1.1 Introduction

The overall objective of AECB activities related to environmental impact assessment and
management is to ensure that licensed activities do not result in unacceptable impacts on the
environment. Achieving this objective requires the evaluation of the environmental consequences
of the siting, construction, operation and decommissioning of nuclear facilities, and of the
production, storage, use, transportation and disposal of prescribed substances, under both routine
and emergency conditions.

AECB activities in this field involve, principally, the review of environmental assessments of
licensed activities and facilities, assessment of the adequacy and effectiveness of the environmental
management programs of licensees, and the preparation of relevant regulatory documents.

4.1.2 Objective

The objective of this Sub-program is to assist in providing the AECB with adequate information on
which to base its environmental protection standards, environmental assessments, and decisions in
respect of the control and management of environmental effects associated with the use of nuclear
energy.

4.1.3 Description

Research projects relevant to the theme of environmental impact assessment and management are
organized within four fundamental areas:

• Development of environmental protection standards and guidance;
• Evaluation of the reliability of environmental assessments and modelling;
• Development of environmental assessment capability; and
• Conduct of applied assessments.

Each area has an important contribution to make to the achievement of AECB objectives in this Sub-
program. Any given area cannot be considered as independent of the others; together they
constitute a system for addressing the relevant research information needs of the AECB. Priorities
within the Sub-program as a whole are denoted through a process of ranking of the projects.
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4.1.4 Results

The AECB developed an environmental impact assessment model called IMPACT/AECB (initially
called ETP/AECB). It has already been used to evaluate facility-specific and regional cumulative
radiological impacts associated with uranium mining developments in Saskatchewan. The results
of these analyses were favourably received at environmental assessment panel hearings for the
proposed uranium developments during previous program years. Further development of the code
was undertaken through the RSP in the 1994/95 program year (Project 5.153.2), including
provision of a probabilistic assessment capability and interpretation with the Geographic
Information System (GIS).

Progress continues in the BIOMOVS research project (Project 3.121.3), with project results
enhancing AECB expertise in the evaluation of environmental assessment modelling results. In
particular, the program is providing a valuable opportunity to test and verify the reliability of
IMPACT/AECB.

An AECB INFO-0542 has been published reporting on environmental transfer parameters for
radionuclides released from nuclear facilities (Project 3.151.1). The database will be used by
AECB staff, and possibly other organizations, to support environmental assessment modelling
efforts. In addition, contract reports were received on the Phase 2 study on radionuclide
concentrations in fish (Project 5.127.2), on further development of the CHERURB Urban
Contamination model (3.175.1), and on the research on biophysical impacts of uranium mine
effluents (5.162.1)

4.1.4.1 Project 3.175.1 - Further Development of the CHERURB Urban
Contamination Model

Performance of CHERURB has been tested by AECB participation in an IAEA-sponsored
international coordinated research program called the Validation of Model Predictions (VAMP), in
Vienna (October 1994). CHERURB proved to be one of the best predictive models amongst those
evaluated. A copy of die CHERURB software together with a draft final report have been
submitted to the AECB.

4.1.4.2 Project 5.153.2 - Integration of IMPACT with GIS and Mapping Interface

The integration of IMPACT with the Geographic Information System (GIS) software and an
online mapping interface is being attempted. The contractor has reviewed a number of PC-based
Geographic Information Systems for possible use with the IMPACT model. A recommendation
was made to select MapINFO as the GIS software to use in conjunction with IMPACT. A draft of
the program user manual has been submitted by the contractor and is under review by AECB staff.

4.1.4.3 Project 3.184.1 - Mesoscale Atmospheric Model for Complex
Environments

Validation of the model against atmospheric data at Pickering has been completed. Validation for
other regions is under way. The software has been modified such that it is operational for North
America. This was achieved by coupling the model with the Regional Finite Element (RFE) model
of the Canadian Meteorological Centre (CMC). In this mode, it should be applicable for short term
(less than 24 h) predictions, specifically for accidental spills. This feature has been used in the
recent Ontario Nuclear Exercise for PNGS accident response, February 1995.
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4.1.4.4 Project 6.113.1 - Doses from Radioactive Waste in Municipal Systems

Preliminary analyses of the collected samples of municipal waste were not indicative of health
hazards. The contractor is currently preparing the draft report for the AECB.

4.2 Sub-Program 2: Safety-Critical Software

4.2.1 Introduction

Computerized Shutdown Systems were first introduced in the Darlington Nuclear Generating
Station, which was licensed on the condition that the software be re-designed and that software
development standards used as well as the new design be submitted for AECB staff review. In
addition, software-controlled systems are being proposed for safety-critical systems in other
nuclear facilities. They have long been used in certain process control systems, whose safety
significance is recognized. AECB staff, with the assistance of a number of external software
experts, have been developing a framework for the assessment of safety-critical software in
nuclear power plants. This Sub-program within the AECB Regulatory Research and Support
Program is structured to support this framework for regulatory assessment. When software
development, verification, testing and assessment methods are more clearly defined and
standardized, it is expected that the overall cost and licensing risk of using software will be
considerably reduced. If this can be achieved, there are many other benefits expected from the use
of software, such as flexibility, maintainability, improved user interfaces, improved self-
diagnostics, and improved availability.

4.2.2 Objective

The objective of this Sub-program is to support AECB staff in developing the framework for
assessing software to be used in nuclear power plants. The short-term goal is to prepare a
regulatory document on regulatory assessment requirements and methods. This document is
needed to clarify to licensees what the AECB expects for software-based systems to be approved.

Some research projects will investigate innovative or controversial areas in software engineering to
give the consultative document a stronger and broader theoretical foundation. Other projects will
assist in applying the techniques on real examples in order to gain practical experience.

4.2.3 Description

The main grouping of the Safety-Critical Software Sub-program follows the regulatory assessment
framework, with the addition of a separate grouping for projects which directly assist the review of
a particular system. This Sub-program is organized into five main areas: Standards, Analysis
Methods, Testing Methods, Development Methods and Review.

4.2.4 Results

In fiscal year 1994/95 the main focus of this Sub-program was on the projects involving the
standard problem exercise concerning a simplified boiler level control as described in projects
2.314.1, 2.314.2, and 2.314.3. Since the documents required for the work were yet not available
from the licensee, project 2.259.1 was postponed. In its place, a new project (2.339.1 - Review of
the reliability of Bruce A RRS dual computer system) was proposed, initiated near the end of the
fiscal year. At the request of the proponents, three projects (2.231.2, 2.234.4, and 2.234.2) were
cancelled.
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4.2.4.1 Project 2.314.1 - Formal Specification of System and Software Requirement

In order to exchange experience on the development and regulatory assessment methods for the
new software-based protection systems, the nuclear regulators of four countries: Canada, the
USA, the UK and France have agreed to participate in a standard problem exercise. A simplied
boiler level control was chosen as an example. Each country will contract the development of this
simplified system to a common specification. The resulting products will be compared so that the
participants can gain a better understanding of the various approaches to software development and
assessment. The AECB's approach to system development consists of three main phases: Formal
Requirement Specifications; Design and Implementation; and Verification and Validation. Each of
these three phases is addressed separately by projects 2.314.1, 2.314.2, and 2.314.3.

The starting point of project 2.314.1 is a natural language (English) specification of the boiler level
control system. The natural language specification was provided to our contractor. (Note: The
same natural language specification was used by the USA and the UK. Since the natural language
in France is not English, the supplied English specification was first translated into French prior to
its transformation into the formal language specification.)

The contractor has proposed and completed the documentation for the standards and procedures for
requirement specification and safety analysis. Also, reports on the formal system specification and
software requirement specification, as well as a preliminary validation of the formal requirement
specification against the natural language specification, have been completed.

4.2.4.2 Project 2.314.2 - Design and Implementation of an Example Boiler Level
Control System

In order to maintain independence, a separate contractor has been selected to perform the second
phase, i.e., design and implementation, based on the formal specification produced by the first
phase. The contractor has submitted a proposed Project Plan for approval by AECB staff.

4.2.4.3 Project 2.314.3 - Verification and Validation of an Example Boiler
Level Control System

Requests for proposals have been made known to potential bidders. This last phase is planned to
be run concurrently with the last part of project 2.314.2, and completed in fiscal year 1995/96.

4.2.4.4 Activities from Other Countries and Staff Responses to ACNS Commentary
on the Above Projects

In addition to the Canadian activities discussed above, those from the other three countries can be
summarized as follows: The US Nuclear Regulatory Commission has selected Lawrence
Livermore Laboratory to carry out all three phases. France has completed the translation of the
natural (English) language specifications into French and has selected a method for transforming
the natural language specifications into formal ones. The ND (Nuclear Installations Inspectorate) of
the UK has yet to decide to proceed.

During the same period, AECB staff have made presentations to the Board on this topic. The most
recent presentation involved staff responses to the commentary from the Advisory Committee on
Nuclear Safety (ACNS) which expressed some concerns about the focus of this series of research
projects.
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4.3 Sub-Program 3: Seismologic Studies

4.3.1 Introduction

At present the assessment of seismic risk in eastern Canada relies solely upon the evaluation of
historical and current seismological data. The underlying assumption of this approach is that
future, large-scale earthquakes will occur in areas, or zones, that have already experienced major
seismic activity. The basis for these assessments is a historical record of seismic events in eastern
Canada which extends back generally about 200 years, except for the Charlevoix Seismic Zone
from which an earthquake in 1534 was documented. There are however examples of earthquakes
which have occurred in parts of the region with no record of previous major seismological events.
The period of time covered by the historical seismological record in eastern Canada is too short to
provide a representative picture of where major earthquakes are likely to occur.

An improved basis for evaluation of seismic hazard will be obtained by extending the documented
seismological record much further back than earthquake records alone allow. To do this,
geological, geophysical and remote sensing investigations, rock stress measurements and
additional seismological information are required. This Sub-program addresses research which
provides AECB staff with information and expertise in those, and related, areas.

4.3.2 Objective

The objective is to develop a sound basis for assessment of the probability of occurrence of large
magnitude earthquakes in the vicinity of nuclear facilities in Canada.

4.3.3 Description

The Seismologic Studies Sub-program has been designed to develop techniques, and to acquire
information, that can be applied directly to regions in which nuclear facilities are located. It
advocates an integrated geoscientific approach which comprises:

(a) Identification of major regional faults, with determinations of locations relative to nuclear
facilities and evaluation of fault characteristics;

(b) Paleoseismicity studies for identification of seismically-induced liquefaction features and
sediment slumping with assessment of age of formation;

(c) Microseismic monitoring to ascertain if small-scale earthquakes are occurring and, if so, to
determine whether or not they define any linear trend(s); and

(d) Recognition, documentation and interpretation of the characteristics of surficial stress-relief
phenomena, such as pop-ups, offset boreholes or geologically young, tectonically-induced
faults.

In this Sub-program, these areas of activity are grouped under the broad disciplines of seismology,
remote sensing and geophysics, and geology. Seismological studies focus on the determination of
earthquake locations and monitoring of seismic activity. Remote sensing and geophysics are
applied for the identification of linear features with which observed seismic activity could be
associated. Geological studies include evaluation of in-situ stress data, study of observed faults,
folds and fractures, paleoseismic studies and assessment of liquefaction features in unconsolidated
sediments. Both deterministic and probabilistic approaches are applied in this effort to investigate
and characterize seismic hazards. Consideration of all of these elements enables a comprehensive
assessment of the nature of seismic hazards that may prevail in the vicinity of nuclear facilities.
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4.3.4 Results

Over the past year, various investigations were carried out relevant to assess the seismic hazard in
the vicinity of the Darlington and Pickering Nuclear Generating Stations.

4.3.4.1 Project 2.217.1 - Seismic Monitoring East and North of Toronto

Seismic monitoring, Project 2.217.1, has led to the recording of more than 100 natural, small
magnitude earthquakes, most of which occur east of the Central Metasedimentary Belt Boundary
Zone/Niagara-Pickering Linear Zone (CMBBZ/NPLZ). Many of those events were recorded at
only one or two stations, thereby preventing a determination of the precise locations and depths of
those events (at least three stations need to be triggered, though more are preferred, for event
locations). Nonetheless, it does appear that some have occurred within the CMBBZ/NPLZ.

4.3.4.2 Project 2.263.3 - Faulting in Unconsolidated Sediments and Bedrock in
Metro Toronto

Newly examined sections along the Rouge River, upstream from exposures at which normal faults
have already been reported in the open literature, also reveal normal faults in unconsolidated
sediments (Project 2.263.2). The most significant of these faults trends northwest, cuts through
almost the entire vertical exposure and has a substantial amount of displacement along it. It is now
known (Project 2.263.3) that the fault originates in a zone of deformed bedrock, about 25m below
the surface. The youngest sedimentary unit affected by this fault has a minimum age of 13,000
years, making it much younger than any of the units displaced by the heretofore documented faults
downriver. This implies either that the faulting downstream is much younger than previously
stated (ca. 125,000 years), or that there have been at least two periods of significant normal
faulting in the Rouge River.

4.3.4.3 Project 3.157.1 - A Field Evaluation of Convoluted Laminations

Convoluted laminations have been examined at four sites. The assessment of observed features
suggests a seismic origin in the case of the laminations at one site. No firm conclusions can be
drawn in the case of the others.

4.4 Sub-Program 4: Pressure Boundary Integrity

4.4.1 Introduction

Pressure-retaining components and systems serve vital functions in operations at nuclear facilities.
They contain and direct the flow of coolant, ensure the availability of the heat sinks, feature as key
components in process and safety systems and afford structural support in many areas. The
integrity of these components and systems is essential for safe operation.

The pressure boundary integrity sub-program addresses the assessment of the adequacy of
pressure-retaining components for service under normal and accident conditions. Structural
capacity, qualification for service, possible failure mechanisms, repair processes and other
remedial measures, the effects of ageing, monitoring and control of condition, and the assessment
of fitness-for-service are covered.
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4.4.2 Objective

The objective is to enable effective assessment by AECB staff of the integrity of pressure-retaining
components for a range of normal and postulated accident conditions that could be encountered in
service at licensed facilities.

4.4.3 Description

Research work done on pressure boundary issues comprises studies which evaluate and verify the
integrity of components which nominally remain in their design condition and others which
examine the effects of degradation and wear processes and their implications for long-term service.

4.4.4 Results

Projects were undertaken to enable the assessment of the structural capacity of pressure boundary
components under loads and conditions that arise in service or are predicted to arise during extreme
accidents. This included consideration of steady-state or transient pressure and temperature load,
vibration or other cyclic loads and dynamic loading (2.111.2, 2.273.1). Part of this activity
focused on the assessment of the adequacy of component and system designs and their
qualification for service (2.275.1), and fitness-for-service guidelines for steam generator tubes
(2.228.2).

Other projects examined failure mechanisms and the likely nature of eventual failures. Precursors,
monitoring controls, failure progression and margins to failure (2.323.1, 2.273.1, 2.184.4) were
assessed. Supporting studies included evaluation of design criteria and practices (2.275.1),
assessment of the risk of failure or impairment, the selection of appropriate rejection criteria, and
the evaluation of measures for failure mitigation and repair.

Several important projects and studies have been undertaken to address pressure boundary integrity
issues that could directly affect the safety and operation of power reactors.

4.4A.I Project 2.111.2 - International Piping Integrity Research Group - 2

AECB staff has been participating in an international study and experimental program as co-
partners with Ontario Hydro for the last seven years, in projects 2.111.1 and 2.111.2. The IPIRG-
Battelle consortium, which includes participants from North America, Europe, and Asia, has been
investigating fracture behaviour under dynamic and cyclic loads in large diameter piping and
fittings. This study provides AECB staff with vital insights for modelling flaws in plant pressure
boundary piping, including the development of a basis for 'leak-before-break' integrity
assessments, assessment of the adequacy of in-service inspection frequencies and evaluation of
licensing criteria for protection against pipe rupture.

4.4.4.2 Project 2.228.2 - Steam Generator Tube Fitness-for-Service Guidelines

Steam generator tube degradation and wear is emerging as a new challenge to AECB staff
performing pressure boundary integrity analyses. Two projects, undertaken over the past year,
studied these components. A review was completed, in project 2.228.2, of problems, encountered
in Canada and elsewhere, with degraded steam generator tubing. That review also provided a
structure and supporting rationale for fitness-for-service guidelines for degraded steam generator
tubing in CANDU reactors. This project involved interaction with international and provincial
regulatory agencies and licensees. It provides guidance on minimum inspection and safety analysis
requirements for future operation of flawed steam generator tubes. Provisions are being made, in
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Canadian Standard CSA-N285.4-M95, to incorporate fitness-for-service programs for degraded
steam generator tubes.

4.4.4.3 Project 2.273.1 - Flaw Tolerance of Steam Generator Tubes Under
Accident Conditions

Project 2.273.1 was a study undertaken to examine the basis for operation with flawed steam
generator tubing. Sets of tubes with artificial flaws were being tested to the linuts of the fluid-
elastic instability regime that the licensees have assumed for steam-line guillotine failure analysis.
AECB staff initiated this project to determine the safety factors necessary for assurance of pressure
boundary integrity, under projected accident conditions, and the (larger) safety factors needed for
continued operation with sharp flaws in the tubes. Artificial flaws selected for the tests mimicked
real flaws found in the Bruce A steam generators.

4.4.4.4 Project 2.275.1 - Failure Rates in Piping Manufactured to Different
Standards

This study involved the collection and review of a number of accident and failure reports for piping
systems in nuclear and non-nuclear service. It compared and contrasted the differing design and
fabrication requirements in the various ASME codes and provided assessments of the likelihood of
prevention of failure with the use of alternative design codes. This study provides AECB staff
with additional insights into the risks of installing non-nuclear grade piping components in nuclear
systems when recourse to alternative options is sought.

4.4.4.5 Project 2.323.1 - Pressure Tube Fracture Transition to a Guillotine Break

This fundamental study was intended to examine the behaviour of zirconium-niobium material
under accident conditions. It involved an examination of the potential for guillotine failure arising
from axially-oriented cracks in pressure tubes. This information enables AECB staff to assess the
validity of the safety margins claimed by the licensees for in-core loss-of-coolant accidents and to
provide further insights into pressure tube axial fracture behaviour.

4.4.4.6 Project 2.184.4 - Ballooning of CANDU Pressure Tubes - Experiments with
Degraded Tubes

Creep tests have been performed on six pressure tube specimens, in Project 2.184.4. The aim of
these tests was to study the effect of service-related wear degradation from fretting on the creep
behaviour of the tube material. Experiments completed have contributed to an understanding of the
effects of in-service degradation on the creep behaviour and the 'all-effects' integrity of pressure
tubes subjected to rapid strain at the elevated temperatures expected during loss-of-coolant
accidents.

4.5 Sub-Program 5: Integrity of Containment and Safety-Related Structures

4.5.1 Introduction

Concrete containment structures and safety-related structures serve vital functions at nuclear
facilities. The reactor buildings, vacuum building and pressure relief duct are the last physical
barriers to the release of radioactivity to the environment These concrete systems are normally
operated at a slight sub-atmospheric pressure so that any leakage is into instead of out of the
facility. Under accident conditions, these structures are designed to contain and suppress the
release of high-pressure, high-enthalpy fuel cooling fluids and entrained radioactivity. The
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integrity of containment structures and safety-related structures housing vital equipment is essential
for the safe operation and shut-down of nuclear power plants.

The containment and safety-related structure Sub-program addresses the assessment of the
adequacy of these structures for service under normal and accident conditions. Design assessment,
development of inspection and assessment methodologies, and re-examination of external hazards
are incorporated in this Sub-program.

4.5.2 Objective

The objective is to enable effective assessment by AECB staff of the integrity of existing
containment and safety-related structures for a range of normal and postulated accident conditions
that could be encountered in service at licensed facilities.

4.5.3 Description

Research work done on structural integrity issues comprise studies that evaluate and verify the
integrity of containment and safety-related structures which normally remain within their design
conditions and others which examine the effect of postulated events outside the original design
envelopes of these structures.

4.5.4 Results

During the year, experimental work and supporting analyses (Projects 2.248.5 and 2.248.6) were
performed to examine the load tolerance of reinforced concrete structures under cyclic load. In a
third project (2.247.3), a study was undertaken to examine and develop reliability-based strategies
for assurance of the integrity of concrete containment structures in long term service. Another
study (Project 2.311.1) was initiated to re-examine the characterization of the seismic hazard at a
site in the light of changes in approaches and the availability new seismic data in recent years.

As part of a strategy to focus and direct the Sub-program, a review (Project 2.342.1) was carried
out to identify elements of a research program needed for assurance of reliable performance for
concrete containment and safety-related structures. This study provides an independent review of
the scope of work required in this Sub-program over the years ahead.

4.5.4.1 Projects 2.248.5 - Laboratory Testing of Reinforced Concrete Beam-
Column Specimens

In Project 2.248.5, cyclic load tests were completed on reinforced concrete specimens which were
one-third representations of the beam-column junction in the centre pier support of the pressure
relief duct at Pickering Nuclear Generating Station. Reinforcement in one specimen replicated that
in the relief duct structure and in the other reinforcement was installed in accord with requirements
given in current design standards. The change in reinforcement changed the failure mode from
shear to flexural hinging and raised the load at failure.

4.5.4.2 Projects 2.248.6 - Assessment of Reinforced Concrete Beam-Column
Specimens

In Project 2.248.6, data from the cyclic load tests on the beam-column specimens were input to
analyses which examined the load tolerance of the Pickering pressure relief duct for seismic-type
loading. Load tolerance remained essentially unchanged from the results obtained in Projects
2.248.1 and 2.248.4 for test section properties which reflect the existing reinforcement layout.
Higher load tolerance was predicted for a structure with reinforcement installed in accord with the
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current versions of the design standards.

4.5.4.3 Project 2.247.3 - Reliability-Based Inspection of Pre-Stressed Concrete
Containment Structures

A reliability-based inspection methodology for pre-stressed concrete structures has been developed
in Project 2.247.3. As part of the study, the methodology is being used in the assessment of
existing inspection programs and the development of new ones. The study will be completed early
in fiscal year 1995/96.

4.5.4.4 Project 2.342.1 - Reliability of Containment and Safety-Related Structures

An approach, for a comprehensive evaluation of the reliability of containment and safety-related
structures, has been developed in Project 2.342.1. Elements proposed for the program include the
development of reliability-based methodologies, assessment of uncertainties associated with design
basis loads, validation of structural models for reliability analysis, development of shear strength
models for reinforced concrete, performance of reliability-based design and assessment checks,
and development of inspection, maintenance and test strategies for licensed facilities.

4.5.4.5 Project 2.311.1 - Design Basis Earthquake for Gentilly-2

In Project 2.311.1, a study was commissioned to re-examine the seismic hazard for the Gentilly
NGS site. A probabilistic approach was used for the analysis and a critical assessment was
undertaken of uncertainties associated with the analysis. As part of the study, results from seismic
hazard assessments done for other Canadian power reactor sites were also reviewed. A final report
for the study will be issued early in fiscal year 1995/96.

4.6 Sub-Program 6: Human Factors

4.6.1 Introduction

Human factors concerns in nuclear facilities cover the involvement of personnel in plant activities,
and also the conditions under which personnel work that may influence their performance
effectiveness. Since people in the plant have both continuing characteristics and temporary
conditions that are not known and cannot be determined, only group information can usually be
gathered in a research activity. However, it is the individual, operating within a group and in an
organizational environment, who usually initiates an unplanned event. Investigations are devised,
therefore, that look at the formal and informal processes (i.e., the theoretical and actual lines of
authority, which may not be the same) and the physical, social, psychological and organizational
environments in the plant to provide a suitable basis for generalization.

4.6.2 Objectives

The objective is to provide AECB staff with descriptions and understandings of the personnel
processes, both formal and informal, that exist within nuclear power plants. The results of the
work under this Sub-program will assist AECB staff in forming appropriate regulatory positions,
and documents, and will contribute to insights and understandings of upsets and events in nuclear
power plants that involve human performance.
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4.6.3 Description

There are four general areas of activities in the human factors Sub-program of the AECB. These
categories are human factors issues of the individual employee, the licensee organization, the
materiel facilities and support, and of the system-level policy and future planning activities.
Appropriate research activities may be conducted both in-house and through external contracts in
all the subdivisions of these four areas.

4.6.4 Results

A variety of projects has been carried out to address the four general human factors areas identified
in the description of this Sub-program. Four projects (2.279.2, 2.288.2, 2.297.1 and 2.322.1)
were carried to address human factors issues of individual employees. Two projects involving
licensee organizations (2.282.1 and 2.284.1) were cancelled and were replaced by a new project
(2.341.1, Review of the Ontario Hydro Organizational Intervention in Bruce A) which has not
been started at the end of the fiscal year owing to difficulties in getting an agreement with a
consultant. Under materiel facility and support, project 2.283.1, which reviews the human factors
issues in the fuel handling operations at Darlington, has been completed. Two projects (2.280.2
and 2.295.1) were completed under system-level policy and future planning activities. Project
2.280.2 has produced a substantial and comprehensive guiding document on human factors.

The details of selected projects are discussed below.

4.6.4.1 Project 2.279.2 - Evaluation of Training Programs for Nuclear
Operations Personnel

Following the completion of Phase 1 (2.279.1), the services of the same consultant were extended
to participate in the AECB training evaluation inspections at two nuclear training centers. The
report recommended that (a) nuclear stations must assume ownership of the training program; (b)
the stations must be responsible for taking corrective actions for weaknesses in the training
program as identified by the AECB; and (c) the next AECB evaluation should look at the entire
training program (as opposed to a portion of the training program as carried out in project 2.279.2)
to comment on the program effectiveness, or of the methods used to determine the content of the
training program.

4.6.4.2 Project 2.280.2 - Human Factors Guiding Documents

Project 2.280.1 is the third in a series whose aim is to develop a set of regulatory guides on human
factors. Using the specifications developed in Part 2 (Specifications of Human Factors Guiding
Documents, Project 2.280.1) the contractor has written the actual guides which have been
circulated and presented in a seminar for comments. From the feedback received during and after
the seminar, the guides were considered by licensees' staff as very good documents for guiding
and for reference purposes for design, operations and other personnel. Based on the comments
received from AECB and the licensees' staff, the proposed guides are now contained in a single
volume which consists of an overview section and three main parts dealing with three separate
areas of interest:

(a) Guide for the Development of Human Factors Program;
(b) Human Factors Activities Guide; and
(c) Human Factors Design Integration Guide.

The reports for the first two phases (Projects 2.213.1 and 2.280.1) in this series have been
published as INFO-0543 and INFO-0544 respectively. The report for project 2.280.2 is being
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approved for publication.

4.6.4.3 Project 2.283.1 - Human Factors Issues in Fuel Handling - Darlington

The consultants reviewed the fuel-handling process at Darlington Nuclear Generating Station
(NGS) to assess human factors issues against known criteria. In order to carry out the required
tasks many documents including Significant Event Reports and Fuel Handling Reports were
reviewed, interviews held with fuel handling staff, and direct observation made of work in the
Main Control Room and in the field. Discrepancies between the objectives and the practice and the
consistent lack of rigorous control and compliance of procedures were found in many areas. The
report has been sent to the staff of Darlington NGS for comments. Subsequent discussion
indicated the licensee's staff are in general agreement with the findings of the report.

4.6.4.4 Project 2.288.2 - The Assessment of Field Training for Nuclear
Operations Personnel

Following the assessment of field training of Pickering NGS operations personnel (Project
2.288.1), the second phase (Project 2.288.2) applied the same methodology used in phase 1 in the
review of on-the-job training (OJT) for field operators at Bruce A. The inconsistencies between the
actual training and the systematic approach to training were discussed with Ontario Hydro staff
with positive responses from Ontario Hydro indicating that a formal commitment to restructure
their operating training program is forthcoming.

4.6.4.5 Project 2.297.1 - Cognitive Skills Requirements for Authorized Operating
Personnel at CANDU Nuclear Generating Stations

The consultant has presented a decision-making model to characterize the cognitive skills required
to perform at a high skill level and to mitigate performance problems. In addition, the consultant
has: reviewed the AECB Operators Certification Division's ST6 document; identified weak areas
in this document with respect to the expectations for a full set of cognitive skills required by
operators in emergency situations; and suggested possible improvements.

4.7. Sub-Program 7: Internal Dosimetry

4.7.1 Introduction

While external radiation exposures can usually be measured by means of dosimeters such as TLDs,
no such methods exist for the measurement of radiation doses from internally deposited
radionuclides. In the case of radionuclides which emit energetic gamma rays, a detector outside the
body can measure the activity of the radionuclide deposited inside. To determine the actual dose
however, a calculation must be made to estimate the dose to various organs from the measured
activity. If the deposited radionuclide cannot be detected from outside the body, then
measurements on excreta must be made in order to estimate the deposited activity, and then the
doses to various organs calculated as before. Since it is the total dose from both external and
internal sources that is subject to the dose limits, the determination of internal dose is important
from the regulatory point of view. The possibility of internal contamination exists for many
workers of AECB licensees, in particular, those in the nuclear power industry, in uranium mining
and nuclear medicine. Therefore, it is important to support activities into the methods and models
of internal dosimetry.
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4.7.2 Objective

The objective is to obtain better estimations of radiation dose from radioactive material taken into
the body and to provide practical methods of measurement. It is also important to develop the
theoretical aspects of internal dosimetry.

4.7.3 Description

Internal dosimetry is the determination of radiation dose from internally deposited radioactive
material. Internal dosimetry involves both the measurement of the amount of radioactivity present
and the calculation of the resulting radiation dose based on the biokinetics of the material and the
radiations emitted. This second stage is called modelling. Once a model has been established, it is
possible to use it to set standards for protection such as urine concentrations of specific
radionuclides that indicate specific levels of committed dose. The determination of such parameters
indicates whether current measurement techniques are adequate for the control of internal dose.

4.7.4 Results

The AECB continued to support research investigating the uptake, retention and excretion of
tritium in the form of tritiated water (HTO) or bound to organic molecules or in food or other
organic compounds (Projects 3.135.2, 7.160.1). Furthermore the research has provided new
information on the nature of the tritium compounds resident on work surfaces that were
contaminated from exposure to tritium gas (Project 2.211.1).

Exposure to uranium compounds from the front end of the nuclear fuel cycle is the subject of
currently ongoing research to provide quantitative data on the solubility, in vivo and in vitro, of
uranium dust and concentrate from Ontario and Saskatchewan uranium extraction and processing
facilities (Projects 4.103.2, 3.123.2, 3.160.2). In addition, the absorbed fraction of ingested
dietary uranium is being investigated (Project 3.103.1), as is the potential for radionuclides of the
natural uranium decay chain to induce genetic damage, in males, which is subsequently transmitted
to offspring (Project 4.122.1). Other research is re-evaluating the exposure to radon progeny of
cohorts of Canadian miners to improve the risk estimates for radiogenic lung cancer.

The frequency and magnitude of Tc-99m internal contamination among workers in hospital nuclear
medicine departments and radiopharmacies are being investigated using monitoring equipment and
a monitoring protocol developed for that purpose (Project 6.118.1).

4.7.4.1 Project 2.211.1 - Tritium Surface Contact Dosimetry

Project 2.211.1 was undertaken to investigate the potential contribution to dose from contact of
skin with surfaces which have been contaminated with elemental tritium. As a result of this
research, an improved technique for measuring organically bound tritium (OBT) in urine has been
developed which uses an octadecyl (C-18)-based sorbent column for OBT extraction, and
information has been obtained on the chemical species of the tritiated compounds formed on the
contaminated surfaces.

4.7.4.2 Project 3.123.2 - In Vivo Dissolution of Inhaled Uranium Compounds

Project 3.123.2 was undertaken to investigate the in vivo dissolution of uranium compounds by
means of a sheep model. During the course of the research, animals that were exposed to uranium
concentrate from Ontario died unexpectedly. An investigation of the cause of death and possible
ramifications to human exposure/dosimetry is underway. A comparison of the results of project
4.103.2 and 3.123.2 will indicate the extent to which in vitro dissolution rates are representative of
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those obtained in vivo, and whether they can be used, with confidence, in dosimetric calculations.

4.7.4.3 Project 4.103.2 - Physical Characteristics and Solubility of Long-Lived
Airborne Participates in Uranium Producing and Manufacturing
Facilities

Particle size distribution, activity distribution, and solubility in lung fluid are required input
parameters used to calculate the dose from exposure to airborne particulates. The in vitro
dissolution rates of all of the samples of radionuclides of interest (in the Canadian context) have
been measured, and a compendium of the data is being prepared by the contractor.

4.1 AA Project 4.118.4 - Radon Exposures of Beaverlodge Uranium Miners -
Phase 2

The estimated risk of lung cancer from exposure to radon daughters has been derived principally
from epidemiological studies of uranium miner cohorts. The accuracy of the estimate depends on
the exposures assigned to the members of the cohorts. An algorithm has been developed, tested
and found to be satisfactory for the purpose of recalculating exposures of the entire cohort of 8500
Beaverlodge uranium miners based on mine-wide average conditions for each year of employment
and job classification.

4.8 Sub-Program 8: Health Effects in Human Populations

4.8.1 Introduction

Exposure to ionizing radiation is known to cause undesirable health effects. Quantitative
estimations of these effects are essential to provide protection to the workers at licensed nuclear
facilities and to members of the general public.

4.8.2 Objective

The main objectives of the Health Effects in Human Populations Sub-program are to:

a) examine possible associations between exposure to ionizing radiation from licensed nuclear
facilities and undesirable health outcomes in the exposed populations;

b) quantify the risk of radiation-induced health effects (e.g. cancer, genetic effects, effects on
embryo and fetus, and other health effects); and

c) assess and, where necessary, reduce uncertainties in the risk estimates for these health effects.

4.8.3 Description

The operation of nuclear facilities and of equipment emitting ionizing radiation usually results in
chronic, low levels of exposure of workers and members of the general public. It is therefore
important to refine, as accurately as necessary, the risk from radiation in the exposed populations.
As a consequence, the AECB conducts studies on populations exposed to low levels of ionizing
radiation from occupational, medical or environmental sources. Since the human data on low-level
radiation exposure are very limited, populations exposed acutely to high doses of ionizing radiation
are also studied wherever possible. Health effects assumed to occur at low doses and low dose
rates are extrapolated from those observed at high doses and high dose rates.
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The populations being studied include uranium and other miners and mill workers (with combined
exposures to radon and its progeny, radioactive dust and gamma radiation), workers at nuclear
power and research reactors, radioactive waste management facilities, uranium refineries and fuel
fabrication facilities, and users of prescribed substances. Populations living in high background
regions, children who were exposed in-utero and patients with diagnostic and therapeutic
exposures to ionizing radiation are also studied so that the information can be extrapolated to
populations exposed to ionizing radiation arising from licensed nuclear facilities. Since the
radiation doses to residents in the vicinity of licensed nuclear facilities are small compared to doses
from natural radiation and other sources, meaningful health studies on these populations cannot be
done. However, some confirmation studies have been done to ensure that there are no unexpected
phenomena.

4.8.4 Results

The major effort in this Sub-program has been the analysis of lung cancer mortality among miners
exposed to radon progeny. The mortality update of Ontario uranium miners has revealed that
although additional lung cancers among the cohort appear as the miners age, the risk estimate for
lung cancer due to radon progeny tends to remain unchanged. Revised radon progeny exposure
estimates were used in a case-control study of Beaverlodge uranium miners. A prospective study
of lung cancer among Saskatchewan uranium miners was initiated. AECB continues to provide
technical advice in the design of an epidemiological study of German uranium miners.

4.8.4.1 Project 2.335.1 - Case-Control Study of Prostate Cancer in Canada

With reference to non-miner cohorts, a feasibility study showed that data stored in the National
Dose Registry were adequate to conduct a full-scale study of the incidence of prostate cancer in
workers exposed to tritium.

It also showed that a nested case-control study was a feasible and an efficient approach for
examining the relationship between tritium exposures and the occurrence of prostate cancer. The
results of the National Dose Registry mortality study will likely provide an indication of whether
tritium is associated with a greatly increased risk of prostate cancer in Canadian radiation workers,
and will indicate whether the proposed nested case-control study is warranted.

4.8.4.2 Project 4.106.5 - Ontario Miners Mortality Study - Phase 5

Mortality data of the Ontario uranium mines has been updated to 1993. Lung cancer deaths that
occurred since the last upate (1987) were identified. This is partly due to aging of the cohort and to
latency factors for lung cancer due to radon progeny exposure. The mortality data have been
transferred to the Ontario Ministry of Labour for conducting an analysis to obtain risk estimates for
lung cancer due to radon progeny exposure.

4.8.4.3 Project 4.118.2 - A Case-Control Study of Beaverlodge Uranium Miners
from 1950-1980

The new exposure estimates have been used to estimate the risk of lung cancer as a function of
exposure to radon decay products based on a case-control study. The estimated excess relative risk
for 100 Working Level Month based on the original exposure estimates was 2.63 (using cohort
analysis) and 2.70 based on the case-control analysis. Thus, although overall exposure estimates
have increased, the relative risk, per unit exposure has not changed. One of the main findings of
the study is that, with the revised exposure estimates, and using a case-control study design, the
increased risk with decreasing exposure rates (inverse exposure rate effect), has not been observed
as in a previous analysis. This can be attributed to the accounting of measurement errors in the
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exposure estimates.

4.8.4.4 Project 4.130.1 - Evaluation of Radon Progeny Exposures of Port Radium
Uranium Miners

Exposure histories, mine ventilation and output data were being collected and reviewed. Data
obtained from bonus contract files were used to estimate the time spent by each miner at different
locations (work sites) in the mines. Working level concentrations at different work sites were
estimated. Some mathematical models were developed to extrapolate missing information on
exposure histories.

4.8.4.5 Project 4.133.1 - Lung Cancer Among Uranium Miners in Germany

The initial protocol of the study was developed in collaboration with German and Canadian
scientists. Work was ongoing in Germany. A Canadian expert from the Ontario Ministry of
Labour was sent on an AECB contract to Munich to advise the German scientists in the design of
an epidemiological study and to conduct a preliminary evaluation of exposure and work history
records. The Canadian advice was well appreciated by the German Institute for Radiation
Hygiene. A request for an additional technical expert on dose-reconstruction to help the German
scientists was considered. An expert will be seconded from Canada as soon as access to the use of
mine records is granted, to the study team.

4.8.4.6 Project 4.148.1- Cohort Mortality Study of Saskatchewan Uranium Miners

A preliminary meeting was held between representatives of the mining companies, Department of
Labour, Saskatchewan and the AECB staff. A work statement was prepared and sent for review
by the participating agencies.

4.8.4.7 Project 6.120.1 - Doses from Industrial Radiographic Exposure Devices

A sampling protocol was developed by the contractor, and accepted by the AECB. This sampling
protocol was tested at two licensees and results were presented to the AECB. The full monitoring
program is underway.

4.8.4.8 Project 7.117.1 - Hospital Record-Keeping System for Epidemiological
Studies

Patient record-keeping systems in a number of provincial hospitals across Canada were evaluated
for the feasibility of selecting, inexpensively, cases and controls for epidemiological studies of
radiation-related outcomes and matching on relevant characteristics such as age, sex, time of
admission, etc. Provincial Cancer Registries and the National Cancer Incidence Reporting System
(NCIRS) were also investigated regarding the feasibility of selecting cancer cases. It was
concluded that the best strategy, at present, for conducting a nationwide case-control study is to
utilize the Hospital Medical Records Institute (HMRI) form for data collection which is used by
80% of the hospitals in Canada. All future Canadian hospital records-based epidemiological
studies will be nationally coordinated through the recently formed Canadian Institute for Health
Information (CIHI).
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4.8.4.9 Project 7.137.1- Study of Childhood Cancer Associated with Maternal
X-Irradiation - Phase 1

This feasibility study evaluated a population-based case-control study in Saskatchewan, which
involved the linkage of multiple sources of health services and vital statistics records. The
feasibility of the design was in part made apparent by the fact that numerous previous studies in
Saskatchewan have demonstrated that these databases can be linked. Indeed, the combination of
Canadian expertise in record linkage studies and the availability of population-based health and
vital statistic databases distinguishes Canada as one of the few countries where such a study is
feasible. Through close consultation with representatives of the agencies responsible for these
databases in Saskatchewan it was possible to develop detailed procedures and to estimate costs.

4.8.4.10 Project 7.142.1 - Mortality Analysis of the Fluorspar Miners from
1985-1990

Excess mortality among underground miners was noted for cancers of the lung, buccal cavity/
pharynx and mouth, urinary tract and for silicosis and pneumoconioses. A highly statistically
significant relationship was noted between radon daughter exposure and risk of dying of lung
cancer; the small number (6) of buccal cavity/pharynx cancers precluded meaningful analysis of
exposure-response. No statistically significant excess was found for any cause of death among
surface workers. The exposure-response data for lung cancer were fitted to various mathematical
models. The model selected included terms for attained age, cumulative dose, dose rate and time
since last exposure. Because risk varies according to each of these factors, a single summary risk
estimate was felt to be misleading. The joint effects of radon and smoking could not be adequately
assessed using this cohort.

4.8.4.11 Project 7.143.1 - Canadian Cancer Data Base

All internal linkages between 1969-1988 have been performed. Two further years of data, 1989
and 1990, are available and the contractor is proposing to include them in the Canadian Cancer
Data Base. This work is to be carried out in Project 7.143.5.

4.8.4.12 Project 7.171.1 - Canadian Coordinating Committee on Chernobyl

Dr. G. Howe attended 4 meetings with US-DOE, US-NCI, CEC, WHO and officials of Ukraine
to discuss the design of the study of leukaemia and thyroid cancer among children in Ukraine,
exposed to Chernobyl-related radiation. The pilot study of leukaemia and thyroid cancers among
children exposed to radiation from the Chernobyl accident has been initiated.

4.8.4.13 Project 7.200.2 - International Study on Nuclear Industry Workers

The full study group met in Lyon, France with an AECB staff member attending as an observer.

4.8.4.14 Project 7.209.1 - Acute Lymphoblastic Leukemia (ALL) and Maternal
X-Ray Exposure

A satisfactory questionnaire has been prepared. The contractor has indicated that the questionnaire
can be used with reasonable confidence to estimate the relation between estimated dose of x-rays
and incidence of ALL in children. Questionnaires are currently being filled in, by means of both
personal and telephone interviews. The results of this survey will be analyzed.
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4.8.4.15 Project 7.210.1 - Participation in the International System for Occupational
Exposure (ISOE)

An AECB staff member attended a meeting, co-ordinated by the NEA.

4.8.4.16 Project 11.170.1 - Human Cancer Risks Due to Low-Level Ionizing
Radiation

The International Agency for Research on Cancer (IARC) has published in "The Lancet" an article
entitled "Direct estimates of cancer mortalities due to low doses of ionizing radiation: an
international study". The authors found that there was no excess risk for all cancers (excluding
leukemia) (excess relative risk: -0.07 (confidence in control -0.39 to 0.30), and that the excess
relative risk for leukemia (excluding chronic lymphocytic leukemia) was 2.18 (0.1 to 5.7) in the
dose range 0-3000 mSv. The excess relative risk for leukemia in nuclear workers was comparable
to that of the atomic bomb survivors, whereas the risk of other cancers is lower than in atomic
bomb survivors.

5. REVIEW BY REMAINING MISSION OBJECT - HIGHLIGHTS AND TRENDS

5.1 Projects Remaining in Mission Object 2 (Projects not in Sub-Programs)
Nuclear Reactors

There were 38 projects in this Mission Object in fiscal year 1994/95. The expenditure in the
Mission Object was $775k.

(a) Reactor Physics

In Project 2.216.2, a review was completed of comments and submissions received from industry
in response to the conclusions and recommendations from Project 2.216.1. The review addressed
the treatment of uncertainty in void reactivity worth, acceptance criteria based on fuel enthalpy and
reactivity and the validation of neutron kinetics aspects in accident analysis.

An evaluation was undertaken, in Project 2.249.1, of compliance by licensees with channel and
bundle power limits. The study provides a critical review of operating approaches used by each of
the licensees and recommends changes needed to provide assurance of safety margins between
operating limits and safety limits.

A physics computer model of a reactor core has been developed in Project 2.271.1. The code used
has been developed independently of work done by the licensees and hence it affords independent
verification of physics modelling work presented in licensing submissions.

In Project 2.298.1, an independent assessment has been carried out of the adequacy of a fissile
inventory limit for a solution storage tank at AECL CRL. The study provided AECB with a basis
for a decision with respect to a request for approval of a change in the operating fissile inventory
limit.

Project 2.338.1 compared operating experience with reactor bulk power uncertainty assumed by
the licensees in safety analyses. The study recommends use of certain compliance criteria and tests
results from certain compliance monitoring procedures against the criteria. It recommends
application of the criteria and compliance evaluation methodology at all of the reactor facilities.
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(b) Probabilistic Safety Assessment

Three Category 1 projects on the topic of Probabilistic Safety Assessment (PSA, sometimes
referred to as Probabilistic Risk Assessment or PRA), were postponed; two Category 1 projects
were active; and one new project was introduced. Project 2.293.1, dealing with PSA as a tool for
AECB project officers, was postponed along with two other projects (2.332.1 and 2.333.1)
involving external review of the draft documents on PSA requirements and PSA review which
AECB staff were writing with the aid of the results obtained from project 2.316.1, which reviewed
the current PSA practices in the U.K. One of the active projects was project 2.296.1 which dealt
with the impact of loss of redundancy on system availability. A new project (2.316.2) was
introduced as substitution for the postponed projects, and to extend the review done in project
2.316.1 for the U.K. by reviewing PSA practices in several other European countries. The results
of selected projects are discussed below.

Project 2.296.1 examined the effect of loss of redundancy on availability. The contractor has
completed the revision of the draft final report to take into account AECB staff's comments. The
final report consisted of two parts: a summary of the theory applicable to the treatment of redundant
components and a detailed review which applies the theory to the Post-Accident Water Cooling
System at Darlington. The report recommends various options: impose repair time limit on the
component that fails to meet the requirements; increase the testing frequency on the component that
is still available ; or a combination of both.

Project 2.316.1 summarized the current status of PSA in the U.K. Even though not in their
regulations, the regulator requires the PSA to be produced, as part of the safety case, for each
station. Level 1 PSA (core damage frequency estimates) is used in their periodic safety review.
Level 2 (Level 1 plus containment responses; i.e., frequency estimates for source terms at
containment boundary) was required for the Sizewell B station. Even though not asked for, the
licensee of Sizewell B voluntarily submitted, as well, a Level 3 PSA (Level 2 plus public health
effects; i.e., calculations for off-site dose consequence).

Project 2.316.2 extended the above review of PSA current status to cover four additional European
countries: Germany, Switzerland, the Netherlands and Sweden. In all four countries, the
regulators require a PSA to be done for each nuclear power plant as part of the periodic review of
plant operation (typically every ten years). Germany requires a Level 1+PSA (which is a Level 1
plus analysis of containment performance). Sweden and Swizerland require Level 2 PSA, and the
Netherlands recently extended their PSAs from Level 1+ to Level 3. The concept of a "Living
PSA" is being pursued, and PSA procedures guides have been or are being produced by all four
countries.

(c) Safety Analysis

In fiscal year 1994/95 10 projects involving safety analysis were actively worked on. Three
projects (2.324.1, 2.193.1 and 2.148.2) were postponed, two were cancelled (projects 2.235.1
and 2.126.2) and five new projects ( 2.304.1, 2.338.1, 2.340.1, 2.374.1 and 2.375.1) were
introduced.

Project 3.317.1 provided a review of a licensee's submission on CANDU fuel behaviour under
postulated overpower transients resulted from large loss-of-coolant accidents. The study also
reviewed the phenomena, the modelling, and the experimental databases. It was concluded that the
rationale used by the Canadian industry to assess failure by fuel melting is sound, but the proposed
melting criteria are not proven with sufficient margin, nor demonstrated for the worst scenarios.
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Project 2.187.3 reviewed the Emergency Filtered Air Discharge Systems (EFADS) used in various
Canadian nuclear power plants. The emphasis of this work was on the margins of the filter
systems under harsh conditions such as high temperatures, high humidity, etc. It was concluded
that (i) the existing margins to failure are highly sensitive to postulated inlet conditions; (ii) an
integrated filter model is required to reduce the uncertainties introduced by studying each
component separately; and (iii) there are gaps in the current databases. The results of this project
have been discussed with the licensees for their responses.

Project 2.289.1 evaluated the effects of erosion/corrosion in the CANDU primary heat transport
system, particularly the flow-assisted effects in the feeders. Experimental and theoretical literature
was reviewed as part of the work. It was concluded that flow-assisted corrosion/erosion
mechanisms appear to be acceptable, even at the higher velocities in the CANDU-3 feeder design.
Also, it was found that the available databases are limited. It was recommended that some "severe
geometry" be included in the inspection list for some CANDU reactors.

In Project 2.304.1 the contractor reviewed a licensee's submission on fuel behaviour under post-
dryout conditions following small loss-of-coolant accidents. It was concluded that: (i) the
licensee's claims (600°C is a conservative limit, no significant deformation under prolonged
dryout, and maintenance of fuel sheath integrity) have not been demonstrated; (ii) the databases
used to support the claims are incomplete; (iii) the uncertainties in the predictions are significant,
and (iv) effects of bowing distortions on fuel critical heat flux and post-dryout behaviour should be
carried out.

Project 2.306.1 produced two documents: (i) General Safety Analysis Review Guide; and (ii) a
Large LOCA Safety Analysis Review Guide. Both documents are based on the AECB consultative
document C-6 and develop a set of criteria to be met by safety analysis submissions. Phase 2 of
this project (2.306.2) will produce a similar guide for small LOCAs. These guides are intended to
assist AECB staff in reviewing safety analyses submitted by licensees.

In Project 2.340.1 a selection of the test data for the validation of the computer code TUF was
independently reviewed by a group of thermohydraulics experts. It was concluded that, for this
specific application, (large loss-of-coolant analysis for raising power at Bruce reactors), the
selected tests are considered the best choice from the experimental database examined.

The objective of Project 2.374.1 was to produce a user-friendly software package which compares
various critical heat flux (CHF) correlations which were available in the literature and in use by the
licensees. A prototype of this package was presented to AECB staff to illustrate the developed
structure which consisted of four main blocks: (i) assessment program; (ii) CHF correlations, (iii)
bundle CHF databases; and (iv) user-friendly interface.

Project 2.375.1 was introduced near the end of the fiscal year but, because of our dependence on
the code development, further work on this project was postponed to the next fiscal year.

5.2 Remaining Mission Object 3 (Projects Not in Sub-Programs) - Other Fuel Cycle
Facilities, General

There were 5 active projects in this Mission Object in fiscal year 1994/95. The expenditure in this
Mission Object was $12k.

Radionuclide Dispersion Modelling

The objective of Project 3.186.1 was to develop a user-friendly airborne dispersion and
concentration/dose model with a graphical interface to track chemical and radionuclide plume
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footprints. The user-friendly capabilities of this training tool allow the trainees to run any of the
pre-defined scenarios as the "training-mode". In the second mode, the "research-mode", the
specialist users can define new scenarios (which includes new source terms, new sites, new
isotopes and updated dose-conversion factors).

The Project 3.146.1 has provided the AECB with tools for using standard deviation of horizontal
wind direction measurements to improve the method for predicting atmospheric stability. The
revised method is site-specific, and would avoid the uncertainties in using the STability ARray
(STAR) approach. The results of this work are intended to have an impact on the CS A standards
N288.1 and N288.2, and AECB licensing requirements with regard to air dispersion of
radionuclides.

5.3 Remaining Mission Object 4 (Projects not in Sub-Programs) - Uranium Mines
and Mills

There were 2 active projects in Mission Object 4 in fiscal year 1994/95. The expenditure in this
Mission Object was $8k.

(a) Physical Dosimetry

There were two projects in this Mission Object. Project 4.136.1 was aimed at testing the suitability
and collection efficiency of open-face filters as dust samplers in mine and mill facilities. The
capability of evaluating the performance of personal alpha dosimetry services and equipment for
use in uranium mines and mills was developed at the CANMET National Radon/Thoron Test
Facility in Project 4.138.1

(b) Epidemiology and Radiobiology

In project 4.118.3 radon progeny exposures received by a small cohort (195) of uranium miners
who worked at the Beaverlodge uranium mine complex were recalculated using more detailed
information on their work history and mine parameters. The results indicated that the previous
estimates were indeed under-estimated by a factor of 1.5 to 2.0. Consequently, the risk estimate
reported in earlier publications were over-estimated by a factor of 1.5-2.0. The study of Health
Effects of Inhaled Uranium Ore Dust (Project 4.101.3) is progressing. Rats exposed to different
concentrations of ore dust are now being sacrificed and the tissues are being analyzed for
dosimetry and pathological indication.

5.4 Remaining Mission Object 5 (Projects not in Sub-Programs) - Waste
Management

There were 5 active projects in this Mission Object in fiscal year 1994/95. The expenditure in this
Mission Object was $104k.

A study (Project 5.144.3) was initiated late in the year to examine geological, hydrogeological,
geochemical and geotechnical conditions in a deep mine located on the Canadian Shield.
Preliminary exploratory work was completed by the end of the year. The field study will be
undertaken early in fiscal year 1995/96.

Initial fracture development tests were completed late in the year in preparation for a study
(5.146.2) of thermal consolidation effects in rock. This study will examine the significance of
coupling between thermal, mechanical and hydrological processes in the type of medium (rock) in
which high level waste repositories may be placed.
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5.5 Remaining Mission Object 6 (Projects not in Sub-Programs) - Non Fuel Cycle
Applications

There is only one active project, in progress, in this category (Project 6.117.1, Radioisotopes
Reference Manual).

5.6 Remaining Mission Object 7 (Projects not in Sub-Programs) - Health Physics

There were 8 active projects in Mission Object 7 in fiscal year 1994/95. The expenditure in this
Mission Object was $163k.

(a) Physical Dosimetry

Project 7.185.1 investigated the necessity for double-badging (wearing dosimeter badges at the
front of the abdomen and at the back, at waist level) pregnant nuclear medicine technologists to
ensure that the dose to the fetus is not underestimated. The project results indicated unequivocally
that there is no need for double-badging.

(b) Biological Dosimetry

The computer-assisted system for dicentric chromosome analysis used in radiation accident
dosimetry at the Radiation Protection Bureau of Health Canada has been automated further,
allowing staff to save an additional 30-45 hours of operator time required to search manually for
1000 to 1500 cellular metaphase spreads.

(c) Epidemiology

Project 7.167.1 was designed to obtain improved risk estimates for radiation-induced genetic
disorders. This study, which is not yet completed, consists of two parts: laboratory experiments
and mathematical modelling. A number of theoretical models have been developed and have
provided good predictions when tested using Canadian and Hungarian baseline genetic data. The
models predicted that naturally occurring mendelian diseases alone do not constitute an entirely
adequate frame of reference for estimating risk of radiation-induced genetic disorders, and that the
previous genetic risk estimates based on mendelian diseases appear to be conservative. However,
in the case of genetic mutations caused by chemicals, the model appears to justify the use of
mendelian diseases as an adequate frame of reference for risk estimation.

Project 7.206.1 developed a method to assess the effect of uncertainties in radiation dose or
exposure on risk estimates for radiocarcinogenesis, and using this method quantified the effect of
such uncertainties on the risk estimates for lung cancer due to exposure to radon progeny.

The results indicated that, as anticipated from classical measurement theory, there was a substantial
downward bias in the coefficient of risk when the number of measurements of working level (WL)
on which exposure estimates are based are limited (i.e., when the number of measurements is
fewer than 100), or when there was a wide distribution of exposure rates (i.e., the variance is
large). There was also clear evidence from the simulation results that the bias is influenced by the
other time dependent factors: age at risk and time since exposure.
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5.7 Remaining Mission Object 9 (Projects not in Sub-Programs) - Regulations and
Regulatory Process Development

There were 10 active projects in Mission Object 9 in fiscal year 1994/95. The expenditure in this
Mission Object was $65k.

In Project 9.109.3, a corporate identity was developed for the AECB. The identity has been
adopted for publications issued by the AECB and in a variety of printed applications. Guidance for
preparation of printed material is available from a design management standards manual which was
produced as part of the project.

A follow-up to the 1988 Public Awareness Survey was conducted in Project 9.109.4. Results,
from a survey of over 2,000 respondents, indicated that public lacked a clear perception of the
AECB's identity, role, functions and achievements. There were no significant changes from results
obtained in the survey completed in 1988.

In Project 9.121.3, over 2,500 nuclear-related terms have been assembled to enable cross-
referencing in both Official Languages. For each term, definitions or usage examples are given in
both languages.

Projects 9.129.1 and 9.130.1 provided consultant services for assessment and upgrading work on
databases used for managing the research program (9.129.1) and for analyzing dosimetry data
(9.130.1). User surveys and upgrades were completed and the improved databases are now in
use.

Project 9.132.1 provided a two-day course on systems engineering which was held at the AECB.
It was attended by forty AECB staff.

A feasibility study was carried out (9.136.1) to examine options for providing electronic access to
AECB information. The report recommends recourse to either the Internet World Wide Web
service or to a customized on-line document library service.

In Projects 9.141.1 and 9.141.2, seminars were held to present a review of attitudes underlying
different positions on nuclear power. It covered the conflicts between by pro-nuclear and
anti-nuclear groups and also the differences between the perspectives offered by "experts", "the
public" and "special interest groups".

In Project 9.142.1, an environmental impact assessment screening tool, which has been developed
by another government agency, was evaluated for use by AECB. The screening software has been
customized for one AECB application and this example is to be used for a training session to be
delivered to AECB staff.

5.8 Remaining Mission Object 11 (Projects not in Sub-Programs) - Special
Services

There were 10 active projects in Mission Object 11 in fiscal year 1994/95. The expenditure in this
Mission Object was $156k.

In Project 11.103.6, the consultant participated actively in the discussions which were held at the
June 22nd meeting of the Working Group on External Dosimetry. He provided insightful
comments that significantly advanced the progress of the working group towards fulfilling its
mandate.
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In Project 11.136.3, the consultant completed a review of available information and delivered a
presentation to AECB staff on reactivity accidents in light water reactors.

In Project 11.160.1, the AECB was evaluating the state of preparedness of Canadian hospitals in
respect of radiation emergency planning. Responses provided by the hospitals to questionnaires
were being analysed.

In Project 11.161.1, a consultant was engaged to undertake an assessment of AECL's proposals
for environmental qualification of equipment to be used in the CANDU-3 reactor. The consultant
reviewed several of AECL's submissions and provided comments on the adequacy of the
qualification measures proposed.

Consultants were retained (Project 11.162.1) to provide advice on methods which might be
adopted for undertaking cost-benefit analysis for regulatory decision-making in the nuclear
industry. Issues raised were discussed at a meeting with nuclear industry stakeholders.
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Table 2: Regulatory Research and Support Program Expenditures
for Fiscal Year 1994/95 by Sub-Programs and by Remaining
Mission Objects

(Starting Budget: $3,514,931.00)

SUB-PROGRAMS ACTUAL EXPENDITURES*

Total
($)

1 Environmental Impact Assessment & Management 192,448.99
2 Safety-Related Computerized Systems 125,232.81
3 Seismologic Studies 50,017.68
4 Pressure Boundary Integrity 388,377.47
5 Integrity of Containment and Safety-Related Structures 85,642.82
6 Human Factors 342,073.45
7 Internal Dosimetry 306,570.71
8 Studies of Health Effects in Human Populations 219,677.37

Sub-Total $1,710,041.30

PROJECTS NOT IN SUB-PROGRAMS ACTUAL EXPENDITURES*

(BY REMAINING MISSION OBJECTS) Total
($)

2 Nuclear Reactors 798,564.42
3 Other Fuel Cycle Facilities, General 12,282.00
4 Uranium Mines and Mills 239,295.91
5 Waste Management 104,201.50
6 Non-Fuel Cycle Applications 1,013.00
7 General Health Physics 162,679.69
8 Transportation 5,361.90
9 Regulations and Regulatory 65,351.20

Process Development
11 Special Services 156,692.32

Sub-Total $1,545,441.94

Total $3,255,483.24

*Includes review panel expenses, and project-related travel expenses of RSP staff and of
proponent/evaluator staff.
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Table 3: Regulatory Research and Support Program Expenditures
for Fiscal Year 1994/95 by Full Mission Objects

(Starting Budget: $3,514,931.00)

FULL MISSION OBJECTS ACTUAL EXPENDITURES*

Total
($)

2 Nuclear Reactors $1,758,406.02
3 Other Fuel Cycle Facilities, General 234,364.74
4 Uranium Mines and Mills 320,307.85
5 Waste Management 153,237.8 6
6 Non-Fuel Cycle Applications 169,337.73
7 General Health Physics 381,533.32
8 Transportation 5,500.00
9 Regulations and Regulatory Process Development 65,341.19
11 Special Services 167,454.53

Total $3,255,483.24

BUDGET STATEMENT

Original Budget at Start of Fiscal Year $3,514,931.00

Less Miscellaneous Transfers Out ($ 112,600.00)

Total Working Budget

(after all transfers during the year) $3,402,331.00

Less Total Spent on Projects ($3,255,483.24)

Unspent (lapse) $146,847.76

* Includes review panel expenses, and project-related travel expenses of RSP staff and of
proponent/evaluator staff.


