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DEVELOPMENT OF SHALL REACTOR SAFETY CRITERIA IN CANADA

ABSTRACT

A number of new small reactor designs have been proposed in Canada over the
last several years and some have reached the stage where licensing
discussions have been initiated with the Atomic Energy Control Board
(AECB). An inter-organizational Small Reactor Criteria (SRC) working group
was formed in 1988 to propose safety and licensing criteria for these small
reactors. Two levels of criteria are proposed. The first level forms a
safety philosophy and the second is a set of criteria for specific reactor
applications. The safety philosophy consists of three basic safety
objectives together with evaluation criteria, and fourteen fundamental
principles measured by specific criteria, which must be implemented to meet
the safety objectives. Two of the fourteen principles are prime - defence
in depth and safety culture; the other twelve principles can be seen as
deriving from them. A benefit of this approach is that the concepts of
defence in depth and safety culture become well-defined. The objectives
and principles are presented in the paper and their criteria are
summarized. The second level of criteria, under development, will form a
safety application set and will provide small reactor criteria in a number
of general areas, such as regulatory process and safety assessment, as well
as for specific reactor life-cycle activities, from siting through to
decommissioning. The criteria are largely deterministic. However, the
frequencies and consequences of postulated accidents are assessed against
numerical criteria to assist in judging the acceptability of plant design,
operation, and proposed siting. All criteria proposed are designed to be
testable in some evidentiary fashion, readily enabling an assessment of
compliance for a given proposal.

RÉSUMÉ

Quelques nouveaux projets de petits réacteurs ont vu le jour au Canada
depuis plusieurs années et certains d'entre eux en sont maintenant au point
où les discussions ont été amorcées avec la Commission de contrôle de
l'énergie atomique (CCEA) en vue de leur autorisation. Un groupe de
travail sur les critères des petits réacteurs, regroupant des représentants
de plusieurs organismes, a été créé en 1988 pour recommander des critères
de sûreté et d'autorisation pour ces petits réacteurs. Deux niveaux de
critères sont proposés. Le premier niveau établit les prémisses de sûreté,
tandis que le second comprend une série de critères pour certaines
applications particulières des réacteurs. Les prémisses de sûreté
comprennent trois objectifs de sûreté fondamentaux et leurs critères
d'évaluation, ainsi que quatorze principes fondamentaux mesurés par des
critères précis, qui doivent tous être mis en vigueur pour atteindre les
objectifs de sûreté. Deux des quatorze principes, la défense intégrée et
le climat de sûreté, sont prépondérants; les douze autres principes en
découlent plus ou moins. Cette approche a comme avantage de bien définir
les notions de défense intégrée et de climat de sûreté. Le présent rapport
traite de ces objectifs et de ces principes, et en résume les critères. Le



1179 IAEA-SM-310/93

second niveau de critères, qui en est toujours au stade l'élaboration,
constituera une série d'applications sûres et fournira des critères pour
les petits réacteurs dans certains domaines généraux, comme le processus
réglementaire et les évaluations de sûreté, ainsi que pour les activités
précises tout au long de la vie du réacteur, de la sélection du site au
déclassement. Les critères sont surtout de nature déterministe.
Toutefois, la fréquence et les conséquences d'accidents postulés sont
évaluées par rapport à des critères numériques pour aider à juger de
l'acceptabilité de la conception de la centrale, de son exploitation et de
son site proposé. Tous les critères proposés sont conçus pour être
éprouvés de manière concluante, quelle qu'elle soit, permettant ainsi
d'évaluer facilement de la conformité d'un projet donné.

1. INTRODUCTION

Over the past several years, there has been renewed interest in small
reactors worldwide. A number of new small reactor designs have been
proposed in Canada and some have reached the stage where licensing
discussions have been initiated: [1-4]

The SLOWPOKE Demonstration Reactor, a 2 MWt demonstration and test of
a commercial district heating reactor, now operating at Whiteshell
Nuclear Research Establishment in Pinawa, Manitoba.

The SLOWPOKE Energy Systems 10 MWt (SES-10) commercial heating
reactor. An application at the University of Saskatoon in
Saskatchewan has been identified, and the reactor is now the subject
of a joint feasibility study by the University and Atomic Energy of
Canada Limited (AECL).

The MAPLE-X1O isotope production reactor, a 10 MWt high-flux,
multipurpose research reactor to be constructed at the Chalk River
Nuclear Laboratories in Ontario.

The Autonomous Marine Power Source (AMPS), a 1.5 MWt nuclear electric
power plant for submarine applications, being marketed by Energy
Conversion Systems Inc.

Regulatory criteria are gradually evolving for the specific reactors
undergoing licensing, but there is need for a unified approach to guide
designers, operators and regulators.

In response, an inter-organizational Small Reactor Criteria (SRC) working
group was formed in 1988 to propose criteria for small reactors. The group
comprises the four authors of this paper, from the principal organizations
in Canada responsible for reactor licensing or involved in development or
operation of small reactors. The criteria being developed are not
regulatory requirements but are meant primarily for consideration by the
sponsoring organizations. It is expected that these criteria will be
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complemented by subsequent developments by various organizations in Canada,
and by the IAEA efforts internationally.

This paper summarizes work done to date to develop a top-level set of
criteria which form a safety philosophy and serve as a framework for more
detailed developments. The work is now being presented in a public forum
for two reasons:

to obtain a wide peer review on the overall approach and on the basic
safety philosophy; and

to generate input for subsequent work on key issues.

A complete and detailed report, now in draft form, will be published in
1990.

2. CRITERIA DEVELOPMENT

These criteria are intended for land-based, pool-type, thermal reactors
with coolant and pool temperatures not significantly higher than the
boiling point at atmospheric pressure, having a maximum operating power
level up to several tens of MW, and for which significant releases of
radioactive fission products are possible. The intent is that the criteria
could be extended, with caution, to reactors of different type and power
levels. Some reactor types, however, may be able to achieve the intent of
the safety criteria by special inherent features, making some of the
criteria not fully applicable.

The process of developing these criteria has been described in detail in
Reference [5]. As noted there, extensive use is being made of existing
international and domestic work, for example references [6,7], and the
results are expressed in a framework which is consistent with the approach
of the International Atomic Energy Agency (IAEA). Considering the IAEA
practice of defining four levels of documents, namely; "Safety
Fundamentals", "Safety Standards", "Safety Guides", and "Safety Practices",
the SRC group has completed a draft report, summarized in this paper, which
is the equivalent of Safety Fundamentals; work is currently underway on
developing more detailed Safety Standards.

We are pleased to acknowledge our debt to the work done by the IAEA, in
particular the International Nuclear Safety Advisory Group (INSAG) which
produced INSAG-3 [8], and various consultant/specialist groups which
produced Safety Series 35 [9] for research reactors and the documents
produced by the Nuclear Safety Standards program [10-14] for power
reactors, all of which provided useful guidance. The INSAG report,
INSAG-3, provides a logical framework for understanding the underlying
objectives and principles of nuclear safety. The SRC work is based on the
same general structure but has been modified to clarify and adapt the
concepts for application to small reactors. New topics have been addressed
and a coherent, hierarchical structure developed, with testable criteria.
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The work is comprehensive, covering all factors of major importance to
safety, for all phases of a reactor life-cycle.

The criteria are being developed as general, top tier requirements. Two
levels of criteria are proposed, as shown in Figure 1; the first level
forms a safety philosophy and the second a set of criteria for specific
reactor applications. The safety philosophy gathers together primary
concepts, consisting of a basic safety objective, three supporting
objectives together with evaluation criteria, and fourteen fundamental
principles measured by specific criteria; all elements need to be
implemented to meet the safety objectives. The second level of criteria
form a safety application set covering a number of general areas, such as
regulatory process and safety assessment, and specific reactor life-cycle
activities, from siting through decommissioning.
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TIER 2 |

SPECIFIC
APPLICATIONS

OBJECTIVES L,

1 1

FUNDAMENTAL
PRINCIPLES
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Figure 1. STRUCTURE OF CRITERIA

The criteria are, in the main, deterministic. However, probabilistic
criteria are also proposed as targets. Criteria are designed to be
testable in some evidentiary fashion, readily enabling an assessment of
compliance for a given proposal.

3. SAFETY OBJECTIVES

The first level of the safety philosophy consists of a basic safety
objective and three supporting objectives. These objectives are stated
below, together with a summary discussion of the evaluation criteria. The
relationship of objectives to the safety philosophy is shown in Figure 2.
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3.1 Basic Safety Objective

The basic safety objective is to protect individuals, society and the
environment by establishing and maintaining in small reactor facilities an
effective defence against radiological hazard.
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3.2 Radiation Protection Objective

Radiation exposure within the facility and that due to any release of
radioactive material from the facility shall be kept as low as reasonably
achievable and below prescribed limits in all operational states; radiation
exposures due to accidents shall be mitigated.

Radiation protection shall be provided in small reactor facilities for all
operational states, including anticipated operational occurrences, and for
accident conditions.
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Radiation protection standards applicable to controlled circumstances have
been developed by the International Commission on Radiological Protection
(ICRP) to prevent harmful effects of ionizing radiation by keeping exposures
sufficiently low that non-stochastic effects are precluded and the probability
of stochastic effects is limited to prudent levels. Compliance with the
Atomic Energy Control Regulations and the ICRP recommendations ensures
appropriate radiation protection and provides a system of dose limitation
which includes three basic and interrelated principles:

(1) Justification of a practice.
(2) Limitation of effective dose.
(3) Optimization of radiation dose (ALARA).

The principle of justification of a practice in its broadest sense can be
satisfied by the requirement of the proponent to justify the facility through
the environmental review and assessment process.

The principle of dose limitation is embodied in the Atomic Energy Control
Regulations [15] for limits on effective dose (effective dose equivalent)
as given in Table 1. Inherent in these limits is the requirement to do a
pathways analysis considering radiation dose due to ingestion, inhalation,
and direct radiation.

TABLE 1: Maximum Permissible Limits for Effective Dose for Operational
States.

Dose Type

Whole body, gonads,
bone marrow

Bone, skin, thyroid

Any tissue of hands,
forearms, feet, and ankles

Lungs and other single organs
or tissues

Atomic Radiation Workers
/Quarter /Year
(mSv) (mSv)

30

150

380

80

50

300

750

150

Others
/Year
(mSv)

5

301

75

15

The dose to the thyroid of a person under the age of 16 years shall
not exceed 15 mSv/year.
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For most applications an achievement of one percent of the AECB regulatory
limits demonstrates adequate optimization of radiation doses. Values above
this level require analysis to show that they cannot be reduced at
reasonable cost. Where dose reduction substantially below the one percent
value can be readily identified and achieved at reasonable cost, this
should be instituted.

The standards of dose limitation have been developed for conditions of
exposure over which control is possible. Accident conditions may result in
exposures which might not be controllable. For these conditions,
alternative strategies are evaluated. Reactor safety features are provided
to reduce the probabilities and releases associated with such events, and
to provide intervention following an accident. Quantitative criteria are
being developed to specify the level of protection for people, including
dose levels for notification, sheltering and evacuation.

3.3 Risk Limitation Objective

The frequencies and radiological consequences of accidents in small reactor
facilities shall be within acceptable bounds.

The purpose of this objective is to provide reasonable assurances that the
public will be adequately protected against accidents at small reactor
facilities. This is accomplished by ensuring that for all accidents taken
into account in the design of the facility, radiological consequences, if
any, would be minor; and that the likelihood of severe accidents with
serious radiological consequences is very small.

To show that this objective is satisfied, criteria are presented which
provide a quantitative framework in which to assess the frequencies and
consequences of postulated accidents. The criteria serve both as design
tools and as acceptance requirements for siting, design and operation. It
is recognized that acceptability is not just a matter of satisfying
numerical criteria; other principles in our framework also address how
additional confidence can be achieved.

The frequencies and consequences of credible accidents are first evaluated
during the design of a small reactor, and then compared to numerical
acceptance values. The criteria are split into two portions: individual
dose criteria, and collective dose criteria, as given in Tables 2 and 3.
Each set of criteria is defined by three frequency ranges, and for each
range, there is a dose band spanning about a factor of ten in dose.
Predicted doses below the band are normally acceptable, while those above
the band are not. Predicted doses within the band require justification as
to why they cannot be reduced.
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The three frequency ranges of Table 2 for individual risk limitation
correspond broadly to:

occurrences expected only a few times in the lifetime of the reactor;

accidents terminated without core damage; and

accidents which may involve fuel damage but are mitigated by the pool
and buildings.

TABLE 2: Dose to Host Exposed Individual.

Frequency Range Dose Band Example

3 x 10"1 to 3 x 10'2/year 0.1 mSv to 0.5 mSv

3 x 10"2 to 10~4/year 0.5 mSv to 5.0 mSv

10"4 to 10'6/year 5 mSv to 100 mSv

Anticipated
operational
occurrence

Accident terminated by
safety system

Accident mitigated by
pool/building

TABLE 3: Collective Dose Criteria.

Frequency Range Dose Band

3 x 10"1 to 3 x 10'2/year

3 x 10'2 to 10'4/year

10'4 to 10'6/year

0.1 to 1.0 person-Sv

1.0 to 10 person-Sv

10 to 100 person-Sv

In the first frequency range, the dose band is 1/50 to 1/10 of the legal
limit for normal operation of 5 mSv. The desired result is that such
occurrences have negligible impact on the surrounding community. Accidents
terminated successfully by safety systems are an example of the second
category; the dose band is between 1/10 of the legal limit for normal
operation, and the limit. The dose band for the third category reflects a
desire to push core damage accidents to less than once in 10,000 reactor
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years. Doses in this band would not cause significant radiological harm to
an individual; and lie between 1/50 and 2/5 of the power reactor dual
failure dose limit used in Canada, 250 mSv.

It is implied by these criteria that severe accidents be shown to have a
frequency less than 10" /year, and if so then they need not affect the
design. This recognizes that the disaster potential for small reactors is
inherently limited by the fission product inventory [16], and therefore the
effort spent in investigating very low-frequency accidents is not
productive. Such accidents are addressed by having in place appropriate
mitigation measures, such as on-site and, if necessary, off-site emergency
plans. However, a brief investigation of the sensitivity of accident
consequences to frequencies down to 10" per year can be useful in
assessing reactor safety, by determining if there is a sudden increase in
consequences just below the cutoff frequency (a "cliff-edge").

The criteria for collective dose to the public surrounding the facility are
shown in Table 3. These criteria are related to absolute potential harm,
not potential harm relative to other sources of harm in the same population
(such as latent fatalities unrelated to the reactor). The reason is that
relative measures may be independent of population density and thus not
valid criteria; for example, for a uniform nearby population growth, the
numbers of latent fatalities both from the reactor and from other causes
grow approximately in proportion. The collective dose limits chosen are
about one percent of existing Canadian limits for power reactors.

3.4 Environmental Protection Objective

There shall be no significant detrimental effects on the environment for
all reactor operational states and those accidents taken into account in
the reactor design; the impact resulting from accidents beyond the design
basis shall be mitigated to the extent practicable.

The purpose of this objective is to provide guidance in determining an
acceptable level of environmental protection for a particular small reactor
facility design at a specific site in Canada.

For normal operational states, releases from small reactor facilities would
be very low and have no detrimental impact. Appropriate criteria under
accident conditions present a greater challenge since little information

The term "dual failure" as used in the Canadian context, is any
combination of a serious process failure coupled with the assumed
unavailability of any one safety system. A "serious process failure"
is the failure of a process system or equipment that, in the absence
of safety system action, could lead to fuel failure or the release of
radioactive material to the environment. An example of a dual failure
in a power reactor would be a loss-of-coolant accident coupled with
unavailability of the emergency core cooling system.
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has been published on the subject. It is difficult to develop absolute
environmental protection criteria that are independent of human values and
perceptions. Consequently, a central concept in development of these
criteria is the assessment of the potential use of the environment by man,
whether for habitation, recreation, economic use, or production of food.
People are generally considered to be sensitive indicators of detrimental
radiological effects. Thus one valid type of measure, which can be derived
from radiation protection requirements, assumes that people would occupy
and use the land in question. It can then be argued that the environment
is adequately protected if people are protected.

Some of the concepts under study are outlined below; quantitative
requirements are under development.

(1) Environmental impact during normal operation and anticipated
operational occurrences shall be negligible. Releases to the
ecosystem should be so low that no detrimental effects could be
directly observed and no control or intervention action would be
warranted.

(2) Environmental effects shall be minor for those accidents taken into
account in the reactor design. There shall be little or no ground or
aquifier contamination, no economic detriment or denial of land use
beyond the facility exclusion zone, and no requirement for
restrictions on consumption due to potential radionuclide uptake in
the food chain.

(3) The likelihood of severe accidents with potential for more significant
consequences to the environment shall be extremely small; the impact
resulting from such accidents beyond the design basis shall be
mitigated to the extent practicable. Although protection systems are
provided to reduce the likelihood of core damage, a combination of
other measures shall be available to limit the release of radioactive
material and reduce their impact, including intervention measures to
minimize transfer to the environment.

4. FUNDAMENTAL PRINCIPLES

The second level of the safp.j, philosophy consists of fourteen fundamental
principles of reactor safety which buttress the requirements of the safety
objectives stated earlier. The objectives state what is to be achieved and
the principles provide the basic safety concepts necessary to achieve these
objectives. The principles are interrelated and must be taken as a whole.
They are not meant to constitute a menu for selection.

Two of the fundamental principles, defence in depth and safety culture, are
broadly based and encompass all the others. Thus the principles have been
formulated in two groups as shown in Figure 2. All the other principles can
be derived from these key principles and amplify their basic requirements.
The two groups of principles are strongly interlocking. Application of
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defence in depth requires safety culture principles; in turn, the defence
in depth concepts are integrated within the safety culture principles.

In this paper, the principles are stated and only a summary of their
detailed evaluation criteria are presented.

4.1 Defence in Depth Principles

A defence in depth strategy shall be implemented at small reactor
facilities to compensate for potential human and mechanical failure, and
unexpected occurrences.

Defence in depth is one of the key principles essential for reactor safety
to prevent, correct or compensate for deficiencies or failures. It should
be in place for all safety activities, whether organizational, behavioural
or equipment related.

Defence in depth strategy comprises four overlapping echelons of protection
which are provided to prevent accidents or to ensure an appropriate level
of safety in the event that prevention fails. These four echelons are
prevention, control, protection and mitigation. In turn, each of these
echelons employs two parallel and interlocking types of measures: measures
related to equipment, including successive barriers, and measures related
to human activities, particularly good operational practices.

Accident prevention, the first echelon of defence, is achieved by high
quality in design and operation, proven engineering practice, conservative
design, reliability, inherent safety characteristics, and effective
surveillance.

The second echelon, reactor control, embodies good operational practice,
reliable process systems, conservative operational limits and conditions,
passive safety features, core stability, and fault tolerant design and
operations.

The third echelon protects the reactor facility from accident sequences,
whether of internal or external origin. Emergency equipment and procedures
are provided to achieve stable and acceptable conditions following design
basis events.

Accident mitigation, the final defence in depth echelon, protects the
public from very rare but severe accidents which exceed the reactor design
basis. This includes emergency measures to limit potential radiation
expo-: res.

Six principles can be derived from defence in depth. These are shown in
Table 4, together with a summary of typical evaluation criteria. There is
a one-to-one correlation between four of the principles and the defence in
depth echelons discussed above. The other two principles, "proven
engineering practice" and "operational radiation safety", are applicable to
all the echelons; these are important enough to be stated as separate
principles.
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Confirmation that all these principles are in place is provided by a strong
safety culture, effective quality assurance, and safety assessment and
verification activities.

4.2 Safety Culture Principles

A safety culture shall be established and govern the actions of all
individuals and organizations engaged in activities related to small
reactors.

Safety culture, the second key principle essential for reactor safety, can
be described as the pursuit of excellence in all matters pertaining to
reactor safety. It involves a pervasive safety thinking and personal
dedication and accountability. It should govern the actions and
interactions of all individuals and organizations engaged in any activity
which has a bearing on safety. Safety culture can be characterized by four
elements: commitment, direction, competence, and assessment.

The commitment element stresses the importance of an overall commitment to
safety by organizations and individuals. Full attention is paid to safety;
open, questioning attitudes are fostered; and established procedures are
respected.

Direction requires that safety attitudes and requirements are instituted
and encouraged by senior management. Clear lines of authority and
responsibility are established, procedures developed, sufficient resources
provided and quality assurance is implemented.

Competence stresses high standards of human performance. Staff selection
and training emphasize inherent abilities, qualification, personal
stability, integrity, and responsible attitudes.

The assessment element requires assessment and verification activities to be
implemented. Reviews and audits are conducted for all activities important to
safety and an ongoing safety assessment program is established. Lessons
stemming from operational experience and safety research, both within the
organization and internationally, are learned and acted on.

Table 5 states six principles which amplify safety culture and can be derived
from it. A summary of typical evaluation criteria are also presented.

5. DISCUSSION

The safety philosophy presented in this paper is believed to be reasonably
complete and appropriate for a wider peer review. A number of key issues
have been identified in the course of this work - some have been resolved
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TABLE 4 PRINCIPLES DERIVED FROM DEFENCE IN DEPTH

PRINCIPLE

ACCIDENT PREVENTION

Principle emphasis shall
be placed on accident
prevention as the primary
means of achieving safety.

REACTOR CONTROL

Conservative safety margins
shall be established and
control measures adopted to
maintain operational
variables within acceptable
limits and to minimize
transport of radioactive
material.

PROTECTION

Measures for protection
against accidents shall be
established to maintain the
basic safety functions:
safe shutdown, core cooling
and control of radioactive
releases.

ACCIDENT MITIGATION

Mitigation measures shall
be provided and prepared
to substantially reduce the
effects of an accidental
release of radioactive
material.

PROVEN ENGINEERING PRACTICE

Small reactor technology
shall be based on good
engineering practice, proven
by component testing and
ex^-srience, and supplemented
by experiments and proto-
types where information
is missing.

OPERATIONAL RADIATION SA. ETY

Radiation protection
practices consistent with
the recommendations of the
regulatory body and the ICRP
shall be followed throughout
the life-cycle phases of a
small reactor facility.

TYPICAL CRITERIA

- High quality design, construction and operation
to prevent deviations from normal operation.

- Design conservatism to prevent failure.
- Selection of proper codes, standards, materials.
- Adequate inspection, monitoring, testing, and
maintenance procedures to prevent failure.

- Operating procedures and training to minimize the
likelihood of faults.

- Prevention of deviations by conservative design,
wide safety margins and high quality.

- Fault tolerant designs promoting inherent safety,
stability, passive and fail-safe features.

- Operational limits and conditions, surveillance
and good operating procedures.

- Monitoring, indication and human factors design.
- Reliable process systems.
- Process barriers and protection of barriers.
- Systems and practices to control radioactivity.

- Passive shutdown and decay heat removal, or
reliable, automatic safety systems.

- Barriers for protection against internal/external
events and to confine/control radioactivity.

- Protection of systems and barriers; qualification.
- Emergency operating procedures established.
- High standards of quality assurance in design,
construction, commissioning and operations.

- Siting and exclusion zones to reduce impacts.
- Precautions to prevent escape of radioactivity.
- Use of inherent features and/or structures and
systems to limit releases.

- Adequate warning to the public affected in the
event of significant radioactive releases.

- Ultimate emergency operating procedures.
- Emergency measures on/off site where required.

- Design, construction and testing to quality
standards commensurate with safety objectives.

- Use of recognized codes and standards; R and D
programs, prototypes if information is lacking.

- Safety assessment for experiments where standards
are not appropriate.

- Use of well established manufacturing/construction
methods; prototypes for new/complex construction.

- Review of repairs or modifications to ensure
systems are returned to appropriate state.

- Doses to be ALARA and below prescribed limits.
- Establishment of radiation protection program.
- Control of sources, exposures; protect barriers.
- Monitoring program: personnel, area radiation,
contamination, airborne, emissions, emergency.

- Supervision of radioactive material, wastes,
emissions, shipments.

- Adequate staffing, training and procedures.
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TABLE 5 PRINCIPLES DERIVED FROM SAFETY CULTURE

PRINCIPLE

RESPONSIBILITY OF
OPERATING ORGANIZATION

The primary responsibility
for assuring safety shall
rest with the operating
organization and shall in no
way be diluted by separate
activities or responsibili-
ties of designers, supplier
constructors or regulators.

QUALITY ASSURANCE

Quality assurance shall be
applied at each phase of a
small reactor life-cycle to
assure that all items
delivered and all tasks
performed meet specified
requirements.

HUMAN FACTORS

Personnel engaged in activi-
ties bearing on small reactor
safety shall be trained and
qualified to perform their
duties; measures shall be
instituted to deter or com-
pensate for human error.

SAFETY ANALYSIS AND
VERIFICATION

A comprehensive process of
safety assessment shall be
in place throughout all
life-cycle phases of a small
reactor facility.

FEEDBACK OF
OPERATING EXPERIENCE

Operating experience and the
results of research relevant
to safety shall be exchanged,
reviewed and analyzed to
ensure that lessons are
learned and acted on.

REGULATORY CONTROL AND
VERIFICATION

The regulatory body shall be
responsible for independent
governmental licensing, sur-
veillance and control regard-
ing matters of nuclear safety
in the siting, design, con-
struction, commissioning,
operation and decommissioning
of small reactor facilities.

TYPICAL CRITERIA

- Full responsibility for operational safety and
financial capability.

- Adequate number of trained, qualified personnel.
- Availability of competent engineering and
technical support throughout facility life.

- Operation in accordance with approved procedures.
- Operational limits and conditions established.
- Inspection, testing, and maintenance programs.
- Quality assurance program; reviews and audits.
- Review and approval of experiments.
- Adequate security and safeguards programs.

- Quality assurance program instituted during the
initial phases of any project.

- Define required quality and means of achieving it.
- Responsibilities defined; work planned/controlled.
- Personnel: committed, competent, and accountable.
- Right information to right people at the right

time; relevant experience sought and used.
- Work verified; deficiencies corrected; changes
controlled; records managed; reviews/audits done.

- Organizational support: resources; operation,
maintenance and inspection aids.

- Staff selection: attitude, ability and stability.
- Training to recognize safety significance, follow
procedures and understand facility.

- Design: human factors and ergonomic principles to
reduce error/stress and facilitate correct action.

- Control layout; diagnostic aids; clear indication.
- Administrative controls verified and justified.

- Safety assessment process in parallel with all
life-cycle activities: siting to decommissioning.

- Evaluation, documentation, review, audit.
- Safety report: justify safety case; updated when

required by modifications or new information.
- Safety analysis: reactor response to accident ini-
tiating events; methods validated.

- Operational assessments: procedures; experiments.

- Operator maintains effective system for collecting
and interpreting operating experience.

- Safety related abnormal events are identified,
analyzed and measures taken to prevent recurrence.

- Event data-bank maintained by Competent Authority.
- Sharing of operational data coordinated nation-
ally and internationally; feedback to designers.

- Design and operations interaction; incorporation
of results of relevant research.

- Separation of regulator from promoters, vendors,
and licensees to ensure independence.

- Provide regulations, guides and safety criteria.
- Review and assessment of safety documentation for
each stage of licensing.

- Issuing licenses and approvals authorizing action
and placing conditions on licensee.

- Surveillance: monitoring, inspection, enforcement.
- Ensure compliance with requirements and stipulate
corrective action to promote safety,

- National and international liaison and
dissemination of safety information.
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at the principles level, while others
on them are invited. They include:

are still under discussion; comments

Use of probabilistic risk criteria.
The numerical assessment criteria finally adopted are event frequency
and consequence criteria as they are easier to apply than summed risk
criteria. The confidence which can be placed on the results of the
numerical evaluation is a function of how well the remaining
fundamental principles are met.

Balance of front-end versus back-end protection.
Designs which place great emphasis on prevention of accidents need
place less emphasis on consequence mitigation. Similarly, designs for
which a severe accident is more likely should place more emphasis on
mitigation measures. While a need for balance has been recognized by
the group, we have not yet developed appropriate criteria.

Treatment of severe accidents.
These are less significant than for power reactors due to the smaller
fission product inventory; we have not emphasized their investigation
as being particularly productive, but have encouraged designers to
briefly examine- what lies "beyond the cliff" at frequencies a decade
lower than 10" per year, and to provide mitigation measures where
warranted.

Environmental goals.
We have not found much published work on defining environmental goals
for small (or large) reactors. Our initial work presented here is
fairly general at this stage; quantitative criteria are under
development.

The work of the SRC is now focussed on producing criteria for specific
applications, as described in Section 2 and illustrated in Figure 3. We
are seeking broad peer comment on the safety philosophy presented here as

S P E C I F I C A P P L I C A T 1

j GENERAL REQUIREMENTS j-j | LIFECTCLE

QUALITY ASSURANCE Ui

REGULATORY PROCESS U

SAFETY ASSESSMENT U

0 N S

REQUIREMENTS 1
SITING [—i

DESIGN [—]

CONSTRUCTION U.

RADIATION PROTECTION I—,

EMERGENCY PLANNING

COMMISSIONING I—,

OPERATION 1—]

DECOMMISSIONING I

Fig. 3. SPECIFIC APPLICATIONS
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the foundation of our approach, and will be seeking review again once the
applications sections are completed. Reviews will be requested from
organizations involved in design, operation, and licensing of small
reactors in Canada, and from the international community.

The hierarchical structure of the criteria has been chosen to provide a
well-defined framework for subsequent development of third level guides by
appropriate experts. This third stage is expected in Canada after the
complete SRC document achieves some national consensus.

6. CONCLUSIONS

Recent small reactor proposals and licensing activities in Canada have
indicated that safety criteria are needed. A Small Reactor Criteria qroup
was formed to address this need and has made considerable progress. We
have built on na-.ional and international experience for both power reactors
and small reactors to develop comprehensive safety criteria in a tiered,
hierarchical structure as an overall basis for subsequent detailed
criteria. The work is meant to be compatible with current research reactor
guide development projects by the IAEA, and with the Agency's safety
documentation practice and structure. We are seeking peer review of our
work to date and are publishing to solicit comments.

This paper is a summary of a draft report in which complete and detailed
criteria are presented. A comprehensive safety philosophy is proposed,
consisting of basic safety objectives and fundamental principles. We
believe that there is a need for such a philosophy and that it is essential
to an understanding of the underlying concepts of reactor safety.

The development of criteria in Canada in response to a current need for
application to real projects has proven to be beneficial. There has been
interaction among designers, operators and regulators which has had a
beneficial effect in advancing a small reactor safety culture.
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