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Abstract The paper summarizes the use of "up-front" licensing in Canada - how licensing requirements are
defined, and met - in advance of a project commitment. The approach to licensing in Canada has allowed
flexibility in development of new designs. Since licensing was originally risk-based, and current regulatory policy
allows cost-benefit considerations as part of the decision making, risk can be and should be used in novel
circumstances as a licensing tool. Since the licensing framework is non-prescriptive, innovative approaches to
design can be introduced and dispositioned without changing the legal structure. This flexibility has been used in
several up-front licensing reviews: a small urban heating reactor, repeat CANDU® 6 generating station units, and
the single unit CANDU 9 generating station. In the future we expect to apply it to advanced designs, as an
essential part of risk reduction and customer confidence in the product. The important lessons learned in Canada
include:

Up-front licensing is essential to reduce the risk of licensing-related delays once a project has been
committed. It requires a significant investment in time and effort from both the designer and the regulator;

- The most effective scope for up-front licensing is for the regulator to thoroughly assess novel concepts,
test the design against changed domestic requirements, and follow-up on known difficult areas; and for the
designer to ensure foreign requirements are incorporated. There is little benefit in certifying the design in
detail;

- Although it would be satisfying to have legally-binding certification, in the end there can be no legal
obligation on the regulator, and agreement is pursued on the basis of good faith that the regulator will not
make arbitrary decisions and that the designer will meet agreed targets or requirements;

- In almost all circumstances, issues will arise that are beyond the current 'rules', however expressed.
Rather than rushing to create new rules, one reaches a sensible conclusion. The conclusion becomes
precedent; precedent becomes practice; practice becomes a regulatory guide;

- PSA, and its companion, cost-benefit analysis, play an important role in up-front licensing, as a way of
casting decisions in an objective framework;

- Some form of international Iicensability or generally-accepted framework will be increasingly required to
support nuclear power plant projects and to avoid continued re-licensing, overlapping reviews and non-
standard requirements.

1. INTRODUCTION

The drivers for cost and risk reduction on new nuclear construction have, if anything, become
more acute over the last decade. Originally introduced as a reaction to the overspending and
lateness of nuclear power plants in the 1980s, the opening of electricity markets to
competition has meant that the pressures to complete a project on time and within budget are
even stronger. In fact overcoming such risks is essential if nuclear power is to have a future.

Licensing has, fairly or unfairly, been identified as a source of such risks. Whether the
licensee or the regulator was 'at fault' is almost impossible to agree on: what is more certain is
that requirements were not clearly enunciated at the beginning. Indeed, if the regulatory
requirements are too onerous, it is better to find out at the beginning, since the project can
then be discontinued with little penalty, and the reasons are then clear.
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Definition of licensing requirements at the beginning, or 'up-front' - and indicating how they
will be met, up front - is the subject of this paper. The emphasis will be on what the author
knows and has used: the Canadian approach and experience.

2. LICENSING APPROACH IN CANADA

2.1. History — risk-based origins

Canada's approach to accidents began with the accident to the NRX pressure tube reactor, in
1952, Refs. [1-2]. This spurred an early interest in both the frequency of accidents, and the
nature of protective systems, particularly their separation from the process systems which
normally control the station.

These ideas were enunciated in a paper in 1959 by Ernest Siddall [3], then with the Reactor
Research and Development Division at CRNL. He took as a safety goal that the risk from
nuclear power should be five times lower than the risk from coal power, which was then the
alternative in Ontario for future electricity generation. He compared the two power sources on
the basis of prompt fatalities, including the front-end fuel cycle for both. From this he derived
a target for a remotely-sited nuclear power station of 0.2 deaths/year on average. This risk was
felt at that time to come mainly from the catastrophic accident, as described in the U.S.
WASH-740 report. Assuming these results applied equally to a Canadian reactor, he produced
a set of maximum event frequencies and safety system unavailabilities to be used as design
targets, as follows:

LOSS OF COOLANT One in 50 years (0.02 / ry1)

LOSS OF POWER CONTROL One in 16 to one in 160 years, depending on
severity (0.06 - 0.006 / ry)

SHUTDOWN SYSTEM One in 500 tries (0.002 yrs / yr)
UNAVAILABILITY

In simple terms, a catastrophic accident such as postulated in WASH-1400 could occur only if
a process system failed (pipe break, loss of power control) and the shutdown system failed.
One could estimate the frequency of the catastrophe by multiplying event frequencies by
safety system unavailabilities (e.g., [1 per 50 years] times [1 in 500 tries], or once in 25,000
reactor years). Now this is only possible if the systems are sufficiently independent, i.e., if
there are no major cross-links between the initiating event and the mitigating system. This
philosophy of separation (logically and physically) between process and safety systems has
been one of the hallmarks of CANDU® design from then until today.

A similar approach was followed in a paper in 1961 by G.C. Laurence [4], who was then
director of the Reactor Research and Development Division at CRNL, and who later became
President of the Atomic Energy Control Board (AECB), the regulatory agency of Canada
(now Canadian Nuclear Safety Commission, or CNSC). He took as a safety goal 10'2 deaths
per year from nuclear power plant accidents, a factor of 10 lower than Siddall's, with the
justification that this was far better than in other industries. With remotely-sited plants, which
were then the only locations being considered, a disastrous accident would cause fewer than

ry = reactor operating-year
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1000 early deaths, so the frequency of such disasters must be held to less than one per 100,000
years. Such a disaster could occur if we had a simultaneous failure of all of: a normal process
system (such as the reactor power control system), a protective system (emergency core
cooling or shutdown) and containment. From this he derived the following design targets:

Process failures One in 10 years

Protective System Unavailability One in 100 demands

Containment System Unavailability One in 100 demands

The frequency of process failures seems rather undemanding - for example no utility would
tolerate a plant with a predicted large LOCA frequency of one every 10 years2. The numbers
should be looked at minimal requirements for public safety, not risk estimates. There is no
point setting targets if performance cannot be measured. Thus the numbers were chosen large
enough to be demonstrable individually by experience or testing in a few years of
reactor operation.

These ideas were applied in the design of Canada's first demonstration power reactor - the
Nuclear Power Demonstration (NPD) Reactor. Its 1961 Hazards Report used higher
unavailability for shutdown, and did not credit containment. It also assessed the dose to the
public from less severe accidents than disasters, using as a figure-of-merit a "once-in-a-
lifetime" emergency dose. For Iodine-131, for example, this was 25 rad.

The 1962 Safety Report for the 200 MWe Douglas Point nuclear reactor was perhaps the
fullest flowering of the overall risk-based approach. The safety goal - proposed by the
designers - was that the risk of death to any member of the public be less than 10"6 per year, a
factor of 10 less than that for NPD. The target risk for injury was taken to be 10 times larger
than the risk of death, in the same ratio as experienced in other industries. The breakdown by
frequency was similar to that for NPD, with some allowance for the lower frequency of large
pipe breaks. Included in this risk evaluation was a quantification of the effects of a major
accident on the operating staff. The Safety Report consisted of a systematic listing of all
identifiable events, an evaluation of their frequency, and a calculation of their consequences in
terms of dose. Again, separation was assumed to be achieved by careful design practice. Note
in addition the increasing requirement for nuclear not just to be safer than coal, but to be
orders of magnitude safer. This was partly due to the fact that it was a new technology and the
"increased safety" seemed achievable, and partly to cover uncertainties. However this idea did
result in an erosion of the rationale for optimizing safety across industries.

Note that these numerical goals for individual risk correspond very closely to the implied
targets for severe core damage (<10"4 / yr) and for large releases (~10"6 / yr) discussed by the
NRC in the USA, and proposed by F.R. Farmer in his pioneering work in the UK on risk-
based safety analysis.

2.2. The single/dual failure approach

In 1967, F.C. Boyd of the CNSC3 lai
guidelines, under which all operating CANDU plants up to Darlington have been licensed.
In 1967, F.C. Boyd of the CNSC3 laid the ground rules for the deterministic licensing

2 Hancox & Meneley in 1982, describe the plant-protection safety requirements for CANDU (Ref. [5]).
3 To avoid confusion, we will henceforth use the term CNSC even when the historical context would require
AECB.
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They showed evidence of their risk-based origins, but collapsed the spectrum of possible
accidents into two broad categories: single failures, or the failure of any one process system
in the plant; and dual failures, a much less likely event defined as a single failure coupled
with the unavailability of either the shutdown system, containment, or the emergency core
cooling system - the so-called special safety systems. (This single failure is an assumed system
failure, and is not related to the same term used for Light Water Reactors to describe a random
component failure additional to the initiating event). For each class, a frequency and
consequence target was chosen that designers had to demonstrate were met. In addition, to
deal with the siting of a reactor (Pickering A) next to a major population centre (Toronto),
population dose limits were defined for each class of accident.

The single-dual failure guidelines were finalized in 1972 by D.G. Hurst and F.C. Boyd of the
CNSC, Ref. [6]. The guidelines were as follows in Table I:

TABLE I. DOSE/FREQUENCY GUIDELINES

Accident Maximum Individual Population
Frequency Dose Limit Dose Limit

Single 1 per 3 years 0.05 Sv 102 Sv
Failure 0.03 Sv thyroid 102 Sv thyroid

Dual 1 per 3000 years 0.25 Sv 104 Sv
Failure 2.5 Sv thyroid 104 Sv thyroid

Although the single-dual failure approach was a move away from the early risk-based days, it
still retained some risk roots (event classes and dose limits based on frequency).

2.3. Current practice

2.3.1. Deterministic requirements

To address some of the deficiencies in the single-dual failure methodology, but still within the
design-basis accident approach, the CNSC issued document C-6 in June 1980 [7]. This
retained the concept of several classes of events, five in this case, but with important
differences:

1. Although the classes represented decreasing event frequency, assignment of events to
the classes was done a priori by CNSC staff, based on their estimate as to the
likelihood of the event. The assignment had a conservative bias, with the result that an
analysis done in the framework of C-6 could give a distorted picture of 'real' safety.
Also by assigning events to a class, the document removed from the designer some of
his incentive either to show that an event was indeed less frequent, or to make changes
to decrease the frequency. Indeed, the list of events is highly design-specific, and
might not be sensibly applied to future plants - a significant limitation as new
generations of CANDU are developed.

2. To avoid the appearance of any increase in the maximum "permissible" dose in the
new system, the CNSC set the maximum dose for the most infrequent class at 0.25 Sv
whole body: in other words, events less frequent than the traditional dual failure were
not recognized in terms of increased allowable doses.
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3. Since the dose from each event was required to be less than a given value, there was
no need to sum over the events to arrive at a risk estimate.

The limits were as follows in Table II:

TABLE n. DOSE/CLASS LIMITS FROM CNSC DOCUMENT C-6 REV. 0 (1980)

Event Class

1

2

3

4

5

Reference Dose Limit,
Whole Body

0.0005

0.005

0.03

0.1

0.25

Sv
Thyroid

0.005

0.05

0.3

1

2.5

C-6 can best be viewed as a deterministic approach, despite its growth from two to five
classes. This document is being revised to incorporate experience.

2.3.2. Probabilistic requirements

It is obvious from the brief history above that Canada used probabilistic methods very early on
in design, and continued to use them for reliability calculations of special safety systems.
However their use in accident analysis was eclipsed by the single-dual failure approach. As
experience was gained with the latter, accidents it did not capture became a concern, and it
was once again supplemented by probabilistic analyses - concentrating first on the effects of
support system failures, and later extending to (now)-conventional probabilistic safety
analysis (PSA).

While there is no formal regulatory requirement in Canada for a PSA, in practice it is both
needed (to demonstrate that all accidents have been identified - one of the requirements of C-
6) and expected, and an applicant would be unlikely to get a licence for a new plant in Canada
without a comprehensive PSA.

2.3.3. Cost/benefit policy

Until recently, there has been no formal cost-benefit policy applied to CNSC regulations.
Cost-benefit arguments have nevertheless been made, and were dispositioned on a somewhat
ad hoc basis. Recently, however, as a result of the Canadian government's directives on
regulatory activities in all fields, the CNSC has issued a Cost Benefit Policy [8], which states
that:

"The Canadian Nuclear Safety Commission recognizes that compliance with its decisions and
orders entails social and economic costs that are borne by licensees and others who are
subject to its control, and by other Canadians. Accordingly, the Commission's decision-
making processes include the opportunity for affected persons to be heard and for others to
participate. The Commission also recognizes that consultation is an important component in
the development of its regulatory documents. uIt is therefore the policy of the Commission
that:
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When conducting a proceeding for purposes of a decision under the Nuclear Safety and
Control Act that involves a licence or an order, the Commission or its designated officers
will consider relevant information on costs or benefits that is submitted by a person who
is participating in the process,

When conducting consultations on a draft regulatory standard or a draft regulatory
policy, the Commission will take into account, when fixing the deadline for submission of
comments, the time that may be required for the preparation of submissions on the costs
and benefits related to the proposed standard or policy,

When receiving or considering any relevant information on costs or benefits that is
submitted in relation to a decision involving a licence or order, the Commission or its
designated officers will be governed by the following principles:

o Information on costs and benefits is only one factor that may be considered in making
"regulatory decisions" or taking "regulatory actions" under the Act, and does not
displace legal requirements and other valid regulatory considerations

o The information on costs or benefits may be quantitative or qualitative in nature

o Consideration of the information on costs or benefits may be quantitative or
qualitative in nature."

The key aspects of this policy are that the onus is on the proponent to make the cost/benefit
case, and that cost/benefit considerations are not the only governing factor in a decision. As of
this writing, the policy has not been exercised, although it its use is expected to begin in the
near future.

2.4. Legal basis - prescriptive vs. non-prescriptive

It is clear from the above discussion that the Canadian approach is non-prescriptive: that is,
the regulator states safety goals which designer/operator must meet but does not
prescribe how to meet them. This gives a large amount of freedom in negotiating up-front
licensing, which we describe below, because there are few legal barriers to innovation. In this
respect the Canadian approach is similar to that used in the U.K. and dissimilar to that used in
the U.S. Table HI below gives a simple comparison between the U.S. and the Canadian
approach to licensing.

TABLE m. PRESCRIPTIVE AND NON-PRESCRIPTIVE REGULATION

U.S. Canada

Many vendors, many different designs One vendor, one base design

Legal-oriented Consensus-oriented

Prescribes overall requirements plus specific Prescribes high-level acceptance criteria; onus is
acceptance criteria and how to do design on the designer to justify the design

About 6 binders of detailed laws (Code of About 100 pages of laws
Federal Regulations)
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As an example, we compare the requirements to ensure a coolable fuel geometry after a
LOCA:

U.S. Canada

U s . 10CFR50 Section 46(b(l) "The Canada - R-9, Section 3.2(c) "All fuel in the ~~
calculated maximum fuel element cladding reactor and all fuel channels shall be kept in a
temperature shall not exceed 2200°F" configuration such that continued removal by

ECCS of the decay heat produced by the fuel
can be maintained..."

Prescribes not only the limit but the models Describes objective; it is up to the designer to
used to calculate it do tests and develop models to prove it is met

The comparison is illustrative: of course, in practice CNSC will not accept temperatures so
high that fuel bundle behaviour cannot be predicted, and the USNRC can be persuaded to
revise its requirements, hi addition the non-prescriptive nature of the Canadian regulatory
requirements does not imply that they are less stringent than prescriptive requirements. One
example is the requirement for two fast-acting, fully-effective and independent shutdown
systems in Canada versus one fast-acting shutdown system in other jurisdictions. Another
example is the requirement in Canada setting a maximum unavailability of 10"3 yrs/yr for each
special safety system, versus the single failure criterion used elsewhere. Design and operating
experience shows that simple redundancy of components within a system sufficient to meet
the single failure criterion can fall short of achieving the Canadian quantitative requirement
for overall system availability, hi other words, a prescriptive approach means that
requirements are more detailed but are not necessarily more demanding from a safety
standpoint.

Finally note that safety Research and Development in Canada, including development of
analytical tools, is the responsibility of the proponent (AECL and CANDU licensees), not the
regulator; CNSC audits the programme and the results, and also contracts smaller-scale
confirmatory R&D. This again allows flexibility and speed in bringing new R&D and
analytical technology into service.

3. DRIVERS FOR UP-FRONT LICENSING

Part of the response to the delays and cost overruns of nuclear plant construction in the 1980s
was development of methods for "up-front licensing". It was believed that if the requirements,
and the way they were implemented, in new designs were agreed beforehand with the
regulators, then a large component of cost uncertainty would be reduced. The level of detail in
the agreement sought varied widely, as we shall discuss later. Unfortunately the interest in up-
front licensing coincided with a general downturn in the market for nuclear power, so it was
exercised only in a few, but important, cases.

Some of these concerns have lessened. Over the past 40 years a great deal of experience has
been gained by designers and analysts. The essentials of a safe and sound nuclear plant design
are quite well understood. When undertaking a new project, whether evolutionary or
revolutionary, designers are able to establish these fundamental characteristics very early in
the design cycle. Similarly, regulatory staff also understand these design essentials. This
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greatly simplifies the process of safety design and reduces licensing risk for any new
'evolutionary' project. Established international standards for safety performance also can
give the designer an early indication of what will be required of his design. Nevertheless, there
remains a risk of misunderstanding between the chosen detailed characteristics of a new
design and the regulator's expectations for the acceptable safety characteristics of that design.

The existing licensing framework can of course be made more efficient. Asian countries have
shown the world how, even in a traditional licensing process, licensing risk can be minimized.
Their licensing process encouraged resolution of all major design and analysis issues by the
time of the construction permit, so that there was less risk of delay between construction and
operating licences. One can, of course, view this as a form of "up-front" licensing, with the
issue of the construction permit marking the end of it.

In some countries there are legal barriers to up-front licensing. A regulator may not be
permitted to engage in negotiation with a proponent until there is a formal application for a
construction licence, by which time project schedule pressures do not allow time for up-front
licensing. Or such discussions may occur but the regulator cannot be bound to them until there
is a project. Such discussions are nevertheless immensely useful, especially if they build up
both knowledge and trust.

In the end, however, there are powerful reasons to undertake a formal up-front licensing
process.

If there has been no recent "live" regulatory experience, up-front licensing may be essential to
exercise the regulatory process before a major commitment is made. For example, in Canada,
there has not been a new nuclear power plant operating license granted since 1993; a similar
situation holds in the U.S. In Canada, the CNSC has tended to focus on the problems of
operating plants, but has nevertheless continued to issue some Regulatory Guides which
would apply mainly, or only, to new plants. Until these have been understood through use in a
real application, they represent a large risk: since the words may not match the intent; since
regulatory staff who know the intent may have left; and since some of the requirements may
be impractical or require extensive interpretation.

If new technology is intended for use in a series of plants, up-front licensing becomes
essential - for example, if further R&D or changes in design concept are needed as a
condition of regulatory acceptance, the proponent needs to know before a project is struck.

As plants age, life extension becomes an attractive option. Most regulatory jurisdictions will
expect at least some sort of safety assessment of the plant at the time of a request for life
extension or refurbishment. Agreement beforehand on the standards against which the plant is
to be reviewed, and what is to be done in case of gaps, is essential to assure the owner of a
success path.

Finally most purchasing countries still require licensability of the nuclear power plant in the
country of origin. It is preferable if a "real" licensed reference plant exists; if not, the next best
thing is a thorough review by the host country licensing body followed by a declaration of
licensability. The reason is that regulators in purchasing countries, though they may be as fully
capable technically as in the host country, may not be fully aware of the vast amount of

unwritten experience which can only be developed slowly as a country gains experience - a
matter of knowing "why" as well as "what" and "how".
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4. EXPERIENCE WITH UP-FRONT LICENSING

Canada has had at least three campaigns of up-front licensing, summarized below, which
demonstrate the effectiveness of the approach for a range of plant designs and sizes.

4.1. Point Lepreau 2

In the mid-1980s, there was a possibility of building an additional CANDU 6 unit at Point
Lepreau (nominal output 600 MWe), in New Brunswick - alongside the original one, which
began operation in 1983. Point Lepreau 1 had taken TA years to complete, compared to 39
months in Japan (Takahama 3) with its one-step licensing process. By no means were all of
the delays in Point Lepreau 1 due to licensing; but if licensing were not handled in advance, it
could become a schedule risk.

AECL therefore set up, with the CNSC, a process for defining and resolving regulatory
requirements, Refs. [9-10]. In this particular case, the process relied heavily on the fact that
Point Lepreau 1 was a licensed, operating plant. The approach was to:

• define, document, and obtain agreement on the licensing requirements;

• identify and assess the impact of new requirements on plant design during the pre-
project phase and implement necessary changes to the design early;

• utilize Point Lepreau 1 safety assessments to the greatest extent possible;

• perform safety analysis work early, to minimize the potential impact on project
schedule;

• establish a licensing schedule which would allow a timely and orderly submission and
review of safety assessments; and

• obtain a conditional operating licence at construction licence time.

Most of these steps were used in subsequent applications of up-front licensing, described
below. The importance of defining regulatory requirements cannot be overemphasized: the
non-prescriptive licensing regime allows flexibility but can be subject to interpretation and
arbitrariness on both sides because there are no detailed "rules". Definition of licensing
requirements forces agreement in areas where there are no recipes.
The vehicle for documenting regulatory requirements was the Licensing Basis Document
(LBD). It contained a list of all the regulatory documents that would be applied, as well as
national and international codes and standards. While logically agreement on the LBD should
precede detailed discussions on design and safety analysis, in practice here (and later), a draft
LBD was issued early on, but was not formally accepted until all its ramifications were
understood, much later in the process and after a lot of detailed design decisions had been
made. While not academically pure, this process was pragmatic and necessary.

Unfortunately there was no project commitment to Point Lepreau 2, for reasons unrelated to
licensing risk, and the up-front licensing was not completed.
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4.2. SES-10

SES-10 was a small 10 MW(th) pool reactor designed by AECL for urban district hot-water
heating. It had extraordinary safety to meet extraordinary siting and operating requirements
[11-12]. Safety characteristics included:

• negative reactivity coefficients of fuel temperature, coolant temperature, and coolant
void4;

• limited amounts of excess reactivity available to the reactor control system;
• natural convective heat removal with low flow velocities at all operating powers;
• a large passive heat sink (350,000 litre pool) for long-term emergency heat removal;
• low fuel ratings, resulting in negligible free fission products in the fuel;
• double-walled pool to prevent loss of water;
• a confinement barrier encompassing the pool structure and enclosing the top of the

pool;
• very slow rates of reactivity control (a few mk/hour) to ensure accidents were slow;
• dual diverse shutdown systems, one active and one passive (thermally activated).

The siting and operating requirements included location in an urban environment with the
reactor building boundary forming the exclusion area; and the ability to operate without a
licensed nuclear operator in attendance. The reactor would be remotely monitored and could
be remotely shut down; a local attendant could shut the reactor down in case of e.g., fire in the
building or loss of communication with the offsite operator, but could not restart it. Once shut
down, the reactor needed no "engineered" systems to remain safe.

Since the intent was to produce many of these reactors, it was not economic to licence each
reactor separately. Moreover there were no relevant regulatory requirements for such small,
safe reactors in Canada (the SLOWPOKE research reactor was the closest). Nor was there
experience elsewhere, for that matter. A generic "up-front" licensing process was undertaken
with the CNSC so that a "type-licence" could be obtained before commercial commitment. As
before, the Licensing Basis Document served as the focus for the debate. Many very difficult
issues were raised, and solved. For example, the CNSC set a requirement very early on that
sudden removal of a control rod (by unspecified means, since there were no driving pressures
and the rods were inaccessible during operation) must be within the design basis. Since
another requirement was prevention of any fuel failure in a design basis accident, this led to a
redesign of the reactor core, so that the worth of each control rod could be reduced to about 5
mk. The confinement concept, coupled with external event protection, resulted from the need
to have a "containment" together with the lack of a design basis accident which would require
a pressure-containment. Almost a year was spent on the operator model until the CNSC was
satisfied that in principle it was workable.

Although the difficult concepts were worked out in the licensing process, the reactor was
never commercialised due to the falling price of natural gas at the time.

4 The sign of a reactivity coefficient by itself is not an indicator of safety. For this urban heating reactor, however,
AECL wished to ensure that to the extent practical, increases in reactivity were slow and self-limiting. The
ultimate expression of this approach was achieved in the 20 kW(th) SLOWPOKE research reactor, where it was
possible because of the low power density; as a result SLOWPOKE was, and is, licensed for unattended
operation in cities.
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4.3. CANDU9

CANDU 9 is an evolutionary plant of capacity in excess of 900 MWe. It is based on the
Darlington reactor core in a single-unit containment. It evolved from Darlington in much the
same way as the single-unit CANDU 6 evolved from Pickering A. Since the market for
CANDU 9 was initially outside Canada (specifically the possibility of Korea), AECL was
faced with the challenge of providing to overseas purchasers assurance of licensability in the
country of origin [13].

From the beginning, a number of fundamental requirements were set for safety and licensing,
requirements that have moved CANDU 9 toward an internationally licensable product [14].

• The design had to be licensable in Canada. There were two reasons for this. First, it would
make the product attractive to Canadian utilities when they began to build nuclear
generating stations again. Second, although CANDU 9 is an evolutionary design, it was
felt that utilities would still want an independent assurance of licensability, particularly
focused on any changes, even if these changes were improvements. Thus the CNSC was
asked to perform a formal licensability review to ensure that there were no "fundamental
barriers" to licensing the CANDU 9 design in Canada. This conclusion would form the
basis for the regulatory review done when a CANDU 9 was ordered, whether in Canada or
overseas, and would assure the purchaser that the risk of significant design changes due to
licensing was small.

• The CNSC recognized and supported the concept of "up-front licensing" as described
above. The CANDU 9 assessment was the most extensive application of it to date.

• The design had to meet licensing requirements in the country which would eventually
operate the plant. A Licensing Basis Document was written explicitly incorporating the
requirements of both CNSC and KINS (the Korean agency responsible for regulatory
assessment of the design on behalf of the Ministry of Science and Technology — MOST).
KINS is an experienced regulator that had licensed both LWRs and CANDUs. Indeed,
Korean licensing requirements had the biggest impact on containment design. CANDU 9
had to accommodate Korean siting practice and demonstrate a small Exclusion Area
Boundary (EAB) of less than 500m.

• The design had to meet international licensing requirements, as embodied by the
International Atomic Energy Agency (IAEA). There is, of course, no formal international
licensing agency. However IAEA Standards and Guides are accepted as a starting point by
increasingly more countries, and, when written into a bid specification, become de facto
licensing requirements for the project. In China, IAEA guides have been used extensively
to formulate the HAF guides. IAEA requirements tend not to be particular to a specific
design, although they do reflect LWR practice to some extent.

• The design had to meet utility requirements for a modern evolutionary plant. In the U.S.,
EPRI has published a summary of utility requirements; in Korea, utilities have done
likewise, using a similar framework. Although the specific requirements are tied to LWR
designs, the general requirements are applicable to all water-cooled reactors, and were
incorporated into CANDU 9.
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• The design had to possess enhanced safety, especially in the area of severe accidents. Both
the NRC and the IAEA had defined numerical targets for the frequency of core melt and
large releases, and these were adopted for CANDU 9. Severe accidents were a particular
focus of the LBD and subsequent requirements documents, and the high level
requirements on the summed frequency of severe core damage were based on probabilistic
goals:

o lO^/year for 'moderator as a heat sink'5

o 10~5/year for severe core damage

o 10"6/year for large release.

To demonstrate licensability in Canada, and to assure overseas customers that the design had
received independent regulatory review in the country of origin, the Basic Engineering
Program included an extensive two year formal review [15] by the CNSC. Documentation
submitted for this licensing review included the Licensing Basis, safety requirements, and
safety analyses necessary to demonstrate compliance with regulations as well as to assess
system design and performance. The first submissions were the Technical Description and the
Licensing Basis Document (LBD). The LBD included not only requirements for licensability
in Canada but also in the international market. The LBD, once accepted by the CNSC,
provided both guidance to a foreign regulatory authority on how licensability in Canada is
implemented, and also AECL's interpretation of additional requirements from the foreign
authority. These two submissions were followed by more detailed design requirements, design
methods (e.g., for safety critical software), safety analyses, probabilistic safety analysis, and
other programme documents such as quality assurance, decommissioning, safeguards, and
security requirements, hi selected cases, CNSC inspected details of the design
implementation. In total, over 200 formal documents were submitted. CNSC review of the
detailed submissions, while comprehensive, focused particularly on:

• new or unique features in the CANDU 9 design,
• new or revised CNSC Regulatory or Consultative documents,
• Generic Action Items applying to all CANDU plants,
• known operational safety issues,
• importance to reactor safety.

Midway through the review, the CNSC staff identified thirteen key issues requiring a more
detailed assessment. Intensive discussion took place for almost a year on these issues,
resulting in many further submissions and analyses by AECL, and in some cases design
changes, so that the issues could be closed at the end of the licensing review. At the end of the
two years, CNSC issued a final detailed report summarizing the disposition of all issues
raised, and any further commitments made by AECL. The summary of this report stated that:

"[CNSC] staff conclude that there are no fundamental barriers to CANDU 9
licensability in Canada."

5 This is a severe accident without fuel melting in CANDU, because of the presence of the moderator around the
outside of the fuel channels.

228



This statement resulted from the review of the information provided to the CNSC, and was
based on three general conclusions: that the CANDU 9 design complied, or could be made to
comply with licensing requirements in effect, in Canada, on January 1, 1995; that the
proposals to address CNSC Generic Action Items on the CANDU 9 design were acceptable;
and that the major issues identified during the course of the licensing review had been
adequately addressed.

The scope of the CANDU 9 licensability review was chosen carefully. Unlike Point Lepreau
2, AECL did not seek the equivalent of an operating licence from the CNSC. The reason was
three fold:

• Final licensability would be determined by the country in which the reactor would be
sited. KINS was an experienced regulator and did not need CNSC to certify every
detail of the design. What was more important was that CNSC perform a thorough
exploration of any changes in design concept and give assurance that the design met
current Canadian requirements, even where these had not been applied to operating
plants in Canada.

• Approval of design details would make it very difficult to make even minor changes,
without some process for re-opening the licensability conclusion. Thus it risked
freezing the design in time.

• Pareto's law applies: the extra effort from both CNSC and AECL to get approval of all
design details would be very large, and the benefit very small. Indeed, CNSC does not
approve all design details for a plant in Canada - instead (consistent with the Canadian
safety philosophy outlined above - "proponent propose, regulator dispose") they audit
selectively and deeply in areas of novelty or particular concern.

Nevertheless, CNSC identified a number of lesser items that were not sufficiently important to
affect licensability, but which had to be addressed in the detailed design. AECL is presently
addressing those items that affect the generic features of the CANDU 9 design and analysis,
and a good number of them have been closed with CNSC acceptance of AECL's response.
Items that depend on-site specific conditions and plant-specific customer requirements will be
addressed once the project is committed [16].

5. LOOKING AHEAD

The CANDU 9 experience sets the pattern for other designs for which AECL wishes
regulatory endorsement.

CANDU 6 plants undergo continuous improvement, so that the CANDU 6 plant offered today
differs incrementally from those already operating. Moreover Canadian and international
regulatory requirements continue to change. Thus AECL has asked CNSC to judge the
acceptability of changes to CANDU 6 relative to what would be acceptable in Canada today.
This is a much-reduced scope relative to CANDU 9, reflecting the fact that there are CANDU
6s operating worldwide.

AECL is also developing a Next-Generation CANDU (the "NG CANDU"), an evolutionary
design but also a more significant departure from the current product line [17]. Designed to
compete in the future open market place (and specifically therefore with natural gas), it retains
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all the CANDU 'basic' design features (horizontal pressure tubes, heavy-water moderator) but
uses a light-water coolant operating at higher pressures and temperatures, and slightly
enriched fuel. Whether the first customer is Canadian or not, the plant must be licensable in
Canada and the licensing ground-rules must be understood. Up-front licensing will no doubt
be pursued as the design is sufficiently developed.

6. LESSONS LEARNED FOR THE FUTURE

The experience in Canada leads to some key conclusions on the role and nature of risk
reduction through successful up-front licensing. These lessons may or may not apply to other
jurisdictions, because of the differences in history, licensing philosophy, and culture. They
are:

• Up-front licensing is essential to reduce the risk of licensing-related delays once a
project has been committed. It requires a significant investment in time and effort from
both the designer and the regulator.

• The most effective scope for up-front licensing is for the regulator to thoroughly assess
novel concepts, test the design against changed domestic requirements, and follow-up
on known difficult areas; and for the designer to ensure foreign requirements are
incorporated. It is of great benefit for the potential customer to be part of this process,
to explain the requirements of his regulator and to ensure they are incorporated. There
is little benefit in certifying the design in detail - customers really need assurance only
for large issues; the effort to review each detail is disproportionately large; and the
ability to make improvements is hampered.

• Although it would be satisfying to have legally-binding certification, in the end there
can be no legal obligation on the regulator, who would not accept such constraint in
the face, for example, of new information from R&D or world experience. The
agreement is pursued on the basis of good faith that the regulator will not make
arbitrary decisions and that the designer will carry out his commitments. One cannot
decree good faith but one can create it.

• In almost all circumstances, issues will arise that are beyond the current 'rules',
however expressed, sometimes because the 'rules' have not kept pace with
international or domestic developments; or because the design poses novel challenges.
The Canadian licensing flexibility has worked well here, so that rather than rushing to
create new rules, one reaches a sensible conclusion. The conclusion becomes
precedent; precedent becomes practice; practice becomes a regulatory guide.

• PSA, and its companion, cost-benefit analysis, will play an increasingly important role
in up-front licensing, as a way of casting decisions in an objective framework. Not all
decisions will be made this way, but a lot will be influenced by these tools.

• International licensability would be a robust form of up-front licensing. Currently
IAEA Safety Guides provide a lowest-common-denominator for most regulators. The
combination of meeting the requirements in the country of origin, of a mature
purchaser, and of the IAEA constitutes de facto international licensability.

• AECL sees continued advantages to all in pursuing such approach in order to allow
acceptable risks both for the regulator and the customer, and to enable innovations and
improvements in safety to evolve naturally and without undue legal, design or
regulatory constraints.
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• Canada started its nuclear safety philosophy by comparing the risks of various energy
sources. In a competitive energy market, it is inappropriate to place undue safety
requirements on one technology compared to the others. In the longer term, regulatory
rationalization across all means of energy production would be of net benefit to
society.
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