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1. IPiTRODUCTION 

As in many other countries the regulatory agency for atomic energy 
in Canada, the Atomic Energy Control Board. has been faced with requests 
to locate large nuclear power plants close to heavily populated centres. 
This has resulted in the review by the Board’ 8 Reactor Safety Advisory 
Committee during the past two t’o three years of its prior criteria for 
judging the safety of nuclear plahts and the acceptability oI sites. and has 
led to the establishment cd certain siting and design guides. 

Before discussing the siting guides it is necessary to review first 
some of the concepts of reactor safety which have been developed in 
Canada, since the siting criteria presume that P plant meets the general 
standards of safety that have been proposed. In addition the guides are 
cxpresscd partly in ibe context of Urese reactor safety concepts. 
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2. REACTOR SAFETY CRITERIA 

2.1. General 

The basic principies of reactor safety have been published (1,2,3) 
and still apply. Most important is the separation of P nuclear plant into 
three divisions for the purpose of the safety evaluation. These divisions 
PI-C 
(1) The process’equipment wliich includes all the equipment and systems 

necessary for tbe normal functtordng of the reactor and plant; 
(2) The protective devices which include all the systems or devices 

designed to prevent damage to the fuel from any failure in the process 
equipment or any operating error: 

(3) The containment provisions which include any structures OP other 
provisions which are Intended to limit or restrict the release of any 
radioactive material that might escape from the process equfpment. 
It ts P basic principle in the Canadian approach to reactor safety that 

the three divisions of the plant be structurally and operationally 
independent. The independence of the divisions from each other is 
essential if It is to be assumed that the rate of cross-linked faults, 
Le. faults affecting more than one division resulting from the 8pme cause. 
C~II be kept less thPn the probable rate of coincidence of independent 
faults. I” other words, the divisions must be sufficiently independent of 
one another that the probable occurrence of faults in, say, both the process 
equipment and protective devices can be determined by the product of the 
independent probability of faults in each division. 

2.2. Reliability 

The standards of reXability that have been quoted (3) for these 
divisions ate: 
(1) The frequency of dangerous faults in the process equipment should 

not exceed one per three years 
(2) The unreliability of the protective devices should not exceed 0.003 
(3) The unreliability of the containment provisions should not exceed 0.003. 
(Vnteliability is the fraction of time that a particular system is unable 
to perform adequately its intended function. ) 

I” actual fact the process and protective systems would not be accepted 
unless their designs gave promise of a much better performance than 
these proposed standards. The Committee requires that there be no doubt 
that the limit CP” be achieved and allows a considerable margin for 
uncertainty. There is not sufficient experience to date to indicate whether 
the required low unreliability of the containment provisions can actually 
be achieved but the most recent designs give promise that they will meet 
the requirements. 

These standards have bee” chosen because they are large enough that 
they may be co”firmed by actual observation in P few years and yet are 
small enough that the probability of the three divisions (assuming their 
independence from one another) failing simultaneously from independent 
faults is acceptably small. 

A requirement of the siting criteria, as will be see” later. is that 
proper operation of either the protective devices or the containment 
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provisions in the event of P dangerous fault in the process equipment wilI 
prevent any significant harm to persons outside the required exclusion 
area. Therefore it would only be through a coincident failure in all three 
divisions that any widespread injury of the public would be expected. 

While these reliability standards serve as P guide to the designer. 
they alao form P standard of performance which the operator must 
maintain and demonstrate through P test programme. 

In addition to the general design principle of the subdivision of the 
plant, a number of more specific design principles and guides have evolved 
which must be followed to give assurance that the desired reliabilities 
actualIy will be achieved. A few of the niore important principles are 
PS fdQWS: 

(1) All protective and all containment systems shall be designed so that 
they may readily be tested at a frequency sufficient to demonstrate 
the-required r&ability 

. _ 

(2) The reactor protective system (atitomatic shutdown system) shall be 
independent of the reactor regulating (control) system. It shall 
provide the reliability at least equivalent to that expected for a two 
out of three channel coincident system using proven equipment and 
shall be designed such that it can readily be tested to demonstrate 
this reliability. The shutdown system shall have sufficient speed to 
prevent significant fuel failure in the event of any regulating system 
failure and sufficient shutdown capacity to overcome the maximum 
positive reactivity that might be added 

(3) The primary cooling system shall be designed and built to the best 
applicable piping and vessel codes 

(4) An emergency cooling system shall be provided, capable of limiting 
the fuel temperature such that no more than 1% of the fuel is likely 
to fail in the event of the failure of the largest pipe or vessel in the 
primary system. 

3. SITlNG CRITERIA 

3.1. General 

The siting criteria were developed as a basis for judging the suita- 
bility of a site for P given reactor. Alternatively, they. may be used for 
specifying the required effectiveness of the containment provisions and 
protective devices for P plant at a particular site. While the criteria are 

.,expressed in terms of radiation dose. in effect, they set limits on the 
release of fission products to the environment in the event of assumed 
large accidents. Hence they impose requirements on the effectiveness 
of the safety provisions in terms of total leakage from the plant under 
these assumed conditions. 

The criteria give design guide values for the radiation exposure of 
bsth individuals and the total population at risk for normal operation: 
failures of the process equipment; failures of P process equipment coinci- 
dent with failures of either the protective devices or the containment 
provisions. 
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No attempt has been made to set limits for the event of a coincident 
failure in all three divisions. By dividing the plant as outlined above and 
taking care to obtain sod matntain the independence of the divisions it is 
felt that it Is possible to achieve P .sufficiently low probability of the 
simultaneous failure of the entire plant as to be acceptable. 

The design exposure limits for individuals are based on the recom- 
mendations of the International Commission on Radiological Protection and 
the United Kingdom Medical Research Council [4.5]. The values for the 
population dose, which are expressed in man-rem, were chosen from a 
consideration of somatic as well as genetic effects, assuming a linear 
dose?efXect relationship as suggested in the UNSCEAR report IG). For 
the particular case of radioiodine. the work of Beach and Dolphin 171 was 
originally used for the effect of thyroid irradiation and privately obtained 
information ~8s used [Gj for the normal incidence of thyroid carcinoma. 
This has subsequently been confirmed with more recent information such 
as the ICRP report on the evaluation of risks from radiation 191. 

3. 2. Normal operation 

The values for whole-body exposure chosen for the siting guide for 
normal operation are 0.5 rem/yr to any individuai and l@ man-rem. 
Since radioiodine has been recognized as being a critical isotope in 
reactor safety studies, specific limits have also been stated for the thyroid 
dose. namely 3 rem/w to an individual or 10’ thyroid-rem to the 
population. 

An appreciation of the significance of these population limits may be 
obtained by notine that the references in section 3.1 indicate that lti man- 
rem can l&ad to i0 to 20. cases of leukaemia and IO6 thyroid-rem can lead 
to 20 to 30 cases of thyroid carcinoma. .Hence the chosen dose l&its 
would lead to a very small increase over the natural incidence of leukaemia 
of about 60 per 106 people per year and of thyroid carcinoma cf about 
,I0 to 20 per 106 per year. 

For computing the effect of gaseous effluents from the plant in normal 
operation, applicants are permitted to use the weighted average weather 
for the particular area. The average weather using Pasquill’ s 
equations [lo) as applied by Bryant Ill] has been accepted. In another 
paper at this Symposium (121 Barry refers to his measurements and 
statistical evaluation of the dilution factor at the Chalk River Nuclear 
Laboratory. This type of approach is preferred and effluent limits based 
on Barry’s data are being considered. 

Since the design dose limits are for all aspects of operation of the 
plant, liquid as well as gascous effluents must be taken into account and 
any concentrating factors through the food chain must be included. 

3.3. Process failure only 

It is the intention that the effects oi failures which occur only in the 
process equipment should be averaged with those from normal operation 
and should meet the same overall criteria. Of concern here are 
‘dangerous’ failures which. in the absence of protective devices, could 
lead to significant fuel failures. For design purposes. it has been 
assumed that dangerous process failures will not occur more often than 
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once per three years and therefore the yearly permitted dose for normal 
operation may be used PF the design basis for a single~process failure 
provided reasonable margin has been provideu in normal operation. In 
this case, for any gaseous or liqilid effluents. the most pessimistic 
dilution factor must be used. For atmospheric dilution this has been set 
as Pasquill F or the worst weather existing. at the most, 10% of the time. 
Here again data similar to that obtained by Barry would be the most 
desirable for use at any particular site. 

For a typical exclusion zone of about 1 km radius. this criterion leads 
to an acceptable release from the plant in the event of P process equipment 
failure of about 2.5 Ci of iodine-131. This very small release sets the 
required combined effectiveness of the protective and containment 
provisions. In essence it means that the protective system shall prevent 
my signtficant fuel f*ilure in the event of any process equipment failure. 

3.4. Coincident process and protective equipment failures 

The design dose limits for coincident process and protective equipment 
failures also apply to coincident process and cohtainment failures.~ In 
this paper the limits will be considered for coincident process.and 
protective failures and the application of these limits in specifying the 
required containment effectiveness for any given site will be shown. 

The following design dose limits were chosen for this event which is 
assumed to have a probability of less than 1Om3 per year: 
(a) To any individual, 25 rem whole-body and 250 rem to the thyroid 
(b) To the population, 106 man-rem or 16 thyroid-rem. 

The individual dose limits were chosen to be values at the lower limit oi 
possible early somatic damage. The population dose limits. which were 
-chosen subjectively using the data noted (6-S). could result in ten cases 
of leukaemia or thirty cases oi thyroid carcinoma over P number of years. 
These values are comparable to the normal annual incidence (assuming 
a population at risk oi 16) and hence the assumed probability of the event 
(less than IO-‘/yr) could be increased by P factor of :0 and still not cause 
an inordLnate increase in the normal incidence. 

Again. for a release into the atmosphere. the worst weather con- 
ditions occurring 10% of the time are assumed; or if this Is not known. 
Pasquill F weather is assumed. Using Pasquill F and an exclusion zone 
of l-km radius, the individual dose limit leads to an allowable release 
oi about 200 Ci oi iodine-131. The calculation for the population dose is 
integtated down to the level at which an individual receives the allowable 
yearly dose. 

3. 5. Exposure to dose relationship 

Since the siting criteria are stated in terms of dose, methods of 
relating the release (in curies) to the dose received by exposed members 
of the public have been suggested. As mentioned above. in the case of 
releases to the atmosphere the dilution may be computed by the methods 
of Pasquill or by applying the data of Barry. For the dose due to inhalation 
the conversion figures of Beattie 113) are considered convenient and 
applicable. The situation for the iood chain is less precise. Barry (14 1 
has computed “allowable” concentrations and time-integrated concentrations 
for ‘J’I. ‘&Sr. w7Cs. and ‘II over agricultural land using the recom- 
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mendations of the United Kingdom Medical Research Council (5) and 
assuming reasonable values for deposition velocities, plant uptake, and, 
in the cese of radioiodine. the transfer from berbage to milk. Stewart 
and Simpson (151 have reviewed the situation from the assumption of an 
accidentel relense. 

3.6. Accident assumptions 

The particular failures that must be assumed for the purpose of 
applying the siting guide depend upon the particular design. In general 
the worst failures of process equipment that must be considered are: 
(a) Failure of the reactor regulating system such as to drive the power 

up et the maximum physical rate 
(b) Failure of the largest pipe or vessel in the primary system. 

From experience lo other fields it is likely that the letter, assuming 
the system is built to the required standards. has P probability of failure 
much less than the once per three.years assumed for the purpose Of the 
guide. However. to date, it has been considered prudent to apply this 
high probability and thereby require highly effective protective and 
containment provisions to meet the siting guide limits. 

The failures of the protective systems that must be assumed for the 
case of co&&dent failure of process equipment and protective devices are 
primarily either, (1) the reactor shutdown system does not function, or 
(2) the emergency cooling system does not operate. It has not been 
required to assume that both the shutdown and emergency cooling fail 
simultaneously lf adequate independence has been provided. Although 
multiple channel shutdown systems have been commonly used the assumed 
failure of the reactor protective system. required to date for the safety 
analysis, is simply that Ule reactor will not shut down when the normal 
safety limits are exceeded. As improvements are made in shutdown 
system design it may be possible to relax this requirement. 

For failure of the reactor regulating control the worst coincident 
failure is normally failure of the reactor shutdown system. For a large 
failure of the primary system the coincident failure of either the reactor 
shutdown system or the emergency cooling system may lead to the worst 
postulated release of fission products. 

When considering failures of the containment provisions it is usually 
required to aesume that they fail completely. For actual designs it may 
be accepted that some, perhaps appreciable, effectiveness remains even 
if. say. large doors of a containment building were left open, in which 
case the required assumption may be modified. 

Unless reasonable analysis and data are submitted otherwise, it is 
assumed that all the volatile and 10% of the non-volatile fission products 
are released from fuel that melts and that 10% of the volatile fission 
products ~,re released from fuel that overheats to the extent that the 
sheathing fails but the fuel does not melt. 

4. OTHER CONTAINMENT REQUIREMENTS 

4.1. General design 

As well as the general exposure criteria given above, which set the 
effectiveness of the containment. other design requirements have evolved. 
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The containment must be designed to withstand the total energy release 
possible from the contained sytitems. If  the primary system is subdivided 
and the subdivisions ere sufficiently independent of one another in con- 
nections and physical location it may be possible to claim that the release 
is only that in one segment of the circuit. Credit may also be taken for 
energy-absorbing systems, such as water sprays or air coolers, provided 
these are designed to perform with the required reliability. 

The containment and all auxiliary provisions must be designed to 
permit testing of the state or’ quality of the containment whenever it is 
deemed necessery. Containment buildings must have eny openings. such 
as far ventilation ducts or steam mains, designed with adequate closing 
mechanisms arranged to operate automatically on a predetermined 
increase of pressure or radioactivity within the structure. At least two 
airlock openings for personnel. separated from one another as far a.8 
practicable, should be installed. In addition, an equipment airlock muet 
be provided, suitable for the largest piece of equipment likely to be 
required to be moved in or oat. 

4. 2. Containment reliability 

In section 2.1 it wae stated that a required general safety criteria 
was that the containment provisions have an unreliability of less than 
0.003. The design must therefore be such as to give confidence that such 
a low umeliability can be achieved. This requires simple, basically 
inherent ?r sell-operating systems together with provisions for testing. 
It is unlikely that P moderate or high pressure containment building would 
be required to be tested to full design pressure after operation begins 
but it would be required to be tested periodically at lower pressures. In 
this case the initial testing must establish.the likely relationship between 
pressure and leekage. 

Although the reliability requirements have been referred to ~8 design 
requirements they are actually an operating requirement. The operators 
must demonstrate. through testing, that the unreliability specification is 
actually achieved and maintained. This in turn. of course. implies that 
the design provides the required initial quality and, in addition, provides 
arrangements for testing which are adequate to enable the operator to 
control the reliability by varying the test frequency and repair time. 

5. CONCLUSION 

The reference dose limits which have been quoted as the criteria for 
siting and containment are quite conservative when the probability of their 
actually occurring is considered. In the caee of the coincident failure of 
process equipment and protective devices. the limits for the dose to the 
individual would lead, according to the recent ICRP report lb), to only 
third-order risks in the cese of the thyroid dose limits or fourth-order 
risks in the caee of the whole-body dose limits. (That is, these doses 
would ceuse injury in 1 per lo3 to 10’ people.) The population limit is 
more conservative. i.e. it will limit the injuries to about 1 per ld peo!de 
Despite this, it can be shown that the population density beyond the 
exclusion zone must exceed 10’ persons per square kilometre before a 
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release which gives the individual dose limit at 1 km wouid give the 
population dose limit. This population density may be compared with the 
average density of metropolitan~Toronto of ,about 3 X l@ per square 
kilometre. 

Since the probability of P coincident failure in both the process 
equipment and the independent protective devices is taken to be less than 
10” per year, the risk to the public is less than 1 carcinoma per 106 
people per year. This may be compared to, say. the risk of death from. 
respiratory diseases to which airborne contamination undoubtedly 
contributes, which in 1959 in North America was about 400 per 106 per 
year and in the United Kingdom about 1800 per 106 per year (161. 

For the Pickering station near Toronto several 500 MW(e) units are 
planned. Undoubtedly the multiplication of units increases the probability 
of an accident and therefore the risk to the public. However, there is 
little difference in total risk to the population between several units at 
one site and the same number distributed at various sites in the same 
region. The siting guide dose limits were chosen bearing in mind that 
there might be about 1000 MW(e) of nuclear power per IO6 people. this 
being approximately the ratio of total electrical generation per capita in 
Canada a few years ago. 

It may be noted, as shown by Hake in another paper to this 
Symposium (lil, that the building of several moderate-size units at 
Pickering, rather than one extremely large unit or several scattered 
ones, has permitted the design of an extremely effective containment 
system. In this case it can be argued that the risk is not proportional 
to the number of units if these are considered separately, but less. 

The assumptions that have been mzdde regarding the failures of the 
process equipment and protective devices, the release of fission products 
and the diffusion in the atmosphere are all pessimistic. It is anticipated 
that experience and experimental work will supply the basis for more 
accurate estimates and therehy provide coufidence to relax the 
requirements. 

There has long been in Canada the attitude that the risk must be 
related to the benefit derived. The present siting criteria being applied 
by the Atomic Energy Ccntrol Board applies this principle by, in essence, 
setting the risk proportional to the number of nuclear power units. Even 
with many units this risk remains extremely small and very much less 

than other accepted risks. 
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DISCUSSION 

C. SENNIS: Does your Iirst assumption - that the Peactor shutdown 
system does not function (section 3.6.) - imply that no external shutdown 
mechanism is available to terminate any power excursion that might 
accompany the loss of coolant? If so. how is the excursion terminated? 

F.C. BOYD: Yes. that is the essumption. The excursion is ter- 
minated by melting through ot the pressure tubes, which allows coolant 
to en:er the moderator. thus displacing the moderator from the core by 
over-riding the pressure balance system. 

T. ITAKURA: is the %O-rem thyroid dose !imit for children or 
adults? 

F.C. BOYD: For children. 
E.tV. STAIIBER: You have given (section 3) the man-rem concept 

as an additional limit for whole-body exposure in the event of accidents. 
On the other hand, you also specify limits for the accidental exposure of 
critical organs. I assume therefore that tire 10’ man-rem. for example, 
are received only as external radiation. Is this correct? 

F.C. BOYD: Yes. 106 man-rem refers to external radiation. I indi- 
znted a value “I 106 thyroid-rem and we are working on limits for other 
organs also. 

P.M. CERINI: Is extensive nnaiyticnl nndjor experimental work re- 
quired to demonetrnte that containment (section 3. G. 1 is not affected by 
the energ~ release from the primary rystem in the event of a nuclear es- 
cursion, with particular reference to shock waves and missile generation 
phenomena? 

F.C. BOYD: Yes. and such analytical and development work has been 
carried out. Some of it is reported in a Cawdinn paper by 1. J. fWling:(*ln 
lDeve1opment.s in the analysis of reactor containment requirements, 
NUCLEX, Basle, Switzerlaod(l966)l. 
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presented by nuclear power plants is substantially 
lower than that from alternative sources of electri- 
cal energy. Although the expressed criteria have 
changed somewhat with experience over the years. 
thi basic objective has remained. An underlying 
ptincipic has been chat the Iicensec 
(owner/operator) bears the basic responsibility for 
safety, whereas the regulatory authority [the 
Atomic Energy Control Board (AXE)] primarily 
sets safety objectives and some performance 
requirements and audits their achievement. As a 
consequence. rcguiatory requirements have 
emphasized numerical safety goals and objectives 
and minimized spccitic design or operational rules. 

This article traces the evolution of this 
approach and its application with some specific 
examples illustrating not only the overall effective- 
ness of the approach but also some of the practical 
difficulties encountered. 
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The conclusion is one of confidence that this 
pproach to achieving safety at nuclear power 
lants. which has been followed over the years in 
anada., is both flexible and effective. The 
pproach could be adopted by any country wishing 
J develop indigenous regulatory rules that could 
e applicable to more than one design of nuclear 
ower plant. 

:ACKGROUND 

The philosophy of nuclear safety in Canada 
:flecss the political structure of the country, the 
story and organization of the nuclear industry, 
nd the evolution of a distinctive, indigenous, 
uclear power plant design (CANDU). The follow- 
y sections outline briefly this important context 

~btorical 

Canada is a confederation with IO provinces 
ad 1 territories administered by the central ore 
&ml government. The Canadian constitution is 
spressed in the Constitution Acts of 1867 to 1982. 

The provinces are self-governing in the areas of 
rgisiatlve power assigned to them by the acts. 
hose areas include local commerce. working con- 
itious, education, direct health care. and resources 
L general. However. the acts give the Parliament 
T Canada (Le.. the central or federal government) 
fiatbe power over works declared by it to .bc 
rr the general advantage of Canada 

Canada entered the nuclear field during World 
far II when the Montreal Laboratory was es- 
tbiishcd to pursue the heavy-water-reactor mute 
r plutonium production. At the end of the war, 
Y government decided to continue, for peaceful 
zposcs, the research and devcloprnqt that was 
ader w*y. 

In 1946 the Parliament of Canada passed the 
tomic Energy Control Act.’ declaring atomic 
rergy a matter of national interest and creating 
e AECB to administer the act. The Act, which 
as subsquently amended in 1954. is a short 
rcument authorizing and defusing the powers of 
e AECB, a body with five members. one of 
born is appointed President and Chief Executive 
NW. Under the provisions of the act, the AECB 
empowered to make regulations governing all 

putts of the development and application of 
omit energy. 

The I954 amendment to the act transferred the 
responsibility for research and the exploitation of 
atomic cncrgy from the AECB to a minister desig- 
nated by the government. As a result of this 
transfer of responsibility, Atomic Energy of 
Canada Limited (AECL) (a government-owned 
company establish&d in 1952) was made responsi- 
ble directly to the designated minister. and the 
AECB was left clearly as the regulatory agency. 

The Atomic Energy Control Act is very broad, 
enabling legislation that gives extensive discrction- 
ary powor to the AECB. The AECB has chosen to 
Issue only general. skeletal regulations:* specific 
regulatory rquirements are applied through the 
licensing process. 

Other than the Atomic Energy Control Act. the 
only other legislation enacted by Parliament spacif- 
ically for atomic energy is the Nuclear Liability 
Act’ This act. which entered into force in October 
1976. places total responsibility for nuclear damage 
on the operator of a nuclear installation and 
rquires the operator to carry insurance in the 
amount of 575 million. it also provides for the 
establishment of a Nuclear Damage Claims Com- 
mission to deal with claims for compensation when 
the federal government deems that a special tribu- 
nal is necessary, for example, if the claims arc 
likely to exceed S75 million. 

Structure of the Industry 
When the’ AECL was formed in 1952. it took 

over the operation of the Chalk River Nuclear 
Laboratories. which had been set up in, 1944-1945 
as an outgrowth of the wartime program of the 
Montreal Laboratory. The AECL conducted the 
research and development and eventually the 
engineering of the CANDU design’ for nuclear 
power plants. A major sector of the company was 
created to carry out the engineering and export 
functions. 

Ontario Hydra. the electric utility owned by the 
Province of Ontario (and the largest in the coun- 
try), became interested in nuclear power in the 
early 1950s and collaborated with AECL in the 
development of the CANDU design. This early 
association resulted in the joint building of the 
Nuclear Power Demonstration (NPD) prototype 
plant that started up in 1962. Today Ontario 
Hydm acts as its own prime contractor and is its 
own architect-zngineer for all but the nuclear 
reactor. 

1 
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The other two Canadian utilities with nuclear 
power plants are also provincially owned: Hydro- 
Qu&cc and the New Brunswick Electric Power 
Commission. Both have employed private firms for 
much of the architect-engineer and management 
functions in the balancsof-plant sy~!erns. The 
AECL has provided conccptuaf design and safety 
aaaesamcnt for the over-.tR plant and engineering 
and procurement services for the nuclear steam 
supply system. 

Although there are a large number of com- 
ponent suppliers. rhc basic industry is concentrated 
in very few organizations. This has facilitated com- 
munication and discussion among key personnel on 
the interpretation and application of the AECB’s 
safety and licensing requirements. 

The decision to construct a nuclear power sta- 
tion in Canada is made by a provincial electric 
power utility. Thus it is provincial governments 
that, in effect, dccidc whether or not 
nuclear-electric power generation should he part of 
the provincial energy program. After such a deci- 
sion is made. the AECB cnsurcs that the facility 
complies with appropriate health. safety. security. 
and environmental requirements. The board has 
chosen not to bc involved in social or economic 
aspccu. 

Structure of the AECB 

The Eve members of the AECB have a suppon- 
ing staff of 270 ias of April 1383). The staff is 
organized into the functional units of President’s 
Office. Secretariat. Reactor Regula:icn Dircctor- 
ate. Fuel Cycle and Materials Regulation Director- 
ate. Regulatory Research Branch. and Planning 
and Administration Branch !Fig. I j. There are 
two regional offices, primarily for compliance func- 
tions associated with radioisotope licensing. 

.Xoout onequarter of the staff of i0 of the 
Reactor Regulation Directorate are at field offices 
located at each of the nuclear power projects and 
at AECL’S design office. Since the early 1960s. the 
AECB has followed the practice of having at each 
nuclear power station resident professionals who 
sew both as inspectors and project licensing of- 
ficers. Typically the project offii are opened at 
about the midpoint of the construction. The pres- 
cncc of AECB personnel on the site facilitates the 
surveillance of construction and commissioning 
activities. To date, resident offtces have been main- 

tained after the plant has gone into operation. and 
it is expected that this practice will continue. 

The project officers. who are, of necessity, 
‘generalists,” are complemented by staff specialists 
in quality assurance (QA). radiation protection. 
and a variety of engineering disciplin*s. A separate 
division conducts examinations for the licensee 
staff proposed for positions requiring specific 
authorization by the AECB. namtly. the shift 
supervisors and control room operators. 

Reporting separately to the AECB are two 
advisory groups, the Advisory Committee on 
Radiological Protection and the Advisory Commit- 
tee on Nuclear Safety. Although not involved in 
licensing, these committees advise the board on 
generic issues. regulations. general reqttircments. 
and spcific problems assigned to them. 

CANDU Chsracterintics 

Canada has concentrated on heuvy-water- 
moderated reactors using natural uranium as fuel. 
The power reactor design’ uses pressurized heavy 
water as the coolant, plus pressure tubes and on- 
power fuehng. All nuclear power plants built or 
planned in Canada are of this CANDU-type 
design except for the Gcntilly I boiling light-water 
pmtotypc. 

The combination of expensive heavy water and 
natural uranium tends to result in reactors having 
relatively high fuel power rating. high flux. and 
small excess reactivity. The reactivity constraint, 
coupled with small temperature-reactivity co&i- 
cients. requires coustant control and has led to the 
extensive use of automatic (in recent plants. digital 
computer) control. 

Automatic control relieves the operator of the 
need to make quick decisions under stressful condi- 
tions. Adjustments required by transient conditions 
are made automatically by the regulating system, 
which can also bring the plant from shutdown to 
the demanded power at a safe and controlled rate 
without intervention by the operator. Therefore the 
operator is free to make full use of his diagnostic 
abilities. As a corollary, the training of operating 
staff has emphasized a sound understanding of the 
principles involved. 

The pressure-tube design presents some safety 
considerations that are different from those of 
other designs’ while obviating any concern about 
reactor pressure vessel faihtre. These include such 
factors as the heat-sink capacity of the moderator.’ 
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flow stability questions. and the possibility of the 
fuel coming into contact with the pressure 
boundary, all of which bear on the requirements 
for emergency core cooling systems (ECCS). 

The safety characteristics of the CANDU 
design have had. inevitably, an influence on the 
safety criteria developed by the AECB, and the 
safety criteria have, in turn. strongly influenced the 
design. 

SAFETY PRINCIPLES AND OSJECTIVES 

The basic philosophy of nuclear regulation in 
Canada and the underlying principles- have 
changed little since the passage of the Atomic 
Energy Control AC:. Although the regulatory pro- 
cess has become appreciably more comprehensive 
and systematic and is now much more open. the 
fundamental regulatory principles remain un- 
changed. The underlying concept is that the pri- 
mary responsibility for achieving a high standard 
of safety resides with the licensee. 

Recently the AECB endorsed a statement* on 
the safety objectives for nuclear activities that had 
been developed by its Advisory Committee on 
Nuclear Safety to express the historical under- 
standing. For hazards caused by ionizing radia- 
tion. the objectives are tba: (I ) all early detrimen- 
tal effects should be avoided and the risk of 
deferred effects should be minimized in accordance 
with the as low as reasonably achievable principle 
and (2) the probability of malfunctions should be 
limited to small values. decreasing as the severity 
increases. so that the likelihood of catastrophic 
accidents is virtually zero. 

In the case of nuclear power. the safety objec- 
tive from the earliest days of the Canadian pro- 
gram has been to ensure that the likelihood of a 
serious release of fission products is negligibly 
small. This ‘risk” approach has pervaded the 
Canadian safety philosophy throughout the years 
and froin the outset has included numerical safety 
goals, as discussed in the following sections. 

EVOLUTION OF APPROACH 
A serious accident at the NRX research reactor 

at Chalk River in 1952 was the catalyst for much 
of the Canadian reactor safety approach that pre- 
vails today. The essential principles that evolved 
were derived from the recognition that even well- 
designed and well-built systems faik therefore there 
is a need for separate, indepcndent safety systems 

that can be tested periodically to demonstrate their 
availability. 

In 1957 a paper by E. Siddall’ (which had an 
extended foreword by W. B. Lewis) proposed set- 
ting safety standards for nuclear power plants by 
comparing their economic and accidental Jeath 
consequences with ,those of the coal-fued power 
plants to be displaced. Thii approach was taken for 
the design of the small NFD. Canada’s fmi 
nuclear power plant. which began operation in 
1962 (Ref. 4). The target proposed for NPD fmm 
the above approach was a frequency of IO-s/yr for 
serious a&den& based on an overall risk of 1 
death per 100 reactor-years (RYs) (lo-’ 
deaths/yr). 

Concurrently. G. C. Laurence, who had been 
named Chairman of the Reactor Safety Advisory 
Committee (RSAC). which the AECB created in 
1956. also proposed. on similar arguments, that the 
likelihood of a diitmus accident at a nuclear 
power reactor should be <IO-‘/yr.s Laurence 
further proposed that this target could be achieved 
with realiitic deigns if there were adequate sepa- 
ration between the operatlng quipmcnt. the pro- 
tective devices. and the containment provisions. On 
this basis, he proposed that tbe rate of failure of 
quipment that could lead to a serious &ease of 
fmion products should be <IO-‘/yr and th: 
probability that the pmtective devices would be 
inoperative or the containment pmvisions ineffeo- 
tive should be each <IO-*. 

In the mid-1960s these concepts were formal- 
ized for the tint time into a set of criteria com- 
monly called the Siting Guide.9 These criteria were 
based on the separation of plant systems into two 
categories: the process systems or normally operat- 
ing equipment and what later came to be known as 
the special safety systems, which were designed to 
prevent or mitigate the consequences of failures of 
the process systems. The special safety systems 
include the reactor shutdown systems, ECCSs, and 
the containment provisions. Although modified 
over the years. these criteria still constitute the 
basic safety requirements for nuclear power plants. 

The basic requirements,‘0 as last modified in 
1972. set limits on the frequency of serious process 
failures* and on the unavailability of the special 
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Table 1 Operating Dose Limits and Referanca Doss Limits for Accldcnt Couditbatts 

Wci&Ned aawding to 3Jyt. Wtmk body loofyr. whok body 
dki. i.e.. frqumcy 3o/yt. cllymid 1oo/yr. 1byFid 
iimu dose far unit 
release 

.dety systems. They further stipulated maximum 
values for the calculated dose of ioniring radiation 
:o members of the public for any serious process 
iilun (single failure) and for any combination of 
t. serious process failure and failure of a special 
dety system (dual failure). A corollary is that the 
.qecial ukty systems must be sufficiently separate 
md independent of the prccess systems and of each 
Thor that the likelihood of a cross-linked failure 
will be less than that calculated for coincident 
xnts (dual failure). 

The reference dose limits of the basic require- 
ucnts (Table I) were determined on the basis of 
he assumed maximum frequencies of tht events. 
fbe maximum frequency of any single failure was 
aken as one per 3 yr, and the reference dose lim- 
ts for individuals were chosen as equal to the I-yr 
egulatory dose limits For a dual failure. with an 
issumed maximum frequency of one per 3000 
<Ys. the reference dose limits for individuals were 
:hosen as those judged tolerable for a ‘once-in-a- 
ifctime” emergency dose. 

The population reference dose limits for the 
iual ‘failure situation were chosen to have a very 
imall relative &ect.‘* They would lead to about a 
1.1% increase in the lifetime incidence of cancer in 
L population of I milIiin people. 

Associstcd with these reference dose limits are 
ome additional criteria: (1) the design, constntc- 

tion. and operation of all components, systems, and 
structures essential to the safety of the reactor will 
follow the best applicable codes, standards, or 
practice and be continned by an independent audit; 
(2) the quality and nature of the essential process 
equipment will be such that the total of all serious 
failures should not exceed one per 3 yr; (3) the 
special safety systems will be physically and fuoc- 
tionally separate from the process systems and 
from each other. and (4) each special safety system 
will be readily testable as a system and will bc 
tested at a frequency that demonstrata its un- 
availability as <IO-‘. 

In the early 1970s the difficulty in analyzing a 
reactor *runaway” accident, i.e., an anticipated 
transient without scram (ATWS), led to the 
requirement for two shutdown systems.” These 
must be conceptually different and sufiiciently sep 
arate and independent of each other so that the 
criterion for cross-linked faihtres will be met. With 
the additional shutdown system, a reactor ATWS 
is no longer a design-basis accident. If the above 
criteria are met. a serious release of radioactive fu- 
slon products could occur only if there were a tri- 
ple failure. i.e.. if two special safety systems failed 
coincident with a serious process faihtre. If the 
rquiroments for separation and unavailability are 
met. such a major event would have a probability 
of the order of IO-‘/yr. 

. 
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The various dual failures define the perfor- 
mancc requirements for the special safety systems. 
For example, a loss-of-coolant accident (LDCA) 
plus failure of the ECCS will lead to the release of 
fission products from the fuel (the Lsource term”) 
that must be accommodated by the containment. 
Similarly, a LOCA with impaired containment sets 
the effectiveness required of the ECCS. 

Although the singIe/dual failure approach, as 
practiced. adequately defined the required cffec- 
tiveness of the special safety systems, some con- 
cerns in coverage became evident. Among the con- 
cerns were (I) the inability to take into account 
the great variation in rates of occurrence and in 
the consequences of different single and dual 
failures: (2) the difficulty of dealing with failure of 
safety support systems, such as electrical supply. 
instrument air. or service water. whose failure 
could result in common failure of a process system 
and a safety system: 0) the need to consider the 
necessary continuing operation of safety systems 
after an accident: and (4) the ncsd to design for, 
and analyze. the consequences of potential 
common-cause events, such as earthquakes and air- 
craft crashes, which could result in damage to both 
process and safety systems. These concmns pointed 
to a need for a more comprehensive approach to 
safety evaluation. This was identified not only by 
staff of the utilities and of the AECB but also by 
advisory groups set up by the AECB.” 

la 1975 the designers proposed using a safety 
design matrix (SDM) to deal with matters of inter- 
dependency and longer-term actions requiring 
operator intervention. In its present form the SDM 
is a record of a systematic ‘what-iT” investigation. 
The analyst selects an event that is a potential 
safety concern. and the possible causes of this 
event are identified by a fault-tree analysis. Vari- 
ous postulated consequences are then represented 
by event sequence diagrams accompanied by a nar- 
rative. An example of the sequence diagram is 
shown in Fig. 2. The use of SDMs has contributed 
significantly to a better understanding of system 
behavior and interactions under abnormal opcrat- 
ing conditions and has the potential to identify 
proper operator actions, desirable design modifica- 
tions. and. in certain cases. contradictory design 
requirements. It still depends, however, on visual 
inspection by the analyst for identifying tinter- 
dependencies between systms. Nevertheless, SDM 
is currently a major tool used for accident analysis. 

At the present time this approach is used pri- 
marily for two purposes: ( 1) to ensure that the four 
concerns identified previously are addressed in the 
final plant design and (2) to help establish opmat- 
ing procedures ior abnormal events based on realii- 
tic event scenarios. It could be modified and 
extended to predict the risk posed by any postu- 
lated squence of events and to permit design and 

.liccnsing dcciaiins to be based on calculated risk 
considerationa. Such an approach would be con- 
sistent with the recent recommendations of the 
.AECB’s Advisory Committee on Nuclear Safety.” 

The application of probabilistic risk assessment 
techniques and the development of appmpriate 
data bases have not yet reached the state where 
individual licensing decisions can be resolved 
purely on the basis of statistical risk considerations: 
however, pmgress is being made,” and the htfor- 
mation obtained by the use of these techniques is 
having a steadily increasing impact on licensing 
decisions. In the meantime the single/dual failure 
approach, supplemented by the other rquiremcnu 
that have developed over the years and the judi- 
cious use of fault trees and SDMs. continua to be 
the basis for the licensing of Canadian nuclear 
power plants. 

IMPLEMENTATION 

RSQdStiOlX3 

As mentioned earlier, the Atomic Energy Con- 
trol Regulationst are primarily procedural with the 
exception of the basic radiation protection regula- 
tions. Specific requirements are imposed through 
the licensing process. 

The current regulations stipulate two forrnnl 
licensing steps for nuclear facilities, construction 
approval and operating license. In practice. formal 
approval is also given for the site. 

Although nuclear projects are a federal respon- 
sibility, the AECB has chosen to enlist the 
cooperation of the provinces in areas that they nor- 
mally control. such as nonradiological occupational 
safety and pressure-retaining components. For the 
latter the AECB appmves the classification of 
components and systems (as submitted by the 
licensee) according to their importance to the 
safety of the plant. and the appropriate provincial 
agency oversees the correct application of the 
relevant codes and standards. The AECB and the 
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provincial department join in conducting QA 
audits related to pressure-retaining components. 

Standards 

The AECB has issued only a few regulatory 

;ncumenu relatsd to nuclear power plants. Three 
proposed regulatory guides bava boaa produced 
cowing the spscid raquircmenu for the throa 
main safety systsms: shutdown system, ECCS, and 
containment.‘“-” 

The policy has been that, although written 
statements conccming some basic regulatory 
raqulrcmcnts arc necessary and propor for nuclear 
power plant design. construction, and operation. 
the establishment of detailed requirements should 
ba handled in other ways. Two methods have boon 
developed. 

The first method is a long-standllg ona that 
rcflocts the principle that the primary responsibility 
for safety rcsrs with the licensac. Nuclear power 
plant dcsignm have ban allowed a very substan- 
tial dcgroe of fmadom to design plants to meet the 
basic regulatory criteria The designs are than sub- 
mittad to the AECB for approvaL This approach 
has led to the gradual atabliihment oi aocaptable 
safety-dstsd design features. Although thcc 
features an not formally identified as roquira- 
menu, the AECB staff keep them very much in 
mind in mviewirtg each now plant design. and 
further diions ara held with the designers if 
the fcatura are not evident. 

The sacond method of establishing detailed 
rcquiremcnts is the more traditional one of 
developing consensus nuclear standards for particu- 
lar topics. Such standards are produced in Canada 
by the Canadian Standards Association (CSA). 
The CSA is one of a small number of standards- 
writing organizations that arc offtcially accrcditcd 
by the Standards Council of Canada, in accor- 
dance with a federal statute, to carry out the 
preparation and publication of consensus standards. 
The membership of the CSA is made up almost 
entirely of organiaations and individuals reprrsont- 
ing the diffennt sectors and industries in Canada 
Mamkrship in the CSA is not, however, a pro- 
requisite for participating in the davclopmect of 
CSA standards. and staff mcmka of the AECB 
have participated in the program since its incaption 
in 1974. At the prosant timc. 22 nuclear standards 
have bean publlshod by tha CSA. and somo 36 are 
aithar in preparation or are undergoing rovisioa. 

In recognition of general practice in Canada, 
some CSA nuclear standards adopt, by rcfenncc. 
certain codes and standards of the United Stata. 
Most noteworthy is the CSA N.285 sorlas. which 
adopts most of the ASME Boiler and Pressure 
Vessel Code and spocilics raquircments pertinent to 
a prassure-tube typo of reactor not adaquateiy 
wvemd by the ASME Coda. 

Racognizlng that ragulatory rapresantat.ives and 
other participants on the CSA committees might 
not always be able to agree on the conunt of every 
document, each new CSA nuclear standard con- 
tains a warning in the preface to the effect that the 
AECB may have requirements differing from those 
in the standard. In only one case thus far have 
additional regulatory requiromeats bean stipulated. 

Licsnslng Prooeaa 
Although the AECB rcgulatlons call for only 

two formal steps, construction approval and opsrac- 
ing licansa, in practice the llamsing prows3 for 
nuclear power plants involves a prior step of site 
acceptance and many intcrmodiate substeps. The 
licensing procms ls desctilxd in some detail in 
Ref. 19. 

The Atomic Energy Control Act doas not 
require public harings and, to data. tlte AECB has 
not held a haaring for any aspect of its regulatory 
process, including nuclear power plants. In fact. 
until racantly the licmsing procoss was msontially 
closed. Two years ago the AECB adopted the pal- 
icy of making applications for licenses available to 
the public, as well as the referenced supporting 
documentation. staff recommendations. and board 
decision. 

Under their envlronmcntal legislation. most 
provinces have a requirement for public hearings 
on major projects. Dcspitc some possible ambigu- 
itics concerning the application of such provincial 
legislation to nuclear %orks.” the AECB has sup 
ported such hearings. 

Site Accaptsnce 

The basic objectives at the site acceptance 
stage are to establish the conceptual design of the 
facility and to determine whether it is feasible to 
design. construct, and operate the facility on the 
proposed site to meet the safety objcctiva and 
requirements established by the AECB. The pri- 
mary documentation rquircd is a Site Evaluation 
Report providing a summary description of the 
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woposed station and information on land use, 
wesam and predicted population, principal sources 
.nrf movcmcnt of water, water usage, meteorologi- 
al conditions, seismology, and local geology. The 
\ECB is primarily concerned with the interrela- 
ionship of the site and plant, leaving evaluation of 
nvironmental impact to associated federal and 
~roviccial environmental agencies. 

Durfng tbfs phase the applicant is required to 
.nnonnce publicly his intentions to construct the 
acffity and to hold public information meetings at 
&icb the public can express its views and question 
pplicant officials. 

‘a~ruction Approval 

Before granting construction approval, the 
,ECB must be assured that the design is such 
aas the AECB safety principles and requirements 
,ill be met and that the plant will bc built to 
ppmpriate quality standards. To do this, it is 
usemary that the design be sufficiently advanced 
s acabk the safety analyses to be performed and 
seir results amused. The primary documentation 
rguired indudes a Preliminary Safety Report 
which combines the essential information of the 
ite Evaluation Report. a description of the refer- 
ace design. and the pre!iminary safety analysts), 
a overafl QA program for the project together 
itb a specific program for construction QA, and 
reBminary plans for operation. 

Construction will only be authorized after the 
sign and safety analysis programs have 
mgremcd to the point that. in the judgment of the 
,ECB, no further significant design changes will 
s required. 

IpsrstinQ Lkenaa 

Before issuing an operating license. the AECB 
utst he assured, primarily, that the plant as built 
mforms to the design submitted and approved 
sd that the plans for operation are satisfactory. 
he requirements include submission of a Fina! 
sfcty Report, completion of a previously approved 
mmtissiocing program, examination and authori- 
tsion of senior personnel, appmval of operating 
slicks and priaciples. preparation of plans and 
oudures for dealing with radiation emergencies, 
d a specific program for operations QA. 

Typically a provisional license is issued to per- 
it startup and. subject to AECB staff approval, 

increases in power to the design rating. Provided 
all has proceeded satisfactorily, a full operating 
license is issued for a term not exceeding 5 yr. 
Among the terms of an operating license is the 
requirement that the licensee inform the AECB 
promptly of any occurrence or situation that could 
alter the safety of the plant. The AECB retains the 
right to impose additional conditions at any time. 

Although the primary responsibility for the safe 
operation of the plant remains with the licensee, 
there is continued surveillance by the resident 
AECB inspectors. annual reviews of operation, and 
major reviews at times of renewal of the operating 
license. Formal approval of the AECB would be 
required for decommissioning, although the situa- 
tion has not yet arisen. 

Authorization of Operators 

The practice to date has been that those 
members of the operational staff who serve as shift 
supervisors (SS) and control room operators 
(CR01 must be specifmally authorized by the 
AECB. In the operating organizations in Canada, 
these positiom bear the prime responsibility for the 
day-today operation. The AECB also must 
approve appointments to the positions of station 
manager. production manager, and senior health 
physicist. 

When proposing a person to fill the position of 
SS or CRO, the station management must provide 
a written statement of assurance regarding the 
nominee’s capability to carry out the tasks 
involved. The AECB reviews the training and 
experience of the nominee and further audits his 
qualiications by subjecting him to a set of live 
written examinations. 

Quality Assurance 

Like other countries, Canada fully endorses the 
application of QA principles. The AECB rquires 
that an appropriate. formal QA program be in 
existence for each phase of a nuclear project: 
design. construction, commissioning, and operation. 
as specified in the CSA N286 series of 
standards.m0-2s 

Following the Canadian philosophy. the pri- 
mary responsibility for establishing the appropriate 
QA program rests with the owner. The AECB does 
periodic audits of both the overall pmgrams and 
spcdic key parts. In the particular case of 
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pressure-retaining components. the QA audit is 
conducted jointly bye the AECB and the relevant 
provincial agency. 

Emergency Planning 

From the start of the Canadian nuclear power 
program. the AECB has set as n condition for 
licensing n nuclear power plant the pmpnrntioa of 
an emergency response plan. The responsibility for 
ensuring an effective response outside the plant 
rests with the provincial government. The licensee 
bean the responsibility for oasitc response, initial 
acrioa. and continuing support to the provincial 
response orgaaixntion. 

EXAM&S OF APPLICATION OF 
SAFETY PRINCIPLES 

Siting 

Wbca Ontario Hydro proposed siting s major 
nuclear power station aenr Tomato (Fig. 3) in the 
early 1960s. one aspect recsival particular attcn- 
tion: the pmximiry of 8 large population The 
population reference dose liiits ia the Siting 
Guide (Table I) provided the criteria for the 
evaluacioa.26 

The pmjected 1986 population Egures for the 
region around the site were used with n Pnsquill F 
dispersion plume. which was assumed to extend 
outward from ground level at the reactor building 
in a direction to include the maximum extrapolated 
population density. The dose to the population 
within this plume was then calculated to a point 
(at 29 km) where the dose to an individual would 
be 1’5 of that to an individual at the plant exclu- 
sion area boundary (at 1 km). From this it was 
concluded that. over the expected lifetime of the 
station. the population dose fmm postulated 
accidents would not be a limiting factor. Rather, it 
was the dose to the individual situated on the 
exclusion areu boundary that wns governing. 

A short time before operation of the Pickering 
station had begun. the federal government pro- 
posed and begna nssembling land for n major 
airport only 16 km away. Although the AECB’s 
criteria at that time did not specificnlly address 
external hnxards, it was coasis:eat with those cti- 
teria to set an acceptable pmbability of significant 
consequences to the public at about lo-‘. The 
AECB initiated work nt the Ecole Polytecbaique in 

Moat&l to determine what risk the presence of 
the airport would present to the nuclear power 
section.” A risk map was produced (Fig. 4) show- 
ing the contours of rate of crash as a function of 
diitnace from the airport for a site of 0.31 km3 and 
aa angle of crnsb of IO’. Thii indicated that. had 
the airport development plnas gone ahead (they 
have sot, as yet). some rehxntioa of the airport 
would have been aocmsnry to keep the probability 
of a penetrating aircrnft crash on the power plant 
complex to an acceptable level. The aircraft crash 
study was later extended to investigate generally 
the response of a concrete reactor containment 
building to the impacts of various pnrts (fuselage 
and engines) of vnrious types of heavy aircraft 
(such ns DC-8 and B-747). depeadiig on the angle 
of impnct.t’ 

Concern about the habitability of the main coa- 
trol room (which is located outside contninmeat) if 
subjected to either internal or exteraal hazards. 
such ns turbine breakup. aircraft crnshes, tire. or 
canhqunkes, led to a proposal by the lfceasees to 
estnbliih a second control area some distnaa awny 
(e.g., for the Pickering B station. the separation 
achieved is of the order of 46 m). From this 
second control centn. the stnte of severnl systems 
importnnt to the safety of the reactor could be 
monitored and/or controlled and the center itself 
was designed to withstand the design-basis enrth- 
quake. This arrnngement crime to be known ns the 
?w+group concept,’ with the diitribution of safety 
functions as is shown in Table 2. 

Design 

Strict applicntion of the safety philosophy to 
the design of a nuclear power plant can pose diffi- 
cult design and analysis problems. &cause the 
analysis of ATWS-type events wss considered to 
be too speculative, the solution to the pmblcm pro- 
posed by the designers and accepted by the AECB 
‘was to reduce the probability of the event by 
several orders of magnitude by designing another 
essentially independent and diverse means of rapid 
reactor shutdown. This led to the requirement for 
two shutdown systems mentioned earlier. 

The layouta of the trnditioaal gravity rod shut- 
down system and of the high-pressure liquid aeu- 
tma poison injection system, relative to the reactor 
core. nrc shown in Fig. 5. Maximum physical 
separation is achieved by having the rod system 
eater the renctor verticnliy with nil the actuating 
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Table 2 Two-Croup Concept for Diitributioa of Safety Functions 

mechanisms located on top of the raactot. The 
liquid injection system, however, eaten the reactor 
from the side, and all its quipment is located in 
twms to one side of the reactor. All scosors and 
instrumentation for aach system arc completely 
separate, as arc the cable routes. Maximum divcr- 
sity is achieved by using different concepts of 

operation and different pieca of hat&arc for each 
system. 

Both shutdown systems arc completely separate 
from the regulating system. & designers had tint 
proposed the dual we of some of the rods for both 
shutdown and regulation. Bccattsc this was a viola- 
tion of the separation criterion. it W~J not allowed. 

NUCLEUI SAFElY. vol. 24. No. 1. ,*--I 1983 
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Shutdown wstem 2 
Shutdown system 1 

; Valve normally 1 : 

d final design uses completely separate shutdown 
Is and regulating rods albeit of similar design. 
The proposal by the Bruce A station designers 
place major equipment, such as main heat 

.+ort pump motors and boilers, outside con- 
nrnent (Figs. 6 and 7) to faciiitate inspecticn. 
ting, and maintenance posed a particu!arly 
liilt situation for the AECB. The interdepen- 
tee between process quipmcnt and a special 
ity provision (containment) was obviously being 
ma& but there were potential gains to be 
da in the reduction of personnel exposure during 
httanana and in the greater freedom to carry 

tests on the quipment. Early experience with 
single unit. the 200-MW(c) prototype Douglas 

nt station that started operating in 1967. had 
to a personnel dose burden as high as 1935 

a-rents in 1971. Although these problems have 
s been corrected and personnel dose burdens 
now running at 200 to 400 man-rana annually, 

re was a very strong incentive at the time to 
sfove routine access to equipment. The AECB 
ridered the trade-off advantageous and gave its 
awal Tbe appropriateness of that decision can 

be judged by noting that, for 1982. the total per- 
-sonnel dose burden for the four-unit 3000-MW(e) 
Bruce A station was only 370 man-rems. 

Commissioning 
The objective in the commissioning program is 

to test quipmcni and systems as thoroughly as 
practical under simulated normal. upset, and 
accident conditions. Particular emphasis is placed 
on testing complete systems to confirm that they 
will respond as predicted in the safety evaluation. 

For stations that use a vacuum containment 
system. an important set of components are the 
pressure relief valves (Fig. 8). which interconnect 
the reactor buildings with the vacuum building. 
These valves are 2 to 3 m in diameter and would 
be rquired to open rapidly under LOCA condi- 
tions. To confirm satisfactory operation, these mas- 
sive valves are stroked at their maximum design 
rate of owning (25 to 100 cm/s). These tests are 
followed by testing of the pressure suppression sys- 
tem as a whole. This is achieved by simultaneousIy 
opening all the pressure relief valves, thus allowing 
air to flow into the vacuum building. The resultant 
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:sc in pressure in the vacuum building actuates 
x passive dousing system located in its dome. In 
te single containment building design. however, 
ith the gravity dousing system located in the 
ome above the reactor, the AECB has acccptcd 
sate only the dousing system’s active components 
.ogic and valves) need to k tested because an 
ctual douse would entail a major cmattup and 
steatlng of other reactor system components. 

Commkiining of the ECCS presents difftcul- 
ea The AECB accepts that it is not practical to 
muiate a rupture in the heat transport system for 
tc purposes of commissioning. However, operation 
’ the system as a whole can k demonstrated 
tkr by injecting water into a partially voided 
actor wrc or by installing valved discharge lines 
?u ahcad of the core injection valves to permit 
smmissioning tests at full design flow. Another 
oaration, which is an essential part of the cmer- 
mcy core cooling function, is rapid depraruriza- 
00 of tk core by initiating a fast or ‘crash” cool- 
mvn of the steam generators. Thii fcaturc is 
sted by opening saveral of the boiler safety valves 
multaneously, with all systems at tempcraturc. 

U&r some portttlatcd upset and accident con- 
tiotss, therrnosyghoning may k necessary to keep 
LC core coolad immediately after reactor 
mtdown. AU such peatulated eventa are cxamincd, 
id commissioning tots are done to demonstrate 
&factory cooling capability under various 
etmrios with full coolant inventory. Clearly such 
N must k done with the reactor operating at 
:verd parcent of full power. 

peretlon 

One of the fundamental criteria in the Cana- 
an safety approach is that each special safety 
‘stem k readily testable as a system and k 
stud at a frequency that demonstrates that its 
uvailability is <IO-‘. In the design of a plant, 
athcmatical models arc developed to predict the 
!ture unavailability of the special safety systems 
tscd on predicted faihtrc rates for each com- 
mutt and a defined tasting schedule. &cause the 
quircd test intervals for most components range 
om several days to I month, it is &dent that 
tmponents and systems must k testable while the 
.actor is operating at high power. A further objcc- 
)c of the test program for special safety systems 
that, as far as practical, the tests should simulate 

xidettt conditions. 

- sbB3-f. “d. 24. No. 4. JL+Au@lm (98, 

The test program for the safety systems 
includes literally hundreds of prescribed tests each 
month and represents a significant manpower 
expenditure on each operating shift. Some tests arc 
simply of a single component where testing of a 
system is not practical (e.g., stroking of one of the 
2- to )-m-diameter pressure relief valves conncct- 
ing a reactor building to a vacuum building). 

Where practical, system tests arc done. For 
example, to test a high neutron power trip, a boron 
shutter at an ion chamber is retracted to increase 
neutron flux at the ion chamkr. A ‘trip” of one of 
the triplicated channels should occur, and this. in 
turn, should result in a reduction in the current to 
the coils of the clutches that hold up the shutoff 
rods. To complete the test of the system, a xparate 
test is done on individual reds where the clutch 
coils arc de-cnergizcd momentarily to demonstrate 
that the shutoff rods will fall. Similarly, for a sub- 
system that isolates the reactor building on an indi- 
cation of high building pressure. the test involves 
increasing tk pressure at the pressure indicator to 
cnsurc that. a signal is transmitted to the isolating 
valves. 

By virtue of the redundancy in the special 
safety systems. some of the maintenance of these 
systems can k done without any reduction in the 
demonstrated availability ‘of the systems. Each spe- 
cial safety system incorporates three independent 
logic channels with safety system action resulting if 
any two channe!s arc tripped. For maintenance of 
any equipment, the associated channel is first 
p!aced in a safe (tripped) state. In the event of. for 
instance, a defective ion chamkr, the operators 
must place the associated logic channel in a safe 
(tripped) state kforc removing the ion chamber. 
After repair and replaamcnt. it is thoroughly 
tstcd in situ before the logic channel is returned 
to service. 

( j 

In common with the rest of the world, in- 
scrvicc inspection of the heat transport pressure 
boundary is required. The rquircmcnts for 
in-service inspection are documented in Canadian 
Standard CSA N285.4 (Ref. 29). which has been 
supplemented by a regulatory requirement for 
additional inspection of fuel channel feeder pipes. 
pressun tubes, and boiler tubes. 

SUMMARY AND OlSdUSSlON 

With the lessons learned from the 1952 
accident to the NRX rematch mactor vivid in the 
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minds of many, the approach to power reactor 
safety in Canada embodied numerical safety goals 
from the OULW. Although the objmivc was to 
limit risk to a defined value. the analytical tools 
were not available to demonstrate compliance with 
the objective. Consequently a simpliied approach. 
as summarixcd in Table 1. was adopted in the 
mid-1960s. 

Thii approach (single/dual failure) was first 
used in the design and safety evaluation of the 
Pickering A Generating Station and has continued 
to evolve since that time. A comparison of the 
operation of reactnrs against these design 
rquiremcntsm confirms that the approach has 
been sound and that only evolutionary. rather than 
revolutionary. changes were required. The fre- 
quency of serious process failures has been con- 
sistent with early predictions. Some shortcomings 
in the availabilitv of special safety systems have 
been encountered. 
actions have been 
safety goab. 

In the process 
failure approach. a 

but the necessary corrective 
taken to meet the numerical 

of applying the single/dual 
numkr of additional require- 

ments related to reliability objectives have been 
adoptcdz for example, any serious process fzeilure 
should be detected by two diverse parameters. The 
need for or adequacy of such rquimnenu cannot 
be rigorously defended in the absence of appropri- 
ate component failure data and comprehensive 
probabilistic risk assessments. However, because 
adequate tools for doing such assessments arc not 
yet in common use. such requirements will remain. 
It is, nonetheless. an objective in Canada to 
improve the capability to do probabilistic safety 
evaluations. The primary purpose for using fault 
crccs and event trees at the present time is to aid 
the design and decision-making process. In the 
longer term. as analytical capabilities and the data 
bases improve (particularly for the effects of 
human intervention). it will be possible to assess 
better the risk posed by nuclear power plants. This 
will permit a better comparison with the numerical 
safety goals adopted almost three decades ago in 
the Canadian risk philosophy. 
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The Canadian Approach to Reactor Safety 
A review of the past and a view of the future 

Fred Boyd 

1 Ed Note: rhe following is based on o paper presented (II 
the lnrernorionol Nuclear Congress. INC ‘93, in Toronro, 
October 1993. 

Introduction 
The origins of the Canadian approach to nuclear safety go 
back to the work of the pioneers at the Montreal Laboratory 
during World War II. The Montreal Laboratory was estab 
lished in late 1942. as a collaborative UK - Canada project 
including several senior scientists from Europe who had 
escaped the Nazi invasions. A factor in the decision to locate 
the project in Canada was the work by G.C. Laurence and 
B.W. Sargent in building a sub-critical “pile” of graphite 
and uranium oxide at the National Research Council in 
Ottawa over the years 1940-41. Laurence, who had studied 
under Rutherford and had been in charge of radium and 
X-ray dosimetry, became the senior Canadiin at the Mont- 
real Laboratory and subsequently a leader in reaaor safety. 

Fission had been reported only in early 1939 and after 
the beginning of World War II later that year the flow of 
scientific information essentially stopped. The Members of 
the Montreal Laboratory had, therefore, to develop the 
theories needed to provide a basis for the design of a heavy- 
water-moderated, natural-uranium-fuelkd research and 
production reactor which became the focus of the project. 
Construction of the NRX reactor began at the remote site of 
Chalk river in late 1944 and it went into operation in 1948. 
A zero energy faciiity, ZEEP, was built and operated in 
1945, and became the tint reaaor to operate outside the 
USA. Originally designed for 20 MW(th) NRX was upgraded 
to 30 Mw(th) by 1952. 

Although safety was not identified as a specitic topic at 
the Montreal Laboratory it was inherent in much of the 
work as evidenced by papers on topics such as, reactor 
control, reactor dynamics, and radiation protcaion. In the 
last area, radiation protection, which is outside the scope of 
this paper, the concept of “ALARA” (as low as reasonably 
achievable) was developed, many years before it became the 
international creed, and dose limits were prescribed which 
were well below the praaice in other countries at the time. 

That those pioneers were very aware of the hazards of a 
nuclear reactor was refleaed in the choice of the then remote 
site of Chalk River, the early atmospheric dispersion tests, 
and the numerous safety devices installed on the original 
tax teaaor. 

context 
Although health and safety are normally within the purview 
of the provinces, the special nature of atomic energy enabled 
the federal government to pass the Atomic Energy Control 
4a in 1946, establishing the Atomic Energy Control Board 
‘AECR) with very broad powers. That Aa has had only one 
stgnificant revision, in 1954, to allow for the establishment 

of the crown corporation Atomic Energy of Canada Limited 
to operate the nuclear program and to set the AECB as the 
nuclear regulatory agency. 

When power madon were tint proposed, in the early to 
mid 1950s. the AECB marshalled the most experienced nuclear 
and conventional power and safety specialists in the Reaaor 
Safety Advisory Committee (RSAC) which it created in 1956, 
with Laurence 85 its lint chairman, and which, for the next 
two decades, determined reaaor safety requirements. With 
the growth in numbers and competence of its staff, the AEcR, 
in 1980, dissolved the RSAC and created two generic advis- 
ory committees on radiation proteaion and nuclear safety. 

Origins 
Despite the many safety devices incorporated in its design, 
NRX suffered a serious “runaway” accident in December 
1952 which caused major damage to the reactor core. Al- 
though the calandria (reactor vessel) was replaced and the 
reactor repaired, to start up again, at an upgraded power of 
40 htW(th), in 1954, the accident served as a catalyst for the 
development of much of the reactor safety approach that 
stilS prevails. 

The accident led to incisive reviews of the safety of reac- 
tors and. in particular, to consideration of the goals and 
philosophy for the safety of power reaaors on which studies 
had just begun. Some of this new perspective is implied in 
the official reports on the NRX accident by 1V.B. Lewis and 
D.G. Hurst.‘J However, a proposal by E. Siddall, in a 
seminal report in 1957,ato use”risk” as a basic criterion or 
goal marked the beginning of the Canadian approach to 
reaaor safety. 

Siddall looked at the accident dea:h rate from alternative 
forms of producing elcaricity, especially coal-fired generating 
plants,and proposed that nuclear plants be significantly better. 
On that basis hesuggested that arisk ofonedeath perrixyears 
for a 290 MW(e) nuclear power plant should be acceptable. 

About the same time Laurence was also pursuing the 
“risL” approach and proposed a design target of 10-sserious 
accidents per year, derived from a goal of less than one 
death per 100 reactor years and a presumption that a major 
accident could result in up to 1,000 fatalities.rThegoal and 
approach were adopted by the designers of the small (20 
MW(C)) Nuclear Power Demonstration (NPD), Canada’s 
first nuclear power plant, which began operation in 1962 
and for the prototype, 200 Mw(e). Douglas Point generating 
station. Thii use of a numerical risk goal became the foun- 
dation of Canadian reaaor safety philosophy. 

Laurence argued that such a low probability could not 
be achieved, and, particularly, could not be demonstrated, 
with single systems. He proposed that the target could be 
achieved, with realistic designs, if there were adequate sepa- 
ration between, and independence of, the operating systems, 
the protcaiw devices and the containment provisions. 
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lf there were adequate independence of those three div- 
isions of the plant, and if a serious release required failure 
of all three, the frequency of such a release would be the 
produn of the frequency of the initiating process failure and 
the unavailabilities of the safety systems. Laurence showed 
that the desired low frequency of a serious release could, 
therefore, be achieved with practical. demonstrable, values 
for process failures and safety system unavailabilities. 

In the mid 1960s. at an early stage of the design of the 
large, four-unit, Pickering (~A) plant, these concepts were 
fomdiicd into a set of criteria that came to be called the 
“Siting Guide”. Subsequently the approach was modified 
to consider the plant as having two sets of systems; the 
operating”proeess” systems, and the”speeial safety systems” 
wmpriring the reaetcr shutdown systems, the emergency 
entry wohng systems, and the containment. 

The basic requirements, as last formally modified in 
1972,s set limitson the frequency of serious failures of the 
pmeess systems+ and on the unavailability of the special 
safety systems. They further stipulated maximum values for 
the ealeulated dose of ionizing radiation to members of the 
public for any serious prccess failure (single failure) and for 
any combination of a serious process failure and failure of a 
special safety system (dual failure). (See Table 1) 

It was clearly implied that the special saftiy systems 
must be sufliciently separate from and independent of the 
process systems and of each other that the likelihood of a 
cross-linked failure will be less than that calculated for 
eoineident events (dual failures). 

The reference dose limits of the basic requirements were 
determined against the assumed maximum frequencies of 
the events. The maximum frequency for ‘single failures” 
(serious process failures) was taken as one per three years 
and the reference dose limits for individuals were chosen as 
qua1 to the one-year regulatory limits for members of the 
public. For “dual failures”, with assumed maximum fre- 
quency of one per 3,000 reaacr years, the reference dose 
limits for individuals were chosen as those judged tolerable 
at the time, by the UK Medical Research Council, for a 
“once-in-a-lifetimt” emergency dose. 

Associated with these reference dose limits were some 
additional criteria such as: 
l the design, construction and operation of all ccmpc- 

nents. systems and structures essential to the safety of 
the reactor shall follow the best applicable coda, stand- 
ards or praetiee and be confirmed by independent audit; 

a the quality and nature of the essential process equipment 
shall be such that the total of all serious failures should 
not exceed one per three years; 

9 each special safety system shall be readily testable as a 
system. and be tested, to demonstrate that its unavaila- 
bility is less than 10-r. 
To achieve testability as well as reliability many safety 

systems were triplicated and operated on a two out of three 
metioneering arrangement. 

A serious procerr failure was detined as one that, in the absenec of 
special dcly system aaion. could lead to fuel failure or the release 
of radioactive material to the environment. 

The requirement for separation of systems, the speeifi- 
cation of maximum unavailabilities, and the reference dcse 
limits, were all a means towards an end - an appropriately 
low probability of a significant release of radioaaiw fission 
products-in the absence of credible probabilistic analytical 
techniques. 

c~ ., 
(~ :i 

In the early 1970s. the difftculty in analyzing a “runaway” L 
accident, i.e., an antidpated transient without scram (AlWS), 
led to-the requirement for two shutdown systems. These 
must be conceptually different and sufficiently separate and 
independent of each other that they can be considered as 
distinct “special safety systems”. With this requirement an 
ATWS is not a design-basis accident. 

1ftheeritcriacfthe”SitingGuide”aremet amajorrelease 
of radioactive fusion produets would occur only if there 
were a “triple” failure, i.e., if tWo SpCdal safety Systems failed 
coincident with a serious ~KJCCSS failure. If the rquirements 
for independence and unavailability are met such an event 
should have a probability of the order of IO-’ per year. 

The matrix of dual failures delines the requirements for 
the special safety systems. For example, a loss-of-coolant 
accident (LOCA) plus failure of the emergency core cooling 
system will lead to the release of fission prcduas from the 
fuel (the “source term”) that must beaceommcdated by the 
containment. Similarly, a LOCA with impaired containment 
sets the effectiveness required of the ECCS. 

Relationship to Design 

Exploiting the successful experience of NRX, and the subse- 
quent larger NRU. research reactors, the heavy-water- 

( j 

moderated, natural-uranium-fuelled reactor concept was 
pursued for power applications. The original design of the 
NPD demonstration plant incorporated a pressure vessel 
but this was abandoned in favour of the pressure tube eon- 
cept, that became a characteristic cf the CANDU design, 
when zirconium alloys were shown to be suitable. 

The large size of CANDU plants resulting from the use 
of heavy water as a moderator made it easier to incorporate 

Table 1: Operating Dose Umits rad Rcfcrctlce Dose Lb&s for 
Aiddent Conditions 
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the separate shut-down systems dictated by the safety phil- 
osophy. On-power fuelling, made practicable by the pressure 
tube design, reduces the need for large reserves of excess 
readivity and eases the control problem. 

Practical lattice arrangements result in small but positive 
-~ reactivity power coefftcients. This provided added impetus 

, to the development of automatic control systems which have 
~’ been a feature of all CANDUs. Automatic control also frees 

the human operators from being a mundane link in the 
control loop so that they may make full use of their knowl- 
edge and judgement. 

tkdiin expertise and experience in concrete structures 
infltisnced the early choice of concrete containment build- 
ings. This, in turn, led to the use of dousing systems and, for 
the multi-unit stations, attached vacuum buildings, to min- 
imize the containment building pressure in the event of a 
LOCA. While such designs did not deviate from the safety 
approach they did complicate the containment provisions 
which became a set of systems. 

Developments in Approach 
Although this single/dual failure approach provided func- 
tional requirements for the special safety systems some ccjn- 
cems and reservations arose. Among these were: 
a the difficulty of separating safety suppon systems or 

dealing with their failures; 
a the fat! that some special safety systems must continue 

to operate for some time after an accident; 
a the inability to take into account (provide allowance 

for) the great variation in frequency of various failure 
scenarios; 

a the problem of common-cause events such as earth- 
quakes. 
In the mid 1970s the CANDU designers proposed using a 

safay design matrix (SDM) concept to deal with matters of 
inicr-dcpendcncy throogh the support systems and long-term 
actions including operator intervention. The SUM approach, 
which uses fault-tree and event-sequence analyses of specific 
systems, has contribrted significantly to a better under- 
standing of system behaviour and interaction. 

The designers also developed a “two-group” approach 
to system layout to minimize the dangers from common 
cause events, wherein key plant functions and the special 
safety systtms are divided into two groups that are kept 
physically quite separate from each other.6 

In a desire to extend and improve the safety approach 
various groups, since the late 1970s. have reviewed the silua- 
tion and proposed a further evolution of reactor safety re- 
quiremeats. With the development of probabilistic analyses 
these groups have proposed using such techniques whik still 
retaining the concept of independent special safety systems 
as a practicable means of achieving the objective. 

Reflecting this movement, the AECB issued in 1980, a 
“consultative document”, C-6, “Rquirements for the Safay 
Analysis of CANDU Nuclear Power Plants”, which created 
six categories of accident sequences and assigned reference 
dose limits to each. However, no frequency was stated for 
the various categories making it diflicult to assign a limit to 
an unlisted accident sequence. The AECB required that C-6 
IO 

be applied, on a “trial” basis, in the licensing of the Darling- 
ton generating station. In the Darlington “trial”, however, 
the Ontario Hydro analysts proposed frequencies for the 
categories which were accepted by the AECB. (Darlington 
also had to meet the single/dual failure criteria.) 

Darlington was also the subject of an extensive probabi- 
listic analysis, the Darlington Probabilistic Safety Evalua- 
tion (DPSE), which was proposed and conducted by the 
utility. Although the DPSE was submitted to the AECB, the 
rcbulatory agency did not consider it as a “licensing docu- 
ment” and, therefore, did not review it closely. 

In 1983 the AECB’s Advisory Committee on Suclear 
Safety produced their report, ACNS-4, “Recommended 
General Safety Rquinments for Nuclear Power Plants”, 
which continued the requirements for the special safety sys- 
tcnis but proposed a set of accident sequence categories with 
frequency and consequence (dose) ranges. Although this was 
developed with considerable consultation with both industry 
and AECB staff it has not been adopted by the AECB. 

Current Situation 
AECB staff have been working on a revision of C-6 for some 
time which they expect to issue for comments in early 1994. 
The ACNS is working on a revision of ACSS-4. 

Meanwhile, itidustty personnel complain that the AECB 
is demanding more and more “ad hoc” requirements which 
do not always appear consistent with one another. The old 
adage of the AECB staff of. “they propose, ive dispose”, has 
been pursued without any obvious overall or underlying phil- 
osophy. In fact, there are increasing trends of demanding 
“absolute” safety. 

In the case of off-shore projects, the foreign nuclear 
regulator] agencies which have agreed to follow the Cana- 
d~ian approach are finding it difficult to do so, partly because 
of the difticulty of determining the underlying rationale for 
AECB decisions but largely because of the lack of documen- 
tation. Other than the regulatory documents R-7, R-8, R-9, 
spelling out the requirements (as broadly set out in the 
“Siting Guide”) for containment, shutdown systems, and 
emergency core cooling systems, respecri~cly, there are very 
few documented requirements. (See Tab:s 2.) 

A number of industry standards h.zve been developed 
and issued by the Canadian Standards Association (Table 3) 
but these fall far short of the sets of standards in the USA, 
France or Germany. 

Ironically, the United States Nuclear Regulatory Com- 
mission (USNRC), which has a large set of prescriptive regu- 
lations, is now sctiously examining what it calls “risk-based” 

Table 2: AECB Rc~ulhxy Documentr R&ted Lo Power RcactorS 



r~~rauon tar nuclear paver planls. lhe USNRC.har a major 
study underway on this topic with init@ objectives being: 

l to improve”ttch”ica~ specifications” (the key descriptive 
part of a nuclear power plant licence) through .idcntification 
ofthemostrisksigniticantequipment and procedures; 

a to modify existing rules where the requirements are 
shown [by PRA techniques] not to bc commensurate 
with the safety benefits; 

l to develop rules for the future, using a pcrforntance 
based approxh. 

The USNRC work is being conducted with contributions 
from, and in cooperation with, many groups reprcscnting 
the industry. 

While it is acknowledged that the transition to such a 
style of regulation will take many years it is intriguing to see 
that large respected organization pursuing a” approach 
which Canada pioneered three decades ago. 

Concluding Observations 

As indicated by the USNRC initiative towards “risk-based” 
regulation, the concept of risk or probabilistic safety goals 
is gaining wider acceptance throughout the world “ucjcar 
community. Canada adopted such a philosophy almost 30 
years ago. Given the absence of practical, credible, verifiable *~ ?I 
probabilistic evaluation techniques at that time the approach C~ + 
of separate, independent, testable safety systems was devel- 
aped and augmented by risk based criteria. 

Unfortunately, the approach was not pursued with suf- 
ticient vigour in the evolving CANDU designs “or enforced 
by the regulator. One consequence is many potential cross- 
links, especially through the support systems, between the 
supposedly independent safety systems. The SDM analytical 
technique and the Two Group design layout only partially 
compensate for this basic deficiency. 

In recent years the regulator has concentrated more and 
mom on details while, apparently, ignoring the basic objec- 
tive. If  the original risk goal is to be abandoned and its 
attendant criteria and requirements are to be dropped, there 
must be a logical, comprehensive, approach to replace them. 
All in the nudcar power industry should be involved, not 
just the regulator. 

References 

1. Lcwir, W.B.. “The Accident to the NRX Reactor on December 
12.1952.” AECL - 232 1953. 

2. Hurst, D.G..“The Accident to the NRX Reactor, Pan II.” AECL 
- 233 1953. 

3. Siddall. E.. “Reactor Safety Standards and Their Attainment.” 
AECL - 498 1957. 

4. Laurence. G.C.. “Required Safety in Nuclear Reactors.” AECL - I 

1923 1961. 

5. Hurst. D.G. and Boyd. F.C. “Reactor Safety and Licensing 
Requirements.” AECB - It345 1972. 

6. Snell, V.G., Safety of CANDU Nuclear Power Stations. AECL - 
6329 1985. 

Reprinted from 

CNS Bulletin. “0, _ 14. No. 4 

Winter 1993/94 



INTERNATIONAL ATOMIC ENERGY AGESCY 
,\~.~GRAX,ERSTR,CjSE 5. P.O. BOX 100. ;,-,JM, VIES’\‘,& \IS:?.~\. 

TELEPHONE: 13 , ?060 21270,‘21275. TELES: I-l?Wl.i. 
CABLE: ,S..,TOh, “IEYS:,. TI‘LEF-\X: .I.; I 2060 ‘Vh10 

24 October 1996 
PR 96t22 
FOR IMMEDIATE RELEASE 

NUCLEAR SAFETY CONVENTION ENTERS INTO FORCE 

The Convention on Nuclear Safety -- the lirst international legal instrument on the 
safety of nuclear power plants worldwide -- enters into force today, 24 October 1996. 
The Convention commits States Parties to ensure the safety of land-based civil 
nuclear power plants. This includes a legislative and regulatory framework; general 
safety considerations such as quality assurance, assessment, and verlflcation of safety; 
human factors; radiation protection; emergency preparedness; and spcclllc obligations 
on the safety of nuclear installations; siting; design and construction; ana operation. 
Among its requirements, the Convention obliges Parties to submit reports at parlodic 
review meetings. These reports will focus on the measures each State has taken to 
implement obligations under the Convention. 

“The Convention marks a major step forward in strengthening international co- 
operation in the safety BeId,” said IAEA Director General Hans Blir. ‘mough the 
safe use of nuclear energy remains clearly a national responsibility, the Convention 
signals the growing recognition of the global interdependence of safe nuclear 
development.We now look forward to finishing work on other legal instruments, 
notably in the field of radioactive waste management, also being negotiated through 
the efforts of the Agency and its Member States.” 

Twenty-seven States so far have consented to be bound by the Convention on Nuclear 
Safety. These are Bangladesh, Bulgaria, Canada, China, Croatia, the Czech Republic, 
Finland, France, Hungary, Ireland, Japan, the Republic of Korea, Lebanon, 
Lithuania, Mali, Mexico, the Netherlands, Norway, Poland, Romania, the Russian 
Federation, the Slovak Republic, Spain, Sweden, Switzerland, Turkey, and the United 
Kingdom. The Convention has been signed by 65 States. 

Under terms of the Convention, a preparatory meeting of States Parties will be 
convened within the next six months. At that meeting, among other matters, 
guidelines will be established regarding the form and structure of reports that States 
are required to submit for review at periodic meetings, and the process for reviewing 
such reports. The Convention calls for the Brst review meeting to be convened as 
,soon as possible, but no later than 30 months from today’s entry into force. 

Editor 5 Note: The full text of the Cowention ott Nuclear Safety and its Latest status is 
accessible through the IAEA’s World Atom Itrtertwt services on the World Wide Web at 
http:\\www.inea.org\worldatom 
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SPANISH 

CONVENTION ON NUCLEAR SAFETY 

1. The Convention on Nuclear Safety was adopted on 17 June 1994 by a Diplomatic 

Conference convened by the International Atomic Energy Agency at its Headquarters 

from 14 to 17 June 1994. The Convention will be opened for signature on 20 September 

1994 during the thirty-eighth regular session of the Agency’s General Conference and will 

enter into force on the ninetieth day after the date of deposit with the Depositary (the 

Agency3 Director GeneraJ) of the twenty-second instrument of ratification, acceptance or 

approval. includii the instruments of seventeen States, having each at least one nuclear 

installation which has achieved criticalitjt in a reactor core. 

2. The text of the Convention as adopted is reproduced in the Annex hereto for the 

information of all Member States. 

. . 
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CONVENTION ON NUCLEAR SAFETY 

PREAMBLE 

THE CONTRACTING PARTIES 

(3 

(ii) 

(iii) 

(ivj 

09 

(vi) 

(vii) 

(viii) 

C=) 

6) 

Aware of the importance to tbe international conuntmlty of ensuring tbat the use of 
nuclear energy is safe, well regulated and environmentally sound; 

Reaffiing the necessity of continuing to promote a high level of nuclear safety 
worldwide;. 

Re.affirming tbat responsibility for nuclear safety rests with the State having 
jurisdiction over a nuclear installation; 

Desiring to promote an effective nuclear safety culture; 

Aware that accidents at nuclear installations have the potential for transboundaty 
impacts; 

Keeping in mind tbe Convention on the Physical Protection of Nuclear Material 
(1979)‘ the Convention on Early Notification of a I+~ckar Accident (1986), and the 
Convention on Assistance in the Case of a Nuclear Accident or Radiological 
Emergency (1986); 

Affirming the importance of international co-operation for the enhancement of nuclear 
safety through existing bilateral and multilateral mechanisms and the establishment 
of this incentive Convention; 

Recognizing that this Convention entails a commitment to the application of 
fundamental safety principles for nuclear installations rather than of detailed safety 
standa& and that there are internationally fotinulated safety guidelii which are 
updated from thne to time and so can provide guidance on contemporary means of 
achieving a high level of safety; 

Affuming the need to begin promptly the development of an iutemational convention 
on the safety of radioactive waste management as soon as the ongoing process to 
develop waste management safety fundamentals has resulted in broad international 
agreement; 

Recognizing the usefulness of further technical work in connection with the safety of 
other par& of tbe nuckar fuel cycle, and that this work may. in time, facilitate the 
development of current or future international instrumtnts ; 

HAVE AGREED as follows: 



INFCIRC1449 
Annex 

page 2 

CmER 1. OBJECTIVES, DEFINITIONS AND SCOPE OF 
APPLICATION t 

. 
ARTICLE 1. ORJECTIVES 

The objectives of this Convention are: 

(0 to achieve and maintain a high level of nuclear safety worldwide through the 
enhancement of national measutes and international co-operation including, 
where appropriate, safety-related technical co-operation; 

(ii) io establish and maintain effective defences in nuclear installations against 
potential radiological hazards in order to protect individuals, society and the 
environment from harmful effects of ionizing radiation from such installations; 

(iii) to prevent accidents with radiological consequences and to mitigate such 
consequences should they cccur. 

ARTICLE 2. DEFINITIONS 

For the purpose of this Convention: 

(0 “nuclear installation” means for each Contracting Party any land-based civil 
nuclear power plant under its jurisdiction itxludii such storage, handling and 
treatment facilities for radioactive materials as are on the same site and arc 
diitly re!ated to the operation of the nuclear power plant. Such a plant 
ceases to be a nuclear installation when all nuclear fuel elements have been 
removed permauently from the reactor core and have been stored safely in 
accordance with approved procedures, and a decommissioning programme has 
been agreed to by the regulatory body. 

(ii) ‘regulatory body” means for each Commcting Party any body or bodies given 
the legal authority by that Contracting Party to grant licences and to regulate 
.thc siting, design, construction, commissiouing. operation or decommissioning 
of nuclear installations. 

(iii) “licence” means any authorization granted by the regulatory body to the 
applicant to have the responsibility for the siting, design, construction, 
commissioning, operation or decommissioning of a nuclear installation. 

ARTICLE 3. SCOPE OF APPLICATION 

This Convention shall apply to the safety of nuclear installations. 
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CHAPTER 2. OBLIGATIONS 

(a) Geneilll zvbsions 

c 
ARTICLE 4. MPLJDIENTING MEASURRS 

Each Commcting Party shall take, within the framework of its iiatiorial’law; ‘the 
legislative, regulatory and admiistrative measures and other Steps necessary for 
implementing its obligatiom under this Convention. 

.’ .: “‘~ 

ARTICLE 5. REPORTING 

Each Contracting Party shall submit for review, prior to each meeting referred to in 
Article 20. a report on the measures it has taken to implement each of the obligations of this 
Convention. 

ARTICLE 6. EXISTING NUCLEAR INSTALLATIONS 

Each Contracting Party shall take the appropriate steps to ensme that the safety of 
nuclear installations existing at the time the Convention entezs into force for that Contracting 
Party is reviewed as soon as possible. When necessary in the context of this Convention, the 
Contracting Party shall ensure that all reasonably practicable improvements are made as a 
matter of urge‘ncy to upgrade the safety of the nuclear installation. If such upgrading cannot 
be achieved, plans should be implemented to shut down the nuclear installation as soon as 
practically possible. The timing of the shut-down may take into account the whole energy 
context and possible alternatives as well as the social, environmental and economic impact. 

(b) J&slu~Son and regubfion .. 

ARTICLE 7. LEGISLATIYR AND REGULATORY PRAMEWORK 

1. Each Contracting Party shall establish and maintain a legislative and regulatory 
framework to govern the safety of nuclear installations. : : 

2. The legislative and regulatory framework shall provide for: ‘. 
,,~ 

(i) the establishment of applicable national safety requirements and regulations; 

(ii) a system of licensing with regard to nuclear installations and the prohibition of 
the operation of a nuclear installation without a licence; - ‘..~ . >.- 
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(iii) a system of regulatory inspection and assessment of nuclear installations to 
ascettain compliance with applicable regulations and the terms of liccnces; 

(iv) &enforcement of applicable regulations and of the terms of licenoes, includiig 
suspension, modification or revocation. 

. 

. 

i=F” 

ARTICLE 8. REGULATORY BODY 

1. Each Contracting Party shall establish or designate a regulatory body entrusted with 
the implementation of the legislative and regulatory framework referred to in Article 7, and 
provided with adequate authority, competence and financial and human resources to fulfil its 
assigned responsibilities. 

2. Each Contracting Party shall take the appropriate steps to ensure an effective 
separation between the functions of the regulatory body and those of any other body or 
organization concerned with the promotion or utilization of nuclear energy. 

ARTICLE 9. RRSPONSIBILITY OF THE LICRNCE HOLDER 

Each Comracting Party shah ensure that prime responsibility for the safety of a 
nuclear installation rests with the holder of the relevant licence and shall take the appropriate 
steps to ensure that each such licence holder meets its respnnsibiity. 

(c) Gencml Safety Considcmtinns 

ARTICLE 10. PRIORITY TO SAFETY 

Each Contracting Party shall take the appropriate steps to ensure that all organizations 
engaged in activities directly related to nuclear installations shall establish policies that give 
due priority to nuclear safety. 

AFtTIcLEll.FlNANcIALANDHuMAN RESOURCES 

1. Each Contracting Party shall take the appropriate steps to ensure that adequate 
financial resources are available to support the safety of each nuclear installation throughout 
its life. 

2. J&h Contracting Party shall take me appropriate steps to ensure that sufficient 
numbers of qualified staff with appropriate education, training and retraining are available 
for all safety-related activities in or for each nuclear installation. throughout its life. 
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ARTICLE 12. HUMAN FACTORS 

Each Contracting Party shall take the appropriate steps to ensure that the capabilities 
and limitations of human performance are taken into account throughout the life of a nuclear 
installation. C 

ARTICLE 13. QUALITY ASSURANCE 

Each Commcting Party shall take the appropriate steps to ensure that quality assurance 
programmcs are establiied and implemented with a view to providing confidence that 
specified requirements for all activities important to nuclear safety arc satisfied throughout 
the life of a nuclear installation. 

ARTICLE 14. ASSESSMENT AND VERIFICATION OF SAFETY 

Each Contracting Party shall tak the appropriate steps to ensun that: 

(i) comprehensive and systematic safety assessments arc caked out bcforr the 
constructioa and commissioning of a nuclear installation and throughout its life. 
Such assesments shall be well documented. subsequently updated in the liibt of 
opera&g experience and significant new safety information. and reviewed under 
the authority of the regulatory body; 

(ii) verification by analysis, surveillance, testing and inspection is canied out to 
ensure tbat the physical state and the operation of a nuclear installation contiuue 
to be in accordaxe with its design, applicable national safety requirements, and 
operational limits and conditions. 

ARTICLE 15. RADIATKON PROTECTION 

Each Contracting Party shall take the appropriate steps to ensure that in all operational 
states +he radiation exposure to the workers and tbc publii caused by a nuclear installation 
shall be kept as low as reasonably achievable and that no individual shall be exposed to 
radiation doses which exceed prescribed national dose limits. 

ARTICLE 16. EMERGENCY PREPAREDNESS 

1. Each Contracting Party shall tak the appropriate steps to ensure that there are on-site 
and off-site emergernzy plans that arc routinely tested fot nuclear imtallations and cover the 
activities to bc carried out in the event of an emerge-. 
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For any new nuclear installation, such plans shall be prepamd and tested before it 
commences operation above a low power level agreed by the regulatory body. 

2. Each Co~%tracting Party shall take the appropriate steps to ensure that, insofar as they 
are likely to be affected by a radiological emergency, its own population and the comrxtcnt 
authorities of me States in the vicinity of the nuclear installation are provided with 
appropriate information for emergency planoing and response. 

3. Contracting Parties which do not have a nuclear installation on their territory, insofar 
as they are likely to be affected in the event of a radiological emergency at a nuclear 
installation in the vicinity, shall take the appropriate steps for the preparation and testing of 
emergency plans for their territory that cover the activities to be carried out in the event of 
such an emergency. 

(d) Safety of IngaUutions 

ARTICLE 17. SITING 

Each Contracting Party shall take the appropriate steps to ensure that appropriate 
procedures are established and implemenuxh 

(i) for evaluating all relevant site-related factors likely to affect the safety of a 
nuclear installation for hs projected lifetime; 

(ii) for’ evaluating the lily safety impact of a proposed nuclear installation on 
individuals, society and the environment; 

(iii) for re-evaluating as necessary all relevant factors referred to in sub-paragraphs 
(i) and (ii) so as to ensure the continued safety acceptability of the nuclear 
installation; 

(iv) for consulting Contracting Parties in the vicinity of a proposed nuclear 
installation, insofar as they are lily to be affected by that installation and, upon 
request providii the necessary information to such Contracting Patties, in order 
to enable them to evaluate and make their own assessment of the likely safety 
impact on their own territory of the nuclear installation. 

ARTICLE 18. DESIGN AND CONSTRUCTION 
.., 

Each Contracting Party shall take the appropriate steps to ensure that: 

(i) the design and construction of a nuclear installation provides for several reliable 
levels and methods of protection (defense in depth) against the release *of 
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radioactive materials, with a view to preventing the occurrence of accidents ‘and 
to mitigating their radiological consequences should they occur; 

(ii) the technologies incorporated in the design and construction of a nuclear 
Installation are proven by experience or qualified by testing or analysis; 

(iii) the design of a nuclear ln~tahtl~n allows for reliable, stable and easily 
manageable operation, with specific consideration of human factors and the man- 
machine interface. 

ARTICLE 19. OPERATION 

Each Contracting Party shall take the appropriatesteps to ensure that: 

0) 

(ii) 

(iii) 

(iv) 

09 

64 

(vii) 

(viii) 

the initial authorization to operate a nuciear installation is based upon an 
appropriate safety analysis and a commissioning ptogramme demonstrating that 
the installation, as constructed, is consistent with design and safety requirements; 

operational liits and conditions derived from the safety analysis, tests and 
operational experience anz defined and revised as necessary for identifying safe 
boundaries for operation; 

operation main&name, impection and testing of a nucl& installation are 
conducted in accotdance with approved procedures; 

procedures are established for responding to anticipated operational occurrences 
and to accidents; 

necessary eng ineering and technical support in all safety-related fields is available 
throughout the lifetime of a nuclear instillation; 

incidents significant to safety are repotted in a timely manner by the holder of 
the relevant licence to the regulatory body; 

progmmmcs to collect and analyse operating experience are established, the 
results obtained and the conclusions drawn are acted upon and ‘that existing 
mechanisms are used to sham important experience with international bodies and 
with other operating organizations and regulatory ,bodies; ” .i 

the generation of radioactive waste resulting from the opetation of a nuclear 
installation is kept to the minimum practicable for the prccess concerned, both 
in activity and in volume. and any rmxssq treatment ad storage of spent fuel 
and waste diiy related to the operation and on the same site as that of the 
nuclear installation take into consideration conditioning and diisal. 
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CHAPTER 3. MIEEWGS OF THE CONTRACTING PARTIES 

ARTICLE 20. ltEVlEW MEETiNGS 

1. The Contracting Parties shall hold meetings (hereiifter referred to as “review 
meetings”) for the purpose of reviewing the reports submitted pursuant to Article 5 in 
accordance with the procedures adopted under Article 22. 

2; Subject to the provisions of Article 24 sub-groups comprised of representatives of 
Contracting Parties may beestablished and may function during the review meetings as 
deemed necessary for the purpose of reviewing specific subjects contained in the reports. 

3. Each Contracting Party shag have a reasonable opportunity to discuss the reports 
submitted by o’dur Contracting Parties and to seek claritication of such reports. 

ARTICLE 21. TIhIETARLE 

1. A preparatory meeting of the Contracting Parties shall be held not later than six 
months after the date of entry into force of this Convention. 

2. At this preparatory meeting, dte Co&acting Parties shah determhre the date for the 
fmt review meeting. This review meeting shag be held as soon as possible. but not later than 
thhty months after the date of entry into force of this Convention. 

3. At each review meeting, the Contracting Parties shag determhre the date for the next 
such meeting. The interval between review meetings shag not exceed three years. 

ARTICLE 22. PROCEDURAL ARRANGEMENTS 

1. At the preparatory meeting held pursuant to Article 21 the Contracthrg Parties shag 
prepare and adopt by consensus Rules of Procedure amI Financial Ruks. The Contracting 
Parties shag establish h-t particular and in accordance with the Rules of Procedure: 

(i) guidelii mgarding the form and structum of the reports to be submitted 
pursuant to. kticle 5; 

(ii) a date for the submissionof such reports; 

(iii) the. process for reviewhtgsuch reports. 



INFCIRCWW 
Annex 
Page 9 

2. At review maxings the Contract& Par&s may. if newsmry, review the 
arrangements establii pursuant to subparagraphs (i)-(iii) above, and adopt revisions by 
consensus unkss otherwise provided for in the Rules of Procedure. They may also amend 
the Rules o$Procedure and the Fiiial Rules, by consensus. 

ARTICLE 23. EXTRAORDINARY MERTINGS 

An extraordinary meethtg of the Contracting Parties shall be held: 

(i) if so agreed by a majority of ,the Contracting Parties present and voting at a 
meeting, abstentions being considered as voting; or 

(ii) at the written request of a Contracting Patty, within six months of this request 
having been communicated to the Contracting Parties and notifkation having 
been received by the secretariat referred to in Article 28. that the request has 
been supported by a majority of the Contracting Partks. 

ARTICLE 24. ATIENDANCE 

1. Each Conhauing Party shall attend meetings of the Contracting Parties and be 
represented at such meetings by one delegate, and by such ahernates. experts and advisers 
2s it deems newa-. 

2. The Contracting Parties may invite, by consensus, any intergovernmental orgahization 
which is competent in respect of matters governed by this Convention to attend, as an 
observer, any meeting, or specific sessions thereof. Observers shall be required to accept in 
writing, and in advance, the provisions of Article 27. 

ARTICLE 25. S UMhURY REPORTS 

The Commcting Parties shall adopt, by wnsensus, and make available to the public 
a document addressing issues dii and wnchtsions reached during a meeting. 

ARTICLE 26. LANGUAGES 

1. The knguagea of meetings of the Contract@ Parties shall be Arabic, Chinese, 
English, French, Russian and Spanish unkss otherwise provided in the Rules of Procedure. 

2. ReportssubmittcdpursuanttoAtticle5shallbepnparedinthenatiooallanguagtof 
the submitting contrpaing Party or in a singk designated language to be agreed in the Rules 
of Procedure. Should the report he submitted in a national language other than the designated 
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language, a t~~~~tio~ of .the report into the designated language shall be provided by the 
contracting Party. ‘. . .: ., .:. :. ..: . I,. .., 

.~’ .~;..: .hi,.. ,... ; 
3. Notwiths&dmg the provisions of’paragraph 2.‘~if compe&ed~~the secretariat, twill 
assume the translation into the designated language of reports submitted in any o&r language 
of the meeting. 

~,: ,.., :. ., 1: < ‘. -, : : 

ARTICLE 27. CONFIDENTIALITY . j . . 

1. The provisions of.this Convention shall not affect the rights and obligations of the 
Contracting Parties under their law to protect information from diiclosure. For the purposes 
of this Article, “information” includes, inter alia, (i) personal data; (ii) information protected 
by intellectual property rights or by industrial or commetcial confidentiality; and (iii) 
information relating to national security or to the physical protection of nuclear materials or 
nuclear installations. 

2. When, in the context of this Convention, a Contracting Party provides information 
identified by it as protected as described in paragraph 1, such information shall be used only 
for the purposes for which it has been provided and its confidentiality shall be respected. 

3. The content of the debates during the reviewing of the reports by the Contracting 
Parties at each meeting shall be cotu%iential. 

ARTICLE 28. SECRETARIAT 

1. The International Atomic Energy Agency, (bercinaftcr referred to as the “Agency”) 
shall provide the secretariat for the meetings of the Contracting Parties. 

2. The secretariat shall: 

(i) convene, prepare and service the meetings of the Contracting Parties; 

(ii) transmit to the Contracting Parties information received ’ or prepared in 
accordance with the provisions of this Convention. 

The costs incurred by the Agency in catrying out the:@nctions referred to in sub- 
paragraphs i) and (ii) above shall be borne by the Agency as part of its regular budget. 

3. ‘. The Contracting Parties may, by consensus, n&r&the Agency to provide other 
services in support of meetings of the Contracting Parties. The Agency may provide such 
services if they can be undertaken within its programme and regular budget. Should this not 
be possible, the Agency may provide such services if voluntary funding is provided from 
another source. 
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CHAPTER 4. FINAL CLAUSES AND OTHER PROVISIONS 

ARTICLE 29. RESOLUTION OF DISAGREEMENTS 

In the event of a disagreement between two or more Contracting Parties concerning 
the interpretation or application of this Convention, the Contracting Parties shall consult 
within the. framework of a meeting of the Contmcthtg Parties with a view to resolving the 
disagreement. 

ARTICLE 30. SIGNATURE, RATIPKATION, ACCEPTANCE, APPROVAL, 
ACCESSION 

1. This Convention shall be open for signature by all States at tbe Headquarters of the 
Agency in Vienna from 20 September 1994 until. its entry into force. 

2. This Convention is subject to ratification, acceptance or approval by the signatory 
states. 

3. 

4. 

After its entry into force, this Convention shall he open for accession by all States. 

(i) This Convention shall be open for signature or accession hy regional 
orgmixations of an integration or other nature, provided that any such 
organixation is constituted by sovereign States and has competence in respect of 
the negotiation, conclusion and application of imemational agreements in matters 
covered by this Convention. 

(ii) In matters within their competence. such organizations shall, on theii own behalf, 
exercise the rights and fulfil the msponsibilities which this Convention attributes 
to States Parties. 

(iii) When becoming party to this Convention, such an organiz.atlon shall 
communicate to the Depositary referred to in Article 34, a declaration indicating 
which States am members thereof, which articles of this Convention apply to it, 
and the extent of its competence in the field covered by those articles. 

(iv) Such an o&n&ion shall not hold any vote additional to those of its Member 
states. 

5. Instruments of ratification. acceptance, approval or accession shall be deposited with 
the Depositary. 
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ARTICLE 31. ENTRY INTO FORCR 

1. This Con~mti~n shall enter into force on the nhretieth day after the date of deposit 
with the Depositary of the twenty-second instrument of ratification, acceptance or approval, 
idldhlg the itUtlUtWlltS of seventeen States, each having at least one nuclear &taUation 
which has achieved criticality in a reactor core. 

2. For each State or regional organizatiou of an integration or other nature which 
ratifies, accepts, appmvcs or accedes to this Convention after the date of deposit of the last 
instmment requh-ed to satisfy the conditions set forth in paragraph 1. this Convention shall 
enter into force on the ninetieth day after the date of deposit with the Depositary of the 
appropriate instrument by such a State or organization. 

ARTICLE 32. AMENDMENTS TO THE CONVENTION 

1. Any Contracting Party may pmpose an amendment to this Convention. Proposed 
amendments shall be considered at a review meeting or an extraordinary meeting. 

2. The text of any proposed amendment and the reasons for it shah be provided to the 
Depositary who shalt communicate the proposal to the Contracting Parties promptly and at 
least ninety days before the meeting for which it is submitted for consideration. Any 
conmxnts received on such a pmposal shah be &w&ted by the Depositary to the 
conhacung Parties. 

3. The Contracting Parties shag decide after consideration of the proposed amendment 
whether to adopt it by consensus, or, in the absence of consensus, to submit it to a 
Diplomatic Conference A decision to submit a pmposed amendment to a Diplomatic 
Conference shall require a hvo-thirds majority vote of the Contra&g Parties present and 
voting at the meeting, provided that at least one half of the Contracting Parties are present 
at the thne of voting. Abstentions shall be considered as voting. 

4. :~,. The Diplomatic Conference to consider and adopt ame&ne& to this Convention 
shah be convened by the Depositary and held no later than one year after the appropriate 
decision taken in accordance with paragraph 3 of this Article. The Diilomatic Conference 
shall make every effort to ensure amendments are adopted by consensus. Should this not be 
possible, amendments shah be adopted with a two-thirds majority of all Contracting Parties. 

5. Amendments to this Convention adopted pursumt to paragraphs 3 and 4 above shall 
be subject to ratification. acceptance. approval. or confirmation by the Contracting Parties 
and shall enter into force for those Contracting Parties which have ratified, accepted, 
approved or confii them on the ninetieth day after the receipt by the Depositary of the 
relevant instruments by at least three fourths of the Contracting Parties. For a Contracting 
Party which subsequently ratifies, accepts, approves or continms the said amendments, the 
amendments will enter into form on the ninetieth day after that Contracting Party has 
deposited its relevant instrument. 
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ARTICLE 33. DENUNCIATION 

1. Any Contracting Party may denounce this Convention by written notification to the 
Depositary., 

2. Denunciation shall take effect one year following the date of the receipt of the 
notification by the Depositary, or on such later date as may be specified in the notification. 

I ARTICLE 34. DEPOSITARY 

1. 

2. 

The Director General of the Agency shall be the Depositary of this Convention. 

The Depositary shah inform the Contracting Parties of: 

(i) the signature of this Convention and of the deposit of instruments of ratification, 
acceptance, approval or accession, in accordance with Article 30; 

(ii) the date on which the Convention enters into force, in accordance with 
Article 3:; 

(iii) the notifications of denunciation of the Convention and the date thereof, made 
in accordance with Article 33; 

(iv) the proposed amendments to this Convention submitted by Contracting Parties, 
the amendments adopted by the relevant Diplomatic Conference or by the 
meeting of the Contracting Parties, and the date of entry into force of the said 
amendments, in accordance with Article 32. 

ARTICLE 35. AUTHENTIC TEXTS 

The original of this Convention of which the Arabic, Chinese, English, French, 
Russian and Spanish texts are equally authentic, shall be depcsited with the Depositary, who 
shall send certified copies thereof to the Contracting Parties. 



INFCIRCl449lAdd. 1 
Attachment 

Annex 
me 1 

ANNEX TO THE FINAL ACT OF TIIR DIPLOMATIC CONFERENCE 
SOME CLARIFICATION WITH RESPECT ?O PROCEDURAL AND FINANCIAL 
ARRANGEMENTS, NATIONAL REPORTS AND THE CONDUCT OF REVIEW 

MEETINGS. ENVISAGED IN THE CO NVENTION ON NUCLEAR SAFETY 

1. Introduction 

1.1 This document contains some clarification with respect to procedural and financial 
arrangements, national reporta and the conduct of review meetings. It is tierstood that this 
document is not exhaustive and does not bind the Contracting Parties to the Convention on 
Nuclear Safety. 

I 

1.2 The basic principle underlying thii clarification is that all provisions in the Rules of 
Procedure and the Financiil Rules should be in strict conformity with the provisions of the 
Convention. 

1.3 Nothing in the implementation of the Convention should dilute the national 
responsibility for nuclear safety. 

.2. National reports 

In accordance with Article 5 of the Convention, national reports should, as applicable, 
address each obligation separately. The reports should demonstrate how each obligation has 
been met, with specific references to - inter alia - legislation, procedures and design criteria. 
When a report states that a particular obligation has not been met, that report should also 
state what measures are being taken or planned to meet that obligation. 

3 - Conduct of review meetings 

the purpose of review meetings referred to in Article 20 of the Convention is the 
review by experts of national reports The review process should: 
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* include in-depth study of all national reports, to be conducted by each party 

< before the meeting, as it deems appropriate; 

* be car&d out through discussion among experts at the meeting; 

* take into consideration the technical characteristics of different types of 
nuclear installation and the likely radiological impact of potential accidents; 

* identify problems, concerns, uncertainties, or omissions in national reports, 
focusing on the most significant problems or concerns in order to ensure 
efficient and fruitful debate at the meetings; and 

* identify technical information and opportunities for technical cooperation in 
the interest of resolving safety problems identified. 

4. Rules of Procedure for the meeting of the Parties 

4.1 Equitable representation: Paramount importance should be given to technical 
competence in the election of chaitmen and officers. Consideration should also be given to 
the overall membership of the Convention, including the geographical distribution of the 
Contracting Parties. 

4.2 Decision-making: Every effort should be -made to take decisions by consensus. 

4.3 Confidentiality: The Rules of Procedure should be formulated so as to ensure that 
the provisions of Atticle 27 are applied to all participants. 

5. Financial rules 

5.1 Costs to the secretariat: All costs to the secretariat, referred to in Article 28 of the 
Convention, should be kept to a minimum. The Agency should be requested to provide other 
services in support of the meeting of the Contracting Parties, only if such services are 
deemed essential. 
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5.2 Costs to the Contracting Parties: In order to encourage the widest possible adherence 
to the Co&ention, the costs of preparing for and participating in review meetings should, 
while maintaining the effectiveness of the review, be limited by - inter alia - the following 
means: 

* limiting the frequency of review meetings; and 

* limiting the duration of the preparatory meeting and of review meetings. 
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