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This document is part of a set of regulatory documents
relating to the safety requirements for CANDU nuclear power plants:

R-7, Requirements for Containment Systems for CANDU Nuclear Power Plants -
R-8, Requirements for Shutdown Systems for CANDU Nuclear Power Plants
R-9, Requiremenss for Emergency Core Cooling Systems for CANDU Nuciear Power Plants

These documents apply to reactors licensed for construction after January 1, 1981,



REQUIREMENTS FOR CONTAINMENT SYSTEMS
FOR CANDU NUCLEAR POWER PLANTS '

1. DEFINITIONS*
In this document,

“closed system™ means a piping system which penctrates and forms a closed foop or an enclosed volume either
inside or outside the containment structure, For closed sysiems inside containment, the fluid in the system does
not directly communicate with either the primary coolant or the containment atmosphere; (systéme fermé)

“containment envelope” means structures and appurienances which provide a pressure-retaining basvier 1o prevent
or limit the escape of any radicactive marer that could be released from the fuel elements, as a result of a failure
in a fuel cooling sysiem; (eaceinte de confinement)

“containment structure™ means the concrete portion and embedded parts of the containment system; (siructure de
confinement)

“fuel cooling system™ means any cooling sysiem whose failure has the potential for release of radioactive material
in excess of the limits given in the reference. Included would be the primary heat transport system, any booster
fuel cooling system, and the fuelling machine cooling system. Excluded would be the irradiated fuel bay cooling
system; (systéme de refroidissement du combustible)

“minimum allowable performance standards” means the set of operating limits or the range of conditions
established for components or subsystems which define the minimum acceptable states for those components or
subsystems as credited in the safety analyses; (normes de rendement minimat admissible)

“primary heat transport system™ means that system of components which penmit the transfer of heat from the fuel in
the reactor 10 the steam gencrators or other heat exchangers employing secondary cooling. For purposes of this
document, it does not necessarily include auxiliary purification and pressure control subsyslems; (circuit
caloporteur primaire)

“spercial safety system™ mcans one of the following systems: shutdown systems, containment system, emergency
core cooling sysiem. (systéme spécial de siireté)

2. BASIC REQUIREMENTS

2.1 All water-cooled nuclear power reactors shall be installed within a containment structure. All piping which is
part of the main circuit of the primary heat rransport system, exclucding boiler tubing, shall be toally within the
containment structure. v

2.2 (a) Except as noted in paragraph (b}, all equipment requirced for correct operation of the containment system

shall be considered o be part of that system and shall meet all requirements of this document. This shall
include;

(i) the containment strucnure and appurtenances,

(ii) equipment required 1o isolate the containment envelope and assure its complereness and continuity
following an accident,

(iii) equipment required to reduce the pressure or the free radioactive material within the containment
env¢lope, and

(iv) equipment required to limit the release of radicactive materia! from the containment envelope
following an accident. '

* These definitions do not constitute a complete list of terms used in this document, but are included 10 clarify
the meaning of some terms for the assistance of the reader. A more comprehensive list of definitions of terms
relating o CANDU nuclear power plants is available from the Canadian Standards Association (CSA), Manual of
Definitions for CSA Nuclear Standards Use by CSA Technical Committees, CSA-NI409A-1989.
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(b) Equipment required to supply compressed air, ¢lectrical power or cooling water 10 equipment for
operation of the containment system shall be considered as safety support equipment. Such equipment shall
meet all relevant requirements of this document with the exception of sections 3.8 and 3.13.
2.3 The containment system shall be considered to be a special safety system.
24 Procedures to ensure compliance with the requirements of this regulatocy policy statement shall be prepared b
the licensee and shall require the approval of the Atomic Energy Control Board (AECB) prior to the issuance of a
construction approval (procedures relating to part 3) or an operdting licence (procedures relating to parts 4 and 5)

3. DESIGN REQUIREMENTS

3.1 Containment Envelope

There shall be a clearly defined continuous containment envelope wh:ch is capable.of limiting to an acceptably
low value the release of radicactive material from the station for all postulated failures of a fuel cooling sysiem as
specified in Table 1. The boundary of this containment envelope shall be defined for all conditions which could
exist in the operation or maintenance of the reactor, or following an accident.

3.2 Design Information
3.2.1 The Safety Report shall clearly state the values of, and bases for, the following containment systemn design
parameters:

(a) positive design pressure(s);

(b) negative design pressure(s) where applicable, and

(c) the maximum allowable leakage rate at the positive design pressure,
3.2.2 Minimum allowable petformance standards shall be defined for the containment system and shall be listed or
referenced in the Safety Report and in the Opesating Policies and Principles for the plant. The minimum allowable
performance standards shail also be specified for sll major equipment and subsystems necessary for correct
operaticn of ths containment system. -

3.2.3 A report shall be submitied which clearly identifies the containment envelope as described in section 3.1.

3.3 Dose Limits under Accident Conditions

The containment system shall be capable of limiting the release of radicactive materia! such that the reference
dose limits are not exceeded.*

34  Structural Integrity

3.4.1 The positive design pressure of each part of the containment envelope shall be not less than the highest
pressure which could be generated in that part as a result of any postulated events specified in Tables 1 and 2 for
which radioactive material may be released into the containment envelope.

3.4.2 The negative design pressure of each part of the containment eavelope shall not be greater than the lowest
pressure which could be generated in that part as a result of any postulated evént as specified in Tables 1, 2, 3 and 4.
3.4.3 It shall be shown that, for all events specified in Tables 1, 2, 3 and 4, the structural integrity of containment
will not be impaired to 2 degree that consequential damage to reactor systems could result.

3.4.4 It shall be shown that, for all events specified in Tables 1, 2 and 3, no damage to the containment structure
will occur,

3.5 Leakage Criteria

3.5.1 The meximum alfowable leakage rate from the containment envelope shall be the value used in the safety
analyses which demonstrate that the reference dose limits are not exceeded.

352 A st acceptance leakage rate shall be established, giving the maximum acceptable leakage rate under actual
measurement tests. The margin between the maximum allowable leakage rate defined in subsection 3.5.1 and the
test acceplance leakage rate shall require approval by the AECB prior to the first leakage rate tests.

* This regulatory document docs not define comprehensive requirements for safety analysis and reference dose
limits. The reference dose limits referred 10 in section 3.3 are those contained in the reference, or any subsequent
AECB regulatory document, or as otherwise agreed in writing between the licensee and the AECB.



3.6 Environmental Requirements

3.6.1 All parts of the containment system which may be required (o operate, or W conlinue operating, in responsc to
any event specified in Tables 1, 2, 3 and 4 shall be designed 10 meet all necessary performance requirements while
subjected w0 the most severe environmental conditions which could be present when ‘or before such operation is
required. These conditions may include, but are not necessarily lumu:d 10, the effects of debris, steam, water, high
temperature, radiation, and pressure differentials,

Qualification is required for all containment equipment which may be required to operate, or 10 continue
operating, following exposure to any of the above conditions. Qualification shall consist of tests (o demonstrate o
the exient practicabie that the type of equipment can operate under conditions similar to those which would exist
during or following the eveats listed in Tables 1, 2, 3 and 4. Where such tests are unpracucablc analysis is required
to demonstrate that this requirement is met.

3.6.2 The contzinment system shall be designed such that, for all events specified in Tables §,2, 3 and 4, dynamic
effects or jet forces caused by the event cannot result in impairment of the containment system to an exient that the
relevant requirements in subsections 3.3, 3.4 and 3.5 would not be met.

3.7 Availability Requirements

3.7.1 The containment system shall be designed such that the fraction of time for which it is not available can be
demonstrated to be less than 10? years per year. The system shall be considered available only if it can be demonstrated
1 meet all the minimum allowable performance standards as defined in accordance with subsection 3.2.2.

The availability of safety support equipment necessary for comect operation of the containment system shall be
cotnmensurate with the availability requirements of the containment system.

Availability calculations 0 demonstrate -that this requirement can be met shall be included or referenced in the
Safety Report. Such calculations shall be based on direct experience or reasonable extrapolations therefrom.

3.7.2 The design of the containment system and safety support equipment shall take into account the long-term
1eliability requirements of those components which must continue to function following an accident. Standards for
the long-term reliability of such components shall be prepared and shall require approval by the AECB prior to the
issuance of a construction approval.

3.7.3 The design shall have sufficient redundancy such that no failure of any single component of the containment

gystem can result in impairment of the system 10 an extent that it will not meet its minimum allowable performance
standards under accident conditions.

This requirement does not apply 10 components which are not required 1o change state and which do not depend
on safety support equipment in order to perform their design functious, provided that they are designed,
manufactured, inspzcied and maimained o standards acceptable w the AECB.

3.7.4 Cormect operation of the containment sysicm following an accident shall not be dependent on power supplies
from the electrical grid or from the ngbine generators associgied with any reactor unit within that containment system.

3.7.5 As far as practicable, all containment equipment shall be designed such that its most probable failure modes
will ot result in a reduction in safety.

3.7.6 As far as practicable, the design shall be such that 2ll maintenance and unavailability testing which may be
required when the containment is required to be available can be carried out:

{a) without impairment of the containment envelope, and

(b) without a reduction in the effectiveness of the containment system befow its minimum allowable
performance standards.

3.7.7 As far as practicable, the design shall be such that a failed component can be put into a safc state, or such that
the failure can be converted to & safe failure in some other manner.

3.78 The design shall be such thas all necessary actions of containment equipment which are initiated by sutomatic
control Jogic in response 1o an accident can also be initiated manually from the appropriate control room.

3.8 Separation and Independence Requirements

38.1 As far as practicable, the containment system shall be physically and operationally independent from other special
safety systems. No equipment which is part of the containment system shall be used a5 part of another special safety system.




38.2 Asfar as practicable, the containment sysicm shall be independent from all process systems. This requirement
docs not apply 10 equipment discussed in subparagraphs 2.2(a)(iii) and (iv) provided that such equipment s
normally opcradng when the reactor is operating.

3.8.3 Design principles for separation of redundant instrument channels and the services 1o them, associated with
the containment system, shall be prepared and shall require approval by the AECB prior to the issuance of a
construction approval.

3.8.4 If subsystems of containment are considered to be mdcpendem for the purpose of the safety analyses,
pnnc:plu for separation and mdependencc of such subsystems shall be prcpamd and shall require approval by the
AECB prior 1o the issuance of a construction approval.
3.9 Requirements for Penetrations of the Containment Structure

Piping systems which penetrate the containment structure shall be designed to meet the requirements specified in
the Appendix,
3.16 Contaiament Atmosphere Control

3.10.1 Systems shall be incorporated into the containment design to assist in the control of the intemal pressure and
to control the release of radicactive material to the environment following an accident

3.10.2 Provision shall be made for controlling the concentration of hydrogen and/or oxygen following an accident
to prevent explosion or deflagration, unless it is demonstrated that there is no possibility of such an explosion or
deflagration as a result of any event specified in Table 1.

3.103 The design of the plant shall be such that, following an accident, it is possible 10 isolate all engineered
sources cf compressed air and other non-condensable gases leading into the containment atmosphere, other than
those required for the operation of necessary equipment.

3.11 Shielding Requirements

3.11.1 The design of the containment system and associated equipment shall inccrporats sufficient provision for
shielding to ensure that radiation fields would not be excessive in areas of the plant (o which access might be
required following an accident.

3.11.2 A report demonstrating the adequacy of the shielding provisions® shall be prepared and shall specify:
(a) the postulated accident which results in the largest relzase of radioactive material inside the containment

envelope;

(b) all greas io which access might be required following such an acc:dem. with the freqeency and duration of
necessary access, and

(c) the maximum radiation ficlds expected in such areas when access might be required.
3.12 Status Mouitoring Requirements

3.12.1 The design shall be such that ine status of all important equlpmem can be monitored or inferred from the
appropriate control room.

3.12.2 The design shall be such that any gross breach of the containment eavelope can be readily and reliably
detected.

3.13 Codes and Standards

3.13.1 The application for 2 construction approval shall identify any aspects of the design which fail to comply
with the applicable requirements of the following codes and standards;
{a) CSA N287: Series on Concrete Containment Structures for CANDU Nuclear Power Planis, and

{b) CAN3-N285.0: General Requirements for Pressure-Retaining Systems and Components in CANDU
Nuclear Power Plants.

All exceptions to the requirements of these standards shall require approval by the AECB prior to their
implementation.

* Equipment required only for shielding purposes need not be considered as part of the containment system.
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3.13.2 A list of additional codes and standards to be applied 1o the containment system and the extent of their
application shall be prepared and shall require approval by the AECB prior 1o the issuance of a construction approval.

3.14 Seismic Reguirements

All pants of the containment system credited in the safety analysis following a design basis seismic ground
motion for that plant site shall be designed to remain fully functional following such ar event

4. OPERATING REQUIREMENTS
4.1 Requirements for Normal Opcrahon

4.1.1 The containment system shall not be mwnuonally made unavailable, unless all or the following conditions
are met:

(2} all reactors within the containment envelope are in a guaranteed shutdown state approved by the AECB,

(b) all reactor cooling systems are sufficiently cooled and depressurized in accordance with procedures
approved by the AECB, and

(¢) all imradiated fuel within the containment envelope is adequately cooled and has an alternate cooling
supply available,

Procedures for intentionally making the containment system unava:]ablc shall be prepared and shall require the
approval of the AECB prior 1o the issuance of an operating licence.

The containment system shall be considered to be available only when it meets all the minimum allowable
performance standards as defined in accordance with subsection 3.2.2.

4.1.2 Procedures for taking corrective action, in the event that the containment system is found o be impaired when
the conditions mentioned in subsestion 4.1.1 are nct met, shall be prepared and shall require approval by the AECB
prior to the issuance of an cperating licence.

4.1.3* If any t.omponcm of the containment system is found to be inoperable or 1mpa1red below its minimum
allowable performance standards, the component and its associated equipment shall, as far as practicable,
immediately be put in a safe condition, except as approved in accordance with subsection 4.1.2.

4.1.4* As far as practicable, maintenance on a containment system component shall be carried out only when that
componenl and its associated equipment have been pui in a state which does not reduce the availability of the
containment System.

4.1.5* If redundant components require mainienance, each component shall be thoroughly tested folldwing its
maintenance prior to the start of work on a subseguent component,

4.1.6 When maintenance on a component is completed, it shall be tested to the extent practicable to demonstrate

that it and its associated equipment function in accordance with design requirements.

4.1.7 The standard of maintenance shall be such that the reliability and effectiveness of all eq.upmem. as claimed in
the Safety Report and other documentation in support of an operating licence, are assured. :

42 Requirements for Accident Conditions

If operator action is required for actuation of any containment equipment, all of the following requirements
must be met:

(a) there shall be instrumentation to give the operator clear and unambiguous indication of the necessity for
operator action;

(b) the reliability of such instrumentation shall be commensurate with the requirements for availability of the
containment system as specified in section 3.7. If indication of only a single parametes is required, the
instrymentation shall be part of the containment system;

{c) there shall be 15 minutes available following such clear and unambiguous indication before the operator
action is required, and

(d)dmﬂxaﬂbeclw,weﬂ-dcfmdmdmdﬂyamhbkapmnngprmedumbﬂmufythemaryawons.

* Requirements 4.1.3, 4,1.4 and 4.1.5 do not apply during periods when the containment system has been made
unavailable in accordance with procedures approved pursuant 1o subsection 4,1.1,

()
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5. TESTING REQUIREMENTS
$.1 Commissioning Tests

5.1.1 Pressure Proof Tests

Prior 1o first criticality of any reactor, positive pressure proof tests shall be done to demonstrate the structural
integrity of all parts of the containment envelope and the containment system. If the design specifications include a
negative design pressure, a negative pressure proof test shall also be done.

Positive pressure proof tests shall be done at a pressure not less than 1.15 times the positive design pressure for
each part of the continment envelope. - :

Negative pressure proof tests shall be done at 2 pressure not greater than-the ncgau'vc design pressure.

If any of the above tests are impracticable, testing of representative equipment in a laboratory may be accepted,
if approved by the AECB.

512 Leakage Rate Tests

Prior to first criticality of any reactor, the leakage rate of its containment envelope shall be measured 10
demonstrate that it is not greater than the test acceptance leakage rate. Measurements shall be made at a range of
pressures up to and including the positive design pressure for each part of the containment envelope. The test shall
be conducted with containment components in a state sufficiently representative of those which would exist
following an accident to demonstrate that the appropriate leakage rate would not be exceeded under such
conditions.

Testing of individual penetrations, isolating devices and airlocks shail be done for those penetrations for which it
is necessary to obtain baseline leakage measureinents against which the future in-service icakage tests specified in
subsection 5.2.4 may be compared.

5.1.3 Tests of Containment Equipment

Prior to first criticality of any reactor, tests of the containment system equipment shall be performed 10 verify
that ali design requirerments have been achieved. Exceptions 1o this requirement will be allowed only if it is shown
to the satisfaction of the AECB that some operational characteristics are impracticabie o demonstrate under non-
accident conditions or that such tests would have a detrimental effect on safety.

5.1.4 Wiring Tests

Prior to first criticality of any reactor, tests shall be carried out on all electrical wiring associated with the
containment system to demonstrate that all connections are in accordance with the design.

5.2 In-Service Tests and Inspections
5.2.1 Pressure Proof Tests

Pressure proof tests, as specified in subsecuon 5.1.1, shail be repeated followmg any major modification of the
containment envelope or after the containment system has been subjecied to elevated pressure differentials as a
result of an accident or after the containment system has been subjected to any severe environmental effects.

5.2.2 Leakage Tests
In-service leakage rate tests shall be carried out in accordance with one of the following altemative methods:

(2) a leakage rate test shall be carried out at full design pressure at least once every thres years to demonsuate
that the measured leakage rate is not greater than the maximum allowable leakage rate. If the measured
leakage rate is in excess of the test acceptance leakags rate, tl-ncfmqucncyormchtcstsshallbemcreascdto
once every two years, of

(b) a lcakage rate test shall be carvied out at a frequency of not less than once per two years o
demonstrate that the leakage rate is not greater than the maximum allowable leakage rate. Such tests may
be carried out at reduced or negative pressures. However, if the test results, when extrapolated 1o full
design pressure, indicate leakage in excess of the test acceptance leakage rate, a leakage rate test at the
full positive design pressure shall be carried out to demonstrate that the maximum allowable leakage rate
is not exceeded. A leakage test at full design pressure shall be carried out a minimum of once per six
years in any case.
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In addition to the above routincly scheduled leakage rate tests, a lcakage rate test at the full design pressure shall
be performed in conjunction with any pressure proof 1est required under subsection 5.2.3.

5.2.3 Containment Equipment

To the maximum extent practicable (sec subsection 5.1.3), tests to demonstrate that containment equipment
meets its minimum allowable performance standards shall be carried out at a frequency of not less than cace per six
years.

5.2.4 Tests of Penetrations and Isolating Devices

An in-service test program for penetrations, airlocks and isolating devices shall be pmpared The program shall
detail for each type of penctration, isolating device and airlock to be tested, the nature of the test, test frequency, and

leakage acceplance criteria. This program shall require the approval of the AECB prior to the issuance of an
operating licence.

52.5 Visual Inspections

Extemnal visual inspections of the containment envelope, including appurienances and penetrations shall be
carried out in conjunction with each of the tests required by subsections 5.2.1, 5.2.2 and 5.24.

The interjor of this envelope shall be visually inspected at a frequency and o 2n extent approved by the AECB
prior to the issuance of an operating licence.

5.2.6 Reporting Requirements

The resulis of all in-service tests and inspections of the containment system shall be reported in the annual
reports for the station,

53 Availability Tests

5.3.1 All containment equipment shall be moenitored or tested at a frequency which is adequate 10 demonstrate
compliance with the availability requirements specifisd in subsection 3.7.1.
5.3.2 A repon on the availability of the containment system shall be included in each annual report on the operation
of the station. This report shall include:
(a) a siatement of the total fraction of time in the year during which the containment system was not
demonstrated 10 be available, as defined in subsection 3.7.1. Only periods during which the containment
system is intentionally made unavailable, in accordance with the conditions of section 4.1, shall be excluded
from such calculations,
(b) & comparison of the failure modes and failure frequencies observed in overation of the station with the
failure modes and failure frequencies used in the availability calculations prepared in accordance with
subsection 3.7.1, and
(c) availability calculations sufficient 10 demonstrate that the availability requirement of subscction 3.7.1 can
continue to be satisfied based on observed fatlure modes and failure frequencies.

REFERENCE
D.G. Hurst and F.C. Boyd, “Reactor Licensing and Safety Requirements™, AECB-1059, June 1972.
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TABLES *

TABLE 1
. Failure of any pipe or header in any fuel cooling system
. Failure of a pressure be and the associated calandria tube
Failure of an end fitting
. Fuel channel flow blockage
. Failure of a fuelling machine to replace 2 closure plug
. Inadvertent opcning of pressure relief or control valves on the primary heat transpont sjrst.cm or associated syslems
. Failure of steam generator tubes
. Anyofevents 1107 bccurring coincidentally with impairment of the emergency core cooling system
. Inadvertent opening of pressure relief valves connecting to a vacuum building

R R T

TABLE 2 _
Any of events 1 to 7 in Table | accompanied by complete failure of dousing.

TABLE 3

Failure of any pipe in the steam generator feedwater or steam sysicms.

TABLE 4
Failure of any pipe in the steam generator feedwater or steam systems accompznied by complete failure of dousing.

* In these tables, “failure™ means both 1otal failure and partial failure,
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APPENDIX

REQUIREMENTS FOR METAL EXTENSIONS
OF THE CONTAINMENT ENVELOPE

1. CODE REQUIREMENTS

Systems or portions of systems which form part of the containment envelope shall be construcied 1o the
requirements of the ASME Boiler and Pressure Vessel Code, Section Ui, Division 1, Subsecuon NC (Class 2
componcms) or Subsection NE (Class MC components) except for:

{a) those systems whose process requirements are Class I or 2 in accordance with CAN3-N285.0;

(b} those closed systems inside the containment structure which have a design pressure greater than 0.5 MPa(g)
and are continuously operated at or above the positive design pressure of the containment at all points in the
system, and which can be monitored for leaks. Such sysiems may be constructed to the process systems
requirements, but they shaii be constructed 1 not less than the non-nuclear requirements of CSA B51.

Closed systems inside the containment structure which do not meet the requirements in paragraphs (2) and (b)

may be built to the requirements of Class 3 if it can be shown (o the satisfaction of the AECB that, due (0 smaliness
of size or other factors, the proposed design provides an adequate barrier,

2. ISOLATION

Piping systems shall be provided with isolation devices having redundancy, reliability, and performance
capabilities which reflect the importance 1o safety of isolating the varidus types of piping systems penetrating
containment. Where isolation in a piping system is provided by vaives, provisions shall be made W test the valve
operability periodically, to check that the valve leakage is within acceptable fimits and w allow maintenance of the
valve without causing a breach of the containment envelope. I order for a inanual isolation valve to be considered
closed, it shall be cither Jocked closed or continuocusly monitored to show that the valve is in the closed position.

The various types of piping systems penetrating containment shall be provided with the following isolaticn
pnless it can be shown that, for a specific type of lint, oiher isolation provisions would be acceptable.

2.1 Primary Heat Transport Auxiliary Systetns Penetratiug Coutainment

Each line that is connected 0 the primary heat transpont system pressure boundary and that penetrates the
containment structe shall be provided with two isolation valves in series. The valves shall normally be arranged
with one inside and one outside the containment structure. If it can be shown that two valves inside the containment
structure or two valves outside the containment structure can provide an equivalent barrier in certain applications,
then this may also be an acceptable arrangement.

A check valve may be used as one of the isolation bamers but it shall be located inside the containment structure.
Two check valves in series are not considered an acceptable barrier.

Where the valves provide isolation of the heat manspon sysiem dusing normal operation cf the station, then both
valves shall normally be in the closed position.

Systems directly connected to the heat transport system and which may be open during normal operation of the
station shall also be provided with the same isolation as the nomally closed system except that manual isolating
valves inside the containment structure shall not be used. At least one of the two isolation valves shalt be either an
automatic isolation valve (for instance, a check valve) or a powered isolation valve operable from the control room.

For small lines of 25 mm in nominal diametzr or less, a single closed isolation valve inside containment may be
used provided the line is connected to a closed system outside containment.

The line up to and including the second isolation valve, or the first valve in the case of small lines 25 mm in
nominal diarmeter or less shall be constructed to the requirements of Class 1 in accordance with CAN3-N285.0.

22 Systems Connected to Containment Atmosphere

Each line that connects direclly 1o the containment ammosphere, that penctrales the containment structure, and
that is not part of a closed system, shall be provided with two isolation bamriers as follows:
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(a) two automatic isolation valves in scries for those lines which may be open to the containment atmosphere;
(b} two closed isolation valves in series for those lines that are normally closed to the containment
atmosphere; ) : ’ ‘
{c) one closed isolat’ on valve for lines of 50 tam in nominal diameter or less, which are normally closed to the
containment atmosphere and connected 1 an casily defined closed system outside containment.
The line up 1o and including the second valve, or the first valve in the case of paragraph (¢}, shall be part of the
containment envelope and shall be constructed 1o the requirements of ASME Code, (Section T11, Class 2).
2.3 Closed Systems i

Closed systems inside or outside the containment structure which form part of the containment envelope and
which meet the requirements of Class 2 and can be continuously monitored for leaks need no further isolation. All
other closed systems shall be provided with a single isolation valve on each line penetrating containment. The
valves shall be located outside containment as close as practicable to the containment structure. Valves required for
process purposes may be used as the isolation valves for these cliosed loops.

2.4 Small Lines .

For ductile piping of small bore, crimping of the pipe is a possible means of providing an isolation barrier instead
of a valve, For this 10 be acceplable, the delails of its application shall be submitted for approval in each case of its
proposed use. In particular, the method of crimping, the location of the part to be crimped and the method of
identifying the failed line shall be shown to be satisfactory. In the case of primary heat ransport system instrument
lines, the following exfra conditions are required:

(2) space must be available for crimping the tubes where they penetrate through the containment structure.,

(b) the quality of the lines is to be as good as the rest of the primary heat transport system,

() the relevant release limits must be shown not 1o be exceeded during the period in which the reactor is shut
down consequent 1o the failure, and the crimping is executed, and

{d) any outflow from the breaks can be fillered before release 10 the atmosphere 10 control the escape of
fission products.

ate
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This document is part of a set of regulatory documents
relating w0 the safety requirements for CANDU nuclear power plants:

R-7, Requirements for Containment Systems for CANDU Nuclear Power Planis
R-8, Requiremess for Shutdown Sysiems for CANDU Nuclear Power Plants
R-9, Requirements for Emergency Core Cooling Systems for CANDU Nuclear Power Plants

These documents apply to reactors licensed for construction after January 1, 1981,

This regulatory document is the second document issued by the AECB on the subject of shutdown system
requirements. It does nox conflict with the previous one, AECB Regulatory Document R-10,
The Use of Two Shutdowns Systems in Reactors, which was issued in January 1977,



REQUIREMENTS FOR SHUTDOWN SYSTEMS
FOR CANDU NUCLEAR POWER PLANTS

1. DEFINITIONS*

“minimum allowable performance standards”™ means the set of operanng limits or the range of conditions
established for components or subsystems whick define the minimum acoeptable states for those components or
subsystems as credited in the safety analyses; (normes de rendement minimal admissible) .

" “primary heat transpart system™ means that system of components which permit the transfer of heat from the fuel in
the reactor to the steam generators or other heat exchangers employing secondary cooling. For purposes of this
document, it does not necessarily include auxiliary purification and pressure control subsystems; (circuit
caloportexr primaire)

“special safety system”™ means one of the following systems: shutdown systems, containment system, emergency
core cooling system; {systéme spécial de sireté)

“fuel failure™ means any rupture of the fuel sheath such that fission products may be released. (défaillance de
combustible)

2. BASIC REQUIREMENTS

2.1 All CANDU nuclear power reactors shall be equipped with two independent and diverse shutdown systems,**

each of which must conform to the requirements of this document.

2.2 Exch shutdown system shall be a special safety system,

2.3 Procedures to ensure compliance with the requirements of this regulatory policy statement shall be prepared by

the licensee and shall require the approval of the Atomic Energy Control Board {AECB) prior to the issuance of 2

construction approval (peocedures relating to part 3) or an operating licence (procedures relating to parts 4 and 5).

3. DESIGN REQUIREMENTS

3.1 Minimum Allowable Performance Standards

Minimum sllowable perfomancs standards shall be defined for each shutdown system and shail be listed or refer-
enced in the Safety Report and in the Operating Policies and Principles for the plant. The minimum allowable perform-
ance standards shall also be specified for al! major equipment necessary for correct operation of cach shutdown sysiem.
3.2 Performance Requirements***

designed such that, acting alone, it can ensure that:
{a) the reactor is rendered sub<yitical and is maintained subxritical;
(b) the reference dose limits are not exceeded,**** and

3zt FamumﬂmeMlMlmmngmﬁmdomm end:shmdowsymﬂmllbe

* These definitions &0 not constitute # complete list of terms used in this document, but are included to clarify
the meaning of some terms for the assistance of the reader. A more comprehensive list of definitions of terms
relating o CANDU nuclear power plants is available from the Canadian Standards Association (CSA), Manual of
Definitions for CSA Nuclear Siandards Use by CSA Technical Commitiees, CSA-N9409A-1989.

** For postulated events requiring action by a shutdown system, it is accepted that at least one of the shutdown sys-
mwﬂmhmﬂmﬁhmﬁhmdhwabkw{mmmmﬂa&sdﬁwdmmmmﬁmll.

*** The performance requircmaents of a shutdown system refer only 1o its role in shutting the reactor down. For
those requirements whose attainment also depends on fuel cooling or containment functions, credit for these
functions may be taken in demonstrating that the performance requirements are met.

*#%* This regulatory document does not define comprehensive requirements for safety analysis and reference
dose limits. The reference dose limits referred to in paragraph 3.2.1(b) arc those contained in the reference or any
subsequent AECB regulatory document, oc as otherwise agreed in writing between the licensee and the AECB.
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(c) a loss of primary heat transport system integrity shall not result from any fuel failure mechanism.*

3.2.2 For relevant evenis listed in Table 1, cach shutdown system shali ensure that fuel in the reactor with no
defects prior (o the event does not fail as a consequence of the event.*

33 Eaviroomental Requirements

33.1 Al pans of cach shutdown system which may be required to Opcratcm response 1o any event specified in
Tables 1 and 2 shall be designed 1o meet all nocessary performance requirements while subjected to the most severe
environmental conditions which could be preseat wher of before such operation is required. These conditions may
include, but are not necessarily limited to, the effects of steam, water, high temperature and radiation.

Qualification is required for all shutdown system equipment which may be required w operate following
exposure Lo any of the above conditions. Qualification shall consist of tests 10 demonstrate to the extent practicable
that the type of equipment can operate under conditions similar to those which would exist during or following the
events specified in Tables 1 and 2. Where such tests are impracticable, analysis is required to demonstrate that this
requirement is met.

332 Each shutdown system shall be designed such that, for ali events in Tables 1 and 2, dynamic effects or jet
forces caused by the events cannot result in impairment of the shutdown system to an extent that relevant
requirements in section 3.2 would not be met.

3.4 Availability Requirements

341 Eachﬁutdownsymslnﬂbeddgmdmhthatthcﬁacﬁmofﬁmeforwhidxitisnotavailablccanbe
demonstrated to be less that 10? years per year, A system shall be considered available only if it can be
Wmmﬂ&mmmmmbkwﬂmmmudﬁwdmmmmmm31
The unavailability of a system shall be determined by combining the maximum unavailability of any of the
parameiers required in accordance with section 3.6 with the unavailability of the rest of the shutdown system.

The availability of any safety support equipment necessary for actuation of a shutdown sysiem shall be
commensurate with the availability requirements of the shutdown system. .

Availability calculations to demonstrate that this requirement czn be met shall be included or referenced in the
Safety Report, Such calculations shall be based on direci experience or reasonable extrapolaticns therefrom.

3.42 The design shalt have sufficient redundancy such that no failure of any single component of a shutdown
system can result in impairment of that system 10 an extent that the system will not meet its minimom allowable
performance standards under accident conditions.

This requirement does not apply to components which are not required to chanpe state and which do not depend
on safety support equipment in ordsr to perforim their design functions, provided that they are designed.
manufactured, inspected and maintained to standards acceptabie to the AECB. _

343 Actuation of a shutdown sysiem shall not be dependent on any ¢lectrical power supply unless the electrical
supply is designed to be continuously available daring normal operation and anticipated operational transients.
3.4.4 As far as practicable, all shutdown system equipment shall be designed such that its most probabie failure
mades will not result in a reduction in safety.

34.5 As far as practicable, the design shall be such that all maintenance and availability testing which may be
required when the shutdown systems are required to be available can be camried out without a reduction in the
effectiveness of each shutdown system beiow its minimum allowable performance standards.

3.4.6 As far as practicable, the design shall be such that a failed component can be put into a safe state, or such that
the failure can be converted to a safe failure in some other manner.

347 Thedwgndlaﬂbeanhthmmhdmﬂowsymmbcmamdmmnyﬁomwcmmmmlmk

shall also be possible to manvally initiate shutdown system action for each shutdown system from a location remote
from the main control room.

* For those events where the initiating failure is in 2 single fuel channel or its appurtenances, requirements
32.1{c) and 3.2.2 do not apply to that channel or the fucl therein,
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3.4.8 The design shall be such that it is not readily possible for an operator o prevent actuation of a shutdown
system when such actuation is required.

3.5 Separation and Independence Requirements

3.5.1 As far as pructicable, the shutdown systems shall be of diverse designs and shall be physically and
operationally independent from ecach other, from process systems and from other special safety systems.

3.5.2 Principles for the prevention of failures in more than one shutdown sysiem as a result of the use of common
equipment, procedures, or personnel, in design, construction, commissioning or opetation, shallbeprcparedand
shall require approval by the AECBmortod:e:smamcofaeonstmcuonapmul.

3.5.3 Design principles for the separation of redundant instrument channels and the services to them, associated
with shutdown systems, shall be prepared and shall require approval by the AECB prior 1o the issuance ot‘ a
construction approval.

3.5.4 The cffectiveness of a shutdown system in shutting the reacior down in accordance with section 3.2 shall not
be dependent on the correci functioning of any process system or any other special safety system.

3.5.5 The design shall be such that normal ﬁmcﬁoningquocmsyswmsunnotmdweﬂneffectivmessofa
shutdown system such that the requirements of section 3.2 would not be met.

3.6 Actuation Instrumentation Requirements

36.1 Fcreachevmtspec:fwdm‘l‘ablcsldeforwhnchlcumbyashmdownsyswmnsmqmmd there shall be at
least two diverse parameters on each shutdown system, each designed to detect the need for and automatically
initiate shutdown action such that all requirements for effectiveness are met. Exceptions to this requirement may be
permitted only if it can be shown to the satisfaction of the AECB that incorporation of a second parameter for
protection against an event is :impracticable, or detrimental wo safety. ‘
3.6.2 Manual actuation may be considered acceptable in place of one of the antomafic parameters provided it is
shown 1o the satisfaction of the AECB that all of the following requirements are met.

(a) There is instrumentation designed 1o give the operator clear and unambigucus indication of the need to

actuate the shutdown system.

(b) The reliability of such instrumentation is commensurate with the requirements for avmlab:hty of the

shutdown system as specified in Section 3.4. If indication of only a single parameter is required, the
instrumentation shall be part of the shutdown system,

(c) There shall be 15 minutes available following such clear and unambiguous indication before the operator
_action is required.
{d) There are clear, well-defined and readily available operating procedures to identify the necessary actions.
3.7 Status Monitoring Requirements '

3.7.1 The design of a shutdown system shall be such that the stats of all importarit equipment required for its
actuation can be monitored or inferred from the control room.

3.7.2 As far as practicable, all failures of shutdown system components which may interfere with proper
functioning of the shutdown systems shall be annunciated in the coatrol room.

3.8 Codes aud Standards

3.8.1 The application for a construction approval shall identify any aspects of the design which fail to comply with

the applicable requirements of the following codes and standards:;
(2) CSA-N290.1: Requirements for the Shutdown Systems of CANDU Nuclear Power Plants, and

(b) CAN3-N285.0: General Requirements for Pressure-Retaining Systems and Components in CANDU
Nuclear Power Plants.
All exceptions to the requircments of these standards shall require approval by the AECB prior to their
implementation.
382 A list of any additional codes and standards 1o be applied to the shutdown systems and the extent of their appli-
cation shall be prepared and shall require approval by the AECB prior 1o the issuance of a construction approval.

-




39 Seismic Requirements

Each shutdown system shall be designed such that it can perform the functions defined in section 3.2 during and
following the design basis scismic ground motion for the site. The design shall be such that it is possible 10
manually actuate each shatdown system from a seismically qualified area following a design basis seismic evcat.

4. OPERATING REQUIREMENTS

4.1 Requirements for Normal Operation 7

4.1.1 Procedures for putting the reactor in a guaranteed shutdown state shall be prepared and shall require approval
bylheAECBpnorwthelssuanocofanoperannghomce.Suchpmcadumsshallq)ecxfyatlcantwmdependcm
means of ensuring that the reactor remains subcritical.

412 A shutdown system shall not be intentionally made unavailable at any time when there is fuel in the reactor except
whea the reacior is in an approved guaranteed shutdown state. A shutdown system shall be considered 10 be available
oaly when it meets all its minimum allowabie performance standards as defined in accordance with section 3.1.

4.1.3 When the reactor in is an approved guaraniced shutdown state, not less than coe shutdown system shall be
available at all imes when this is practicable.

4.1.4 Requirements 4.1.2 and 4.1.3 do not apply o the period immediately after a shutdown system has operated. In
the event that a shutdown system operates, it shall be retumed 1o the poised state as soon as practicable without
causing criticality, or the reactor shall be placed in an approved guaranieed shutdown state.

4.1.5 Procedures for taking comrective action, in the event that a shutdown system is found to be impaired when the
reactonsno&magmranwedshmdownsme shall be prepared and shall require approval by the AECB prior to the
issuance of an operating licence.

4.16* lfanycomponemofashu:downsysmmsfomdmbcmopunblc.orunpmedbelwitsmmumalbwable
performance standards, that component and its associated equipment shall immediately be put in a safe condition,
except as otherwise approved in accordance with subsection 4.1.5.

4.L7* As far as practicable, maintenance of 2 shutdown system component shall be caied out only when that compo-
nent and its associated equipment have been put in a state which does not reduce the availability of the shutdown system.
4.1.8* Maintenance of shutdown system components shall be carried cut only on one channel at a time and with the
affected channel placed in a safe state.

4.1.9 When maintenance on a channel is completed, it shali be thoroughly tested 10 demonstrate 1o the extent
practicable that the equipment associated with that channel is capable of functioning in accordance with its design
requirements. This shall be done prior to retming the channel 1o its poised state.

4.1.10 Maintenance on instinentation associated with the measurement of neatron power shall be carried out as
far as practicable when the reactor is at a power level at which the instrumentation gives sensible indications.
4.1.11 The standard of maintenance shall be such that the reliability and effcctiveness of all equipment, as claimed
in the Safety Report and other documentation in support of an operating licence, are assured: -

42 Requirements for Accident Conditions
Operator action shall not be necessary for any function associated with shutting down the reactor in accident
conditions except as approved in accordance with section 3.6.
5. TESTING REQUIREMENTS
5.1 Commissioning Tests
5.1.1 Performance Tests

Commissioning tests shali be done to demonstrate as far as practicable that all design requirements of each
shutdown system have been achieved. Those tests which are possible when the reactor is subcritical shall be done
prrior to first criticality, and with the reactor in an approved guaraniced shutdown state. Procedures for performing
commissioning tests when the reactor is critical shall be prepared and shall require approval by the AECB prior to
the issuance of an operating licence.

* Requirements 4.1.6, 4.1.7 and 4.1.8 apply only when the shutdown system is required 1o be available as
specified in requirements 4.1.2 and 4.1.3.



5.1.2 Wiring Tests

Prior to first criticality of the reactor, tests shalt be carmried out on all electrical wiring associated with each
shutdown system $0 demonstrate that all connections are in accordance with the design.

5.2 In-Service Tests

Complete operational tests to demonstrate the effectiveness of each shutdown system shal] be carried out at least
0nce every two years,

§3 Availability Tests ‘

53.1 Al shuidown system equipment shall be monitored or tested at a frequency which is adequate 10 demonstrate

compliance with the availability requirement specified in subsection 34.1.

532 A report on the availability of each shutdown system shall be inciuded in each annual report on the operation

of the station. This report shall include:
(a)asta)lcmeniofﬂaemtalﬁxﬁonofﬁmcintheyearduﬁng which a shutdown system was not demonstrated
to be available, as defined in section 3.4.1. Only periods during which a shuidown system is intentionally
made unavailable, in accordance with the conditions of section 4.1, or is bemg repoised subsequent to
actuation, shall be excluded from such calculations,

(b) a comparison of the failure modes and failure frequencies observed in the operation of the station with the
failure modes and failure frcqucncnes used in the availability calculations prepared in accordance with
subsecticn 3.4.1,

{c) availability calculations sufficient to demonstrate that the availability requiremeat of subsection 3.4.1 can
continuc 1o be satisfied based on observed failure modes and failure frequencics.

REFERENCE
D.G. Hurs: and F.C. Boyd, Reactor Licensing and Safety Requirements, AECB-1059, June 1972.
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TABLES *

TABLE 1

Failure of reacior control sysiems.
Failure of normal electric power.
Seizure of a primary heat ransport system main pump.
~ Failure of any feeder pipe in the primary heat lranspon system.
Failure of an end fitting.
Failure of a pressure tube and its associated calandria tube.
Blockage of a fuel channel.
Failure of a fuelling machine to replace a closure plug.

Inadvertent opening of pressure relief or control valves on the primary heat transport system or associated
systems. :

10. Failure of steam generator tubes.
11. Failure of feedwater/steam system,
12. Failure of moderator system.

13. Failure of service water system.

14. Failure of any other equipment in reactor systems which, in the absence of shutdown action, could result in
damage to fuel in the reactor,

halll o B

TABLE 2
Failure of any pipe or header in any fuel cooling system. -

* In these tables, “failure™ means both total failure and partial failure. For cooling systems, “failure” includes:
(a) failure of system piping,
(b) failure of circulation, and
{c) failure of heat removal capability.
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This document is part of a set of regulatory documents
relating 10 the safety requirements for CANDU nuclear power plants:

R-17, Requirements for Containment Systems for CANDU Nuclear Power Plants
R-8, Requirements for Shutdown Systems for CANDU Nuclear Power Plants
R-9, Requirements for Emergency Core Cooling Systems for CANDU Nuclear Power Plants

These documents apply l.o reactors licensed for construction after January 1, 1981,



REQUIREMENTS FOR EMERGENCY CORE COOLING
SYSTEMS FOR CANDU NUCLEAR POWER PLANTS

1. DEFINITIONS®
In this document,

“minimum allowable performance standards™ means the set of operating limits or the range of conditions
established for components or subsystems which. define the minimum acceptable states for. those components or
subsystems as credited in the safety analyses; (normes de rendement minimal admissible)

“primaty heat transpon. system”™ means that system of components which permit the transfer of heat from the fuel in
the reactor to the sieam gencrators or other heat exchangers employing secondary cooling. For purposes of this

document, it dozs not necessarily include auxiliary purification and pressure control subsystems; (circuit
caloporieur primaire)

“special safety system™ means one of the following systems: shutdown systems, containment system, emergency
core cooling system. (sysiéme spécial de siireié)

2. BASIC REQUIREMENTS

2.1 All CANDU nuclear power reactors shall be equipped with an alternate means of cooling the reactor fuel in the
event that the inventory of fuel coolant is depleted 10 an extent that fuel cooling is not assured. In this document,
such a system shall be referred to as the emergency core cooling system** (ECCS).

2.2 (a) Except as noted in paragraphs (b) and (c), all equipment required for correct operation of the ECCS shali
be considered 10 be part of the ECCS and shall meet all requirements of this document.

(b) Equipment required to supply compressed air, electrical power or éooling water to equipment for
operation of the ECCS shall be considered as safety support equipment. Such equipment shall meet all
relevant requirements of this document with the exception of sections 3.5 and 3.10.

{(c) Equipment which is part of normal plant process systems and which is not specifically designed to
mitigate the conscquences of accidents, bui which contributes to the cooling of the fuel following an
accident, shall be considered as process equipment contributing to fuel cooling, Such equipment shali meet

all relevant requirements of this document with the exception of subsections 3.4.1 to 3.4.9 and sections 3.5,
3.6and 3.10.

23 Thedcs:gnreqmmtsoftheECCSshallbcbasedonuwasumpummauhclusteffccuvcofmeshuldown
systems has operated successfully.

24 TheECCSslullbcconmdcwdtobeaspecmlsafety:ym

2.5 Procedures to ensure compliance with the requirements of this rcgul:nory policy statement shall be prepared

by the licensee and shall require the approval of the Atomic Energy Control Board (AECB) prior to the issuance

ot‘aoonsuucuonappmval(pmcedm'esrehungwpan3)ormopaaunghwu(procedmesr=laungwpans4
and 5).

* These definitions do not constitute a complete list of tzrms used in this document, but are included to clarify
the meaning of some terms for the assistance of the reader. A more comprehensive list of definitions of lerms
relating to CANDU nuclear power plants is available from the Canadian Standards Association {(CSA), Manual of
Definitions for CSA Nuclear Standards Use by CSA Technical Committees, CSA-N9409A-1989.

** Cumrent CANDU reactor designs incorporate various systems for emergency coolant injection supply,
recovery, circulation and heat removal. In this regulatory document, all necessary subsystems and components
performing these functions shall be collectively referred 10 as the emergency core cooling system (ECCS).




3. DESIGN REQUIREMENTS

3.1 Minimum Allowable Performance Standards

Minimum allowable performance standards shall be defined for the ECCS and shall be listed or referenced in the
Salety Report and in the Operating Policies and Principles for the plant. The minimum allowabie performanc.
standards shall also be specified for all major equipment and subsystems necessary for correct operation of the ECCS,
3.1 Cooling Requirements )

For all events specified in Tables 1 and 2, the ECCS shall be capable of maintaining or re-cstabhshmg sufficient

cooling of the fuel and fuel channels so as 1o limit the reiease of radioactive material from the fuel in the reactor and
to maintain fuel channel integrity. For such events, the ECCS shall meet all of the following requirements:

(a) ihe reicase of radioactive material from the fuel in the reactor shall be hmm:d such that the reference dose .

limits are not exceeded;*

(b) for cvents hstcd in Table 1, there shall be no failure of fuel in the reactor due 1o lack of adequate
cooling;**

{¢) all fuel in the reactor and all fuel channels shal) be kept in a coafiguration such that continued removal by
the ECCS of the decay heat produced by the fuel can be maintained ** and

(d) after adequate cooling of the fuel is re-established by the ECCS, the system shall be capable of continuing
to supply sufficient cooling flow for as Jong as it is required w0 prevent further damage to the fuel **

33 Envircnmental Requirements

33.1 All parts of the ECCS which may be required to operate, of to continue operating in respoase 10 any event
specified in Tables 1 and 2 shall be designed to meet all necessary performance requirements while subjected 1o the
most severe environmental coaditions which could be present when or before such operation is required. These

conditions may include, but are not necessarily limited to, the effects of debris, steam, water, high 1emperatre and
radiation.

Qualification is required for all ECCS equipment which may be required to operate, or to continue operating,
following exposure to any of the above conditions. Qualification shall consist of tests to demonstrate w0 the extent
practicable that the type of equipment can operate under conditions similar to those which would exist during or
following the events specified in Tables 1 and 2. Where such tests are impracticable, analysis is required 10
. demonstrate that this requirement is met.

33.2 The ECCS shall be designed such that, for all eveats specified in Tables 1 and 2, dynamic effects or jet forces

caused by the events cannot result in impairment of the ECCS to an extent that relevant requirements in section 3.2
would not be met. A

3.4 Availability Requirements

3.4.1 The ECCS shall be designed such that the fraction of time for which it is not available can be demonstrated 10
be less that 10? years per year. The sysiem shall be considered available only if it can be demonstrated to meet all
the minimum allowsble performance standards as defined in accordance with section 3.1.

The availability of mfety support equipment necessary for correct operation of the ECCS shall be commensurate
with the availability requirements of the ECCS.

Availability calculations w0 deonstrate that this requirement can be met shall be mcluded or referenced in the
Safety Report. Such calculations shall be based on direct experience or reasonable extrapolations therefrom.

* This regulatory document does not define comprehensive requirements for safety analysis and reference dose
limits. The reference dase limits referred to in paragraph (a) are those contained in the reference or in any
subsequent AECB regulatory document, or as otherwise agreed in writing between the licensee and the AECB.

** The cooling requirements specified in paragraphs (b), (c) and (d) apply only to fuel in the reactor. For events
where the initiating failure is in 2 single fuel channel or its appurienances, these requirements do not apply to that
channel or the fuel associated with it.
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3.4.2 The design of the ECCS and safcty support equipment shall take into account the long-term reliability
requirements of those components which must continue to function following an accident Standards for the long-
term reliability of such components shall be prepared and shall require approval by the AECB prior to the issuance
of a construction approval. .

3.4.3 The design shall have sufficient redundancy such that no failure of any single component of the ECCS can
result in impairment of the ECCS 10 an extent that the sysiem will not meet its minimum allowable performance
standards under accident conditions. .

This requirement does not apply 1w componeats which are not required to change state and which do not depend
on safety support equipment in order 1o perform their design functions, provided that’ they are designed,
manufactured, inspected and maintained to standards acceptable 1o the AECB.

3.4.4 Correct operation of ECCS equipment following an accident shall not be dcpcndcnl on power supplies from
the electrical grid or from the turbine gencrators associated with any reactor unit sharing the same containment
system as the reactor involved in the accident, unless it is shown to the satisfaction of the AECB that the availability
of such power supplies c0uld not be impaired by the consequences of any accident for which the ECCS is required
to operate.

3.4.5 As far as practicable, all ECCS equipment shall be designed such that its most probable failure modes will not
result in a reduction in safety.

3.4.6 As far as practicable, the design shall be such that all maintenance and availability testing which may be
performed when the ECCS is required 10 be available, can be carried out without a reduction in the effectiveness of
the system below its minimum allowable performance standards.

3.4.7 As far as practicable, the design shall be such thal a failed component can be put into a safe state, or such that
the failure can be converied 10 a safe failure in some other manner. E

3.48 The design shall be such that all necessary actions of ECCS equipment which are initiated by automatic
control logic in response 10 an accident can also be initiated manually from the appropriate control room.

3.4.9 The design shail be such that, in the event of an accndcnt.lnsnotmdxly possible foranoperazortcprcvem
injection of emergency coolant from taking place when such injection is required.

3.4.10 Reliability standards for process equipment contributing to fuel cooling, as defined in paragraph 2.2(c), shall
be prepared and shali require approval by the AECB prior to the issuance of a construction approval.

35 Separation and Independence Requirements

35.1 As far as practicable, the ECCS shall be physically and operationally independent from other special safety
systems., No equipment which is part of the ECCS shall be used as part of anoiher special safety system.

3.5.2 As far as practicable, the ECCS shall be independent from all process sysiems.

3.5.3 Design principles for the separation of redundant instrument channels and the services to them, associated with
the ECCS, shall be prepared and shall require approval by the AECB prior 10 the issuance of a construction approval.

35.4 If subsystems of the ECCS are considered 10 be independent for the purposc of the safety snalyses, principles
for separation and independence of such subsystems shall be prepared and :lnllmqunc:ppm\nlbyﬂnAECB prior
1o the issnance of a construction approval.

3.6 Leakage Control Requirements

ECCS components located exterior 1o the reactor containment structure, and which may contain radioactive
material following a loss of coolant accident (LOCA), shall be located such that any Jeakage (liquid, vapour or gas)
which may occur is confined to the immediate vicinity of the components or is direcied in a controlled fashion to
appropriate leakage collection facilitics. This mqmunem does not epply 1 fully welded piping and components.

3.7 Inadvertent Operation

TheEOCSslnllbedwgnedsfanspmmblemchnn:madvcrwn(opaaumofallorpanofmcsymshall
not have a detrimental effect on plant safety.



3.8 Shielding Requirements

There shall be provision for adequate shielding of any ECCS equipment which could contain radioactive
material following an accident, to permil personnel access to plant equipment for which such access might be
required,

3.9 Status Moritoring Requirements

3.9.1 The design of the ECCS shall be such that the status of all important equipment required for operation of the
ECCS can be monitored or inferred from the control room.

39.2 As far as praciicable, all failures of ECCS components which may interfere with proper funcuomng of the
ECCS shall be annunciated in the control room.

3.10 Codes.and Standards

3.10.1 The application for a construction approval shall identify any aspects of the design which fail 1o comply
with the applicable requirements of CAN3-N285.0-M81, General Requirements for Pressure-Reiaining Systems
and Components in CANDU Nuclear Power Plants. All exceptions to the requirements of this standard shall require
approval by the AECB prior to their implementation.

3.10.2 The minimum acceptable standards for pressure-retaining components of the ECCS shall be CAN3-N285.0
Class 3.

3.10.3 The rules of the CAN3-N285.0 Class 2 shall be applied, as a minimum, 10 those poriions of the ECCS
which may be outside containment and which could contain appreciable quantities of radicactive materials as a
result of 2n accident.

3.10.4 A list of any additional codes and standards to be applied to the ECCS, and the extent of their application,
shall be prepared and shall require approval by the AECB prior to the issuance of a construction approval.

3.11 Seismic Requirements

All equipment required for continued fuel cooling after such cooling has been re-established shall be designed to
remain functional following the site design earthquake for the plant site,

4. OPERATING REQUIREMENTS
4.1 Requirements for Normal Operation

4.1.1 The ECCS shall not be intentionally made unavailable at any time when its operation could potentially be
required except in accordance with procedures which shall be prepared and which shall require approval by the
AECB prior W the issuance of an operating licence. The ECCS shail be considered 10 be available only when it
metts all the minimum allowable performance standards as defined in accordance with section 3.1.

4.1.2 Procedures for taking corrective action, in the event that the ECCS is found to be impaired during periods
when availability is required, shall be prepared and shall require approval by the AECB prior to the issuance of an
operating licence.

4.1.3* If any component of the ECCS is found to be inoperable, or impaired below its minimum allowable
performance standards, the component and its associated equipment shall, as far as practicable, immediately be put
in a safz condition, except as approved in accordance with subsection 4.1.2,

4.1.4* As far as practicable, maintenance on an ECCS component shall be carried out only when that component
and its associated equipment have been put in a state which does not reduce the availability of the ECCS.

4.1.5* If redundant components require maintenance, each component shall be thoroughly tested following its
maintenance, prior to the start of work or a subsequent component.

* Requirements 4.1.3, 4.1.4 and 4.1.5 do not apply during periods when the ECCS has been made unavailable in
accordance with procedures approved pursuant 1o subsection 4.1.1.
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4.1.6 When maintenance on a component is completed, it shall be tested to the extent practicable o demonstrate
that it and its associated equipment funclion in accordance with design requirements.

4.1.7 The standard of mainterance shall be such that the reliability and cffectiveness of all equipment, as claimed
in the Safety Report and other documentation in support of an operating licence, are assured.

4.2 Requirements for Accident Conditions
If operator action is required for actuzation of any ECCS equipment, all of- the following requirements must be met:

(a) there shall be instrumentation ta give thc operatx clear andunambigoous indication of the necessity for
operator action;

(b) the reliability of such instmmenlatiOn shall bc commensurate with the requirements for availability of
emergency core cooling, as specified in section 3.4. If indication of only a single parameter is required, the
instrumentation shall be pant of the emergency core cooling sysiem;

{c) there shall be 15 minutes available following such clear and unambiguous indication before the operator
action is required, and

{d} there shall be clear, well-defined and readily available operating procedures 10 identify the necessary
actions.

5. TESTING REQUIREMENTS

%£.1 Commissioning Tests
5.1.1 Performance Tests

Prior to first criticality of any reactor, tests of the ECCS equipment shall be pesformed w vmfy that all design.

requirements have been achieved. Exceptions to this requirement will be allowed only if it is shown 10 the
satisfaction of the AECB that some operational characteristics are impracticable to demonstrate under non-accident
conditions, or that such tests would have a dewrimental effect on safety.

5.1.2 Wiring Tests

Prior 1o first criticality of the reacior, tests shall be carried out on all electrical wiring associated with the ECCS
to demonstrate that all connections are in accordance with the design.

5.2 Availability Tests

5.2.1 All ECCS equipment shall be monitored or tested at a frequency which is adequate to demonstrate
compliance with the availability requirements specified in subsection 3.4.1.

522 A report on the availability of the ECCS ﬂlallbcuwludedmmhamualreponmﬂwopuauon of the
station, This report shall include:

(a)aﬂawnenlofﬂnewulﬁ'acmnofumemlheymdmngwh;chﬂwEOCSwasnotdemonmwdwbe

available, as defined in subsection 3.4.1. Ounly periods during which the ECCS is intentionally made
unavailable, in accordance with the conditions of section 4.1 shall be excluded from such calculations;

(b) a comparison of the failure modes and failure frequencies observed in the operation of the station with the

failure modes and failure frequencies used in the availability calculations prepared in accordance with sub-
section 3.4.1, and

(c) availability calculations sufficient to demonstrate that the availability requirement of subsection 3.4.1 can
continue to be saiisfied, based on observed failure modes and failure frequencics.

REFERENCE
D.G. Hurst and F.C. Boyd, “Reactor Licensing and Safety Requirements™, AECB-1059, June 1972,
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TABLES *

TABLE 1
Failure of any feeder pipe in the primary heat transport system
Failure of an end fiuing '
Failure of a pressure tube and its associated calandria tube
Fuel channel flow blockage '
Failure of a fuelling machine to replace a closure plug
Inadvertent opening of pressure relief or control valves on the primary heat transport system
Failure of steam generator tubes
Failure of feedwatey/steam system
Any of events 1 10 8 above accompanied by an impairment of the containment system.

TABLE 2
Failure of any pipe or header in the primary heat transport system
Event 1 accompanied by an impairment of the containment system.

* In these tables, “failure™ means both total fajlure and partial faiture,
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