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This documenl is pari ofa SCI ofzegulalory documents
relating ro Ihe safely requiremenlS {or CANDU nuclear power planlS:

R-7. RequiremLlIls for COlllai~ntSystemsfor CANDU NIU:/ear Power Plmus

R-8, Require_ntsfor Shutdown Systems!or CANDU Nuclear Power PImus

R-9. Require_lIls!or EmLrgency Cart Cooling Systems for CANDU NIU:/tar Power Plmus

These documenlS apply ro reactors licensed {or COOStnlction arler January I, 1981.



REQUIREMENTS FOR CONTAINMENT SYSTEMS
FOR CANDU NUCLEAR POWER PLANTS

1. DEFINITIONS·
In this document,

"closed system" means a piping system which penetrates and foons a closed loop or an enclosed volume either
inside or outside the containment stru~ture. For clbsed systems inside oontainment. the fluid ~ the system does
Ilot~tly communicate with either the primaI)' cootarlt or the containment atmospht:re; (systbn~/erm£)

"containment envelope" means sttuetures and appurtenances which provide a pessure-relaining barrier lO prevent
or limit the escape of any radioactivemattet Ihat could be released from the fuel elements. as a result of a failure
in a fuel cooling system; (enceinte tk confinement)

"containment structure" means tl1e concrete portion and embedded parts of the containment system; (structure de
confinement)

"fuel cooling system" means any cooling system whose failure has che potential for release of radioactive material
in excess oC 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. Exc1ude-d would be the mdiated fuel bay cooling
system; <systeme de rqroidissement du combustible)

"minimum allowable performance standards" means the set of operating limits or the range of conditions
established for components or subsystems which defme me minimum acceptable states for those components or
subsystems as credited in Ihe safety analyses; (nemles tk rendtment minimal admissible)

"primary heal transport system" means mat system of components which pennit the transfer of heat from the fuel in
the reactor to the steam generators or ocher heal exchangers employing secondary cooling. For purposes of this
document, it does not necessarily include auxiliary purification and pressure control subsystems; (circuil
ca)oporteur primaire)

"spedal safety system" means one of the roUowing systems: shutdown systems, containment system, emergency
core cooling system. (s-jstbne special de suretl)

2. BASIC REQUIREMENTS

2.1 All water-cooled nuclear power reactors shall be ilistaJJed within a containment structure. All piping which is
pan of Ihe main circuit of the primary heat uansport system. excluding boiler tubing. shall be toUllly within the
containment Sb'Ucwre.

2.2 <a) Except as noted in paragraph (b), aU equipment ~uired for correct operation of-the c:ontaiMlenl system
shall be considered 10 be pan of that syslem and shall meet all requirements of this document. This shaJ I
include:

(i) Ihe containment Sb'UCU1I'e and appurtenanCes,

(ii) equipment required to isolate the containment envelope and assure its completeness and continuity
following an accident.

(iii) equipment required to reduce the pressure or the free radioactive materi31 within the containment
envelope, and

(iv) equipment re:quired to limit the release of radioactive 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
die meaning of some tenns for the assistance of the reader. A more comprehensive list of definitions of tenns
relating 10 CANDU nuclear power plants is available from Ihe Canadian Standards Association (CSA), Manual oj
D~finirioruforCSA Nuclear SUJndaTds Use by CSA TeclWcal Commitlees. CSA-N9400A-19S9.

.~-_ ..~_ .. -
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(b) Equipment required to supply compressed air, electrical power or cooling water to equipment for
operation of the containment system shall be considered as safety suppon 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 sha1I be considered 10 be a special safety systein.

2.4 Procedures 10 ensure compliance with the requirements oC this regulatory policy statement shall be prepared b;'
lbe licen= and shall require lbe approval of lbe AlOmic Energy Control Board (AECB) prior 10 lbe issuance of a
construction approval (procedures relating 10 pan 3) or an openiting licence (procedures relating 10 parIS 4 and 5)

3. DESIGN REQUIREMENTS

3.1 Containment Envelope

There sha1I be a clearly defmed continuous containment envelope which is capable·oC limiting 10 an acceptably
low value lbe release oC radioactive material from the station Cor all poswJated Cailures oC a fuel cooling system as
specified in Table 1. The boundary oC lbis containment envelope shall be defined for all conditions which could
exist in lbe operation or maintenance oC lbe reaclOr, or Collowing an accident

3.2 Design inCormation

3.2.1 The Safety Repon shall clearly state lbe values oC, and bases Cor, the Collowing containment system design
parameters:

(a) positive design pressure(s);

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

(c) lbe maximum allowable lealcage rate at lbe positive design pressure.

3.2.2 Minimum allowable pctConnance standards shall be defmed Cor the containment system and shall be listed or
referenced in the Safety Report and in the Opclating Policies and Principles Cor lbe plant The minimum allowable
perCormance standards shall also be specified Cor all major equipment and subsystems necessary Cor correct
operation oC the containment system..

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

3.3 Dose Limits under. Accident ConditioD.~

The containment systan shall be capable of limiting the relusc oC radioactive material such l1tat lbe reCerence

dose limits are not exceeded.·

3.4 Structural Integrity

3.4.1 The positive design pressure oC each pan oC the containment envelope shall be not less than lbe highest
presSIlre w~jch could be generated in that pan as a result oC any postulated events specifted in Tables I and 2 for
which radioactive material may be released inlO the containment envelope.

3.4.2 The negative design pressure oC each pan oC the ClXItainment envelope shall not be greater than the lowest
pressure which COlIId be generated in that pan as a RSUlt ofany postulated event as specified in Tables 1,2, 3 and 4:
3.4.3 It shall be shown that, Cor all events specified in Tables 1,2,3 and 4, the structural integrity oC containment
will not be impaired 10 a degro...e that consequential damage 10 rcaclor~ could result
3.4.4 It sha1I be shown that, Cor all events specified in Tables I, 2 and 3, no damage 10 the containment structure
will occur.

3.5 Leakage Criteria

3.5.1 The maximum allowable leakage rate Cro:n lbe containment envelope shall be the value used in lbe safety
analyses which dernor.strale that the reCerence dose limits are not exceeded.

3.5.2 A test acceptance leakage ral.e shall be established, giving the maximum acceptable lcalcagc rate under actual
mcasuremcnt tests. 1ltc margin between the maximum allowable leakage rate deflll".d in subsection 3.5.1 and lbe
leSt acecptance leakage rate sha1I require approval by the AECB prior 10 the first lcalcagc rate t.ests.

• This regu\alory docwncnt docs not define comprebcnsivc requirements Cor safety analysis and reCerence dose
limits. 1ltc reference dose limits referred 10 in section 3.3 are Ihosc cootained in the reference, or any subsequent
AECB regulatory document, or as otherwise agreed in writing between the licensee and the AECB.
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3.6 Environmental Requirements

3.6.1 All parts of the containment system which may be required to opern.I.e, or 10 continue operating, in response to
any event specified in Tables I. 2. 3 and 4 shall be designed to meet all necessary pecfonnance requirements while
subjecltd co the mOsl severe environmental conditions which could be presenl when ·or before such operation is
required. These conditions may include. but are not necessarily limited to, the effects of debris, Sleam. waler. high
temperature, radiation, and pressure differentials.

Qualification is required for all containmenl equipment which may be required to operate, or to continue
operating, foDowing exposure to any of the above conditions. Qualification shall consist of tests to demonstrate to
the extent practicable that the type of equipment can werate under conditions similar to those which would exist
during or following the events liste(fin Tables 1,2,3 and 4. Where such tests are impracticable. inatysis is required
10 demonsp.u.e that this requirement is mel. .

3.6.1 The containment system shall be designed such that, for all events spedf~ in Tables 1.2.3 and 4. dynamic
effects or jet forces caused by the evenl cannot result in impairment of the containment system to an exlent 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 che fraction of time for which it is nal available can be
demonstrated to be less than 10.1 years per year. The system shall be considered avaiJable only if it can be demonstrated
to meet all the minimum allowable performance standards as defmed in accordance with subseCtion 3.2.2.

The availability of safety support equipment neceSsary for correct operation of \he containment system shall be
commensurate wil1l the availability requirements of the containment system.

Availability calculations to demonstrate·lhat 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 lhe containment system and safety suppon equipment shall take into account the long-term
leliabilit)' Rquirements of those components which must continue to funclion following an accident Standards for
Ihe long~lenn reliability of such components shall be prepared and shall require approval by the AECB prior to l1le
issuance of a construction approval.

3.7.3 The design shall hzve sufficient redundancy such that no failure of any single component of Ihe conlamment
system can result in impairment of th~ system 10 an ell'tent that it will not meet its minimum allowable perfonnance
sumdards undt'.r accident conditions.

nus requirement does not apply to components which are 1\0\ required 10 change stale and which do not depend
on safety support equipment in order to perfonn lheir design (unctiolls. provided that they are designed,
manufactuied, inspected 8.o')d maintained to standards acceptable 10 the AECB.

3,7.4 Correct operation of the containment system following an accident shaU not be dependent on power supplies
from the ekctrical grid or from the tUrbine geaerators associated with any reactor unit within lhat contairunent system.

3.7.5 As far as practicable. all containment equipment shall be designed such that its moSt probable failure modes
wiU not JeSuIt ill a reduction in safety.

3.7.6 As far IS practicable. the design shall be such that III main~ and unavailability 't.Sting which may be
required when the containment is required to be available can be camed out:

<a> without impairment of the containment envelope, and

(b) without a reduction in the effectiveness of the containment system below its minimum aHowable
pedormance standards.

J.7.7 As far IS practicable. dle design shall be such that a failed component can be put into a safe Stale, or such that
the ranute can be convened to a safe failure in some odler manner.

3.7" 1be design shall be such \hat all neccssal)' actions d. tontainment equipment which are initiated by automatic
control logic in response to an accident can also be initiated manually from the appropriate control room.

3.8 Sep.ratioD aDd Independence Requirements

3.8.1 As r. IS pnlCticable, dle coocainment~ shall be physically and operationally indepeadent from ocher special
safety sysrems. No equipment which is panof the cootainmc:nt system shall be used 85 pan0(another special safety sysIem.

~~- -------~.~_..
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3.8.2 As far as practicable, Ihe containment system shall be independent from all process systems. This requiremenl
docs not apply to equipment discussed in subparagraphs 2.2(a)(iii) and (iv) provided Ihat such equipment is
normally operating when the reactor is operating.

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

3.8.4 If subsystems of containment are considered to be independent for Ihe purpose of the safety analyses.
principles for separation and. independepce of such subsystems shall be prepared and shall require approval by the
AECB prior to the issuance ofa consuucdon ""proval.

3.9 Requirements for Penetrations of the Containment Structure

Piping systems which penetrate Ihe containment structure sha1I be designed to meet the requirements specified in
the Appendix.

3,10 Contaiament Atmosphere Control

3.10.1 Systerns shall be incorporated into Ihe containment design to assist in Ihe control of Ihe internal pre·ssure and
to control the release of ntdlO'lctive material to the environment following an accident

3.10.2 Provision shall be made for controlling Ihe concenlnltion of hydrogen and/or oxygen following an accident
to prevent explosion or deOagration, unless it is demonstrated Iha1 Ihctt is no possibility of such an explosion or
denagration as a result of any event specified in Table 1.

3.10.3 The design of the plant shall be such that, following an accident, it is possible to isolate all engineered
sources of compressed air llJIli olher \lOn~ondensablegases leading into the containment atmosphere, other Ihan
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 inccrporate sufficient provision for
shielding to ensure that ndiation field! would not be excessive in areas of the plant to which acCess might be
required following an accident

3.11.2 A report demonstrating Ihe adequacy of Ihe shielding provisions" shall be prepared and shall specify:

(a) the postulated accident which results in the largest rel::ase o( radioactive malCriai inside Ihe containment
envelope;

(b) all areas to which access might be required following such an accident, wilh Ihe freq~ency and duration of
necessary access, and

(c) the maximum ndiation faclds expected in such areas when access might be required.

3.12 Status Monitoring Requirements

3.12.1 The design shall be such Iha1 tne status of all important equipment can be monitored or inferred from Ihe
approprialC control room.

3.12.2 The design shall be such that any gross breach of the containment eilvelope can be readily and reliably
detecr.ed.

3.13 Codes and Standards

3.13.1 The application for a construction approval shall identify any aspects of the design which fail to comply
wilh the applicable requirements of the following codes IIICI SIandards:

(a) CSA N287: Series on Concrete ConJainmelll S/T~tllTeslor CANDUN~le4l" Po~r Pltzntr. and

(b) CAN3--N28S.0: Gt!Mral Rt!quirt!ments for Prt!ssllrt!-Rt!/aining Sys/t!ms and Compont!ftIs in CWDU
N~learPowt!r PltUllS.

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 pan of the containment sySlCm.
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3.13.2 A list of additional codcs and slandards ID be applied to the containment system and the extent of their
application shaU be prepared and shall require approval by the AECB prior to the issuance of a constrUction approval.

3.14 Seismic Requirements
All parts or the containment system credited in the safety analysis following a design basis seismic ground

motion for thaI plant site shall be designed 10 remain fully functional following such a~ event,

4. OPERATING REQUIREMENTS

4.1 Requirements for Normal Operation
4.1.1 The containment system shall nOI be intentio~ymade unavailable, unless all of the following conditions
are met:

(a) all reactors within the containment envelope are in a guaranteed shutdown state approved by·the AECB.

(b) all reaclor cooling systems are sufficiently cooled and depressurized in accordance with procedures
approved by the AECB. and
(c) all irradiated fuei within the containmenl envelope is adequately cooled and has an alternate cooling
supply available.

Procedures for intentionally making the containment system unavailable shall be prepared and shall require the
approval of the AECB prior 10 the issuance of an operating licence.

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

4.1.1 Procedures for taking corrective action. in L"e event thaI the containmenl system is found to be impaired when
the conditions mentioned in subsection 4.1.1 are net met, shall be prepared and shaI1 require approval by the AECB
prior to the issuance ofan cpe.-ating licence.

4.1.3* If any component of the containment system 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 safe condition. except as approved in accordance with subsection 4.1.2.
4.1.4* As far as practicable. maintenance on a containment syslem component shall be carried OUI only when that
component and its associated equipmenl have been put in a slate which does not reduce the availabilily of the
containment system.
4.1.5* If redundant components require maintenance, each component shall be thoroughly tested following its
maintellanCe prior 10 the stan of worlc on a subse<:uent component,

4.1.6 When maintenance on a componem is completed. it shaD be tested 10 the extent practicable to demonstrate
that it and its associaled equipment function in accordance with design requirements.

4.1.1 The standard ofmaintenance shaD be such that the reliabillly and effectiveness of all ~uipment. as claimed in
the Safely Report and olller documentation in support oean operating licence. are assured. ..

4.2 Requirements for Accident Conditions
If operator action is required for actuation of any containment equipment, all of the following requirements

mustbemec

(a) there shaD be instrumentation 10 give lIle ope:alor clear and unambiguous indication of the necessily for
ope:ator action;

(b) the rdiabilily of such instrumenlation shaD be commensurate willl the requirements for availability of the
containment system as specified in section 3.1. If indication of only a single parameter is required. the
insIrurnenlation shaD be pan of the containment system;

(c) there shall be IS minutes avaiJable foUowing such clear and unambiguous indication before the operalOr
action is required, and

(d) there shall be clear, well-defaned and readily available operaIing procedures to i<bIlify the necessary actions.

* Requirements 4.1.3. 4.1.4 and 4.I.S do not apply during periods when the containment system has been made
unavaiJable in accordance willi procedures approved pursuanl to subsection 4.1.1.

( )
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5. TESTING REQUIREMENTS

5.1 Commissioning Tests

5.1.1 Pressure Proof Tests

Prior to first criticality of any reactor, positive pressure proof tests sha1l be done to demonstrate the Slructural
integrity of all parts of the containment envelope and tl)e conlainment system. If the design specifications include a
ncgative design pressure, a negative pressure proof test shall a1s'o 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 containment envelope. - .

Negative pressure proof tests sha1l be done at a pressure not greater than·the negative design pressure.

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

5.1.2 Leaka,ge Rate Tests

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

Testing of individual penetrations, isolating devices and airlocks sha1l be done for those penetrations for which it
is necessary to obtain baseline leakage measurements against which the future in-service ieakage tests specified in
subsection 5.2.4 may be compared.

5.1.3 Tests of Containment Equipment

Prior 10 fIrSt criticality of allY reactor, tests of the conlainment system equipment sha1l be perfonned to verif)'
that ali design requirements have been achieved. Exceptions to this requirement will be allowed only if it is shown
to the satisfaction of the ABeB that some operational characteristics are impracticable to demonstrate under non­
accident conditions or that such tests would have a detrimenl31 eff<et on safety.

5.1.4 Wiring Tests

Prior to fIrSt criticality of any =ctor, tests shall be carried Out on all electrical wiring associaled with the
containment sySlem to demonstrate that all connections are in accordance with the design.

5.2 In-Service Tests aod Inspections

5.2.1 Pressure Proof Tests

Pressure proof tests, as specified in subsection 5.1.1, shall be repealed following any major modification of the
conlainment envelope or after the containment system has been subjected to elevated pressure differentials as a
result of an accident or after the containment sySlem has been subjected to any severe environmenlal effects.

5.2.2 Leakage Tests

In-service leal:age rate tests sha1l be carried out in accordance with one of the following allemative methods:

(a) a lealcage rate lest sha1l be carried out at rull design pressure at least once every three years to deinonsuate
that the measured leakage rate is not greater than the maxi.,nu.'11 allowable leakage rate. If the measured
lealcage rate is in excess of the test acceptance leakage rate, the frequency of such tests shall be increased to
once every two years, or

(b) a leakage rate lest shall be carried out at a frequency of not less than once per two years to
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 leSt results, when extrapolated to full
design pressure, indicate leakage in excess of Ihe test acceptance leakage rale. a leakage rate test at the
full positive design pressure shall be carried out to demonsuate thaI Ihe 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 addilion to lhe above roulinely scheduled leakage rale tests, a leakage rate test at lhe full design pressure shall
be performed in conjunction with any pressure proof test required un~er subsection 5.2.1.

5.2.3 Containment Equipment

To the maximum extenl practicable (see subsection 5.1.3), tests to demonstrale that containment equipment
meets ilS minimum allowable performance standards shall be carried out at a frequency of nol less than "-Ice per six
years.

5.2.4 Tests or PenetratiODs and Isolating De\'kes

An in-service lest program for penetrations, airlOCks and isolating devices shall be prepared. J'he program shall
detail for each type of penetration, isolating device and airlock to be cested. the nature of Ihe test. lest frequency, and
leakage M.ceptance criteria. This program shall require the approval of the AECB prior to the issuance of an
operating licence.

5.2.S Visual Inspections

External visual inspeclions or the containment envelope. including appurtenances and penetrations shall be
carried out in conjunction wilh each of the leStS required by subsections 5.2.1, 5.2.2 and 5.2.4.

TIle inLerior of Ibis envelope shall be visuaDy inspecled at a frequency and lO an extent approved by the AECB
prior to the issuance ofan operating licence.

5.2.6 Reporting Requirements

The results of all in-service tests and inspections of the containment sYS\effi shall be reported in the annual
reports for the station.

5.3 AvailabiUty Tests

5.3.1 All containment equipment sha1I be monitored or teSted at a frequency which is lIdequate 10 demonstrate
compliance with the availabUity requirements specified in subsection 3.7.1.
5.3.2 A repon on the availability of the containment system shaU be included in each annual report on the operation
of the station. This report. shall include:

(a) a SLatement of the total fraction of time ill the year during which the containment system was nol
demonstrated to be available, as defined in subsection 3.7.1. Only periods during which the containmenl
system 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 operation of the station with lhe
failure modes and failure frequencies used in the availability calculations prepared in accordance wilh
subsection 3.7.1, and

(c) availability calculations sufficient 10 demonstrale that Ihe availability requirement of subsection 3.7.1 can
co.,tinue 10 be satisfied based on observed failure modes and failure frequencies. -

REFERENCE
P.G. Hurst and F.e. Boyd, "Reactor Licensing and Safety Requirements", AECB-1059.1une 1972.

---- ------- ----------

(
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TABLES·

TABLE 1
I. Failure of any pipe or header in any fuel cooling system

2. Failure of a pressure wbe and the associated calandria wbe

3. Failure of an end fitting

4. Fuel channel flow blockage

5. Failure of a fuelling machine 10 replace a closure plug

6. lnadvenent opening of pressure relief or control valves on the primary heal transpon sYSLelll or associated systems
7. Failure of steam generator tubes

8. Any of events I 10 7 occwring coincidentally with impainnent of the emergency core cooling system
9. Inadvenent opening ofpressure relief valves connecting 10 a vacuum building

TABLE 2
Any of events I 10 7 in Table I accompanied by complete failure of dousing.

TABLE 3
Failure of any pipe in the stearn generator feedwater or stearn systems.

TABLE 4
Failure of any pipe in the stearn generator feedwater or Sle3I11 systems accompanied by complete failure ofdousing.

• In these tables. "failure" means both total failure and panial 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 constructed to the
requirements of the ASME Boiler and Pressure Vessel Colk. Section Ill, Division I, Subs~tionNC (Class 2
components) or Subsection NE (Class Me components) except for:

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

(b) those closed systans inside the containment structure which have a design pressure greater than 0.5 MPa(g)
and are continuously opera1Od at or above the positive design pressure of the containment at all points in the
system, and which can be monitored for leaks, Such systems may be tonStrUcted co the process systems
requirements, but they shaii be conStruc1ed to not less than the non-nuclear requirements ofCSA B51.

Closed systems inside the containment struCIUre which do not meet the requirements in paragraphs (a) and (b)
may be built fa the requirements ofClass 3 if it can be shown fa the satisfaction oC the ABCB that, due fa smallness
of site or other factors, the proposed design provides~ adequate barrier.

2. ISOLATlON

Piping systems shall be provided witb isolation devices baving redundancy, reliability, and performance
capabilities whieh reflect the imponance to safety of isolating the vari~ types of piping systems penetrating
containment. Where isolation in a piping system is provided by valves, provisions shall.be made 10 test tlle valve
operability periodicaJJy, to check that the valve leakage is within acceptable limits and 10 allow maintenance of the
valve without causing a bre.:h of the containment envelope. 1:'1 order {or a iIIoanual isolation valve 10 be considered
closed, it shall be either locked closed or continuoosJy monir.ored to show &hat the valve is in the closed position.

The various types of piping systems penetrating containment shall be provided with the following isolation (, f

unless it can be shown Ihat, for a specific rype of line. oibel' isolation provisions would be acceptable.

2.1 Primary Heat Transport AuxDiar)' Systems PeDetratilll Containment

Each line that is connected to the primary heat 1nUl:>port system pressure boundary and that penetrates the
containment S1I'UCtwe shall be provided with tv.'o isolation valves in series. The 'Valves shall normally be arranged
with one inside and one outside the containment stJ'UCtwl!. If it can be shown Wt two valves inside the containment
stlUClWe or two vilves outside lite conlainment SlrUCture can provIDe an equivalent barrier in certain applications.
lhen Ibis may also be an acceptable arran8ement

A check valve may be used as one of the isolation banielS but it shall be located inside the containment strUcture.
Two chect valves in series are not considered an accepcable barrier.

Where the valves provide isolation of the heat ImlSpOIt system du..ing normal operation or the station, then both
valves shall nonnaUy be in the closed position.

Systems directly connected co the beat tranSpOl1 system and which may be open during normal opention of the
station shall also be provided with the same isolation IS the nonnaIly closed system except that manual isolating
valves inside the containment structure shall not be used. At least one of the two isolation valves shall be either an
automatic isolation valve (for instance, a check valve) or a powettd isolation valve operable from the control room.

For small lines of 2S mm in nominal diameter or less. a single closed isolation valve inside ~tainment may be
used provided the line is connected to a cJosed system outside containment.

The 1i.ne up to and including the second isolation valve, or &he fU'St valve in the case of smaD lines 2S mm in
nominal diame1ef or less shall be constructed to the requirements or Class 1 in accordance with CAN3-N28S.0.

2.2 Systems Connecl.ed to Containment Atmosphere

Each line dial ronneas direcdy to the comairunatt atmosphere, that penetrates the containment structure, and
that is not part of a closed system. shall be provided with two isolation banicrs as follows:
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(a) two automatic isolation valve.s in series for those lines which may be open to the comainment atrnospher,e;

(b) two closed isolation valves in series for those lines that are normally closed to the containment
atmosphere; .

(c) one closed isola( Jf1 valve for lines of 50 mm in nominal diameter or less, which are normally closed to the
containment atmosphere and connected 10 an easily defined closed system oUlSide containmenL

The line up 10 and including the second valve, or the rust valve in the case of paragraph (c), shall be part of the
containment envelope and shall be COR5lrocted to the requirements ofASME Code, (Section Ill, Class 2).

2.3 Closed Systems

Closed systems inside or outside the comainment 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 10 the containinent structure. Valves r""luired for
process purposes may be used as the isolation valves for these closed loops.

2.4 Small Lines

For ductile piping of small bore. crimping of the pipe is a possible means of providing an isolation barriec instead
of a valve. For this :0 be acceptable, the delails of its application shall be submitted for approval in each case of ilS
proposed use. In particular, the method of crimping, the location of the part 10 be crimped and the method of
identifying the failed line shall be shown to be satisfaclOry. In the case of primary heat lransport system instrument
lines, the following extra conditions are required:

(a) 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 tnlIlsport system.

(c) 1IIe relevant release limilS must be shown nOlto be exceeded during the period in which the reaclOr is shut
down CODS""!uent 10 1IIe failure, l!I1d the crimping is executed, and

{d} any outflow from the breaks can be filtered before release to the aunosphere 10 control the escape of
fi~sion produelS.
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This docwnent is part DC a set DCregulatory documents
relabng 10 the safety requirements for CANDU auc:Iear power planes:

R-1, R~qllir~1ItSlor COIIIOinment Systemslor CANDU Nuclear Puwer PIaIItS
R-8, R~quirementslor Shuldown SySIItMSlor CANDU Nudetil' Power Planls

R-9. RequiTUMlltslor LrwrgDlC] Core CooliIIg Systemsfor CANDU Nuclear Power Pl4nts

These doaunenES apply to RaCfCrS liceoscd for CCIIS1I11t1ioa Iftu January 1. 1981.

This n:guIluory document is the second documcat issIIed by the AECB on Ihe subject of shutdown system
requirements. It does DOt contlict with &be pm'ious 0I1C. AECB Regu1aaory Doc:umenl R-IO.

TM Use fl/Two SIwtdowtu Systmu in Reaclors. which was issued in Jan1Wy 1977.



REQUIREMENTS FOR SHUTDOWN SYSTEMS
FOR CANDU NUCLEAR POWER PLANTS

1. DEFINITIONS·
~minimum allowable performance standards" means lite set of operating limits or lite range of conditions

estab\ishcd for minponerus or subsystems wbi91 define lite minimum IIOOCJlIIble DIeS forlhosc oomponents or
subsystems as aedited in die safety analyses; (nOrma tk re1Ukmoat minimDIadmissible)

. ''Jlrim:aIY heat Ir'a/1SP<Xt system" means !hat system ofcomponents which pennit die lr2tISfer ofbeat from the fuel in
Ihe reactor to the steam gerteraUlrS or other beat exchangers employing secondary cooling. For·parposes of this
document. il does nOI necessarily include auxiliary purification and press= conuol subsystems; (circuit
coIoporleurprimDire)

~special safety system" means one of the following systems: shutdown systemS. conlainment system, emergency
core cooling system; (systlmJ< special de sUretl)

~fuel fail=" means any rupture of the fuel sbeath such 'that fISsion prodllClS may be released. (dQoillance de
combuslible)

2. BASIC REQUIREMENlS

2.1 All CANDU nuclear power reactors shall be equipped wilb twO independent and diverse shutdown systems,""
each orwhich must alIIform to lite requirements of Ibis document.

2.2 Each shutdown system shall be a special safety system.

2.3 Procedures to CItSUIe compliaDce with the requirements or this regulatory policy _enlshall be jnpared by
the licensee and shall require the approvaJ of the AIomic Energy Control Board (AECB) prior to lite issuance of a
consuuction approvaJ (pnx:edurts relatingUl part 3) or an operating licence (procedmes relating to partS 4 and S).

3. DESIGN REQUIREMENTS

3.1 Minimum Allowable Performance Standards

Minimum eIIowabIe perfomIance swldards shaI1 be cIe/ined for each shutdown sy=m and shaI1 be Iisr.ed or ICCer­
cncaI .. die Safely RepoIt and in1he OpentingPolicies and PrincipIcs for die plant. Tbc minimum aIIowabIc perfonn.
&nee IIandanIs shall also be speciflClll for all major equipnent110: I Yfor correctopention ofeach sbUldown system.

3.2 Performance Requirements*··

3.2.1 For evt.Dts specified in Tablc$ 1 and 1 RiCjItiring pI'llDpl sbllldo'flll Idion. cadl sbIIldo'fIIl sysICID shall be
designed such that, acting alone, itcan ensure Ibat:

(a) !he reaclOr is mKleled sub::riticaI and is maintained sabcritical;
(b) the reference dose limits Ire DOl ClCeeded.···· and

• These dtIinitions cIo DOl COllSli_ a compIClC list of lermS used in this cIocumenl, but are incIudcd to clarify
the meaning or some terms for 1he assislance of the reader. A more comp<ebensive list of defmitions of terms
reIaling to CANDU nuclear power plants is available from 1he Can""i.n SIlUIdanIs Assoc:iatioa (CSA). Manual of
DejWtiDnsfor CM Nuclear Suuodards Use '" CSA TeclWcoI CO/IIIIIiaees. CSA·N9409...·1989•

•• For P"S"daltd _ requiring lIClion by a shurdown sysrem. it is accqJlCd 1bat at 1east 0Ile of the shutdown sys­
lelIlS will opente in IIlXlllI'dancc with its minimum allowable pcrCormanc:e swIdards as cIe/ined pursu8nt to section 3.1 •

••• Tbc performane:e ftlCI1Ihements ofa sh1lldown syslaIt refer only to its !de in sbuuing the teaClllr clown. For
those requimnents wbose attainment also depends on fuel cooling Of containment flJ1\Clions, aedil for these
fWlCtions may be taken in c1emollSlIating lhat die performance RiCjuiremenlS lie met.

•••• This regulatory document does DOl defUIC comprdlcnsive RJquimnenls for safety analysis and ICCerence
dose limits. ilIe ICCen:nce dose limits Jderrc4 to in paragraph 3.2.1(b) Ire tbose cootained in die ICCerence or any
sabse<i"""1 AECB Jegulalory document. oc as oIherwise agreed in writing between !he licensee and the AECB.

(
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(c) a loss of primary heal uanspon system integrity shall not result from any fuel failure mechanism.*
3.2.2 For relevant events listed in Table I, each shutdown SYStem shall ensure Ihal fuel in Ihe reactor with no
defects prior to Ihc event does not fail as a consequence of Ihc event.'

33 Env~onmenmIRcqu~cmcnu

33.1 All parts of each shutdown system which may be required to operate in response to any event specified in
Tables I and 2 shall be designed to meet all necessary performance requirements while subjected to the most severe
environmental conditions which could beprcscnt wlicn 01: before such opctation is required. Tbesc conditions may
include, but are not necessarily limited to, Ihc effects of stealD. water, high tempcraItUC and radiation.

Qualil"lC8lion is required for all shutdown system equipmenl which may be required to operate following
CJQlOSllR' lD any of Ihc above conditioas. Qualification shall c:onsist of tests to demonsUatc to Ihe extent practicable
that the type of equipment can opc:ratc under conditions similar to Ihosc which would exist during tr following Ihe
eVCD!S speciflCd in Tab~ 1 and 2. Where such tests arc impracticable, ar.alysis is required to demonsttate that this
requiremcut is meL

33.1 Each shutdown system shall be designed such lhat, for all evcots in Tables 1 and 2, dynamic effects or jet
forces caused by the evCllts cannot result in impairment of the s!lutdown system lD an extent that relevant
requirements in section 3.2 would not be meL

3.4 A \'Ritability Rcquiremcnts

3.4.1 Each shuldown system shall be designed such that the f..action of time for which it is not available can be
demonstrated lD be Jess that 10" years per year. A system shall be considered available only if it can be
demonstrated lD meet all the minimum allowable performance standards as defined in acconIanee with~on 3.1.
'Ibc unavailability of a S'Jstem shaII be determin~by combining the maximum unavailability of any of Ihe
panmcICrS required in~'lCCwith St'lCIion 3.6 wilh the unavailability of Ihe rest of the shutdown system.

The availability of any safety suppan equipment aeeessary for actuation of a shutdown system shall be
commensurate with the availability teqUircmcots of Ihc shutdown system.

Availability calculations to demonslnIe that this rcqaimnent con be m~ shall be included or rder=ced in Ihe
S8f~ Report. Such calculations shall be based on direct experience tr reasonable exuapolaticns tbeRfrom.
3.4.1 The design shall have sufflCieat redundancy such that DO failme of any single component of a shutdown
system can RSU1t ill impairment of \bat system to an extent that the system wi11 DOt meet its minimum allowable
perf~ standards underaccident conditions.

This rcquircment does not apply to components wbicb are not rcqui.red to change SlalC and which do not depend
on safety suppan equipment in order lD perform their design functions. provided that they are designed,
manufactured, inspecw! and maintained to standaids IlCI:CJlCabic to the AECB. .
3.43 AN"alion of a shutdown system shaD not be dependent on any dectrical power suPPly unless the dectrica1
supply is designed to be coatinuoasly available d:uing IIlXIDa1 operation and anticipated operational aansients.
3.4.4 As far as practicable. all shutdown system equipment shaD be designed such !bat its most probable failure
IIIOdes will not rcsuIt in a rcdnmon in saf~.

J.4.S As far as practicable. the design shaD be such tIw all IlIaintawlce and availability testing wbicb may be
reql!¥ed whca the shutdown systemS are required to be available can be carried out without a reduction in the
dteaivencss ofeach shutdown system beiow its minimum allowable performsnc:e standards.

3.4.6 As far as praclio:able, the design shaI1 be such that a failed compooent can be put into a safe stale, tr such that
tbe failwe can be convcnalto a safe failwe in some otbcr 1II8IIJlCC.

3.4.7 Tbc design shaD be such that each shutdown system can be w:tnated maouaJ1y from the main coollOl room. It
sba1IlIso be possible to "",nually ilIitiate shutdown system action for each shutdown system from a IocaIion remote
from the main cool101 room.

• Fer those events where the initiating failure is in a single fuel channel or its appurtenanCCS, rcquircmcots
3.2.1(c) and 3.1.1 do not apply to that channel or the fuel th=in.
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3.4.8 The design shall be such that it is not readily possible for an opaator to prevent actuation of a shutdown (':',
system when such actuation is required. ~

3.5 Separation and Independence Requirements
3.5.1 As far as pt~cticable, the shutdown systems shall be of diverse designs and shall be physically and
operationally independent from each other, from process systemS and from other special safety systems.
3.5.2 Principles for the prevention of failures in more than one shutdoWn system as a result of the use of common
equipment, procedu=, or peISOIlIle1, in design, c:onstruetion, commissioning or operation, shall be prepared and
shaD require approval by the ABCB prior 10 the issuance ofa,c:onstruetion approval.

3.5,3 Design principles for the separation of redundant inslrument channels and the sezvices to them, associated
with shuldown systems. shall be prepared and shaD requUe approval by the ABCB prior to the issuance of a
construction approvaI.

3.5.4 The cffcctivClless ofa shuldown system in shuuing the rcaclOr down in accordance with section 3.2 shall not
be dependent on the~I functioning of any process sySlelll or any other special safety system.
3.5.5 The design shaD be such that nonnaI functioning of process sySleIIIS cannot reduce the effectiveness of a
shutdown SYSlelll such that the requirements of section 3.2 Would nOl be meL

3.6 Actuation Iustrumentatioo Reqnirements
3.ti.I For each event specified in Tables 1 and ,2 for which action by a shuldown system is required, there shaD be at
least two diverse parameters on each shutdown sysleID, each designed 10 detect the need for and aulOma!icaily
initiarc shutdown action sucb that all requilemCIIIS for cffCCliveness IDe meL Exceptions to this requirement may be
pcnnitted only if it can be shown to 'the satisflC'lim of the ABCB that incorporation of a second parameur for
prolCClioD apillS! an event is :impnlclicable. or dctrimClllalIO safety.

3.UManua1 actuation may be cansidered accepcabIe in place of one of the IIItOm3IIc parameteIS provided it is
showD 10 the satisfaction of the AECB that all or the following requilements are met.

<a) There is inslrUllleDtation designed 10 give the operaIOr clear and UDalDbiguous indication of the need to
aewate the shuldown system.

(b) The reliability or such instrumentation is rommcnSWll1t with the requirements for availability of the
shuldown system as SpeciflCd in Section 3.4. If indication of only a single parameter is required, the
inslrumentation shaD be part of the shutdown systau.

<c) There shall be IS minutes available foDowiug such clear and IIIIllIIlbiguous indication before the operatOr
, action is required.
(d) There ate clear, well-defined and readily available openJing procedures 10 identify the necessary actions.

3.7 Status MoaltoriDe Requirem...ts
3.7.1 The design of a shuldown systau shaD be such that the status of all imponatlt equipmeDt required for its
actuation can be monilOred or infetree1 from the control room.
3.7.2 As far as practicable, all failures of sbuldown system components whicb may interfeze with proper
func:tioning of the shutdown sysleI1lS shall be annunciated in the control room.

3.8 Codes aDd Standards

3.8.1 The applicalioo for aconslrUClioo approval shall identify any aspcas of the design which fail 10 comply with
the applicable requirements of the following CXldes and standards:

(a) CSA-N290.I: Require_IUSfor the Siwldbwll SystemsofCltNDUNudaI' Power PIiuus. and

(b) CAN3-N28S.O: Ge""ral Require_IUS for Presrure-Retaillillg SYSlI!mS tuJd ComPo"""1S ill CANDU
NudaI'P_PImus.

All exceptions to !be requirements of these standards shall require approval by the ABCB prior to their
impJcmentation.

3.8..1 A list ofany additiooal CXldes and standanls 10 be app6cd 10 the shuldowD sySleIIIS and the exlClll of their appli­
cation shall be pcq>aRd and shall require approval by the AECB prior 10 the issuance ofa COIISllUClion approval.

(
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3.9 Seismic Requirements

Each shuldown sysICm shall be designed such lllat it can perform Ihe functions defined in section 3.2 during and
following the design basis seismic ground motion for the site. 1be design shall be such Ibat it is possible 10

manually aclUate each shuldown system from a seismically qualified area following a design basis seismic eV<.lI.

4. OPERATING REQUIREMENTS

4.1 Requirements for Normal Operation
4.Ll Procedures for puaing Ihe reactor in a guaran~ shutdown Sl8lC shall be JlIepa1ed and shall require approval
by Ihe AECB prior to Ihe issuance of an operating 1icence. Such procedures shall specify at leasi two independenl
means ofensuring that Ihe reactor remains subcritical

4.1.2 A Shutdown system shan not be inWllionally made unavai1abie II any lime when Ihere is fuel in Ihe'reactor Cl<cepl
when Ihe reaclOl is in an approved gIW3lIteed shutdown state. A shutdown system shaI1 be considered to be available
lllI1y when itmccts a1l ilS minimwn allowable performance standaRIs IS defmed in;w;x:ordance wilb section 3.1.

4.1.3 Wben Ihe reactor in is an approved guaranrecd shutdown swe. not less !han one shUldown system shall be
available at all times when this is practicable.

4.1.4 Requimnents 4.1.2 and 4.13 do not apply to Ihe periOd immediately after a shuldown system has opeI3led. In
Ihe event that a shutdown system operates. it shall be retumed 10 Ihe poised Sl8lC as soon as pncticable wilboUI
causing aiticality. or Ihe reactor shall be placed in an approved guaran1Ced shutdown state.

4.1.5 Procedures for laking coaective action. in the event that a shutdown system is found to be impaired when lbe
reactor is not in a guatllIlteed shuldown SIalC. shall be prepared and shan requite approval by the ABCB prior to Ihe
issuance ofan operating licence.

4.U· U any component ofa shutdown system is found to be iDoperabIc, or impaired below Its minimlJl!l allowable
performance standards. that component and its associ-·ed equipment shall immediately be put in a safe condition.
except as oIherwise approved in accordance with Subsec:liCll4.1.5.

4.L7· As far as prarticab!e, mainr.enaoce of a shutdown system component shaI1 be C8iIied out only when that compo­
IICDlaIld its as<ociaree\ equipment have been put in • swe which does notn:dllce Ihe avaiiailility ofIhe shutdown system.

4.1.8· Maintenance ofshuldown system components shall be carried out only on one channellla time and wilb lbe
affected channel placed in a safe stale.

4.U Wben maintenance on a channel is completed. it shall be Ihoroughly tested to demonsuate to Ibe extenl
practicable that the equipment associ-wi with that channel is capable of functioning in acconIance with its design
requirements. This sha1I be clone prior 10returning the channel to its poised stale.

4.L10 t.1ainraIance on instr_tation associated with Ihe _ of neutroll power shall be carried OUt as
far as practicable wilen the reacIOr is at apower level at wbic:h Ihe inslrumentation lives sensible indicatims.

4.Lll 1be -.dan! of mainleDance shall be such that Ihe n:ti"""ily and efIC:cliveoess ofalJ equipment, as claimed
in Ihe Safety Rcpon and other cIocumentatiCll in support ofan operating licence, are assum1

4.2 Requirements for Accident CoadilioDS
()perator action shall not be DeC ry for any functioa associall"d wilh shUlling down the reactor in accident

c:oadilioas except as approved in accordance with aeclioo 3.6.

5. TESTING REQUIREMENTS

5.1 Commissioning Tests

5.1.1 PerfonnaJlCC Tuls

CommissioniDg tests shaU be done to demoDSll3lC as far as prlIClicabIe that all design requilemenlS of each
shuIdown sySlelII ba.-e been acbieved. Those II:SlS which are possible wben Ihe.-is IUberiIicaI shaD be done
pior to first aiticality. and wilh Ihe reacIOr in .. appo>Cd cuar--l shuIdown stale. PIot:ecI=s for perfonning
COIIIIIIissioai IoeStS when the reacIOr is ailical shall be pit:pdied and shaD require approval by Ihe AECB prior ID
Ihe Issuance atan oponling Iicenoc.

• Requbanents 4.1.6. 4.1.7 and 4.1.8 apply only when Ihe shutdown system is required to be available as
specified in requirements 4.1.2 and 4.13.
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5.1.2 Wiring Tests

Prior 10 fltSl criticality oC the reaCtor. tests shall be carried out on all eleclrical wiring associated with each
shuldown sySlelD 10 demonslrale that all connections 1IR in accordance with the design.

S.2 In-Service Tests
Complete opcIlltional tests 10 demonstrate the effectiveness oC each shuldown system shall be canied out at least

once every twO years.

S.:3 AvaDability Tests

5.:3.1 All shuldown system equipment shall be monitored or tested at a frequcncy which is adcquale 10 demonSlnlle
compliance wi1ll the availability requirement specified in subsection 3.4.1.

5.:3.2 A report 011 the availability oC each shuldown SYSlCm shall be included in each annual repon on the Operation
oC 1IIe swion. This repon shall include:

(a) a swemcniof the tola1 fraction oC time in the year during wbich a shuldown sySlCm was not dcmnnstraled
10 be available. as defined in section 3.4.1. Only periods during which a shnldown sysrcm is inrcntionally
made unavailable, in accordance with lbe conditions oC section 4.1. or is being repoised subsequent to
actuation, shall be excluded from such caleulations.

(b) a comparison of the Cailure modes and failure frequencies observed in the operation of the swion with the
failure modes and failure frequencies used in the availability calculations prepliRd in accordance with
subsection 3.4.1,

(c) availability c:alculations sufficient 10 dcmonstraIe that the availability requirement of subsection 3.4.1 can
continue 10 be satisflCd based on obsclVcd failure modes and fai1ure frequencies.

REFERENCE
D.G. Hurst and F.C. Boyd. Reactor Licensing and Sa/ery Require"",lIlS. AECB-I059. June 1912.

(
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TABLES *

TABLE!
I. Failure of reaclOr control SYSlentS.

2. Failure of norma1 electric power.

3. Seizure ofa primary heat ttanspOIt system main pump.

4. Failure of any feeder pipe in the primary heat U'3IISJlO'l system.

5. Failure of an end fitting.

6. Failure of a pressure tube and its associated calandria lUbe.

7. Blockage ofa fuel channel

8. Failure of a fuelling rpacbine 10 replace a closure plug.

9. Inadvertent opening of pressure relief or control valves on the primary heat lranspon SYSIem or associated
systems.

10. Failure of SIeam genenltor robes.

II. Failure offeed~/steamsystem.

12. Failure of moderator sySIem.

13. Failure of service walet system. .

14. Failure of any odler equipment in reactor systems which, in the absence of shutdown action, could result in
damage:O fuel in thereaaor.

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

·111 1bese tables, "failure- means both lIlca1 failure and partial failure. For cooling sysrems. "failure" includes:
(a) failure of system piping,
(b) failure of circu1aliClD. and
(c) failure of heat ranoval capability.
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This document is part or a set or regulalilry documents
relating 10 !he safety requiremenlS ror CANDU nuclear power planlS:
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R-9. Requiremelllsfor Emergency Core Cooling Systemsfor CANDU NI/dear Power Plallls

These documents apply to reactors licensed for consttuetion ariel January I. 1981.



REQUIREMENTS FOR EMERGENCY CORE COOLING
SYSTEMS FOR CANDU NUCLEAR POWER PLANTS

1. DEFINITIONS·

In lhis document,

"minimum allowable performance standards" means the set of operating limits or lhe range of conditions
CSlablished {or components or subsystems which· define dte minimum acceptable StaleS {or,lhose components or
subsystems as crediled in lhe safety analyses; (fILJr/,';'s de rende_til minimal admissible)

"primaty heat lnlIlspon system" means lhat system ofcomponents which permil dte transfer o{ heat {rom lhe fuel in
the reactor to the Slearn generatorS or other heat exchangers employing secondary cooling. For purposes of lhis
document. it does not necessarily include auxiliary purification and pressure control subsystems; (circuit
calopcr/eur primair~)

"special safety system" means one of the following systems: shutdown syslems. containmenl system. emergency
core cooling system. (srs/lrne special de surete)

2. BASIC REQUIREMENTS

2.1 All CANDU nuclear power reactors shall be'equipped with an alternate means of cooling the reactor fuel in the
eventlhat the inventory of fuel coolant is depleled to an extent that fuel cooling is not assured. In this documenl.
such a system shall be referred to as the emergency core rooling system•• (ECCS). '

2.2 (a) Except as noted in paragraphs (1)) and (c). all equipment required {or conect operation of the ECCS shalj
be considered to be pan of the ECCS and shaD meet all requirements of this document

(b) Equipment required to supply compressed air. electrical power or cooling water to equipmcnl for
o~tion o{ the ECCS shall be considered as safelY support equipment. Such equipment shall meet all (j
re\eV&l\t requi'"Clllents of this document wilh the exception ofsections 35 and 3.10. .

(c) Equipment which is part o{ normal plant process systemS and which is not specifically designed to
mitigate the consequences of accidents. but which contributes to the cooling of the fuel following an
acc:ident. shaD be considered as process equipment conlributing to fuel cooling. Such equipment shall meet
all relevant requirements of this document with the exception of subsections 3.4.1 to 3.4.9 and sections 35.
3.6 and 3.10.

2.3 The design requirements o{ the ECCS shall be based on the assumption that the least effective of Ibe shutdown
systems has operated successfully.

2.4 The ECCS shall be conridered to be a special safety system.

2.5 Procedures to ensure compliance with the requirements of this regulatory policy statement shall be prepared
by the licensee and shall require the approYai of the Atomic Energy ConuoI Board (AECB) prior to the issuance
o{ a consuuction approYai (procedures relating to part 3) or an operating \iccnce (procedures relating to parts 4
and 5).

• These definitions do not constiww a complete list o{ IaI1IS used in this document, but are included to clarify
the meaning of some IaI1IS foc dte assislallce of the reader. A more comprehensive list of definitions of terms
relating to CANDU nuclear power plants is available from the Canadian StandanIs Association (CSA). Man/l4/ of
Defillilwnsfor CM N"deDr S/QIldQrds Vse by CM Tecludcal Commiuees, CSA~A-1989 .

•• Cunent CANDU reactor designs incorporate various systems for etnergency coolant injection supply.
recovery. circu1ation and heat Iel11Ovai. In this regulatory document, all necessary subsystelllS and components
performing these functions shall be collectively referred to as the emergency cxxe cooling system (ECCS).
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3. DESIGN REQUIREMENTS

3.1 Minimum Allowable Per(()('mance Standards

MinimLUn allowable performance standards shall be defmed (or the ECCS and sha1l be listed or referenced in Ihe
Safety Report and in &he Operating Policies and PriRCiples (or Ihe plant. The minimum allowable perCormanc....
slandards shall also be specified for aU major equipment and subsystems necessary for ton'CCt operation of the ECCS.

3.1 Cooling Requirements

For all events specified in Tables I and ~ the BeeS shall be capable of maintaining or re-establishing sufficient
cooling of the fuel and (uel channels so as 10 limit tJ(e release of J3dioaetive matcriaJ 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) Ule release of radioactive material from the fuel in the reactor shall be limited such that the reference dose .
limits are not excuded;·

(b) (or events listed in Table I. there shall be no failure of fuel in the reactor due to lack of adequate
cooling:"

(c) all fuel in the reaclOr and aU fuel channels sbaH be kept in a configuration such that continued removal by
the ECCS of the decay heat produced by the fuel can be maintained,·· and

(d) aftu adequate cooling of the fuel is re-cst.ablished hy 1he ECCS, the system shall be capable of continuing
CO supply sufficient cooling flow for as Jong as it is required 10 prevent funher damage to the fuel.·"

3.3 Eaviroomental Requiremeots .

3.3.1 AU pares of t.'le ECCS which may be required to operaIC, or to continue opt'.taung in response co any event
specified in Tables I and 2 shaD be designed 10 meet all necessary performance J'eql:irements while subjected to the
most severe environmental conditions which could be present when or before such operation is required. These
conditions ma)' include, but are not necessarily limited to, the effects of debris. sream, water, high temperature and ( )
ndiadon. ...

Qua1ifJCation is required for ~I ECCS eqUipment which may be required to operate. or to continue operating,
foUowin& expo$~ to any of 1he above conditions. Qualifation shall consist of testS todem~ to the ex~nt

pracdcabJe chat the type of equipment can operate under conditions similar to those which 'oVOUld exiSt during or
following the events spec:iCaed in Tables I and 2. Where such k.sts are impracticable, analysis is required to

demoasaatc that this requirement is met.

3.3.1 The Eccs shall be designed such that, for all events specifted in Tables I and 2, dynamic: effects or jet forces
caused by Ibe e\I'CRts cannot result in impairment of &he ECCSto an excent that relevant requirements in section 3.2
would DO( be met.

3.4 AvaDabi6t, Requiremtats

3.4.1 The ECCS shall be designed such ihat the fniclion of lime for which it is not available can be demonstrated 10

be less 1hat 10-1 years per year. The syatem sball be eonsicbed a'lllDable only if it can be demonstIaled to meel aU
the minimum lllowabJe pcrfonnance scandards as clef"tned in accordance wich section 3.1.

The availability of safety suppon equipment necessary for correct opetation of the ECCS shall be commenSUJ3:.e
widl &he availability requirementS of the BCCS.

Availability cdculatioas 10 detoonstrale that this RquUement can be met shall be included or ~ferenced. in the
Safety Report. Such calculations shalt be based on direct experience or reasonable exttapolalions lherefrom.

... This reguJalory document does not define comprehensive requirements for safety analysis and reference dose
limits. The reference dose limits ~rerred to in paraguph (a) are those c:ontained 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 10 fuel in &he reactor. For events
where \he initiating failure is in a single fuel clwmel or its appunenances. shese requirements do not apply to d1at
channel or &he fuel associated with it.
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3.4.2 The design of lhe ECCS and safety support equipment shall lake into account lhe long-term reliability
requirements of those components which muSl continue 10 function following an accident Slandards for the long.
term reliability of such components shall be prepared and shall require approval by the AECB prior to !he issuance
of a consttuction approval.

3.4.3 The design shall have sufficient redundancy such that no failure of any single component of lhe ECCS can
resull in impainne~t of the ECCS 10 an extent that the sySIenl will nOl meet its minimum allowable performance
standands under accident conditions.

This requirement does not apply 10 components which are not required 10 change Slate and which do not depend
on safety suppon equipment in order to perf09D their design functions. provided that tJiey are designed.
manufactttml. inspected and malntained 10 standards 'acceptable 10 the AECB.

3.4.4 Correct operation of ECCS equipment following an accident shall nOl be dependent on pow~ supplies from
lhe eleclrical grid or from lhe turbine generalOrs associated with any reaelOr unit sharing lhe same containment
system as lhe reaclOr involved in the accident unless it is shown 10 the satisfaction of lhe AECB lhat!he availability
of such power supplies could not be impaired by the consequences or 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 wi!hout a reduction in !he effectiveness of
the system below its minimum allowable performance slandards.

3.4.7 As Car 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 convened 10 a safe failure in some other manner. .

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

3.4.9 The design shall be such that, in the event or an llCCident, it is not readily possible for lllI operator 10 prevent
injection ofemergency coolant from laking place when such ir.jection is required.

3.4.10 Reliability sta!ldanls for process equipment conlributing 10 Cud cooling. as defmed in pamgraph 2.2(c), shall
be prepared and shali require approval by the AECB prior 10 the issuance ofa COIlSlI'UClion approvaL

3.5 Separatloo aod lodepeodeoce Requirements

3.5.1 A$ Car as practicable. the ECCS shall be pbysicalJy and operationally independent from other special safety
systems. No equipment which is part of the ECCS sha1l be used as partor IIlOiher special safety system.

3.5.2 As Car as practicable. the ECCS shall be iodependeRt from all pac:ess systems.

3.5.3 Design principl.:s for the separalion or redundant iostnunent channels and the senic:es 10 them. assoei.!ted wilh
the ECCS. shall be prepared and shall require approva1 by the AECB pior 10 the issuance ora construction approval.

3.5.4 If IlIbsystems or the ECCS are coosiden:d 10 be iodepeNIeot for Ibe pwpose or the safety analyses, piDCiples
for separation and indcpencIence or such IlIbsystems shall be pepaaed and shall n:quire appnwal by the AECB pior
10 ta'le issuance of a construc:tion approval.

3.6 Leakage Cootrol Requiremeots

ECCS components \ocaIecI exterior 10 the reactor containment struaure. and which may contain radioactive
material following a loss or coolant accident (LOCA). shall be located such that any leakage (liquid, vapour or gas)
which may OCCID' is confmcd 10 the immediate vicinity or the components or is direcled in a controlled fashion to
appropriate leakage <:oI1caion Cacililics. 1bis requiremClll does DOt apply to Colly welded piping and components.

3.7 lnadverteot Operation

The ECCS shall be designed as Car as p2Clicab1e such that inadvertent operation orall or part or the system shall
not have a delrimental effect on plant safety.
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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 planl equipment for which such acccss might be
required.

3.9 Status Moriloring Requirements

3.9.1 The design of Ibe ECCS shall be such thallbe stalus of all important equipment required for operation of Ibe
ECCS can be monitored or inferred from Ibe conlrol room. .

3.9.2 As far as practicable, all failures of ECCS components which may interfere wilb proper functioning of Ibe
ECCS shall be annunciated in Ibe conlrol room. .

3.10 Codes.and Standards

3.10.1 The application for a consuuction approval shall identify any aspects of the design which fail 10 comply
with the applicable requimnents of CAN3-N28S.(}"M81, General Require~nlS for Pressure-Retaining Systems
and Componeltls in CANDU.Nuclear Power Planls. All exceptions 10 the requirements of Ibis standard shall require
approval by Ibe AECB prior 10 their implementation.

3.10.2 The minimum acceptable standards for pressure-retaining components of the ECCS shall be CAN3-N28S.0
Class 3.

3.10.3 The rules of the CAN3-N28S.0 Class 2 shall be applied, as a minimum, 10 those portions of Ibe ECCS
which may be outside containment and which could contain appreciable quantities of radioactive materials as a
result ofan accident

3.10.4 A lisl of any additional codes and standards ID be applied ID the ECCS, and the extent of their application,
shall be prepared and shall require approval by the AECB prier 10 the issuance ofa consuuctioo jIPprOval:

3.11 Seismic Requirements

All equipment required for continued fuel cooling after such cooling has been re-established shall be designed 10
remain functional following the site design earthquake for the plant site.

4. OPERATING REQUIREMENTS

4.1 Requirements for Normal Operation

4.1.1 The ECes shall not be intentionally nw:e Ull3vailable at any lime when its operalion could potentially be
required except in acconlance with procedures which shall be prepared and which shall require approval by the
AECB prior 10 the issuanc:c or an operating licence.. The ECCS shall be considered ID be available only when il
meets all the mininlum allowable performa.'ICe standar:Is 8S defUled in accordance with section 3.I.

4.1.2 Procedures for lalcing comctive action, in the event thai the ECCS is found 10 be unpaired during periods
when avaiJability is required, shall be prepared and shall require approval by the AECB prior 10 the issuance of an
operating licence.
4.U· If any component of the BCes is found ID be inoperable, DC impaired below its minimum allowable
performance standards. the component and its lSSOCiated equipment shall, as far as practicable, immcdiately be pul
in a saf~ condilion, 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 thai component
and its lSSOCiated 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
mainletl3JlCe, prior 10 the stan of worlc or. a subsequent componenl

• Requirements 4.1.3, 4.1.4 and 4.15 do not apply during periods when !he ECCS has been made unavailable in
accordance with proeedwes approved pursuant 10 subsection 4.1.1.
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4.1.6 When mainlenance on a componenl is compleled. il shall be tesled to the extenl practicable to demonstrate
thai il and ilS associated equipmenl function in aecordance with design requiremenlS.

4.1.7 The standard of maintenance shall be such thal the reliability and effectiveness of all equipmenl. as claimed
in the Safety Repon and other documentation in suppon of an operating licence. are assured.

4.2 Requirements for Accident Conditions

Ifoperator action is required for aclUatiOll of any ECCS equipment. all of-the following requiremenlS musl be met:

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

(b) the reliability of such insttwnemation shall be commensurate with the requlremenlS for availabilily of
emergency core cooling. as specified in section 3.4. If indication of only a single parameter is required. the
instrumentation shall be pan of Iile emergency core cooling system;

(c) there shall be 15 minutes available following such cl= and unambiguous indication before the operator
action is required. and

(d) there shall be clear, well-defmed and readily available operating procedures to identify the necessary
actions.

5. TESTING REQUIREMENTS

5.1 Commissioning Tests

5.1.1 Performance Tests

Prior 10 fust criticality of any reactor. tests of the ECCS equipment shall be pe.-formed Ii) verify that all design
requirements have been achieved. Exceptions to this requirement will be allowed only if it is shown 10 the
satisfaaion of the AECB that some operational characteristics are impracticable to demonstrate under non-accident
conditions. or Ihat such tests would have" detrimental effect on safety.

5.1.2 Wiring Tests

Prior 10 fust criticality of the reactor, tests shall be CllIried out on all electrical wiring associaled wilh lhe ECCS
to demonsuate that aU connections are in accordance with the design.

5.2 AvallabDily Tests

5.2.1 All BeeS equipmCllt shall be monitored or tested at a frequency which is adequate to demonstrate
complialu with the avai1ability requirements specifted in subsection 3.4.1.

5.2.2 A report on the availability of the ECCS shall be included in each 8IIIIIIa1~ on the operation of the
station. This report shall include:

(a) a _ent of the total fraction of lime in the yeM during wbich the ECCS was DOl demonslrated 10 be
available, as deftoed in subsection 3.4.1. Only periods during which the BeeS is inlCl\lionally made
unavailable, in aa:ordance with the condiIions or section 4.1 shall be excluded from such caJa,lariOl"lS;

(b) a comparison or the failure modes and failure frequencies obsened in the operation of the station with the
failure modes and failure frequencies used in the avai1ability c:alculations prepared in acaxdance with sub­
section 3.4.1. and

(c) avai1ability calc"'atKms sufficient 10 demonstrate !hal the avai1ability requirement of subsection 3.4.1 can
continue to be sa:lsrled. based on observed failure modes and failure frequencies.

REFERENCE

D.G. Hurst IIIId F.C. Boyd. "Reactor Licensing and Safety Requirements". AECB-IOS9, June 1972.
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TABLES *

TABLE 1
I. Failure of any feeder pipe in the primary heatlr3llspon system

2. Failure of an end fiuing

3. Failure of a pressure tube and its associated ~andria tube

4. Fuel channel flow blockage

5. Fajlure of a fuelling machine 10 replace a closure plug

6. Inadvenent opening of pressure relief or control valves on the primary heat transpon system

7. Failure of steam generalOr tubes

8. Failure of feedwate;/steam system

9. Any ofevents I 10 8 above accompanied by an impainnent of the containment system.

TABLE 2
I. Failure of any pipe or header in the primary heat transpon system

2. Event I accompanied by an impainnent of the containment system.

• In these tables. "failure" means both IOtal failure and partial failure.
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