
. . 

mu Afomic Energy Commission de conlr~le 
Conlrol Board de l’hergie aromique R-7 

Regulatory Document 

Requirements 
for Containment Systems 

for CANDU Nuclear Power Plants 

A Regulatory Policy Slatement 

Effective date: February 2 1, I99 1 

Canad 



TABLE OF CONTENTS 

1. DEFlNlTlONS ..................................................................................................................................................... 1 

2. BASIC REQUIREMENTS .................................................................................................................................. 1 

3. DESIGN REQUIREMENTS ................................................................................ I.. ........................................... 2 

3.1 Contaiomcnt Envelope ................................................................................. ..- ........................................... 2 
3.2 Design Infomution ....................................... c ._............................- ........................................................... 2 
3.3 Dose Limils under Accident Conditions ..................... ..- ............................................................................ 2 
3.4 siruc1val Inlepily .I.. .................... . ............................................................................................................ 2 
3.5 Leakage crilcria ......................................................................................................................................... 2 
3.6 Environmental Rquiremenls ..................................................................................................................... 3 

3.7 Availability Rquircmems .......................................... ..-...- ....................................................................... 3 
3.8 Sepemtion and Independence Rquiremcnu.. ............................................................................................. 3 
3.9 Rqulremcnu for Peneuations of Containment .......................................................................................... 4 

3.10 Containment Armosphere Conuol .............................................................................................................. 4 
3.11 Shielding RequiremenU ............................................................................................ .:. ............................... 4 

3.12 Status Monitoring Rquiremenu ................... ;.........................................................:. ................................. 4 
3.13 Codes and Sundar& ................................................................................................................................... 4 
3.14 Seismic Rquiremenu ................ .._. ........................................................... ..~ ............................................. 5 

4. OPERATING REQUIREMENTS ................ i.. .................................................................................................... 5 

4.1 Rqoircments for Normal Operation .................................. . _...................................~............~ .................. 5 
4.2 Rqukemenu for Accident Conditions ...................................................................................................... 5 

5. TESTING REQUlTtEMENTS ............................................................................................................................. 6 

5.1 Commissioning Tess ............................ . .................................................................................................... 6 
5.2 In-Sea-vice Tests and Inspections ................................................................................................................ 6 
S.3 Availability Tests ........................................................................................................................................ 7 

REFERENCE ............................................................................................................................................................ 7 

TABLES .f ................................................................................................................................................................. 8 

APPEZNDIX - Requirements Ior metal exvnsions of tie ccntainmenc envelope ................................................... 9 



l’kis documen: is pan of a su ofreguhny dccumenu 
dating to the dety requiremenu for CANDU nuclear power plants: 

R-l. Requirements for Cmminmenr Systemsfor CAh’DU Nucleor Power P&mu 

R-8, Rcqrcircmcntsfor Shutdown Systemsfor CANDO Nuclear Power Plants 

R-9. Requiremenu for Emergency Core Cooling Sysmns for CANDU Nuclear Power Plants 

These documurls apply lo rcaCuXS liienscd for consnution tiler lanuary 1.1981. 



REQUIREMENTS FOR CONTAINMENT SYSTEMS 
FOR CANDU NUCLEAR POWER PLANTS 

1. DEFINITIONS* 
In tii document, 

“closed system” means a piping syswn whiih penctmt~ and forms a closed loop or an enclosed volume &her 
inside cc oulsidc the containment swc+re. For ckwd syskms inside amtainment. the. fluid ,jn the system does 
uot d&cdy communicate with cithu the prinwy coolarit or tic conkiinment aImo.@We; (sysfdme/ermc) 

2omabmibnt envelope” means shuctmes and appurtenances which pi&de a pesrure-nraining baker 10 prevent 
or limit lbc escape of any radioactivc’marw chat could be released from (he fuel elemenu. as a resuh of a failure 
in a fuel cooling system; (enceinre de confinemen:) 

“fuel cooling system” means any cooling system whose failure bar the pole&al for nlcase of radioactive material 
in excess of lhe lib-nits given in the rcfemnce. Included would be the primary heat uansporc system, any booster 
fuel cooling sysr”, and the fuelling machine cooling system. Excluded would be the in&&d fuel bay cooling 
system; (sysfhe de refroidissemenr du combusdble) 

“minimum allowable performance standards” means the set of opuating Limits or the range of conditions 
establiskd for componenu or subsystems which dcfme the minimum acccpable states for those components or 
subsystems as crcdiud in tic safety analyses; (normes de rcndcwun~ minimal admissible) 

“primary heat lranspw syskm” means rhat system of compomnu which permit the uansfex of he& frdm the fuel in 
the reactor to the seam generatar or cuha heat exchangers employing secondary cooling. For purposes of this 
document, it does not necessarily include auxiliary purification and pressure conuol subsystems; (circuil 
cdoporreurprimaire) 

“special safety system” means one of the following systems: shutdown systems. containmen system. emergency 
core cooling system. (r+ke spCcial de shfi) 

2. BASIC REQUIREMENTS 

2.1 All water-wokd nlrlear power reactors shall be ir~stallcd with” a containment soucture. All piping which is 
pars of due main circuit of Ihe primary heat v~sp01-1 syskm. excluding boiler tubing. shall be toullly within the 
comainmnc suuchlre. 
2.2 (a) Except as nowl in paragraph (b), all equipment rr&red for conw4 opemdon 06 the containment system 

shall be considered lo be pan of that system and shall me6 all rcquircmcn~ of this document. This shall 
include: 

(i) Ihc containment suucnw and appwknawcs. 
(ii) equipment required to isolate Ihe containment envelope and assure its compleuness and condnuity 
following an accideni, 
(iii) equipment required to reduce Ihc pressure or chc tkc radioactive mat&al wiIhin the comainment 
envelope. and 
(iv) equipment required to limit tic release of radioactive mat&a! from the cowainmenc envelope 
following an accident. 

l These definitions do II@ constitute a complc(c I&I of cams used in this dccumcnk but are included 10 clarify 
the meaning of some tcmw for (he assislance of the wader. A “on comprehensive list of defmitions of lcrms 
relating IO CANDU nuckaf power planu is available from Ihe Canadian Standa& Ass&in (CSA). Menwl o/ 
Dqinikonsfor CSA Nucleer Smndnrds Use by CSA Technical Commi~res. CSA-N94@?A-1989. 
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(b) Equipment required to supply compressed air. electrical power or cooling water to equipment for 
option of the containment system shall be considered as safety support quipment. Such quipmcnt shalt 
m&l all relevant requirements of thii document with the exception of sections 3.8 and 3.13. 

23 The ccncainmcnt system shall be considered to bc a special safety syslun. 
2.4 Roccdurcs to ensure compliance with the rquircmcnts of this regulatory policy statement shall be preparcd b; 
the licensee and shall rquire the appmval of the Atomic Energy Contiol Board (AECB) prior to the issuance of a 
ccmtmctio” approval &cccdurcs relating to part 3) OT an of&ting liccncc @rowhues relating to pars 4 and 5) 

3. DRSIGNRRQ IJIRRhmNTs ‘_ 

3.1 Containment Envelope 
There shall be 8 clearly dcfd continuow containment envelope which is capablc.of Limiting to an acceptably 

low value the rekase of radi~tive~material from the stat& for all postulated failures of a fuel cooling system as 
spccifti in Table 1. ‘Ihe bowdary of thins containment envelope shall bc defined for all conditions which could 
exist in the opxation or maintenance of the Mcta. or following an accident. 

3.2 Design Information 
3.2.1 The S&ty Rep~n shall ~karly SKU the values of. and bases for. the following containment sys~m design 
pammeurs: 

(a) positive design pressure(s); 

@) negative d&n pressure(s) where applicable, and 
(c) the maximum allowable k&age liltc at the positive &sign poxsure. 

33.2 Minimum alhnvabk petfm standards shall be def& for the con’timent system and shall be listed or 
nfercnced in the Saf~y Reps and in the Gpwating Poliiks and Rincipks for the pIa+ The minimum allowable 
pexfonnnnce standards shall also be specified for all major quipmcnt and subsystems necessaty for correct 
0puati0” of tk co”cai”ment systun. 
3.2.3 A report shall be submitted which ckady idemiftes the containment envelope as described in section 3.1. 

3.3 Dose Limits under Accident Conditions 
The containment system shall be cap&k of limiting the rekase of radioactive material such that the refcrcnce 

dose limits are not cxceedcd: 

3.4 Structural Integrity 
3.4.1 The positive design pressure of each part of the contaionwnt envelop shall be not less than the highest 
pressure wMch could be generated in that part as a result of any postulated evu~ts specifti in Tables 1 and 2 for 
which mdioaetive material may be r&wed into the containment envelope. 
3.43 The “egativc d&i prtyllrc of each part of the coetaintncnt envelope shall not be greata than the Iowes 
pnssurewhichcoc~ldbegenuutdinthntpartasrrcsultofmy~rcdev~ntrr~ifiedinT~lcs1.2.3and4: 
3.4.3 It shall be shown that, for all events spcciticd in Tables 1,2.3 and 4. the stntctonl integrity of containment 
till not be impair4 to a degree that ccnsquential damage to trxta r~ could result. 
3.4.4 It shall be shown that, fa all eve#s spccilkd in Tabks 1.2 and 3. no damage to the continment structure 
will -. 

35 Leakage criteria 
3J.l The m&mum allowable k&age rate from the c0ntainmcnt envelope shall be the value used in the safety 
mdyscs wbiih demw&nate that the reference dose limits an not exceeded. 
35.2 Aust acceptance k&age me shall be esIabui giving the maxinlunl *ccqfable kakage rate under actual 
measwment tests. The margin between the maximum allowable k&age tate defwd in nrbseetion 3.5.1 and the 
lescrcepcance*aluge~terhall~~rppmvrlbytheAEcBprioru,chefirst~~Rtctorr. 

l lld.9 Rgulrtay document d0e4 not ddi~ Compidemive rqubemmts for safety analysis and reference dose 
liiits. Tlx rcfutnae dcse limits ticwed to in section 3.3 ~FZ those ant&cd in tk rcfaence. M any subsequent 
AECB regulatory document. or PI odwwise agreed in writing bctwc.en the licensee and the AECB. 
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3.6 Eovironmental Requirements 
3.6.1 AU par& of the containment system which may bc tquircd to operate. or to contiouo oprating. in response to 
my cvenl spccifted in Tables 1.2.3 and 4 shall be designed to m+ all ncccssary performance rquiremcnls while 
subjccud to the mosl s~vcre environmental conditions which could bc present when .or before such opmlion is 
requ’bed. llxse cooditions may include. but are not neccasarily limited to, the effects of debris, slcam. water. high 
tempxature. radiation. and pressorc differentials. 

Qualification is rquircd for all containment quipment which may be rquired IO operate, or to continue 
opmting. following cxposurc to any of the above conditions. Qualiticatioa shall consist of tcsp to demonstrate to 
the ext.% ptxticabk that the type of qttipment can *rate under conditions similar ti those which would exist 
during or following the events list& in Tables 1.2.3 and 4. Whae such tens are impracticable, analysis is required 
IO demonspate that this tequircment is met. 
36.2 The contim~c rysum shatl be designed such that. for all events sp&ied in Tabks 1.2.3 and 4. dynamic 
effects or jet faces caused by the event cannot result in impairment of the containment system to an extent that the 
nkvam rquiremwls in subsecti~ 3.3,3.4 and 3.5 would not be met. 

3.7 Availability Rqttire&ents 
3.7.1 The containmt system shall be. designed such that the fraction of time for which it is not available con be 
demonsnaccdtobeksthanl0’years~year.?hcsystunshallbeconddcndaMikbleMllyilit~bcdunonwralcd 
IO meet all the minimum allowable pformaxe saodards as d&cd in accordance with subs&ion 322. 

The availability of safety support quipmcnt ne&sary for comc( opera&n of the con(aiament system shall be 
commensurate with the availability rquircments of the containmurt system. 

Availability calculations to demonstrate&at this rquimment can be mu shall be included or referenced in the 
Safuy Repot% Such cakuMions shall be based on direct expaiencc or rmsoaabk exuap&tions therefrom. 
3.7.2 The design of the containment system and safety sttppozl quipment shall take into accotmt the long-term 
reliability rquirunentc of those components which mast continue to fmtction following an accident. Standat& for 
the long-lum nfiabilify of such components &.I! be prepared and shall require appoval by the AECB prior to the 
Issuance. of a coostroction approval. 
3.7.3 The design shall hevc safticient redundancy such that no failure of any single component of the containment 
system can tesult in impaitmen~ of the system to an exccnt that it will not mecl its minimum allowable performance 
swdatds m&s accident conditions. 

This nquimnunt does not apply to components which are not rquired to change state and which do not depend 
on safety puppon equipment in order IO perform their design functioas, provided that they are designed, 
mandacti. ins@ md maintained to standards accqxabk. to the AECB. 
3.7.4 Comcc opcdlm of the txmtainment system following an sccident shall not be dependent cm power supplies 
fromthcekctricalgtidcr6antheuubmegenuatus asmckted with any rezttx tit within that wntainmettt system. 
3.75 As far &s przticabk. all containment qaipment shall be designed such that its mosl pmbabk failure modes 
wiU not result ii3 a reduction in safety. 
3.7.6 As far as pncticabk, the design shall be such that all tnaimenance aad unavaikbiiity testing which may be 
required when the umaitimenc is trqttbd to be available can be carried out 

(a) withoul impimamt of the containment env&pe. and 
(II) withouc a reduction in the effectiveness of the containment system below its minimum allowable 
pufomuure-. 

3.7.7 As far as pracdcabk, the design shall bc such that a f&d compnent can be pit into a safe state. a such that 
chefnilurrcanbcconvaccdtoasafcfailureinsomeMkamanner. 
3.72 The design Shall bc ruch that all ntceasaty rctioas d ~tablmetll qaipmcn~ whiih are initiated by automatic 
mtml logic in rcrparre u) aa exideol can also bc initiated manually bum the appt@ate cotmd mom. 

3.8 Separation aad Independence Rquirements 
36.1 Asf.xas~6cabk,dIecauaLvnenr s@ll~bephysicallyand~yindepudent~Mhaspcckl 
~~syslunrNocguipmentwhichispMofiheaxrauuncMIyslcm~beused%panofanMhaqsiasaluysyslun. 
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3.8.2 As far 8s practicable. the containment sysccm shall be independent from all pmcess systems. This nqukcmcm 
does not apply to equipment discussed in subparagraphs 2,2(a)(iii) and (iv) provided thal such equipment is 
nommlly operating when the reactor is opcmting. 
38.3 Dcsig” principles for separation of redundsnt instruwnt channels and the w-vices to the”& assoziaud wilh 
the containment system. shall be pnpared and shall w@e approval by the AECB prior IO the issuance of a 
co”suuctio” approval. 
3.8.4 If subsystems of conlainment are considered to be independent for the purpose of the safety analyses, 
principles for separation and independt+e of such subsyste”u shall bc prepared ad shall require approval by the 
AECBpriortotbeissuanceofa mnswctio” appval. 

3.9 Requirements for Penetrations of the Containment Structure 
Piping systems which penctmte the containment stmcture shall be designed to meet the rquirements spcziticd in 

tie Appendix. 

3.10 Contabsmcnt Atmosphere Control 
3.10.1 Systems shalt be btcoiporatcd into the containment design to assist in the control of the internal pwsure and 
to conwl the release of mdioactin material to the cnvinmment following a” accident 
3.10.2 Provision shall be made for conuolU”g the concenmtio” of hydmgcn and/a oxygen following a” accident 
to prevent explosion M deflagration. unless it is demonsoated that there is, no possibility of such a” explosion or 
deflagration as a result of any event spkiicd in Table 1. 
3.103 The design of tbe plant shall k such that, follow@ a” accident. it is possible to isolate all engineered 
sources of cxxnpxessed air self otha non-condensable gases leading into the containment almosphere. othw than 
those rcquircd for the opemtion of nwssary quipmenr 

3.11 Shielding Requirements 
3.11.1 The design of the conlainment system rind associated quipment shall inccrpomte sufficient provision for 
shielding to ulsore that radiation tie& would not be excessive in areas of the plant to which access might be 
rquircd following a” accidcnr 
3.112 A rqar: demonmating the uk.qw.cy of the shielding provisions’ shall be prepared and shall specify: 

(a) the postulated accident which resrilu in the largest r&as? ot. radioactive material inside the containment 
envelope; 
@) all areas to which access might be required following wch a” f&de”& with the frqcency uld duralion of 
necessary wxss. anO 
(c) the marimum radiation f&is expected in such areas when access might be required. 

3.12 Status Monitoring Requirements 
3.12.1 The design shall be s”ch that u;e status of all important quiuipment ca” be monitored M infenxd from the 
appmpriarc contml mom. 
3.12.2 The d&i shall be soch that pny gross brwh of tbc contabunenc envelope fan be readily and reliably 
d.sected. 

3.13 Codes and Standards 
3.13.1 The appkation for a constn~tion approval shall idcmify any rsp~s of Ihe design whiih fail to comply 
with the applicable requirunenl.s of lk following codes a”d sIanda& 

(a) CSA N287: Sales on Concre~ CO~~.MKIU SuucIwesfor CXNDUNucIear Power Pl0nf.r. and 

(b) CAN>N285.0: General Re911iremnts for PreSswe-Rchmlng Sysrems and Compmcnts in CANDY 
Nvclcar Power Plan& 

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

l Equipment required only for shielding pwposes need no( be considered as part of the containment system. 
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3.13.2 A lisl of additional codes and slandards u) bc applied 10 lhe containmcnl system and Ihe extent of their 
application shall bc peparcd and shall rquire approval by the AECB prior U, Ihe issuance of a consnwtioa approval. 

3.14 Sekmic Rqulrements 
All pans of the containmen system credited in the safely analysis following a design basis seismic ground 

mocioo for that plan1 site shall bc designed (0 remain fully functional following such a- cven~ 

4. OPERATING REQUIRFMENTS 

4.1 Requirements for Normal Operation 
4.1.1 The containment system shall not be intentio&y made uiuvaikble. unkss all of the following conditions 
aremet 

(a) il reactors within rhe containment envelope are in a guamwed shutdown state approved by’thc AECB. 
(b) all reactor cooling systems are sufficiently cooled and deprcssurized io accordance with procedures 
approved by dx. AECB. and 
(c) all irradiated foil wilhin the containment envelope is adquately cookd and has an altemalc cooling 
supply available. 

Proxiuns for intentionally making the containment system aoavailabk shall be prepared and shall require tic 
appr~vd of the AECB prior to the issuance of an opcmting license. 

The containment system shall be considered to 6~ available only when it meets all the minimum allowable 
pf~rrnance. slandardr as delined in accordance with subsection 3.2.2. 
4.1.2 F’mcedurea for t&ng corrective a&a. in the event that the uwainmenl syslcm is found to be impaired when 
tbe cooditioas mmtiooed in subsenion 4.1.1 are nti ma, shall be prepaid and shall squire approval by tbe AECB 
prior to the issuance of an o~adng liculcc. 
4.1.3* If my wmp&cn~ of the containment system is found to be inoperable or impaired klow its minimum 
allowable performance standards, the componem and iu associated equipment shall, as far as pracricable. 
immediately be pm in a safe condition. except as approved in accordan= with subsection 4.1.2. 
4.1.4. As far as practicable. maintenance on a condiment syslem component shall be carried out only when that 
compooeor and its associated quipmem have bezn po: in a sia(e which does not reduce the availability of the 
conlainmenr system. 
4.19 If reduadanc wmponen~s rquire maimenance. uch component shall be thoroughly tested following iu 
main? prior to the Stan of work on a subsquent mmponem. 
4.1.6 When mabucoaace on a component is completed. it shall be tested to the extent practicable to demonstrate 
chat it and its assccialed quipmat fuwion in Bccordance with &siga rquiruncnts. 
4.1.7 The nandard of maintenance. shall be such tba~ tbe reliability and eiToxivencss of all qaipmem, as claimed in 
the Safety Repxt and orher documentation in suppofi ofan opemting liceace. are assured. F 

4.2 Requirements for Accident Coaditlons 
If operator aaicn is rquind fw actuation of any c4mtimcat quipmenL all of the following rquiremcnlr 

muubemu: 
(a) then shall bc bubamention IO give the opalor clear and unambiguous bxl$ation of the neccssily for 
opaalor acIicm: 
@) the reliability of soch inshumenlatioa shaU be commuuurate wirh the squiremenu for availability of the 
cmtainmcnc syslem 8s sp&ticd in section 3.7. If iadiution of only I single pammew is squired. the 
bsbunenration shall be part of the containmu~t system; 
(c) lherc shall be 15 minutes available following such clear md tmambiguou i&i&w before the opeca(or 
action is rqubul, and 
~~rhuc~beflear.~-definedandrradilyavsikbleqrntingpmcedursu,idcntifythcnectssaryaaions. 

~Rq~~~4.1.3.4.1.4md4.1.5dono(rpplyduringperiodswhcnche~tainm~t~~~~m~c 
unavailable in acw&mx with prwe&uc.sapprove4lpwsuaoltosubsc&m4.1.1. 
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5. TESTING REQUIREMENTS 
5.1 Commissioning Tests 

5.1.1 Pressure Proof Tests 
Prior lo tirst criticality of any reactor. positive pressure proof tests shall be done to demonstrale the suuctuml 

integrity of all parts of the containment envelope and d?c containment system. If the design specifications include a 
negative design pressure. a negative pressure proof tes.1 shall &ok done. 

Positive pressme 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 tcsu shall be done at a pressore not greater than& negative design pressure. 
If any of the above tests arc impracticable. testing of rcprcsentative quipment in a kbontoty may be accepted. 

if approved by the AECB. 

5.1.2 Leaka$e Rate Tests 
Prior to firs1 criticality of any reactor. tie leakage rate of its containment envelope shall be measured to 

demonstrate that it is not greater than chc test acceptance leakage rate. Measwements shall be made at a range of 
pressures up to and including the positive design pressure foe each parr of the containment envelope. The test shall 
be conducted with containment compooenc; in a stale 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 pen~tions. isolating devices and airlocks shall be done for those penetrations for which it 
is necessary to obtain baseline leakage mcasorements against which the future in-service k&age tests specitied irt 
subsection 5.2.4 may be compared 

5.1.3 Tests of Containment Equipment 
Prior to fast criticality of Amy reactor, tesLF of the containment system quipment shall be performed to verify 

Uw ali design requinments have been achieved. Excecptioos to thii rqokment will be allowed only if it is shown 
to the satisfaction of the AECB that some operational chamctexistics are impracticable to demonstrate under non- 
accident conditions M that such tests would have a detrimenti effect on safety. 

5.1.4 Wiring Tests 
F&r I0 fust criticality of any reactor. test6 shall be carried out on all eleceical wiring associated with the 

cawinmenr system to demonstrate chat all coonections are in accordance with the design. 

5.2 In-ServIce Tests and Inspections 

53.1 Pressure Roof Tests 
Rcrwe proOr tesfs. IS specified in subsection 5.1.i. shall be repmted following any major modikation of the 

containment envelope or after the containment system has been subjected to elevated pressure diifenntials as a 
result of ao accident or after the containment system has ken subjected to any severr envimnmeotal effects. 

52.2 Leakqc Tests 
In-sexvice leakage rate tests shall be carried out in accordance with one of the following akmativc medxds: 

(a) a leakage rate (M shall bc carried out at full design pressure at least once every three yean to dekonsuate 
that the measured leakage rare is not grcal~r than lhe mtimurn allowable leakage tate. If the measured 
lealragenueisine-ofchetcstaacpfanalealcagtrate.thefraqu~yof~h~csshallbeincreascdlo 
once evay two years. or 
(b) P leakage rate test shall be carried out at a frquency of not less than once per two years to 
demow.mte that the leakage rate is not gmater than the maximum allowable leakage rate. Such tests may 
be carried out at reduced or negative pressures. Howcvet. if the test results. when extrapolated to full 
design pressure, indicate leakage in excess of Ihe test acceptance leakage rate. a leakage rate test al 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 add&n to the above routinely schcdukd kakage rate lcsts. a 1-e rate test at Ihe full design pressure shall 
be pcrlcmncd in conjunction with any pressure proof test required under subsection 52.1. 

5.2.3 Containment Equipment 

To the maximum cxtenl practkabk (see subsection 5.1.3). tesls u, demonstrate tha1 containmcnl equipment 
meets i& minimum allowable performance stat&w& shall be carrkd out at a frequency of no1 less than ice per six 
years. 

53.4 Tests of Penetrations and Isolating Devices 

An in-scrvkc tcsl program for pneaations. airlocks and isolating devices shall bc prcpand. The program shall 
d&ail for Fh type of pcnetmtion. isolating device and airlock to be tested. the nature of the test, test frquency, and 
k&age sac@ncc criteria. This program shall rquire tbc approval of the AECB prior to the issuance of an 
operating licence. 

53.5 Yisual blspections 

External visual inspections of the containment envelope. including app wunances and penetrations shall be 
camid om in conjunction with each of the tests rqubed by subsections 5.2.1.5.2.2 and 5.24. 

2-k inlerior of this envelope shall be visually inspected at a frqucncy and LO an exlenl approved by Ihe AECB 
prior to the issuance of an opualing lkence. 

53.6 Reporting Requirements 

The results of al1 in-service tests and inspections of the containment systun shall be reported in the annual 
repons for the station. 

53 Availability Tests 

511 AR containment qaipmcnt”sMl be mcnitorcd or tested at a frquency which is adequate to demonstrate 
compliance with the availabiiiy rqukemeo~ spxif& in subsection 3.7.1. 
53.2 A rqm on the availability of the containment system shall be included in each annual repon on the operation 
of the station. Their rcpw shall include: 

(a) a statement oi the total fraction of time in the year during which the containment system was no1 
demonstrated to be available, BS defiied in subsection 3.7.1. Only periods during which the containment 
sysm is intentionally made unavailable, in xuxdance with the conditions of section 4.1. shall be excluded 
from such calculaticos. 

(b) rcunparim of the failore mcdes and failure frquurks obsuved in operation of tbc station wilh the 
failure modes and failure frqwnciw used in the availability cakulations prepared in accordance with 
subsection 3.7.1. and 

(c) availability urlculations sufticicnt to demonsttatc that the availability rqubwncmof subs&on 3.7.1 can 
coxinue to be satisfy based cm observed failarz niodcc and failun frqwncks. 

REFERENCE 

D.G. Hurst and EC. Boyd,“Rcactor Lkensing and Saf~y Rquimmen&“. AJXB-1059, June 1972. 
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TABLES * 

TABLE 1 
1. Failure of any pipe or header in any fuel cooling sysl~m 
2. Failure of a pressure tube and tie associated calandria tube 
3. Failure of M end fit&g 

. 4. Fuel channel flow blockage 
5. Failure of a fwlling machine IO nplacc a closure plug 
6. InadverlenI opening of pr- relief oT control valves on the primary heal transpon system a assccialed systems 
7. Failure of steam generator tutes 
8. Any of evenLs 1 lo 7’0~curring coincidentiy wilh impairn~enl of the emergency core cooling system 
9. Inadvertent opening of prcsswe relief valves connecting I@ a vacuum building 

TABLE 2 
Any of evems 1 IO 7 in Table 1 accompanied by complek failure of dousing. 

TABLE 3 
Failure of any pipe in lhe steam generauu feedwala or steam syslcms. 

TABLE 4 
Failure of any pipe in Ihe steam generator feedwaler or sazsm systems accompanied by complete failure of dousing. 

l In these tables. “failure” means both 1c4al failure and panial failure. 
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APPENDIX 
At 

REQUIREMENTS FOR METAL EXTENSIONS 
OF THE CONTAINMENT ENVELOPE 

1. CODE REQUIREMENTS 
Syswms or portions of systems which form part of the containment envelope shall be conslru~ted LO the 

requiremenu of the ASME Boiler and P~essurc V&e/ code. Section 111. Division 1. Subs&on NC (Class 2 
compwen~~) or Subsection NE (Class MC compooents) except for: 

(a) those systems whose process rquhments art Class 1 or 2 in awxdance with CAN3-N285.0; 
(b) those closed systems inside the containment structure which have a design pressure gnavr (hen 0.5 hIPa 
and am ccr~tinuourly opaatd at 01 above the pmitive design pressure of the containment at all points in the 
system, and which ran be monitored for leaks. Such systems may be constxucted to the process syslems 
rquimmwu. but they shaii be consaucted to not less than IIS “on-nuckar rquimenu of CSA B51. 

Clcad systems inside the containment structure which do oat mea the rcqubemencr in paragraphs (a) and (b) 
may be built to the rquirements of Class 3 if it can be shown to the satisfwion of the AECB that, doe to smallness 
of size or other factors, the proposed design provides @I adequate barrier. 

2. ISOLATION 
Piping systems shall be provided with isolation devices having redundancy. reliability, and performance 

upabilitks which rcfkct the importance to safety of isolating the various types of piping systems penetrating 
ccmah~mcn~ Where isoktion In a piping system is pmvidai by valves. provisions shal1.b~. made u) test the valve 
opembility pcrkdicaIIy. to check that the v&e k&age is within %xeptabk Iimits and to allow maintenance of the 
valve without causing P bxeach of the containment envelope. M order for P manual isolation valve to be considercd 
dosed. it shalI be either k&cd closed or umtinooosly monitored to show that the valve is in the cloxd position. 

The various types of piping systems penetrating conta.iament shell be provided with the following isolation 
unkss it can be shown that, fa a sp&tk type of line, ott isolation provisions would be acceptable. 

2.1 Primary Heat Transport AuxUiary Systems Peoetratiug Containment 
Each line that is conneaed to the primary heat transport system pressure boundsry and that penetrates the 

conminmcnt suucaue shall be pwkkd with two isolation valves in serks. The valves shall normally be arranged 
with one insi& and one outside the wnoiimmt stmchut. If it can be shown that two valves inside the containment 
stmctwe or two vdves ootside the cauinment sawtore can provide an quivaknt baniu in wtain applications. 
that his may also he an acceptabk arnngemen~ 

A check valve may be used of ax of the i.wlation banius but it shell be kc&d inside ihe containment structure. 
Two check valves in s&es are not wnsidtxed M rcccpcnble barrier. 

What thcvahcs provide isolation of the heat nanspan system dwing oamal opaation of the station. then both 
valvcsshalInormallybeintheclosedpositica 

Sysms dirtctIy axmecttd to the heat trmspon system and which may bc open during nomtaI operation of the 
stmim shall &So he provided with tk same isdim as Ihe lIOrm&y clc6ed system exepl that menuat isolating 
vdvts inside the contatnment sbuctore shell not be usad. AI least one of the two isolation valves shall bc either an 
oummatic isolation valve (for instance. a check valve) a a powered i&atkn valve opaable f&m the contml room. 

Pa small lines of 25 mm in nominal diem&~ or kn, a single closed isolation valve inside co@nment may be 
usd provided the lint is wnnccled to a clcsed system outside containment. 

Thelineupco~includingchcraMdisoluionvnlvt,crihcf~valvcinth.ccaceof~lincs25mmin 
nwniruldiameurorkssshallbeconstnutedtotherq~ ofclass1in&xxo&na with CAN~5.0. 

21 Systems Connected to CoataInment Ahaospberc 
Euhlinethat COMWL%diKCtlytOthe~lniraKn 1 rrmosphen. dmr pmamtte the wnminmau sm~~wm. and 

lhat is not parr of a closed system. shall be proviad with two ix&ion banias as follows: 
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(a) IWO a”:o”wic isolation valves in rries for chose lines which may be open 10 the conlainmenl aUnosphe:e: 

@) ~0 closed isolation valves in series for those lines that are normally closed 10 the containment 

?lb”OSphW 

(c)one clostd kolat’ JII valve f& lines of 50 mm in nominal diameter or kss. which arc !wnn”ly closed to the 
conminmcn~ atmosphere and connocud to ark easily delined closed system oulslde ca-tta~“me”L 

The line up to and including the second valve. or the first v‘alve in the case of paragraph (c), shall be part of lhe 
conminmenc em’dopc and shall & cn”stn~ti to the re@u”cnU of ASME C&.,(Scc(ion III. class 2). 

23 Closed Systems 
_ 

Closed sysltms inside or ouuide the conlainmenl s~ucture which fori” part Of the COntainmcnl envelope and 
which meet lbc rcquinmenu of Class 2 and can be continuously monilorcd for leaks need no f!xLhCr isolation. All 
other closed systems shall be provided wilh a single isolation valve on each line pencoating containmcm. The 
valves shall be lwalcd oulside containment as claw as practicable IO lhe COntitienl SuUCtuTe. Valves required for 
process purp0se.s may be used as the isolation valves for Ihew closed loops. 

2.4 SmaU Lines 

For ductile piping of small bon. crimping of the pipe is a possible means of pmviding an isolation ban’& instead 
of a valve. For this to be acceplabk. tic delaik of iu applicadon shall bc submitted for approval in each case of its 
proposed use. ln particular. tic me@ of crimping, (he location of lhe.pai to be crimped and Ihe method of 
identifying the failed line shall be show” lo be satisfactory. In lhe cast of primary heat hamport system instmment 
lines. the foIlowing exfm conditions arc rc~ircd: 

(a) space must be available for crimping Ihe lubes where they pnevate Uvough the conlainmea srmcture. 

(II) the quality of the lies is 10 be as good as the rest of Ihe primary heal tntnspofl system. 

(c) tie r&van( r&asc limits must be shown noI be exceeded during tic period in which the IF&%X is shut 
dew comque~~t to tic failure. end tie crimping is executed, and 

(d) any oulnow Irom Ihe breaks CM be fillered before release to the aonospherr lo co”Wol the escape of 
fission pmducu. 
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l Re4phwmts 4.14 4.1.7 and 4.18 appty only wbul the shmdownsystcmislupitujmbeavailablerr 
spc&iiinrcquirrmeno4.12aod4.13. 
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TABLES * 

TABLE 1 
Failure of reactor ccx~trol systems. 
Failure of nom-al electric jxnver. 
C%izurc of a primasy heat adnsport system mainp~!mp. 
Failure of any feeder pipe in the primary heat transpW system. 
Failure of an end fitting. 
Failure of a pressure lube and its associated wlandria tube. 
Blockage of a file1 ChanneL 
Failure of a hAling qachine to replace a closure plug. 
hadvcnmt opening of pressme relief or control valves on tie primay heat transpon system or awxiated 
SynUnS. 

10. Failure of steam generator tubes. 
11. Failure of feedwatakeam systes. 
12. Failure of modeacx system. 
13. Failure of service water system. 
14. kiLureofmyothaequipmuuinrranorsynuns~ch,in~absenceofshu~o~naction,~drrsultin 

damagetofuclinthe-r. 

TABLE 2 
Faihm of any pipe or header in any htel cooling sysWn. 
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relating to lhe SafeIy leqoircmellu for CANDU nuckaf power pIam% 
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R-8. Rcqdrementsfor Shutdown Systemsfor CANDV Nuckar Power Plants 
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REQUIREMENTS FOR EMERGENCY CORE COOLIKG 
SYSTEMS FOR CANDU NUCLEAR POWER PLANTS 

1. DEFINITIONS 

In dii document. 

“minimum allowable performance standards” means the set of operating limits or the range of conditions 
aabtishd for mmpoouur or~subsysbxns whii.def~ the, minimum rapable smu.s fq. lhose compooenls or 
subsystems as credited in tbe safety analyses: (nortis de rendcnwu mitil adndssible) 

“prim&y heat hampon sys~~~bwans that system of components which penoh the transfer of htit from the. fuel in 
the reactor to Ihe steam gcnd or ocher heat wchangur unploying scc~ndary cooling. For purposes of this 
document, i[ dozs not necessarily include auxiliary purification and pressure control subsystems; (circuit 
caloporreurprimair~) 

“special safety system” mans one of the following systems: shutdown systems. containment sysw-n. emergency 
cm cooling systcm.‘(rys&nc sp&ial de &et& 

2. BASIC REQUIREMENTS 

2.1 All CANDU nuckar power reactor5 shall be’quim whh aa alternate means of cooling the reactor fuel in the 
event that the inventory of fuel coolant is depkted to an ex(uI~ ti fuel cooling is nol assured. In ti documem, 
such a system shall be referred to as UIC emergency core rooting system** @CCS). 

(b) Equipment rquired lo supply compressed air, ckcuical power or cnoling water to quipmcnc for 
bpsralion of lhe ECCS shall be considered as safety support quipmem Such quipment shall meet ali 
rclcvant rquirrc”~~ of this document with the exceptioa of sections 3.5 abd 3.10. 

(c) Equipment which is pan of nomml plaot process ryaan~ and which is not specifically designed 10 
mitigate the coosqueaces of accidents. bui which cootributes to the cooling of the fuei following an 
ac6dw~ rhail be ox&dud as prccess quipmeat coatriburing (0 fuel cooling. Such quipmeat shall meet 
all relevant rquiruncnu of this Document with the exception of subsections 3.4.1 to 3.4.9 sod sections 35, 
3.6 and 3.10. 

2.4 TheECCSshaUbcconsidcrcdmbeaspecialsafuyryaUn. 

*Thcsedefinitims&M(conrtiuucacomp~ticcof~uscdinlhisdoauncnr.butarcincludedu,clarify 
UK meaning of aome e for the assistance of the reader. A more compmheasive list of d&niticms of tem~s 
reiating u) CANDU nuckar power plants is availabk from lhe Canadkn Smodanis Awckdoa (CSA), Manual of 
Dqinidmrfor CSA Nuclwr Skmdwds Vu by CSA Techniwl Commiuecs. CSA-N94WA-1989. 

l * Cuncnt CANDU reactor &signs iacotpomte varioos sysICms for emergeacy coolaat injection supply, 
ncovery.~~nudkeocrcmovsl.Iathisngu~QuuneaL~l wxwsary subsyuems and cm”pMce”ts 
pwfonning these fuaaions shall be coueclively rdumd lo as lhe wwrgewy cue cnofi sysle”l (Ems). 

. . . 
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3. DESIGN REQUIREMENTS 

3.1 Minimum Allowable Pe&rmance Standards 
Minimum allowable prtaMurc sandads shall be deftned for the ECCS and shall be listed or referenced in the 

Safmy Report and in the Operating Policies and Principles for the plant. The minimum allowable perfonanc, 
scandan% shdl also be spccifud for all major quipment and subsystems tmxsaty lox coi-rcc, opation of the ECCS. 

3.2 Cooling Requirements 
For all events spccifred io Tables I sod 2, the ECCS shall be capable of maintaining or rc-esiablishmg sufficient 

cooling of the fuel and fuel chatmels so F to limit th* release of radioactive ma&al bum the fuel in the reactor and 
ICI @main fuel channel integsity. For such events, the E&S shall me& all of the following rquirements: 

(a) the. rdease of radioactive material from the fuel in the reactor shall be limited such lhal the reference dose 
limits am no4 exweded;’ 

(b) for cveots listed in Table 1. there shall be no failure of fuel ia the teac~or due to lack of adequate 
cooling:** 

(c) rdl fuel ia the reactor and all fuel channels shall be kept ia a configuration such that continued removal by 
(kECCSofIhedccayhea(producedbyihcfuelcanbtmatrtaincd~*and 

(d) af<tr adquate cooling of the fuel is rc-z!stabliied by the ECCS. the systan shall be capable of cominuiag 
to supply suficie4tt coding flow for as long n3 it is rquitui to prcvcnl furdux damage to tbc fuel.** 

33 Environmental Rcquirementc 

33.1 All p8ns of the ECCS wbii may be required to opzxatc. OT to c6mitme opzrrting in respmw to any event 
rpaciIicdinT~1~2shankdesignedlomectall~pcrfamsnce~uircmenuwhilcsubjeccedtorhe 
most aovcrc cavimnmmtal conditions whii could be present &en or before such *ration is required. These 
ccmdiciims may includce. but are not nccessari!y limited to. the cff.%s of debris. steam. water, high tempcmture and 
ndktiut. 

Qualif~tioa is required for dl ECCS quipment which may be required to operate, or to c4mtinue opzating. 
fouowittg c%posrtn lo 8ny of tbc above cottditioGs” QualiiKatiott shall consist of tests to du-oonstlau u) the cxle.P 
practicabk that the type of qtipmenr caa opmate tmder conditions similar to those which would exist during or 
following the events spacifii in Tables 1 sod 2. When such tests am imptacticable. analysis is rquired to 
danmKnaIcIbutiireguinmeruktnct 

3.4 AniIabiIity Rquiramcnts 

* Tltis n.@atoty documwt doa not define compdc&i tqubcmenu for safety analysis and reference dose 
limits. The reference dose liiits t&erred to in paragraph (a) are those cootaitud io the reference or in any 
subsquwt AECB ~cgulatory document. or as o&wise agreed in writing tctw&n the lkensee and the AECB. 

** The cooling rquiremenu specitied in pamgmphs (b). (c) and (a) apply only U, fuel in the mwor. For evenlr 
whuc rhe initiating faibxe is ia a single fuel chaond OT its 7. lhcs mquitwncncs do not apply to that 
chmnd or the fuel assoziatcd with it. 
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3.4.2 The design of the ECCS and safety support equipment shall take into account the long-lcrm reliability 
requirements of those components which must continue to function following an axideaL Standards for the long- 
term reliability of such componeols shall bc prcpanxi and shall require approval by the AECB prior to the issuance 
of a consbuction approval. 

3.4.3 The design shall have sufficient redundancy such that ao failure of any singk mrnponmt of the ECCS can 
result in impainnex of the ECCS to an extent that the system will not meet its minimum allowable pxfon’nance 
sla”dads under 8ccidc”l co”dilions. 

This mquiremem does not apply to components which are not rquired to change state and which do no1 depend 
on safety support quipment in ordec to perfo~ their design functions. provided that they arc designed. 
maoufacoucd. inspxted sod maintaioed to standards’xceptabk to the AECB. 

3.4.4 Comcl operation of ECCS quipment following an accident shall not be dependcnl on p0w.u supplies from 
the ekcaicaJ grid or from the turbine generators associated with say reactor unil sharing the same containment 
syswn as the nactor involved in the ac.cidenL unless it is shown to the satisfaction of the AECB tha1 the availabilit) 
of such power supplks could not be impaired by the consquetxxs of any accident for which tbc ECCS is rquircd 
lo operate. 

3.4.5 As far as practicable. all ECCS quipment shall be d&nod such that its most mbk failure modes will nol 
result in a reduction in safety. 

3.4.6 As far as practicabtc. the design shall be !@I that all maintenance and availability testing which may be 
pdonncd when the KC3 is rqtdrui to be aAkble. can be &cd out without a rcdtition in the effectiveness of 
the system below its minimum plowable pxformancc standa&. 

3.4.7 As far PE practicable, the design Ml be such that a faikd componmt can be pot into a safe state. or such that 
chefailurccanbeconvenedtoasalcfailunksomeochcr~. 

3.4.8 ‘Ihe desii shall be such that all acccssary actions of ECCS quipnent which are initiated by automatic 
urnuollogicinresponsetoan~cidentcanalsobcinitiacadmanuallyfmmthe~ mnllul - 

3.49 Thcdesignshallberuch~inthccvatofmscciden~icis~rrsdilyporsiblcfaano~u:pcvcnt 
injecriw of emergency coolant fmm taking place whal such iajection is required. 

3.4.10 Reliability staoda& far prooxs qtipotent cmuibuting to fizl cooling, LT d&ted ia pamgmph 22(c). shall 
te~and~inquireapprovalby(heAECBprioru,chciuuylceofa~m~vaL 

33 Separatim and Iadcpcadeacc Requiremeats 

3.6 Leakage Control Rquirements 

3.7 Inadverteat Operatim 



38 Shielding Requirements 
Then: shall bc provision for adequate shielding of any ECCS equipment which could conlain radioactive 

mawial following an accident. to permit personnel acccg to plant equipment for which such access might he 
required. 

3.9 Slatus hloriloring Requiremeots 

3.9.1 The design of lhe ECCS shall be such dw Ihe natus of all impa7anl eq$pmenc required for operation of the 
ECCS can be monilored or infcmd from the conuo1 room. 

39.2 As far as pm&able. alI failores of ECCS comp?nenLs which may inlafere wilh proper functioning of the 
ECCS shall be annonciaIed in IheconWol room. 

3.10 Codesand Standards 

3.10.1 The application for a consrmction approval shall identify any aspects of the design which fail 10 comply 
with lhe applicable nquiremcnts of CAN3-N23S.O-M81. General Requiremenu for Pressure-Rcroining Sys~emc 
and Compcmenu in CANDfJ.Nuc&ar Power Phfs. All excqnion.s to the requirements of this smi&ud shall require 
approvaf by tic AECB prior 10 their implementation. 

3.103 ‘fbe minimum acceptabk standards for pressure-remining componenls of the ECCS shall be CAN3-N285.G 
Class3. 

3.103 Tbe roles of the CAN3-N285.0 Class 2 shal’bc applied, as a minimum. to those portions of the ECCS 
which may bc o&de ccmtainment and which could contain appreciable quantities of mdioactive materials as a 
nsult ofan accident. 

l Requiremcnu 4.1.3.4.1.4 ud 4.15 do not rpply during periods when Ihe ECCS has been made unavaikbk in 
accordance with procedurcrappwcdporswntto subs&on4.1.1. 



4.1.6 When maintenance on a component is completed. it shall be tested to the extent practicable to dcmonsuaw 
lhat il and iu associated quipnent function in accordance with design requirements. 

4.1.7 The standard of maintenance shall bc such that the reliability and cffcctivcnesz of all quipment. as claimed 
in the Safety Report and other documcnmtion io support of an operating license. are assured. 

4.2 Requiremeots for Accident Conditioos 
If opcmtm action ir rquircd for actuation of any ECCS equipment. alt otthe following rquircmcnls must be met: 

(a) there shall be instrumentation to give the opemtcx clear andunambiguous indication- of the necessity for 
opuator &shn; ’ 

@) the reliability of such instrumentation shall Lx cothmensurale with the rqbirements for availability of 
emergency core coding. as spedid in section 3.4. If indication of only a single parameter is required. the 
inswmcntation shall be part of the emergency core cooling system: 

(c) there shall be 15 minutes available following such cleu and onambiiuous indication before rhe operator 
action is m+uJ. and 

(d) tbcrc shall be clear. well-defined and readily available operating procedures to identify the necessary 
actions. 

5. TESTING REQUIREMENTS 

5.1 Comm’ksioniog Tests 
51.1 Performaace Tests 

F’tior to ftt criticality of soy reactor. tests of tbc ECCS qttipncnt shall be ptxfomwd to verify w  all design. 
rquircments have been achieved. Exceptions to this rquiremcnt will be allowed only if it is shown to the . . 
rulrfacuon of lb AECR thal some cqwadd char&Xerkttcs are impracticable to demonstrate under non-accident 
conditions. OT that such tests would have a deutmental effect on s&y. 
5.1.2 Wiring Tests 

Prior to fist criticality of tbc reactor. tests shall be czked out on all electrical wiring associated with tbe ECCS 
to dcmonsmlc that all mmcriws are in axordmce with the design. 

5.2 Availability Tests 

5.2.1 All ECCS quiptnent shall be monitored or tested at a frquency which is adequate to demonstract 
compfiantx with the 8v&lability rqoircmatts spxifii in subs&on 3.4.1. 

5.22 A~ontbeavPiLbilityofchcECtSshallkiadudedineachrnnvalrepononthcopcrPtionofche 
station. This rqIa7 shall include: 

REFERENCE 
D.G. Hurst 8nd EC. Royd. 7kactor Licensing aod Safety Rquiremenl~“. AECB-1059. June 19n. 
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TABLES * 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

TABLE 1 
Failure of any feeder pipe in the primary heat ImnsporC system 

Failure of an end liuing 

Failure of a pressure tube and its asscciaud c+bwAia lube 

Fuel channel flow blockage 

F.$lurt of a fuelling machine to replace a closure plug 

lnadvenenc opening of pressure relief or conuol valves on the primary heat transport system 

Failure of Seam generalor lubes 

Failure of f~wate&team system 
Any of events 1 to 8 above accompanied by an impairment of the containment system. 

TABLE 2 
1. Failure of any pipe or header in the primary beat banspan syslem 

2. Event 1 accompanied by an impairment of the containmen system. 

l In these tables. ‘Yailure” means both total failure and partial failure. 
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