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COMMON POSITION ON THE DESIGN AND USE OF EXPLOSIVE - ACTUATED (SQUIB)
VALVES IN NUCLEAR POWER PLANTS

Multinational Design Evaluation Program
AP1000 Design Specific Working Group
Squib Valve Subgroup
Purpose
To communicate a common position among regulators reviewing squib valve designs in order to:
e  Promote and understand each country’s regulatory decision and its basis.

e Aid in the assessment of explosive-actuated valves (squib) valves that are used to perform a
safety function within a nuclear power plant.

Background

The nuclear industry has a limited amount of experience with the use of squib valves. The
available operating experience is typically from small squib valves in the standby liquid control
system at boiling water reactor (BWR) nuclear power plants. The design, qualification, procurement,
and in-service testing and inspection activities for squib valves to be used in new reactors represent a
significant engineering challenge because of their risk and safety importance, large size range, and
new design aspects.

A squib valve ensures zero leakage during normal operations by its sealed closure. Actuation
occurs by a pyrotechnic process that is triggered by an electric control signal. Actuation of the squib
valve results in the shearing of a pipe cap to allow fluid to flow through the valve. Squib valves can
be used to depressurize plant systems, or to provide for coolant to flow to the reactor core or
containment building. Actuation of a squib valve is a once-only sequence that requires refurbishment
to return the valve to service.

Discussion

In the absence of regulatory experience with valves of this type, the regulators participating in the
MDEP AP1000 working group (US NRC, UK NII, Canada CNSC, and China NNSA) developed
design principles that they believe are required to be considered in the design, qualification,
procurement and life management (examination, inspection, testing and maintenance) of a squib valve.

The principles consider: the design process; reliability; margins; integrity; redundancy; diversity;
common cause failure; defence in depth; fault tolerance; aging; degradation; obsolescence; and the
examination, maintenance, inspection and testing (EMIT) requirements.
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The aim of issuing high-level technical guidance on novel aspects that are being introduced to
new nuclear power plants, where there is likely to be limited regulatory experience, is to:

e promote a common approach to regulatory assessment and the harmonisation of regulatory
standards;

e develop new power plants with the highest level of safety; and
e inform power plant design organisations of the regulators’ expectations.
Position
Listed below are the principles that are expected to be considered in the design, qualification,

procurement and in-service activities (such as examination, inspection, testing and maintenance) of a
squib valve.

1. Evaluate the basis for use of squib valves versus alternative valve types.
2. ldentify safety functions.

3. Categorise and classify safety functions.

4. Determine environmental parameters.

5. Specify codes and standards to be satisfied.

6. Evaluate design to perform the safety functions through techniques such as a Failure Modes
and Effects Analysis (FMEA).

7. Establish qualification process to support the required reliability for the safety functions.
8. Establish qualified life (operating hours, actuations, shelf life, and any post-accident life).

9. Determine the examination/maintenance/inspection/testing requirements.

Below is a table of examples of information required to support the safety justification for the
performance of squib valves to be used in nuclear power plants. The table also identifies, where
applicable, design principles, aging/degradation, and EMIT activities relating to the design,
qualification, and in-service surveillance, inspection/testing information items.

The table is not intended to provide a complete or exhaustive list of requirements as these can
only be determined by the design authority



Date: 3 December 2010
Validity: until next update or archiving

Version 1

Multinational Design Evaluation Programme

Design Specific Common Position
AP1000 Nol - PUBLIC USE

aJI| uapIooe 1sod Inoy g/ sainsus ubisaq

0T

‘sjuswalinbal feuonouny A1ajes sanalyoe
(jeoo] pue a10Wal) UoLIIPUI [RUONISOd

(woou jo1u0d
WwioJ} uonen)oe 12alip 10} paau Aue Buipnjoul)
sisAjeue Alajes salsnes 2160| uonenioy

palapisuod Ajarenbape saouanbasuod
pue 1wi| A1ayes ulyim s eualllo abexes| anfeA

SUONIPUOY JUBPIdJE pue
[ew.ou Joj ayl reuonresado 1noybnoiyl uonouny
Aiafes s) Yim 1ua1SIsuod si Alljige|rene aAfeA

(paurenb aq M Alqwiasse aneA
ginbs yaiym 1o} sbulily anisojdxa Jo Jaquinu
Buipnjoul) paynuapl usaaq aney suonouny Alajes

(sreak 09) ayl| ubisap ay) pue
juswuoliAua Bunesado ysrey ay) 1uNoI2e 01Ul
Buiel ‘uoiyeanisse|d pue uoiesuobaled Aubaui
pue [eaiueydaw areudoidde sanaiyoe ubisag

uoneolISse|d pue uonesiiobared
DO % | areudoidde sanaiyoe ubisaq

uoneolISSe|d pue uoesiiobared
olwsias areudoidde sanaiyoe ubisag

X

sjuswaiinbal
AiorenBai sjqeandde saysnes ssaosoid ubisag

1IN

uonepelibag
/Buiby

yideq
ul 9duajaq

Aisianig
J/Aouepunpay

Aubaiuj

sulbrep

Aigeley

ssaoo0ud
ubisag

sa|dioulld ubisaqg

92IAI8S-U| pue ‘uoireslyifend
‘ubisag anfeA qinbs jo sajdwex3

“ON

MOTFIROq Howrmo)) d1froad uWBIVoad 4 3A W




Date: 3 December 2010

Multinational Design Evaluation Programme

(@]
=
=
=
[&]
|-
©
1
o
3
<
5]
w. alel Moj} palinbal ay) anaiyoe 01 suado Ajgrenbape aajeA ayl
2 Tey) yons ‘(s1oaya Jawwey Jayem fenualod Buipnjour) sonsualoeeyd
e X X X X X pue asuewsouad mojj ssad0id ay) Jo Juswissasse anlsuayaldwo) | 8T
...lu
c
= JUBWIUOJIAUD
S e Bunelado ysrey ay} 4o} S)i} pue SadueIed|d ‘SaoueIa|o) Buipnoul
m .m X X X X X X ‘sjuauoduwiod aAJeA PajqUISSSE By JO JUBWISSASSe aAIsuayaldwo)d | /T
_—
T O
> > anJeA ayl ybnoayr passedAq Jo siusuodwod
1aJayIp ayr ybnoly ABJaus Jo Jajsuel) ay) pue ssadsoid uonenioe
X X ay1 Buunp uonnquisip ABlaua ays Jo Buipueisiapun aalsuayaidwo) | 9T
ssa%0.1d uoienioe ay)
X X X X Buninp Aouepunpal pue AlISIBAIp Jo [9A8] arenbape sapinoid ubisag | ST
M3IN3J SISA[eur Juspuadapul yum adualiadxa
X eAdjal pue ‘sisAfeue J1aylo ‘Y34 wodj Indino siapisuod ubisaq | T
< [1] UoN93S dpP0D JNSY Se Yons splepuels pue
= X X sopod ubisap Jeajonu pasiubooal Ajsies sued Bulurelal ainssald T
3w
o w
c - euaId
m O X X X Aages ayl Asnes 01 moj Apuaioyns si Aljigeqoud Buluado snounds | 2T
-
m m aoualayiaiul Inoym uado [jny
O W X X |surewas pue Aljigerjal uoirenioe a|buls yum puewap uo suado aAleA| TT
=
.w 5 e Mwmw eEm L) ASIoA g Aibaug [suibrepn| Aupigens SR N
g2 LiW3 i % 5 Al sousyaq |fouepunpay| PN SUIBIBNT AUNGRISY |\ 5,60 4 uolrewlojul Hunsa/uonoadsui
c S /bulby 821AJ9S-U| pue ‘uoirealend ‘ubisag aAfeA qinbs jo ssjdwex3
D0
.w 5 sa|dioulld ubisaqg
0O <

MOTFIROq Howrmo)) d1froad uWBIVoad 4 3A W




Date: 3 December 2010
Validity: until next update or archiving

Version 1

Multinational Design Evaluation Programme

Design Specific Common Position
AP1000 Nol - PUBLIC USE

1UB|009 J010eal OJul Ag-mo|q Jue|jadoid Jo s1oaya sareneas ubisaq

14

juswaoe|dal
pue uonosadsul oipouad 1o} abreys anisojdxa Jo reaowal smojre ubisag

144

ssa20.d uoiren)oe ayl yum Bullapisul sligap pue Jarem spioAe ubisaq

4

S[eISAID uoIoq
01 anp uonepelbap [enualod pue ‘eburl UMOU3 B UIYIM Sieays 1joq
uoisual "B s uoisuedxa [enualayip ainresadwsa) [enuajod JO UOITRISPISUOD
Buipnjoul quaiul A1ages pue ubisap sanalyde uonIdas [elIdIRN

[44

paoedwi Ajasianpe Jou si Alljigesado
S,9AJeA 8] 1Byl ainsua 0) payloads ale aAfeA qinbs ay) 0juo walsAs
Buidid Buioepaul ay) wouy (S)JUsWOW pue Sa210J) SPeo| Wwnwixew ay |

T¢

ubisap pajelsul-se ay) ul pajoajal Ajgrenbape
ale safeioyoue sy pue ainonis Loddns anfea payijenb-se ay

0¢

uonenioe afea buimojjoy Aubaiul yoddns
adid pue ‘anjeA ‘waisAs ureyurew o} ubisap uoddns pue sasAjeue Buidid
Ul Speo| 3S0Y) JO UoIRISPISUOD MOje 01 Jaubisap Buidid ay) o1 paiioads
ale (suoddns jusuodwod pue Buidid Buipnjoul) walsAs Buidid payoene
3} 01 pallajsuely are eyl (SJusWwow pue Sa82104) Speo| uolenioe ay |

6T

1IN

uole
pelbaq
/Buiby

yidaq@ ul
9du9jag

A
Hsianld
/Koue
punpay

Auibalul | suibrep

A
ligeljsy

ssa20.d
ubisag

so|dioulig ubisag

uolnewJoul Bunsaj/uondadsu|
992IAJ8S-U| pue ‘uonesyiend ‘ubisaq aAeA qinbs jo sajdwex3

“ON

MOTFIROq Howrmo)) d1froad uWBIVoad 4 3A W




Date: 3 December 2010
Validity: until next update or archiving

Version 1

Multinational Design Evaluation Programme

Design Specific Common Position
AP1000 Nol - PUBLIC USE

saniAioe uonoadsul/Buisal
921AIaS-UI pue ‘uonealienb ‘ubisap oy (g xipuaddy ‘0G Hed 44D
0T se yons) weiboid aoueinsse Ajjenb 1sngol e Jo wswysligels3

6¢

saniAnoe Bunsal pue uondadsul ‘edurUdIURW ‘UoRUILEXD
Jlpouad pue saouela|o) ‘uoielualo Buuapisuod suoddns su pue
aAeA ginbs Jo uonejjelsul loj uoisinoid ayenbape sapnjoul ubisaqg

8¢

(peoj
e Jo ybiy 001 Jo Ajainrewsaid jou) peo| Alessadau Je yeaiq reyl
s)joq uoisual ‘ajdwexa Jo} :Aujiqeded eusrew Jo uonessuowaq

yx4

X X X X X X X X

(SONIAIIOE 3JIASS-UT PUE "90IeyD SAISO[0XS
Jojenmoe ‘uone|lelsul ‘ainoejnuew ‘ubisap aAJeA Ul SalUeUadUN
ssaJppe 0] Bunsal pue sasAjeue AIANISUSS JO @ouewlopad
pue ‘@ouablawigns pue UONEBIUSLIO SABA JO UOIIEISPISUOD
sapnjoul 1eyl) sapinb Aloreinbal DYN Ag passaippe se Zge
pue ‘g ‘€2€ 3331 pue 2L002-T-INO JINSY Se Yyons ssado.id
uolrealijenb juswdinbs paseq-1ss} 1sngo. e Jo Juswysijoeis3y

9¢

1INT | uone |yideq ul| Ausianig |Aibayu)|suibre| Aljigel@y | ssa20.4d
pelibaq | a2usjaq | /Aouepunpay ubisag
/Bu1by

sa|dioulld ubisag

uonewJoju] Bunsaj/uondadsul adInIeS
-u| pue ‘uoneauiend ‘ubisag aneA qinbs jo sajdwex3g

“ON

MOTFIROq Howrmo)) d1froad uWBIVoad 4 3A W




Date: 3 December 2010

Multinational Design Evaluation Programme

Design Specific Common Position
AP1000 Nol - PUBLIC USE

SaNSS| S0} 9A|0Sa
0] Ud©) UoNoe 9AI1931109 pue ‘ssadoid uoneallienb pue ubisap
ay1 Buuinp payuapl sanssl ‘s)nsal 1S9} pue sasAjeue ay) Buipnjoul
‘ssaoo.d uoneaiienb pue wawdojansp ubisap ‘ubisap ayl Buliquosap
Jauuew a|gelipne ue ul paulelurew pue pajessush si uoneluswniog

€€

Validity: until next update or archiving

Version 1

saAleA ginbs rejiwis ul pajjelsul buiag sued
pue sjuauodwod 1934109Ul JusAaid 0] SalIANJe Juswade|dal aneA
pue |ou09 sued pue Jusuodwod Jadoid sainsua ssadoud ubisag

[4>

sfenlaul Juswade|dal ajqeaijdde jo Juswysljgelss
yum (218 ‘Apoq anjen ‘sjeas ‘ue|adoid ‘ded reays ayi jo Buyoeld
9AIS01102 ssalls “69) Buibe Jo s109)48 ay) Jo uonelapisuod arenbapy

T

X

X

(Buruuiyy deo reays
10} UoiTRUILWEXS SAIONJIISAP-UOU pue S[eISAID uolog o aduasald Joy
uolfeulwexa [ensiA dipouad JapISuod pinoys saniAlde | |Ng 'ha)
S[eAJd1ul BIURUBIUTRW BIIAIBS-UI Jipouad pue Bunssayuondadsul
921AI8s-Ul Loddns 01 erep asuewlIopad [eniul JUSIdIYNS Uelqo
0] ubISap aAjeA MaU UOITeIaPISUOD 0JUl SBXE] pue ‘9dusliadxa
Buiresado pue ‘uonesyirenb ‘ubisap woly pauses| suossa|
Sse ||om se sapod a|gedljdde 1ayio pue apoD JNSY SI9pISU0?
1eyl weliboud (1|INT) Punsa] pue uondadsu| ‘aoueualureln
‘uoljeulWeX3 pue 3JUE||IBAINS 1SNgoJ e Jo Juawdoljanaq

o€

1IN3

uole
peibaqg
/Bu1by

yideq
ui o
auajadg

Ausianig/ | Aubalug
Aouepunpay

sulbrep

Aungelay

ssa20.d
ubisag

sa|diould ubisag

uonew.oju] Buinsa]/uonsadsul
992IAJ8S-U| pue ‘uonesiyiend ‘ubisaq aAfeA qinbs jo sajdwex3

‘ON

MOTFIROq Howrmo)) d1froad uWBIVoad 4 3A W




