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Probabilistic Safety Assessment (PSA)
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“Failure” Aaazls?

Failure uwlatdulnein a2udde / Aruduwan / anutdenie
Tun193dIngsu

Failure = a state of inability to perform a normal function

(@ouziliauisavinaulasiuuns)
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“Failure Analysis” Apagls?

Failure analysis is the process of collecting and analyzing data to
determine the cause of a failure, often with the goal of determining

corrective actions or liability
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“Reliability” Apayls?

“The probability that an item will perform a required function without
failure under stated conditions for a stated period of time.”

« 1 [~ a o Y a v (=) . 9
AU U Naursaviaulas undaanis tee Ludl failure anele
ANNNLIAADN NOVUA Lae N1lU 1981 NAUR”

IWFIEUBIWINBYNALADAFDUANINAS 15917 Reliability Analysis ABn15RBY
AANNIMINTYNALAzgNALBgiauane “aunsal vse 1A3eslle Tullagldle
DNUIULA L AU?”
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IAINTU Reliability

N15798UsU10018Y89 material / device ba AsdrAgyAadaatinla physics
of failure VBINTLUIUNTNVINTAAILELINY F992EUITONWUIATZUIUNIT
Tenslesiuldivideme vislmintutisensangs

Reliability Engineering 1JuilugiudnAgyaed product design %#Inna
mechanical, electrical, a¥ material selection

Reliability f1991n Quality n397 Quality 9zpiinannvesAwDailoedds
Fuglailéignld (time = 0) usi Reliability ¢ ﬁﬂmaamamw (degradation)
MINIAINTT I

A31Y Reliability Engineering 3atiulunn1sinuagluna decradation rate
ey time to failure
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RYIUNLNLINU Failure

Failure Mode = anuLYnIAINULESe
Failure Mechanism = ASZUIUNSTYALARANULESAE

Root Cause = anusuanidugaBusuliiinnssuiunisanudenis

1Y

« Product failure AMULEINN8NTUAIUEALY (e.c., breakage of a critical
part of a product)

e Process failure AMLEYMENNTZUIUNTTHEGS (e.9., a manufacturing
process fails to achieve the intended effect)

« Design failure AMULEYMIENN1TODALUY (e.g., many products fail

prematurely)
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NAINNAIULEYWIENIIAINTIN: Case |

1A589UU De Havilland Comet (1949)
iAseslumdlvdausn elaeans 36 Ay

LU prototype 3 LU NHANSTUIANA
8 a3 Fevihlnlulesuaygnlidudnsely

Failure Mode: Hull Structure Failure

Failure Mechanism: High Frequency

Faticue

Root Cause: Design Error, Material
Selection, and Improper Qualification of
Materials.
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NAINNAINULFYUIENIIAINTIH: Case I

(39 Titanic (1912)
Failure Mode: Hull rupture | i

g

Failure Mechanism: Brittle Fracture of Rivets
and Hull Plates i i

Root Causes:
* nsiianianiilaleieda ductile-brittle
transition MNATWNQMNIFN

* ANURANAIAVBINYEELUNITALTEUNITVDY
YUY

* ANURANAALUANTEBRNLUU Rudder Control
waz Hull.

NANTENU: {lAgans 1517 AuLdedIn
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NAINNAINULEYWIENIIAINTIU: Case Il

#2WIU Tacoma Narrows (1940)

Steel Suspension Bridge with Twin
Towers &1 1.5 Alalung

Failure Mode: Structural Collapse

Failure Mechanism: Excessive

Deformation of Structural Members
Root Cause:

ANURANAIAlUA1TERNLUY = Failure to
recognize vertical effects of wind loads

resulting in transverse oscillations.
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NAINNAINULFYWIENIIAINTIN: Case IV

aURLR Three Mile Island (1979)

9 9

LnuAsasunsalvaslsslniihiaedesly
USEAANIgoLSNINADNALANEU A IULAY
dnsUasyansnuduniideangduinaon

Failure: wnuvaauiiiasanvInUIviaeLdy
518378 relief valve MUAAN98E

Root Cause: ANURANAIAYDILAIAUN J ksl |
a c&ll Qi 1Y =\ a dl 1 12/’ E 3
AueseenlisanvnauRaung Liesankl ’ 1 -
UNSHNEULAZNSODALUUNBDILAULATDING 0T

ylvldaunsaun lwaniun1sallaviunan
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NAINNAINULEYWIENIIAINTIY: Case V

W A

AYWUR Chernobyl (1986)

unupsesUfnsaiveslsdluiihiauadesly
USEAgLATUNABNALA18UNANTIELUA
LazinsENsnsEaneURIEsiudunsd du
IUIUUN

Failure: UgAsendedesiaurulila
Hasnnuanedady

Root Cause: miaaﬂLmeéawg‘jﬂﬁaﬁﬁ
ToUNNTBILaZANURANAIAUB I IATTILY
AMsnaEeuNInUlurusIUnssUUS
ANUURIANEEALY
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NAINNAINULEYUIENIIAINTIU: Case VI

AYNUR Fukushima Daiichi (2011)

unuiasesUnsaiveslssluihdaedeslu
JsziadUuvassazarsauinnisseidn
MNLElATAULAZINITUNINTEAE VDA
Nugiumnsag

Failure: aduAufianuauRulwvilsilas
AszualannIeuen wazindesuanlngises
yeulalle silunuedeslalasunisnae
Suilesanualniihlunisvhauesdu

EARTHQUAKE
11.3.2011 - 14:45 (PT)

O
Mivas Prefocty & 3 8,9 MAGNITUDE
PR
ishima 1 - Daiichi
'ukushima 2 - Dai

JAPAN * earthquake epicenter

Root Cause: U10NIT0NLUUNALAZNIS | —
UFuusaivedeanunesssuuanenanndy
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NTILATIERANNYaDANY (safety analyses)

* Deterministic Safety Analysis (N15UsgLuAMNUaBAABLUUAMDINERN)

Y A

adgURAMANATY NanTEnUITARIaINNTasUle

b

U

ABN13TIUTINQUAUANDIAANTUNIUNBBNLUUTBINU LaZLEAIINANTENUT
AnTuazliifuvanmuanieaulasndy

* Probabilistic Safety Analysis (MsUseiiuaulasnssuuldainuuiazidy) -
anflgURuainTu nansenuevazliaunsasule lianuiasdunaziingu
% = L A I < %
pasdlAntasunigainnazilulle
ABNIITIVTIUMANITAUSUAUTDIVAATULALMANITAUNAIUL WAIAIUINT

AN Uz AnAULFs s s uU AU o A B UANNAILUa R Y
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nsUsELiuAINUanasuLuulgAIuUgL T
Probabilistic Safety Assessment (PSA)

nsusziiuanuUasasewuultniuuiagidu (Probabilistic Safety Assessment;
PsA) Wumedanisussiiumanudsdunisiauresssuicrnssuiidudou
warszuuilanadnansenulmnaninuideigegiaunn wi duidedes
o [flamunAirLaaRnAuEsvenEn WU ALATILs o mE s AnA9
\d89118 (Core Damage Frequency; CDF) LLazﬁzqﬁqéﬁUmeﬁaiﬁﬁﬂﬁ
LARQURALA (accidence sequence)
o syydruUsznouddnyileldlaild avdanansenusie COF
* sgyruionles (dependency) seminsdinlsynouLaz sy UUTidanase COF
* I9anUAIUEIAVRIEIUUTENOULALAFULUANITA]

(o] )

* YsgluoNnuaANIuLNALALAZINI1NAANS IIUTEUU
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nsUsELiuAINUanasuLuulgAIuUgL T
Probabilistic Safety Assessment (PSA)

® AN
e oglsfovinnsalEuduiliAnALIEe Y (nitiating events)?
o aruhasifuiveivilnAnanudernoaziegsoly?
* azlsParansEnu?
* nnsndiEuAUANILEse (initiating events)
* wnn1salnielu (Internal events)

* gURmnnelu (Internal hazards) (Il Whvia va9)

* gURlwnnIeuen (External hazards) (weumuly insosduvisvu “a9)
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AUASINNINIYAIN Vs, NISUSELLUAIULEES

Physical Reality

deterministic ''flow" deterministic "'flow"
> >
Causes / . Accident
. Accident
Evolution of Causes Consequences

Time

(Risk) Analysis

"reconstruction’’ of reality ""reconstruction’ of reality

< <

Ist question: 3rd question:

What can go wrong? If it does, what are the
Qualitative (deterministic) consequences?

response Qualitative (deterministic) or
2nd question: quantitative (deterministic or
How "likely'" is it that this probabilistic) response

will happen?

Qualitative (deterministic) or
quantitative (probabilistic) response

msUsziiunnulaeaiouuuldainuniagilu (Probabilistic Safety Assessment)
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Umqﬂﬁzaﬂﬁﬁuaﬂ Deterministic tag Probabilistic

N5IATIERsansisgnlgnludiuielyluniseanwuu Insies
Lazesule feszauamnulasniuveseliihluades

Deterministic &Probabilistic

Deterministic
Safety Objectives )

)
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ANULANFN9IZ 1IN Deterministic LLag Probabilistic

U8 A15ILATILIU Deterministic A1SILASILILU Probabilistic

wansalsuay  auRmnmIuiaantuy (design basis  aURWRAMTNRBNLUU (design basis
(initiating events) accidents) accidents) Wag7Auni11u (beyond

design basis accidents)

(%
% =

SYUULBAINY aNEANILEIELAYT (single naAnUdemeifelasialniy
Uaoane failure criterion) Fumensauiu (multiple failure
criterion)

nspevauewe  dullugiu wu llin1smsaiduns  Rseinisinuteui ey
WAn15adlag a9 aelu 30 winusn wag 939
DMTNTRUATEY  ALUNITYNBE1NNABIAIANTIY

%5ﬂﬂ13ﬁugﬂu Conservative Realistic (Lﬁwﬂmmﬁaﬁﬂé{)
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n1sUssnunatedu (Barrier Concept)

nsUsINuUNIsUanlasy
AN5NULUNS I

Fuel pellets
Fuel cladding

Reactor vessel

Containment

1
2
3
4. Core catcher
5
6

Reactor building
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syAUN1SUSELULSI WA TARESAE PSA:

System analysis '
Assessment of core damage Level |
frequency ¢
Level I
Containment analysis P
Assessment of release categories eve
e e e 22 Y

Off-site consequences analysis
Assessment of off-site
consequences
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/

N15ANLULAA PSA LRaESLaU

Level 1 Level 2 Level 3
IEs Eventtree N
21 =
IE Eventtree 2 PDSs RCs
22 1,06-05
IEs Eventtree 1 —~| 1 _‘: STCH RC1 Cosyma: '
32 :
” 1 Ok 2 —> STC2 RC2 1,06.06
9 2 3 I STC3 |' - -4 RC3 Societal risk not
52 3 |, a Il 5 1,06-07 acceptable
4 i ——> STC4 ; | RC4 -
6 ’ 2
A = 5 x [F—v sTcs * | Res Z e
<= ' 3
S~o 5 I_) 6 c \ II RC6 -§ Societal risk
oS STC6 Q. 1,06:09 acceptable
N N 6 L 7
Grouping NN Containment E\;*Trees [
1 1,06-10
Fault trees Grouping  pecomposition Grouping et
Event Trees 10 100 1000 10000
Failure systemX ‘ F al Number of fatalities
|\ =
Z
X
et —> b
—
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v
v/

Initiating

Analysis

L

Data

'

Specific

Event —

Event Tree
Analysis

JUADUNAN LUN1TIANT PSA Level 1

1

>

Accident
Sequence
Quantif.

Fault Tree
Analysis

1

Level 2
PSA

— |

| Reliability | —]

Reliability | <
Studies

T

Common
Cause
Failure
Analysis

Uncertainty
&
Sensitivity
Analysis

Human
Reliability
Analysis
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N1FIATIERNANITANIUAY (Initiating events analysis)

Item |ldentification Description Failure Mode Effects
RCS Safety Pilot operated . No blow off in case of
1 . Fails to open
relief valve valve overpressure
2 RCS Safety Pilot operated Fails to close Blow off cannot be
relief valve valve stopped, medium LOCA
o [ . RCS Safety Pilot operated |Spurious Unintended blow off,
o jgu (ldent|ﬂcat|on) 3 relief valve valve opening medium LOCA
4 RC.S Safety Pilot operated Internal leakage |Heat up of the pool
” relief valve valve
Y
o ( S 1 ) RCS Safety Pilot operated |External
ﬂ ﬂ La a ﬂ Cree n I n g s relief valve valve leakage Small LOCA
6 RC_S Safety Pilot operated Rupture Medium LOCA
relief valve valve

* 9ANgY (Grouping)

* JsyuauA (Quantification)

List of initiating

Sort by scram

events likelihood impact
~ I
[ |
Affects scram Does not affect
likelihood scram likelihood

¥

Sort by primary
| system integrity

Sort by safety
function impact

2l success LOCAs Transients
criteria
| ]
Small LOCA Large LOCA

o
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N159LAS12YIN28 Event Tree

In:\'/aetr'::g RS;?I:.\S: y Core decay heat removal
Reactor Coolant il Shutdown
Large LOCA : C . |heat removal : :
scram fails |injection fails fails cooling fails
1: OK
S A 2: OK
uccess 3: CD
Failure I 4:CD
M 7 5: ATWS
& Success criteria
Top logic [ | I | Minimum system performance
HPIS fails LPIS fails that is required for the
v [2outof 4 > outof 4 |l successful fulfillment of its
trains trains safety function under the
| | specific condition created by
I I I | [the initiating event.

<
. =,
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=) c Y
N13LATILYINIY Fault Tree
Modeling of fault trees for complex system No Flow at point
F

I I

No Flow at point Failure of
E System 5

[
No Flow at point]
C

No Flow at point
B

Failure of both
Systems 2 and 3

No Flow at point

D

Failure
System

of
4

No Flow at point

A

No Flow at point Failure of
A System 1

Failure of
System 3

Failure of
System 2
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ANULEEMIENANAINA LMY (Common Cause Failure)

U52LnNU049 Dependencies: Coupling Factors
® Shared support system ® Hardware based coupling factors
dependencies. * dulsznaulneIny
® Functional dependencies. ®* N15NLUUTLUUNLDUNY
® Human interaction dependencies.  ® Operational based coupling factors
® Physical interaction dependencies. o Fmhiliueseuastuneunis
®* Major energetic external events NURLINY
dependencies. o Fwihiivisesnunazduneunis
® Common cause failures redundant MTIVEDULDUUULALINY
equipment dependencies ® Environment based coupling factors

® ANTUNIITORLIAUILASINU
* F1na19luNISYINULREINU
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a 6 .
v/
N133LAT1E Common Cause Failure
System failure
G1
I
x/3
I
| 1 |
Failure of Failure of Failure of
component A component B component C
G2 G3 G4
1 1 1
OR OR OR
1 l
] | | | | ] | |
Independent CCF of CCF of CCF of Independent CCF of CCF of CCF of
failure of A Aand B Aand C A,BandC failure of C Aand C B andC A,Band C
Ind-A CCF-AB CCF-AC CCF-ABC Ind-C CCF-AC CCF-BC CCF-ABC
1 1 1
Independent CCF of CCF of CCF of
failure of B Aand B BandC A,Band C
Ind-B CCF-AB CCF-BC CCF-ABC

O

O

O

O
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N1FIATIENANURANAIPUBIUYWE (human errors)

Problem definition:
Gather.ln'g of information > Task Analysis
Plant visit
Evaluation of procedures l
Human Error Identification *
l Performance Shaping Factors
Modelling of Human Errors

| |

Calculating HEP € Error reduction

HEP = Human Error Probability HEP acceptable

> Documentation
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N1SLUIUSELAMYDY Human Errors

Accident scenario

= Time

Initiator
Test or
o . Response
maintenance
I Malfunction I
Pre initiator errors Human induced errors Post initiator errors
Type A Type B Type C
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U98U09USL@NTAINAITVINGIY
Performance Shaping Factors (PSFs)

Perception
Cognition Complexity
Available Time = =~~~ """ Ergonomics/HMI
Stress Fitness for Duty
Complexity
Experience Response
Procedures Available Time
Ergonomics/HMI <~ ~-- -~ Complexity
Fitness for Duty Ergonomics/HMI
Fitness for Duty
Work Processes
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w

msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment)

31

ABE1IURIVDYANINLEL MY Failure Data

Switch 4 Pump
— Fails to close — fails to start
— Fails to open — Fails to run
— Transfersopen  5: Motor operated valve
— Transfers close — Fails to close
Relay — Fails to open
— Fails to close — Transfers open
— Fails to open — Transfers close
— Transfers open  6: Air operated valve
— Transfers close — idem
Transformer

— Fails to operate

Diesel generator
fails to start
Fails to run
Bus bar
Short phase to phase
Short phase to earth
Fails Open
Temperature sensor
Fails high
Fails low
Stuck

msUsziiunnulaeaiouuuldainuniagilu (Probabilistic Safety Assessment)
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N13AAAAUAINEIALY (Importance Measures)

Basisgebeurtenis FV RRW RAW |Birnbaum

CSMP-POOLEAST 2,88E-01| 1,40E+00| 3,66E+01| 2,13E-02|Strainer suppression pool east plugged
CSMP-POOLWEST 2,88E-01| 1,40E+00| 3,66E+01| 2,13E-02|Strainer suppression pool west plugged
CCCF-CVS-INJHDR 2,22E-01| 1,29E+00| 1,69E+03| 1,00E+00|Common cause failure check valves in both inj. headers

CNOSIGNALECC 1,69E-01| 1,20E+00| 1,69E+03| 1,00E+00|No signal to start ECCS (screening value)
CCC-ECCPUMPSTART | 4,67E-02| 1,05E+00| 1,69E+03| 9,99E-01|CCF ECCS pumps start (3v4 or 4v4)
CCVN-HDR1-A 3,94E-02| 1,04E+00| 3,20E+01| 1,84E-02[Check valve inj. HDR1-A fails to open
CCVN-HDR1-B 3,94E-02| 1,04E+00| 3,20E+01| 1,84E-02|Check valve inj. HDR1-B fails to open
CCVN-HDR2-A 3,94E-02| 1,04E+00| 3,20E+01| 1,84E-02[Check valve inj. HDR2-A fails to open
CCVN-HDR2-B 3,94E-02| 1,04E+00| 3,20E+01| 1,84E-02[Check valve inj. HDR2-B fails to open
CTMSTRING1HDR 3,11E-02| 1,03E+00| 3,20E+01| 1,84E-02|String header 1 isolated for testing
CTMSTRING2HDR 3,11E-02| 1,03E+00| 3,20E+01| 1,84E-02|String header 2 isolated for testing

CCVN-ECC-PUMP1 2,59E-02| 1,03E+00| 2,14E+01| 1,21E-02|Check valve pump 1 fails to open
CCVN-ECC-PUMP2 2,59E-02| 1,03E+00| 2,14E+01| 1,21E-02|Check valve pump 2 fails to open
CCVN-ECC-PUMP3 2,59E-02| 1,03E+00| 2,14E+01| 1,21E-02|Check valve pump 3 fails to open
CCVN-ECC-PUMP4 2,59E-02| 1,03E+00| 2,14E+01| 1,21E-02|Check valve pump 4 fails to open

CTM-ECCP1 2,30E-02| 1,02E+00| 2,14E+01| 1,21E-02|ECCS pump 1 isolated for testing
CTM-ECCP2 2,30E-02| 1,02E+00| 2,14E+01| 1,21E-02|ECCS pump 2 isolated for testing
CTM-ECCP3 2,30E-02| 1,02E+00| 2,14E+01| 1,21E-02|ECCS pump 3 isolated for testing
CTM-ECCP4 2,30E-02| 1,02E+00| 2,14E+01| 1,21E-02|ECCS pump 4 isolated for testing
E-2 1,69E-02| 1,02E+00| 1,69E+03| 9,99E-01|Failure of emergency power supply

CHFLSTRING1HDR 1,55E-02| 1,02E+00| 3,20E+01| 1,84E-02|Latent human error following test inj. string header 1
CHFLSTRING2HDR 1,55E-02| 1,02E+00| 3,20E+01| 1,84E-02|Latent human error following test inj. string header 2
CHFL-ECCP1-MAINT 1,02E-02| 1,01E+00| 2,14E+01| 1,21E-02|Latent human error following test on ECCS pump 1
CHFL-ECCP2-MAINT 1,02E-02| 1,01E+00| 2,14E+01 1,21E-02|Latent human error following test on ECCS pump 2
CHFL-ECCP3-MAINT 1,02E-02| 1,01E+00| 2,14E+01 1,21E-02|Latent human error following test on ECCS pump 3
CHFL-ECCP4-MAINT 1,02E-02| 1,01E+00| 2,14E+01| 1,21E-02|Latent human error following test on ECCS pump 4
CMPA-ECC-PUMP1 6,91E-03| 1,01E+00| 2,59E+01| 1,48E-02|ECCS pump 1 fails to start

CMPA-ECC-PUMP2 6,91E-03| 1,01E+00| 2,59E+01| 1,48E-02|ECCS pump 2 fails to start

CMPA-ECC-PUMP3 6,91E-03| 1,01E+00| 2,59E+01| 1,48E-02|ECCS pump 3 fails to start

o
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BNA15VDY IAEA LAgITU PSA

IAEA Safety Standards

Development and
Application of Level1
Probabilistic Safety
Assessment for
Nuclear Power Plants

Specific Safety Guide

No. SSG-3

(&)1AEA

International Atomic Energy Agency

IAEA Safety Standards

Development and
Application of Level 2
Probabilistic Safety
Assessment for
Nuclear Power Plants

Specific Safety Guide

No. SSG-4

(&) 1AEA

International Atomic Energy Agency

IAEA-TECDOC-1511

N

Determining the quality of
probabilistic safety assessment
(PSA) for applications in
nuclear power plants

msUsziiuanulasadouuuldainuniazdu (Probabilistic Safety Assessment)

dilnauusinaivedus



msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment)

34

A3UNINTINNITINYIN PSA

Initiating Event Analysis

Dependency and Common

Cause Failure Analysis

Accident Sequence

Analysis

\ 4

System Analysis

Integration Quantification
of the PSA Model

Human Reliability
Analysis

Data Acquisition and
Probability Estimates

\ 4

Analysis and

Interpretation of Results:

Importance, Sensitivity
and Uncertainty Analysis

Documentation
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6ca o/

PSA éﬂ%%’ULﬂ%aﬂUﬁﬂﬁm’aw (Research Reactor)

® Core Damage Frequency (CDF)
* 1%5§1uAY CDF U84 IAEA: 10e-4
* U’izLﬂVlﬁuaﬂm’mLﬁﬂ%ﬂaﬁiaLLﬂULﬂéaﬂﬂﬁﬂiﬂj (Core Damage States; CDS)
* LianusangnnisinnureanIas
* lygnunsovaelunnunios
* gURmnANUGATeIAReS
® |nitiating events (IEs)
® Loss of Coolant Accident initiator (LOCA)
® Loss of Offsite Power (LOOP)
® Loss of Flow Accident (LOFA)
® Reactivity Insertion Accident (RIA)
® Loss of Instrument and Control (LOI&C)
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Modeling

® Master Logic Diagram (MLD)

® Failure Mode and Effect Analysis (FMEA)

Accident Sequence : Event Tree

® System Structure : Fault Tree -

PARICPIIRCNIP

® Human Error : Bayesian Network e T

ey e .

System Thermal Hydraulic Model : RELAP5 =] [ s

L LA A A LT

LA LSTE S

et Watos Frere

@ Weanes
P(S) = 0.5 Eolodos N

PA) = 0.01 Q

L ——
P(TIA) =005  P(L|S)=0.1 P(B[S) = 0.6 7
P(T|~A) =001 P(L|~S)=0.01 P(B|~S) =03 ..:.; ;":.:’ 'Nim Waner
cinpet e
Fado .

Bronchitis?
(B)

P(EILT) =1
PEJL ~T) =1
PE[~LT) =1
P(E]~L. ~T) = 0

Pebet Vave
Desch Line
PFugged

r?

O AND Spbod

Q O Symbal
A Tramates Syl

P(D|EB) = 0.9
P(D|E.~B) =07
P(D|~EB) = 0.8
P(D|~E.~B) = 0.1

Dispnea
)
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NSAUTIVTILLALIATIERTOYA

° %’aaﬂamwwmam%aﬂﬁmd (Specific Data) HiusIUTININYTLIR
MsAUATee UseIRnsvieu wagssanumsthsednusyuy,
* Uszaunsainisyinau
* JRYaTEYLNAINIT U
* Funssunly
¢ audveannnsaiEudy Surumnderne uaznanildlildludiaves
NSNAABY U139 N ILALT DU
* doyainly (Generic data) MMVANELMAY 19U

® |IAEA TECDOC-930, Generic Component Reliability Data for
Research Reactor PSA, 1987.
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é]’aaémﬂ%awgmaﬁ%’a TRIGA Puspati (1 MW)

* AU nsallTevas Ay "
I RN N
TRIGA Mark I f—ﬁfwa-{,.ﬂh ]
* A519kM8USEN General Atomic — T f = |

* WugUwuuaszn (Open pool-
type) lngilunuuagiiasioust
Tounndiuansweswisioglitius

Co. dla¥ a.d. 1981 e}

HURIAUENAN 2 1IAS -

* Founduduluu Zirconium- g | iﬁi o
hydride (ZrH1.6)/Low-enriched AT 1 Bem x|
uranium (LEU) 1 -
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ADE1INANISILASIZIINIEY PSA

* AnudlunsiindsurANITaiNYI liiNAAE M ERBLN U BINEIBEUN
* anutazlulunsifinanudenesewnuegNussuna 1.0E-4/year

* 91NNIFIATILVQUALRTULII (severe accident) Nio13uAnT aguladnmu
Aananveanywdaziuanunran F3lunsinsei gUssluazseaditunaunis
vinaulunsaliiawisanduegmzen

* NNRNIAIEUAY (inftiating event) S¥UUANNTA scram Loyl uaglalsl
ANULEEMERBRNUATEIUNTA]

* lufiduouou scram onlusiRluans IE Wi LLCOA
* ARIINNITIATIZNANURANAINTIANIINUYEIlUTENINITYIIN1TNAGS

* nsUsziliuanudlunisiin IE aeslsnanlun1saumi generic data Wesannly
Aosilvoyaniduasisne

: % 3,
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PSA d1915UN159AN1SANULEDN (Ageing Management)

=l 1
N15aNaIUUsENBY
(Component

Selection)

miquLazUizLﬁummL%au
(Identification and

Evaluation of Ageing)

NTLUIUNITIATIZITDE N
I~ I's
WUTTUUVRIUTEAUNITO

ANSLAULATOY

ANSUBINULAZANLAEIAIULEDL
(Ageing Prevention and
Mitigation)

[

N1TINAINUAINAIALY
A28 PSA

ANSAIATITIATIUTUN U
289UTEAUNNTUNNT
LWAULAS D

Tuanuu1ztdy uay
ANSILATIZIALUI L

nsUngesnwwuuly
reliability {uAudnans
(reliability centered

maintenance)

Lnadmsuns
WAILIN1SUNI N
Tinvan

msUsziiunnulaeaiouuuldainuniagilu (Probabilistic Safety Assessment)

dinnuusinauivedui




msusziiuanuvasadeuuuldanutazifudedu (Introduction to Probabilistic Safety Assessment) 41

N133EydINlsEnaUaIilmiAANUEENI8RINAULEDY

DEFINITION OF THE STUDY OBJECTIVE

I
v

COLLECTION OF NECESSARY INFORMATION

structure of the structure of operating environmental operation and
system equipment experience conditions maintenance

I R D B

ANALYSIS OF COLLECTED INFORMATION ‘

safety significance | possible failure | observed failure aqeing conditions effect of operation,
of equipment modes modes 9eing detection and
prevention of

failures

] \\'\::fi::—::: “//
EVALUATION OF THE EFFECTS OF AGEING
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N1552 YAz UTELIUNAINAULEDY

¢ mwn,?iamzazgu (Short-term ageing)
o dumndmiudinlszneua’onandedidnnseindfitensa
o duusznevimaunlsviedels
* doyarnundondiusnnldinnandeyaninudene
* gneankUUINlinIsUIssnwvilaegadiUsyansam

* AMULFDUTZYZYTD (Long-term ageing)
* L3ifin13ameun1sUgeshenUsean

* duunpediulsznaunilulaseaiie gnesniuunielildlaauisens
U0l3991U Lagdl safety margin LWEINE

* Joyamnuidenagluguuuuues degradation data 31nNsEIRTIRE LY
* ABINITVINNITUATIZAULUL quantitative LLag qualitative
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A5NISUANLAYINANSENUIINAINLE D

* AULERNTYZAU (Short-term ageing)

° NUUNIEUIUNITUITENeitaUSuU s ilUsEavS A nage mudseiRinisiin
ANdEeMEuarNIsUN TSN wluaie

* lnaaimileanstadonig o wu ozlva wagn1ImaINysznouLI Nl

¢ mythgssnwuutlirmadetioldidugudnas (Reliability centered
maintenance; RCM)
* A7ULEBUTLYZY1? (Long-term ageing)

° muAuguaRLLENlagnsRaeU Welissylaanudeveglutuly uay
AIUANENINIRG U LN aY

* 1935nN157529@ UL UV AANULESS (Risked-informed)

* lpeRuagiiu nalnAuLdey, d1duANULEES, USEaVENIMUBIN1IATIIERY, A
elunsiinie waganlgane
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