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Level 2 PSA SAMG D &2l HFEH =+

= SAMG Modeling = PDS Update = Quantification
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*J. Cho, S. H. Lee, J. Kim, Framework to Model Severe Accident Management Guidelines into Level 2 Probabilistic Safety Assessment of a Nuclear
Power Plant, Reliability Engineering & System Safety, 2021 (submitted)




SAMG-FT/ET Model Development

* SAG (Severe Accident Guideline)
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SAMG-FT/ET Model Development
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SAMG-FT/ET Model Development
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OneT0p Model Generation

* PDS + SAMG-FT/ET = OneTop Model
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Quantification and Analysis

= Update PDS = New STC - Risk Calculation

L1 * SAMG STC Fraction . . Scenario
. Accident Scenario List .
Sequence Update per PDS Risk
0.8 _ ,
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Importance Analysis for SAMG-related BEs

=" [mportance Measure

= Birnbaum
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= Component Importance

= Effective control methods are
needed forA>B =C > D.
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Application

= OPR-1000 SAMG

= Portable pump is assumed for MACST equipment
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OPR—1‘000 SAMG FT/ET Model

= SAMG-ET is developed based on OPR-1000 SAMG DFC
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OPR-1000 SAMG FT/ET Model
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OPR-1000 SAMG FT/ET Model

= Basic Event Probability (Expert Judgement)

(Mechanical) SAMG-related basic events probability in SAMG-FT model

SAG Basic Event Name Type Description Value
SAG-1 GSAGIENCVARC Mechanical Malfunction of SG level transmitter due to | 1.00E-01
(instrumentation) severe conditions
SPDSFAIL* Mechanical Failure of the safety parameter display | 1.00E-03
(information) system (SPDS)
MCRFAIL* Mechanical Failure of the MCR SPD 1.00E-03
(information)
FIELDFAIL* Mechanical Failure of the safety-graded satellite phone 1.00E-03
(information)
DDPPSSAGI1 Mechanical (MACST) | Diesel-driven  portable pump (DDP) | 4.36E-03**
(standby) fails to start
DDPPRISAGL Mechanical (MACST DDP (standby) fails to run (< 1 hr) 9.81E-04**
DDPPR2SAGIL Mechanical (MACST DDP (standby) fails to run (> 1 hr) 4.55E-02**
(Human) SAMG-related basic events probability in SAMG-FT model ***
SAG Basic Event Name Type Description Value
SAG-1 ASVDSAGI1 Human (diagnosis) Operator fails to diagnose SG level 1.00E-03
ADASAGI Human (diagnosis) Operator fails to identify mitigation system | 1.00E-02
availability for SAG-1
ADPSAGI Human (decision) TSC decides to not perform SAG-1 | 5.00E-02
considering negative impact
AOFEQSAGI Human (operation) Operator fails to operate a tixed system for | 1.00E-02
SAG-1
AOPEQSAGI Human (operation) Operator fails to operate a portable system for | 1.00E-01
SAG-1

* Event also applicable to SAG-2, 3,4, 6, 7
*** J. Kim et al.,

** Values referred from NUREG/CR-6928

Level 2 HRA: A SAMG-based Detailed HRA Method, KAERI/TR-8118/2020, 2020.




Quantification

= Top 20 high-frequency accident scenarios (Pbs * SAMG * STC)

PDS-SAMG table PDS-STC table

v v

PDS-K 4 * SAMG-j > PDS-k,,,,, > STC-I

= new
Te=a - S~ - S~ ~
Te=-al T~ =g P
-~  "--3 > A
# Freq. b BE#1 BE#2 BE#3 BE#4 BE#5 BE#6 BE#7 O:l]';Dngal SAMG l“PD‘ iy d | orc
1 | sosg08 %ILOOP | EGDGK3T-1A1BIE NR-ACISHR AQ::OI:IR JPSV / RCPSSEAL—Q #GIE-SEOR-10! - ) HSAG-25! 4 1
. — ; . /RCPSEAL_2
2 | 626508 %ILOOP | EGDGW3T-1A1BIE | /NR-AC6OHR | NR-AC7HR JPSV s #GIE-SBOS-10! - 2 #SAG-25! 4 1
3 | 595E08 | %IML-1A HSOPHHLCLR #GIE-MLOCA-3| - _ _ — - 14 #SAG-41! 11 1
4 | 221508 | %ITLOCCW RCPSEAL 25 #GIE'T;F’“CW' - - - - - 19 #SAG-37! 11 1
5 | 120808 % IRVR H#GIE-RVR-1! — — - _ — — 10 H#SAG-13! 4 1
S : ': - - 3
6 | 122508 %IL0OP | EGDGK3T1A1RE | © AG?E\“‘VAR NR-ACISHR Aéggim /PSV /RCPSEAL 25 | #GIE-SBOR-10! 2 #SAG-26! 5 1
N
. - e , /NR- - .
7 | 122508 %ILOOP AOMNEGSAG7 NR-ACISHR . JPSV /RCPSEAL 25 | #GIE-SBOR-10! 2 #SAG-26! 5 1
1A1B1 AC60HR
8 1.17E-08 %ILOOP EGDGK3T-1A1B1E NR-AC60HR \\ JPSV / RL'IZ?S,EAL #bIESIBDR - - 32 #5AG-48! 32 2
9 1.06E-08 %IGTRN MTC RPRDFSSAIQOF /NJI ACI 1
10 | 9mee | wmoor | sopGwaraameie | COAGTENCVAR | /NK- SAMG-related basic events are included in MCS )
N , - EGDGWaT- JNR- o _ N .
X % A . AC : S _SBOS-10! 2 26!
11 | 952800 %, ILOOP AOMNEGSAG7 T A1p1n Aceorr | NR-ACTHR JPSV JRCPSEAL 25 | #GIE-SBOS-10 3 #SAG-26 5 1
S o ': - - 5
12 | 9.078-09 %ILOOP | EGDGK3TAAIBIE | © AC“’E\“‘VAR NR-ACISHR Aéggim /PSV /RCPSEAL 25 | #GIE-SBOR-10! 2 #SAG-27! 6 17
N
#GIE-
| 9% - J] &) — —_ —_ —_ ]
13 | 9.045-09 %IML-1A AOMNEGSAG7 HSOPHHLCLR | , "~ 14 #SAG-42! 12 1
#GIE-
g % IML- SSAG ) S - - - - - !
14 | 9.04809 %»IML1A | GSAG7ENCVARC | HSOPHHLCIR | , ">" 14 #SAG-42 12 1
. : JRCPSEAL ,
15 | 8.90E-00 %ILOOP | EGDGK3T-1A1BIE | /NR-ACISHR JPSV . SDOPHLATE | #GIE-SBOR-08! - 2 H#SAG-25! 1 1
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Importance Analysis

* [mportance Measure
AR\ Scenario 2|23 (£, * ()
= Birnbaum

* Bi=R —R;
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Importance Analysis

= Region A (High RIP, High RRP)

= Risk is most sensitive to changes in

reliability or effects of failure

— Most effective control methods must
be provided by improving its reliability

Related Basic Events
« GSAGNENCVARC (n=1~7)

(Malfunction of DFC parameter
transmitters due to severe condition)

Installation of redundant DFC
® instrumentation that is highly
reliable in extreme condition
« ADASAGN (n=1~7)

(Failure of operator to identify mitigation

system availability during SAG)

)

Operating practice review and
appropriate education for

MCR operators and TSC members

Birnbaum (Risk Increase Potential)
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Importance Analysis

= Region B (High RIP, Low RRP)

= They are low in RRP due to their
high reliability or existing practices

— but, overall risk could increase if

these events are to degrade in reliability

Related Basic Events
* ASVSAGN (n=1~7)

(Failure of operator to diagnose
DFC parameter)

« ADPSAGnN (n=1~7)
(Failure of operator to identify mitigation
system availability during SAG)

Computerized supporting

system regarding severe accident
progression for operators’ decision
making during SAMG operation

Birnbaum (Risk Increase Potential)
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Importance Analysis

= Region C (Low RIP, High RRP)

= The events contribute significantly

to overall risk but not have an impact
on risk even if they degrade in reliability

Related Basic Events

« DDPPR2SAGN (n=1~7)
(Mechanical failure of MACST equipment,
portable diesel pump)

- AOPEQSAG1

(Failure of field operators to operate
MACST equipment for SAG-1)

)

Introduce more reliable or improved
operation methods for flexible and
portable equipment

Birnbaum (Risk Increase Potential)
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Importance Analysis

= Region D (Low RIP, Low RRP)

= Since they have little contribution to

overall risk, simple control methods that

would be provided to prevent failure
= Related Basic Events

- DDPPSSAG1

(Mechanical failure of MACST equipment,
portable diesel pump (fail to start)

- DDPPR1SAG1

(Mechanical failure of MACST equipment,
portable diesel pump (fail to run (< 1hr))

)

Replacement or repair of
components after their failure
may be sufficient considering
its cost-effectiveness

Birnbaum (Risk Increase Potential)
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Conclusion
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