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Introduction

I Background

2 Background of Cs-137 Release Frequency Exceeding 100TBq
I NSSC Notice No. 2026-1, Article 9
I The regulatory body shall verify whether the PSA results submitted by the licensee satisfy the following criteria

The risks of early fatality and latent cancer shall each be less than 0.1% of the total risk or meet equivalent performance
goals (Target 1)

The total frequency of accidents resulting in Cs-137 release exceeding 100 TBq shall be less than 1.0 x 107° per year
(Target 2)

I Target 1
I NRC Safety Goal Policy Statement (QHO)
QHO(Quantitative Health Objectives): Early fatality risk < 0.1 %, Latent cancer fatality risk < 0.1%
I NUREG-1150
Level 1, 2, 3 PSA -> Dose assessment, Quantification of Early fatality risk and Latent Cancer fatality risk
I [NRC Regulatory Guide 1.174]
CDF < 1.0E-4, LERF < 1.0E-5
I Target 2
I Derived from the LERF concept of Target 1
Conservatively increased by a factor of 10 to account for uncertainty (1.0E-5 -> 1.0E-6)
| Evaluated through Level 2 PSA Source Term Analysis
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Introduction

I Objective

2 Objective of Multi-Purpose Probabilistic Analysis of Safety(MPAS) PSA
I' To verify the validity and adequacy of PSA results submitted by the licensee for both Target 1 and
Target 2

I Verification Method for Target 1
CDF: Derived from MPAS Level 1 PSA model
LERF: Derived from MPAS Level 2 PSA model
I Verification Method for Target 2
Cs-137 Release Frequency Exceeding 100TBq: Derived from MPAS Level 2 PSA model & Source Term Analysis
Currently, no prior experience exists for regulatory Source Term Analysis

=) Independent Regulatory Verification of the Licensee’s Cs-137 Release Frequency
Exceeding 100 TBq

Copyright 2025. FNC Technology Co., Ltd. all rights reserved.
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Introduction

I Tools for Source Term Analysis

> APR1400 MPAS Level 2 PSA Model
I' Incorporation of New Strategies Included in the Accident Management Program (MACST, SAMG)

I Applying state-of-arts Level 2 PSA Study results
I RCSFAIL DET: RASP Handbook V5(NUREG-2195) & NUREG/CR-6109

I DET updated based on severe accident progression analysis

> MELCOR Code
I Severe Accident Thermal-Hydraulic and Source Term Analysis code
I Source Term Behavior Simulation and Release Quantification for each Accident Sequence

2 Analysis Framework
I Selection of accident sequences for analysis
I Source Term Analysis using MELCOR
I Quantification of the Cs-137 Release Frequency Exceeding 100 TBq
I Comparison with the licensee’s analysis results
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Methodology and Result

I 2.1 Selection of Accident Sequences for Analysis

2 APR1400 MPAS Level 2 PSA Model Structure
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Methodology and Result

I 2.1 Selection of Accident Sequences for Analysis

2 Analysis of the APR1400 MPAS Level 2 PSA Model Quantification Results (1/2)
I PDSET Quantification
I Tools: AIMS, Ftrex

I Output; Minimal CutSets (MCS) of Plant Damage State(PDS) Frequency
[Group By Summation]: Importance Analysis of Accident Sequences based on PDS frequency is possible

7 8 | APR1400-INT-COF -l R v @ﬂw«mv

" Cut Set " Group By | === _Group By Summation
Z And - -
Level Group | Pattern Style IE Value Seq Value

1 %* Event %IDVI1A-LO #GIE-DVI-LOCA-02!
 2/seq | #* Event #GIE-DVI-LOCA-03!
#GIE-DVI-LOCA-04!

#GIE-DVI-LOCA-0S!
#GIE-DVI-LOCA-07!
#GIE-DVI-LOCA-08!
#GIE-DVI-LOCA-00!
#GIE-DVI-LOCA-13!
#GIE-DVI-LOCA-14!

W 00 N O s W N =
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Methodology and Result

I 2.1 Selection of Accident Sequences for Analysis

2 Analysis of the APR1400 MPAS Level 2 PSA Model Quantification Results (2/2)

I Level 2 (PDSLD - CET/DET — STCLD) Quantification
I Tool: AIMS-L2
I Outputs: PDS / CET / STC Frequency, PDS - CET Sequence(with STC) Mapping Table
I [Save Logic as FTP]
[PDSET Sequence] — [PDS No.] Mapping
[PDS No. — [CET Sequence] — [STC] Mapping
AIMS [Group By Summation] : Importance Analysis across [PDSET Sequence] — [PDS No.] — [CET Sequence] — [STC]

File Analysis Test Help f &Y y 9 T Speci
i i ecial ~
|5 Open Project [ Save Project | [ Analyze L2 ¥ Check input | (#) Sensitivity & Uncertainty | & Option "H R ‘j Z a }\ Comp P
F;‘rﬁlaciéxﬁloml - g L c caloo
F Sk ocA st 2. save Logic as FTP -J| &8 Save PDS-STC Fraction Table . d . -PDS No. CET Seq STC
[ 23405 DVI-LOC & ket CET [STC |PDS-1 PDS-2 [PDS-3 PDS-4 [PDS5 [PDS6 PDS-7 PDS-8 cm—
[ S e (1 ] 0 0 0 0 0 0 0 0 Seq Value | PDS_CET Value STC Value
L SK34-L06-SGTR ket 22 14182532 14256792 0 0 0 0 0 0 : g
S cdaml ket 311 7425675 743311265 0 0 0 0 0 0 Yl #GIE-ATWS-070 CET_Fp49C001 #STC-01
C SKSL IO ot 4 s 0 0 0 0 0 0 0 0 2 CET_Fpadicon2 #STC-02
P SKU-TO1GTAN et 5 5 i ] 0 0 0 0 i ]  —
N gg g E_k'l%cugklec‘k 6 8 0 0 0 0 0 0 0 0 3 CET_FP494C029 #5TC-02
- SK34-T04-MSLB-IC. ke 7 8 0 0 0 0 0 0 0 0
[ SK34-T05-M K - -
b SITIEMELE-0C ket - ” 5 : 5 i " : 5 4 #GIE-ATWS-071 CET_FP534C001 #STC-01
AT TR ket 5 s 0 0 0 0 0 0 0 0 5 CET_FP53C011 #STC-02
[ SkiTisRoSicl e 0 0 ] ; L i L g 6| #GIE-ATWS-075 ceT_Fpsdfcont £STC01
[ SK34-T11-LODCA ket mo2 0 0 0 0 74182532  7.42567%-2 0 0 5 - it 5
N §E & }%Itgﬁﬁie"f‘ 120 N 0 0 0 0 7.42567%-5 74331125 0 i 7 CET FP5(MC002 #STC-02
g Hietaialal 138 0 0 0 0 0 0 0 0 y
- = . Ket L - - -
Pl 71 o 0 0 0 0 0 0 0 8 #GIE-ATWS-076 CET_F 001 #5TC-01
e 59 o 0 0 0 0 0 0 0 9| #GIE-ATWS-080 CET_Fp57kc002 #STC-02
L 6 9 0 0 0 0 0 0 0 ] —
DET-03-ACSFAIL Kdt i8] 7 0 0 0 f g b 0 2 11 CET_FP57C084 #STC-04
R S T SN I S S R | -
DET_0B-CHRLATE Kt M 2 3BIWe-T 32467 3051200e-4 32505454 32512%0e-7 32545856-7 3251280e4 306454504 12| #GIE-ATWS-081 CET_F{P61C011 #STC-02
BB CRyTOND. Kat 21 11 3254545e-10 3257803e-10 3264545e-7 3.067003e-7 3,254545e-10 3,257803e-10 3.254545e-7 3,257803e-7 13| #GIE-ATWS-082 T ebsikoit #5TC-02
gg}l}gggﬁdﬁdk & 2 6 113535 11337385 1135902 113373%-2  1132500e-5 11397355 1.13630e2 11397332 =
~SICID > 23 B 1133738 11M868-8 11337335 1138685 11337338 1,134888s-8 1.133733e-5 11348685 14 CET_FP61§C038 #5TC-02
STELOR 20 9 5260566e-5 672668335 6260566e-2 G,06603%-2 6.2B0S6e-5 62668335  6,260566e-2  6,2668330-2 5 eT rhsikoss £5TC.04
% O 526683%-8 6.273106e-8 6.266833e-5 6273107e-5 62B6B33e-8 6.27310Be-8  6,256833%e-5  6,273107e-5 -
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Methodology and Result

I 2.1 Selection of Accident Sequences for Analysis

2 Classification of STCs by Containment Damage State

Comamngfantg”amage NOCF ECF LCF BMT | CFBRB | NOTISO | BYPASS
STC No. 1 ~2 3~4 | 5~10 11 12 13~14 | 15~18

> Procedure for Selecting Representative Accident Sequences
I 1) Selection of Accident Sequences by Containment Damage State
I High-impact, high-frequency sequences selected
I 2) Review of Accident Progression
I Inclusion of key severe accident phenomena confirmed

I 3) Definition of Containment Failure Conditions

I Containment failure pressure, timing, and conditions defined

> Result of Selecting Representative Accident Sequences

) Representative Accident Sequence
Containment Damage State PDSET Sequence STC Contribution (%)

NOCF TLOCCW-28 2 40.6

ECF TLOCCW-34 4 13.9

LCF TLOCCW-30 9 30.3

BMT TLOCCW-31 11 26.4

CFBRB MLOCA-2 12 85.8

NOTISO SBOS-300 14 6.3
BYPASS ISLOCA-2 16 0.1

10
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

2 Source Term Analysis using MELCOR

I Development of MELCOR Input for Representative Sequences
I Initiating Event conditions
I Availability of safety-related systems
I Containment failure conditions by containment damage state
Failure pressure
Time of failure
Failure mode (Leakage or Rupture)

I Release pathways to the environment

11
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

2 NOCF Representative Accident Sequence (TLOCCW-28)
I Characteristic of Accident Sequence

TLOCCW RT SHR CIS RDP CFL ECSBS LTCHR
- O X O O O O O

MAINTAIN EMERGENCY
ross oeToRM || peacron e || SCODMAMRL | NESSAL | st ||COUGRMMENT | SCE el aNEr || cowpemens
|ecsas 23
GRCPSEAL GRDP =
GorL LTCHR 35
ECSBS 26 |
GCIs =7 |
ECSBS 30 |
31
GCFL LTCHR ==
ECSBS 33
34
rocew 4,—: -
ECSBS 36
GSHR3 GRDP =
ccaL LTCHR 38
ECSBS 30
GCIS 40
41
LTCHR 42
CSAS

I Design leakage release assumed

12 Copyright 2025. FNC Technology Co., Ltd. all rights reserved.
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

> ECF Representative Accident Sequence (TLOCCW-34)
I Characteristic of Accident Sequence

TLOCCW RT SHR CIS RDP CFL ECSBS LTCHR

- O X O X O O O

LOSSIOF TOTAL | eracToR TRID SECODNARY RCP SEAL e Lo CONTAINMENT RCS CAVITY ey
HEAT REMOVAL INTEGRITY aan ISOLATION  JEPREESURIZATION  FLOODING e
| |lecses
GRCPSEAL GRDP
GCFL LTCHR
ECSBS
Gcis
LTCHR
ECSBS
_— LTCHR
ECSBS
LTCHR
1E-TLOCCW -
GSHR3 GRDP
el LTCHR
ECSBS
Gcis

Seq#

23
24
25
26
27
28
29
30
31
32
33

35
36
37
38
39
40
41
42

I Design leakage release assumed
I Containment failure is assumed at the time of reactor vessel failure

13
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

> LCF Representative Accident Sequence (TLOCCW-30)
I Characteristic of Accident Sequence

TLOCCW RT SHR CIS RDP CFL ECSBS LTCHR
- 0) X 0) 0) 0) X X
MAINTAIN EMERGENCY

YOSS CETOTAL | mescrammee || SEOONRY, | Bepian, || ooy |CRmMece | B L B, | SAmme .
ECSBS 2;
GRCPSEAL GRDP =
GCFL LTCHR 25
ECSBS 26
GCIS =
28

ECSBS
31
GCFL LTCHR 52
ECSBS 33
34
GSHR3 GRDP =
GCFL LTCHR 38
ECSBS o
GCls 40
41

I Design leakage release assumed

I Containment failure is assumed upon reaching the pressure corresponding to a 5% failure

probability on the containment fragility curve
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

> BMT Representative Accident Sequence (TLOCCW-31)
I Characteristic of Accident Sequence

TLOCCW RT SHR CIS RDP CFL ECSBS LTCHR
- 0) X 0) X 0) 0)
MAINTAIN EMERGENCY
LSS WO meactor TR ((SRPQRNRUAL MiTecRrTy  SECONDARY - CQUCRINGN | SEPREESURIZATION | FLOODING  CONTAINMENT | e
|ecses ;;
GRCPSEAL GRDP =
GCFL LTCHR o=
ECSBS =
GCIS o7
28
LTCHR 29
ECSBS 30
GCRL LTCHR 32
ECSBS 33 I
34
36
GSHR3 GRDP =
GCFL LTCHR 38
ECSBS 29
GCIS 40
41

I Design leakage release assumed

I Basemat melt-through (BMT) is assumed when the cavity floor erosion reaches a specified depth

15
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

> CFBRB Representative Accident Sequence (MLOCA-2)
I Characteristic of Accident Sequence

SAFETY CONTAINMENT EMERGENCY
HOT LEG CONTAINMENT RCS CAVITY CONTAINMENT CONTAINMENT
MEDIUM LOCA NIECTION HEAT REMOVAL CONTAINMENT
EoH INJECTION AT REMOY ISOLATION EPRESSURIZATIO! FLOODING  SPRAY SYSTEM HEAT REMOVAL AT S
1
b |

3

P

Gcss s

| — LTCHR G

Ecses 5

8

GCRL 5
Gcss 10
GCHR ETCHE 11
Ecses =
13
14
Gcss s

LTCHR
GRDP GCHR 16
ECSBS =
GSI-HL
18
GCFL —
Gcss 20
GCHR LTCHE 21
Erssis

I Design leakage release assumed

I Containment failure is assumed upon reaching the pressure corresponding to a 5% failure
probability on the containment fragility curve

16
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

2 NOTISO Representative Accident Sequence (SBOS-300)
I Characteristic of Accident Sequence

SBOS AAC TD-AFW | RCPSEAL PMG PLG RACL SHRL CIS
- X O O X X X X X

i TATION SELIVER ECOVES POWER Power :ECOVEI AINTAT Deliver TRWST ITAINME ZCOVER

ACKOU ... TURBINE rcp ~ Ac  GODMAFrRom From ~ AC  IUTDOVCONDAFAUXESrY SAFETYSARE | ¥ :0OLING HEAT ITAINME RCS NVESSECAVITY AC |TATNMHTATNMOERGEN
(FAIL DRIVE SEAL POWER oy MOBILE 20rtable POWER \OOLINCG HEAT :edwateSSURIZ/ (o ;)" BY EMOVAOLATIOESURIZ/IECTIO-OODINPOWER T o0y ooy o spray Seq#
TO UXILIARITEGRIT EARLY NERATC 3.2 LATE EMOVA Using scs By BEFORE >

GCFL_OP
I\:LSS |ad ey
GCHR, CSBS EY=>1
Y=
GPLG D5

I -

GCSS P ey
GCHR, -

B s | EF

GCFL_OP 2k

{scss - e
P L
GRC-LATE-TR_OP CSBS aen
I 2
GCss_gvP See
GRVIN1| OP GCHR CSBS vy

GCFL_OP 260

{scss_gr sy

GCHR_GFeses e

GCIs_op e s 2=

e

e

GCSS 22

GCHR, o

—YEcSes 2=a

GRAC-SL24H Jea

EYry

s

P iy

GRAC-SHEDLOAD-S GCFL_T]| = GCHR_GP——p= g
GRAC-SL24H ape

v

; s

Gess_gr iy

4| —YFcSes a2

GRAC-SL24H 205,

GSHRL GRDP_TD ; it
OB GCsSs_gP JoE
OOE-05] GCFL_T]| GCHR_GPrepe o
GRAC-SL24H 208

GCIS_NOPOWER

I Design leakage release assumed
I Failure of containment penetration isolation
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Methodology and Result

I 2.2 Source Term Analysis using MELCOR

> BYPASS Representative Accident Sequence (ISLOCA-2)
I Characteristic of Accident Sequence

ISLOCA HPI
- X

INTERFACING SYSTEM LOCA

RVIN]

LE-ISL

GRVINI

I Design leakage release assumed
I ISLOCA assumed due to rupture of the shutdown cooling system suction line

18 Copyright 2025. FNC Technology Co., Ltd. all rights reserved.
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Methodology and Result

I 2.3 Quantification of the Cs-137 Release Frequency Exceeding 100 TBq

2 Calculation of Cs-137 Release by Containment Damage State
I Identification of the initial Source Term inventory in the core

I Calculation of the total release quantity of fission products containing Cs
I Class 2(CS)
I Class 16(CSI)
| Class 17(CSM)
I Derivation of the Cs mass fraction within Cs-containing fission product compounds using molar
fractions
I Class 2(CS)
Cs 100%
I Class 16(CSl)
Csl: M = 132,905 g/mol, M, = 126.904 g/mol
Cs mass fraction: M, / (M, + M) = 05116
I Class 17(CSM)
Cs,MoQ, : M, = 132905 g/mol, M,,, = 95.950 g/mol, My = 15.999 g/mol
Cs mass fraction: 2 M, / 2 M + My, + 4 M) = 0.6243
I Application of the Cs-137 inventory fraction relative to the initial Cs inventory

I Calculation of Cs-137 activity
| Using the Cs-137 mass (m), molar mass (M), Avogadro’s number (N,), and decay constant (\)

19
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Methodology and Result

I 2.3 Quantification of the Cs-137 Release Frequency Exceeding 100 TBq

2 Cs-137 Release Calculation Card in MELCOR

! cfname icfnum cftype

CF_ID '‘Cs_Frac_Envir 1300 ADD

! cfscal cfaden

CF_SAI 0.00449 0.0

! icflim

CF_uULB DEFAULT 0.0 0.0

! size

CFARG 3!n cfarg arscal aradcn
1 RN1-TYCLT(CS,CTYP-6,RAD) 1.0

2 RN1-TYCLT(CSI,CTYP-6,RAD) 0.51155600
3 RN1-TYCLT(CSM,CTYP-6,RAD) 0.6243 10.73478922 = Cs2Mo, 0.6243 = Cs2Mo0O4

! cfname icfnum cftype

CF.ID '‘Cs_mass_Env' 1350 ADD

! cfscal cfaden

CF_SAI 1.0 0.0

! icflim

CF_uULB DEFAULT 0.0 0.0

! size

CFARG 3!n cfarg arscal aradcen
1 RN1-TYCLT(CS,CTYP-6,RAD) 1.0

2 RN1-TYCLT(CSI,CTYP-6,RAD) 0.51155600
3 RN1-TYCLT(CSM,CTYP-6,RAD) 0.6243 10.73478922 = Cs2Mo, 0.6243 = Cs2MoO4

20 Copyright 2025. FNC Technology Co., Ltd. all rights reserved.
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Methodology and Result

I 2.3 Quantification of the Cs-137 Release Frequency Exceeding 100 TBq

2 Cs-137 Release Quantity and Frequency of Releases Exceeding 100 TBq

S ;I?lgagigrggltg éjuse; égiZielée(l%aBscel) Frequency (/yr) Contribution (%)
NOCF ~10.0 ~2.0E-06 44.7
ECF ~100,000.0 ~1.0E-08 0.2
LCF ~10,000.0 ~2.0E-06 47.0
BMT ~10.0 ~1.5E-07 3.5
CFBRB ~10,000.0 ~1.5E-07 3.1
NOTISO ~100,000.0 ~1.5E-08 0.3
BYPASS ~100,000.0 ~5.5E-08 1.2

Release Category Frequency (/yr) Contribution (%)
Cs-137 (> 100 TBq) ~2.5E-06 51.8

21
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Methodology and Result

I 2.4 Comparison with the Licensee’s Analysis Results

2 Comparison of Cs-137 Release Quantity (Licensee vs MPAS)
I Comparison of corresponding STCs by Containment Damage State (Licensee vs MPAS)

. Licensee MPAS
Containment
Damage State STC Cs-137 Release STC Cs-137 Release
Quantities (TBq) Quantities (TBq)
NOCF 10 ~1.0 2 ~10.0
ECF 15 ~10,000.0 4 ~100,000.0
LCF 20 ~100.0 9 ~10,000.0
BMT 11 ~0.01 11 ~10.0
CFBRB 7 ~10,000.0 12 ~10,000.0
NOTISO 6 ~10,000.0 14 ~100,000.0
BYPASS 3 ~100,000.0 16 ~100,000.0

I NOCF and BMT < 100 TBq in both analyses
I MPAS results generally higher than licensee results

22
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Conclusion and Further Studies

I Wrap up

2 Selection of Representative Accident Sequences by Containment Damage State
(MPAS Level 2 PSA)

I Selection of sequences with significant radiological impact and high frequency
I Review to ensure inclusion of key severe accident phenomena
I Definition of containment failure conditions for each representative sequence

> Source Term Analysis Using MELCOR

I Simulation of accident progression for representative sequences by containment damage state

I Consideration of initiating event conditions, availability of safety-related systems, containment failure conditions,
and release pathways to the environment

2 Calculation of Cs-137 Release Quantity and Frequency of Releases Exceeding 100 TBq
I Calculation of Cs-137 release quantity using formulation
I Cs-137 release quantities exceed 100 TBq for all damage states except NOCF and BMT

24
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Conclusion and Further Studies

I Comparison Results with the Licensee’s PSA

2 Consistency between independent analyses supports the reliability of Source Term Analysis

I Different analysis codes were used:
| Licensee: MAAP
I MPAS model: MELCOR
I Containment damage states exceeding 100 TBq of Cs-137 release are identical in both analyses

2 Differences in Cs-137 release quantity are observed for the same Containment Damage States

I MPAS-based results are generally higher than the licensee’s results
I LCF: MPAS (MELCOR) ~ 100x higher than licensee (MAAP)
I BMT: MPAS (MELCOR) =~ 1,000x higher than licensee (MAAP)

I Differences are attributed to the modeling approach for source term release through containment
design leakage

25
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Conclusion and Further Studies

I Further Studies

2 Cs-137 release frequency exceeding 100 TBq (~2.5E-06/yr) exceeds the regulatory limit

I Conservative TLOCCW initiating event frequency in Level 1 PSA
| Fault Tree-based calculation
Plant configuration during power operation not considered
- Fail to run modes applied to standby equipment, with a 1-year mission time
= 4/4 Common Cause Failure (CCF) assumed for ESW pumps
Approximately 5 times higher than the licensee’s initiating event frequency
I Majority of TLOCCW sequences classified as late containment failure (LCF)
Driven by failure of containment spray and heat removal
I Conservative Source Term Analysis by Containment Damage State
I Most conservative sequence selected for each containment damage state
Some STCs within the same damage state may result in Cs-137 release below 100 TBq
| STC-level Source Term Analysis
Potential reduction of the estimated Cs-137 release frequency exceeding 100 TBq
Input Development for MPAS Level 3 PSA

2 Further Studies

I Re-evaluation of TLOCCW initiating event frequency
I Source Term Analysis for representative accident sequences at the STC level
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