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-The status of Research for Multi—unit
Risk Assessment Methodology-
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- FHE ALIE[29] =TS OEA F
— Dependency
- AE s7 22 (03 27|7F s®ote AS - AAC DG
- BELDH
e Seismic Correlation, CCF (Inter-Unit, Intra-Unit)
« Human performance (HRA, Organizational Factor)
— Dynamics
o Crot AFDA|LIE| 29[ A[ZE F&548
c MEY + YA(XSY SHDE ZP(RA| SHBE)
« dA= 7| AtLLO|| IHE Ef=7|2| Fek(dependency)
e Risk 2™
— N x Source term =2 N x Risk ?
— Safety Goal, Risk Metrics

— Uncertainty, Too conservative approach
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Selected from <Summary Report of the CNSC International Workshop on Multi-unit PSA>
Ottawa, Canada, 2014

Technical Area Technical Issues and Challenges

MUPSA infrastructure « Lack of experience and guidance for performing MUPSA
Accident sequence «  Multi-unit CCF and casual dependencies, including functional,
modelling human and spatial dependencies

« CCF models and supporting data analysis to address interunit
and intra-unit CCFs

« Adverse impacts of single reactor accident on other units

« Operator actions may be adversely affected by multi-unit
interactions

* Human reliability models and analyses for multi-unit accidents

« Proliferation of multi-unit combinations

« Limitations of static PSA modelling approaches

Accident progression and « Severe accident models to treat multi-unit and fuel storage
source term accidents

characterization * New release categories that adequately describe the releases
from multi-unit accidents

Evaluation of radiological « Consequence models to describe releases from multi-unit and

consequences multi-facility accidents

« Different points of release from the plant, possible differences in
time of release and release energies for plume rise considerations
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Selected from <Summary Report of the CNSC International Workshop on Multi-unit PSA>

Ottawa, Canada, 2014

Technical Area

Technical Issues and Challenges

Site-based safety goals,
risk metrics, risk
integration and
Interpretation

« Additional risk metrics
across different reactor units and
facilities, single- and multi-unit and facility accidents, hazard
groups and operating states
« Differences in level of realism/conservatism, level of detail in
modelling, and uncertainty treatment

« Methods for comparing calculated risks against existing and new

site-based safety goals.

« Multi-unit site-based acceptance criteria for evaluating the

integrated risks from a multi-unit site PSA.
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Multi-Unit PSA
Model for 3 Units
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2 Units Failure

Tag Event for 2
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Remove Logic for more
than 2 units failure




Level 1

Level 2&3

L)1 A3 I EXi

Define “site risk”
& initiating event (IE)
(ex. “6-unit site CDF
due to MU-LOOP)

©

Estimate the IE

\ 4

frequency
(per site-year)

©

Construct the
“top logic” for

\ 4

MUPSA model
(Single-Top fault tree)

C\ !
JDeveIop each unit

model & integrate into
the top logic

(based on the “single-unit”
L1 PSA model)

:JReerct inter-unit

dependencies

\ 4

(IE, shared SSCs, inter-
unit CCFs, seismic
correlation, HFES)

Q Quantify the

accident seq.

\ 4

frequencies
(MU Scenario: Unit #
+ Seq. # + PDS #)

Extend MU scenarios
using L2 PSA results
(MU Scenario: Unit # +
Seq. # + PDS # + STC #)

Consequence

\ 4

8
analysis (L3)

(for each MU scenario)

|:> Risk Profile

* SSCs: Structure/System/Components; CCFs: Common Cause Failures; HFEs: Human Failure Events
* FTeMC (Fault Tree estimation by Monte-Carlo); SITER (Splitter and integrator for Total Estimation of site Risk)

Site CDF,
Scenarios

N

S/W used

| | AIMS-PsA

FTREX,
FTeMC,

SITER 7
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» L7 2|23 BEO[ 0 THF U f+ 20f
— S3=X7|AH (ex. Seismic or Tsunamic)
- S /17 AI2EL A2 F
- S/ 211E (CCF)

- QAR Y O] A7 ME

¢ 35 XI|AY
— For most of common IE, all unit in a site was treated to
experience the event simultaneously
— %S * unit 1 failure, %S * unit 2 failure
- S /7 ALE, A
— AAC DG, Discharger, Intake
. ZEYUNE

— Inter-unit CCF
— Correlated Fragility of SSC

I
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- Ci=37| 2|23 S "7t 7|= 712 (Development of the Integrated Risk
Assessment Technology for Multiple Units), KAERI/RR-4225/2016, 2017.
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» Degradation factor (p)

e Timing factor (q) = seismic 42 q=1

* Shared cause factor (C) = seismic @2 c=1

* Location factor ]
v’ Elevation (h), Distance (L)

| X%l ngo]
* Orientation factor (i) > oSk Ok}
* Natural frequency of buildings (f) =7}

* Damping factor (d)
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Earthquake Data Sheet
Plant Plant C Year 1991
Earthquake Costa Rica Earthquake Magnitude 74 % x4
Component Diesel Generators Da-rl::;jezu;nubniger : alpha TOo II (MLE)
Location Concrete Pedestals — Ground level aSl 08948
Pipe fractures due to settlement of the base slabs put Nordberg
Cause Er:iessaed;ncr:':letn?f service, including the one damaged by 0532 985E-02
crenton e 9 Owance ftor 1) | 007" s 6.71E-03
Natural frequency (f) 1.0/0.5 Damping factor (d) 1.0 a 6 65E_06
Component Degradation Values (P) s4 ’
P Date Time P Date Time
1 0.01 4/23/91 14:00 4 1 4/23/91 16:00 a55 669E-09
2 0.01 4/23/91 14:40 5 0.5 4/23/91 16:40
3 0.5 4/23/91 15:20




HEUS+S 3% B8 JH=(FTeMC)

FTeMC
— Monte Carlo Bt S 0| &3} Fault Tree Top Eventl| ZHES A4t

71 HHE(1.1B)2] =HE

- M2 AL AIZH: YR F2 ~ 10Y
— Old Style C Program : 7§ 9 A7| X0l SX| 20| £2

FTeMC 7§ (Version 2.0)

— Compiler ™ Z| &3} (QF 28] &= 74M =21}
« lLanguage H|4d : C++, C#, VB
« Compiler Option, C/C++ E &8, Class A2 X3}

- 2EE JfH (9F SHf £ 74 =1h
» FT Restructuring 7| 2 (Merge Gate, Duplicate child Atx||, Compact FT, Modularization &)
o A4t Logic 7fM 8 %| &3} (Circular Logic 7+l Model2| 41 %M 3t)
« Uncertainty Bound &

A A|ZF H] @

Case | Version 1.1b | Version 2.0 | Ratio | Remark

K3 491 sec 89 sec 5.5 PSA 22 (Circular Logic §18), n=1e+7
U34 | 651 sec 58 sec 11.2 PSA 22 (Circular Logic &), n=1e+5
S03 335 sec 25 sec 134 Ct==7| Seismic 2 &, n=1e+5
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FTREX &= I

— PSA &g} AIXI [Fault Tree©l Minimal Cut Set HlIA AT EI ]
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— = Fault Tree &
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Model FTREX Version 1.9 FTREX Version 1.8
Gate 7= | run time | Gate ZH=) | run time

Al 103,555 16s 631,911 75s

A2 71,447 3s 2,783,563 163s

MU1-Tloccw 29,694 18s 115,184 19s

MU2-Seis05 360,630 34s 1,246,100 Fail

MU3-Loop 143,168 61s 575,137 74s

(*) Circular LogicE M| HSIHA MM =
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— BOD Algorithm £¢!
- HIS fault tree ==9|
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Exact®t Solution HlA Jis

30



Ct=7| 2|A3

ZH g oz

[

=7| 2|23

31



LI CF

=

—
O

Al

I

32



