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Systems Engineering Process Approach to the Probabilistic
Safety Assessment for a Spent Fuel Pool of a Nuclear Power Plant

Jin Tae Choi”, Woo Chang Cha?
Dept. of Industrial Engineering, Kumoh National Institute of Technology

Abstract : The spent fuel pool (SFP) of a nuclear power plant functions to store the spent fuel. The spent
fuel pool is designed to properly remove the decay heat generated from the spent fuel. If the cooling function
is lost and proper operator action is not taken, the spent fuel in the storage pool can be damaged.
Probabilistic safety assessment (PSA) is a safety evaluation method that can evaluate the risk of a large and
complex system. So far, the probabilistic safety assessment of nuclear power plants has been mainly
performed on the reactor. This study defined the requirements and the functional architecture for the
probabilistic safety assessment of the spent fuel pool (SFP—PSA) by applying the systems engineering

process. And, a systematic and efficient methodology was defined according to the architecture.

Key Words . Systems Engineering, Probabilistic Safety Assessment, Spent Fuel Pool, Nuclear Power Plant

Received: October 18, 2021 / Revised: December 13, 2021 / Accepted: December 16, 2021

" WAIAAL : Woo Chang Cha / chaw@kumoh.ac.kr

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http:/ / creativecommons.org/licenses /by-nc/3.0) which permits unrestricted non- commercial use, distribution,

and reproduction in any medium, provided the original work is properly cited

82 A2HAMAILIY



1. 4 &
352 A 94 7} (Probabilistic Safety Assessment,

PSA) = 19601t) @tolx 38t 2] by
712 glate] A o) nlRe] FFSFTAN §

B7hel7] slato] ALgEITE A}
1975 &ud AxtE kdA

Aol Hzol A FREAIAYGIPL >

r>~l

o

o
o
tlo T
Ho,

ol

o
&

>~

=
ofo

ol

o

=
30
o

(1]
FFAIRE ARAL o] % ARR-S-3A 5 443 (Spent
Fuel Pool, SFP)el tfst gHEE2dd47te =
2Ado] FZ+E 1tk Collins®} Hubbard: 4]
12 4~ (Decommissioning Nuclear Power Plant)
of gt AMEFAASAGE FEEZAIALE
(SFP-PSA) 38 A& AAISHATE[2] Burns

AL (Severe Accident) 32 AR50

ofy

s s1!

AZAGZ SEEARMAEBE 7 B EE AAsk
Ak [3] =] % 20130 =a¥ AR5
sS4 FESAMAE 8 AlEE 3l
th[4] 4 9 =u A=) A
TAgze diste] SEEAMAGE e s
o, Axtr EEZHAdH 7 H(Reactor PSA)
T3 WS Frtel A&skith

< 3 |

Concept

Business Development PSA Eunctional

Needs Architecture

)

rit

A

2hd, 2

AIZBAXILOIT SHSX 173 2¥. 2021.12

A E4 AR ksl 917 sk
Aol AAHAAols Eaals

(Systems Engineering Process, SEP) & %23}
of AAAo|aL &4 AT AATALE E

SRR e Felskir.

2. SFP-PSA AHZ7] Ao

2.1 43837 BA

by ATE giste] V)% S4BT
& st
R EAMAATEI IS QALY i

T Heel, 7dE VsEs
SAMAE 7 Be hdeskal AR F7HE ¢
et A o] Fells SHAE B A =
AA QAs|7F RER & 7bEh

20 MEZE7 ZEMA U D
ool A
15288 [5]& A&kt AlAE 4 AT EY o]
AAYo G -A A8 APFT] TS EE

ISO/IEC 15288

MU S B

Engineering
Development

Inte
PSA

/

A7) TR AAE [SO/IEC

AN AIAE AlE, w2y s,

K<l
cREE Holel 8317 488

Post

Development
rated

odel

N

N N

Model
Integration

Model Licensed
Validation Model

Needs of Design Features
the times of a Plant

Defi
(Requirement Function }_'( Fun(::tligial Modelling
Analysis Analysis \ Definition Functions

N

/

Documentation of
Integrated PSA Model

[Figure 1] Life Cycle for PSA

ANSSHAZN IR HEEHAUNMIEI +AS ATAILHAXLIOE Z2HL HE AT 83



ok 7 AR 9 AgEs 4R v
SRAA LAY D ARY LA AT

1
Z QA= Vee S A 83513 (6]

9;)\
< o]
o
=

[Figure 2] Vee Model
3. SFP-PSA &7 A9
3.1 2FAE =M Y
2 AT QAR 24 ﬂ"%%}‘ﬂ IEEE

_9_, o

1220[7], INCOSE A]Ag=| Uo7 @

=3tk INCOSE AliﬁﬂﬂXlwoi% A=
ISO/IEC 15288% w2H, ZZHAE A=t
HAed Ay s AAE] AHEth [EEE
12209 7 A 24 AAks 27 AR 249 )
d Argel fralstar, INCOSE Al~glelx| v ol &
E50 e QAR A AAap Ao golaitt
AHESE AT AL Z SFEEHHGH L 2 W
Aol AFetes QAR B4 Haks Y skl

o, a7 33 27 4ol oA B4 dAE o

=

N
BRglE /1R AQ) @A A ARk Y 4
FgaIgen, A A nalo] Wad A4 1% 3
& Fxsqn

(Reference: IEEE 1220)

[Figure 3] Requirement Analysis Procedure
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[Figure 4] Requirement Analysis Procedure
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{Table 1> Problem Opportunity for Gaps between
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(Table 2> Stakeholder Needs for SFP—PSA
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[Figure 5] Stakeholder Interface for PSA




<Table 3> Stakeholder Requirements for SFP—PSA
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(Table 4> MOE, MOP, TPM
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