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A Review of Studies on Dynamic Probabilistic Risk Assessment
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Abstract This paper reviews studies on dynamic probabilistic risk assessment(PRA). In
recent years, the importance of risk assessment of multiple units has been recognized once again
due to the accident at the Fukushima Daiichi Nuclear Power Plant. However, the existing PRA
is targeted to a single unit and it has been considered that multi-unit PRA is outside the scope
of application in Japan. In order to implement multi-unit PRA, dynamic PRA and thus dynamic
event progress analysis methods that can consider time dependency and interdependence
of each event are needed. Many studies have been conducted on dynamic PRA, and various
methods have been proposed. However, no dynamic PRA method applicable to actual plants has
been established in previous studies. In this paper, therefore, we have reviewed the previous
studies on dynamic PRA and extracted the issues to be solved for developing dynamic PRA and
the dynamic event progress analysis methods applicable to actual plants.
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AT AH7-012, KREEFHBHIZEHS (NRC)
ASINL & 2L [FC, wiJkFREwd - FREN 72 >~ h )
27 ArE TNV (ASP / SPAR) & LTHZL-D
DTH5D. TOFHEIE, FETIIFER (NPP) €7
VORFIEH S, BIHEECR S 7RI IE
DWTI999EICHEHT S, SPARH & s S,

SPAR-HTIE, AW %2 2 DDO—fi7% ¥ A
J AT TN —, ThbBFELT (Action) F72I#H
Wr (Diagnosis) W 12128 ) K TS, E
FrOIEHERFEIL 1.0 x 107, WO R AHIX 1.0
x10°Tdh 5. SPAR-HERILTTLAT, 8§20
PSENR AN DN T + —< ¥ AW E R 5 2 50 g
MWxdHbERIEINTWAS., SPARH TEEIN
TW5PSFIXEH T RER:A (Available Time), A
ML A (Stress/Stressors), #4EE (Complexity),
¥ Ex 7 3 # (Experience/Training), F JI
(Procedures), AT AW & 7T ¥ LB
DA v % —7x—A (Ergonomics/HMI), HE~
DA YE (Fitness for Duty), ff¥ 72t 2 (Work
Processes) ® 8 JHH T&d 4. SPARHIZEB T %
PSF M O#F %X % X 6 12777

A
ic

4
HEP [

Improve or per

6 SPAR-HIZ#!} 5 PSF B0k @

SPAR-H T3 F W] BB IR [ © PSF % 6 B T 47
BLTHBY, BACOVWTIE, DTo6KBTH
., ZDHH, MWOREIRFLOHH»EEIRT 5D
T Ems AR, AR (Insufficient
Information) | % PSF L ~X)VIZEI D BT 5.

« AN F43 7 KR (Inadequate Time)

i RN R (Barely adequate time (=
2/3 % nominal) )

- NFREERT (Nominal time)
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- WELLE O (Extra time (between 1 and
2 X nominal and > 30 min))

<K 7 KM (Expansive time (>2 X nominal
and > 30 min))

- AR (Insufficient Information)

—J7, ATEIZOVW T, DTO 6B TH 5.
« A7 EER] (Inadequate Time)
- F) F ] e I [ = 2L ] (Time available =
time required)
< NHER] (Nominal time)
- P T REREI = 5 x P 2R (Time available
=5 X the time required)
- FIHI W] RERE ] = 50 x AT 2R (Time available
=50 x the time required)
- A (Insufficient Information)
SPAR-HTIZ, W KM LIT 03 (2) T,
FEIFOLBHERIZUTORG) TEREFNGHE &
n5.

1.0E-2X PSFTime X PSFStress XPSF Complexity X PSFExperience
X PSFProoedures X PSFErgonomics XP SFFitness X PSFProcesses ( 2)

1.0E-3X PSFTime X PSFStress XPSF Complexity X PSFExperience
X PSFProc,edures X PSFErgonomics XP SFFitness X PSFPmcesses ( 3>

Z T °C, PSF® & ® Timeld i 7T 58 R [,
StressiZ A b L A, Complexityld # i X,
Experience |& #% Bk 3l #, Procedures ! T JIf,
Ergonomics i3 Al T A & 7T & Vi
DA v ¥ —7 x—X, Fitness ZHB~ DA M,
Processes 370 ADPSFTHLI LKL
TW5.

BL, 32U LEOHEDOPSFOEEND LA
X(2), QDb Iz, HWAEPSFZil 5T 2 L%
5. WA PSF (PSFcomposite) &, ] 0 B{T5
N72ETOPSFOMEZENT 2 Z LICX o TEHES
b, % HEDANM#EBESR (NHEP) 1220w T
EZWIATL0 X 10%, FEATH10x10°TH %, ZL
T, LT oA Z @ LT AaEaasE=s (DU,
[HEP] £\9) ZULTONX () TEHEEn 5.

NHEP XPSFcomposite

HEP = NHEP X(PSFcomposite_1)+1 (4>

PLEASINL® 12 X 2SPARHICHE T 2 EH T
H5b.
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(3) NMHMBHVEMEH 8

LR L72X 912, HEPZ KD 5 Tk T4b
H NG BT F 212132 o Fi (THERP,
ASEP, HEART, SPAR-H, CREAM% ) 2% &
D, EHTLMESICIVNEARAEDD L7720,
DPRAIZ & o Tl ) 7 N MG BVE WA ik 2 R
VEHNEH B, DPRA I 5 A RE FEME 0T T332
BIEROET FEL TR R Y, FREEIKAEL T 2
TAMEHEEMN 21T b2 TR S v, Bk
MoIEMEMDOLI 2 £ 4 12RT. BIZIX kD
PRA TH\ 51 Twv 5 THERP ® T3 2 Wi 2k e
RIIFFARFHICIE UC0001 (FFAERR604) 25
01 (FFZEEERI204) 122k %54, SPARH @ T
ERERIRREIC & o9 — el (E#EME00D) & LTw
%. ¥5|2, THERP® ASEP%: 2B\ T iFAm:
IS U TR R o S ASHER I IS L L T
5. TDXIHIZ, TERO NEEMENT T T b
Mz ZBLTWwb2S, DPRAICHI S A RS HEE
MR EOREEKAE % BYICEETE 20000 %
Wt 3 5 LD 5.

4 DWRMOIEEED

Method Error Type Description | Base Rate
23) Table 20.1 Screening N
THERP diagnosis. EF=10. 0.001-0.1
(24) Table 7-2. Screening _
ASEP diagnosis, EF=10. 0.001-0.1
Miscellaneous task category
(25) “M”, no description in other
HEART tasks (A-H) fits diagnosis 003
tasking as well.
SPAR-H ® | Diagnosis Task 0.01
CREAM @ Tactical Control Mode 0.001-0.1
Opportunistic Control Mode | 0.01-0.5

Bl 212, BAREESNTWSDET Fi#ETIZAW
HEEEZBRLL CEHEL T 5. 2084, H
% R[] 2 B2 NIBERAE SRS 2 ) 7 = v VIITEAL
TH5Z L ERD. FRICEINHERERBEN T (DET
FHE RO CMMC #E5) I ZBERBAL O RS IR D/~ &
WOT, HRERIC ARERRERD 2 ) 7Ty YIS
TALT B Z LI B D, FOEBHEITO W TIIMER
LCBLBEDRD L. TOBEHERKRETIE, AW
WA I IHEL L TR 2 0 Tld e <, ARl
AR R & L A KL CREI T & A A IS RN Tk
EHRETAHLENRH LD L. CMMCES
BWThH, BRI~V 7B T 5720,
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DET Fik & FIRRIC, AR iR % Bt L CRF
i L, »HrEMEEICY ) 72y VLT
5L, B X o TEERBIE TR C X 2 ARG
BT IR EE 2500 Lew

DX H1IZ, DPRAIZH L 72 N\ G BT T35
WZOoWTW, FR ORI THwDE LS
AVIRLTH S, ZTOERD 1oL LT, FHEzx
P52 DPRA % it L 72 RS E NV 2 o T
W2k, 7o, AMBERFEOBGEEERLEE LD 2
12, S IR HABAAEZ Z R L 7 NERRfE R O R
LB BT ENBTONL. ZD72%0, 51k,
TR AR GICDPRAZ i LA 2 EH T2 2 &
WEETHL. 5121, AMBEBICET 5 EBRY
Ty EPEL, MGHEEZIT) L L bIZ, ThH R
REkkx GEINFELE RN T (DET FELY
CMMCHESE) IC#MH L, &#fis ZOREES O
R 24T 2L bLEEEZOND. LT,
ZFORPEHM RS E L 12, AMEHFEOBIN
M5 OITEE Elt L T BEDSDH S,

4. £

AKTIE, TNFEFTHODPRAFHEIZHT HH%E
R C, FEBICE TE 5 DPRA T, MU,
B F G AR AT T OB DO 72 DRI R &R
R L7z,

(1) 8812 T % 5 DPRAWCH W B34
HER AT DI D 72D R R &
MEE LT, B AN, KD RO 5
s, ARUERREER BT 5N 5.

(2) B A MZDOWTIL, DET FiEIc—E
—WNH B2, ORI A b LR
WRONT v 2% B E 2T, DET Rz #
RS BLERH B, CMMCHEZ BT 555
ED, BRI MR EAEED 1D
ThHb. T/, HEHFIDET Tz w2
13, EERALEOL O L (L ) 23
AR RS2 B0, ZOMROE
ROy DETHD. S5\, FERmT o —
FOYUHRDLIETH 5.

(3) DET Fi: 2 EREMN T 27201213 ToN
T A VT B Y I D IR % G
i3 508l H5. 72, CMMCE: % #H
T HEETIE, BRI SRR O IRE B
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HREENTL2RN2ER L TEEL W,
FO70, RO INC T 2 EER
T—7 R WETHE L BIT, KRGO
FTA=5 L OMBEEHOLPICT B LAWE
TH5.

(4) BEAF- O N RS Bk AT F 12 25 DPRA 128 H
TXLDPERATLLERDH L. ZD2DIC
\XDPRADFEFEZ R AER, M2 EFHT
5L ebis, ANRBRRICET 2 ERT— 5 %
PUEL, MiEE2479) SEPEETHS. &5
(2, B SRALR AT T8 O R EERAT %2 47 5
CEDBRETHA. £ LT, TORELHAM
WZ@ime &Iz, AMBHZEOBLTY S i
2R ER L TV LEYD S,

i

ROV E 2 =122 T TR T 727 HrJeaf
FEA O A HE— I IEH 9 5.
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