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FOREWORD
A standard for Procedure .of Seismic.Probabilistic Risk )Tssess:pent (PR.A) for nuclear power sl 201546 A 12 B :
plants:2015 has been established and issued by the Atomic Energy Society of Japan (AESI) ;mgﬁg{:aw’(ﬂ)ﬁﬁxiiﬁﬂﬁii."‘Wﬁlﬁﬁﬂf}\ H*ﬁ;ﬂ%ﬁlﬁﬁ}%ﬁﬁi&ﬁ@?ﬁ

through the discussions at the Seismic PRA Subcommittee under the Risk Technical Committee of % (1050004 MOAUESHBECHIS 2-37 TEL03-3508-1263) K T T E W,
the Standards Committee. As an enforcement standard based on the PRA procedure, the standard
specifies the requirements which should have the PRA dealing with incidents resulting from
earthquakes at nuclear power plants during power operation, and the concrete methods of meeting
it.

This 2015 version standard is regular revision. In revising the 2007 version standard, we updated
various requirements to reflect advancements in Seismic PRA techniques based on new
technological findings after the publication of the previous standard and to improve the quality and
transparency of this standard. In particular, the lessons learned and new findings from the severe
accidents of Fukushima Dai-ichi nuclear power plants, which occurred on March 11 of 2011, were
significant. The reason was that three cores were melted down and large amounts of FP were
released in the accidents.

The Standards Committee and the Risk Technical Committee reopened the Seismic PRA
Subcommittee and three Working Groups; Seismic Hazard Evaluation WG, Building and
Component Fragility Evaluation WG, Accident Sequence Eveluation WG, and resumed the
discussion of the Seismic PRA Standard. In the first place the Subcommittee found essential topics
for revision of the Seismic PRA Standard and classified them to short term ones, which were able
to be provided as implementation requirements at an early date, and medium- and long-term ones,
which were considered to require medium to long-term research initiatives. The amendment
reflected solutions to short-term topics as requirements. This standard showed information about
research and technical development for medium- and long-term topics as referential attachments,
too. These attachments are useful for information sharing with users. The revised standard has
several remarkable points. First of all, this standard covers the all are as on seismic PRA and
includes not only seismic events but also seismic induced events, e.g. seismic induced fire, seismic
induced internal flooding, and seismic event combined with tsunami. To be specific, seismic hazard
evaluation method comes from this standard, accident sequence evaluation method is based on the
cach PRA standard, and fragility evaluation method of SSCs (structures, systems and components)
for seismic induced event PRA is based on the fragility chapter of this standard. For example,
fragility evaluation method of equipments for tsunami ( a seawall , a watertight door and others) is
stipulated in this standard in case of seismic event PRA combined with tsunami.

Seismic PRA or seismic induced event PRA can provide risk information to improve safety level
of nuelear power plants by using this revised Seismic PRA Standard, which includes the important

and useful points stated above.
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Figure 1. (left) Seismic response of inland Japan to the
M=9.0 Tohoku mainshock for Mj > 0.0 seismicity (90
days postmainshock compared to 1.2 - year pre -
mainshock), with a smoothing radius of 20 km, using
the JMA PDE catalog downloaded on 10 June 2011.
Mc is based on Nanjo et al. [2010] for inland Japan;
Me could be ~2.0 post - 11 March 2011. Except for S
and T (0-100 km), all boxes use earthquakes at 0-20
km depth. Dark green lines show plate boundaries.
(right) Time series for the boxed regions show
cumulative numbers of Mj > 0.0 earthquakes during
1/1-6/10/2011 (blue); each earthqualke is shown as &
green stem proportional to JMA magnitude, Mj.
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Figure 2. Coulomb stress changes resolved on
the nodal planes of small earthquakes as
proxies for small active faults. (a) Focal
mechanisms from the Fnet
catalog(http/www.fnet.

bosai.go.jp/top.php? LANG=en) since 1997
(depth =20 km for inland areas, <50 km for
the eastern margin of Japan Sea region, and
<100 km for Kanto); D is depth. (b) Maximum
Coulomb stress change from each pair of
nodal planes; where earthquakes overlap, the
most positively-stressed shocks are plotted on
top. The color of the box boundaries indicates
the overall seismicity change inside each box
Increase (red) and decrease (blue). Dashed
boxes show regions that are not shown in
Table 1 for reasons discussed in the text.

Table I. The Percentage of Nodal Planes That Expericneed a Caleutated Coulomb Stress Inerease and Aversge Coulomb Stress Change
Compared With the Observed Scismicity Rate Change”

Bor From Minimum Mowimum Minimum Maxiroum Positive Seimmicity

Correlation Betwreen

Fipwe 1*  Longinde (deg) Lowgitude fdeg) Latirude [deg)  Lotiude (deg)  ACFF® (%) AC'FF t'lnr;l Rate ﬂnng: Rate Change and ACFF
E 140.85 141.27 3942 4029 7 -1.B Decrease Positive
14064 14114 3170 39.30 12 -3 Decreme Positive
G 141.00 14139 384 3864 10 =17 Dexreste Pasitive
n 139.79 140.29 /M k3R] 0 =3.2 Increase Negative
3 139.74 14025 37.55 3a.00 o =23 Incrzase Negative
K 139.50 14030 3704 3746 13 -3 Decrease Positive
L 13837 13961 3115 38.06 17 -0.6 Decremse Pasitive
M 139.10 139.80 36.50 3745 59 06 Increase Positive
N 138.00 139.00 36.50 3720 15 =04 Increase Negative
o] 13785 13838 35,60 3646 a2 02 Incrase Podtive
P 13720 137.80 3595 30630 &7 03 Increase Pasitive
Q . 13629 136.76 35.88 3630 M 0.004 Increase (Negative)
R 13880 139.50 '34.00 3570 82 0.1 Increase Pasitive
s 13961 14033 1548 36,37 £ 12 Increase Positive
T 14050 HL70 35.00 36.00 75 25 Increase Positive

*Thae are two for each Becauze of the preliminay state of the L catalog, the atiors are
*Boxes with less tan 10 foal mechanisms excluded,
“ACFF = Coulomb swess changes ACFF pasitive > 50% (red): <507 (blus). Ave. ACFF value = 0 (red); <U (bhe).

[H AE.3—2011 FERCLMA AT i RE O A CFF &
ERNBOREES S OB

) ' P006:2015

AE3 GSFREMICRE LI-ROEY L EiEoR

JRFARROEAT, 2011 FRAH T TSR IS H RO R A L B R
L7 {EWT R o Fl % LA T IoR ¥,

@2011 FF 4 A 7 BIZRAE LTG0 A 7 7R BERIBEOREA RO R b,

Fl— MER TERMESEAET D TEERH AL TR, BFAREREST, &
Mz A 7 TP ER E O TESENE OEIRBEZBRE LT, B — FERET
B, AT 7RI, TOREMEEGNC LoHuliEcin g, BBRHEEER U
BOEEFE (HighQ fElR) 1ok 9, MBSO L TR - HiBEssd L Tthy,
BEBLETHD,

@2011 FFAEHIT R M RS IO BRI ER LEWE & LT, BaS—RFh%
BRI RO HFRERPE  GHEA 51T 5N 5, Imanishietal. 2012)P L5 &,
HFEREE, # GWTEEDIX 2011 EHELETN BEIREAHHCH D, 2011 EHE
I Cl= sy B8 (Branching fault) O IEETEEENC X o CRETRICEIERGANb
D, AEEOEMSHEREShELEESh TS, FEREEE, o FRiEosE
£, 2011 FHEA L2 b LIBEOA L b (13~1.7 FERD oMICEDIIRS bR
TUvpb o (8 3Em, 2011) @, iy EERANE - T TR b B,

SR

(1) Shinji Toda,1 Ross S. Stein,2 and Jian Lin3, Widespread seismicity excitation throughout
central Japanfollowing the 2011 M=9.0 Tohoku earthquake and its interpretation by Coulomb
stress transfer, GEOPHYSICAL RESEARCH LETTERS, VOL. 38, L00G03, doi :10.1029
/2011GL047834, 2011

(2) Imanishi, K., Ando, R., Kuwahara, Y., 2012. Unusual shallow normal-faulting earthquake
sequence in compressional northeast Japan activated after the 2011 off the Pacific coast of
Toholcu earthquake. Geophysical Research Letters 39, L09306, doi:10.1029/2012GL.051491,

(3) RiEZ - AT, 2012.2011 584 A 11 BICRE LEERIER D OB OHEE
8 LTEBNREE, HhEFHERE, 118, 559-570.
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