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Seismic safety guidelines for active fault (June.20.2008, NSC)

Q_ Revised

Guidelines for safety review with regard to geology and ground of site for NPS (Dec.20.2010, NSC)

|. Introduction
[I. Definition of technical term
[ll. Suitable combination of tectonic relief survey, surface geological survey and
geophysical survey
1. Survey of active fault around the NPS
1.1 Bibliographic survey, tectonic relief survey, surface geological survey and
geophysical survey
1.2. Classification of earthquake, survey of ground and marine
(1) Survey of Inland Earthquake
(2) Survey of Interplate Earthquake
1.3. Identification of active fault for seismic design
2. Survey of geological structure and ground around the NPS
IV. Identification of active fault need to consider for Safety Guidelines for an earthquake-
resistant design
V. Assessment of support performance for ground under the building
VI. Phenomenon accompanying an earthquake
VIl. Reliability on survey
VIIl. Residual Risk
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site of INational Eesearch Institute for Earth
soience & Disaster Prevention)
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— fault
— Reflection survey

How find active faults?

Step-1

Collecting faultlocations based on detail
literature searches

Step-2

Designing location of reflection survey

Step-3

Interpreting active faults basedon
reflection cross sections

Attention:

Ordinary, interval ofreflection surveysis
severalhundreds meters alongfault, those
found by detail literature searches.

Modified from NSC (dapan ) W2 Mo, 57-2-1
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UExample of seispdedetectionprefilingivihevtaetive fault

Intermediate shallow part of marine deposits
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1-2. Actual practices of seismic strong
motion estimation at NPP sites
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Hyogo-Ken Nambu Earthquake (1995.1):
|

- Nuclear Safety Commission (NSC) revised

“Reviewing Guide for Seismic Design of NPP” (2006.9);
- Require risk assessment due to over design earthquake:
“"Residual Risk assessment”

- Atomic Enngy Society developed
“Standard procedure for Seismic PSA on NPP” (2007.9)

- Adopt “Source model prediction”

Niigata-Ken Chuets-Oki Earthquake (2007.7)

Kashiwazaki-Kariwa NPP safely shut downed, but lower seismic class
facilities were damaged.

20



m— 5> INES

Unregisteregyersign glgsse 6E§}gahwgﬁ5ﬁﬂ:@528{}§?ﬂﬂ?ﬂh

According to New Seismic Regulatory Guide
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Geological survey of active faults

aut

A

Design basis ground motion

motion from identified

Site specific ground 2 /

Ground motion from
defuse seismicity

earthquake sources

A1

Attenuation
Equation

| AZ Nearby fault

Fault source
mocel

1‘ Recognition of
exceedance

Residual risks

i Eest effort of define earth qu alke
\E souUrce s encouraged,

' nevertheless, undefined sources
 may still remain . It should be

| guaranteedwith this category as

' defensein depth .

’_\_;i Deterministic approach is
still preserved. :
MNevertheless, state of the

art PSHAIS encouraged to
confirm plausibility.

21
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ATeRRRBTA CBIFres poRsR EPaEtiit By SRERGa(iSirequation
Earthquake motion at site can be evaluated by empirical method
using available attenuation equation in the region.

- Empirical method is that response spectrum of the site is estimated
based on the earthquake magnitude (M) and hypocentral distance (X).

- In case of empirical method, earthquake source is regarded as point
source.

ite
<
\ *{3}
&
Hypocentral 2
Distance (X) (1) *

Earthquake Sauce
Magnitude (M)

Acceleration (cmis?) /

(4)

Period (sec)

Empirical Method
Response Spectrum

22
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- Fault model is composed of 16 source parameters,
and characterized with the source, path and site effects.

O Macroscopic parameters | Source
* Depth of upper fault characteristics; Sﬂml
edge Evaluation site
* Faultlength (and :
linkage with
neighboring faults)
= Strike and dip
directions of the fault
plane, etc.
O Microscopic parameters
* Number of asperifies
* Rupture initiation
point
* Dislocation and stress Propagation
drop on the asperity characteristics: P4(f)
etc. Asperity: Faultrupture is inhomogeneous.
High energy was releasedfromthe asperity.

Selsiic motion spectmm;

F,(f)=5,0P,()-G ()

Site amplification
characteristics;: G4 (/)

- Evaluation of time-series waveforms using fault model

- Fault parameters: set by the IRIKURA's recipe etc.

23



Features of the Methods
Uﬂreglﬂtle_lls:i ng:FaulModek/ AttenuationRelations

Synthesized motion by Fault model Attenuation equation.
(Detailed modeling ) (Conventional modeling)
Source characteristics : e e
Fault area, location of asperity, stress drop, Magnitude (M)
rupture process, directivity, etc.
Propagation characteristics : Propagation cggﬁﬂﬁgf;:f; (X)
Utilizing observed small event records at a site

[ Attenuationrelation]

Source i lﬂ’ v —
characteristics S 4 ) Ground motion spectra % A T
' E (f1 =3 41)- A(ﬂ'Gjﬂ = - L
3 [ Eﬂ""* aﬁu
- 2 "B gF
Takln into account < lg I:constant™. G
variability in each 3 R
parameter y o ' ' '
TN Distvibhution ofdata i
Site characteristics G, (f)
Propagation

characteristics £A(f )

5 I . i ’
Prohabilistic distributi 10 .
: 10° 10' x 10°
Fault distance (k)

Log-normal
distribution

Taking into account
deviation around average
value (attenuationrel.)

Calculated grﬂund mnt’iuns

24
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According to New Seismic Regulatory Guide
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Geological survey of active faults

aut

A

Design basis ground motion

B

Site specific ground G g
motion from identified dm'%'” motion 'f;?f'm
earthquake sources efuse seismicity

AT | AZ v Nearby fault
Attenuation Fault source
Equation model

1‘ Recognition of
exceedance

Residual risks

| Besteffort of define earth U ale

| ;
\j sourceisencouraged,
' nevertheless, undefined sources

 may still remain . It should be

| guaranteedwith this category as

' defensein depth .

’N Deterministic approach is

still preserved.
MNevertheless, state of the
art PSHAIS encouraged to
confirm plausibility.
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BredpefisE seishiicity =Y e tiiea- gantiigtdke sources

B Short active fault

Surface fault rupture length << Source fault length
Source fault length and width = Seismogenic layer

NN

‘We have to consider the probable
faults of upper edge up to the surface.

B Potential Earthquake Fault |

Sourcefault of inside of seismogenic layer

Relationship between Earthquake Size and tﬂé"'

Appearance Rate of Surface Fault Rupture

Japan Nuclear Ererzv Satety Urzanization

B Long active fault

Surfacefanlt rupture length = Source fault length
Sourcefault length > Seismogenic layer

Tectonic deformation

Surface fault rupture
~ >active fault

Asperitigs

10-20 km

Seismogenic laver

7 Source fuult

) ] F T T T TH q'rrl'rr'rrrlrl'rrrri T T 1] |
=} L . -
= | 00% - Approximate : O ® A N =
= . transition range .
o = .
& from Takemura ®
T = (1998) : :
L E & L
Rl =P & -
g = e . -
s &9 0 : . -
- 4 Appearancerate
'E't b 3 accordmg to
@ 1 dynamic analysis
=) % by Kagawa (2003)
[} i .E: i i ! L W § :'I__.l_l

b. 0 b. 5 7.0 8. 0
Earthquake size (JMVA magnitude )

B Earthquake size should be estimated in the
diffuse seismicity. =» Probabilify of the surface

rupture increases with M and shallow asperity.
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According to New Seismic Regulatory Guide
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Geological survey of active faults

aut

A

Design basis ground motion

motion from identified

Site specific ground 2 : /

Ground motion from
defuse seismicity

earthquake sources

A1l | A2 v Nearby fault
Attenuation Fault source
Equation model
DBGM: Ss | C

1‘ Recognition of
D exceedance

Residual risks

i Eest effort of define earth qu alke
\E souUrce s encouraged,

' nevertheless, undefined sources
 may still remain . It should be

| guaranteedwith this category as

' defensein depth .

’_\ Deterministic approach is
| ctill presenved. :
i MNevertheless, state of the
v art PSHAIS encouragedto
" confirm plau sibility.
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T

Seismic hazard is defined as the relationship between the intensity of seismic
sround motion and the exceedance frequency / probability at a site.

Land

Regional seisinic source

Seismic zone C

mpecific selsmic
source

Active fault B

Specific seismnic source | | Distance: Ry

Interplate
earthquake A

- = .-‘ -

v NMagnitude : M,
¥
yOcouirence

\
frequency: v,

\

i‘/ Off shore

—_—

‘ Fault Model is applied in PSHA \

Exceedance Frequency (n /vr)

/ Probability

Total hazard curve

Frequency / probability at
corresponding to intensity of
selsiic ground motion

Vitall GM = gin : 1 ¥1)

/

Recognition
of exceedance

Ss

Intensity of earthquake ground motion
Ex)PGA, Sa(T), etc
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Ur@gmt%ﬂtﬁﬂagiglmﬁ I*EIQIS’[EI’. WA WO IIzgec_urrern:e cF’ aracteristic of the

source is essential for PSHA and

specified Seismic Source

AR should be detected by Geol. Survey.
Itland Area = T I
-~ -
5t e Tl ' i : j
Sociibg Soonds Seistuis sowee Tagni ¥, Dipcy | | Beeerity lverage interval L ast event
location Length:T{kn) location of occurrence {occurrence model)
—I Kaknda-¥ahiko TEPCO fanlt model I 7.7 (L=54km ) West 50 Top 2600 years / Unknown (Poisson) @
\ West 35 \Q\\ Ivliddle 1300 years

Bottorn

L1 Kehinomiva TEPCO fanlt rodel IvI: 7.1 {L=22krn} \ West 50 Top 1200 ears x 808 vearsago (BPT) |

West 35 ITiddle 2700 wears 404 vearsago (BPT) ]
ﬂ Bottom

—I Katagai TEPCO fanlt raodel II: 6.3 {L=16km) West 50 Top 1100 years Inknown (Poisson) |
West 35 Iyliddle
\ Bottor

Fakuda-Yahika — TEPCO fault model Il 8.0 L="Tdkm. West 50 - Top 1200 sears Z 808 vearsago (BPT) ]

+ Kehinomiva West 35 Ivliddle % 3700 wears 404 yearsago (BPT) =

Bottorm a0l years  |— Unlmown (Poisson) [

— Eehinomiva —| TEPCO fanlt model II: 7441 =38km ) : West 50 Top 1200 vears X 808 yearsago (BPT) T |

+ Katagal West 35 % Iyliddle % 3700 years 404 yearsage (BFT) |
Bottor

— Magaoka-hetym-selen TEPCO fanlt model ;2.1 {L=Plkm} IE West 50 Top 1200 vwars E 808 vearsago (BPT) i

\ .
% West 35 Ivhiddle 3700 years 404 yvearsago (BPT) =
Most conservative case Bt 2600 years Unlnown (Paiosms) | 29
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According to New Seismic Regulatory Guide

Geological survey of active faults

aut

A

Design basis ground motion

motion from identified

B

/

Site specific ground

earthquake sources

Ground motion from
defuse seismicity

A1

Residual risks

| A2 v Nearby fault
Attenuation Fault source
Equation model
DBGM: Ss | C
E
»

Recognition of
exceedance

i Eest effort of define earth qu alke
\E souUrce s encouraged,

' nevertheless, undefined sources
 may still remain . It should be

| guaranteedwith this category as

' defensein depth .

’_\ Deterministic approach is
| ctill presenved. :
i MNevertheless, state of the
v art PSHAIS encouragedto
" confirm plau sibility.
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Seismic Hazard I
Evaluation |

Earthquake data
Active fault data

EQ occurrence and
propagation model

: !

Hazard curve

SS

Frequency

Ground motion acc.

Level 1 PSA

| Fragility I
Evaluation

Response analysis
=) Response

Structure analysis
Shaking test data

=) Capacity

Fragility curves

g
O
.

o

©

L

G

round motion acc.

System I
| Analysis |

Analysis of Scenario

: 1

System analysis

.

Accident
sequence freq.

» Hazard

-
&

e

Frequency

Level 2 PSA (FP releaserate) m=)» Level3 PSA (Individual risk)
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A standard for Procedure
of Seismic Probabilistic RFHRBHOBBEEEL UL
Safety Assessment (PSA) RFMORLFFERIGEAE : 2007

for Nuclear Power Plants
2007

The Atomic Energy Society of Japan
(AESJ)
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Since fault model

was USEfUl fDr the JAPAN has provided very useful material to be

included in the SG regarding the use of source

EStl matlﬂn Qf simulation for ground motion prediction models.
i This represents the current methodology in Japan
strong motion and can be applied in regions where high quality
a seismic records are available in large quantities and
near fault, it was for nearby faults that can contribute significantly to
= the seismic hazard.
adopted in IAEA
Sﬂf&ty G u Ide on Secretariat Proposal: In order to reflect this practice
the following paragraph has been added to the SG.
Seismic Hazards in "..5.12  In seismically active regions where data
- - from ground motion caused by identifiable faults is
Slte Evaluatlﬁn fClr available in sufficient quantity and detail, simulation of

i the faulf rupture as well as the wave propagation path
N UCIear |n$ta”at|0n5 is a recommended procedure to follow. In cases where

nearby faults contribute to the hazard significantly, this

procedure may be especially effective. The parameters
D S 42 2 —F N S'G'33 needed include fault geometry (location, length, width,

depth, dip, strike), macro parameters (seismic moment,
average dislocation, rupture velocity, average stress
drop), micro parameters (rise time, dislocation, stress
parameters for finite fault elements) and crustal
structure (such as shear wave velocity, density and Q).
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UPgalewisderwas. essemtiabtoaressive factor ofrestieie amplitude.

High stress drop

38°00" P&y 0 10 20 3{}

e WNIG005 | 3 about x1.5 times
i = |
“ S a Micro parameters
SO
& NTIGHO 7 Strke Dip  Rake S Mo Aa
/ . gacale %{. £y €} ) (Nm) '\, (MPa)
i | Ay ¥ 1'. .
e R R 90  56x56 133x10®
PE‘ES - ."\L"‘\ - i 3
37°30' | J{{/@; X —— f_-_'-'t":r.'l Asp2 40 40 90  56x56 200%10"
..-’j K iy T b _I' 1 18
/ . g B . S L X
\f} Nrg0zs S Ay e Apd W M0 0 5656 a00xi
KZK MR N e Rupture velocity 2 7kmis
Ay . T ' . -
: ottt " omparison between synthesized an
HNIG025 _NM,E}\ X, ‘&. AL BEe bet thesized and
ot <1 5\\* ~ u... . observedtime history at KK1 base
37:00' N :"‘lq i .,;-'-ﬂ't:'h \.NIG‘{'% .;::._p h“:“{“ — SyEW Max: 124cm/s Obs-EW Max 88.8em/s
“QI;];@,EIIE-.‘ -'..;'-"h' \ ‘t‘u g *-a a
e h, e R S -~
‘.' 1 - o Ty 1&- "
ol A5 TR NI W S E....,.‘:L S\ = ae N j:
S
X Epicenter @ Observation Sta.
ershock used as a Green'’s function e )
W Aftershock used Green’s funct Tirne

http:/Aww.rri kyoto-u.ac jpljishin/eg/niigata_chuetsuoki_5/chuuetsuoki_20080307.pdf 34
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2. Example of Tsunami Hazards
Assessment for NPP
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* Objectiveis to support technically for NISA
examining the safety report of Electricity
Utilities.

* Therefore JNES does crosscheck analysis

based on our technical knowledge, using
our analysis code, data, etc.

Japan Nuclear Ererzv Satety Urzanization
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« Setting of analysis condition is iIndependent from
electricity utility’s one.

» \Which s the most influential tsunami source ?
(view points from tsunami height, deposit
height In front of intake facility, etc)
» |s the analysis period enough?
 How long Is the grid size of topography model?

» |t Is necessary to analyze causes If electricity
utility’'s results are different from JNES one.

Japan Muclear Ererzy Saftetv Orzanizat

Kelp
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(0) Outline
« Target Facility— Prototype Fast Breeder Reactor “Monju”

« Electric Utility— Japan Atomic Energy Agency (JAEA)
+ Site Location — Fukui Prefecture, Japan

BNPP locations and Tsunami B Photo of Monju site
sources ackai SRR

e .t:‘" 1’-.

— et * Tsunami sourcesfromMED HP *hitp :fweeene shiohama.co pfexampleflargescale/detal_afl_detail 0
3. html
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(1) Guideline

“Tsunami Assessment Method for Nuclear Power Plants in Japan” published by
JSCE

(2) Safety Criteria (T.P.: Tokyo Peil)
Acclde_nt Assessmentitem Safety Criteria
scenarios
Inundation of ; :
important Max. wave height Land level (T.P.+5m)+ Allnwahlﬁ height of protection TP+5.8m
facilities wal( Bam=)

Min.wave height?| Allowableintake waterlevel by seawater pump ? T.P.-2.9m

Max. sand height
in front of intake

Loss ofcooling

function Height of intake mouse 2.5m

1B 18-24 5 =2 ML .

Bh 7k BE (b h—i 2 — Mk
12mm) O EFa-HHEah

] SEGELT-,

- - REFEICSLSESBY D
Tl "!M-“ﬂ‘li Reactor Build. WSICHLVT, BARERC

| ‘ H a ‘ - £ BAF A ATRE G B
Deposition of sand Lﬂﬂéﬂrﬂh% & X

Fumping room

T.P: Tokyo Peil ot

Sea pump

T.P+0m
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Verification analysis based on historical tsunami

l « Verification of fault model. a numerical system. topography model

Selection of tsunami source

« Setting of tsunamisources
# Submarine active faults induced tsunami

# Earthquake induced tsunami that could occurthe eastern margin of the
Japan Sea

+ Selection of dominanttsunamisource
# The max. and min. water level dueto tsunamisources are selected

A4 » Numerical calculationused a rough topography model

Estimation of the max. and min. water levels

+« Water levels dueto scenario tsunami

# The max. and min. water levels in front of intak e facilities
# Numerical calculationused a detailed topography model

v

Estimation of the max. deposition height due to sand move

« Sanddeposition height due to scenario tsunami
# The max. sand depositionheightinfront of intake facilities
# Numerical calculationusing sand move modeling(Takahashi, etc 1999)

v

Conclusion of crosscheck
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(4a) Target of historical tsunami source (4b) Simulation area and grid size

« Nihonkai-chubu earthquake tsunamiin 1983
« Fault parameters™

cqment | 275 [Width [ Sirke [ Dip angle | Siip angle | Siip length | Depih 1215mgrid y
Ckrad | Ckred | €000 i "3 { i { ke A05miari Y
5, a0 | ;o | 2 a0 a0 76 2 grid h b
@ Bl 30 355 25 a0 3.05 3 135'“grid
o 45mgrid
' : r:v’”“m
1983 measured “Ip

tsunamitrace

height = >

-
]
BMAN|=rrrrsgamuca

s v SN faj” " A
Fault location I dost”
"1 Source: Faultparameterhandbookin Japan A - <
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B Tsunami trace height and simulation height " Near site *Egi
14 k. ; ==

I\ , Trace height = A -

12 . Eh ﬂ%f’f E = point
10 J M ’“‘ W sme s
& J { ] :I = r =™ w 1 .'EWH'
6 ﬂm )1‘ " m i;_'r:_ ]I
4 | BE !J H. 1 ‘ ‘ i il s
2 Simulation ! . | I
Rl il

AN ST AR AR T RS ARG N R o ST A M T A - 3 = T e SR T £ 1 L A T = WO RO B BT AR S

2 3l 2% e I S - P R . . N D B s A PR 2 2 I L PR A R ol R B T e N R 3 EA A e TR A I T I 2 O T

mEEE FE & N E *ARAEERE ANaw > B B FEXN K 55 EF X N K W N NSz 2 AEE EBR J<I Wy iy iy
=] N SEEE-F O 2y X Bk il X E £ ik E Eh E . F 3 yim__
1] X B = & IR R -3 Lk - F_ | .3 t 5 4:F |
ST mE o8 : % &=
Place hame m = = 2 = - i
) acm [
B Aida’s indexes. K and kK
Aida’'sindexes, K and k in both wide area
Wide area | Near site |135m grids| 45m grids and near site satisfied the following
Number conditions.
g bl 266 6 233 33
K 1.01 103 1.01 1.05 0.95<K<1.05 k<145
Therefore the validity of numerical
K 1.40 1.29 1.37 1.61 ; y :
calculation system was able to be verified.
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(5a) Setting of tsunami sources

B Submarine active faults induced tsunami

B Earthquake induced tsunami that could

occur the eastern margin of the Japan Sea

: Standard fault model b
T=m (JSCE2002)
Moment magnitude 7.85 @/
Length 131.1Kkm ' '
Dip angle 30° 60°
s | SIS
Slip angle a0®
Depth of upper edge Okm
Seismogenic layer 15km

Consideration on simultaneous activity
with some segments:

+ Tairikudana~B~nosaka Faulti
'+ FO-A~FO-B Fault |
'+ Mera-kareizaki~kaburagi Fault

Consideration on

uncertainties of tsunami

source model:
- location : Right fig.
- Strike : standard + 10°

Locationoftsunami sources, ,
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(6a) Method of selection B Analysis conditions of tsunami simulation
« The tsunami source estimated tem Analysis Conditions (JNES)
max. and min. wave heightis Domain A B C
selected. Grid size (m) 1215 405 135
« Numerical simulationis usedto Time step (s) 1.458 0.486 0.162
estimate wave heights. Governing equation Nonlinearlong-wave theory
: ; Onshoreboundary condition Complete reflection
(6b) Tsunami modeling & =t
., : Manning's coefficient of roughness,
+Goto(1982) methodwith Friction coefficient n=0 025n1 s
20":;2331"0"9'“;3% theoryis Horizontal eddy viscosity Notintroduced
_ JE‘; S AN initial condition Mansinha and Smylie (1971)
codeis used. Simulation time (hour) Sbmaring a-::_twe [k -3 (1)
Eastern margin ofthe Japan Sea: 10 (h)

BEComputation domains and topography of the sea area
Domain-A Domain-B Domain-C

=
IIIIIII




— 7> JNES

Japan Nuclear Ererzv Satety Urzanization

ey ceisinmplsHpglpifater. www wordtEf-ResHit fiisynami

source selection

BMax. and Min. wave height at shoreline of Monju site

- Submarine active faults - - East of Japan sea -
E’ 4 Tairikudana—-E—-nﬂséka
= |
=y 'ET' 3
r z
o 2 2
j;-j [y
< =
%
1]
=

7, ST
Min. wave height (m)
i

Output points

The following tsunami sources
are selected as dominant
sources.

*Tairikudana~ B -~ nosaka
+FO-A~ FO-B

P P
2 3

Output points

Location of output points
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(7a) Target of tsunami sources

Simultaneous activities with:

+ Tairikudana-~ B ~ Nosaka
+ FO-A~ FO-B

Faultparameters of Tairikudana~B ~ Nosaka'

oeq. L W otrike | Dip angle | Shp angle | Shp len. Diepth
No | Ckm) | Ckm) | &7 ) el L { m) (k)
51 129 | 173 412 B0 1127 3.73 a
o2 2B 173 | 3456 B0 26.4 373 i
S3 11.0 | 173 | 3304 B0 0.0 3.73 a
=4 7.4 15 3092 S0 0.0 373 a
=5 2.7 15 3156 S0 0.0 373 O
=B 12.0 15 3053 S50 0.0 a:73 I
1 BRI CZT-SEALY
Faultparameters of FO-A~ FO-B
L WY otrike | Dip angle | Slip angle | Slip len. Depth
(ke | Cky | €° 0 & (% ) {m) Ckm)
34.5 15 140 S0 93 2.87 O

2 [EThEs FERLUERFRI SRS T 2L

(7b) Tsunami modeling

* Goto(1982) method with nonlinear long-wave theory is applied.
-JNES’'s SANNAMI(+TUNAMI) code is used.
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2l it Zeq

B Ay g & fnadienspTd iunami RO R o an winro-nclf-cor =lalmlun
ltem Analysis condlitions (JNES) (Electric Utility)
Domain A B C D E E A~ 1(9 domains)
Grid size (m) 1215 405 135 45 15 5 1600 ~6.25m
Time step (s) 1458 | 0486 | 0.162 | 0.054 | 0.018 0.006 0.25
Governing equation Nonlinearlong-wave theory Nolinearlong-wave
Onshoreboundary condl. Complete reflection Run-up (Kotani1998) Complete reflection
Friction coefficient Manning's coefficient of roughness, n=0.025m""s n=0.03m""s
Horizontal eddy viscosty Notintroduced 10m?/s
Initial condlition Mansinhaand Smylie (1971) Same asthe left
Simulation time (hour) 5 (hour) 3 (hour)™

" BEAEQF T — e rRE i E Tl FERL fo.
T2 BEAL. MEFREE R 2L TO ST EETL R LI B R O ELEDSIL 2 L T LS. (SEICZ3-65 FEE)

EComputation domains and topography of the sea area
Domain-D Domain-E Domain -F

Shiraki harbor 47
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BMax. and Min. wave height in front of the intake facility

Max. wave height (m)

Min. wave height (m)

X el
8 — ~ AN
Lam:l level / Talrlkudanw&ﬂusaklja S A
6 [TP+5m / /Tairikudana~B~NosaHa (Utility) /.-iﬁ B .t
[ #Moenu F, /)
4 harbor E_
5 | \FO-A~FO-B AR /
0 | o o Location of output points
: F S b A Simult tivity of Tairikud B
: « Simultaneous activity of Tairikucdana ~ B ~
Cllgurpoint Nosaka Faultis mostinfluence onthe site in
both maximum and minimumwave height.
0 ] ;o
FO-A~FO-B Max.wave heightis beyondthe landlevel.
9 F - — vl *Min.wave heightis less than the water
Waterintakelimt =~~~ intake limit level of seawater pump.
4 Ievel Tairikudana~B~Nosakp (Utility) ' | «|n case of simultaneous activity of
e Tairikudana ~ B ~ Nosaka Fault, the results
6 | yDepthof h‘i*]fgi_[ilgyvﬂq@ﬂg:ﬁ-ﬂﬂsaka of comparison electric utility and JNES are
harbor as follows;
-8 Qi — — Max.wave heights have difference of 10%
E F GH I J K Min.wave heights are almostsame.
Output point

Japan Nuclear Ererzv Satety Urzanization

|

" [RThES FERL VR R SRR T -2 L
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Ci

L | V. i
e ;s
F.’_fﬁt{i‘
TN gl

| Locationofsea

water pump

B Distribution of Minimum wave height: Tairikudana~B~Nosaka
JNES

B Distribution of Maximum wave height: Tairikudana~-B~Nosaka
JNES

Electric Utility
1 : ] ——— - 365
i |+ . 6§ = 045

I i
widr o] B 55~
W M 5~ 55
- 1 {1 P
d o AR 45 =~ 5
oz u '“Eﬂ!
il B A~ 45

45 =~ 4
3~15
25~13
= 7~ 15
B 5~3
| BERE:

C B B o5~ 1

*Result of JNES shows
the inundation to the site.

-But the seawater pump is
not inundated.

W o~os

3 TP =
Electric Utility ' | " .
P | A= =]

2 Al ] Hl-1--18

W -5~z
& | W22

W -5~ -55
M 55—~ -4
o -6~ 45
65~ -1
=] = =15
=75 m= =
W -8~ -85
W -a5~-3
W -8~
W -5~

*Results of Utility and
JNES are almost same.

W -0~ =105

" EThEe FERS N FRI B EET -4
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B Time history of wave height in front of intake facility (Point J):
Tairikudana~B~Nosaka

8 : JNES 7
o |
E E I .E_Igc_t.r.ic_ Utl|ll’}‘1 ___'_'_"_'_"_;'_;LLI.':,_'_]:E";:_"”E'_"_'_"_'_"_'_"_'_"_' - g"i@&ﬁ
5 2 ) v 7
Q ¥ . ’
ﬁ _0 Monju .
= £ T T S W e e A S S e e T H T T T e R harbor: £ :
S o [N Allowlntakewaterlevel TP | o
_B I | | | | 2|IE".'" | | | pﬂlnt..l
0 30 0 90 120 150 180 210 240 270 {mina)ﬂﬂ
JNES:Max.5.2
8 Uti"w.mzi 4 Tm-x,\ *Results of comparison between
j2 e RO wlaand level it
= b =\ -_:_-"_Em utility and JNES are almost same at
= ; _____ view point from arrival time and time
=2 phase on time history of wave
0 - ;
® —2 height.
é 4 Ji-——--A-Watprintake limit *Max. wave heights have difference
§ L o S If:ue;T.P.-z.gm £10%
N\ JNES:Min.5.5m 0 0
& “Utility:Min.-5.2m
10 15 20 (min.)
Time history ofwave height from 10 min. to

20 min. afterthe earthquake occurrence o BRI (R LB A S £Q
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Llﬁglﬁ%%%ﬂﬁ%kf%ﬂt}l@é% ?éi@zf’é}dwmrﬂhﬁ}ygfﬁ};ﬁﬁ?&% ul\nlert.l:kl:lm
HEstimated result (Most dominant tsumami source: Tairikudana~B~Nosaka)
I ltem JNES Electric Utility | Safety criteria
Calculation (m) TP+5.2(J) T.P.+4.7 (J) —
(1)Max. EH |tgh m;atler Ie:gll{m} | T.P+042 “— — {{;-{_
waterlevel | =SHTEEC HEEIEYE 1P 456 T.P.+5.2 T.P.4+5.8 %
Duration time (s) About 55 About 10 — Wlonju h“_rh”
Calculation (m) T.P-5.5(J) T.P-5.2(J) =
(2)Min. water Ltfw water level (m) T.P-0.03 - — Lecatianor
level EEVRSMAWEN IO vk TP.-5.2 TP.-2.9 sea water
(Im) pump
Duration time (s) About 130 About 120 =
® Time history of wave height in front of intake | A. Max. water |levelis T.P.+5.6m, though it is
facility (Point J) considering mean sealevel of | beyondthe land level T.P.+5.0m, it satisfies
spring tide the safety criteria T.P.+5.8m because the
8 HW.L.55sec &3] seawater pump is not inundated.
~ & oo o T Land level ;e
E o EEEEETEEERTOgER TP+5 Max. wave level of electric utility has
= 9 L N | difference of 10% from JNES.
(=)
2 90 Vﬁ B. Min. water levelis T.P.-5.5m, it does not
Y3 PR satisfy the safety criteria T.P.-2.9m.
S 4 <--[------Waterintake limit
6 ~{---—-level T.P.-2.9m NISA authorized that they were not problem
-8 | | because core cooling by the natural circulation is
10 12 14 16 18 20 min. |POssible
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(8a) Target of tsunami sources

Simultaneous activity with Tairikudana~ B -~ Nosaka Fault is
selected because it shows maximum wave height at Monju site.

i 5 %
o B/ \ 5
== lire -~
Rw’f S2%< K N
?é- e _,,:'“" = .
Y, 7 NI it Monj
: YOl S
.y iy T
E} ey ) 3 14’9‘?
. _‘,&

(8b) Sediment transport modeling due to tsunami

« Takahashi. etc(1999) method considered with exchange rate
between bed load and suspended load layers is applied.

+ JNES's SANNAMI(+TUNAMI) code is used.
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. anditions of sediment transpg .
=1m — i~ I'_F-l- T, I daE=E TEL I'T T:I' TII:IITT!T bl A7 i) 5! L= UT}Ele'I:triC Utility)
Domain A B C D E F1 A~] (9 domains)
Grid size (m) 1215 | 405 135 45 15 5 1600 ~ 6.25m
Time step (s) 1.458 | 0.486 | 0.162 | 0.054 | 0.018 0.006 0.25

. Water Nonlinear long-wave theory A~l: Non. long-wave
Equation Sediment = Takahashi{1299) |C~I: Takahashi(1999)
Bnsnore l.:u:'rundary Complete reflection Complete reflection
condition
Friction coefficient Manning's coefficient of roughness, n=0.03m-19s n=0.03m-13s
Horizontal eddy viscosity Not introduced 10m?2/s
Initial condition Mansinha and Smylie (1971) Same as left
Simulation time 3 (hour) 3 (hour)
EMain parameter gf sediment transport simulation? | B (R B — At s FSEHHRE 2L A IRRSL P
item Value
Tnitial sand layer - EComputation domain F
Seawater density glem? 1.0
Dynamic viscosity coefficient cm?ls 0.01 30m
Sand density glem? 2.70
Specific gravity of sand in water 1.7 25m
Diameter of sand particle mm 0.545 20m
Air porosity 0.4 15m
settling velocity cm/s E'TWU?EFS 10m 1
Critical friction velocity cm/s 0.0 - -?/
Saturated guspended load o 1.0 &Sﬁﬁa j
concentration harbor
Effect of slope 0.0 D ETAES REfRL ISt AS L EEET -8 90
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B Distribution of Maximum deposition height B Some time histories

— . INES
. [ . 0B __ - Electric Utility™
SR I8 .

ey
#

(m)

J Ja-ig“' " Unit(m)

© ) B
7 o9~ 10
g / B os~o09
F ¥ B o7 ~08

: % v/ it = 0 ) 120 180
I us ~ 06 W
04 ~ 05 A

03~ 04
02 ~03
. +1.7m 01~ 02
\ 00 - 01

B 00~ -0

Wave height

3 &

change (m)
E
o

| +5.0m

Topography

—0.10 '

*Max. deposition height in front of intake I &0 120 180 23
facility is about 30 cm.
JNES are almost same at view point from k . |
some time histories, wave height, topography 120 180
change, suspended load concentration. o BT (RS B[l A S = £

:

*Topography change almost finish in 30 min.
after earthquake occurrence.

*Results of comparison between utility and

Suspended load
concentration
s 8

|
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B Distribution of topography change after 3 hours

JNES Unit (m) ) Electric Utility 2

In front of ita = W o ;T. In front of intake
W 5y O oim s +0.20~0.23m

™
==

¥ % 7 I o8~09
B o7-~o08
B oc~07
05 ~ 06
04 ~05
03~ 04
{1/ 02~ 03
fifa B 01 ~02
Wk B oo ~o01 -5.5m
Y/ Il 00~ =01
7 W 01 ~-02
B -02~-03
B 03~ -04
B 04 ~-05
7~ B 05~ -06
m-oi~-07| +3.1m
NG B -07 ~-08
v -2.3m || W -08~-09

== ol Lk Ee LM O - GO LD

[ i (e EA PR T D T |
.= N == e R s I e R Y Y e s T R e T o O e o Y e s T e s R e Y

O Q0 == O B L3 pd =

{

7 Wl 09~ -10
/ W -0 * + Deposition, -: Erosion
2 EThEe FERSHEE TR R RET -4

|-
=
}-—

« Result of comparison between utility and JNES are almost same at view point
from distribution of topography change around Monju harbor.

« Sand deposition in front of water intake is 20 ~ 30 cm calculated by both utility
and JNES.
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BDetails of intake facility
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~ 410

Monju harbor
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Ground plan Curtain wall caisson

cross section

+ Max. sand deposition height is 30 cm, and it satisfies the safety criteria 250 cm.

+ Results of comparison between utility 20cm and JNES 30cm are almost same at
view point from max. sand deposition height.

Japan Nuclear Ererzv Satety Urzanization
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- In Japan, Government and Nongovernment (Japan Electric
Association) Safety Guidelines for Seismic Desigh on NPP

are decided on.

-Many precious seismic data are acquired around the NPP
sites.

-In Japan, Government and Nongovernment Safety Guidelines
are sufficiently applied to assessment for an earthquake-
resistant, and new knowledge are incorporated into the
assessment. These applications yield rationality and
securing transparency for the assessment.
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Active faults may exist around future NPP sites.

Strong ground motion estimation with fault model can
contribute significantly to seismic hazard assessment
near by the fault.

Therefore it has been adopted in DS422(NS-G-3.3)/IAEA.

In order to apply the fault model scheme, input parameters
will be desired.

Seismological and Geological investigations are quite
essential to estimate the parameters, as well as, their
uncertainties.

Summary 2

Example of tsunami hazard assessment crosschecked
by JNES were introduced in detail.

Recent researches to improve tsunami hazard
assessment were introduced.
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Thank you for your bind atlention

Seismic Safety Division
Seismic Test and Research Group

UCHIDA Jun-ichi
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—
Safety regulation system

« Quarterly reports on
licensing and

NISA:

Nuclear & Industrial

Safety Agency
« Safety examination
*Licensing
*Inspection
« Application *Hearing on incidents
* Obligation ofreporting andevents
| onincidentsand _ U _____________
events « Application
Licensees

(Electricity Utilities)
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«Notification ofinspection, etc J N E

» Reportofinspection
results, etc
* Analysis and Evaluation

NSC:

Nuclear Safety
Commission

echnical
support to
NISA

Japan Nuclear Energy
Safety Org.

« Safety managementreview
*Inspection, etc
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B Tsunami propagation B Sediment transport
« Large area ( Domain - B) « Suspended load layer ( Domain - F)

* Near site area ( Domain - F)
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