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A

R QP SULE P A RS R RS P (3T )
B R® 2+ (intensification) %]

. 2/ (Hypocenter) »ujis t A AV ¥+ B RN 1.0 Bea B -
CiFR B % (deep ground) # PR T E B RA A NRE L E R R

i# B (propagation speed) F|iE¥ & » Flism 1 A& 2 HEHAL T &L
B g2 B#aic+ (intensified) e

+ X 53T “@‘:*:1 & (old folded structure in the ground) :
&2 mjaév?rﬁ»#&ﬁ;f, (bend) m & 4 *x+ 2T o
33 (weakenmg) %

SRR ARG R G T B RS AR Y

% % (free surface of base stratum) I ¥ &Y i > i& B 33 o
(- 2w S A AHEEL & 0T 4om> » RRBFHE 5 Rk
0.4 % ; S BB AA#F LG G T 0n  RRPRSE G R
B0.6 %
EQFIRZ B BT AR 2R # (the design-basis seismic

\

o m« w sam

I
D%}

JJE

Rerp

ka

\4

motlon)
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Estimation of factors (Conceptual diagram)

Unit & Reactor Budding

Unit 1 Reactor Building
Ground surface | |

I

Free surface of base stratum

(approx. GL-150~300m)

-
et

[Factor 3]

Y

[ —lﬂ o 3] Amplification caused by the old
- X folding structure

Unit No. 1 side: Approx. 2 times
Unit No. 5 side: Approx. 1 times

[Factor 2]
e T [ [ Effect of imegular deep [r;]_% 2]
ground L RS

(approx. GL-4 ~6km)
F P Pl

b,

-|'I-III-III'I-III.I'I

|

[Factor 1]
Hypocentral : 1 ]
effect 2R

Approx. 1.5 times

kk T R & 05 faf s A
On the foundation of ) . N ay i
the reactor buildings (foundation) "R % é% ¥
KiRep d £ @ (free surface

of base stratum) = jEdE

Free surface of
base stratum

........................-.......................!............... 1~4# : 250m % 300m
H~T ¥ : 150m
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2B PRI FEEEED S

=1

s Kakuda Yahiko
Fault

aAMEs

N 3
Sadogashima Sheif ;
East Edge Flexure
4

[Sea area

Sk /
o B
Sadogashima's @ ol
Southem Faultmﬁ 3 Y *
» ;5’ F-B Fault g @-
@ \ @ f “Kilnomiya Fault
F-D Fault P j ¥
Kashiwazab-faiwe | 11
uciear Power Station / i

gt}
& ! A :
£ B @ atakai Fault
& Takata Offing A : m
Fauit F
; 4

[- Land area

e

e -

A& A B R

8 A 8 & A
/45 | (1) Sadogashima Shelf East Edge Flexure £ 3Tkm
(2) F-B Fault % 36km
(3) Sadogashima Southern Fault % 29km
(4) F-D Fault % 30km
(5) Takata Offing Fault % 25km
p + | (6) Kakuda Yahiko Fault % 54km
(7) Kiinomiya Fault 5 22km
(8) Katakai Fault % 16km
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VP : b
e ST w R £ i" i? 5 R % 2r
F-B #7k 4 36kn™ |9 36km | K AR | R A UE
(% 27km) 7.0 >R BLELIE 2
£ & R & 36km
Kakuda £ 54km 90lkn | FRBAE | F > ETREE
Nagaoka | Yahiko 8.1 SO

TR | ¥k e
Bl#% |Kiinomiya | X 22km
BORAF |k
Kataka1 % 16km

4

F-D %7k £ 30km ¥ 50km | KA RAE | MF > IFT BB

Takata Offing %% |« 25km 7.7 WD RETR P
i

K10 FB BOR e Rs R LG Y AR R RORRT 46 e ) K
Ao B oW ETR B 1R R ETE R OB R AT
Ziziﬁkﬁpzﬁ*%w@ B 2Tkm s JE K B R BRE > R AL Rk

#rk £ & 5 36km
Brar FRAE  ATELEHTRRT §3 3 L B P4 L
B+ : Nagaoka T & plif % 2

4t DF-B #7A

2 bR arE - BETA 0 4 W[ (1) F AR 2 (response spectrum method )

2 (2) %7k #5872 (fault model method )

(1)  BAE# 2 (response spectrum method) @ f& ¥ )?-;?fé)i ~ BRI ReniEdE
2 4% 5ok o 3% (empirical formula) #7=f #7iE ¥ o RRABFI) -

(2) %74 #5872 (fault model method) @ 1 * & = ¥tk £ & # & 2 BLURAC

I B

FnD R R E B R R -

KA B 2 ehE # (the design-basis seismicmotion): %4 T 150m £ 300m
“Lf’ﬁ TR A A IR p d 45 (free surface of base stratum) | e R
E:
Vi

%%Lﬁ?)&%*@fﬁ%?i 4 FHE AR RS AR (base mat) fuh B

e 6 12
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3. %7 P EFUWEF A P HERAR 2 R & Free Surface of base stratum
1 2
FRRAE
— 8s-1 (F-B fault, response spectrum)
— Ss-2 (F-B fault, fault model)
S$s-23 (Nagaoka Plain Western Rim Fault Zone, response spectrum)
— Ss-4 (Nagaoka Plain Western Rim Fault Zone, fault model)
... 85-5 (Nagaoka Plain Western Rim Fault Zone, fault model)
s2

Estimated earthquake motion on the free surface of base stratum
at the time of the Niigata-Chuetsu-Oki Earthquake

—{h=0,05) . s {h=0.05)

Acceleration (cmis?)
=
=

aONO[ T ""’J
' A

itlnnn Tr \VM\
by i

[=1]
2
[~
=

Abceleration (cmv/s?)

3000 /J
A

o
]

A
[\
F'L/’ s '_.\:IJ[H - "‘I I-LI"\_
e 1209 Gal o i )
1000 ~ 000 =" SR
o™ - o
450Cal 4§05 \\_
I 1 Lid U 111 1 1
Boo  nms o1 a0 1A 2 0.02 005 0.1 2 1 2
Period (s) Penod rsj
(a) Unit1 { b) Units

R EETRF A iR R 2 R & Free Surface of base stratum
2o B BIF YR > B AINA A (base mats) 2+ B A

Ss-1 (F-B fault, response spectrum)
— $§s-2 (F-B fault, fault model)
Ss-3 (Nagaoka Plain Western Rim Fault Zone, response spectrum)
— Ss-4 (Nagaoka Plain Western Rim Fault Zone, fault model)
... 55-5 (Nagaoka Plain Western Rim Fault Zone, fault model)
s2
Estimated earthquake motion on the free surface of base stratum
at the time of the Niigata-Chuetsu-Oki Earthquake

(1=0.05) (h=0.05)
4000 T T L R 1 4000 L T TIT T
E_ 3000 E 3000
S 5
E 2000 E 2000
o o
3 5
™ y
1000 7 v 1000
= E ; y B0EG] |
n n - -
002 005 01 02 05 1 2 5 002 005 01 02 05 1 2 5
qunod ?si Period (s)
(a) Unit1 ( b) Units

pATR R AR B 28 (New Design Base Seismic Motion) A +#75% % > 1 5.8
b 5L L_é&;ég)%‘”i p d %% (free surface of base stratum) *T#
FlenB # 4 %W 5 845Gal 2 606Gal °

W\

Wa W



4. % HEA BT EZ LI AL R BEae B> BF BBR S
BAINARZ # RR&EIDITE 1,000 gals -

H i+ ! Gal

AR A

I d Lo

1 5L

2 Bt

3 HLis

4 548

D Lt

6 5Lt

(7

PR AR
RES i

2,300

1,209

1 5L

2 Bt

3 HLts

4 548

D Lt

6 54

(7

680

606

384

492

442

322

3956

845

309

761

704

606

124

738

1,000
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o B R AR A5 O

LEHBAS I ES (U THEE 6)

LRERRS

EE AR BTN
FEip R

8@ (MPa)

4k (MPa)

Ss
FoRh R4 AAHD B 215 499
PrREFEY
e (LIRS Fre gy ( suppression 30 164
chamber passage)
o 2 ol L 51 260
SEA L AR AT 14 350
SR E A B 3 B 206 364
AEA BB ¥ B 217 374
LEFERRS SRS S e
PR R Ss (4p % =4 ) (mn)
wlte 7.1 15.9 10, 03%

(¥ BPERE 04 )

MR AIE~ i R b AR 2108 P2 R -

2.3 % B% 2> (seismic safety) =ip b % i

[ e A g J

vt g
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R XY
B TR R o

F1#* Con
tracts Bz ¥ B H &

1% R R 4w
PLprsiarey
S¥1 3 O g B

B 78 R% (truss)
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B ARE PTG T w R AL (T2

7
- ~EAEPRRMA
1 54 2 548 3 i 4 5458 5 51
# e 7 50 BWR ABWR
FLE H4 84 110 113.7 126.7
(10, 000KW) ) )
BETE 488 4
(10, 000KW) )
=g p 1971, 3 1974, 3 1982, 11 1989, 2 1999, 3
P p 1976, 3 1978, 11 1987, 8 1993, 9 2005, 1
it AR 5 1 - - 2007 & | 2007 | 2007
EE AN z A Z A Z A

=R E PR RAR

L % Eda e RO(1854)

TR TRATIeA 3 - g% %5 % (Nankai Trough)» inF #3342 £ 5 =B &
P RPEwRE

1. Bged 2 2 (Anticipated Tokai Earthquake)

2. % 5ck A+ & (Ansei Tokai Earthquake) (1854 &)

3. X = /# & (Tonankai Earthquake ) (1944 & )

oo 1854 £ 2w g s B RE D BE L -
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A H PR RE 2L 8% (facilities of safety significance ) &3+ #
K2 BB LA» & (Anticipated Tokai Earthquake) W= 8 i B %
# % (seismic ground motions )’ 7= ¥ KX A# B 2% (basic
earthquake ground motion; S1:450 gal ) % 4p g % pr s+ & (Anseil Tokal
Earthquake) # 2 W= 8.4 %3 B L & o

% >{ £8%% (Facilities of greater safety significance ) %3+ +#
KE AA#E B 249 (basic earthquake ground motion ; S2:600 gal) S
1R A K85k BpFans A E 0 kel A+ B (Ansei Tokai
Earthquake) # 2 WX 8.4 % 2 { +

BOEM A M Bk B LA, B 4 4eid B 5 450gals

R B 2

= b # 9 81 B
m‘“‘mlm j |—> H&7

il

FRBABO R A X S R 5 600gals

B R 4
! m W‘“ =/ &X%

Bm
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it B ARAR 3 1 s

AEFT R AR R BE Do gk 4py e s+ & (Ansel
Tokai Earthquake) =% B (fER L5+ & (Anticipated Tokai
Earthquake) 5 % ) Hipdg 2 B6 (A EF kT8 LB H gk X 4oif
B & 600Gal : S2) *iE 5 FF b ckpAp

8

=F g%%%%’?fiﬂﬁl (2001 & 7 % ) ez » p AP NF 4 0P
PR L AR R U5 1 P T R RS (2000 1 P e E )

@ #4p 3l 2006 & 9 7 19 p £ L A7
T E AR

| 2 28548 1 [ A7k & AR 2 2010 & 2
S—5ELHs e 32007 #E 2 AR AE AR

I AP IRT A 2T 2008 £ 120 22 p oAk R 1 2 258 4 ip s
Qﬁ”ﬁéﬁ%iﬁwLZW%MMUWﬂﬂW(ﬁJWwa*)ﬁffW*W*
MFE o B2 ARGt E G T Rl Sl HE G ATHY 6 B

f.,{_‘;;:
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—

5 1L W RARAE 2 3 £ K

& (5 RAs)

-

AR RRE . AR

ke & X T4l € R (Central Disaster Prevention Council) ' i3k e
Al Ritcaw A BRI JERAHF B2 @2 EF P AHBHVLES2 G 4
o LB- 0 p AP RE AHEUE S2 5 4 30%4RA o

kl,OOOGal’ AP R RTIPHERVNBERDL AL RHEIH 2B FEN2 T I H

)

(bedrock) &k T £ H52 B % 4cif B X

/

3400
WABE P ELE
3
s000 L (¥ 1000Gal)
A1
48]
2
= 2500 -
=
w
J4F
Jas]
o
@ 2000 -
e
S
g
= 1500
Gal)
A 7
Q0 .
: R 2
- (RER PR S RBE)
I:I 1 i i i i il | . ) i 1 i i 1 1 i i 1 i
0.0z 0.0 01 0.2 0.5 1 2 ]

Feriod [second)
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it i B A B R TE (e RK)

Acceleration (Gal)
1200

PEABERTE
(& + 42 R % 1,000Gal)

0 10 20 30 40 50 60 70 8O 490 100 110 120 130
Time (s)

Acceleration (Gal)

1200
80D AP R AHBE S
0 "
-600 (B * 4cig & 600Gal )
0 10 20 30 40 50 GO 70 B0 90 100 110 120 130
Time (s)
Acceleration (Ga) v 4 %2 B4l €3 (Central

1200
GO0
]
-600
-1200

Disaster Prevention Council )
BRLar Rl A 86 E
(& * 4ci# B 395Gal)

20 30 40 b0 BO 7O 80 40 100 110 120 130 140 150
Time (s)
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pend &
i RE 2R ML RXAF

Primary Containment Vessel

Reactor Pressure Vessel
2

Control rod

Residual Heat Removal Pipe
PR &

Residual Heat Removal Pump

A% 2 MeoE £ X (Important facilities in terms of seismic
safety design) ¢ 2 5 g2 B3 Mgl s R F Ripe P FH K% & F
Telg b dris s a2 R P s S Y BRS S BRRE T A G

M
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o~ AR L R O (A5 6))

fé %8 T e AT

5 i FERMERE F6,461 4 |1 g FE A (£ 194
T )

TF EE cable tray % & &+ /7 |2-1.:x& cable tray # #
6,461 £ & 4% (£ 647 i)
Conduit tube & B £ |2-2.:# % Conduit tube
3,402 £ A 3 A (2612 &)

WK A 700 3. E v B fuag E I

(rail guides)

4 g F B RS ET A
fi @ (overhead crane)

ki

Bos R e R

6 BER (FEFRS
BOKHUHE ERS FB
Wig ~Ew) s jaokgr B

Eo~ )

()]

.
w4
-

;:i;‘d;ﬁ;

DA

[

@
\-u

“'4%4 o

-
3 4

=
’T
'Fﬂx
~F ‘E-\
E

F/I‘;' ?

'\
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before
modification

After
modification

Y

Before modification

fter modification

Example: Addition of piping supports in the reactor building closed cooling water system

45



addition

Piping support in the reactor

building closed cooling water system

46

Piping support in the reactor
building closed cooling water
system

Piping support in the high-
pressure core spray system




2. ¥ 3 cable tray # conduit tubes % ¥

cable tray # conduit tubes eh3 g7 rd 5 it 28 RTHE 0 1L e 55 A RARAS ©

B =

Before

After

fter modification

Before modification

H 4e cable tray x ¥
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addition

e B

| asm 1 s

s T RHB OOl
[ = W n
Conduit support

Cabbtrayéuppoﬂ

3. Al f @ i ¥351 (rail guides)
vl B B AT g 50 (rail guides) M3k Bt R 4 LR L o

Refueling
machines

Rail guide
{addition)

Rail guide part
(addition)




4.4 F i BRK % BEX Hh# (overhead crane) %3

x4 overhead crane e #HINi > B AR T DA WAL H D T A HE

Falling prevention lug for the

'- Before modification
overhead crane |

Stopper

Stopper

overhead crane of the

reayuilding
Support structures

(Runway girders)

Overhead crane's main unit stoppers

Runway girders modification |

Stopper

Stopper

Crwerhead crane of the reactar building

/ Support structures

(Rurway girders)

modification

rodification

Before After

Rurmway girders

‘ (Crane.side)

Adding a web plate
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5.5 if (£2)

-

before modification  Foundation After modification Unlt 3)

= g )

OUnit 3 OUnit 4

50

.

B o | %
iR e ] R ARAPIL 0 DT AT 0 0L A RS 0 WL
Ed g d e

S il surface Dil surface
L before modification After modification Unit4and 5

ed.



Improverment

Waterintake
structure

Pump

Pump-related
equipment
Ground

Improvemerlt/

Example of Unit 3

51

RURGRDE R R MR A X D

North side

i

3



7.2 % gREE (pipe ducting) % F# A&

GRS ) Y B AR e R IR 5
3 L5 RS (concrete replacement method ) @ & #-

$73¢ (perforated) 16 »-kr e 2 3R & % H FH it (jet

o

B ek S U

mixing method

—

Improved ground
_Pipe ducting concrete replacement method
(Reinforced concrete) or jet mixing method

Concrete
replacement method
(Excavation)

Concrete
replacement method
(Concrete placement)
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8. it L E 7

(steel truss-towers)

: BIRG T )Y B e ah R OE B

_____________

Height of the

Height of the
stack:

stack: stack:
100m _ 100m 0sm darmper
Height of the stesl I'. Height of the steel | 20 F i /e
trusstower: trusstower: 4

90.5m

steel truss- steel truss- | Fas

Height of the steel (e
truss-tower: /

65.5m |

steeltruss- &
tower

[Unit 3 stack] [Unit 4 stack] [Unit 5 stack]

< Before modification > < After modification >

steel
truss-tower
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O.RHR # & B Hrecd 1 iF
B F AR RS a RARAS

Heat exchanger

/ After

modification

Before
modification

Foundation bolt

Flogr




£~ 7 A&k Karachi %% Bide Y+ 2%
T A % Karachi PR R FIS PG EFRTor T L "T
FfFyr RX 2L E2E TR AT 2301993 # &g [AEA 24 ©
BBtk el o BV R R E R E (0. lg)irsm%’*
(0.2g) > #rieggpen> i 5 TAEA GUIDE NO. 50-SG-S1 (1991) - 3= %
o B A5 3K
1. x 1 * 454 7 = (unanchored) =% 2> & 3 OMKA o
2.7 4> ¥ % (anchored) éh= > & % > 7 B ;,{ﬁ; R T A R
J.2AEE 27 MRA b REFAFLFTTE >  FREHET 2KE

BEFITHKRKEFGHH L (easy fixes):

(1) 2 T?,ré SE F%E 2 A1 &> F % (ANCHORING)

(2) £ 2 %5 J1* 7L

(3) — 5% = 5L 4 & 24| (LIMIT STOPS)

(4) — 52 - SRS b % p % 2 P IRAFr BH 4o 54 %
(BRACING) % # 4 ( SUPPORT)

(5) Bigzdl? <~ (MCC) % fe® % (DISTRIBUTION ROOM) p % it
B?f.%‘ ( INVERTER PANELS) 1 * 4+ F 2

(6) 2 % /&= (MAIN TRANSFORMER) 1| * 4+ & 2

(7) A=#* % & ® (STARTING TRANSFORMER) 1 * 4+ F 2

(8) 4 % /& = (RUNNING TRANSFORMER) 1 * 4+ 7 2

(9) sm4z ki % (PROCESS WATER ROOM) 4 47 B4 * 4+ F 2

(10) *c £ 5 ¥ K% 2 B2 (MAIN BRIDGE CRANE)

(11) =% F % M % 109+ % 2 (10 TON BRIDGE CRANE)

(12) pe@ £ 41607400 &3 % B B4 * 4 F T

(13) scg e 2P 7 SBVs & &

(14) 23 7 Y% e > M 9 RBVs K &

(15) 4 % B 5 #7345 (MBWs)

(16) #35Ls i e ingt ¥ (BUS DUCT) £ #Fei=® U % 77 4
(MBWs) # % ¢ RCC 2+

(17) EFM & 5o 8 b % % #8540 255 204] ® (SEISMIC RESTRAINTS)
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EFM s S 0d 2 2 84 55 234 ® (SEISMIC RESTRAINTS)

4160/400V % & Bl * 2| %5 4% (INVERTER PANELS) 17
b

57



At R % A7 (MBWS)

JHL By (BUS DUCT) 2 # -8 KA > /744 2 ¢4 RCC 21
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lLAXg?P ¢ 3P 2 ERE"AIBER > HFLPRP TR ELF B
PRAMBAMB LT Hd A AT P MR R AR F] S 2007 & T
Pl p AR RRRARNAR RRFE oA R p AI TS 2T GK
Y22 B~ 45 R Kori #% T B % © A#7# Karachi ¥2 % B % > EJKB ER e Liii

e
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=
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o BRI e g
(D 22227 T RERRE  FERA - 8
B BFE AT o R EFRERN S R
3 ’Uifﬁﬁ: Y R
(2) RALE K WW?ﬂiL?“@m% Bo MUESUE A R pER o
AT ERSERN AR T A 2P M PR R R I B T L
B Llded o A7 T4 0P 427 AR TEBR: S8 1205 84
o Eo PR MR AE Y AT EFLE (27 130 p AT EAEE T
2 TRF4 %2 WERNISA) ;) ¢ PR A4 Y ) fe pandeox chfe 4 &
B TR R AR RFIZ AR T A 27 NE &P g X S
E3F 0 NAHTS 2P HIEL A L EEHH RN OT 2TREERT R
e P EREIRALRNI - PTRF LT RE R R B e S P
M2 Eegh Ryt il ad B PSR LHEA RE Mo LT
fgit o RAL EFRP A XFEER LREFERE S RRP 5 3T
PR A TSt e 0 HR R
AT R AR R SR TR L A
?%ﬁﬁﬁﬁﬂﬁ%vﬁiﬁﬁﬁﬁﬁﬂﬁfoﬁgiz
(1) te®s@PRs ~ F et 2 2 PR agls S K BIG > 7 it & R 5
Bk R F AT A DFEIE Y ARG R RERE ]
(2) ¥ RS 1T A B FiAc > fdf & Rlakh@ = Ffh o @ WedcFln &8
k> P EHRTEASTETELER o
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