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Report of Examination of the Sample from Core Shrouds (K3-H7a) at
Kashiwazaki-Kariwa Nuclear Power Station Unit-3

(Contract Research)

The Working Team for Examination of the Samples from Core Shrouds and

Primary Loop Recirculation Piping

Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 6, 2004)

The Tokyo Electric Power Company (TEPCO) visually inspected the weld joint of core shroud at
the Kashiwazaki-Kariwa Nuclear Power Station Unit-3 (BWR, 1100MW) during the 7th periodical
inspection of August 2002 by a direction of the Nuclear and Industrial Safety Agency. Cracks were
observed at around the inner surface of circumference ring near the weld joint (H7a) of the shroud
lower shell and the ring. Core shroud is a cylindrical structure located in reactor pressure vessel and its
function are to support in-core components and to form flow route of coolant from lower portion of
in-core shroud to in-core by jet pump in normal operation.

TEPCO has conducted a material examination with Nippon Nuclear Fuel Development Co. Ltd.
(NFD) on the specimen including cracks sampled from the core shroud. The present research has been
performed with the objective to independently investigate and evaluate the materials by reviewing the
examination with NFD and providing JAERI’s own evaluation as a third-party organization for
assuring of transparency. The following findings were obtained;

(1) The scratches due to grinding and machining were observed on the surface of the
boat-shaped sample.

(2) Most of the fracture appearance was intergranular except for the region crack initiated at
the surface. The fracture appearance near the surface was estimated to be transgranular one
from the metallographic crack observation, although the fracture appearance at a distance
of about 300 ym from the surface was not obvious by covered oxides. In the transgranular

fracture region, the microstructural feature of cold working with increase in hardness was

This examination was carried out under contract with Japan Power Engineering and Inspection
Corporation.
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detected. There was no difference of the breadth of the cold working microstructure under
the scratches due to grinding and machining,

(3) Hardness near the surface within a distance of about 3 mm from the fusion line was
decreased due to welding heat.

(4) The chemical compositions of the sample satisfied the material specification of Japanese
Industrial Standard G 4301SUS 316L. A slight depletion of Cr was observed in the vicinity
of the grain boundaries.

The observed cracks were concluded to be stress corrosion cracking related to the hardened region
at the surface, based on the above results with an expected tensile residual stress near the cracks and

dissolved oxygen content in the coolant.

Keywords: Core Shrouds, Boat Sample, Kashiwazaki-Kariwa Nuclear Power Station Unit-3, SUS 316L,

Stress Corrosion Cracking, Hardening Layer, Oxides, Residual Stress, Dissolved Oxygen
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B oW ®w ®|7 7 7 F| F (oY 5 S rad Wizt -7,
S > d 3 _—
& ?7*3 o - i i’ VIA 2 L] rem 2. RUIBE, o b, TN, A
o VARV — Ay S AN R
. — WL EFNTVLNOAFEORMN DT
o4 wl™w = — /N| Wb V-s 1 A=0.1nm=10""m . ()’ﬁ FNTeLANORORMLE
ARl AN B B L b=100fm’=10 Fm’ 3. (‘if%[{:‘:‘z:‘fﬁk EhE&RDTH
> — . b s S Tl D I+ D
U A A N R °}Ci Wh/A 1 bar=0.1MPa=10°Pa L\tﬁﬂb{isz M"J A
[ ZEBEBEIEVIY A ZER b T — 2457 T
T LT R B{ v ’E 1 Gal=lem/s*=10""m/s* -
¥ < D G Im cd-sr | Cie3.7X 108 4o
e g 2 1=3.
e v 7 24 x| lnm | Renst 1 42/1( 4. ECHEMFLHES T bar, bamb k
i 4t g~z L | Bg| st 1o 22 U [FE QBN mmHg% &2 DA 7 T
% W B ® |7 L 4| Gy | Ik rad=leOy=10 "Gy —ARTV A,
BB % B VoL hosv| Ik 1 rem=1cSv=10"Sv
" g ®
71| N(=10°dyn) kef 1bf IL| MPa(=10bar) kgf/em? atm mmHg(Torr) | 1bf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062% 10° 145.038
9.80665 1 2.20462 ) 0.0980665 1 0.967841 735,559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ HEE 1Pas(N-s/m)=10P (K 7 Z)(g/(cms)) 1.33322X107* | 1.35951X10°} 1.31579X 107} i 19336810 *
BYHEE  1m?/s=10°St(A b~ 7 Z)(em’/s) 6.89476X 107 | 7.03070X1072 | 6.80460% 102 517149 1
I K=10 erg) kgf-m kW-h cal(Ft &%) Btu ft-1bf eV 1 cal= 4.18605) (Gt &%)
ES
W | 0.101972 2.77778%10°7 0.238889 9.47813X10°* 0.737562 6.24150%X 10" = 4.184] (EALS)
o
I 9.80665 1 2.72407X10°¢ 234270 9.29487X 107 7.23301 6.12082X 10" = 4.1855] (15C)
fH 3.6X10° 3.67098 X 10° 1 8.59999 X 10° 3412.13 2.65522X10° 2.24694 X 107 = 4.1868] (EERERE)
5
- 4.18605 0.426858 1.16279X10°° 1 3.96759X10 3.08747 2.61272% 107 frfiss | PSULE J))
o = a
= 1055.06 107.586 2.93072X10 252,042 1 778.172 6.58515X10 75 kef-m/s
-7 X 3 X 18
1.35582 0.138255 3.76616X 10 0323890 1.28506 X 10 1 8.46233X 10 - 735.499W
1.60218X10 " 1.63377X10 ™ | 4.45050X10 * | 3.82743X10 * 1.51857X10 2 | LI817T1X 107" 1
)i'd Bq Ci g Gy rad i C/kg R R Sv rem
5 B T a4 "
& 1 2.70270X 107" R 1 100 h 1 3876 M 1 100
Bt Y 5 = =
3.7X10 1 0.01 1 258X10 | 001 1

(86412 H 26 L1 37E)
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