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Laser-based maintenance technologies for PWR power plants
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Toshiba has developed laser-based maintenance, inspection and repair technologies as couniermeasures
against stress corrosion cracking (SCC) in nuclear power reactors. Laser peening (LP) is a novel process for
preventive maintenance, which improves residual stress from tensile to compressive on material surface by
irradiation laser pulses in water. Laser-ultrasonic testing (LUT) is capable of detecting and sizing SCC
having a depth of about 0.5 mm. Underwater laser welding can be fulfilled by making local dry environment
with shielding gas around welding point. Laser cladding is realized with the laser welding technology, which
forms a corrosion resistant layer of sufficient chromium (Cr) content to cover the surface susceptible to SCC.
Laser seal welding (LSW) is expected to isolate the crack tip from corrosive water environment and to
impede the propagation of the crack. The outline of the laser-based technologies and their applications in
BWR and PWR power plants are described.
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Fig.1 Basic process of laser peening.
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Fig.2 Residual stress depth distribution for Inconel 600.
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Fig.3 Fundamental process of laser ultrasonic testing
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Fig4 Crack depth measurement by laser-ultrasonics
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Fig.5 Concept of underwater laser seal welding
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Base metal : Alloy 132, Filler metal : Alloy 52
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Fig.6 Application to cladding on Alloy 132
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Fig.7 Chromium concentration of laser cladding
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Fig.8 Result of mock-up test by underwater laser

seal welding

FEHERMAE. BENE 03mm, &S Smm, £& 30mm T
HD, BHETA VI Y308L (00.6mm) ZFEFAL, A
#4075k /cm, 7 Y HGEEE 0.8m/min 1ZFRE LTz, JLH
BRI IEAEZAEE L, 30mm X 40mm D)\ F i 1258
ﬁm”ﬁ—m~5y73ﬁ4@ﬁﬁbtlksmﬁii

. RIFREEE— RBEONTHY, BEEEREN
%%W@m& CRDEIETESD Z L EHERRL Y,

3. FRTFBHRENOER

21X BWR 7'F > MR OIS RN (SCO)
FRREELT, P aIT R (F—AF7FA1 hRA
T L A SRR A R B O Rl RS A
EEHAY TFa—7 (600 %= TIIVEA®) ICL—8

—Z U EBEALTER, S5, PWR 752 hOR
?ﬁﬁ%ﬁﬁ@mﬁ%ﬁﬂhﬂmmaﬂ%%ﬁé&bf
MEE A HRENE 1 SO TFARE
L —HE—= 7 %2%A Lz,

3.1 bL—¥E—-= . L—YEBEREOER

B3 PR 75> hoisiEESIN (PWSCC) TRtk
%I%tbf MEE DA FHRE %%15%

L—HY—o  JEEA L. £z FNEHERE
Kﬁb~ﬁ€~:>ﬁ@ﬁlﬁ&§tLTﬁﬁT@@T
L—Jil@EwE LUD) ALk,

BT AT LR TFFRWESRN T O7ICRE L. 1
THEBEIIFETFRARF Y ET ¢ LICRE UEEREX
DHO TP THTHRERICRE L. FHRETE |
ﬁ%@vhﬁt“”\7%¢1$1&i SRR 16 4E 12

WHEREHERE BN L ERD. REEAER. &
HMKD% iT@ﬁ%éﬁzoaﬁTﬁﬁﬁD%mb
R 174 1 BIEEE 2 TR T LY, Zneho®
DOHLY AT LI DWTHRMNTT 5.

1) FRRHEEEAEADER

PWR 77 > F QR FIFASRIERRICIT. Fig9 IR LD
WIFNGHEZ B AT 2720 OFNEHERE S BMD 2
BEINTVWS, ZOERNEICIE, BHEICES5RK
BISHNEEL THO, BHEAEEIN PWSCC) 73%4
THRHmRMNDH D, TOTHREELTL—HFE—22F
EL—YRBERIEERNDE TS AT L EEREL TEA
U7z, BRAREIE 1 SO TFHRES A5 A1 Figl10
WIRTEDICL =TT AT L. B - #2574,
L—HRERNT 7 1\, ERRE T EE) SR I N,
L—HE—Z 27 &L —HBEHIENTRE TH S,

— 193 —



BMI Nozzles
(Alloy 600)

9.5 mm

Area to be Peened

Fig9 Bottom-mounted instrumentation nozzles (BMI)
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Fig.10  Laser maintenance system concept for reactor vessel
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Fig.11 Laser maintenance system for BMIs at IKATA Unit-1
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