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The Estimation of Neutron Fluence in Nuclear Reactor Vessel
Materials by the Analysis of Ultrasonic Characteristics
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Abstract  Ultrasonic signals from Charpy impact test specimen have been analyzed in order to evaluate the integrity
of reactor pressure vessel. Base and weld metal that were extracted from reactor vessel during plant outages
according to the schedule of the surveillance test required by the related regulations have been used and the
ultrasonic test parameters including velocity, attenuation, etc. showed a close correlations with the amount of neutron
irradiation for base metal, relatively homogeneous materials. This result showed certain possibility where a
nondestructive method could be used to predict the fluence of the irradiation due to neutron in nuclear reactor vessel

materials.
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Table 1 Chemical composion(wt%) of specimens

Eement | C | S | M| P | s | Mo |
Base | 0.6 | 017 | 128 | 0006 | 0.005 | 048
Weld | 006 | 037 | 1.68 | 0.007 | 0008 | 055
Element Ni Cr Cu Al Co Fe
Base 071 | 017 | 006 | 0011 | 0012 | Bal
Weld | 058 | 003 | 004 | 0.004 | 0011 | Bal |

Table 2 Heat treatment of specimens

i i Cooling
Material Temperature Time method
Austenizing 671 °C) | 4 nr | Nater
quenched
Tempered (663 °C )| 4 hr | Air—cooled
B
ase metdl Stress relief
Heating : 505 °C | 15 °Chr | ,
Holding : 595 °C | 6 nr | Areooed
Cooling : 310 °C 10 °C
Post weld, Stress
relief o
Weld metal | Heating : 595 °C | ">, M| Air-cooled
S o 6 hr
Holding : 595 "C 10°C
Cooling : 310 °C

Table 3 History of neutron irradiation for specimens

Withdrawallschedule Fuel cycle Neutron fluence
of specimens (1019 nfcm2 )
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(a) Base metal
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Fig. 1 Optical micrographs of specimens
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Fig. 2 Charpy V-notch impact specimen
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Fig. 3 Schematic diagram of ultrasonic experimental
setup

)

o B3 &9 AF 54 &
7} o]FolX ) Fig. 4= A AAl(delay line)E 233
3 Axel o3 AFEAN FHE dEFd s
E‘—Oﬂ?ﬂ gtk Fig. 4904% AANEA 127mm)eh A
HEA W0mmell A kg 2371 FAle] et gl
€ B F oled e A8E Bstd AgH
AA ZztezRE ] WAIsE Hds] T 4

37
=t

ﬂl[ﬂl }‘N’ S

=)

o

|

Moo
N

SUE. ARES) TN wAbE Zzke) Aol dis)
& Feol age] o) Fod Be 4 AN
o= 74 Fod g SEE Fole] YW £RY

=)
o
3:
PN

AR g WE Y &= walg BEs)
Honm 3t 79} Fugzie] AT AArsATHI0]
AAE) 2A 2 SR B AdE AFE A
29 74 AWM AF 0] olFoigrh HZAM|
U tEo] M5 AARA FAR A AE9
Q&3] AFo] ANHGon 9 Fro FaLe)
A= Fig. 59 23 et Foote BAE F
69 vEht gtk Fig. 5@dAs ol 249 o—r""\_
Al AN SRt A M B4R 2A ]
F7Kel Wt S50t Fasks AL B Aok olgE
ZHe ANE ARTE SR ZAM Fo] FNESE
Ag Wl Fgelvt 3 A Fol vy SAsdGa
B 4 glo] A Uiy wAS AEo] AW olE
o] 2&ue] A& AAF| wEo] 57 FolHde
AukAQl ol27 Gty B4 4 gvHIl] I 2
b 33 ZANE Age) wel AEE APHANE B
47 &A1) JAR Ve Wi FU

o o

/ouu front

Siteetfronti1)

N

§.0MHz-W ald

Delav bhoackif)

steetvacniny/

Steelback(2}y Detay backiz}

Steelback(sy
~— \

/

Steelfronti2)steeiback(d)

AMPLITUDE
@

L L )
1.2x10" 1.8x107° 2.4x10°"
TIM € (sec.)

Fig. 4 A typical ultrasonic signal obtained from weld
specimen
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Fig. 5 Relationship between ultrasonic velocity and
frequencies for base and weld metal
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Fig. 6 Relationship between ultrasonic attenuation
and frequencies for base and weld metal
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