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Development of Reconstitution Technique of Irradiated Specimen

—Progress Report for FY1993 on Cooperated Research between JAERI and IHI—
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Reguiatory codes require the surveillance test to evaluate the irradiation
embrittlement of reactor pressure vessel steel during operation. However, it 1s
anticipated that the number of those specimens is insufficient in case plant iife 1s
extended. Reconstitution techniques by electron beam weld, laser weld, arc stud
weld as well as surface-activated joining (SAJ) have been investigated for the re-use
of un-deformed parts from tested Charpy impact specimen. The important items for
the reconstitution technigue are to reduce the width of heat affected zone to maximize
the material available, and to lower the maximum temperature of specimen during
joining process to preclude the recovery of radiation damage. SAJ can be achieved
from a removal of surface contamination by rotating one-side specimen in vacuum
with applying modest friction force. Therefore, SAJ method is expected to be suitable
for specimen reconstitution in view of material heating and melting.

This paper describes preliminary study to develop Charpy specimen reconstitution
technique using reactor pressure vessel steel, A533B-1, by SAJ method. Test results

showed that the SAJ method had a capability of joining affected zone less than

This study was performed as a cooperated research between Japan Atomic Energy Research
Institute and Ishikawajima-Harima Heavy Industiries Co., Ltd,
+  Department of High Temperature Engineering
=~ QOffice of Planning
*  Ighikawajima-Harima Heavy Industries Co., Ltd.
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1.5 mm in half width, and over-temperature region less than 3 mm in half width above
reactor operating temperature during joining. It was also found that transition
temperature from reconstituted Charpy specimen could be evaluated. It can be

concluded from these results that SAJ method is attractive technique for reconstituting

the irradiated surveillance specimen.

Keywords ; Surveillance, Irradiation Embrittlement, Charpy Specimen,
Reconstitution, Surface-activated Joining,

Transition Temperature
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#B2 vy E-HRART - yBEE (EAEL, ZHEMD

HER 1993.12/13~12/15

HEBHE: BR3IM 0M4EHRH BE: 30 kgf -m

Ny I—HBE . 141 .5 NnNyvY—H]E ' 25.41 kg
NYR—FBEE 5.1 n/s NnNyv—Kk: 0.662m
=R #20°C WNEE  RE

ﬂﬁﬁ=&ﬁu>u:y#4&\ﬁﬁu19/—»

HBH | SREE | R®RLEY BRI xA¥ HEE HELS | F
' = C i E kgf'm (J) % mm
Alb -31.2 137.1 0.84 (8.2) 0 0.129
A16 -30.3 128.6 2.69 (26.4) 0 0.381
A6 -15.2 114.6 6.16 (60.6) 10 0.996
At7 -15.1 128.3 2.75 (27.0) 5 0.421
AB -3 121.5 4.37 (42.9) 10 0.685
A4 -3 101.6 9.78 (95.9) 20 1.561
Al 20.8 92.6 12.40(121.6) 35 1.663
A2 20.8 85.4 14.51(142.3) 50 1.921
All 60 77.0 16.95(166.2) 70 2.326
A2 60 74 .5 17.66(173.2) 80 2.283
Al3 100 67.6 19.57(191.9) 100 2.472
A 3 100 62.3 20.98(205.7) 100 2.508
A7 119.5 66.2 19.95(195.6) 100 2.457
A4 120 67.2 19.68(193.0) 100 2.485
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#B3 veWE-HEHERF - EEE (FEaH, L=3m)

HER : 1993.12/13~12/15
Al WR3IH MRS BE: 30 kgf *m

Ny —HBE: 141.5% Ny T—HEHE: 25.41 kg
Ny R?—$TBREE 5.1 n/s Nyv—E: 0.662 m
Fim: #a0c HEH  RE

REE  BEBRYVIAVAIN, BREIIS/ — N

RBE (XBEE| BRLY | SNIIALF BBER | BELE
#® = °C g E kgf-m (J) % mm

GAS -29.9 136.7 0.92 (9.0} 0 0.132
GA9 -16.8 132.6 1.78 (17.5) 0 0.328
GA7 -1.1 119.0 5.01 (49.1) 15 0.844
GA 1 20.7 99 .1 10.50(103.0) 40 1.645
GAZ2 60 77.7 16.75(164.3) 100 2.474
GA4 60 84.6 14.75(144.6) 80 2.302
GA3 100 80.0 16.09(157.8) 100 2.500
GADS 100 69.7 19.00(186.3) 100 2.438
GAG 120 75.6 17.35(170.1) 100 2.242
GA10 121 77.9 16.69(163.7) 100 2.542
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£B4 v E-ERART - SEER (BEM, L=5m)

SEEH :  1993.12/13~12/15
XEBEM: HEIHE MMMEERHE ANE . 30 kgf -m

Ny —fE: 141.5% NnNyv—HE ' 25.41 kg
Ny v—3iTBEE 5.1 n/s NnNyv—&: 0.662m
=R #20cC ' HeH: R

MG mRBRY VAL, BRRIY /W

REA | 2BEE | HBLY WENIxL¥F BHEE HELSE

®5 5 c 7 K kgf-m (J} % mm
GA20 | -31.1 133.4 1.61 (15.8) 0 0.243
GA21 | -16.6 121.0 4.50 (44.1) 10 0.725
GA19 -1.4 117.4 5.42 (53.2) 15 0.883
GA13 20.7 94.4 | 11.87(116.4) | 50 1.790
GA16 60 79.8 | 16.14(158.3) | 75 2.193
GA14 60.3 84.7 |14.72(144.4) | 75 1.890
GA15 | 100 68.7 | 19.27(189.0) | 100 2.440
GA17 | 100 75.9 | 17.26(169.3) | 100 2.153
GA18 | 120 70.3 | 18.84(184.8) | 100 2.350
GA22 | 121 70.0 | 18.92(185.5) | 100 2.394
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=BS5S v VE-HEBRHERT - /BEE (BAHM L=8m)
HEH: 1993.12/13~12/15
HEM G WRIM OMEREE BB 30 kaf - n
NI —HE: 141.5% NyY—HEE: 25.41 kg
NYI—FTEEE 5.1 n/s NnNyv—k: 0.662m
Fim: #a20TC MEHR ' RBE
REG mEBER VI ACM N BRERIY /-0
2B | HZRBREE | LY BERIFLF BEX  #ELE | K
g 5 C p::); 3 kgfm (J) % mm
GAZ8 -30.1 127.0 3.04 (29.8) 5 0.470
GA27 -1.3 106.2 8.47 (83.1) 25 1.290
GA29 39.9 94 .0 11.99(117.6) 30 1.827
GA25 100 67.2 19.68(193.0) 100 2.275
GA26 120 68.8 19.25(188.8) 100 2.445
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£#B6 v+ VE—FRIART - yHEZ (BEHEL, BOLEN)

SPEEH - 1993.12/13~12/15
BN WE3H (MMEHABRR WE: 30 kgf 'm

Nyv—HE: 141.5% NnNyv—g858 ' 2541 kg
Ny I—FTBEE 5.1 n/s NyI—K: 0.662m
Fi2 . #20°C HEHE  RE

ﬁﬁﬁI%ﬁHDijif&\ﬁﬁﬁI9/—»

SRK (SBREE | REY RBERIFLY HBEX | #ELE

E = c B B | kgf-m (J) % mm
H16 -60.6 115.3 5.98 (58.6) 20 0.812
H17 ~-60.8 109.7 7.49 (73.5) 35 0.893
H6 -50.5 899.2 10.48(102.8) 75 1.028
H15 -49.8 109.2 7.63 (74.8) 60 1.008
HS -30.9 92.0 12.58(123.4) 100 1.485
H14 -30.6 97.8 10.88(106.7)} g0 1.345
H4 -2.7 80 .4 15.97(156.6) 100 1.963
H13 -2.6 84.4 14.81(145.2} 100 1.517
H1 20.8 B2.2 15.45(151.5) 100 1.829
H2 20.8 85.0 14.63(143.5) 100 1.718
H11 60 82.4 15.39(150.9) 100 1.925
H12 60 80.0 16.09(157.8) 100 .91
H3 100 79.8 16.14(158.3) 100 2.035
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FZB7T venY-ERHERT - yREE (BLEM, ZEMES)

HEH: 1994.3/18
HBRHM: BRIR M4EHARM BE: 30 kgf -n

Ny —fHE: 141.5E Nyv—HB&E: 25.41 kg
Ny T —FTREE 5.1 n/s NnNyv—E: 0.662 nm
E=B2: $¥20C HAEH  RE

Mgk ) aysFA N

AR | EBREE | &LV BRI FNF BEOX | H#HELE
F = c B B | kef-m () % nm
L=3nm
GH 4 20.0 88.9 13.48(132.3) | 100 1.615
GH 2 60.1 84.3 14.84(145.5) | 100 1.808
GH 1 59 .1 88.8 13.52(132.6) | 100 1.578
GH 3 100.0 82.4 15.39(150.9) | 100 1.940
L=5anm
GH 6 20.1 80.8 15.85(155.4) | 100 1.895
GH 8 61.0 86.3 14.25(139.7) 100 1.836
GH 7 60.8 79.2 16.32(160.0) | 100 1.839
GH 9 101.0 79.8 16.14(158.3) | 100 1.915
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£B8 v E—HRRBAERHEHREET (Z8HEH)

BAELEBR-1 BAELEBR-2 GA 1 QR
X Y1 Y32 Y AY X Y1l Y2 AY X Y1l Y2 ¥
0.0007 0.060] 10.005] 10,005 6,000 6,000] 0.000] i0.005] 10.005] 0.000 0.000] o.00a] '0.801] 10.00t] 0,000
10.000] 0,001 9.980] ¢.981[-0.024 15.060] 0.000| 9.981] 9,081[-0.014 15.000|-0,064] 10,092] 10.028] 0.027
17.0000 0.003| g.971] ©.974[-0.031 17.000] ¢.014] 9.983] 6,997%-0.008 17.000]-0.076% 10.088] 10,0t2] 0.01!
18,000 0.019] ¢.982] 10.00i[-0.00¢4 18.000] 0,007 9,885( 9.996]-0.009 18,0001-0,072] 10.092] 10.020] 0.019
w9.000] 0.022] 9.960] 10.012] 0.007 19.000] 0.008] 6,992 10.000[-06.005 15.000]-0,071] 16.096] 10.6281 0.027
20,0001 0.049] ©.993% 10,0421 0,087 20,000 ©.048] 9.%59] 10.007] 0,002 20,000]-0.953] :0.135] I0.082] 0.081
20,500 0.062] 10,004] 10,0761 0,071 20,5001 0.045] 10,601] 10.048] 0.041 20,500 |-0.023] 10.158] 10.185] 0,35
21,000 0.097% (0,036[ 10,133 0.i28 21.000] 0.083] 10.004( (0.087] 0.082 21.000]-0.006] 10.196] 10.180] 0.189
25500 0.119% 10,659 ] 10,1787 0,173 21508 0.120] 10.057] 10477 0.172 21500 0.040] 10.248] 10.288] 0.287
70000 0,167] 10.115] 10,282} 0.277 92.000 | 0.187] 10.i11] 10,298} 0,293 22.000] 0.100] 10,342] 10.442] 9,441
92.500| 0.218] 16,1657 10.383] 0.378 20506 0.251] 10.180( 10.431] 0,426 22.500| 0.188] 10.438] 10,626] 0.§25
53.000| 9.318] 10,247 10.565] 0.560 23,000 0.327] 10.283] 10.6t0] 0,805 23.000] 0.300] 10.566] 10,866] C.865
23.500| 0.430] 10,365] 10,795 0.790 23.500| 9.420| (0.424] 10,844] 0.83¢ 23.500] 0.451] 10.767 11.158] 1.157
24.000] 0.575] 10,509 11,0047 1,089 24.000] 0.573] (0.553 11.126] 1,121 24.000| 0.633] 10,901 11.534] 1,533
24.50¢| 06.813] 10,689] 11,502 1,497 24500 0.921( 10,734] 11,655 1,650 p4.500| 0.943] 1,234 12077 2.178
°5.000 | 1.088| 11,034 12.123] 2.118 25.000] 1.181] 11,0301 12.211] 2.206

GAlOEal GAZ2BHH GAZ228aH
X Yl Y2 Y AY X Y1 Y2 Y AY X Y1 Y2 Y AY
7.000] o,0000 10,009 10,8091 0,000 0.6000 0.000] 9.908] ¢.908] 0,008 0.000] 0.600] 9.998] ¢.698{ 0,000
15.000| D0.004] 9.58%] 9,986]-0.023 15.000] 0.008] §.951] 9.959[-0.039 15.000| 0.005] 10,0697 {0,014] 0,016
17.0001 0,003 10.008] t0.002] 0,003 17.000] 0.010] 9.944] §,354[-0.044 17,600 0.005] 10.0087] 10.013] ©.015
18.000] 0.004] 9.983] §.987]-0.022 18.000( 0.8617] 9.956] 9.973[-0.025 13,0001 0.006] 10.018] 10.624] 0.026
19.000] 0.012] 9.987] §.899]-0.070 19.000] 0.02¢| 9.948] §.97¢2[-0.026 19.000] 0,005] 10.025] 19.030% 0,032
20,006 0.02t] 9,955 10.616] £.007 20,000 0.042! 9.9607 10.002% 0.004 20.000 | 0.00620 10,037 10,039 [ 0.041
20,5001 0.001] 9,987( 9.998!-0.011 20,5007 0.058] 9,989 10.047] 0.049 20,500 £.007| 10.028] 16,035 0,037
51.000] ¢.014] $.9¢50 10,800] 0.000 210005 0.050] 10.012] 10.102] 0.104 21,000 0.006] 10.024¢ 10,0307 0.032
21500 0.022] 9,587 10.010] 0,001 21500 0.109| (0.057] 10.i66] D.i68 21,500 |-0,001] 10,026} 10.025] 0,027
22,0001 0,024 10.061] 10,025] 9.0i8 22,000 0.168] t0.008] 10.267] 0,268 22.000| 0,007 10,035 10.042| 0,044
20,5001 0.031] 10.005] 10.038] 0,027 22500 0.233] 10.178] 10.411] 0,413 22.500 0.007] 10.048] 10,055] 0.057
23,0000 0,031] 10,018 10.049] 0,040 23.000] 0.334] (0,266 10.603] 0.603 23.000] 0,003 10.080] 10.073] 0.073
535001 0,031] 10,00t] 10,0427 0.033 23.500| 0.458| i0.382] 10.841] 0,843 93.500] 0.177] 10.252% 10,428] 0.43]
24.0001 G.023] 10,014 10,037] B6.028 54.000] 0.623} 10,499} 11.122] 1.124 24.000] 0.478] 10.459} 10,947] 0.94%
54500 0.024] 10.024] 10.048] 0,038 24.500] 0.873| 10.664] 11,537[ 1.539 24.500] 0.857] 40,710 1.567] 1.569
95000 | 0.043] 9.985] 10,028] 0.019 25000 1.136] 10.058| 12.084] 2.066 '

GAZ6E#HE GAZ2GEAN
X Y1 Y2 Y AY X Y1 Y2 Y AY X
8.000] 0.00G] 10.000] 10,009 0.080 o.occ 0.000] 9.696¢ 6.096/| 0,000 S —
15.000] 0.041] .97567 10.017] 0,008 l0.coo| 0.016] @.972] 9.868]-0.008 >4¢
17.0001 0,021% 99781 9.967]-0,012 17,900 0.046} 10,000] 10.046] 0.050 ]
19,000 0.034; 9.070{ 10.004]-0,005 19.000] 0.019] ¢.583] 10,002 0.008
19.000] 0.054) 9,9700 10.024] 0.015 t9.000f c.032] g.981] to.mi3] 0017 ™
20,000 | 9,064] §.905¢F 10,059 0,650 20,0007 0.010] 9.876] 6.986]-0,010 el
20,500 0,080] 10,006 10,0851 0.077 20500 0.046] 9.973] 10.01¢] 0.023
21000 ©0.110] 10.033] 10.143] 0.13¢ 21,000 0.091] 10.@2) 10.03] &.107
215001 0.143] 10,068 0.201] 0,182 20500 0.141] 0,052 10.193] 0.197
22.00G] 0.175] 10.009] 10,274} 0,265 22,0001 0,203] 10.:20] 10.323] 0.307 Y=Y1+Y2
22,5001 0.248% 10.169] 10.417] 0,408 22.500] 0.279] 161731 04521 (. 456 AY=Y—Y
23.000] 0.320] 10.2371 10,5571 0,548 23.000| 0.3907 18.300] 16.590] 0,684 X=0
23500 0.434] 10.352] 10,786 0.777 233000 0.541] 10.432] 10,973] 0,877
760001 0.558| 10,485 11.064] 1,055 24,000 0.692] 10.569] 11,261] 1.255
245000 0.748) 10.678] 1,427 1,48 54500 0,695| 10.653| i1,948] 1,852
250000 1.556] 16.941) 11,867] 1,988 55,000 1,304] 11,1791 12.479; 2.483
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X Y1 Y2 Y AY X Yl Y2 Y LAY X Y1 Y2 Y AY
0.000{ 6,600 10,007 19,047 0,000 0.6001 0,000 9,991 9.991{ 0,000 o.00c| 0.000) '9,008) 10,006 0.000
10,0004 0.602( 10,024 10,0221 0,008 10.000| 0.02¢| 10.038| 16,008} 0,018 10,000|-0,001) 10,030 ( 10.031| 0.025
15,0061 0,017 10,031 10.014,-0,003 15.000] 0.041] 10,0541 10,013 0.022 15,0001 0.0¢4% 10,0500 10,036 0.030
17,000} 6.025( i0.035 10,0i0]-0,007 17.000| 0.044) 10,0664 106,022 0.031 17.0001 n.011] 10,047) 10,038 0.030
18.000! 0,085 10.035¢ 10.010(-0,007 18,060 0.948( 10,058 10,010| G,019 18,0001 0.017] 10,0561 19,038) 0.033
19,000 ©0.028¢ 10,0551 10.027] 0,010 19,001 0,056( 10,064 10,008 0.017 19,000 0.0%3| 10,061] 10.048] 0,042
20,000 0.031) 10,034 10,003|-G.014 °6.000 | 0,056 10,084 10,028 0.037 20,000 0.816( 10,0561 10,043 0.037
20,500 0.019( 10,045 10,626] 0.009 20,5000 0,057) 19,075 10.018] 0.027 20,500 0,018 10,084 10,0461 0.04%
aro00| 0,016 10,038 10,023 0.006 21.000| 0.059] 10,086 10,027 0.036 21,0000 G.ot2) 0,064 10.0521 0.046
21,501 @.012] 10,056 10,044 0,027 21,500 0.041} 10,090 10.04%] 0,058 21,5001-0.005] 10,088 10;003} 6,087
22.0001-0.6031 10,066 10,069! 0.052 22,000 0,036 10,066 10,070 0.078§ 22,0001-0.008| 10,103 10,112 0,106
22.500¢-0.028] 10,082) 10,11G{ 0.093 22500 0.000( 16,1361 16126} 0,135 ?2.5001(-0,043| 10,132 16.1751 0.169
23.000[-6.125%] 18,1044 10,2291 0,212 23000 1-0.037] 10182 10,2191 0,228 23.000|-0.06t) 10,179 iD.240| 0.234
29,500 (-0,173] 16,159} 10.332] 0.315 23,500 -0.896| 10,226 10,324 0.333 23.500(-0.1271) 10,223 10,344 0.338
94.000|-0.195] 10,226¢ 10,4241 0,407 24.000-0,171] 10.324| 10,495 0.504 24,000(-0,1981 10.288| 10,486 0.486
24.500(-0.3021 10,338 {0.641] 0,624 24.5001-0,287| 10,460 10,742 0.751 24,500(-0,338] 10,370 10.708] 0.70%
98.8001{-0.421 10,6611 11,082 1,065 25,008 -C, 41t 10,787 11,208 1.217

GH3maMN G H 9 R GH 9 &l

X Yi Y2 Y AY X Y1 Y2 Y AY X Y1 Y2 Y AY
0.0001-0,004] 10,007 10,003 0,000 0,008] 0,000} 10.0147 18,0014 ©8.000 90,0001 6,080 10,004 | 10,004 0.600
10,0068 0.014% 10,0974 10,041 0.038 10.9001-0,008%| 10,027 i0.018| D.00D4 i0.0007 ©.000( 10,017 10,0473 0,013
15,000 0.010( 10.039) 10,0494 0.048 15.000]-0.00¢| 10,031 10,030] 0,016 15.000:-0.024 10,045 10,021 0,017
17.0001-0,002| 10.044| 10,042 0,039 17,000 (-0.003[ 10,038} 10,035 §.02¢ 17,000 (-0.014] 10.053{ 10,039 0,03%
18,0001 0,007 10,051 19,058] 0.05% 18,000 (-0.007| t0.036¢{ i0.028( 0,015 18,000 (-0,035] 10.050] 10,015 G.G011L
18,500 0,0070 i0.06%| 16.068] 0,065 19,000(-0,006¢ 10,036 10,030 0,0!% 19.000(-0.021% 10,046 10,925 G.021
19,000 6.0161 JO.D61} 16.077] 0.074 20,000 0.0057 10,0400 10.045] 0.031 20,000-0.023% 10,068 0,045( 9.04!1
19,5007 0.0181 10,064 10.083] 0,080 20,500 0,011} 10,049 10.060] 0.048 20,5001-0.03¢) 10,070 (0,039 0,035
20,0001 0.035¢ 10,8721 10,1071 0.104 21,6000 0,000 10,053 10,063 0.049 21,000 |-0.025) 10,067 t0,042( 0,038
20,5001 0.034; 10,0804 10,114 D00 21,5001 0.024% 16,073 16.097] 0.083 91,500 (-0.028( 10.073] 10,045} 0.,04%
21,0000 0,038 10,077 L0,015] 6.112 22,000 0,043 10,0757 10,118] 0.104] 22.0001-6.023| 10,073} 10,0521 0.048
29,5001 0,039! 10,069 10,108] 0,105 22,500 0.09%y t0,0010 19,2304 0,188 22,500 (-6.0247 10,001 10,0667} 0.063
22.6800( 0.040( i0.073( 10,13 0.i10 23,000 0.086¢ 10,137 10,2267 0,212 23,0000 0,005 10,018 10,1158 0,110t
22,500 0.834[ i6.082( 10016 0.113 23,5000 0,139 10,2011 10,3401 0.326 23,500 0.075( 10,183} 10,258 0,254
23,000 0,018 10.067| 10.085] 0,082 24,000 0,202 10,266 10.468] 0.454 24,000 0,146 10,265 10,411} 0,407
23,500 0.823[ 10,087 16,000 0,087 24,500 0,301 10,3771 i0.6781 0.664 94,500 -0,268] 10.378) 10,646 0,642
24,8001 0,850( i6.08%( 10.115] 0,12 25,000 0.520( f0,5921 (1,142 1,098 25,000 0.41C% (0,521 i0,931) 9,827
24,500 0.023( 10,076 10,089 0.086
25,000 0.151] 10.221] i0.372| 0.369
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