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Table 1 Chemical Composition and Mechanical Properties of Type 304 Stainless Steel Rolled Plate
Chemical Composition (Wt. %)
Analysis
C Si Mn P S Cu Ni Cr Co A B Al
Check 0.05 0.60 0. 87 0.026 | 0.002 | 0.09 8.94 | 18.59 0.12 0.05 |0.0005| 0.0157 0.0220
Grain Tensile Properties Place
Heat Hardness
Size Temp, 0.2% V.8, u, 7. S, Elongation Thickness Remarks
Treatment (HB)
No. (C) (kgf/ma?) | (kef/mm?) (%) ( mm)
Annealed, Manufactured
RT 23 64 63
100¢C X by Nippon Steel
4.9 48min, : 1395 40 Corporation
Water Heat No
550 12 39 40
Quenched N. 9482

061-68 0TV6NL-ONd




Table 2 Chemical Composition and Mechanical Properties of Type 304 Stainless Steel Forged Plate

Chemical Composition (Wt %)

Heat
o}
Number | Elements C 8i ¥n P 3 Ni Cr Co Cu As Sn Vv Al B Nb Ti N
{ppm)
Spec,
0.04 B.00 |18.00
Heat & /<100 <2.00(<0.040 <0.030 / 7 <02 — - - - - - - - - -
84v87 0.08 11.00| 20.00
Produce
-1-4
lleat 0.054{ 0.60 | 1.52 | 0.023[ 0.003{ 9.95 (18.09 | 0,07 - - - - - - - - - -
Prod, (CAL)  0.053) 0.57 | 1.54 | 0,024 0.003) 9.91 |18.04 { 0.08 | 0.06 | 0.009| 0,008 | 0.04 | 0.000|<0. 0003 <0.01 |<0.01 {<0.0279 32
Grain Solution Tensile Properties Hardness
Thickness
Size Heat Temp, 0.2% V.8, U, T. S. Elongation | Reducation (#8) Remarks
of Area (mm)
No. Treatment {T) (kef/mm2) (kef/mm?) (%) (9%) <187
R. T Spec, >21 >53 >45 >50
Annealed 21.1 55.1 70.0 78.5 Manufacture by
R.T
1040 —1053 ¢ 21.5 99. 9 68.5 78.1 The Japan Steel
2.5 143 40
x 2hrs, 20min: 550 Spec, >10.8 >35.3 — - Works, LTD
Water Quenched 10. 8 36. 8 43. 1 78. 4 MURORAN Plant
550
11.0 37.1 41.8 77.0

061-68 OI76NL-ONd




Table 3 Chemical Composition and Mechanical Properties of Inconel 713 Plate
Chemical Composition (Wt %)
Heat
v As
Number | Elements C Si Mn P S Ni+Co| Cr Ko Cu N Co B Ti Nb+Ta Al 0, Fe
(ppm) (ppm)
50.00 [17.00 | 2.80 0.65 479 0.20
Spec, <008 <035 <0.35}| <0.015 <0.01§ / s | <0.30 - | <Lo00|<0008 - 7 - d - Bal,
95,001 21.00| 3.30 1.15 550 0,80
N-6144 ] Ladle 0.06 { 0.14 | 011 | 0.003( 0,001{52.81 |19.25 | 3.00 { 0,03 - 0.00 { 0.003| 0.96 - 5.26 - 0.61 - Bal,
Check (*1) 0.06 | 0.13 | 0.12 | 0.003) 0.001153.16 [19.29 | 2.96 | 0.03 | 0. 001y 0.00 | 0.003| 0.9 17 5.26 1 <10 0.59 t 0.0006 Bal,
Check (*B) 0.06 | 0.16 | 0.12 { 0.003| 6.001(53.23 [19.00 | 2.98 | 0.04 | O. 0029‘ 0.00 | 0.003| 0.96 14 5.20 | <10 0.62 | 0.0004 Bal,
*T : Top side
B : Bottom side
Tensile Properties at R T Tensile Properties at 49T **Creep Rupture Properties | Grain | Solution
Specimen Aging Kardness | Thickness
0.24Y.S. | U T. S |Blongation| 0.2%Y.S.| U T S |[Blongation| Time to Rupt.| Elengation | Size | Heat Remarks
No. Treatment (KxC) (aam)
(kgf/me®) | (kef/mn?) %) (kgf/mn®) | (kef/nm?) (%98 (hr) (%6) Na | Treatment
Spec, >105.5 >126.6 >12 =844 >102.0 >5 >23.0 >4 72T x Spec, Manufactured
8. Ohrs
T-1 118.0 142.4 18.0 97.8 115. 1 248 40, 4 18.0 950C % B.C. >36 by TOSHIBA
T-2 118.1 142.9 18.1 98.5 115.5 28.0 46.6 28.0 >8 1. 2brs + 43,0 26 Corporation
B-1 112.5 1416 22.0 98.0 114.8 23.2 66,8 29.0 AL §24T x § YOKOHAMA Metal
8. 2hrs
5-2 112.8 L9 22.4 99.5 116.5 26.0 89. 9 37.2 AC 43.5 Works,
% xTemp, 644T

Stress, 70, Jke f ./om?

061-68 OTIV6NL-ONd
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Table 4 Irraidation Temperature of SMIR-5, 6
Rig Compertment | Distance from SiC Ko Measured
Compertment
Yo. No Bottom, {mm) (Specimen Na) Temperature
1 208 9642204 (TOXV) 4957T
1 312 9642205 (TO9R) 494
1 520 9642034 (T11¥) 454
SMIR-5 1 624 9640150 (TQ9J) 4347T
1 728 9642017 (TOUH) 458¢
1 1144 9642078 (TOA0) 9927
1 1352 9642080 (TOPV) 476
T 400 8880321 (TOUG) 437T
1 624 88AL01L (TGWD) 464
SHIR-6 4 624 88A0191 (TOWC) 497
1 1144 88A0031 (TOWS) 436
T 1445 8840371 (TOWW) 464




Table 5 Fluence of Measured Dosimeter (SMIR-6)
Distance from Fluence of measured Fluence of "DOT 3.5
Bosimeter No | Core Center Dosimeter Dosimeter/ "DOT 3.5”"
(mm) {n/cd, E>0.1MeV) (n/cd, EB>0.1MeV)
DS061 —709 8.9x1p'® 1.5x10%° 0.6
DS062 _112 7.5x1p2° 1.3 x10%! 0.6
DS063 673 7.0x10!? 1.2x10%° 0.6

061-68 OTIV6NL-ONd
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Table 6

Tensile Properties of Irradiated Type 304 Stainless Steel
(Rolled Plate, Forged Plate) and Inconel 71§ Plate (SMIR-%)

. Erradiation Condition Test 0. 2% Proof Tensile Unifora | Rupture | Reductios
Materials Sgeciaen irrad, Fluence {n/cd) Teap, Stress Strength ltl.}g:ga- E%g:ga- of Area Ruptured
Mo Teap, Position
(¥} | B0.Mev [ Bt dev | (T)-| (kef/es® | (P2} | (kef/m?) | tara) | (39) (%6) {26)
96709 434 [448+21| LTB+16 20 21.8 212 70.3 689 63 69 T3 A
S6T05K 434 | 4L 4B+21 | 1. TB+16 20 29.2 236 70.3 688 62 69 73 A
96T09L 434 [44B+21 | LTB+16( 400 243 238 46.9 460 i 38 6% B
96T09% 434 [ 4.4B+21 ) L7836 400 2L3 238 4.2 463 30 3 71 A
S6TO9H 434 |4 48+21 | L7E+16| 450 2.2 237 4.1 452 A 38 68 A
96T03P 434 |4 4B+21 | L7B+16| 450 23.5 230 4.9 440 27 35 63 B
95T03R 494 |9.IB+20| 8. 2B+17 20 241 248 65. 8 645 66 73 74 A
957095 494 | 5.1B+20 | 8.28+17 20 2.6 2 65.1 638 68 76 76 A
567097 494 |9.1B+2018.28+17| 450 13.9 136 43.6 421 3 45 66 A
g6T00L 494 [9.1E+20|8.28+17| 450 140 137 43.6 427 3 4 67 A
96709V 494 19.1B+206 | 8.28+17 500 14.0 137 43.1 422 38 4 66 A
96T0%W 494 | 9.1B+20 | 8. 28+17| 500 141 138 42.5 417 Bl 41 ) A
SUS304 96709% 494 | 9.1E+20) 8. 28+17| 550 13.7 134 39.6 388 34 41 67 A
Rolled 96T08Y 454 | 2.6B+21| 4 6B+17( 450 17.4 167 4.1 £28 33 40 65 A
Plate 96709z 454 | 2.6B+21| L 68+17( 450 .5 172 43.4 425 35 42 63 A
96T0AD 552 | 2. 38+21| 1 48417 20 241 236 65.0 666 51 99 65 A
86TOAL 292 [2.3B+21 [ L4B+1IT( 508 18.7 183 4.0 402 23 29 58 A
96T0AZ 502 | 2.3B+21 |1 4B+17| 550 17.3 170 38. 4 376 27 34 60 A
96T0A3 552 | 2.38+21 | L4B+17| 550 16. 6 163 39.0 382 30 37 64 A
967044 552 | 2.38+21 | L4g+17{ 600 16.7 164 36.1 354 2 36 69 A
96T0AS 2 | 238+21) L4B+17| 600 16.9 166 36.1 354 2 32 64 A
96T0PY 476 |5.98+20) 2 2B+17 20 23.6 231 64.5 632 68 T 81 A
96T0PH 476 | 5. 9B+20 | 2 28+17 20 2.8 223 65.0 637 68 1 80 A
S6TOPX 476 | 5.98+20 )| 2 2B+17| 400 13.9 136 4.7 438 3 4 68 A
96TOPY 476 |5 98-+20| 2 26-+17| 450 13.0 127 4.4 425 3 44 65 A
96T0PZ 476 | 5.98+20 | 2.28+17 | 450 13.4 131 43.4 425 6 43 70 A
96T0R0 476 [6.98+20)2 28+17| 500 13.6 133 4.1 422 35 42 66 A
95TORY 476 | 5.98+20 2. 2B+17) 500 13.3 130 43.0 421 3 L1l 69 A
95TOUN 450 | 5. 2E+21 1.0B+16 20 LT 1095 146.3 1434 16 20 a7 A
96T0UJ 459 |5.28+21 | LOB+16| 450 9.9 850 1312 1286 15 17 ] A
Inconel 71§ 98TOUK 459 |5.28+21 | L0B+16| 500 10L3 993 128.2 | 1266 11 13 26 A
Plate | 96TOUL 459 |5.28+21( 1.0B+16| 550 105.3 1032 133.3 1306 10 12 19 A
96T0UM 459 |5.28-+2) | LOB+16| 580 9.0 a 128.7 1261 1t 12 18 B
96TOUN 459 | 5.28+21 | LOB+16| 600 105.3 1032 128.6 1260 7 1 2 A
96TOXY 49 | 518420 | 7. 68417 20 2.7 232 61.8 506 - 73 8 A
SUS304 96T(XH 495 | 5.184-20 | 7.68+17 20 2.6 23 6L.6 604 65 76 83 A
Porget 96TOXX 495 | 5. 1B+20 | 7.6B+17 | 450 13.% 136 3.0 421 ki 4 't A
Plate S6TOXY 495 | 5.184+-20 | 7.6E+17 | 500 13.5 132 2.6 417 H 42 13 A
86TOXZ 435 |5 1B+20| 7.6B+17 | 500 15.0 147 42.8 419 36 44 76 A
96T0Y0 495 | 5.1B4+20 | 7.6B+17 550 12.2 120 38.4 376 H 42 8 A

— 20—
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Table 7

Tensile Properties of Irradiated Type 304 Stainless Steel
(Rolled Plate, Forged Plate) and Inconel 718 Plate (SMIR-§)

. [rradiation Cordition Test 0, 2% Proof Tensile Uniform f Rupture | Reduction
Haterials Speciaen Irrad, Fluence {n/cd) Tenp, Stress Strength l;,%g:ga— E}g:gah of Area Ropturcd
Ka Teap Position
(T} | B0 eV | E<O. 4e¥ | (T) | (kef/ms®) | (4P} | (kef/em®) | (4Pa) (%) 98) %)
SUs304 881094 490 | 8.9B-+20 | 4. 5B-+17| 500 13.3 130 0.7 399 R 46 62 A
Zolled 387095 471 | L16+21 |5 08417! 450 143 140 424 416 39 46 66 A
Plate 88T096 490 | 8.5E+20{ 4 5B+17| 500 - - 40.5 37 - 46 68 A
881097 471 | L1E+21 | 5.0B+17| 450 - - 42.4 416 - 47 68 A
8870UB 450 (3. 7E+20| 3. 3E+17| 600 108.9 1067 1315 1289 13 18 19 A
aarouc 450 | 3.7B+20(3.3E+17| 550 109.5° | 1073 128.8 1262 16 19 13 A
Inconel 718 8BTOUD 450 |3.0E+20| 2 8E+17{ 55C - - 121.2 1247 - 21 19 A
Plate | 88TOUE 487 |5.1B+20 [ 5. 36417 20 122. 8 1203 150. 7 1477 17 20 19 A
48TOUR 487 | 5, 18+20 | 5. 38+17| 3500 1043 1022 127.3 1248 16 20 28 A
asToLG 487 | 5.1B+20 | 5. 3B+17| 500 107.2 1051 126. 5 1240 16 22 19 A
38T0HS 436 | 8.5B+20 { 4, 5B+17 20 25.6 251 61.3 601 69 80 81 A
B8TGHG 436 { 8, 5B+-20 | 4, 58+17 20 24.8 243 614 602 62 81 8 A
B8TOHT 436 |8.5B+20 | 4.58+17( 400 15.6 153 4.0 a1 4 49 KE] A
83T0H3 436 | 8.58-+20 | L 5E+17( 400 15.1 148 439 430 42 50 i A
88T0WG 464 | 1.2B-+21|5.9B+17] 450 16.9 166 423 415 45 5 75 A
S8TOHA 464 |1.28+21 (5 96+177 450 16.1 158 4L9 4217 39 7 " A
38TOMB 464 | 1.2B+21|5.98+17] 500 15.9 156 4.0 392 38 45 It) A
508304 LEALI 464 | 1.2B+21|5.9E+17| 500 15.7 154 40.2 394 39 46 0 A
PForget 88TOWD 464 ;128+21|5.98+17| 550 - - 3.8 3N - 46 70 A
Plate | BBTOWE 464 |128+21 (5 98+17| 550 1.5 152 3.5 mn n 45 0 A
BETOWF 464 | 2.1B+20 2 4E+17 20 249 244 61.3 601 " a0 80 A
88TOKG 464 | 2.1B+20 ) 2. 4B+1T7} 400 14.3 140 43.5 426 4 51 7% A
8870RN 464 | 216-+20 [ 2. 4B417 | 40D 147 144 4.8 429 i 1 (¢ A
88T0WJ 464 | 216420 | Z.4B+17| 450 13.0 127 41.9 411 {1 42 8 A
88TOHK 464 | 2 1B+20 2 4E+17| 450 13.0 127 4.7 409 41 49 i A
88T0HL 464 | Z1E+20 )2 4E+1T| 500 12.9 126 40.7 399 40 48 80 A
8aTouM 464 | L.7TB+20} 2. 18417 | 500 12.7 124 40.3 345 3 43 73 A
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Table 8 Tensile Properties of Unirradiated Type 304 Stainless Steel
Forged Plate and Inconel 718 Plate

. Test 0. 2% Proof Tensile Unifors | Rupture | Reduction
Materials Speciaen Temp, Stress Strength E%ggga— ﬂg:ga— of‘ Area Ruptured
Na Position
() | (kef/m=®)| (4Pa) | (kef/om®) | (MPa) | (94) (%6) %)
Z8026H 20 20. 8 204 99.2 580 67 79 83 A
28026% 20 21.9 215 59.1 79 68 78 81 A
Z8026Y 400 13.3 130 .0 421 41 49 78 A
180262 400 14.8 145 43.1 422 40 48 74 A
SUS304 280270 430 — - 4.7 418 - 48 (i A
Forget 280271 450 13.0 127 £2.5 417 42 50 [ A
Plate 780272 200 1.3 111 41, .0 402 40 47 a0 A
780273 200 12.4 122 {1.1 403 36 43 m A
280274 950 13.6 133 38.2 3 37 45 80 A
280275 090 13.3 130 37.2 368 36 46 i A
280276 600 14,5 142 34.3 336 3 18 6 A
780277 600 12.4 122 34.3 336 40 30 6 A
280264 20 109. 8 1076 144.8 1419 18 21 36 A
28026M 20 121.2 1183 152. 8 1497 16 19 30 A
280268 450 167.6 1034 127.0 1245 15 18 29 A
28026A 500 169. 2 1070 129.9 1273 16 19 33 A
Inconel 718 780268 a00 167.5 1054 1315 1289 14 17 23 A
Plate | Z8026D 950 - - 125.1 1226 - 20 28 A
28026P 600 96.9 950 122.1 1187 16 23 45 A
280266 600 - - 126. 6 1241 - 24 45 A
18026H 630 9.1 932 114.6 1123 1 35 62 A
78026 630 96.9 950 115.3 1130 9 33 61 A
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Table 9 Hardness of Irradiated Type 304 Stainless Steel (Rolled Plate
Forged Plate) and Inconel 718 Plate Tested at Room Temperature

Specimen Irrad, Fluence Hardness | Average
Rig No Materials Temp, (E>0. 1MeV) Hardness
No () (n “ei) (Hv) (fv)

157
Sus304 160
Rolled 96T09R 494 g, 1x162° 156 157
Plate 156

154

155
SUs304 158
SMIR-5 Forged 96TOXV 495 h.1x102° 151 156
Plate 156
159

436
Inconel 435
718 Plate 96TOUH 459 h.2x10%" 443 439

: 440
443

164
152
88TOWR 464 2.1x10%° 147 148
139
SUS304 139

Forged -

Plate 166
153
SMIR-6 88TOWS 436 8.5x102° 159 158
155
156

433
Inconel 464
718 Plate 38TOUE 487 5.1x102° 4217 444

‘ 460
436

— 23—
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Fig. 1 Dimension of Tensile Specimen
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Fig. 2 Sanpling of Specimens (Type 304 Stainless Steel Rolled Plate)
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Fig. 3 Sanpling of Specimens (Type 304 Stainless Steel Forged Plate)
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Fast Neutron Fluence (n/ef ,E > 01MeV)
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Fig. 6 Neutron Fluence Profiles in SMIR-5,6 Rig
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Fig. 7 Structure of Test Piece Capsule
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0.2% Proof Stress

Tensile Strength (kgf /md)
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Photo. § Micrograghs of Longitudinal Section after the Ruptured Tensile

Specimens Tested at Room Temperature and 500%C
{Irradiated Type 304 Stainless Steel Rolled Plate)



PNC-TN9410 89-190

¢

Observed Position

100 m 88T095 (Rolled Plate) 254 m
b Fluence 11, 1x10%'n/cd (B>0. 1MeV)
Irrad, Temp. : 471

) 88TOW5 (Forged Plate) Zpm
Fluence 0 1,2x10%"'n/cd (E>0. 1MeV)
Irrad, Temp, : 464T
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Photo, 8 Micrographs of Tensile Specimen Grip Position Tested at Room
Temperature
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