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The effects of lower-dose-rate conditions on the neutron irradiation behavior of 12% cold-worked type
316 stainless steel hexagonal ducts which were irradiated in the outer rows of EBR-II were
investigated. The samples were irradiated to temperatures between 371 and 444°C to doses up to 56dpa
and at dose-rates ranging from 1.0 x 10® to 5.8 x 10 dpa/s. Immersion density measurements and
transmission electron microscopy (TEM) examinations were conducted to evaluate the swelling
behavior and microstructural evolution. Tension tests and fractographic examinations were carried out
to understand the irradiation effect on the tensile properties and failure mode. The results of these
examinations showed that the swelling increased moderately as dose rate decreased, corresponding to
an increase in void size, although density decreased where within the bounds of statistical error and
that there was no significant effect of dose rate on tensile properties for the range of irradiation
conditions of this study.
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SERE | Tv/NE | prec*® | BRELRE | BEE BERE BE (FH1E) 2T 5
g2+ | @EE (mm) (') (dpa) (x10"7dpa/s) (g/cm3) AV/V(%)F )
N1 5 -493 372 8.8 0. 49 7.944 -0.08
N2 5 -357 376 19.3 1.07 7.928 0.13
N3 5 -321 377 23.7 1. 31 7.921 0.21
N4 5 -159 386 47.2 2.61 7.870 0. 86
NS 5 -118 390 51.8 2.86 7.858 1.02
NG 5 -48 396 55.8 3.08 7.823 1. 47
N7 5 -17 399 55.9 3.08 7.811 1.63
N8 5 57 407 51.1 2.82 7.815 1.57
N9 5 264 429 24.7 1.36 7.937 0.01
N10 5 365 438 14.3 0.79 7.965 -0.34
N11 5 451 444 8.8 0. 49 7.955 -0.21
N12 4 -213 382 32.9 1.82 7.909 0.37
N13 4 -186 384 36 1.99 7.925 0.16
N14 4 -133 388 4.2 2.27 7.908 0. 38
N15 4 124 414 35.7 1.97 7.911 0. 34
N16 4 154 418 32.6 1.80 7.937 0.01
N17 4 292 432 18.2 1.01 7.951 -0.16
N18 1 -398 375 13.9 0.77 7.952 -0.18
N19 1 21 403 46.5 2.57 7.859 1.01
N20 1 N 411 411 2.27 7.901 0.47
E1 1 -267 376 19.9 2.32 7.934 0. 05
E2 1 -243 376 23.2 2.70 7.936 0. 03
E3 1 -90 388 46. 2 5.39 7.897 0.52
E4 1 -40 394 49.5 5.77 7.873 0.83
ES 1 -17 397 49.7 5.80 7.876 0.79
E6 1 61 408 45.6 5.32 7.874 0.81
E7 1 230 430 24.5 2.86 7.967 -0.36
E8 1 324 439 14.9 1.73 7.956 -0.23
E9 1 368 442 1.7 1.36 7.959 -0.26
E10 2 -292 375 14.5 1.69 7.926 0.15
E1 2 -141 383 31 3.62 7.925 0.16
E12 2 -98 387 35.4 4.13 7.919 0.24
E13 2 -42 394 38.5 4.50 7.921 0.21
E14 2 64 408 35.7 4.16 7.928 0.13
E15 2 241 432 19.5 2.27 7.945 -0.09
E16 2 392 443 9.1 1.07 7.948 -0.13
E17 5 -360 374 9.6 1.1 7.949 -0.14
E18 5 -329 374 1.7 1.36 7.949 -0.14
E19 5 2 399 39.3 4.59 7.919 0.24
E20 5 129 417 30.7 3.58 7.948 -0.13

%) N; U9922, E; U9BE1 (RHHIFEESHES)
k%) MFOFOH SOIERE (Distance From Core Center)
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FEATR M 28 FE (MPa) 1B (%) (FE)
sEppEs MBERE  BES ?ET’_%SEE HBRRE RS SRS MU BERY o e uesTE
(c) (dpa) (x10'dpass) () [vs] [(uTs] [UE] [TE]
ET11 438 14.0 1.63 432 583 689 8.8 11.3 0.85 0.78
NT12 432 19.2 1.06 429 643 750 8.0 10.3 0.86 0.78
ET10 432 19.5 2.28 430 588 701 8.8 1.5 0.84 0.76
NT11 422 30.1 1.66 432 683 770 6.7 9.3 0.89 0.72
ETO8 417 30.2 3.52 430 707 770 53 8.5 0.92 0.63
ET15 371 0.9 0.10 383 568 687 11.4 14.5 0.83 0.78
NT15 371 2.2 0.12 23 792 916 17.8 26. 4 0.86 0.67
ET06 374 9.1 1.06 377 786 856 2.9 6.2 0.92 0. 47
NTO1 375 13.6 0.75 380 791 861 3.3 6.6 0.92 0.50
NTO8 409 40.5 2.23 428 709 776 5.4 7.8 0.9 0.69
ETO3 425 30.2 3.52 429 613 719 8.6 11.9 0.85 0.72
NTO4 417 40.5 2.24 428 670 744 6.7 9.4 0.90 0.7
ET04 435 19.2 2.24 428 568 701 10.5 13.8 0.81 0.76
NTO5 425 30.1 1.66 428 649 739 7.6 10.3 0.88 0.74
ETO5 444 9.1 1.06 429 545 667 10. 4 13.9 0.82 0.75
NTO9 436 14.2 0.78 429 610 752 8.4 11.8 0.81 0.7
ET14 371 0.9 0.10 427 569 689 10.9 14.2 0.83 0.77
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BRSTSE BRERE (nm?)

HERH  RshEE  BEE BEEE  RBREE BREEX BB BERE WERL=
ES () (dpa)  (x107dpa/s)  (T) (%)
ETO3 425 30.2 3.52 429 HEMRE  3.12 2.29 27
NTO4 417 40.5 2.24 428 HEMRE  3.03 1.95 36
ET04 435 19.2 2.24 428 HEMRE  3.07 1.9 36
NTO5 425 30.1 1.66 428 HEMRE  3.02 1.95 36
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(a) ET04 (19. 2dpa,
2. 24x107dpa/s, 435°C)

(c) NTO5 (30. 1dpa,
1.66x107dpa/s, 425°C)

() ETO03 (30. 2dpa,

(b) NTO4 (40, 5dpa,
2. 24x107dpa/s. 417°C)

3.52x107dpa/s, 425°C)
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