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(Received August 24, 2010)

The Oarai water loop No.2 (OWL-2) was installed in JMTR in 1972 for the purpose of irradiation
experiments of fuel element and component material for light water reactors.

Type 316 stainless steels (SSs) were used for tube material of OWL-2 in the reactor. But data of
mechanical properties of highly irradiated Type 316 SSs has been insufficient since OWL-2 was installed.
Therefore surveillance tests of type 316 SSs which were irradiated up to 3.4x10*n/m” in fast neutron
fluence (>1 MeV) were performed.

Meanwhile type 316 stainless steel (SS) is widely used in JMTR such as other irradiation apparatus and
irradiation capsule, and additional data of type 316 SSs irradiated higher is required.

Therefore post irradiation examinations of surveillance specimens made of type 316 SSs which were
irradiated up to 1.0x10*°n/m? in fast neutron fluence were performed and reported in this paper.

In this result of surveillance tests of type 316 SSs irradiated up to 1.0x10*°n/m? tensile strength increase
with increase of Neutron fluence and total elongation decreased with increase of Neutron fluence compared
to unirradiated specimens and specimens irradiated up to 3.4x10%n/m”.

This tendency has good agreement with results of 10**-10*’n/m” in fast neutron fluence. More than 37% in
total elongation was confirmed in all test conditions. It was confirmed that type 316 SS irradiated up
t01.0x10%n/m? in fast neutron fluence has enough ductility as structure material.

Keywords : JIMTR, OWL-2, In-pile Water Loop, Surveillance, Irradiated Material, SUS316

+ : Department of JMTR Operation

ii



JAEA-Testing 2010-003

3. BB ERERIEEL oot
4. K W

T
FREETTHR oo e
G TEEEERBRAL OREIEBIEZ G I v v v e 1

B W W W DN DN

Contents

L INErOAUCTION  +vveeeeeeir
2. Experimenta| ..........................................................................................................

2.1 SPBCIMBNS v+ttt

2.2 lrradiation CONGITION ««re v rerrrrrrrrrerr
3. RESUITS OF PIES +vvrveevrsininiiiiii s
4. CONCIUSIONS  rrrrrrrerrrrnrerteie i
ACKNOWIEAGEMENT +:vvvvvrini
RETEIBNCES  «rrrrrrrrrrrr ittt
Appendix  Fractgraphy of impact test SPECIMENS «+-++vvvvvevrinin, 1

AP OWWWNDNEF PP

1i1



This is a blank page.




JAEA-Testing 2010-003

1. F

A
i

A RN —T 25 (OWL-2) Wid, EITEIKIE OB SR ORI KL O FRETFER 21T 5
HHE)C, WEFD 47 FI12 IMTR IR E Sz, 20 OWL-2 TIXFNE & LT, SUS316 SRV bi
TR, FHPEFRERE (>1MeV) (%95 SUS316 SO ARR 2 Mpld 570, —_7F
v ARBRT & RS L CL T ORIl T 2B, SRR 4 SIS O kR A 15 C OWL-2 SN
DESN, W2 1ZZF D% E 2K 27,

—J7  JMTR IZE% (& ST 2 BREPEE E O SR N 121X, OWL-2 P INE MR & AR & T 5 SUS316
P2 AEH I TV D, SUS316 SR T 5 i FRATHR OB A FFIE DT — 2 13 OWL-2 23R 1E S
NN L AR LTEY, OWL-2 H—_T7 U ZAH R TR Ll TS = (> 1MeV) 3.4
X10%n/m LA EDT =2 13Z Ly, 278, SUS316 SRUFNAE 0 ra BRE Bl © o fif IR
ROBFERE T D702, MR ET — ¥ 28T 2 2 EBRERRIRTH D,

A EIL, 0. 5~1. 0X 10%°n/m?* £ THET L 7= OWL-2 fFFNE D P —~ T o 23k oo IR %K
BRiE BAIZOW TR LTV 5, BE#%RERE LT, FIERBR M OEFEHRBRAZ1TV)., 2 b 0ORER
. EAREFIEMEE (SEM) (2K DMkimBle 217> 72,

2. HERAE

BRI FIFENBBIZONT O —RT v ZRBRICHONTIE, AABRHBSICLS THT
SRS OBEAREBR D i) (JEAC 4201) 07 A U 1 AEC DR+ /1R BT FHEYE, ASTME 185
WCHEESNTWD, F—ATFTF A FRAT U LA HOWTIL, [ THLB., ZhbDHkK
w5 L LT, SUS316 sl i & W TR %R 217 o 72, SUS316 81X, mnd v+ o
SHz L v EEZZ T 203, KRR (K 500°CLLT) TIFBRESHEM UL, O T2 Z &0
MHNTNDHE

G #ZHABRE LT, IR TOSRMBR L MERRBR L1772, £o. ZhooBgzne
NORER O mBl 22 % EAME B (SEM) Z2H\WTiTo 72,

=T o AR I U725 E . JMTR JA DB C . BEFD 52~61 4= (JMTR JEHLY A
I 42~T5 A 7)) ORITRE S, BEFET—<7 2R BF OMERE W2, K7
ERBHAILEZHLDTH B,

2B, BEZRERIL. MR A v N 7R T RO BRE 24 H L CFEE L7,

SIRERBREE : X XTI, BKRES 5t
TCM-5000, F|3R#E 2.0 mm/min
MRS - OB . B KEET) 30 kg + m

2.1 # #

P —_T o 2B At U725 E, SUS32TP (SUS316TP) Tdh b, /L — b % Table 1 (Z
R, AREHI, BEH AT U RHEE (JIS 63459) TH Y . JMIR THW 2 5138 A TR
&U@ R (U =B REIRICIN T L7260 Th 5, lEtofEER I OMES % Table

21T, k. FEMEM ORBHL., V—_F o 2R AR LR —B 5 . RS R
BREURE & RIS R L 723k & LT, =T U 23l (BIIERBR A R OE R ) OFIR
KOHEZ Fig 1 1T5R7,



JAEA-Testing 2010-003

2.2 MEEH

P—_RZ U RRERTIET VI =0 ARV TREE L, MR (2351 2 A HER O MG U — %
—F%x T QAHAT VARSI oy b BBEEEENRE RS EK TR S D)
2IRIZH — T U AR A ARIA T RS ERBR 24T o 7o, B U — % — % ¥ 7B /L% Fig. 212,
ESHAY — % —F ¥ B ANOY—XT R ORLE % Fig. 3 IR 7,

YT ARBR AT, ST RIE A LT IR 252 720 A BN R E
Lo TR STEHRFRIZR D, O OEEE Fig. 4 177,

IR PE RS R (1 MeV) 287 A—& L LTHRKT —# 20459 572912, Table 312
TR TIT o7, ZHIC K IBEHE 0. 5~1. 0x10%n/m® C1MeV) DB [3ERER A 10 A, FRH
B 5. 3~6.2x10%n/m* O1MeV) D v L E—EBR T 6 KEB LT,

P—=_Z AR A ORSHEEICE LT, RBHSHAE N2 EHI Y —F —F ¥ T2 LD
y BRREE G/ S < BB R IE - RS HKIC B ICBRE S LD Z e D | iR —
WIS HIKIERE & Fl—D 40~50CTH 5 & FHREN D,

3. MHRFABRER

P—=_T 2B A (SUS316) D3RRGS R %4 Table 4 V5 (2, HEEEFRBRAE L 4 Table 6
FONTIRT, @R & (> 1MeV) ICX 25 EM S, BRI S, AWTIR S X OV i
OE ORAfR%E Fig. 5, 6, 7 KO8T, @ik MRS & (> 1MeV) 1ZxF7 5 MBI = R LF —
DR E Fig. 9 ITRT, 223, TR, T—_T o AR OB Z 1231 D /MBI i 55
% Photo 112, H—~T o A5kl i O R % ORI SEM BLE3#5 L 4 Photo 2~9 [Z/R T,

Table 4~5 e M Fig. 5~8 DFfEF 5, SUS316 D F IR S | FERRGR S &L OMEKrR < 1225\ T,
FRESAT & el U CHEIN L T 2203, mndl i1 FR A & 10%'~10% n/m® OHPH CITMEN 72T
bD T ENGD Tz, —J, SUS316 DOFEWHIONT DT, BRETET & Heils LTl LTV 5 23,
I PR BRST E 1L 0 X 10%~1. 0 X 10% n/m* D HLPH TITEN 2B TH O | BB E L TH5
PRI OV ERIE L TV D 2 &N ho Tz,

Table 6~7 & NFig. 9 775, SUS316 DOFEEERIN = R /LF —{Z-O\ T, BT E Hik L TR
LTV, i o PR A 10 ~10% n/m?> O#FFH TITMENRED TH O . BT L A SR
TLTWRWZ &g ole, BEERER% OB ORISR, AR EOFH CILRA ko5
RITAONRN T ENBIEREINT,

R PPE RSB (> 1MeV) 1.0X10% n/m* £ THRE L2 —_T o 2B & v 7= R
LB 0. SUS316 D5 | 3R X 1E 731MPa, FRIREE X 1% 723MPa, flroR X (X 510MPa, fEMT
HONE 3TRDRHEZ A L TWD Z RO N E o7z, P& (> 1MeV) (X9 D 4T
PE% Fig. 10 12789, Fig. 10 1%, AR#BR &SRO SR LTV 5 [2,4-10], —MRICIENED
FEAM & LT, AEVERRER I X B 51 IRERERIC X DAY e 23 1%LL F OB HattE, 1~10%D 44 %}
ZAAENE . 10% LA OB 2 IEME & SFE SN TV A [11], ZAUT X 0| SUS316 [ s th M+ RE &
#1.0X10% n/m* THIFNMESEM & L CTHORIEMEZAEL TV bDOEEX NS,



JAEA-Testing 2010-003

A
]

4. #%

R EER P PE RSB (> 1MeV) 1.0X10% n/m* £ THRE L2 —_T o 2B & 7= R
FHERBEE R DL RIS OV 3. 4X10%n/m® (> 1MeV) & CTHE L 72 SUS316 & thilg LT, 5l3E
S DR K O W YD DR STz, 72, SIIETREE O 2R LAE I\ A3 Pk 7 B & 102
~10%n/m* TORBGRIROUER LICH D Z & Bl OB T 37% U LR FL T o 2 L
WO LTz, ZAUT LY, SUS316 1E, midhMIg & 1. 0x10%n/m®* £ THRWIEEY & L
THRENEZH L TW5 & OfmE 157,

IMTR (%, WM R E RS @ P e 7, BAP e & S iem 4 X108 n/m?/s &R THREE L
OIS REBRIF TH 0 | JFLICRET D AT L AFREE . RS v 72 5T —E S
D%RFEF 2525700, AR LY BHFar RIBICIBETX 2 LS5,

#

AKHEFEEELODLITHIZY . REMZERIFEE o Z— A LEFTRE (R 2 —
R) MOBRSHBRE 2 — ARIEERIT ¥ —R, BArhmsE Bl i s R L O
AR RICHBERZR ZTHREM O E2HE E L, £, AREEZ £ L 0D L TR
W ERAERER LNt ¥ — WELRIERI SO ZHE2HE £ Lz, 612, W
RIS O Y b 7 REHREERICIIZ R I I 2TaE £ Lz, ZZICHREL, #Ex
RKLET,

& 3K

[1] H. Nakata et al., “Irradiation facilities in JMTR”, JAERI-M 82-119 (1982)

[2] ¥EKIEH  fll, "OWL-2 JFNE DO —TF 27 2 17 JAERI-M 6667 (1976)

[8] AABER 2, “HET 2R L APEY, (1994)

[4] A. Shibata, J. Nakano et al., “TECHNICAL DEVELOPMENT FOR IASCC IRRADIATION
EXPERIMENTS AT THE JMTR”, Proceedings of the 16th International Conference on
Nuclear Engineering, ICONE 16-48588 (2008)

[5] M. Kangilaski, F.R. Shober, J.A. Demastry and J. E. Gates, BMI-1834

[6] J.W. Joseph, Jr., Mechanical Properaties of Irradiated Welds in. Stainless Steel DP-534
(1960)

[7] Graber, M. J. and Ronsick, J. H., IDO-16628, "ETR Radiation Damage Sur- veillance
Programs, Progress Report 1,"(1961)

[8] D.L.Keller, BMI-1862 (1969).

[9] R.W.Dayton and R.F. Dickerson, BMI-1581 (1962)

[10] R.W. Dayton and R. F. Dickerson, BMI-1694 (1964)

[11] Papirno.R., Ductility in Structural Design, “Ductility”, American Society for Metals,
(1968)



JAEA-Testing 2010-003

IPeT6C0 | SIC 00°LT | OF'€l | 9000 | #20°0 | LLT | ¥9°0 | SO0 88¢S 6LS §9¢
A/YD 6C°0 | 91°C 00°LT | 0€°€T | LOOO | ¥200 | O8I | €9°0 | SO0 6LS 658 SLT
00°¢ 00°8I | 00%I | 0€00 | O¥O0 | 00C | OO'T | 800 Xewl D18
00C 0091 | 00°0I Y0¢ 01s 90¢ ur
wu ®e
0D O o) IN S d UN | IS 0 ut Tmm ewawwm_ [edI]
uone3uorg o[Isua [, JHOd PIDIA
suoprsodwo)) [ed1IwAy)) sontadoid o[Isua,
poo3 : (00S1/1) ssauysreng poon poo3 poo3
pooS3 : 1S9, o1uOSeI[ ) Suruone[g suoisuowirq | UO/3 OF1
pooS : oneurexy juenaudd prnbry Sy Iewoy s)so, Jo uondiosaq | ¥ 99BJNS | 1503 opye)soIpAH
MWW 8 x .o ® W QLT (LTI : ozIg
([dL91€SNS] d1zE SNS) TE-6S¥ED SIf uoneay10adg
(umerp p1oD) adig [991S ssoquIL}S SSA[UILIS : ooy

[eLIapew 9qny A[1d-ur Z-TMO JO UOBOLII [N T 9]qeL




JAEA-Testing 2010-003

Table 2 Number and type of specimens

Type of specimens Number
Tensile specimen Irradiated 10
P Un-irradiated 4
Charpy specimen Irradiated 6
Table 3 Irradiation condition
Irradtion . Irradiation | Total irradiation Maximum neutron
Capsule ID hole Operation cycle eriod eriod fluence
p p (>1 MeV)
J-9-2 No. 42cy. 1 cy.
76M-12J 0. 2oy cy 17 ey (¥1,%2) 6.2x10% n/m?
J-7-2 No. 47~63cy. 16 cy.
76M-13] J-9-4 No. 47~75cy. 28 cy. 28 cy. (*2) 1.0x10°° n/m’
*1 : No. 43~46 cy. : The capsule was loaded out of core center area
*2 : Operation of No. 62 cy. was stopped a few hours later from
the start of operation.
Table 4 Mechanical properties of unirradiated specimens
. Neutron Test Yield Fracture Ultlmate Total
Specimen Fluence tensile .
2 Temperature Stress strength Elongation
ID [n/m”] [°C] [MPa] [MPa] strength %]
(E>1MeV) [MPa] ’

. 141 - 20 - - 581 62.8
Surveillance 142 i 20 - - 583 623
Tests of
OWL-2 [2] 143 - 20 - - 586 65.2

144 - 20 - - 583 65.3
145 - 12 313 379 590 64.5
146 - 12 342 371 597 62.0
149 - 12 304 354 586 66.0
Additional 103 - 20 287 353 546 65.8
Surveillance 104 - 20 263 357 545 67.0
Tests of 93 - 20 257 345 536 65.3
OWL-2 94 - 20 256 345 535 67.3

Strain rate : 2.00mm/min, G.L. =40mm
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Table 5 Mechanical properties of irradiated specimens

Specimen Neutron , Test Yield Fracture Utgrlg?;e Total.
D Fluence [n/m?] Ternpcerature Stress | strength strength Elonégatlon
(E>1MeV) [°C] [MPa] | [MPa] IMPo] [%]
141 0.03 x 10% 12 645 457 724 412
142 0.06 x 10°° 12 625 472 727 40.4
146 0.08 x 10°° 12 686 476 738 40.5
148 0.08 x 10°° 12 679 482 741 39.8
151 0.09 x 10% 12 674 478 735 40.4
143 0.10 x 10% 12 680 480 731 40.2
Surveillance 145 0.11x 10% 12 675 468 736 40.9
Lo of 147 0.11x 10 12 681 490 743 40.1
2] 144 0.12x 10% 12 678 461 743 42.1
152 0.17 x 10% 12 684 488 736 40.4
150 0.22x10% 12 694 500 739 40.2
156 0.22x 10% 12 700 484 743 37.9
153 0.28 x 10°° 12 712 485 746 40.2
149 0.31x10% 12 720 510 751 39.6
155 0.31x10% 12 709 483 743 39.3
154 0.34x 10° 12 698 486 739 38.6
TS65 0.53x 10% 20 674 484 715 38.3
TS66 0.53x10% 20 680 485 717 38.8
TS69 0.55x 10%° 20 692 490 723 36.8
26
Additional TS70 0.55x 1026 20 685 482 719 37.0
surveillance | TS71 0.55x 10 20 696 490 725 39.8
Tests of TS68 0.62 x 10%° 20 693 481 727 39.3
OWL-2 TS81 0.88 x 10°° 20 725 495 735 38.8
TS82 0.88 x 10°° 20 715 483 733 37.0
TS83 0.88 x 10°° 20 698 504 734 35.3
TS8O0 1.00 x 107 20 723 510 731 373

Strain rate : 2.00mm/min, GL. =40mm

Table 6 Charpy impact value of unirradiated specimens

Specimen ID Test Tefnperature FluI:Ifcuetr((:lr/lmz, Charpy impazct
O E> 1 MeV) value (J/mm®)

9 19 - 2.02

10 19 - 2.02

11 19 - 2.15

12 19 - 2.12

17 19 - 2.24

18 19 - 2.08

19 19 - 2.12

20 19 - 2.27
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Table 7 Charpy impact value of irradiated specimens
Specimen | Test Temperature Neutron Fluence Charpy impact value

ID [°C] [n/m?] (E > 1 MeV) (J/mm?)
1 19 0.10 x 10® 1.28
2 19 0.38 x 107 141
3 19 0.52x 10® 1.26
13 19 0.62 x 107 141
4 19 0.67 x 107 1.35
12 19 0.69 x 107 1.31
11 19 0.87 x 107 1.44
5 19 0.93 x 107 1.41
10 19 1.02 x 107 131
6 19 1.05 x 10” 135
14 19 1.05 x 107 1.28
19 1.13 x 107 1.28
19 1.14x 10° 1.35
19 1.20 x 107 1.41
15 19 1.45x 107 1.31
16 19 1.90 x 10” 1.28
Surveillance 24 19 1.95x 102 138
gi,vSti_ozf[z] 23 19 240 x 107 126
17 19 2.65x 107 1.41
2 19 2.85x 107 1.23
18 19 3.00 x 107 1.44
21 19 320x 107 1.23
19 19 3.28x 107 1.41
20 19 3.40x 107 1.26
CH5 25 5.33x 107 1.23
Additional CH6 25 5.33x 107 1.23
Surveillance CHY 25 5.46 x 107 1.28
Tests of CH10 25 5.46 x 10° 1.31
OWL-2 CH7 25 6.21x 107 1.23
CHS 25 6.21x 107 1.28
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Fig.2 Leaky type capsule for irradiation tests at 4 holes reflector section in JMTR
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Fig. 3 Geometry of irradiation capsule (76M-12J)
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Fig. 4 Relationship with irradiation position and fast neutron fluence
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Fig.5 Effect of fast neutron fluence on ultimate tensile strength

1000 I I T
® SUS 316(JUMTR Test Temp. 12°C) [1] .
m SUS 316 (This study, JMTR, Test Temp. 20°C)
S00
4 . F
we o' F
a .
.
% 600
)
o
o
E 400
- .
200
o Lo
O 1 024 1 025 1 025

Fast neutron fluence (n/ mQ, =1 Mev)

Fig. 6 Effect of fast neutron fluence on yield strength
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Total elongation (%)
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Fig. 7 Effect of fast neutron fluence on fracture strength
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Fig. 8 Effect of fast neutron fluence on Total elongation
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Photo 1 Fractgraph of impact specimens
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Photo 4 SEM image of impact specimen
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Photo 5 SEM image of impact specimen
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Photo 6 SEM image of impact specimen
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Photo 7 SEM image of impact specimen
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Photo 8 SEM image of impact specimen
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