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Study on gamma-ray irradiation effects on corrosion
resistance of canister material under the

simulated disposal conditions

*
Masahiro KUMATA, Susumu MURAOKA, Takeshi YANAGIDA ,
k& Fok
Takashi FURUYA , Haruo TOMARI
*%
and Kazuo FUJIWARA

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received February 5, 1986)

The effects of gamma-ray irradiation on corrosion resistance have
been studied about austenitic stainless steel as one of the candidate
alloys for high-level radiocactive waste canisters. The double U-bend
specimens were used for the purpose of stress corrosion cracking (SCC)
test on Type 304 ss and Type 30985 ss. Sensitized Type 304 ss and Type

‘3098 ss specimens were encapsuled respectively in capsules with a
cubic granite and simulated groundwater. Test specimens were also
encapsuled in a capsule with only humid bentonite in order to simulate

h *?7Cs source

the dispesal environments. Capsules were irradiated wit
at WASTEF and with spent fuel in JMTR.

The results showed that sensitized Type 304 ss have susceptibili-
ties to SCC and sensitized 309S ss have not susceptibilities in the
simulated disposal condition.. On the other hand, no specimen was

susceptible te SCC in deicnized water even with gamma-ray irradiation.

This study was carried out in corporaticen at JAERI and Kobe Steel

Ltd.

* Present address: Mitui comstruction Co., Ltd.

**Central Research Laboratory, Kobe Steel Ltd.
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Fe3 "+ 30H" — Fe (OH); |
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Table 3 Experimental condition

Run Radiation Temp. Dose Rate Time Dose

No. source o {x10°R/h) ¢hr) (x10°R)

1 S. F. 18 0.19~0.44 6.7x10% 0. 18

2 B0 s 48 0.3 2.2x10° 0. 686

3 S. F. 19~37 0.85~3.44 §.7x10? 1. 0

a 7L s a3 0.3 4.4x103 1. 3

5 137C g 43 0.3 9.3x16* 2.8

G 137C s a8 0.3 1.6x10% a. 9

7 S. F. 20~50 0.3~5.9 6.2x10° 7.0

8 S. F. 20~T79 0.3~9.5 1.7x10% 24. 0

Table 4 ~ b F A OLESHES L UHESYE
it % # 1 & o B 5
(%)

SiQ, 65 ~ 75 = J=d H 2.4
Al, O, 14 ~ 17 ¥ B (mesh) 300
Fe, O, 1.9 ~ 24 B # £ E 050 ~ 065
Cal 1.2 ~ 19 pH 8.2 ~ 105
MgO 1.8 ~ 30 7K “+ % BLLT
Na, O 18 ~ 25 BEN cc/¢ 20 KAk
K.,O 0.5 ~ 1.0
Ig-loss 45 ~ 5.0
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Table D Experimental resuits of SCC test on the sensitized stainless

steel in the simulated groundwater and pure water with ¥ -ray irradiation

solution radiation Dose Failure
source (x10°R) 304 ss  309S ss

simutated S.F. 0.15 0/1*

ground (s 0.66 0/2 0/2

water S.F. 1.1 0/2
Y3 7(Cs 1.3 0/2 0/2
(s 2.7 0/1 0/1
(s 4.86 0/2 0/2
S.F. 7.1 1/2 0/2
S.F. 24.5 272 0/2

nontrradiation 0/3 0/3

pure S.F. 0.15 0/1

water 137(g 0.66 0/2 /2
S.F. 1.1 0/2
3 Cs 1.3 172 0/2
Y3 Cs 2.7 0/1 0/1
137Cs 4.86 0/2 0/2
S.F. 7.0 0/2 0/1
S.F. 24.0 0/2 0/1

nenirradiation 173 0/3

*

number of failed specimen/number of total specimen
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Table 6  Experimental resuits of SCC test on the sensitized stainless

steel in the humid bentoniie

Radiation Time Dose Rate Dose Failure
source {hr) {x10%R/h) (x10°R) 304 ss 309S ss
S.F. 7.2x10*% 6.6~8.5 0.55 /1 0/1
1270 8.4x10% . 0.3 2.8 0/1
S.F. 8.6x10* 0.12~8.5 10.0 3/5 0/1
nonirra- 8.3x10° 0/2 0/4
diation 1.7x10% 2/2

* number of failed specimen. number ¢f toial specimen

Table 7 Results of EPR* for the sensitized stainless steels

Sample Type Emvironment Dose i(r)/iCa) SCC
Na. (x10'°R) x100%

4-1 304 pure water 2 52.1 O
1-5 granite water 2.6 50.9 O
4-46 bentoni ter 0.28 58.7 O
4-23 pure water 51.6 @]
4-44 air 51.8

A-11 bentonite 1.0 46.1 O
A-3 air 44.5

9-1 3098 pure water 2.6 75.8

9-4 granite water 2.3 6G.8

9-40 bentoni te 1.3 88.0

9-47 air | 85.0

* Electrochemical Potentiokinetic Reactivation

12—
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10

Fig.1 Double U-bend specimen (unit; mm)

Sleeve
for T/C

Granite rock
Sleeve for T/C

i
s
cs ||| 2
Bentonite —- /ﬁ;//;//;/////‘ %ﬁ;weronriolgk
5peé;“e”5

Fig.2 Arrangement of the specimen around the

13?Cs scurce
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Olrnﬁ

Fig. 6 SCC modes in Type 304 ss specimen
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S1I
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{x 1000 counts)
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>
—

0.00
0.00 {0.24

Energy (keV)
Fig. 7 Energy spectrum with energy dispersive X-ray
analysis for the thin layer on the surface of the

Type 304 ss specimen with Y-ray irradiation (
2.6 x 1010 Rad )
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Fig. 8 Solution pH data for the simulated groundwater with a stainless
steel specimen under Y-ray irradiation ( @ ; with SCC specimen )
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Fig. 9 Solution pH data for the pure water with a stainless steel

specimen under Y-ray

irradiation ( @ ; with SCC specimen )
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Fig. 10 X-ray diffraction patterns for btentonite;
1) nonirradiation and 2) with yv-ray irradiation

{ 1x1010 Rrag ) by using S.F. as a radiation source




