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Study on ¢ -ray irradiation effects on corrosion resistance of alloys

for storage of high-level waste packages (I)

Takashi FURUYAT Susuma MURAOKA, Shingo TASHIRO, Kunio ARAKI,
Haruo TOMARI} *Kazuo FUJIWARA*3And Toshio FUKUZUKA™*
Division of Environment Safety Research, Tokal Research Establishment, JAERI
( Received May 19, 1982 )}

The effects of F-ray irradiation on corrosion resistance have been
studied about candidate alloys as high-level waste canisters, overpacks and
storage fasility materials. The purpose of this study is to evaluate integrity
of alloys in the view of safety evaluation for interim stérage systems such
as water and air cooling system. Stress corrosion cracking ( SCC ) test has
been carried out and the double U-bend type specimens were used. The alloys
tested were Type 304 ss, Type 304L ss, Type 304EL ss, Type 309s ss, Incoloy
825,_Incone1 600, Inconel 625 and SMA 50.

Sensitized Type 304 ss, Type 304L ss and Type 309s ss have been found
to be susceptible to SCC because of radiolysis in boiling deionized water
with F-ray irradiation but not without irradiation. It was also comf irmed
that they were susceptible to SCC under the existence of a little chloride
ion and dissolved OxXygen even without ¥-ray irradiation. Fractographic
observation revealed that the cracking mode was campletely intergranular.
The other alloys were not susceptible to SCC, but SMA 50 rusted over its
surface.

On the other hand, no alloy was susceptible to SCC in atmosphere at
room temperature even with ¥-ray irradiation.

This study was carried out in corporation at JAERI and Kcbe Steel Ltd.

Keywords: High-level Waste, Interim Storage, Safety Evaluation,
Canister, Overpack, ¥-ray Irradiation, Stress Corrcsion Cracking

Intergranular Cracking

*  On leave from Kobe Steel Ltd.
** Central Research Laboratory, Kobe Steel Ltd.
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ﬂﬂd’"}/(
l l heater
Fig.3 Schematic diagram of §-ray irradiation ( Sefies II }
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Fig. 4 Effects of ¥ray irradiation
on SCC failyres of senstized
Type 304 ss. { Series I
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Table 2 SCC test in boiling deionized water { Series I )
[Dose rate ; 1.1 x 10° R/hr
Specimen nurbers for each test ; 2

¥ -ray irradiation Non irradiation
Ally Time "Total | max. depth of §CC  { mn ) Max. depth of SOC  ( mm )
dose
{day) (R) Plain v-notched Pilain Vv-notched
* *2 )
7 12.0 x107 | 150 074 (180 1.8/ 1.3, 0.6 | »1.50 , 1.30
14 a0xW | 20, 20 PO, s 520, 20 | SL50 , 5L5A
Type 304 ss 30 | 8.6 x107 20, 20 |20 , »2A 2/, 320 20, 320
60 | 1.7 x208 | 20, 20 |20 L 2B s2n, 0 20, %20
gp | 2.6 X 108 2.0, 22A 52515, 220 2/, 20 »1.5/41.5, »1.5/1.5

180 {52 x108 | 520, 320 | 2518, 245 | 20, 520 | SL5ALS, SLsA
Type 304L s5 180 |52 x108 | 240, 20 | s, 2 /4515 /0, »2/4 | >L.5/L.5, 2150

7 20107 | 0m, 00 | 00 , op 00, 00 on , o
14 | 4.0 x107 00, OB Y o0, oo 0w . 0N
Type 304EL ss | 30 |86 x107 | 00, OO | 00 , 0p o0, o o . b
60 |17 x08 | o, 00 | on . op o0, 0 0, om
90 (26 x108 ¢ 04, 00 | o0 . o0p 00, 00 v, N
180 |52 x108 0 oo, 00 | an , op o0, o o, oo
Type 3098 ss | 180 152 x108 | 20, 20 | — , — 20, oD e
Incoloy 825 | 180 |52 x10% | o4, 00 | 00 , op o0, 0O oo . o
Incomel 600 | 180 |52 x108 | o, 00 | o0 , op 00, o0 Y
Tnconel 625 | 180 |52 x108 | o4, 00 | oo , op o0, om o . on
sma 50 | 180 |52 x108 ] op, 000 — , — Y _
%] ; Max. depth of SCC on inner spec@men
*2 ; Max. depth of SCC on outer specimen
*3 ; »2 : failed from other than V-notched root
x4 ; »>1.5 : failed from V-notched root
*5 ; Pitting corrosien was observed
Table 3 Number of SCC failures on Type 304 ss lnner
specimen in boiling deiocnized water. (Series I }

Dosa rate ; l.lxlO5 B/h

| Specimen numbers for each test ; 2

) T-ray irradiation Non irradiation
e Total dose | yivor of SoC failure | Number of SCC failure
t e (R Plain V—notchéd pPlain V-notched

7 2.0x10’ 5, 2 5, 3 3, 2| 1,2
14 4.0x10’ 3 , 5 9 , 4 9 , 71 1 .1
30 3.6x10’ 5 ,»10] >lo , 10 a4 >0l 2,03
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Table 4 Chloride ion concentration in boeiling deionized water

(Series I )
Time ({(day) 7 14 30 60 980 180
- K d_ roy T 1 L3 b L) 1
Chloride ion . e 10 02 03 02 03
. irradiation - - : g .
concentration on

(ppm) iradiation| 11 10 38 02 07

7 (day) —>
14 |

30
for specimen g

b 4

v

90 ~
180 >
A R
Exchange of water A
Table 5 Scc test in boiling deionized water ( Series II )
Dose rate ; 1.1 x 105 R/hr
Specimen nunber for each test ; 2

Y-ray irradiation Non irradiation
Alloy Time | TORAL | Max.depth of scc  (mm) | M.depth of ST fm)
(dayl{ (R) Plain V-notched Plain Vrotched

7 *  kk

_ 7 12.0x10 [0.840 ,1.10 — 0/0 , 0/0 _

Type 304 ss 14 | 4.0 x 10" | 150 ,1.3/0 — o on | —

30 {8.6 x 10’ [ 1.8/0 ,1.9/0 — 0,00 | —

8 Jkk

60 | 1.7 x 107 | >2/0 , >2/0 |51.5/1.5,>1.5/1L.5] 0/0, 0/0 | 00, O/0

712.0x10°] 00, 00 . 00 , 0/0 —

Type 304EL ss | 14 |4.0x10°| 00, 00 — 00,00 | —

30 |8.6x10°| 00, 00 — 00 , 0/0 —

60 |1.7x10%} 00, 00 — 00,00 | —

* ; Max. depth of SCC on inner specimen.
*¥% . Max. aepth of SCC on outer specimen.
*%% . >].5 : failed from V-notched root. .
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Table 6 Chloride ion concentration in boiling deionized water

{Series I )
Time (day) 30 4L 51 74
T T T T
f-ray Fask A 0.3 03 <01 <01
. ot ~
Chloride ion irradiation B 0.7 04 <(OI1 01
concentmti
(ppm} mm?n + A 02 0.1 03
irradiation . B 01 0.1 02
7 (day} ———
Tmmersed. 14 S
périod
for specime| 30 ; "
60 »
Exchange of water A A
Table 7 Vickers hardness of alloys after

immersion for 180 days in beiling deionized
water (Series I}

Hardness™ { Hv=10Kg)
Alloys
F-ray imadation | non irradiation
Type 304 ss 16 8 166
Type 304L ss 16 1 163
Type 30C4EL ss 16 4 1 64
Type 308S ss 177 176
Incoloy 825 14 5 1 4 7
Inconel 600 1 6 1 159
Inconel 625 203 201
SMA 50 16 5 166

» average value of three. measurements
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Parameters used for calculating mass absorption energy of

Iron

T ~ray

7 -ray

anssicn aefficdet of

Vass absrprion Mass absarptiar

Radionuclide Activity energy ..~ Tren energy of Tran
(ci) (Mev) (Geayd)  (atf) (Mev/eec)  (erg/)
’h - 106 Lux10® o512 0.205 0.082  4.8x10® 2.69x10°
" " 0.62  0.098 0.974  2.45 x1108 L.a1x1°
sb-125  205x10 0176  0.071 0.167 173 x10° 9.93x10°
" " 0.428  0.304 0.001  1.12 x 10° 6.85x10°
" " 0.463  0.107 0.087 412 x 10° 2.37x1c°
" " 0.601  0.181 0.077  8.16 x 10° 4.68 x10°
" " 0.607  0.051 0.077 2.2 x 10° 1.33x10°
" " 0.6%  0.115 0.076  5.43 x 108 3.11x10°
Cs - 134 2.47x10° 0.%3  0.080 0.080 421 x10® 2.42x1P
" " 0.569  0.140 0.079  7.3% x 10 423 x10°
. " 0.605  0.980 0.077 5. x 10° 3.08x10'
" " 0.79%  0.880 0.067  5.62 x10° 3.2x10
" " 0.802  0.090 0.067 579 x 10° 3.32x10°
Cs - 137 9.40x10 062  0.851 0.073 185 x 1070 1.06x 10°
Ce - 144 9.53x 107 ¢.1%4 0.108 0.225 114 x 108 6.51 x10°
pr - 144 9.53x 107 0,695 0.015 0.072 3.43 x 107 1.97x10°
" " 1.:87  0.003 0.049 1.04 x 107 5.98x10°
" ) 2.18  0.007 0.042 310 x 107 L78X10°
Eu - 154 6.49 x10° 0123 0.390 0.260  2.80 x 10° 1.60 x 10°
" “ 0.248 0.068 0.126 5.09 x 10 3.44 x 10
" . 0.52  0.050 0.079  7.18 x 10/ 4.12x10°
" " 0.723  0.202 0.070 3.9 x 108 L.83x1d
" " 0.757  0.043 0.069  7.03 x 107 4.03x10°
" " 0.873  0.117 0.064 2.6 x 108 1.18x10°
d " 0.9%  0.099 0.060  1.88 x 10° 1.08x10°
" " .06 0.170 0.059  3.21 x 10° 1.84x10°
" " 1275 0.336 0.053 7.3 x 10% 4.20x1°
Bu - 155  3.30x10° 0.087  0.320 0.470 109 x 10° 6.24x10°
" " 0.105 _ 0.200 0.234 5.4 x 10! 3.35x10°
Total 2.17x 10°
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{ x 100) {c) { x 400 )

Photo. 1 SCC modes in Type 304 SS specimen after
immersion in boiling deionized waoter for 180 days
under non irradiation {a}, ¥-ray irradiation {b} (SeriesT)

and for 7days under ¥-ray irradiation {c) { Series I)
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Photo . 2 SCC modes in Type 304 SS specimen after
immersion in boiling detonized water for 180 days

under non irradiation (@) and ¥-ray irradiation (b}

( Series I )
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Photo . 3 SCC modes in Type 309S SS specimen after
; immersion in boiling deionized water for 180 days

under non irradiation {a) and ¥-ray {rradiation {b]

{ Series I
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Mrm

Pnoto . 4 SCC modes in Type 304 SS specimen ofter
immersion in boiling deionized water for 180 days

under non irradiation {a,b] and ¥-ray irradiation {¢,d)

[ Series 1 !
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Photo.5 SCC modes in Type 3095 SS specimen after
immersion in boiling deionized water for 180 days

under non irradiation (ab) and #-ray irradiation (cd)

{ Series 1 |
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Non Irradiation 1 ___?-my_ Irradiation

SS

Type 304

Type 304L SS

Type 304EL SS

Type 3095 SS

{ x 400}

Photo. Comparison between ¥-ray irradiction and non irradiation
on the microstructure of alloys after immersion for 180 days
in boiling deionized water ( Series I )
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Non Irradigtion ¥-ray Irradiation

{x400)

Photo. 7 Comparison between F-ray irradiation and non irradiation

on the microstructure of ailoys after immersion for 180 days
in boiting deionized water ( Series I )
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