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Facility for Stress Corrosion Cracking Test

of Irradiated Material in High Temperature Water

*
Takashi TSUKADA, Kiyoyuki SHIBA, Graham E.C. BELL
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(Received May 14, 1992)

Irradiation assisted stress corresion cracking (hereafter, TASCC)

is a synergistic effect of neutron irradiation, aqueous environment and
stress on nuclear core materials. In order to investigate the TASCC a
facility for stress corrosion cracking test of irradiated materials was
developed. The slow strain rate technique (SSRT) in high temperature and
pressure water environment was employed. The post irradiation SSRT test
facility consists of a SSRT test machine and a water circulation and
purification system. In the design of the facility attentions were paid
to safe and reliable remote operation of heavily irradiated materials in

hot cell. Main specification of the facility is as follows;

Maximum load capacity 30 kN

Strain rate range 10-7 g1 ~ 1073 g-1

Test temperature/pressure 300°C and 10 MPa in maximum
Water supply rate 5 1/h

Controllable range of po* 0.01 ~ 32 ppm (*D0O: Dissolved oxygen)
Monitor of water chemistry DO, Electric conductivity, pH

Electrochemical potential Monitoring and controlling on specimen

+ Department of Hot Laboratories
++ Department of JMIR Project, Oarai Research Establishment

* QOak Ridge National Laboratory, USA
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A preliminary test was carried out on the type 316 stainless steel
irradiated up to 8 dpa in Oak Ridge Research Reactor under spectrally
tailored condition. As a result of the test an occurrence of TASCC and

a good performance of the facility were confirmed.

Keywords: Irradiation Assisted Stress Corrosion Cracking, IASCC, Neutron
Radiation, High Temperature Water, Slow Strain Rate Technique,
SSRT, Autoclave, Core Structural Materials, Spectrally

Tailered Irradiation
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EEL TR L, A— M VT RCER L R IREBEEVESEE O, A

P U-THAENERERDETLESRS S,
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RBFvaAdv b BAHAEE., B 50 V. £1 A
b3 BT () 1, HA-5013!

RER S A3 WA 1073 niB  mV/sed
deabET (BR) #. HB-104%

POE &R T AP BEFE (100 uV ~ 10V)
JESHET (%) #. HG-104F
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ERRTF—2 . A 7 UV—7REE, BN
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5.4 ERmAXB=A a7 F 544
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6. BRSO T falBki R
6.1 REAME

BEE TR BEKPREEASARBERY AVC, XEA—2 Y v VETHEMR
(Qak Ridge National Laboratory, ML FTORNL) O34 (Ozk Ridge Research Reactor,
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SCCEBHC DWW, ZOMHE., BHAFREMBORRE - HROLHEIRE S LT
ZE¥EHANHOL ETEHRFO, BEARY MEXEFC LSE 1 EREMBORX
HAHRE) [19]0—®RE L Tirbhi,

BRSIEOH 18 . 75 vy y MEEHENI 4MeVO R F A ¥ —thiEFORBE 2 Z ., &
SHB LA BBSHEEEEEL . FEBERC LI VIRCHeRERT D, ZOBFEEENT
SRR T AR AL OBWE L D OB O LTHENRY SRATHR L
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FEr LT, B FRPESL T L ¥ LIS (dpa) Watd 2 Hed B O (He/dpa)
PREEFEECEMT 3 AR FARABEMYNS 5120). FFRBCBOREEAFE,. ORR
DEE F v TN EBOTARY PAABENEALLDTHS,

6.2 MRS

SRER E- DM BHE AL SUS31658 (J31688) TH D . T LMk Table 2R T . HHFLL
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5.4 EREXMBAI07FF4YF
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6. JR-AIFRSTH O TR R
6.1 REAHE

HEE TR BEADPBHERENRBERE VT, XEA—2) v VEUWER
(Oak Ridge National Laboratory, ML FORNL) ®O#3ef7 (Oak Ridge Research Reactor,
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SCCEF D WTHR, ZORE ., BREFEBEHEOME - FROLEDBERBE LT
ZENEBHMARHOL L TRETO, BEARY MESEFC L5 1 EEEMBORX
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HESIEOE 18- 75 vy MEEMBERIMeVOB L 2 A ¥F —hEFORMEZY ., &
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RIS AECIELT 3 ARY MUVARENMAS 5 20], FRBCAHVWERRKRFE, ORR
DIEEF ¥ T LB OTARY MHBRHEhELDTH D,

6.2 MBEHERERE

ShER R OB AL SUSI 1688 (J316SA) TH V. Z o fLFiM & Table 2WRT . HEF{LL
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WAMEL1050 CX30 ninTH 3, KRB EFig 1R T/MREBA (Grodzinskif) TH S,

BRETIE . MFE-TJ% & 7 A B0 T19855E X 5 1987 ik Tithh, TRETEIRT. 9 dpa a
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6.3 BB

R DEHIC B0 THRBEAPSRIHBRE T > 7 |

EHE 1.7X10°7 s-1

BE . 300 C

Eh. 9.5 MPa

BEEARRE . 32 ppn (BETERRM)
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uS/entTHolz,
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FREEHCE Xk SEOBNMORBEEREBE . by b A ORRERBEEORS
A EL . EENSORNESRORERTEHEORRCOOTHAN L, 2hicLd L.
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BREERTOSCCREE L TEI D EBE L CFETELIFETH LN, BREBEKRPTE
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ZMHEEELRBEE., EHRUVKEEE>Z L MREEETH D 2 & . B EEE O B WSSRTIRER
REMTETH DI L RRAL k., BEATCRBARERSHERE N (6500 L3
WiEmL . RFFEACEDSCRBRS htF2ohd, S FREZAVT, #EO
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Table 1 Technical barriers and its countermeasures for SSRT test of
‘ heavily irradiated specimens in high temperature and pressure
water.

[TEM BARRIERS COUNTERMEASURE
Pressure difference Automatic pressure compe-
bhetween inside and nsation mechanism.
outside of autoclave.

Mechanical | Friction between load- | Small-sized autoclave
parameters | ing system and auto- and simplified design of
‘t clave sealing. loading systen.
Drift of zero level Temperature control of
General due to thermal expan- | atomsphere in hot cell.
items sion.
Control of water Recirculating water loop
chemistry. with purification and
Water ' nake-up systems.
chemistry . -
parameter | Monitoring and control | Equipment of reference
of corrosion potential | electrode and electrical
' insulation of specimen.
Sealing of autoclave. Smali-sized autoclave.
Develaopment of clutch
sealing mechanism,
PIiE* Remote
related | operation/ ! Installation of speci- | Simplified mechanism of
items RI control | men. gripping system.
Prevention of spread Detection system and
of contamination. high quality filters.

Table 2 Chemical

*PIE: Post Irradiation Examination

composition of specimen material in massZ.

Si Mn

Ni

Cr Mo Ti Fe

0.058

0.61 | 1.80

0.026 | 0.003 | 13.86

6.22 | 2.47 | 0.07 | bal.
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XATERILAL

Radiation/stress synergy
[ Enhanced/induced creep Radiation effect

Enhanced fatigue — Displacement damage
Nuclear transmutation
Stress effect ) H,He generation
Plastic deformation Cavity/void formation
Creep Swelling
Fatigue Enhanced diffusion
Work hardening Radiation
) hardening/enmbrittlement
;/’ Radiation induced
segregation/precipitatiecn
Electronic excitation

— Thernal effect

STRESS RADIATION

Corrosion effect
General corrosion
Crevice corrosion
Pitting corrosion
Intergranular corrosion

\\\\\ zﬁﬁq¢

Mechanochenical effect Radiation chenmistry effect

Stress corrosion cracking Radiolys%s - -
[: Hydrogen embrittlement Electronic e11tat1?n
Corrosion fatigue Nuclear transmutation

CHEXICAL
ENVIRONMENT

Fig. 1 Effects of radiation, chemical environment and stress on irradiation
assisted stress corrosion cracking, IASCC of structural materials.
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Water makeup system Monitoring/purification system
_________________ _ir#__ﬁ_______,
Pure Gas ;em | Ion exchanger |- T :
water _’_|
supplier I %
=§urg3ff nk © % |
3 Drain
" — on — B[ A1d | ou — E
T i DO
Ar+02 -_-:} p ! }
—_—l [ Y |
| l . |
— == | pH ||Cond.| |Buffer |
Treatment - I tank |
Ltk — | (n |
e |
(e —— )l | T
25 um |
g Pump } Pump |
- |
———--—q-—-—-——- - —_—~—""“"“ |l ] ]
! -
? - -
High } I I
pressure| g;pn, Pressure ! SSRT autoclave
pump regulator | (Max.300 C,10MPa)
| 2z
Cooler
|::| I / Specimen ‘? SUS316L
_[szw U A 2R
Safety ] / %
valve : / /
S L1t 7 %
| 10 pmopm || 2 ?
| High pressure| | | / \ /
{ filter || Y
| Heat exchanger | \ \
! g ] N\ NN
| 1
| | Preheater el External
I 1 | E L reference
L__ === — | electrode i
On top of hot cell I _ —

High temp./press. circulation system

Fig. 3

Hot cell

Schematic flow diagram of the test facility.
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hutoclave

| 2 Guide rodt:j;-w
il l%q =
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Pull x"od-”"'_i /;/TransduCer Pillar
/f‘
,. C 2 E ]
Load cel 1"-—-.h_ul‘:ju B
ad0 Actuator J .
fl— 1 L \ 1
) \
= v %& l
240 460
700
770 900

Fig. 5 Slow strain rate technique (SSRT) test machine.
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Fig. 6 SSRT test machine installed in hot cell and control unit.
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Fig. 9 View of autoclave and load support parts through
lead glass of hot cell.

Re
@6
Rio
P4
R\0
P56
RS

Al

. 155 | . 6L24 o 155

85

W |

Fig. 10 Geometry of standard round bar type specimen. (unit: mm)
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(14

Insulator

Y

Ceometry of thin flat sheet type specimen. (unit: mm)

1. 0762

Upper chuck Lower chuck  Support pillar
Support flange Sleeve Specinen Connector Pull rod
7] ‘ i
f \ Ll ] \ ‘ St E_
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Fig. 12 Gripping system for the round bar type specimen.
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Clamp bolt  Flat specimen

Upper chuck
- Guide sleeve  Lower chuck
[
[ H:"‘"\'-] i i % I?
i == ] ! == >
S _ e Y
S L1 i - 14 { +
< " L - i
! H g;:j ——1 Y g L _j Ing
C 4T AT ]
Guide pin o
21 205 yal
1705
Clamp bolt

Grip plate

ol

10

Alignment pin

uge

AL

Fig. 13 Gripping system for the thin flat sheet type specimen.

| __—Working electrode

(Specimen)
Counter electrode __—
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Reference electrode

Autoclave

Function

generator

|
Potentiostat
Electrometer |

Log converter

| ———
X-Y recorder

Fig. 14 System for monitoring and controlling of electrochemical
potential of the specimen.
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it and computer system.

16 Control un

Fig.

e

Fig. 17 Water circulation and purification system.
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Oum

Fig. 21 SEM photograph at higher magnification of fracture surface.
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N I ! I ! ! v L 1) 1 I
i SUS-316
EL-14
600 -
5 EL-31 .
o GFC-1s . T eaammammanae .
ol L ane t“
= 400k -
% rmemmen '
o amennT :
j=] L ____.---"' '
)
Specimen | Irradistion Test condition
2004 Iy} Temp. Dase Temp. Environment Extension rate | =
GFC-15 400°C 8dpa 300°C  Oxygenated water 1.8X10't’mm/mln
EL-14 40G°C 8dpa 400°C Yacuum 2.5 mm/min
FL~31 none - 33p°C Yacuum 8.5 mm/min 7
1 i ' W | 1 oo 1 {{ | | I
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Fig. 22 Stress-strain curves from the irradiated specimens, GFC-15
and FL-14 and the unirradiated specimen, EL-31.




