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U.S. Nuclear Power Plants
B Regulatory Issue: Integrity of reactor components is subjected
to Environmentally Assisted Cracking (EAC). Need to

— develop technical information needed to assure that selected
inspection intervals are adequate to assure structural integrity

— 1dentify susceptible materials and conditions, &

— verlfy effectiveness of industry—proposed mitigating measures
B Current concerns tocused on

— cracking of core internals,

— cracking of nickel alloys & welds,

— aging and license renewal 1ssue, &

— wastage of PV head
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Cracking of Coré Internals

B Technical Issue: High rradiation levels in reactor core can
increase susceptibility to stress corrosion cracking (1.e., IASCC)
by atfecting both material & environment

B Program Activity:

LS

— Understand mechanisms of various types of cracking;
material selection & identify solutions

— Develop technical information such as

* crack growth rates
to determine inspection intervals & disposition components

* fracture toughness
also to disposition components
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IASCC Susceptibility -
Effect of Sulfur & Carbon Content
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B Stainless steels with <0.002 wt.% sulfur are resistant to IASCC;

low carbon steels must have very low sulfur to minimize susceptibility
"1dpa=7x10% n/em? (E > 1 MeV), or =7 y service for BWR Top Guide
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Crack Growth Rates for SSs Irradiated to <0.75 dpa

Irradiated S5s, 289°C

107 Weld Heat Affected Zone

A 304L SAW, 0.75 dpa
[> 304 SMAW, 0.75 dpa
& 304 SMAW, 0.75 dpa

B For BWR normal water chemuistry,
crack growth rates of steels
irradiated to 0.45 dpa are
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Crack Growth Rates for SSs Irradiated to >0.75 dpa
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Fracture Toughness of Irradiated Stainless Steels

?DD B ¥ ! L) ! I ! L ' L l L L I ¥ L) ' L) ' I ' L ' ! _ ?UD | T {l:Fl EIMI CI:AISIIS ;:ZIB‘}I{] lF ¥ l. I] LI B I L I I I i
r _ . b i - ernte b
[ J=5798a07 ot — ] [ Aged 10,000 h at 400°C ]
600 [ J,. = 507 kJim? ] 600 [ 289°C Air :
. BQ{L e o ] [ Open Symols: 1/4-T CT .
. =T _ - Closed Symbols: 1-T CT i
500 /g>f>” = R U= 44200052 500 = T
: T Jo=313wm2 1 vy ¥ 4 ]
T 40— = ] ¢ 400f v T ]
= @ / AAD 1 3 : v od ]
= 300F© S 1 = 300f ¥ SN S -
L — 5 L 4 R v e s, B | _
[ & y 2 A ] B - A .- e‘-@‘p i
o =l | et e -
§ £ Type 304 SS (Heat C19) 3 - ]
0 & AN 289°C Air 1 K gﬁéﬁ N ]
i J = 26845028 & 30485045dpa ] : L —T0 % | O 1
100, 30455 135dpa 100 [ e s ]
_ Jic = 188 kJim* A 045530cba ] 4 33 ot 285°C .
Dg YR W TN T NN N NN TN [N TN TR N T NN TN TR TN T (N SO N N B o | I B S B AT .
0 D& 1 15 2 2R 0 05 1 1.5 2 25 3 3
Crack Extension (mm) Crack Extension (mm)
B Neutron mrradiation decreases the fracture toughness of wrought & cast
austenitic stainless steels
B For cast stainless steels, thermal aging embrittles the ferrite phase,
neutron irradiation embrittles also the austenite phase
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Estimating Change in Toughness with Neutron Irradiation
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B For urradiated wrought & cast austenitic SSs
the change in toughness may be represented by a correlation between
coefficient C of the power-law J-R curve & neutron dose
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Summary

B [ASCC susceptibility of uradiated SSs 1s being investigated as a function of material
chemistry & urradiation level (NUREG/CR-5608, -6687, -6892)
— Sulfur & carbon content in steel effect susceptibility

B Crack growth rates are being determined as a function of fluence, water chemistry, &
material composition (NUREG/CR-6826, -6891)

— In BWR normal water chemustry,
crack growth rates of SSs mrradiated to 0.75-3.0 dpa are factor of 5 higher than the
disposition curve for nonuradiated SSs

— In BWR hydrogen water chemistry,
growth rates are order of magnitude lower than in normal water chemistry

B Fracture toughness of wrought & cast SSs 1s decreased by neutron 1rradiation
— Effect of uradiation on cast SS 1s greater than on wrought SS

— Correlation are being developed to estimate fracture toughness as a function of
fluence and matenal type,
including synergistic effect of thermal & neutron uradiation for cast SSs
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