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wmd the Lo ot
* Microstructure of CASS

— d-ferrite and y-austenite duplex microstructure

—  Duplex mi = provides ical strength of CASS
= Tensile strength and yield strength increases with (3)-Ferrite up to 40%
both at room and elevated

— &-Ferrite < Prevents the tendency for hot cracking —» welding
the to and stress cracking (SCC)

« Presence of 3-ferrite
— Detrimental effect on fracture resistance when exposed to 300-500°C

= §-ferrite is vulnerable to low-temperature thermal aging
> As aresult tensile strength increases while ductility decreases

. ism for r in fracture due to thermal aging

— Nucleation of Crrich a' phase (by spinodal decomposition) and growth of a‘-phase

— Precipitation of nickel- and silicon-rich G phase, y-austenite, and M,;Cgcarbides

—  Large My,C; carbides andlor Cr,N nitrides precipitate at the ferri ite phase y

Note: Thermal aging: Exposure of amaterial to high temperatures for an extended period
(in this case heating to 400°C and for ~ 10,000 hrs) 4

Aging Management of CASS

\yU NR(C,  Reactor Vessel Internal

s By Components

+ Aging of CASS p is ded for license renewal (LR)
of LWRs under 10 CFR Part 54

+ NUREG/CR-4513, Rev. 1 “Estimation of Fracture Toughness of Cast Stainless
Steels During Thermal Aging in LWR Systems,” (ML052360554) provides a
detailed analysis of CASS fracture toughness (FT) after thermal aging, by
defining “lower-bound FT J-R curves” for certain CASS categories

— Three different categories (a) low ferrite (< 10%), (b) medium ferrite (10-15%) and
high ferrite (>15%)

+ Grimes Letter (ML003717179) provides screening criteria for ferrite levels as a
function of composition and type of casting

— Effect of thermal embrittlement (TE) on FT should be considered if screening
criteria are exceeded

- A ility of FT level it with ing criteria was by
generic flaw tolerance analyses for CASS piping components

Aging Management of CASS
Reactor Vessel Internal
Components

* Grimes letter prohibited ication of the TE ing criteria to RVI

i eutron es greater than 0.00015
dlsplacements per atom (dpa) [1017 n/cm? (E >1 MeV)]

— NRC requi i to i due to both thermal
aging and neutron irradiation
* Grimes letter did not CASS to both thermal

aging and neutron irradiation because FT data after simultaneous thermal
exposure and significant neutron flux was not available

— For such components, the Grimes Letter requii a ifi
that could include screening based on stress or enhanced mspechons
+ Since the Grimes Letter was issued, FT data for CASS materials subject to
both thermal aging and irradiation has been ished in NUREG/CR-
7027, “Degradation of LWR Core Internal Materials Due to Neutron
Irradiation.” (ML110100377)
— NUREG/CR-7027 proposed a lower bound estimate for the FT for CASS materials
due to neutron irradiation above approximately 0.3 dpa.







L/4T-CT samples tested in low-cotrosion
~potenal water a1 ~320°C

Note: This data pointis higher (>700 KJim?).
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