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The fifth section is a list of acronyms.

The last section is a unit conversion table.

1.2 Summary

The use of Alloy 600 resulted in major maintenance costs for many plants worldwide. More and more
components partially or totally made of Alloy 600 have been repaced with similar components where
Alloy 600 has been replaced with Alloy 690. Given the disastrous field experience of Alloy 600, the
industry wants to make sure that Alloy 690 will not in any way duplicate the bad Alloy 600 behaviour.

Thus, any potentadl  x AAET AOO T £ 11T U 0yl EO OOAAEAA AU OEA OAQ
potential weaknesses are cold work and lead.

As concerns CW, it is essential to separate the effects of bulk CW from those of surface CW. There are
several examples of surfac€W in operating plants:

1 CRDM and other nozzles with near surface cold worked layers from gun drilling or other
forms of aggressive machining that are then deformed into an oval shape during welding to
the upper head,;

1 SG divider plates with compressive &yers induced by planning and/or grinding that are pulled
into tension during the initial hydrotest;

1 DMWs of Alloy 52/152 that are typically ground to prepare the surface of the weld for NDE.

There is a relatively small effect until a CW level of about 15%and then the effect takes off, producing
very striking effects at CW levels approaching 40%. Fortunately, the levels of CW that exist in nuclear
components are limited by material specifications as well as ASME Boiler and Pressure Vessel Code
requirements, to a bulk CW level of about 5%. The level of CW that exists in Alloy 52 and 152
weldments is about 10% in the HAZ adjacent to these welds.

Weld residual stresses and strains are the origins of most of the SCC in LWR structural materials.

For the ~30% Cmickel alloys, clearly the concept of SCC immunity should be replaced with the
concept of adequately low crack growth rate. The excellent resistance of Alloy 152 welds to PWSCC
extends to aggressive BWR water chemistry conditions, with the same impact acEW.

Amongst all the mature PWSCC mitigation techniques available on the market, AREVA has selected

the ultra-high-pressure cavitation peening. When replacement is not practical, PWSCC mitigation by

the UHP CP technique is a costeffective option to extend component life time. UHP CP is a

mitigation technique which consists in projecting water at a pressure of 3,800 bars through a small

diameter nozzle at high velocity towards a metal surface. As the water flow passes through the nozzle,

the pressure drops lelow the saturated steam pressure, enabling the formation of cavitation bubbles.

The cavitation cloud is sprayed at the surface to coat it with cavitation bubbles. These bubbles then

collapse on the metal surface, causing localized shock waves which gendearesidual compressive

OOOAOGOAO8 4EAOA OAOOI OET ¢ Ai i POAOOEOA OOOAOGOGAOG AT EI EIT
NOAOOEI 16 EOd xEAO AAI 6O OEA AOI 1 OOCEIT 1T &£ OEAOGA AT i DO
loads, transients and events thatcan occur: high temperature, temperature variations, thermal cycling,

pressure and pressure variations, starup, shutdown. The process qualification tests along with

supplemental tests performed by AREVA show that there is a limited decrease of the compssive

stresses over the years.

Beginning of 2017, UHP CP has been implemented on threeldop PWR, RPV Heads at Byron 1 and 2
and Braidwood 1, with a 4th implementation in May, 2017. All four reactor heads have 78 Control Rod
Drive Mechanisms type nozzlesand 1 vent line. All RPV head UHP CP implementations have been
completed within the 30-day total outage schedules.

Manufacturing techniques commonly used to fabricate metal components can induce residual
stresses, plastic deformation and CW at the surfacef components, whilst also affecting the surface

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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roughness. However, while chemical composition and heat treatment are usually tightly specified,
specifications for machining on plant commonly only consider a required surface roughness. Results
from some tests suggest that when a compressive residual stress is present at the surface, polishing to
reduce the surface roughness removes that stress and reduces the nacoystalline surface layer
generated by machining, and is actually detrimental for PWSCC initation resistance. This implies that
surface residual stress, or the presence of a surface damaged layer, is a more dominate factor for
PWSCC initiation than surface roughness.

Although Alloy 690 containing more than 7 wt% iron is not supposed to be suscepible to LRO, some
laboratories still work on LRO issues, in the framework of life extension up to 60, 80 or even 100 years
of operation. Upon thermal ageing, nickelzchromium alloys close to the stoichiometry of Ni/Cr = 2/1

can undergo an ordering processthe ordered Ni,Cr phase nucleates and grows, leading to a hardening
of the alloy. Ordering occurs when the attractive force between different atoms is larger than that of
same atoms. Based on the result from previous research on binary KICr alloys, the ordered phase can
cause an increase in tensile strength, a decrease in ductility, and dimensional changes or internal
stresses. Previous research results also show a hardening effect from ordering and a linear relationship
between Vickers microhardness and ield strength. It is known that the fracture toughness decreases

as yield strength increases, and fracture toughness is a key factor in stress corrosion cracking.

TEP measurements, which measure the electric potential when a temperature gradient is applied
(Seebeck effect) are already performed in nuclear industry to follow spinodal decomposition of cast
RCS elbows. It can also be applied to follow the ordering process of NCr systems. A good correlation
between TEP and hardness is very often observed. TBUTEP can be used as a LRO level indicator.

The trend of change in micro-hardness shows that the effect of hardening by LRO will reach
saturation after 1000 h of heat treatment at 475°C, whereas the time to saturation for 418 and 373°C
will be longer. By comparing the change in micro-hardness after ageing for 5000, the relationship
between embrittlement and stoichiometry can be observed. As expected, the larger deviation from the
Ni/Cr = 2 stoichiometry leads to less embrittlement.

The effectof thermalACET ¢ 11 A |1 AOAOEAI 60 POI PAOOEAO EO NOEOA
problems. Many studies have investigated the effect of heat treatment on material properties.

Although these valuable studies emphasized the influence of thermal aging on materigproperties,

most involved SCC tests conducted on aseceived materials that never experienced thermal aging,
except short-term heat treatments, generally at high temperatures, above 600°C. However, significant
differences may exist in the phases that fam and in the relevant degradation mechanisms, as a
consequence of low temperature thermal aging (e.g. at 320°C, the PWR operation temperature) versus
high temperature heat treatment (above 600°C). Also, the studies generally use smoothar specimens
tested under an uniaxial tensile stress state; however, most of cracked components experience a
triaxial stress state. The reference [Yoo et gl2017] shows that in SSRT tests using smooth specimens
(uniaxial stress state), the material aged 10 years at 320°Bosvs the highest susceptibility to PWSCC,
and the asreceived condition shows the lowest susceptibility. This is attributed to the changes in
morphology and number densities of precipitates. The semicontinuous precipitates and chromium
depletion at grain boundaries make this material the most susceptible to PWSCC. On the other hand,
the results of SSRT with notched specimens, which experience triaxial stress, are different from that of
smooth specimens. In these tests, the material aged 20 years at 320°@shthe highest susceptibility to
PWSCC while the asreceived condition has the lowest. The effect of triaxial stress state and associated
shear stress may decrease due to change in precipitate morphology.

Generally inverse relationship between stress andimne to failure exists, as would be expected. On a
series of Alloy 718 specimens irradiated in the Halden Reactor under mechanical tensile stresses and in
a chemical environment and temperature representative of PWR service conditions, no comparable
relationship between stress and fluence at failure was observed, with fluences at failure ranging over
four orders of magnitude and not correlated with stress. This suggests that for a given chemical
environment (fixed, in this case), time is a better predictor of failure for a given stress than is fluence

for fluences in this range, and neutron fluence is not a key experimental variable in these experiments.
Failed specimens i this test lasted between 1% and 10,890h in-reactor, which may becompared with
the 4.5y (~40,000h) design life of the component being modelled. Proprietary calculations show a

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
13 (110

Ei



KEY EMERGING ISSUES ANDRECENT PROGRESS RELATED TOSTRUCTURAL MATERIALS DEGRADATION

2 Papers summaries

2.1 PWR Nickel SCCz SCC

A great deal of PWSCC testing has been conducted on a range of A690 materials. The purpose of the
paper [Bamford et al, 2017] is to discuss the basis for the effects of CW, and determine the levels of
CW that exist in typical plant components. In this manner, the range of CW that should be included

in the final recommended model and disposition curves for PWSCC of these materials can be
determined.

In addressing this issue, it is essential to separate the effects of bulk CW from those of surface CW.
There are several examples of surface CW in operating plants:

- CRDM and other nozzles with near surface cold worked layers from gun drilling or other
forms of aggressive machining that are then deformed into an oval shape during welding to
the upper head,;

- SG divider plates with compressive layers induced by planning and/or grinding that are pulled
into tension during the initial hydrotest;

- DMWs of Alloy 52/152 that are typically ground to prepare the surface of the weld for NDE.

Figure 2-1left shows the nomenclature for CT specimen orientations with respect to a cylindrical
forged product form, such as a CRDM nozzle. The orientation of an irservice crack propagating
through-wall can be represented by the ER or GL orientations for an axial crack and by the LR or L-
C orientations for a circumferential crack. The RL and R-C orientations are parallel to the pressurized
surface, often termed the laminar direction; flaws in these orientations have never been observed in
service. This is because there is little or no stress in the radial direction of a pressure vessel.

Figure 2-1right shows the nomenclature for CT specimen orientations with respect to a plate or weld
product form. The orientation of an in -service crack propagating throughwall can be represented by
the T-S or T-L orientations for an axial crack and by L-S or L-T for a transverse crack. The 9. and ST
orientations correspond to the laminar direction, in which no cracks have been observed in service.

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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Figure?-1: Left: specimen orientations for a cylindrical prodigtttfapecimen orientations for a plate or weld product form.

CW can significantly increase PWSCC rates in Alloy 690, for bulk cold work levels above about 15%.
The Figure 2-2 shows that there is a relatively small effect until a CW level of about 15%, and then the
effect takes off, producing very striking effects at CW levels approaching 40%. The levels of CW that
exist in nuclear components are limited by material gecifications as well as ASME Boiler and Pressure
Vessel Code requirements, to a bulk CW level of about 5%. The level of CW that exists in Alloy 52 and
152 weldments is about 10% in the HAZ adjacent to these welds.

Crack growth disposition curves for Alloys 52, and 152 welds should be based on CGR tests conducted
on weld specimens with no additional CW because these specimens retain the plastic strain produced
during welding.

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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SCC has been observed in many LWRs structural components, with the rate of SCC initiation and
crack growth varying widely. Newer materials have been adopted in the last 2+ decades, primarily
Alloy 690 and its weld metals, Alloys 52 & 152. Before careful testing was performed, these materials
were widely viewed as immune to SCC, but it is now recognized that these materials exhibittdeast
some limited susceptibility to SCC. Because historical testing was often relatively simple and
insensitive, combinations of materials, environments, and stressing conditions such as unsensitized
stainless steel and Alloy 690 in both PWR and BWR war? once generally viewed as immune to SCC
have now been shown to be susceptible. The higher Cr content in Alloy 690 and its weld metals create
greater challenges in melting and processing, and in welds, solidification causes partitioning of some
elements to dendrite boundaries, and there is a greater propensity for various weld defects to occur.

Component lifetime is often viewed as being controlled by SCC initiation resistance, but there are
dozens of materials and thousands of cases where the expected ist®nce to initiation was not
realized. There is intrinsic optimism in the ASME Pressure Vessel and Boiler Codes, which simply
mandate that SCC immunity exists, but typical Z2-year evaluations in simple laboratory tests is not a
strong basis for confidence in a 60+ year lifetime. To provide greater confidence in a 69100 year
lifetime, both SCC initiation and growth should be optimized, and indeed both are being pursued for

Alloy 690 and its weld metals.

Weld residual stresses and strains are the originef most of the SCC in LWR structural materials. In
stainless steels, more of the weld residual strain develops in the HAZ than iilloy 690 (Figure 2-3).
These strainsare accurately quantified using EBSD, which is a very high resolution and precise

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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technique for evaluating the misorientation that characterizes dislocation density from residual
deformation.

Remarkably, the weld residual strains in Alloy 52/152 weld metacan be very high in isolated dendrites,
exceeding 40% and even 50% in isolated dendrites.

B S T BRI )

Figure?-3: Left: characterization of a steam generator divider platevelidak Alloy 52M showing thztsbenetal had
~8% residual strain (from incomplete annealing), which incdréd$edntth#Zase metal microstructurg and 17
22% in the 690 composition (but different microstructure) of the partially melted zone. Right: EBSD strain map showing
highljocalized strains in isolated dendrites.

Into the partially melted zone and HAZ, the weld residual strains drop below ~20%. However, there
has been little evaluation of the effect of welding defects on SCC. The reference [Andresen et a2017]
reports the progress in an orrgoing research program on the SCC growth rate of Alloy 52, 152 and 52i
weld metals.

For the ~30% Cr nickel alloys, there can be no question that some inherent susceptibility to SCC exists,
and the SCC growth rate response of various heaf microstructures and types of CW of Alloy 690 were
evaluated Alloy 690 in a related program. Clearly the concept of SCC immunity should be replaced
with the concept of adequately low crack growth rate. The SCC resistance of 33 specimens of many
Alloy 52/152/52i weld meals was evaluated over >315,001) including a number with weld defects and
weld repairs, and their SCC growth rates were almost uniformly low.

These consistently low growth rates were observed in spite of many (reasonable) accelerants:

moderate to high stress intensity factor (~3@1i - 0 AU4i qh EECE OAi PAOAODLOA j £01 T
values (26 cc/kg at 360°C) that are at the growth rate peak (at the Ni/NiO phase boundary).

Additionally, very extensive and diverse approaches to IG transitioing were used over very lomy

periods of time (over 171,000 of total testing time), and multiple microstructures were examined in

each weld (by advancing the crack by ~1 mm in fatigue and ré&ransitioning to condition that favours

IGSCC).

All of the specimens tested at GE were fully engaged from the TG fatigue precrack. The extent of %IG
ranged from small to medium (~50%), and did not appear to depend on the specific transitioning
technigue used. Higher %IG did not obviously translate to higher growth rates (within the context of

the low growth rates at %IG observed), in part because TG crack advance was observed in most cases
at constant K (no cycling). It should not be surprising that as alloys become highly resistant, the I1G

path becomes only slightly favoured over the TG path.

Good agreement on the crack growth rates of the high Cr weld metafs including on specific welds
tested by multiple laboratories? was obtained. The only outliers related to Alloy 152 welds fabricated
by ANL, and only when tested at ANL? other laboratories were unable to reproduce the higher
growth rates despite extensiveattempts (~50,000h) on multiple specimens and multiple areas of each

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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weld microstructure. There is at time no explanation for the discrepancy, but in the broad spectum of
the international results, they are reasonably considered outliers at this time.

The excellent resistance although not immunity 2 to SCC of these weld metals extends to aggressive
"72 xAOAO AEAI EOOOU AT 1 AEOE] iresibtandeicdd Bd conpiomiseddlyO Al AAO O
AT T A x1 OEET ¢ OEA xAl AOh xEEAE OEI Ol A1T80 T AAOO ET bl Al

Much of the focus of this study has been on weld defects, weld repairs and weld dilution zones, and
only low growth rates have been observed. Regarding weldilution zones, CGRs start decreasing
significantly for Alloy 82 (as compared to Alloy 600), which is about 20% Cr and become very low
when the Cr content exceeds 23% CrHigure 2-4). While some challenges remain in fabricating
optimum high Cr welds, these data indicate that large defects can be tolerated because the SCC
growth rates remain low.

RS
o
o

680°F, 20 scelkg H,, K=45 ksi-in®, 221 days
Rates adjusted to 100% engagement and no incubation|
E-182 14.7 wt.% Cr and 20 wt.% points are estimated

/ | 100

3x 10" mm/s L 10

-
-
-
-

=
o

T T TTTImT

' I lll'”l

Crack Growth Rate (mils/day)

Crack Growth Rate (mm/year)

0.1 B o] - 1
= 640°F, 20 scclkg H,, K=40 ksi-in 0
C 95 day ey'sure
L 1 O
No SCC —’g’
0.01 1 1 1 L o[ lObS?fVOC: l | 1 1 1? 1 1 - 0.1
14 16 18 20 %2 24 26 28 30
% Bulk Chromium&q\tent
Iron-base @® Andresen data
Figurex-4: Summaryf data on twarefeed welds that simulate weld dilution effects. Note that the 14% Cr point (in red) was a

50:50 mix of low alloy steel and a ~28% Cr nickel alloy, so the iron content is dramatically higher than in other welds
[Andresen et,&017].

One of the formidable challenges facing corrosion engineers is developing tests to substantiate the
high resistance of a material to environmental degradation issues definitively and efficiently. This is
particularly difficult for materials with very long s ervice lives such as the structural materials used in
nuclear power plants. Generally, accelerated material degradation tests are designed and performed to
generate data in relatively short timeframes (less than a year). The main accelerants that have been
employed to enhance structural material SCC growth rate have been elevated temperature and
material cold work. Composite material specimen testing provides an additional means to evaluate the
SCC susceptibility of high SCC resistant materials.

4EA OAEODIAOOOAOOS OAOO 1 AOGET Ah AT 1 OEOCOO 1T £ AAAOEAAOQET
a highly SCC susceptible material welded to a highly SCC resistant material. Specimens are configured
such that SCC grows from the susceptible material toward the esistant material. Crack arrest within

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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the SCC resistant material provides confirmation that the material is extremely resistant to SCC in the
test environment.

The chemical compositions of the materials used in the reference [Morton et al 2017] test prgram

are provided in Table 2-1 A listing of the SCC susceptible and resistant material pairs which were

tested are shown inTable2-28 B. Yar! 011 AT A B. Ya&arT%. pa( OPAAEI AT O xAO.
show that the cracking will not stop at the interface of two SCC susceptible materials. Composite

arrest testing was performed with 0.6T compact tension specimens fabricated such that the air fatigue

crack tip is in SCC susceptible material approximately 2.54 mm from the interface between the

materials (Figure 2-5). Testing was performed at 360°C with 40 cc/kg of dissolved hydrogen.

Specimens were removed from test after ~six months, 12 months and 18, 24 or 60 months to allow

comparison of crack length at the different times and to assess if crackraest occurred.

Table2-1: Chemical composition (weight %) of the materials used in the composite arrest testing. 182 and 8N12 are
equivalent materials which are highly susceptible to SCC growth, [R0drTdn et al

Material C Ni Cr Fe Ti Nb/Ta Mn Mo
8N12 heatl 0.048 67.84 14.84 9.75 0.040 1.390 5.440 -
8N12 heat2 0.06 70.50 14.77 7.19 0.04 1.53 5.43 -
A600 0.07 75.77 15.04 7.87 0.35 - 0.22 -
A690 0.03 60.31 29.72 9.05 0.28 - 0.20 -

304 SS 0.041 8.60 18.30 Balance | - - 1.73 0.04
ENG625 0.01 64.6 21.9 0.6 0.25 3.55 0.00 5.8
A508 0.17 3.07 1.64 Balance | 0.002 - 0.34 0.50
182 0.043 71.78 14.91 6.75 0.03 - 5.18 -
EN52 Sanicro 0.030 61.0 30.1 9.7 0.66 - 0.8 0.01
EN52 MSS 0.023 52.36 29.49 8.79 0.18 - 0.31 3.51
EN52i heat 1 0.040 63.88 26.98 2.55 0.37 - 3.04 0.003
EN52i heat 2 0.043 64.7 26.97 2.55 0.30 = 2.97 <0.01
EN82H 0.03 73.0 195 0.99 0.42 - 2.90 -
8N12H 0.07 68.1 15.0 6.7 0.72 - 6.5 -

© ANT Internatiqr20B
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Table2-2: Material combinations usdétié composite arrest tefidogton et.ak017].

Susceptible material Resistant material Designation in the tests
8N12 weld (heat 1) Alloy 600 8N12/A690

8N12 weld (heat 1) 304 Stainlegteel 8N12/SS

8N12 weld (heat 1) EN625 Hot Wire (HW) 8N12/EN625 HW
8N12 weld (heat 1) EN625 SMAW 8N12/EN625 SMAW
8N12 weld (heat 2) ASTM A508 Grade 4N 8N12/A508

182 weld EN52 Sanicro 68HP 182/Sanicro

182 weld EN52 MSS 182/MSS

182 weld EN52i (hedl) 182/EN5A

8N12H weld EN52i (heat 2) 8N12 2H/ENS2i

182 weld EN82H 182/EN82H

182 weld Alloy 600 182/A600

ahot wiredgps tungsten arc welding process
b shielded metal arc welding process

© ANT Internatiqr20B

8N12 or 182
(o} | Ne)

8N12/EN625

182/Sanicro 8N12/304 SS
182/MSS 8N12/A690
N625, EN52x, EN82H 182/ENS52i 8N12/A508
182/EN82H 304 SS, Alloy 690, 8N12/A600
AS508, or A600
Figure2-5: Schematic view of weld cradles used in the composite arrest test. 8N12 was welded atop of all materials [Morton et al

2017).

These composite arrest specimen test results have confirmed that 304 SS, Alloy 690, A508, Alle%5,
and EN52 are all extremely resistant to SCC in primary water. Specifically, in aggressive composite
arrest tests (360°C, high stress intensity factor), cracks growing within the SCC susceptible materials
did not grow beyond the weld interfacial region into any of these SCC resistant materials except for
the EN52 materials. The EN52 materials did grow beyond the interface in the first diluted bead, but at
a significantly reduced rate and appeared to possibly arrest after a few months<gure 2-6 and

Figure 2-7).

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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Figure-6: Compsite arrest test result summary. Results show that the SCC readily advances in EN82H and grows slowly or

arrests in EN52 variants (specimens are arranged by increasingttesgtitmbafdftngth is representative of
the max extent of the SGOntimbers above the bars represent the amount of average SCC growth in mils. The
EN52 and EN82H specimens have a second smaller number that represents the average SCC beyond the interface)

[Morton et.aR017].

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2018.
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Figure>-7: Fracture surface photographs for 182/EN52i specimens: results show a small amount of EN52i SCC extension which

did not increase with additional test exposure. In contrast, significant EN82H SCC was ohsentbd.after only 6
The scale mark is 0.1 iB4¢@m) [Morton et &017].

The EN52i composite arrest specimens are representative of what a WOL dilution bead would look
like in an EN52i overlay on Alloy 600, EN82H, or 182. Results with up to 2 years of exposuieosv less
than 0.4 mm of average and 1.3 mm of maximum growth extent into the first diluted weld bead under
aggressive test conditions. Although SCC growth was observed SCC growth likely arrested or possibly
continued at an extremely slow rate in the aggresive high temperature (360°C) test environment.

Alloy 600 and EN82H composite material control specimens have shown that when two SCC
susceptible materials are welded together SCC readily grows through and beyond the weld interface.
These results were expeted and confirm the underlying assumption from which the composite arrest
program was developed, specifically that the presence of a weld/wrought or weld/weld interface in
itself does not arrest SCC.

Results have shown that 8N12 weld metal enriched in ino due to SS dilution has relatively the same
high SCC growth rate susceptibility as nominal 8N12 weld metal. In contrast, 8N12 weld metal
enriched in chromium due to Alloy 690 or Alloy 625 dilution (~20 wt% compared to 15 wt% nominally
in 8N12) is more resstant to SCC in primary water. These results support the view that elevated
chromium level is the main reason why Alloy 690 (30% Cr), Alloy 625 (22% Cr), and EN52 (230% Cr)
have vastly better SCC performance than Alloy 600 (15% Crrigure 2-8). These results also suggest
OEAO EOIT AITAAT OOAOETT ET EOOAI £ EO 110 OEA AT T ET AT O
performance relative to Alloy 600.
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Figure?-8: CGR of nickel alloy weld metals as a function of chromium level. Superimposed on this figure are CGRs observed in
this study. Results illustrate a pronounced beneficial effect of increased fivitoiuet jakel 7].

Although a definitive statement cannot be made regarding SCC arrest versus very slow crack growth,
8N12/SS composite arrest specimens are speculated to have arrested SCC at the 8N12/SS interface and
slow SCC growth is believed to hae ensued in 8N12/A690, 8N12/A625 and 8N12/A508 specimens. This
position is based upon analytical characterization results which showed no discernible microstructural

or compositional difference between the regions in these composite arrest materials thatinderwent

and did not undergo SCC.

The lack of SCC growth into the 304 SS HAZ in the composite arrest specimen testing was somewhat
surprising since a level of ~12% equivalent plastic strain was measured in the HAZ. 304 SS SCC growth
rates have been measwad in deaerated water with equivalently cold worked levels of deformation
(Figure 2-9). This disparity could be due to cold work deformation being different from weldi ng

induced deformation and/or the elevated 304 SS sulphur content (0.021%) mitigating the SCC in the
composite arrest testing.
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