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Background
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• EPR Flamanville 3 (FA3) Reactor Pressure Vessel (RPV) impact test results 
outside of ESPN (French Nuclear Pressure Equipment Regulation) 
requirements.  Cause identified as excessively high carbon content (carbon 
macrosegregation).

• Carbon macrosegregation product of forging method and manufacturing 
process.  Potentially impacted forgers include Cruesot Forge and Japan 
Cast and Forge Company (JCFC).

• Carbon macrosegregation can impact large forgings including RPV shells, 
Steam Generator Channel Heads, RPV closure heads and RPV bottom 
heads.
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• The French Nuclear Industry has performed material testing and inservice 
inspection on potentially impacted components.  The French nuclear 
regulatory agency (ASN) authorized restart of 9/12 potentially susceptible 
units in January 2017 after inspection and review of structural evaluations.

• The Japanese have performed an extensive review of potentially susceptible 
components in Japan nuclear plants for carbon macrosegregation.  No 
concerns for high residual carbon in large forged components.
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U.S. Nuclear Industry Perspective
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U.S. Nuclear Industry has monitored this Operating Experience closely through 
Material Issue Programs and NSSS vendor communications.

The U.S. Industry, with support from Materials Issue Programs, has and will 
continue to study to this potential issue.

• Materials Issue programs engaged in this effort:

• EPRI Materials Reliability Program

• EPRI Steam Generator Management Program

• Pressurized Water Reactor Owners Group (PWROG)

• EPRI Primary System Corrosion Research
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The U.S. Industry is confident no safety concerns exist for U.S. nuclear power 
plant large forgings.

This is based in part upon:

• ASME qualification process

• Conservative deterministic structural evaluations performed by EDF

• Operating history and inspections of U.S. components

• Preliminary results from Probabilistic Fracture Mechanics evaluations 
performed by EPRI MRP.
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U.S. Nuclear Plants Comply with ASME Code 

• Tight manufacturing tolerances are placed on all safety-related components in 
U.S. nuclear facilities as part of a rigorous defense-in-depth approach to safety

• American Society of Mechanical Engineers (ASME) design-basis for steel reactor 
coolant system pressure boundary components provides extra margins of safety 
for any anticipated condition that may occur during operation

• These components are routinely monitored and inspected to ensure their 
performance is not compromised. In accordance with ASME Code Section XI 
requirements, reactor operators follow mandatory programs of examinations, 
testing and inspections to ensure safety. The scope of these programs includes 
reactor pressure vessels, steam generators and pressurizers

• All ASME Code requirements for carbon content have been met
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Industry Activities
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Current U.S. Nuclear Industry Activities focused on Carbon Macrosegregation:

• 2017 – EPRI MRP Sensitivity Study using Probabilistic Fracture Mechanics 
(PFM)

• 2017 – Formation of Carbon Macrosegregation Ad-hoc Committee
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Sensitivity Study using Probabilistic Fracture Mechanics (PFM):

• Purpose: Assess potential effects of positive carbon macrosegregation on margin 
against RPV failure for vessels that have been fabricated using beltline ring forgings.

• This assessment is using PFM analyses to determine maximum value of RTNDT and 
carbon content that will ensure 95% Through Wall Cracking Frequency (TWCF) does 
not exceed 1E-6 yr-1 through 80 year operating interval.

• PFM analyses are consistent with methodology previously used by NRC to define 
Alternate PTS Rule, 10CFR50.61 (a), and are being performed with latest publically 
released NRC software, Fracture Analysis of Vessels – Oak Ridge (FAVOR) v16.1.

• Preliminary results indicate substantial margin against RPV failure for an extended (80 
year) operating interval even with conservative assumption that elevated levels of 
carbon macrosegregation extend through entire thickness of vessel wall, and along 
entire length of vessel beltline shell
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Conclusions
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Current U.S. Nuclear Plants remain compliant with ASME Code requirements.

Potentially susceptible components are subject to inservice examinations and 
aging management program requirements.

The industry, under the Materials Initiative, is engaged with the potential 
Technical Challenges presented.

The U.S. Nuclear Industry will continue to further study the issue of 
macrosegregation with support from the various Issue Programs.


