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Motivation
• Existing trend 
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Observations
• Most trend curves intended for practical use are, in the 

end calibrated to data (claims regarding theirend, calibrated to data (claims regarding their 
“physical basis” notwithstanding)

• Regarding equations fit to data trends
– Interpolation within the range of fit variables works well

E t l ti t id f thi d i– Extrapolation outside of this range produces issues

• Therefore, this study expands the empirical dataset y p p
used for calibration … to expand the variable range 
over which interpolation occurs
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Fitting Database
• Traditional data source (in 

the USA)
• Considerable data currently 

exists from non-traditionalthe USA)
– US data only
– Power reactor  surveillance 

data only

exists from non-traditional 
sources
– Test reactors

Non US reactors overseasdata only
– T30 data only

– Non-US reactors overseas
– Other embrittlement metrics 

(e.g., YS)
• These greatly expand the fit• These greatly expand the fit 

variable range into areas 
where traditional data is 
lackinglacking
– High fluence
– Low copper



Fitting Database
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exists from non-traditionalthe USA)
– US data only
– Power reactor  surveillance 

data only

exists from non-traditional 
sources
– Test reactors

Non US reactors overseasdata only
– T30 data only

– Non-US reactors overseas
– Other embrittlement metrics 

(e.g., YS)
• These greatly expand the fitC tl th i • These greatly expand the fit 

variable range into areas 
where traditional data is 
lacking

• Currently there is no 
consensus on how to use 
together traditional and non‐
traditional data however lacking

– High fluence
– Low copper

traditional data, however
• We examine them together 
here to estimate 
embrittlement trends inembrittlement trends in 
advance of any new testing 
program



Fitting Database
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Fitting Database
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Fitting Database
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Fitting Process 
Empirically MotivatedEmpirically Motivated

• These trends stand out 
strongly in the empiricalstrongly in the empirical 
database
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Fitting Process
 = 1 to 2x1018 n/cm2 = 1 to 2x10 n/cm
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Fitting Process
 = 1.3 to 1.7x1019 n/cm2 = 1.3 to 1.7x10 n/cm
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Fitting Process
 = 2.2 to 2.6x1019 n/cm2 = 2.2 to 2.6x10 n/cm
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Fitting Process
 = 1 to 1.8x1020 n/cm2 = 1 to 1.8x10 n/cm
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Model Building Model Simplification
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Final Model
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Copper dependent term
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 Does not depend on flux Does not depend on flux
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 Increases with fluence
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Accuracy for Data Subsets
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Accuracy for Data Subsets
Subset NameSubset Name
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Accuracy for Data Subsets
USLWR Surveillance Data
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Accuracy for Data Subsets
Non-US Surveillance Data
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Accuracy for Data Subsets
Test Reactor – T30 Data
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Accuracy for Data Subsets
Test Reactor – YS Data
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Conclusions
• Fit model WR-C(5) developed from a wide range of 

empirical dataempirical data
– Expands variable range in which fit is interpolated
– Reduces variable range over which fit is extrapolated

• No flux term needed to fit the data• No flux term needed to fit the data
• Fits entire database, and data subsets, well

– USLWR surveillance data
– Non-US surveillance data
– Test reactor data

• Future paper (IAEA meeting, Znojmo, 18-22 October p p ( g, j ,
2010) will demonstrate the enhanced predictive capability 
of WR-C(5) relative to data not used in fitting


