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AREVA Continues its Efforts to Understand the 
Mechanism of Unexpected Fuel Channel Bow (4)

> Main results of the hot cell analysis are:
§ Zircaloy-4 shows significantly higher oxide thicknesses compared to 

Zircaloy-2 but seems to be less sensitive to shadow corrosion
§ Zircaloy-2 shows increased oxide thicknesses at the control blade side and 

a differential hydrogen content compared to the opposite side. This 
differential hydrogen content however seems not to be sufficient to explain 
unexpected distortion, especially for the channels with high bow
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AREVA Continues its Efforts to Understand the 
Mechanism of Unexpected Fuel Channel Bow (5)

> The mechanism leading to the unexpected fuel channel bow is still not 
completely understood:
§ The shadow corrosion theory can not fully explain the measured fuel 

channel bow especially for the unexpected high bowed channels

§ There seems to be a 
fluence related growth 
acceleration ongoing for 
a minority of Zircaloy-
2 fuel channels that 
experienced early control 
blade exposure 

Measured - predicted Fuel Channel Bow versus 
Fuel Assembly Fast Neutron Fluence

Fuel Assembly Fast Neutron Fluence
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AREVA Continues its Efforts to Understand the 
Mechanism of Unexpected Fuel Channel Bow (6)

> Even if the underlying mechanism is not completely understood, there 
are enough data available to support the design of fuel channels which 
can withstand unexpected bow under demanding operational 
conditions:   
§ Use material with a low hydrogen pickup fraction
§ Use material which is less sensitive for shadow corrosion
§ Use fuel channels with less fluence gradient induced growth 
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> Next steps:
§ Performing high resolution electron microscopy (TEM) examinations 

at selected fuel channel coupons in 2007
§ Improving the tools for the prediction of the core cell friction and fuel 

channel management up to the end of 2007
§ Manufacturing of advanced fuel channels for a lead program in the 

U.S.
• Zry-BWR material
• Advanced beta-quenched fuel channels

AREVA Continues its Efforts to Understand the 
Mechanism of Unexpected Fuel Channel Bow (7)
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> AREVA continues its efforts to understand the mechanism of 
unexpected fuel channel bow

§ Hot cell examinations on fuel channel material were performed to find 

the root cause for the unexpected bow, the analysis of the results is still 

ongoing

§ Zircaloy-4 shows a superior bow performance but a non-favorable 

corrosion behavior

§ Zircaloy-2 seems to be more sensitive for shadow corrosion effects and 

consequent differential hydrogen concentration, which can however not 

fully explain the measured fuel channel bow especially for the 

unexpected high bowed channels

Summary (1)
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> In the short-term, the models are being updated to improve the 
predictability of the fuel channel distortion and surveillance 
guidelines have been issued to support AREVA NP customers in 
mastering fuel-channel distortion consequences 

> Even given the superior bow performance of Zircaloy-4 fuel 
channels in some U.S. plants, this material is not seen as a future 
solution, in particular for the high burnup range, due to its non-
favorable corrosion behavior

> Consequently, advanced material and new channel manufacturing 
process developments were performed. Lead fuel channel programs 
are proposed to customers in order to demonstrate their improved
in-reactor performance

Summary (2)
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