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Provide a quantitative analysis to demonstrate that the package, with the cumulative effect of 
the 10 CFR 71.73 HACs, would not exceed the regulatory release. 

Section 2.7.4 of the application stated that the maximum HAC testing temperature for an earlier-
designed fuel assembly was 921 K (1198°F) and that the fuel rod pressure due to accident 
conditions does not exceed 508 psig (522.7 psia). The application also stated that the fuel rods 
have a rupture pressure in excess of 520 psi (pressure value was not provided). It was not 
evident that the condition (e.g., stress, strain) of the modified fuel assemblies’ deformed fuel 
rods, after the HAC 30 ft drop (end drop, side drop, etc.) and puncture tests, was quantitatively 
considered when analyzing at the high temperatures and pressures (e.g., 1198°F and 508 psig) 
of the thermal HAC and during subsequent calculations that are used for input in the certificate 
of compliance fuel parameter tables and Table 3-5 of the application. 

This information is needed to determine compliance with 10 CFR 71.51(a)(2) and 71.73. 

AREVA Response 

Section 2.7.4.1 of FS1-0014159 (Reference 3-2-1) states that the maximum predicted HAC 
temperature for any fuel type is 648°C (1198°F), which is below the allowable HAC temperature 
limits presented for the various fuel types. Section 2.7.4.1 of Reference 3-2-1 also states that 
the maximum predicted HAC pressures do not exceed the allowable limits listed in Section 3.0. 
Section 3.1.4 defines the maximum predicted pressure for BWR fuel as 508 psia, which is below 
its allowable pressure presented in Section 3.5.3.2.  In summary, Reference 3-2-1 demonstrates 
that all fuel types remain below both temperature and pressure limits required to maintain 
containment. 

Reference 3-2-1 discussions regarding fuel rod performance during a HAC event do not detail 
the impact of strain experienced by the fuel rods of the dropped certification test unit assemblies 
described in Table 2-11 of that reference.  The impact of strain experienced by the fuel rods, 
however, is fully examined in FS1-0015328 (Reference 3-2-2).  As shown in Table 7.9-2 of 
Reference 3-2-2 the final pitch change is very small.  Additionally, Reference 3-2-2 
demonstrates that at no point does the load experienced by the fuel rods exceed 70% of the 
plastic instability load as required by ASME Code Subsection III, Appendix F, Section F-1341.4.    

During fabrication, zirconium cladding is cold-worked and annealed, as seamless tubing 
manufactured by drawing, extruding, or pilgering. Tubes manufactured with these processes 
experience a high percentage of cold work and are subsequently annealed at temperatures 
typically less than 700°C.  As discussed above, the maximum predicted HAC fuel rod 
temperature is 648°C (1198°F), similar to these annealing temperatures.  Exposure of deformed 
cladding material to these temperatures would partially relieve residual stresses resulting from 
the HAC drop event.  

This information is also discussed in more detail in Section 7 “Influence of Initial Stress State” of 
Reference 3-2-3.  Specifically it documents that “The prior drop event does not create significant 
stresses and strains in the radial and circumferential directions of the transverse cross-section, 
which is the loading plane for the heating period. Therefore, the mechanical deformation during 
the heating period can be considered independent of the prior small axial bending during the 
drop event. This is the basis for the analysis in SAR Section 3.5, where results of the closed 
tube pressure ballooning tests have been used to assess the avoidance of clad rupture due to 
internal gas pressure.”  
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In summary, based on the small degree of cold work experienced by the fuel during the 9 m 
drop, and because the subsequent fire event temperature of 648°C is similar to the anneal 
temperature for the zirconium alloy tubing, the effects of the strain discussed in Reference 3-2-2 
are negligible on the thermal performance presented in Reference 3-2-1.  The thermal 
performance of the fuel is confirmed by real events discussed in Reference 3-2-4. This 
reference discusses a severe accident, where a passenger vehicle traveling the wrong way 
down the road impacted a tractor trailer carrying 24 unirradiated nuclear fuel assemblies with 
zirconium alloy cladding. In this event, the car collided with the truck, and then the truck collided 
with a guardrail. A fire started due to the collision, and some fuel at the front of the trailer not 
only experienced extreme temperature conditions above HAC, but also fell from the trailer bed. 
Though this fuel incurred plastic deformation in excess of the RAJ-II 9 m drop CTU-2 assembly, 
the fuel thermal performance remained consistent with that outlined in Reference 3-2-1. 

AREVA would bring to your attention that our response is very similar to that provided by GNF 
to an identical RAI that they received.  See Reference 3-2-5.  The main difference between the 
GNF and the AREVA response is References 3-2-2 and 3-2-3, which provides a significantly 
more detailed analysis, yet consistent, of the impact of strain experienced by the fuel rods 
during HAC.   

AREVA believes that Section 2.7.4 of the SAR, along with supporting documentation, is 
adequate as is to support determination of compliance with 10 CFR 71.51(a)(2) and 71.73.  

AREVA Response to Additional NRC Questions Communicated During NRC Public 
Meeting on June 8, 2017 

During the public meeting, the reviewer of RAI 3-2 requested the following: 

“Justify the sentence in the RAI response that mentions that the fuel rod 
associated with NUREG/CR-5892 “… incurred plastic deformation in excess of 
the RAJ-II 9m drop CTU-2 assembly,” by quantifying the amount of plastic 
deformation in both units.” 

The damage to the fuel assemblies in the fuel shipment accident (Reference 3-2-4) was 
primarily the result of exposure of the shipping containers to high temperatures due to the fire 
that started from the collision.  Some containers at the front of the trailer experienced extreme 
temperature conditions above HAC, and also fell from the trailer bed.  No attempt was made to 
extinguish the fire that burned for approximately three hours.  The fuel assemblies were not 
significantly damaged due to the fall from the trailer bed, and the fuel assemblies appeared to 
have only deformed to accommodate the shape of the metal inner containers warped by 
exposure to the fire for approximately two hours.  The plastic deformation of the fuel assembly 
was measured to be over 1 inch (25.4 mm) from straight, and some fuel rods expanded from the 
increased internal rod pressure over a length of about 20 inches (508 mm).  Also, some cracks 
in the cladding were observed.  Analyses indicate that temperatures in excess of 1500°F 
(815°C) are required for this type of damage.  This result is consistent with thermal testing 
performed on rodlets pressurized to ten atmospheres in an oven test (Section 3.5.3.2 of 
Reference 3-2-1).  Some rods heated to 850°C for one hour experienced ruptures whereas rods 
heated to 800°C did not. 

In comparison, the certification test assembly, GNF-A CTU-2, was subjected to a 9 m end drop 
test which is the orientation resulting in the most severe damage (Section 2.7.1.1 of Reference 
3-2-1).  The damage, isolated to the lower end of the test assembly, was measured to be 
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48.82 mm maximum radially over an axial length of 1.6 m (Page 30 of Reference 3-2-6).  The 
HAC thermal testing performed on GNF-J CTU-2J resulted in no failure of the simulated fuel 
assembly cladding (Table 2.13 of Reference 3-2-1). 

Therefore comparing the plastic deformation between the fuel shipment accident and the 
certification testing, the fuel assembly bow were equivalent, but the fuel shipment accident 
resulted in more plastic deformation due to fuel rod swelling as shown by the observation of 
cladding cracks. 
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