
 

       
 
      June 24, 2008 
 
 
 
Mr. Ronnie L. Gardner  
AREVA NP Inc. 
3315 Old Forest Road  
P.O. Box 10935  
Lynchburg, VA  24506-0935  
 
SUBJECT:  REQUEST FOR ADDITIONAL INFORMATION REGARDING 

ANP-10285P, “FUEL ASSEMBLY MECHANICAL DESIGN TOPICAL 
REPORT” (TAC NO. MD7040)  

 
Dear Mr. Gardner:  
 
By letter dated October 2, 2007, which can be accessed through NRC's Agencywide 
Documents Access and Management System (ADAMS) Accession No. ML072840180, 
AREVA NP submitted for U.S. Nuclear Regulatory Commission (NRC) staff review 
Topical Report (TR) ANP-10285P, “Fuel Assembly Mechanical Design,” ADAMS 
ML072840180.  The first set of request for additional information (RAI) was issued by the 
NRC on April 29, 2008 (ML081080360), and the AREVA NP responses were received 
on May 29, 2008 (ADAMS ML081560318) and June 13, 2008 (ML081560318). 
 
The NRC staff’s review has determined that some areas of this report require additional 
information in order to complete the review.  The specific information requested is 
contained in the enclosure to this letter.  A draft of this RAI was sent to you on June 10, 
2008 (ML081760050), and discussed with your staff on June 17, 2008. As a result of 
that discussion, RAI Nos. 22, 23, 24, 25, and 29 have been revised to remove 
proprietary information and to provide clarification.  AREVA NP has agreed to provide a 
response within 30 days of receipt of this letter. 
 
If you have any questions regarding this matter, I may be reached at 301-415-3361. 
 
      Sincerely, 
 
 
        /RA/ 
 
      Getachew Tesfaye, Sr., Project Manager 
      EPR Projects Branch 
      Division of New Reactor Licensing 
      Office of New Reactors 
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ENCLOSURE 
 

2nd REQUEST FOR ADDITIONAL INFORMATION (RAI) 
 

ANP-10285P, “U. S. EPR FUEL ASSEMBLY MECHANICAL  
 

DESIGN TOPICAL REPORT” 
 

DOCKET NO. 52-020 
 
RAI-21. The following questions address the methodology for determining whether the 

EPR design meets the SAFDL for preventing excess internal rod pressure. 
   
a. Please provide the FQ and F∆H and the average core power level for the 

fuel in the EPR.  How are FQ and F∆H related to the bounding power history 
and licensing analyses that demonstrate SAFDLs are met at these rod 
power limits? 

b. The bounding power history is provided in Figure 5-5 of the topical, how is 
the uncertainty in measured rod powers accounted for in the analyses 
using this bounding power history? 

c. Please provide the axial power shapes used for the example rod pressure 
analyses including AOOs (Condition 1 and 2 events) such that a 
confirmatory analysis can be performed with the NRC fuel performance 
code, FRAPCON-3.3.  Please identify those transients that are bounding 
for the Condition 1 and 2 events in terms of fission gas release and rod 
pressure.  Please justify the length of time for the limiting Condition 1 
transient for the EPR (including xenon transients) in terms of fission gas 
release and rod pressure. 

d. Section 5.1.8 of the topical report states “On a cycle-specific basis, if peak 
pin powers violate the envelope resulting in predicted pressure greater 
than the licensed limit, acceptable pin pressure results can be 
demonstrated by using fuel rod-specific power histories and fuel assembly 
as-built manufacturing data.”  How are the peak rod specific histories 
chosen to assure that the peak rod pressures are determined for the fuel 
batch?  How are the uncertainties in rod specific power histories included 
in these analyses?  A plant may deviate from planned operation, how is 
this considered in cycle-specific analyses?  The as-built manufacturing 
data for a particular fuel batch has a distribution about a mean, how is this 
uncertainty included in these analyses? 
 

RAI-22. The following questions address the methodology used for determining 
whether the EPR design meets the SAFDL for preventing fuel melting and 
excessive cladding strain.  Please provide the axial power shapes used to 
determine the fuel melting limit as a function of burnup for both UO2 and UO2-
Gd2O3 rods (at the maximum limit for Gd2O3 additions) and any other 
information needed to perform a confirmatory calculation with the NRC fuel 
performance code.  Please provide the results of the cladding strain analysis 
as a function of burnup including axial power shapes and the necessary 
information needed to perform a confirmatory calculation with the NRC fuel 
performance code. 
 

RAI-23. The SER providing approval of M5 cladding required that additional data on 
cladding oxide thickness, assembly length and bow, rod diameter (M5 creep 
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data), rod length (growth data), guide tube oxide thickness and rod extraction 
measurements” be collected from LTAs.  The SER also noted that the vendor 
“committed to obtain cladding strain, oxidation, hydride, rod bow and axial 
growth (including shoulder gap closure) data up to the current approved rod-
average burnup levels ”.  Please provide this data along with comparison to the 
respective models for M5. 
  

RAI-24. Please identify the fuel assembly designs for the rod bow data presented in the 
submittal.  From this figure the mean of the three M5 fuel rods from which rod 
bow measurements were obtained appear to be different from the mean of the 
Zr-4 rod bow data.  Please explain why the mean of the M5 data appears to be 
different  than that observed in the Zr-4 rods.  Also, please provide rod bow 
results from any additional M5 rods collected since the submittal. 
 

RAI-25. The following questions are related to fuel assembly (M5 guide tube growth). 
  
a. Please provide the data (including calculated stress versus burnup and 

fluence of M5 guide tubes for each datum) used as the basis of the 
empirical correlations used for determining the upper core plate to upper 
fuel assembly nozzle gap along with the calculated guide tube stresses as 
a function of burnup/fluence for the EPR fuel assemblies with M5 guide 
tubes.  Please provide the data for determining this same gap for Mark-BW 
and Mark-B12 fuel designs with M5 guide tubes along with calculated 
stresses versus burnup/fluence.  How do the predicted stresses for each 
datum compare to those for the EPR predicted stresses versus burnup?  
Discuss how prototypical each design and associated data is to the 
proposed EPR design.  Please provide the as-fabricated fuel assembly to 
upper core plate gaps and their predicted gaps at end-of-life (EOL) 
equivalent burnups for EPR, Mark BW and Mark B designs with M5 guide 
tubes?  
  

b. Please provide a list of those current and future plants and assembly 
designs where guide tube measurements are planned in the future that are 
applicable to EPR and an explanation why they are applicable to EPR.  
Please discuss whether the extra fuel assembly length in EPR will result in 
additional growth compared to an equivalent 12 foot assembly. 
 

RAI-26. Please provide data for M5 grid growth and corrosion (including hydrogen 
pickup) compared to Zr-4 grid data at equivalent burnup/fluence. 
 

RAI-27. Please provide the distribution (numbers) of assembly’s versus burnup with 
HMP end grids and have there been any fretting wear failures in designs with 
HMP (inconel) grids? 
 

RAI-28. Please provide the irradiated M5 strain data that confirms that the EPR 1% 
(elastic plus plastic) limit will be met at the maximum expected hydrogen level 
for EPR and at the upper limit for hydrogen set for AREVA fuel designs.  If 
irradiated M5 strain data are not available at the upper limit, how can AREVA 
be assured that the 1% limit can be met at this hydrogen level? 
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RAI-29. Please provide example small and large break LOCA initialization results (time 
zero for transient) from the approved fuel performance code such as fuel 
stored energy, gap conductance and rod pressure.  This should include the 
input for the fuel performance code and the output results such that a 
confirmatory analysis can be performed with the NRC fuel performance code.  
The output results provided should include those parameters used to initialize 
the LOCA such as peak node (identify node) stored energy, gap conductance, 
rod pressure, etc.  If the input at time zero are estimated by the LOCA system 
code from a fuel performance code result the methodology used by the LOCA 
code to simulate the fuel performance code result should be described along 
with the initialization results such as stored energy, gap conductance and rod 
pressure.  What methodology is used to determine the limiting initial conditions 
for small and large break LOCA because these results change with burnup?  
The following input information is needed to perform confirmatory analyses: 

 
a. Rod Size 

Outer diameter, Inner diameter, Pellet diameter, Stack length, Plenum 
length 

 
b. Spring Dimensions 

Spring outer diameter, Spring wire diameter, Number of spring turns 
 

c. Pellet Shape 
Pellet height, Central hole radius, Dish radius, Dish depth 

 
d. Pellet Isotopics 

Fuel U-235 enrichment, O/M ratio, Gadolinia content 
 

e. Pellet Fabrication 
Pellet density, Pellet surface roughness, Expected density increase (max 
densification) 

 
f. Cladding Fabrication 

Cladding type, Cladding cold work, Cladding surface roughness 
 

g. Rod Fill Conditions 
Fill gas pressure, Fill gas 

 
h. Reactor Conditions 

Type of plant, rod pitch, coolant pressure, coolant inlet temperature, 
coolant mass flux 

 
i. Power History 

Time, Linear heat generation rate (preferably rod average), Index for axial 
power profile shape, Axial power profiles 
 
   

RAI-30. Were rods included or excluded from the grids for the impact and static load 
tests?  If the rods were present were the springs relaxed to simulate EOL 
conditions?  Section  5.1.1.5 notes that a 95/95 one sided confidence of the 
mean elastic limit from the tests was used to verify that the grids remain within 
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the elastic range; however, most licensing analyses require a 95/95 one sided 
confidence of the data and not a 95/95 of the mean.  Please discuss this 
discrepancy.   
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