
 

 
December 9, 2016 

 
 
Mr. Gary Peters, Director 
Licensing and Regulatory Affairs 
AREVA Inc. 
3315 Old Forest Road 
Lynchburg, VA  24501 
 
SUBJECT: REQUEST FOR ADDITIONAL INFORMATION RE:  AREVA INC. TOPICAL REPORT 

ANP-10333P/NP, REVISION 0, “AURORA-B: AN EVALUATION MODEL FOR BOILING 
WATER REACTORS; APPLICATION TO CONTROL ROD DROP ACCIDENT (CRDA)” 
(CAC NO. MF3889) 

 
Dear Mr. Peters: 
 
By letter dated March 31, 2014 (Agencywide Documents Access and Management System 
(ADAMS) Accession No. ML14098A331), AREVA INC. (AREVA) submitted for U.S. Nuclear 
Regulatory Commission (NRC) staff review and approval Topical Report (TR) ANP-10333P/NP, 
Revision 0, “AURORA-B: An Evaluation Model for Boiling Water Reactors; Application to 
Control Rod Drop Accident (CRDA).”  Upon review of the information provided, the NRC staff 
has determined that additional information is needed to complete the review.  On November 9, 
2016, Alan Meginnis, AREVA Product Licensing Manager, and I agreed that the NRC staff will 
receive the response to the enclosed RAI questions within 60 days from the date of this letter. 
 
If you have any questions regarding the enclosed RAI questions, please contact me at 
301-415-4053.  
 
    Sincerely, 

 
/RA/ 
 
Jonathan G. Rowley, Project Manager 
Licensing Processes Branch 
Division of Policy and Rulemaking 
Office of Nuclear Reactor Regulation 
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Enclosure 
 
 

REQUEST FOR ADDITIONAL INFORMATION 
 

RELATED TO TOPICAL REPORT ANP-10333P/NP, REVISION 0 
 

“AURORA-B: AN EVALUATION MODEL FOR BOILING WATER REACTORS;  
 

APPLICATION TO CONTROL ROD DROP ACCIDENT (CRDA)” 
 

AREVA INC. 
 

(CAC NO. MF3889) 
 
 
Topical Report (TR) ANP-10333P/NP, Revision 0, “AURORA-B: An Evaluation Model for Boiling 
Water Reactors; Application to Control Rod Drop Accident (CRDA),” presents a methodology 
and supporting evaluations to extend the use of the AURORA-B code system to analysis of the 
CRDA.  The AURORAB code system is documented in TR ANP-10300P/NP, Revision 0, 
“AURORA-B: An Evaluation Model for Boiling Water Reactors; Application to Transient Accident 
Scenarios.”  The most significant regulatory requirement that the CRDA evaluation must satisfy 
is associated with General Design Criteria 28 in Appendix A to Title 10 of the Code of Federal 
Regulations, Part 50.  The Standard Review Plan, NUREG-0800, provides interim acceptance 
criteria for reactivity insertion accidents (including CRDA events) in Appendix B to Section 4.2.   
 
Potential Deviations 
 
Two of the most important parameters used to determine if the interim acceptance criteria are 
met (fuel rod enthalpy and fuel temperature) are directly dependent on the magnitude of the 
power burst resulting from the CRDA.  As a result, any potential deviation between the physical 
reality and the CRDA evaluation that may lead to a reduction in the limiting reactivity response 
in the CRDA analysis needs to be addressed.  The NRC staff has identified some such potential 
deviations and determined that the following information is required in order to complete the 
evaluation. 
 
RAI-1 
 
The primary mitigation mechanism for the CRDA event is the Doppler reactivity effect as the fuel 
temperature increases.  The TR explains that this effect ['''' ''''''''''''''''''' '''''''''''''''''''' '''''''''' ''''' '''''' 
''''''''''''''''''''''''' '''''''''''''''''' ''''''''''''''''''''''''''''''' ''''''''''''''' ''''''''''''''''''''' '''''''''''''''''' ''''''''' ''''''''''''''''''''''''' '''''''''''''''''''''''' '''''''''''''' 
'''''''''''''' '''''' '''' '''''''''''''''''''' '''' ''''''' '''''''''' '''''''''''''' ''''''''''''''''''''''' '''''''''''''''''''' ''''''''' ''''''''''''''''''''' '''''''''''''''''''''''''''''''  ''''''''' 
''''''''''''''''''''''''' '''''''''''''''' ''''''''' ''''''' '''''''''''' ''''' ''''''' '''''''''''''''' '''' ''''''' '''''''''''''''''''''''''''], which were set to maintain 
consistency with the steady state core simulator code (MICROBURN-B2).  The CRDA event is a 
very fast transient that primarily consists of a fuel power/temperature response and its mitigation 
by negative reactivity due to Doppler feedback.  As such, it would be expected to be more 
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sensitive to the accuracy of the MB2-K treatment of the variation in the strength of the Doppler 
effect in the fuel rod due to variation in the fuel temperature.  The TR provides results from a 
sensitivity study in Section 8.7.3.11, but it is not clear how the study supports the selected 
weighting factors or the uncertainty associated with the pellet radial power distribution.  Please 
provide a discussion of the technical basis supporting the weighting factors and the uncertainty 
selected for use with the CRDA analysis methodology, including the following: 
 

a. Changes in the radial fuel temperature distribution during the power excursion 
associated with the CRDA, and 
 

b. The impact of fuel geometry changes due to irradiation (in particular, pellet growth and 
cracking) on the radial fuel temperature distribution. 

 
RAI-2 
 
Page 8-24 of the TR discusses the technical basis for control rod modeling and its uncertainty.  
This discussion does not appear to address the fact that some control rods are designed with 
axial variations in neutron-absorbing material.  Such variations may affect the reactivity insertion 
curve during a CRDA.  Please provide a discussion of how axial variations in neutron-absorbing 
material used in the control rod blade will affect the reactivity insertion curve, including any 
limitations to the applicability of the recommended modeling approach and uncertainties.  

 
RAI-3 
 
Page 8-20 of the TR discusses the power history studies to justify the use of nodal average 
powers in constructing the rod power history effects.  The approach used appears to result in 
lower exposures for lower powered histories and higher exposures for higher powered histories.  
It is not clear if the observed changes in the enthalpy rise are due to the change in average 
power or the change in exposure.  The latter effect is not relevant because the CRDA analysis 
is performed at the cycle exposures which are considered to be most likely to be limiting.  If the 
intent of this study is to demonstrate that use of nodal average powers in constructing the rod 
power histories is acceptable, ['''''''''''''''' '''''''''''''''' ''''''''''''' '''''''''''''''''''''''''' ''''' ''''''''''''''''''''''''''''' ''''''' '''''''''''''' ''''' 
''''''''''''''''''' ''''''' '''''''''''''' '''''''''''''''''' ''''''''''''''''''] used to arrive at the same fuel exposure. 
 
RAI-4 
 
The sensitivity study documented in Section 8.7.2.3 for the core initial coolant temperature 
consists of a series of perturbations on the core initial coolant temperature.  An increase in the 
core initial coolant temperature would result in a reduction in reactivity due to the corresponding 
increase in fuel temperature and the Doppler effect.  If this was not compensated for in some 
other way (e.g., rod pattern adjustment), then the sensitivity studies may incorporate a less 
critical core as the starting point, which could reduce the severity of the prompt power pulse.  
Please provide a discussion of the effect of changes to the core initial coolant temperature on 
the initial reactivity of the core, and how they are captured by the sensitivity study. 
 
Scenarios Selection 
 
Some of the details provided in the TR for the approach used to select CRDA scenarios for 
analysis do not include a justification that the approach is appropriate for its intended purpose.  
If the CRDA analysis is performed for scenarios that do not bound the worst case scenario, then 
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a non-conservative result will be used to demonstrate that the acceptance criteria for the CRDA 
event are met.  Therefore, the NRC has determined that additional information is needed to 
clarify how the selection process outlined in the TR to select the appropriate scenarios for 
analysis will bound all possible scenarios. 
 
RAI-5 
 
Page 7-8 states that the rod drop with the highest static rod worths at three exposures for the 
cycle are used in the CRDA evaluation, along with other candidate rods identified to evaluate 
the impact of the CRDA on fuel rods with high exposure and cladding content.  The 
pellet/cladding mechanical interaction (PCMI) failure threshold is dependent on the hydrogen 
content in the cladding, so fuel with higher exposure may fail the acceptance criteria even if the 
prompt enthalpy rise is smaller than lower exposure fuel.  In order to address this possibility, 
selection criteria are provided to guide the selection of additional rods as necessary.  It is not 
clear how the proposed selection criteria will ensure that any potentially limiting rods will be 
identified for a broad range of possible cladding hydrogen contents, fuel types, and plant 
configurations.  Please describe how the selection criteria will be effective in identifying suitable 
candidate rods for analysis that will ensure that the acceptance criteria are met, especially for 
fuel with cladding hydrogen content in the range where the failure threshold rapidly decreases 
(75 to 150 parts per million). 
 
RAI-6 
 
Section 7.6 discusses the approach used to determine rod enthalpy increases for individual fuel 
rods, which is then used to determine how many rods will experience PCMI failure for fission 
gas inventory release purposes.  The text is not clear regarding how the ['''''''' ''''''''''''''''''' 
'''''''''''''''''''''''''''' '''' '''''''''''' ''''''' ''''''''' '''''''''''' ''''''''''' ''''''''''''''''''''' ''' ''''' ''''''''''''''''''' '''''''''' '''''''' ''''''' '''''''''''''''''''' ''''''''''''''' '''' 
''''''' '''''''''''''''''''''' ''''' '''''''' '''''''''''''''' ''''''''''''' '''''''''''' ''''''''' '''''''''' ''''''''''' ''''' '''''''''' ''''''' '''''''''' ''''''''''' '''''''''''''''' ''''''''''''''' '''' 
'''''''''''''' ''''''''''''''  ''''''' ''''''''''''''''''''''''' ''''''''''''''''''''' ''''''' ''''''''''''''''''''' '''''''' '''''''''''''''''''' ''''''''''''''''''''''' '''''''' ''''''''''''''''''''''''' 
'''''''''''''''' '''''' ''''''' ''''''''''''''''''''''' ''''''''''''''''''''' ''''''''' ''''''''''''''''''''''''' '''''''''''''''''' ''''''''''''''''''''''' ''''''''''''' ''''''''' '''''''' 
'''''''''''''''''''''''''''' ''''''''' ''''''''' ''''''''''''''' ''''''' ''''''''''''''''''' ''''''''''''''''''''' '''''''' '''''''''''' ''''' '''''''''' '''''''''''' ''''''''' '''' '''''''''''' '''''''''' 
''''''''''' ''''''''''''''''' '''''''' '''''''''''''''''''''''' '''''''''''''''''''''' '''''''''''''''''' ''''''''''''''''''' ''''''''' ''''''''''''''''''''''''' '''''''''''''''''''' ''''''''''''''''''' '''''''' 
'''''''''''''''''''''''' '''''' '''''''  ''''''''' ''''''].  Please describe why this assumption ['''' '''''''''''''''''''' '''' '''''''''''''''' '''''''''' ''''''' 
''''''''''''''''''''''''] would be expected to yield bounding results of fission gas inventory releases for all 
possible fuel lattices, including those with strong poisons that have not yet fully burned out or 
those that have experienced strongly asymmetric operating conditions (e.g., adjacent control 
rod insertion). 
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RAI-7 
 
Section 7.7 describes the evaluation of the CRDA event for at-power conditions using the critical 
power ratio (CPR).  The proposed approach seems sufficient for typical analyses, but it is not 
clear how broad the generic applicability of the analysis is.  Based on the discussion in the TR, it 
appears that the [''''''''''''''''''' '''' ''''''' '''''''''''''''''''' '''''''''''''''' '''''''''''' '''' '''''''''''' ''''''''''' '''''' ''' '''''''''''' ''''''''''''' ''''' 
''''''''''''''''''' '''''''''' ''' ''''' '''].  If that is true, please describe how unusual operating conditions may 
affect this determination, such as insertion of suppression rods which result in a radial 
asymmetry in the core power distribution. 

 
RAI-8 
 
The TR does not appear to discuss the applicability of this methodology to mixed cores.  Please 
describe any limitations or changes necessary to account for cores with non-AREVA fuel, 
including evaluation parameters not directly involved in the CRDA calculation such as the 
cladding hydrogen content. 

 
Sensitivity studies were performed on various input parameters for the CRDA calculation.  In 
some cases, these studies were used to support use of a bounding value for the CRDA 
analysis.  In other cases, the study results were used to support a value for the uncertainty in 
the enthalpy rise.  These studies and their results are used to provide reasonable assurance 
that the results of the CRDA analysis will bound real-world conditions.  The NRC identified some 
cases where the sensitivity study approach or the conclusions did not clearly support the 
intended purpose, so further information is necessary. 
 
RAI-9 
 
A number of the conclusions derived from the sensitivity studies do not appear to be supported 
by the actual results from the calculations performed for the studies.  For example, 
Section 8.7.2.5 discusses the sensitivity of the CRDA analysis results to the initial core flow.  
The text states that the prompt enthalpy rise decreases as the initial core flow increases, while 
the total enthalpy increases as the initial core flow increases.  This is used to support the use of 
a minimum core flow as a bounding value for determining the prompt enthalpy rise.  However, 
no clear recommendation is given for evaluation of the total enthalpy, and the sensitivity studies 
show that the limiting value for the prompt enthalpy rise was calculated for an initial core flow 
just above the recommended minimum value.  Please provide further clarification for the 
behavior of the prompt enthalpy rise as a result of variations in the initial core flow, and provide 
guidance on the appropriate initial core flow to use when evaluating the total enthalpy. 
 
RAI-10 
 
Section 8.7.4 states [''''''''' ''''''' ''''''''''''''' ''''''''' ''''' ''''''''' '''''''''' ''''' ''''''' ''''''''''''''''''' '''' ''''''''''' ''''' '''''''''''''''''''''''''' '''' 
''''''''''''''''''''''''''''' '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' '''''''''''' '''''''''''''''' ''''''' ''''''''''''''''''''''''''' '''''''''' ''''''''' ''''''' '''''''''''''''' ''''' 
''''''''''''''''''''''''''''''  ''''''''''''''''''''''' '''''''''''''''''''''' '''''''''' '''''''''''''''''''''''''''''''' '''' ''''''''''''''''''''''''''''' '''''''''''' ''''''' ''''''''''''' '''''' '''''''' 
'''''''''''''''''''''''' ''''' '''''''' ''''''''''''''''''''' ''''''''''''''''''''''''''  ''''''' ''''''''''''''''''''''''''''' '''''''''''''''''' '''''''''''''''''' ''' ''''''''''''''' '''''''''''''' 
''''''''''''''''''''''''''''''''' ''''''''''''''''''''''''''''' ''''''' '''''''''''''''''''''''''''' '''''''      '''''''' '''''''''''''''].  Please provide a justification 
for the appropriateness of the statistical approach used. 
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Time Step Size 
 
The guidelines from TR ANP-10300 were reviewed against the guidance provided in this TR.  
For the most part, the NRC staff assumed that the general AURORA-B guidance would also be 
appropriate for the CRDA analysis.  [''''''''''' ''''''''''''''''''' '''''''''''''''''''''' '''' '''''''' ''''''''''' '''''''''' ''''''''''''  '''''''' 
'''''''''''''''''''''''' '''''''''''''''''''''''' ''''''''''''''''''''''''' ''''''''''''''''''''''' ''''''''''''''''''''''''''''' '''''''''' ''''''''''''' '''''' ''''''''''''' ''''''''''''' ''''''''' ''''''''''''''' 
'''''''''''' ''''''''' ''''''''''''''' ''''''''''''''''  ''''''''''''''''''''''''''' ''''''''' '''''''''' '''''''''' ''''''''' ''''''''''''' ''''''' '''''''''''''''''''''''''''''' ''''' '''' '''''''''' 
'''''''''''''''''''' ''''' '''''''''''''''''''' '''''''' ''''''''''''''' '''''''''''''''''''' '''''''''''''''''''' ''''''''' '''''''''''''''''' '''''' '''' ''''''''''''' '''' ''''''' ''''''''''''''''''' 
''''''''''''''''''''''' '''''''''''''''''''' '''''''''' ''''''''''''''''''''' ''''''''''''''''' '''''''''''''''''''''' '''''''''''''''].  The TR was not clear on how the 
time step size guidance supported this goal, so additional information is necessary. 
 
RAI-11 
 
The TR recommends a different time step size for some CRDA evaluations due to the nature of 
the transient.  Sensitivity studies were performed to determine the impact of any further changes 
in time step size.  However, it is not clear how the specific value recommended in the TR was 
determined.  The documentation of the sensitivity studies only discusses calculations performed 
at a different time step size.  Please clarify if the discussion on the time step sensitivity in 
Section 8.7.1 was intended to characterize the sensitivity study as showing that a further 
change in time step size beyond the recommendation in Table 7.5 would not yield a significant 
change in calculated enthalpy.  If the NRC staff interpretation is in error, please provide 
sufficient information to enable an understanding of how the sensitivity study relates to the final 
recommendation on time step sizes. 


