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Response to Request for Additional Information Related to NEI 12-16, Guidance for 
Performing Criticality Analyses of Fuel Storage at Light Water Reactor Power Plants, and 

EPRI Report 3002003073, “Sensitivity Analysis for Spent Fuel Pool Criticality” 
 

 
NEI 12-16 Revision 1 was submitted to the NRC on April 18, 2014 [ML14112A516] after a series of four 
all-day meetings with the NRC between September 2013 and February 2014. In each of these meetings 
the industry and NRC developed action items and technical areas that needed further explanation in the 
guidance document. Additionally, the Electric Power Research Institute (EPRI) agreed to perform 
sensitivity analysis in support of the revised NEI guidance document. EPRI detailed the scope of the 
proposed work at the beginning of each meeting for NRC discussion and consensus. These discussions 
and identified action items are documented in each of the four meeting summaries [ML13264A008, 
ML13309B558, ML14021A018 and ML14051A252] that are available in ADAMs. 
 

The changes being incorporated into NEI 12-16, Revision 1 were based on the discussions and meeting 
summaries and reflective of the agreed upon action items. In many cases the Requests for Additional 
Information (RAIs) on NEI 12-16, Revision 1 and the EPRI Sensitivity Report 3002003073 do not appear 
to be consistent with the consensus reached during those meetings. However, responses will be 
provided to each of the RAIs provided by the NRC. 

1. In much of NEI 12-16 it is difficult to distinguish specific guidance for standard methodologies from a 
general overview of the subject matter. Revise the report to clearly identify and define standard 
methodologies in enough detail that NRC staff can review and endorse using the methods described. 
When specific guidance is being given, include the following:  

For each topic, include: 

a. Detailed description of the standard method to be used, including:  
• analysis approach/technique description 
• conditions, prerequisites, and range of applicability 
• data requirements 
• simplifications, approximations and assumptions used 

Response: 

NEI 12-16 generally provides a description of the analysis scope needed for criticality safety analyses and 
summaries of acceptable analysis approaches for each element of the analysis. The approaches 
described in NEI 12-16 have been found acceptable on individual license amendment requests, and the 
NEI guidance document is providing a single source document that summarizes these acceptable 
approaches for use by future applicants. Other acceptable approaches may be proposed by individual 
licensees in the context of their site-specific analysis. See the response to RAI-2 and RAI-3 on how 
licensees will document deviations from the NEI 12-16 guidance document. 

b. Justification and bases supporting the acceptability of the method 
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Response:  

Justification is provided through prior NRC approval of the methods that are summarized and described 
in the guidance document. As such, NEI 12-16 is intended to serve as guidance to individual applicants 
and NRC reviewers, once endorsed by the NRC, in a similar manner as the Standard Review Plan or a 
Regulatory Guidance document. NEI 12-16 summarizes approaches considered generally acceptable by 
industry and that have been part of analyses approved by the NRC. Where it was deemed necessary for 
individual elements of the analysis, justification is provided in the applicable section of NEI 12-16. 
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2. One of the objectives of NEI 12-16 is to facilitate a timely and efficient NRC review. Please consider 

revising the report to specifically address criticality analysis report format and content. Include 
recommendations that ensure criticality analysis report content will be adequate to permit NRC staff 
to assess compliance with regulatory requirements, to gain a reasonable assurance of safety, and to 
perform any confirmatory calculations deemed necessary by NRC staff.  

Response:  
 

Guidance on the format and content of the license amendment request to be submitted to the NRC is 
being developed for inclusion as an appendix to the guidance document. This appendix will be created 
by reviewing the format and content of several recent spent fuel pool criticality submittals. A checklist 
will also be developed for licensees to complete as part of their LAR, indicating those parts of the 
guidance document that are adhered to, and those parts which deviate from the guidance. This checklist 
will also allow NRC to focus review on areas that do not adhere to the endorsed guidance. The appendix 
and checklist will be included in the updated version of NEI 12-16. 
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3. In order to simplify the NRC review of NEI 12-16, please revise the report to include discussion on 
how NEI 12-16 is to be used and provide guidance on the following:  

c. How analysts are to document use of the standard method(s).  
d. How requirements, recommendations, and permissive statements are to be interpreted by 

guidance users. 
e. The identification, description, and justification of deviations from standard methods and 

recommendations. 

Response: 

The response to RAI-1 addresses the role of the NEI 12-16 guidance document. The role of the 
guidance document was discussed in the first of four meetings between NRC and industry on 
September 24th, 2013 and is described in Section 1.1 of NEI 12-16: 

“This document provides acceptable methods for performing criticality analyses for light-water 
nuclear reactor spent fuel pool storage racks and new fuel vaults.” 

As such, a licensee would use NEI 12-16 as a guide for performing their spent fuel criticality analysis 
and for creating the documentation to submit to the U.S. NRC for review and approval. An appendix 
to the guidance document is being developed to describe the format and content of the submittal 
including a checklist for licensees to complete and submit with their application, detailing areas 
where the applicant has adhered to or deviated from the guidance in NEI 12-16. 

Any deviation from the requirements or recommendations detailed in NEI 12-16, would need to be 
documented by the applicant and identified in the submittal to the NRC through the checklist. 
Permissive statements are included in the guidance document to allow flexibility to applicants. 
Applicants should clearly describe the approach taken to address the permissive statement. 
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4. The next to last sentence in the “FOREWORD” is the following: 

This industry document is developed as a comprehensive guide that presents an acceptable 
approach to comply with the regulations, and upon NRC endorsement would supersede 
previous guidance documents. 

Revise the report to modify or exclude this language. We cannot make general conclusions about 
topics so broad as previous guidance documents.  

Response:  
 
As described in each of the four meetings between NRC and industry that occurred between September 
2013 and February 2014, one of the key purposes of the development of the guidance document was so 
that it could encompass and expand on the level of detail that exists in current guidance documents, 
such as the 1978 Grimes letter, the 1998 Kopp memo and DSS-ISG-2010-001 (thereby superseding 
them). Applicants would use NEI 12-16 as a single source reference in lieu of the previously issued 
guidance documents listed above. 
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5. Revise the report to explicitly address the following issues, which were not addressed: 

a. Identification and justification of credited actinides and fission products. 
Response:  

NEI 12-16 provides guidance in Appendix A regarding the appropriate validation of the major and minor 
actinides and the fission products, however the report did not include an explicit identification of the 
credited isotopes in a criticality safety analysis. Applicants may credit all actinides and fission products 
available in the criticality analysis code and depletion code used in the application. Justification of credit 
for all actinides and fission products is based upon the conclusion of NUREG/CR-7109 as discussed in 
Section A.2.1 of NEI 12-16 and prior NRC approval of this approach on previous submittals to the NRC 
over the last two decades. It is recognized that applicants would need to account for the uncertainties 
associated with fission products and minor actinides through a bias or uncertainty as is recommended in 
NEI 12-16 and NUREG/CR-7109. The one exception is the exclusion of Xenon as discussed in the Cooling 
Time discussion of Section 4.2.1. Section 3.1 is being updated to clearly specify the use of all available 
isotopes from the computer codes used in the criticality safety analysis. 

b. Inclusion of the impact of changes to reactor operation, i.e. power uprates and cycle lengths that 
may affect NCS analyses. 

Response:  

Section 4.2.1 describes the appropriate treatment of parameters important to the depletion analysis, 
including the use of the appropriate power value in depletion analysis. As a result of RAI-13, Section 
4.2.1 is being updated to more clearly spell out the use of the maximum power, based on using the 
nominal reactor power combined with an appropriate fuel assembly peaking factor. 

ORNL/TM-12973 was one of the first studies to investigate the impact of various operating histories on 
the reactivity of individual fuel assemblies. This was followed up later by NUREG/CR-6665. In both 
reports, the impact of various cycle operating histories was concluded to be small (< 0.2% ∆k) compared 
to the use of a continuous power operation cycle history. Given that NEI 12-16 recommends using a 
constant upper-bound power, which maximizes fuel and moderator temperature, this assumption 
creates a bounding isotopic inventory and fuel assembly reactivity that compensates for slight 
differences in the operating history. 

The impact of any changes to reactor operation outside the bounds of the analysis of record would be 
evaluated under the 50.59 process to determine whether a licensee would need to submit a revised 
analysis to the NRC for approval or whether the change could be made under licensee control. NEI 12-16 
does not include any guidance in this area as NEI 96-07 provides NRC endorsed guidance in this area.  
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c. Inclusion of the impact of changes to fuel designs, i.e. uranium–235 (235U) content and increased 
pressure drop across fuel assemblies that may affect NCS analyses. 

Response:  
 
A criticality safety analysis would address any past and current fuel designs. If at the time of application, 
any new or future designs are anticipated, it would be the decision of the licensee to include these in 
the application. Maximum uranium enrichment is already included in the design features of the 
Technical Specification. Any changes of fuel designs, not impacting the Technical Specification would be 
evaluated under current NRC regulatory processes that are available to the licensee (i.e., 50.59 process, 
license amendment request process). NEI 12-16 does not include any guidance in this area as NRC 
endorsed guidance already exists in this area in NEI 96-07. There is no change to NEI 12-16 as a result of 
this RAI. 

 
d. Guidance for analysts to include: 

i. Explicit conclusions concerning compliance with relevant regulatory requirements.  
ii. A clear statement of limits, controls and requirements derived from the criticality 

analysis.  
iii. A clear statement of key limitations associated with the scope of the criticality analysis 

and methods used in the criticality analysis such as fuel assembly designs considered, 
reactor depletion conditions used, bounding modeling simplifications used, etc. This is 
important to support unambiguous screening of future changes. 

Response:  
 

i) Section 1.3 contains a list of the appropriate regulatory requirements, including GDC 61, GDC 62 and 
10 CFR 50.68 that would need to be met by a criticality safety analysis. 

ii) The applicant should develop the appropriate Technical Specification requirements based on the 
results of the criticality analysis. For PWR spent fuel pools, this would be the appropriate burnup 
versus enrichment curve for each unique storage configuration. For BWR spent fuel pools, this 
would be the appropriate kinf in the Standard Cold Core Geometry (SCCG). 

iii) This document is not intended to supersede previous NRC endorsed guidance on design changes 
under licensee control versus requiring prior NRC approval. The process identified in NEI 96-07 
already provides unambiguous criteria for screening design changes under licensee discretion. 

 
e. Identification of fuel and fuel designs covered by the guidance. 

Response: See response to RAI-5c and RAI-49 



Attachment  

8 

 
6. Section 1.4 covers the use of the double contingency principle (DCP). The DCP is consistent with 

current NRC guidance regarding NCS analysis for fresh and spent nuclear fuel. Additionally, the DCP 
is consistent with the overall concept of defense in depth.  

a. However, it is not the current intention of the NRC to endorse or appear to endorse in whole 
or in part ANSI/ANS-8.1. Revise NEI 12-16 to remove the citation of ANSI/ANS-8.1. 

Response:  

ANSI/ANS-8.1 is the clearly accepted consensus standard for the double contingency principle. Removal 
of the citation is not possible as it would not provide the correct context. Inclusion of ANSI/ANS-8.1 as a 
reference does not constitute an endorsement of the reference itself. Several other references are also 
included in the document, that also would not be formally “endorsed” though the endorsement of NEI 
12-16. No changes were made to NEI 12-16 as a result of this RAI. 

b. It is not clear from the guidance that independence must be shown before the DCP can be 
applied. The guidance should be clear that independence must be shown before the DCP is 
used to constrain the analysis. 

Response:  

Independence of events is an important part of the double contingency principle. Section 1.4 already 
addresses the importance of this principle: 

“…nuclear criticality analysis is required to demonstrate that criticality cannot occur without at 
least two unlikely, independent and concurrent incidents or abnormal occurrences.” 

No changes were made to NEI 12-16 as a result of this RAI. 
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7. Section 1.5 discusses the role and use of precedents. 

a. Consider expanding this section to include a statement similar to the following: 

It should be noted that past acceptance by the NRC of a practice does not guarantee 
that use of the precedent will be accepted. Occasionally, an analysis flaw or error is 
recognized, thereby invalidating a precedent. When in doubt, discuss with NRC staff. 

Response:  

There are already processes in place for licensees to address flaws or errors in existing analysis (e.g., 
operability determination or functionality assessment) along with the ability for licensees to determine 
whether the identified error would need subsequent NRC approval to be addressed (i.e., 50.59). No 
changes were made to NEI 12-16 as a result of this RAI. See also the response to RAI-7b. 

b. As currently written it appears as if the onus for identifying changes to precedents falls solely 
upon the NRC. Revise the guidance to indicate that applicants equally have a responsibility to 
identify changes to precedents. 

Response:  

It is agreed that the applicant has a responsibility to identify changes to precedents. Please note the 
current wording in Section 1.5: 

“In order for a licensee to use precedence in an application, the licensee should demonstrate 
the applicability to its site specific analysis reflecting an evaluation of the similarities and 
differences from the original use. Precedence should be used within the confines of the 
limitations of the context established when previously approved. Precedence may be used in 
whole or in part and should be technically justified. Any similarities or differences should be 
technically supported and demonstrated as appropriate. Consideration should also be given to 
any NRC guidance that has been documented from the time of the approval of the original 
occurrence to the time of the application that uses it as precedence.” 

This clearly establishes a responsibility to the applicant to justify the prior use of a precedent. No 
changes are made to NEI 12-16 as a result of this RAI. 
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8. Section 1.6 discusses the use of assumptions and engineering judgment. It is not clear how 

approximations and simplifications are treated. Approximations and simplifications are not 
assumptions. If the intention is that approximations and simplifications are treated the same as 
assumptions, then revise NEI 12-16 to make that clear. Otherwise provide guidance for documenting 
and justifying approximations and simplifications.  

Response:  

Section 1.6 covers the use and documentation to be included in a criticality safety analysis for 
assumptions and engineering judgement. Applicants may make simplifications or approximations in the 
development of their models based on the particular codes or modelling approaches used in the 
analysis. This area is left up to the individual analyst and applicant to identify and document any 
simplifications or approximations. It should be noted that the discussion of engineering judgment and its 
relationship to assumptions is equally applicable to the use of approximations and simplifications. It is 
also applicable to use prior precedent as discussed in Section 1.5. An applicant or specific analyst may 
cite previous examples of simplifications, approximations or assumptions, if the NRC has already found 
these approaches acceptable on previously approved applications. No changes are made to NEI 12-16 as 
a result of this RAI.  
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10. Revise the report to include guidance for analysts to document which codes and data were used and 

whether or not any code or data patches or other modifications have been made. The guidance must 
direct the analysts to document the specific code and data versions used in the analysis and 
validation studies. 

Response:  

The requested guidance is already included Section 3.1, paragraph 5:  

“The licensee should state which codes were utilized along with the type/version of cross section 
libraries. The use of the term computer code in this document means the combination of the 
computer code and cross-section library. The code version and cross section set used in the analysis 
should be the same as those used in the validation of the codes.” 

No changes will be made to NEI 12-16 as a result of this RAI. 

a. Include guidance to document significant computer input options and methods used, 
convergence criteria used, selection of keff values, convergence checks performed, and evaluation 
of warning and error messages.  

Significant computer input options and methods typically include things like: 
• Neutrons per generation 
• Generations skipped 
• Number of generations 
• Monte Carlo calculation uncertainty 
• Nuclear data scattering order used  
• Multi-group data resonance processing models and parameters used 
• Convergence criteria used, such as maximum flux difference, maximum eigenvalue 

difference, or maximum Monte Carlo uncertainty 
• Initial neutron distribution for Monte Carlo method calculations  

Response: 

The selection of input parameters and identification of acceptability of results based on convergence are 
part of the analyst’s responsibility to ensure accurate results under the appropriate quality assurance 
program. The following general guidelines are provided below, and are being added to Section 3.1 of NEI 
12-16: 

The convergence of the Monte-Carlo criticality code is sensitive to various parameters, including: 1) the 
number of neutrons per generation, 2) number of generations skipped prior to averaging, 3) the total 
number of generations, and 4) the initial source distribution. The choice of these parameters is intended 
to optimize calculational accuracy and computer processing time. The initial source distribution should 
be specified appropriately for the type of code being utilized and geometric configuration(s) being 
analyzed. 
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The Monte Carlo uncertainty is a result of the parameters selected above. There is no stipulation or 
requirement specified on the magnitude of the resultant Monte Carlo uncertainty, as it is incorporated 
into the overall calculational result with other uncertainties.  

A description of the criteria for determining acceptability of convergence should be included as part of 
the application. 
 

b. The guidance on nuclear data libraries is vague and implies that any library would be acceptable. 
However, there is no guidance on how to select or justify the library. Revise the guidance to 
include the use of particular libraries or provide guidance on selecting the library.  

Response:  

The requested guidance is already included in Section 3.1, paragraph 4: 

“The codes to perform depletion and criticality calculations rely upon the use of cross-section 
libraries. Cross-section libraries used in the criticality analysis should be widely accepted and peer 
reviewed. Cross-section libraries that have previously been found acceptable for use include the 
multi-group and continuous energy ENDF/B series.” 

This paragraph addresses the use of particular libraries (i.e., ENDF/B series) and guidance on 
selection/justification of particular libraries (i.e., widely accepted and peer reviewed). No change is 
made to NEI 12-16 as a result of this RAI. 

 



Attachment  

13 

 
11. The last sentence in the last paragraph of Section 3.1 states: “The code version and cross section set 

used in the analysis should [emphasis added] be the same as those used in the validation of the 
codes.” Revise the report to make this a requirement. Any exceptions would be treated as a deviation 
from the standard guidance and dealt with on a case by case basis.  

Response:  

The use of the same cross-section and code version for the analysis and validation is highly 
recommended, since it simplifies the analysis by not requiring the inclusion of a separate bias or 
uncertainty to accommodate results from different code versions and libraries between the analysis 
and the validation. While it is not anticipated that an applicant would use different code versions or 
cross-section libraries, there may be justifiable reasons for taking this approach (e.g., code version no 
longer available, identified issues with a particular code version or library that no longer make it 
advisable to continue to use, etc.). Section A.4 provides an example of an alternate code validation 
approach that could be applied to justify using a different code or library for the analysis, provided 
that it is properly justified. 

The last paragraph of Section 3.1 will be revised to state: 

“It is highly recommended that the code version and cross section set used in the analysis be the 
same as those used in the validation of the codes for simplicity and reduction of calculational 
burden.” 

Exceptions to this recommendation should be treated as a deviation from the NEI 12-16 guidance, and 
need to be appropriately justified by the applicant. 
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12. Expand the list of depletion-related parameters provided in Section 4.2 to include moderator density, 

fuel temperature, power density, axial and radial burnup distributions, post-irradiation cooling time, 
and fuel assembly design characteristics. 

Response:  
The terms included in the list at the beginning of Section 4.2 are intended to identify those parameters that 
are inputs into the depletion code for modelling the spent fuel isotopic inventory for use in the criticality 
code calculations. The moderator density, fuel temperature, and power density are all covered by “absolute” 
power (See RAI-13) and are included in the first bullet of the list included in Section 4.2.  
 
While it is recognized that post-irradiation cooling time impacts the isotopic inventory, it is not a “depletion” 
parameter, but an adjustment of the isotopic inventory from the depletion analysis, after irradiation. Cooling 
Time is already addressed separately in Section 4.2.1.  
 
As with post-irradiation cooling time, axial and radial burnup distributions are not depletion related 
parameters; they are constructed from the depletion calculations. Axial burnup distributions are factored 
into the criticality analysis for PWRs (Section 5.1.3).  
 
Fuel assembly design characteristics are not a depletion parameter, but are addressed in Section 5.1.1 in NEI 
12-16, Revision 1. No changes are made to NEI 12-16 as a result of this RAI. (See also response to RAI #13).  
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13. The first parameter listed as one of the “most important parameters” is the relative power during 
depletion. The NRC staff believes that the actual power density is more important than relative 
power as a focus on relative power may miss the impact that power uprates have on the nuclear 
criticality safety analysis.  

Response:  
Both absolute reactor power and fuel assembly relative power are used to determine the fuel assembly 
absolute power. Section 4.2.1 is being revised to address the relationship between absolute reactor power 
and fuel assembly relative power. 
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15. The “Soluble Boron during Depletion” paragraph states, “It has been shown that treatment of the 

soluble boron as a burnup averaged value results in the same effect on the fuel reactivity as 
modeling the actual boron concentration changes as a function of time [30].” The cited reference is 
misrepresented as it indicates using a burnup averaged soluble boron concentration value is likely 
conservative with respect to modeling the actual boron concentration changes for fuel assemblies 
that have completed the entire cycle. However, the reference also indicates that when the entire fuel 
cycle is not completed the use of a burnup averaged soluble boron concentration value is likely non-
conservative with respect to modeling the actual boron concentration changes for fuel assemblies. 
Therefore, revise the report to: 

a. Provide guidance concerning how the burnup averaged soluble boron concentration should be 
calculated. 

Response: 

The recommended approach in NEI 12-16 is for the analyst to perform the depletion analysis with a 
conservatively high cycle-average soluble boron (to bound future cycle-average soluble boron contents 
that increase with time due to increased fuel enrichment and fuel utilization). The licensee will confirm 
the actual cycle-average soluble boron for the purposes of confirming the individual cycles meet the 
inputs of the approved analysis. A burnup-weighted cycle-average soluble boron is recommended for 
comparison to the analysis input. This can be performed prior to shutdown for verification purposes. 

b. Provide guidance concerning the potential non-conservatism of using a cycle average soluble 
boron concentration for a mid-cycle shut down and discharge of fuel to the SFP. 

Response: 

A licensee would evaluate a mid-cycle offload in accordance with the licensee’s corrective action 
program and current NRC guidance for identifying and resolving potential non-conservatisms or 
unanalyzed conditions in a design basis analysis. If an issue is identified, the licensee would make an 
initial operability determination, and subsequently evaluate in accordance with 50.59 to determine 
whether NRC approval is required. As a default, any fuel assembly could be conservatively treated as a 
fresh fuel assembly. It should be recognized that mid-cycle shutdown and offload of the reactor core to 
the spent fuel pool is a rare event because of the significant improvements made in nuclear plant 
operations. This section is being updated in NEI 12-16 to reflect these considerations. 

c. Remove the mischaracterization of the cited reference. 

Response: 

The description of the cited reference is accurate; modelling the soluble boron as a burnup averaged 
value results in the same reactivity effect as modelling the actual boron concentration as a function of 
time. However, it is recognized that there is an inherent assumption in the calculation of the cycle-
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average soluble boron used in the analysis that the reactor core will operate over the entire cycle (i.e., 
no mid-cycle shutdown).  

Refer to the response in RAI-15b regarding the update to NEI 12-16.
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16. Revise the subsection on “Burnable Absorbers” to provide more comprehensive guidance, defining 
the standard method, for modeling integral burnable absorbers, such as the Westinghouse Integral 
Fuel Burnable Absorber and UO2 rods containing gadolinia or erbia, during depletion calculations. 
This guidance should include consideration of part-length absorber sections and reduced pellet 
density in UO2 rods containing burnable absorbers. Provide justification for recommended methods. 

a. Revise this section to provide more complete guidance for modeling of removable burnable 
absorbers in depletion calculations. For example, how are part-length burnable absorbers 
handled? How are the axial spacer sections of burnable absorber rods modeled? What analysis 
techniques and practices are required for accurate or conservative burnable absorber rod 
depletion? Provide justification for the standard method.  

Response: 

This section focuses on the impact of burnable absorbers on the isotopic concentrations obtained from 
the depletion calculations. The “Burnable Absorbers” section of 4.2.1 will be updated to address each of 
the identified issues in the following manner: 

Part Length Burnable Absorbers 

For part-length absorbers, it is conservative to model the absorber as full length, as the hardening of the 
spectrum is applied to axial sections that do not contain absorbers. An inherent assumption behind this 
conservative approach is that any residual absorber is not credited. However, it is acceptable for an 
applicant to perform separate depletion calculations with and without absorbers, with the appropriate 
isotopic concentrations applied to each axial section in the criticality analysis. For burnable absorbers 
that are inserted into the guide tube and modelled as part length, separate depletion calculations for 
the regions above/below the burnable absorber should be modelled with water displaced in the guide 
tubes and the appropriate isotopic inventory applied to these nodes in the criticality models. 

Reduced Pellet Density 

For UO2 rods containing integral burnable absorbers (i.e., Gadolinium, Erbium), the inclusion of the 
burnable absorber displaces UO2. The “Burnable Absorber” portion of Section 4.2.1 will be updated with 
the following recommendation: 

“For PWR fuel with Gadolinium and Erbium absorbers it is conservative to neglect the burnable 
absorber. Therefore, it is recommended that Gadolinium and Erbium (i.e. absorbers that are 
integrated into the fuel pellet) are neglected in the criticality analysis.”  

 This recommendation makes it unnecessary to specify the reduced pellet density. 
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Analysis Techniques 

As described in the last sentence of the “Burnable Absorber” section, nominal dimensions are used. This 
is conservative as the recommended approach is to analyze the highest burnable absorber loading (i.e., 
produces the largest reactivity effect compared to no absorbers) and apply it to all fuel assemblies, 
regardless of whether all assemblies contained the burnable absorber. The approach is also combined 
with using the conservative power and temperature considerations discussed in Section 4.2.1 (i.e., no 
consideration of the localized flux, power and temperature suppression due to the burnable absorber). 

b. The 3rd paragraph under “Burnable Absorbers” includes the following text: 

If Gadolinium or Erbium is to be neglected, the volume averaged enrichment may be 
used in the criticality model. Recent analysis has shown this to be a conservative 
approach [31]. 

The analysis documented in Section 12 of Reference 31 is too limited to support adoption of a 
broad conclusion that use of the volume averaged enrichment is always conservative. Provide an 
appropriate justification or revise the recommended method to a more defensible approach. It 
should be clarified that it is not appropriate to apply volume averaging to axially-varying 
uranium enrichments.  

Response: 

The use of the term “volume averaged enrichment” will be changed to “planar averaged enrichment”. 
Reference 18, 31 and 34 of NEI 12-16 support this approach. 
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17. Revise Section 4.2.1 to cover the following additional depletion related topics: 

• Dimensions and materials used in depletion models. 
Response: 
The use of nominal dimensions and material compositions is recommended. This is discussed in the last 
sentence of Section 4.1. 

 
• Depletion calculations for axial blankets. 

Response:  
The depletion calculations for lower enriched axial blankets would be the same as for the higher 
enriched central region of the fuel assembly, with the exception of the fuel enrichment. Some axial 
blankets are also annular, which would be modeled in the depletion analysis. 

 
• Modeling of water displacement above and below the active components in burnable absorber 

inserts, axial power shaping rods, flux suppression inserts. 
Response: 
See response to RAI-16a 

 
• Use of maximum, lattice-average, or rod-specific enrichments for depletion calculations. 

Response: 
The use of lattice-average enrichments for depletion is recommended for simplicity of modelling. 
NUREG/CR-6760 provides justification of this approach. 

 
• Depletion time or burnup step size. 

Response: 
The burnup step size needs to be sufficiently small to ensure proper calculation of the isotopic inventory 
from burnup step to burnup step. The analyst should review the recommendation of the depletion code 
documentation. 

 
• Use of lumped fission products during depletion calculations. 

Response: 
The use of lumped fission products is not in the scope of NEI 12-16. An applicant using a computer 
code/cross section library that includes lumped fission products, would be a deviation from NEI 12-16. 

 
• Modeling of grids during depletion, including local flux/burnup depression. 

Response: 
Grids are modeled the same as the surrounding moderator in the depletion calculations. Westinghouse 
addressed this issue in WCAP-17483 (proprietary) which can be made available as part of an audit. 
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• Modeling of bypass flow (i.e. in guide tubes and instrument tubes) water density 
Response: 
Bypass flow is not explicitly modelled in the depletion codes used for calculating the isotopic inventory 
of spent fuel; however this feature would be inherently captured through the use of a conservative Fuel 
temperature and moderator temperature and density (and void percentage for BWR fuel). 

 
• Unusual depletion conditions such as extended part power operation and extended shutdown 

time between cycles. 
Response:  
Extended part-power operation would be at a reduced moderator and fuel temperature and therefore 
would be bounded by the recommended approach in Section 4.2.1. For extended shutdown time 
between cycles, see the response to RAI-5b. 

 

 Section 4.2.1 is being updated to reflect these RAI responses. 
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18. The following comments are provided on Section 4.2.2, which covers “Fuel Assembly Physical 

Changes with Depletion”: 

a. From the second paragraph, it is indicated that the study was performed only for Westinghouse 
15x15 fuel.  

The following text is provided near the top of page 10: 

The behaviors exhibited by the pellet and clad are not specific to any reactor design, they 
are applicable to all UO2 fueled plants. 

The conclusion to Section 4.2.2, which states that “fuel geometry changes with depletion do not 
need to be explicitly modeled,” is based on a limited study of a single Westinghouse 15x15 fuel 
design. Provide adequate justification supporting the applicability of the study results to other 
fuel assembly designs. 

Response:  

The study which supports NEI 12-16 Revision 1 is sufficient to draw generic conclusions regarding fuel 
geometry changes during depletion because of the nature of the parameters and systems studied. Each 
of the parameters considered behaves in the same manner across all fuel designs; pellets densify and 
then swell, clad creeps down then expands, and clad thickens then thins. This means that the underlying 
parameters are changing in the same manner as well (e.g., fuel thermal conductivity and therefore 
temperature). Additionally the study includes cases at different powers and with and without burnable 
absorbers present. These variations expand the neutron spectrum and temperatures covered by the 
study beyond what a ‘single’ study might otherwise cover. Finally, the fuel designs considered are quite 
similar with all designs containing cylindrical fuel rods containing low enriched uranium pellets in a 
water moderated, square lattice at similar temperatures. When considering the similarity of the system 
parameters and fuel and cladding geometry behavior over depletion, the study can be applied 
generically.  

It should be noted that the changes in the fuel pellet due to irradiation are a result of the change in 
density of uranium oxide with depletion, however the amount of fissile material remains constant. This 
is different than the comparison of change in reactivity with change in fuel pellet outer diameter (as 
considered in the fuel assembly manufacturing tolerances contained in Section 5.1.2), where the 
amount of fissile material does change with increasing or decreasing diameter. Therefore, the change in 
pellet diameter with irradiation which is due to swelling or densification is due to a redistribution of the 
existing fissile mass within the fuel rods, which has a minimal impact on reactivity. 

b. The study presented in Section 4.2.2 is based on PAD code results. Is PAD validated and approved 
for this application? Are the PAD results best-estimate or are they conservatively biased to meet 
some other safety analysis need? For example, if PAD is designed to conservatively estimate 
maximum rod internal gas pressure or maximum fuel temperatures, the fuel density, pellet 
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diameter, and clad dimension results may be non-conservative when applied to criticality 
analyses. 

Response: 

PAD is a validated, NRC-approved code designed to model fuel pin changes over depletion. The models 
used in PAD are based off of operating data and data from post-irradiation examinations. The 
conservatisms used in fuel rod designs are based upon the inputs selected for the individual limits being 
verified. 

c. How do the study results compare to irradiated fuel rod measurements (e.g., fuel assembly or 
fuel rod growth measurements)? 

Response: 

A comparison to irradiated fuel rod data was not explicitly performed for this study. However, as 
discussed in the response to RAI-18b, the PAD models are based off of operating data, including 
irradiated rod measurements and PAD has been NRC-approved to perform fuel rod performance 
calculations. 

d. What depletion model assumptions (e.g., fuel enrichment, infinite lattice, assembly in reactor, 
water density, soluble boron concentration, etc.) were used for the Δk values provided in Table 4-
1? For the criticality model, was the assembly modeled in a fuel storage rack? Provide a more 
comprehensive set of results considering more reactor depletion parameters. 

Response: 

The information requested is the proprietary information of one of NEI's members. This information can 
be made available as part of an audit. 
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19. Section 4.2.3, “PWR Depletion Uncertainty.” 

a. The section appears to be mixing “5% Δk” and “5% of the reactivity decrement,” which are not 
the same. Revise this section clarifying the intent and provide appropriate justification and 
guidance to ensure consistent implementation. 

Response:  

Agreed. The terminology “5% Δk” is confusing and not the intent of the discussion. NEI 12-16 has been 
reviewed for this term and replaced with “5% of the reactivity decrement” for clarity.  

Section 4.2.3 already provides guidance to ensure consistent implementation of the depletion 
uncertainty in the last sentence of the first paragraph for PWR spent fuel pools: 

“When calculating the depletion uncertainty, the change in reactivity between the zero burnup, 
fresh fuel condition and the burnup of interest is determined without burnable absorbers.” 

Section 4.3.2 and Figure 4-5 already provide guidance to ensure consistent implementation of the 
depletion uncertainty for BWR fuel at peak reactivity. 

b. The text in the first paragraph indicates that the referenced analyses “confirm” that a zero bias is 
appropriate. From a review of the data in Fig. 3.1-2 in the cited reference 34, there does appear 
to be a bias, as indicated by 70% of the data being above the 0% value. Additionally, the cited 
references are not independent as claimed in the report. Revise the text to eliminate the 
discussion of bias or provide a better justification for the statement. 

Response:  
 

Historically, engineering judgment was used to estimate the uncertainty associated with fuel depletion 
calculations as a percentage of the change in reactivity associated with depletion [NEI 12-16, Ref. 24]. An 
uncertainty of 5% of the reactivity decrement due to fuel burnup with no bias has been considered an 
acceptable assumption when used in conjunction with acceptable computer codes. One justification for 
this value is the ability of the depletion computer codes to produce accurate predictions when used for 
power reactor reactivity and power distribution calculations.  

An evaluation of depletion bias and uncertainty related to prediction of depleted fuel isotopic 
composition has been performed using the SCALE 6.1 code system with ENDF/B-VII nuclear data [Ref. 1]. 
Depletion was performed within SCALE 6.1 using TRITON, CENTRM, and NEWT. Direct difference 
evaluation of radiochemical assay (RCA) data was performed for 100 PWR fuel samples. A statistical 
sampling method was used to calculate bias and uncertainty as a function of fuel burnup for a 
representative SFP storage model. Of the 28 nuclides identified as important to burnup credit, not all 
are represented in each fuel sample. However, most of the depletion uncertainty (90% to 95%) was 
determined to be associated with uncertainty in the calculated concentrations of two nuclides (U235 and 
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Pu239). Therefore, the results of the evaluation are relevant to determination of depletion bias and 
uncertainty.  

Depletion bias was found to be slightly positive over a range of burnup from 5 to 60 GWd/MTU using a 
SFP rack models and a spent fuel cask model. A positive bias indicates that the reactivity of depleted fuel 
is conservatively over-predicted. In an independent study using power reactor benchmarks [Ref. 2], 
SCALE 6.1 depletion bias was found to be essentially zero using ENDF/B-VII nuclear data, TRITON, 
CENTRM, and KENO-V.a, These two independent approaches provide justification that for the SCALE 6.1 
code system used, depletion bias may be assumed to be zero. More generally, they support a zero bias 
assumption for codes using ENDF/B-VII nuclear data and similar methods, and support assessment of 
the bias assumption for other computer codes via code-to-code comparison. 

 
References: 
 

1) ADAMS Accession Number ML12116A124, NUREG/CR-7108, “An Approach for Validating Actinide and 
Fission Product Burnup Credit Criticality Safety Analyses – Isotopic Composition Predictions”, 4/30/2012.  

2) ADAMS Accession Number ML12165A455, “Utilization of the EPRI Depletion Benchmarks for Burnup 
Credit Validation”, 6/6/2012. 
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21. The next to last bullet in Section 4.3.1 states: 

All BWR criticality calculations should ensure a conservative reactivity is analyzed in the storage 
configuration with consideration given to possible cooling and discharge times.  

Change this to a requirement rather than a recommendation. 

Response: 
The issue of determining a conservative reactivity, based on the isotopes credited in the analysis, is 
addressed in the response to RAI-5, where additional guidance was provided to conservatively 
remove Xenon from the isotopes credited. Additionally, RAI-3 addresses the use of permissive 
statements and an applicant’s responsibility to identify areas of deviation from NEI 12-16 in their 
submittal to the NRC for approval. No changes will be made to NEI 12-16 as a result of this RAI. 
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24. Revise Section 5 to include guidance on the standard method for modeling fuel assemblies. The 

guidance should describe and justify modeling simplifications and approximations.  

Response:  
A new subsection is being added to Section 5 of NEI 12-16 to describe the appropriate fuel assembly 
modelling in the criticality code. This includes modelling the fuel rods of the fuel assembly explicitly with 
a length equal to the active fuel length. Hardware above and below the active fuel length is ignored and 
modelled as a water reflector of the same temperature and density as the moderator in the active fuel 
length. Grids are also not included in the fuel assembly model (see analysis in Reference 31 of NEI 12-16 
about treatment of grid spacers where soluble boron is credited). The fuel assembly is modeled using 
nominal dimensions as manufacturing tolerances are addressed separately as described in Section 5.1.2. 
 
The new subsection will also address specific aspects of BWR fuel assembly modelling, such as 
addressing the presence or absence of the BWR fuel channel. 
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27. Section 5.1.2 introduces the concept of insignificant uncertainties. The text includes the following: 

Because the total uncertainty term is typically dominated by a few large uncertainties, an 
individual uncertainty that is less than 10% of the total uncertainty may be considered 
insignificant.  

From the text, it is not clear exactly what is proposed. 

Is the guidance to calculate all 95/95 uncertainties and then discard uncertainties that are less than 
10% of the total?  

Or, is the guidance to ignore 95/95 uncertainties that are expected to be less than 10% of the total? 
If so, which uncertainties are to be ignored and under what circumstances? What calculations over 
what range of parameters were used to determine that these ignorable uncertainties are small 
enough? In this case, the justification currently provided in Section 5.1.2 is inadequate because the 
guidance does not provide or reference studies that look at variation with fuel assembly design, 
storage rack design, storage configuration, and environmental conditions. Revise Section 5.1.2 
accordingly. 

Response:  
The EPRI sensitivity study (Reference 31) provides analysis that shows that the uncertainties 
associated with clad inner diameter and guide/instrument tube thickness are insignificant effects 
that do not need to continue to be calculated by every applicant for a criticality analysis. The 
purpose of the discussion in Section 5.1.2 to provide a numerical limit (10% of the total 
uncertainties) for applicants to use as a guide for when uncertainties do not need to be included. It 
is expected that an applicant would base this assessment on previous calculations of similar systems 
(either fuel assemblies or storage rack designs) along with engineering judgement. Section 5.1.2 is 
being updated to include the following guidance to applicants: 

 
“An applicant can assess those uncertainties that do not need to be specifically analyzed for a 
given application based on previous calculations of similar systems (fuel assemblies and/or rack 
designs) along with engineering judgement.” 

 
This approach was discussed with the NRC during the first of four meetings that occurred in 
September 2013. This discussion was captured in the NRC meeting minutes (ML#13264A008) 
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34. Regarding Section 5.2.2:  

a. expand the list of fuel storage rack uncertainties to be considered to include: 

• Poison panel length, width, thickness, and location. 
Response:  
The treatment of uncertainties associated with neutron absorber length, width and thickness are 
addressed in the 3rd paragraph of Section 5.2.2.2. An additional item will be added to the list in Section 
5.2.2: 
 
 “ e) Rack and Insert Neutron Absorber Dimensions (length, width, thickness)” 
 
Additionally, Section 5.2.2.2 is being updated to specify the importance of addressing neutron absorbers 
that do not cover the complete active fuel length (if applicable). 
 

• Poison panel wrapper (sometimes referred to as poison panel sheath) thickness 
Response: 
The treatment of uncertainties associated with neutron absorber sheathing thickness are addressed in 
the 4th paragraph of Section 5.2.2.2. 

 
• Poison panel gap thickness 

Response: 
The uncertainty on the gap between the neutron absorber and the sheathing or the storage cell wall is 
not typically specified as the sheathing creates a tight fit of the neutron absorber to the storage cell wall. 
No uncertainty of the neutron absorber gap thickness tolerance is included in the analysis, because it is 
considered negligible. 

 

• Rack poison insert thickness, width, length, poison loading, and location 

Response: 
The discussion of the treatment of neutron absorbers contained in the rack in Section 5.2.2 are equally 
applicable to fixed neutron absorber inserts. See response to the first bullet point above. 

 

b. Add guidance requiring evaluation of tolerances/uncertainties over the range of fuel assembly 
designs and properties, storage configurations, and environmental conditions.  

Response: 

The evaluation of uncertainties associated with manufacturing tolerances is performed for the design 
basis assembly for each unique storage configuration in each rack type. The reactivity effect of 
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manufacturing tolerances typically change with the burnup of the fuel assembly and should be 
considered across the appropriate burnup range. 

c. The EPRI Sensitivity Report addresses the impact of soluble boron on the manufacturing 
tolerances and 50ppm is reserved to address this issue. While NEI 12-16 Reference 31 did provide 
some analysis of uncertainties associated with absorber sheath tolerance, the analysis was too 
limited (2D analysis of only two fuel assembly designs and two rack designs with no 
consideration of variation with water density, soluble boron concentration, etc.) to draw general 
conclusions related to ignoring manufacturing tolerances on sheath thickness. Consequently, 
provide additional justification for ignoring manufacturing tolerance on sheath thickness. 

Response: 

The approach taken in Reference 31, “2D analysis of only two fuel assembly designs and two rack 
designs” was the agreed upon approach with the NRC during the series of four meetings between 
September 2013 and February 2014 to address outstanding issues that needed additional justification. 
The analysis demonstrates that the reactivity effect of the manufacturing tolerance on sheathing 
thickness for a variety of fuel and rack designs is small and provides appropriate guidance on when it 
needs to be considered in the criticality analysis. 
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35. The last sentence in Section 5.2.2.1 claims that it is not necessary to evaluate temperatures (and 

presumably density) at any temperature other than the maximum and minimum allowed 
temperatures, citing NEI 12-16 Reference 31 as justification.  

While NEI 12-16 Reference 31 did provide some analysis of the variation of keff with temperature, the 
analysis was too limited (2D analysis, only two fuel assembly designs, only two rack designs, etc.) to 
support a general conclusion that it is always acceptable to evaluate only the maximum and 
minimum temperatures.  

It seems that the basis for the general conclusion that it is acceptable to evaluate only the maximum 
and minimum temperatures comes from the fact that Doppler feedback in the fuel is always negative 
as NEI 12-16 Reference 31 points out. However, there is also a temperature effect on the hydrogen 
scattering cross sections. In some analyses, an increase in moderator temperature has a larger 
effect, increasing keff more than the reduction in keff associated with Doppler feedback in the fuel. 
This effect can be isolated and observed by simply changing the moderator and fuel temperatures 
while holding the moderator density constant. 

Optimum moderation may be achieved for some rack designs with some fuel assembly designs at 
temperatures between the maximum and minimum temperature/density. Without further analysis, 
providing generic guidance that allows the analyst to simply assume there is no need to evaluate 
temperatures between minimum and maximum is not appropriate. Provide guidance to perform 
sensitivity studies to identify the most reactive moderator and fuel temperature and how to perform 
this analysis for the various fuel, rack, and storage configurations that require approval. 

Response: 
The approach taken in Reference 31 “(2D analysis, only two fuel assembly designs, only two rack 
designs, etc.)” was the agreed upon approach with the NRC during the series of four meetings between 
September 2013 and February 2014 to address outstanding issues that needed additional justification. 
However, given the limited additional burden to perform calculations at temperatures between the 
minimum and maximum values, Section 5.2.2.1 is being updated to specify inclusion of calculations at 
intermediate temperatures to confirm a monotonically increasing/decreasing reactivity with 
temperature for each rack design (i.e., determination of the temperature and density of maximum 
reactivity). 
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36. Section 5.2.2.3.1, “Boron Content,” discusses the modeling of the boron-10 (10B) content of SFP 

neutron absorbing materials. The NRC staff disagrees with the guidance in this section. The standard 
practice should be that the 10B content of the neutron absorbing material modeled in SFP NCS 
analyses is less than the minimum as-built 10B content. Allowing use of the minimum as-built 10B 
content is not necessarily conservative and provides no margin to allow for degradation or 
uncertainties in the monitoring program. Revise the guidance accordingly. 

Response: 

The recommended approach is to model the neutron absorber panels with the minimum certified areal 
density. This is conservative, as it provides margin to the minimum as-built areal density and the 
nominal areal densities. Section 5.2.2.3.1 will be updated to make it clear that this is the recommended 
approach. See the response to RAI-36b and RAI-36c regarding degradation. Uncertainties of the neutron 
absorber monitoring program are not included in the criticality analysis, as the neutron absorber 
monitoring program addresses treatment of the uncertainties with regard to comparing to the areal 
density used in the analysis versus the measured value. 

a. Section 5.2.2.3 contains the phrase, “These racks incorporated neutron absorbers (typically 
containing boron)…” However, there is no guidance on any neutron absorber other than 10B. 
Revise the guidance to be exclusive to 10B or provide guidance for other neutron absorbers.  

Response: 

The most important feature of any fixed neutron absorber is the amount of neutron absorber isotopes 
that the neutron absorber contains. All fixed neutron absorbers used in the United States are based on 
utilizing boron as the neutron absorbing element. While some neutron absorber manufacturers are 
exploring the used of Gadolinium in fixed neutron absorbers (in conjunction with boron), there is not 
sufficient information on these materials to provide clear guidance. However, similar to the guidance 
contained in NEI 12-16 for boron based neutron absorbers, it will be important to model the neutron 
absorber with the minimum certified amount of the neutron absorbing isotope(s). The context of the 
guidance is clear that it is applicable to boron based neutron absorbers, therefore, no changes were 
made to NEI 12-16 as a result of this RAI. 

b. Revise the text in Section 5.2.2.3.2 to include consideration of poison panel shrinkage, gap-
formation, edge-erosion, bubble formation or anything else that may impact the poison panel’s 
ability to meet the credited criticality control function.  

Response:  

Modelling the impact of significant neutron absorber degradation, such as gap-formation or panel 
shrinkage is beyond the scope of this guidance document. EPRI is currently evaluating the impact of 
blistering and pitting in metallic neutron absorbers. This report will be made available to the NRC when 
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it is completed in early 2016. NEI will evaluate any changes needed to NEI 12-16 when the EPRI report is 
complete. 

c. Is modeling of degraded or modified poison panels considered to be a standard method? If not, 
clearly state as much. If so, provide guidance for modeling degraded/modified poison panels. 
Such guidance should describe and justify modeling assumptions, simplifications, and 
approximations used to model the degraded poison panel and address associated uncertainties. 

Response:  

Modelling of significant degradation or modification of the neutron absorber panel is beyond the scope 
of this guidance document, but could be addressed on a plant specific basis, as has been previously 
approved by the NRC (ML13261A264, ML13114A929). 
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37. Provide guidance that the criticality analysis report content is to include descriptions of models used 

for fuel depletion and for NFSV and SFP criticality calculations. Descriptions should include sketches 
or figures and cover dimensions and materials in enough detail for NRC staff to perform necessary 
confirmatory calculations. 

Response:  

Section 5.2.2 of NEI 12-16 is being updated to include a recommendation to applicants to provide a 
figure of the modelled rack geometry (axial and cross-sectional information), including dimensions 
important to criticality. Additionally, it is recommended that the licensee provide a summary table of 
rack geometry dimensions and materials of construction.  

Section 5.1.2 of NEI 12-16 is being updated to include a recommendation to include a summary table of 
dimensions important to criticality for the fuel assembly designs stored in the spent fuel pool. 
Additionally, it is recommended to provide a figure of each unique guide tube/water rod patterns of the 
fuel assemblies in the spent fuel pool. 

Section 4.2 of NEI 12-16 is being updated to include a recommendation to include a summary of the 
core depletion parameters used in the depletion analysis. 
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45. Revise Section 9.5, “Neutron Absorber Monitoring Programs,” to clearly identify the key attributes of 

a neutron-absorbing material monitoring program and describe the actions licensee need to take to 
ensure the neutron-absorbing material monitoring program is effect in identifying degradation. 

Response: 
 
Section 9.5 has been removed from NEI 12-16 and relocated in a new NEI guidance document, “Neutron 
Absorber Monitoring Programs for Light Water Reactor Spent Fuel Pools” for submittal to the NRC in 
early 2016. This was discussed with the NRC during the public meeting on October 21st, 2015. 
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47. Based on the content of Section A.1 and the lack of a separate section on spent fuel criticality code 

validation, rename Section A.1 to “Criticality Code Validation”. 

Response:  
 
The intent of Sections A.1 and A.2 is to describe the acceptable methods for performing validation of the 
criticality code and depletion code, respectively. It is important to recognize that the criticality code is 
benchmarked against existing fresh fuel benchmark experiments (UO2, MOX and HTC). Therefore, 
Section A.1 is retitled, “Criticality Code Validation Using Fresh Fuel Experiments” and Section A.2 is 
retitled, “Depletion Code Validation” 
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49. Revise this section to make it clear that the MOX experiments being referenced are necessary to 

validate the plutonium isotopes in depleted fuel and are not intended as a methodology for 
validating MOX fuel. As currently writing NEI 12-16 does not provide a justification for applicability 
to MOX fuel. Whether NEI 12-16 can be extended to MOX fuel will be determined at a future time if 
the need arises. 

Response:  
The last paragraph of Section A.2.1.2 will be updated with the following text: 

 
“This approach assumes that the major actinides have been validated using critical experiments. 
Therefore critical experiments containing Plutonium isotopes are needed. However, several 
ENDF/B-V and VII validation analyses containing MOX critical experiments or the HTC critical 
experiments have a smaller bias than fresh UO2 experiments. Based on this observation, the bias 
and uncertainty from fresh UO2 experiments may be used and analysis of MOX or HTC critical 
experiments as part of the criticality code validation for fresh fuel is not needed for the ENDF/B-
V or ENDF/B-VII libraries.” 

 
NEI 12-16 is being updated to reflect that the guidance document is applicable to the criticality safety 
analysis for spent and fresh UO2 fuel for light water reactors. Given the limited usage of MOX in United 
States commercial power reactors, MOX is not considered as part of the scope of NEI 12-16. 
 
It should be noted that many of the principles contained in NEI 12-16 for performing criticality safety 
analyses for UO2 fuel are equally applicable to MOX fuel. 
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51. Provide additional guidance for selection of critical experiments to clarify that critical experiments 

from multiple facilities and experiment series should be selected in order to avoid a facility-specific or 
experiment series-specific systematic bias. 

Response:  
Section A.1.2 of NEI 12-16 is being updated to include the following text: 

 
“The selection of critical experiments to be included in the validation should include benchmark 
experiments from multiple facilities and experiment series to eliminate the possibility of a 
facility-specific or experiment series-specific bias.” 
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53. Section A.1.3 covers critical experiment modeling. Add text to this section to make it clear that the 

analyst is responsible for the accuracy of the critical experiment models and may not assume they 
are accurate, even if the models are obtained from a reputable source.  

Response:  
 
10 CFR Part 50 licensees and vendors that perform criticality analysis under their NRC approved quality 
assurance program already require that the organization performing the analysis verify that the models 
used are technically accurate. This would include verifying that any criticality analysis models taken from 
a separate source are technically accurate, especially if the models are acquired from a third party 
source that did not perform the development of the models under an NRC approved quality assurance 
program. It is not the intent of NEI 12-16 to reiterate quality assurance requirements that are contained 
in other NRC documents. No changes were made to NEI 12-16 as a result of this RAI. 
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55. The section appears to be mixing “5% Δk” and “5% of the reactivity decrement,” which are not the 

same. Revise this section clarifying the intent and provide appropriate justification and guidance to 
ensure consistent implementation. 

Response: 
 
This is the same question as contained in RAI-19a. See the response to RAI-19a. 
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56. Section A.2.1.2 characterizes the larger relative uncertainty at low burnups as being due to the 

burnup binning strategy utilized by the Monte Carlo sampling approach in NUREG/CR-7108. This 
trend is not a result of the burnup binning strategy; rather, it is a result of a relative lack of 
destructive assay data at low burnups. Rewrite the discussion to clarify the source of the higher 
uncertainty. 

Response:  
Agreed. The large relative uncertainty is a result of the burnup binning strategy that heightens the 
relevance of the limited amount of chemical assay data at lower burnups. The third paragraph in Section 
A.2.1.2 is being revised to state: 

 
“In NUREG/CR-7108 a method was presented [16] that relies on determination of distribution 
functions (measured versus predicted isotopic content) for key isotopes. This Monte Carlo 
approach used large burnup bins in order to get enough data to establish the distribution of 
data around the mean for each isotope. Although this appropriately accounts for the variation in 
number of isotopes included in the chemical assay samples, it loses most of the burnup 
dependence of the data and produces a small number of data points in the lower burnup bins, 
resulting in very large relative uncertainty for burnups below 30 GWD/MTU.” 
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59. The final paragraph in Section A.2.1.2 suggests that, when ENDF/B-V or VII cross sections are used, 

the validation study for burned fuel does not need to include MOX experiments. This is not 
acceptable. Revise the text to remove this assertion.  

Response: 
The response to RAI-49 includes a revised final paragraph of Section A.2.1.2. Therefore, see response to 
RAI-49. 



Attachment  

43 

 
The following pages provide responses to the Request for Additional Information on EPRI Report 
3002003073 

1. If approved, TR 3002003073 would be part of the technical underpinning of guidance for performing 
safety related nuclear critical safety analyses for years to come. Describe the quality control 
measures taken to ensure that the analyses performed are reliable.  

Response: 

Although the analysis contained in EPRI Report 3002003073 was not performed under an NRC approved 
QA program, the report was reviewed by four reviewers and went through several review cycles. The 
results provided in the report did not indicate errors in the input files, as there were no outliers or 
unphysical results. However, the parameters in the input files were not formally verified by an 
independent reviewer.  

After becoming aware of the error in one of the input files, EPRI had an independent review of the input 
files conducted both internal to EPRI and by a third party that performs work under a NRC approved QA 
program. The input files were reviewed and computations were repeated to ensure repeatability, even 
for cases that did not include any errors.  

The computational results showed that although there are changes in the computed delta-k values for 
some of the cases, the conclusions presented in the report did not change. The updated tables and 
input files will be published in Revision 1 of the report. EPRI will provide an updated report upon 
resolution of the Requests for Additional Information. 
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3. EPRI TR 3002003073 is intended to support application of certain simplifications as general practice 
for criticality safety analyses. However, the sensitivity studies were performed using a limited set of 
calculations that do not cover the full range of parameters encountered by analysts, such as the 
following: 
 
• Fuel assembly design specific characteristics, such as H/U ratio, uranium weight per assembly, 

pin pitches, fuel rod dimensions, etc. 
• Burnable absorber combinations 
• Axial variation in fuel assembly characteristics 
• Rack geometries and compositions 
• Fuel storage configurations, including fuel loading arrangements and use of reactivity control 

components other than in-rack neutron absorber panels 
• BWR specific considerations 
• Depletion parameters 

Expand the scope of the sensitivity studies to address significant differences that may exist in these 
parameters relative to the studies that were performed. Whenever general recommendations are 
made, provide a technical justification for the applicability of the sensitivity study results or limit the 
range of applicability for the recommendation. 

Response: 

The scope of the EPRI Sensitivity report and set of the calculations to be performed were determined 
based on the discussions with the NRC during the four day long meetings that were conducted between 
September 2013 and February 2014. This is discussed in Section 1 of the Sensitivity report and 
references for the meeting summaries and presentation materials for each meeting were provided in 
the report.  

 
As summarized in ML13309B558:  
 

“In the presentation, the EPRI representative provided information to show why two prototype fuel 
assemblies, a Westinghouse 17X17 and Combustion Engineering 16X16 assembly for pressurized 
water reactors could be used to cover all types of fuel assemblies in the sensitivity analysis.”  

 
The NRC agreed that W17x17 will be the base fuel assembly design for analysis and some additional 
computations would be performed for CE 16x16 to confirm the conclusions are valid for other fuel 
types. 

 
With regard to axial burnup distribution, as summarized in ML13309B558,  

 
“A question raised by the NRC staff during the presentation was why the use of uniform axial 
burnup was representative of burnup. In answer to the question, NEI and EPRI representatives 
reported that removing axial burnup from the sensitivity calculations did not alter the results. Thus, 
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the sensitivity calculations were intended to look at what was important for the calculations and 
axial burnup was not. The NRC staff agreed with the answer.”  

 
As stated in the summary of the meeting minutes, consensus was reached for performing computations 
using uniform axial distribution. 

 
The fuel assembly specifications, range of enrichment and burnup values, burnable absorber 
specifications, rack geometries and compositions were also selected based on the discussions with the 
NRC during the meeting that was conducted on October 31, 2013. The presentation material can be 
found under ML13308A015. As stated in the final slide of the EPRI presentation,  
 

“The proposed set of analysis was selected based on the discussions during the 1st Public 
Meeting for NEI Guidance Document - Feedback is requested to avoid any disconnect between 
the NRC and Industry expectations.”  

 
After discussions, there was consensus on the selected set of parameters for the sensitivity analyses. 
Therefore, no additional studies for additional fuel types, rack geometries or absorbers will be 
performed. 
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15. Section 9 discusses the impact of eccentric (i.e., non-centered) fuel placement in fuel storage racks. 
This section presents studies and recommendations related to treatment of the reactivity impact due 
to eccentric fuel placement. In several places, the report suggests the possibility of treating part of 
the reactivity effect due to eccentric positioning as an uncertainty. No methodology is presented, or 
is currently approved, that demonstrates if the 95/95 threshold required by 10 CFR 50.68 is met for a 
minimum number of eccentrically positioned fuel assemblies. Until such a methodology is developed, 
the eccentric positioning should be treated as a bias. Please rewrite the discussion to make this clear.  

Response: 

The discussion on treatment of the reactivity effect due to eccentric positioning as an uncertainty or bias 
is beyond the scope of the EPRI Sensitivity report. The EPRI Sensitivity report provides analysis to 
demonstrate the reactivity impact of eccentric positioning. Guidance on the treatment of eccentric 
positioning as an uncertainty or bias is being addressed in the responses to the RAIs on NEI 12-16, 
Revision 1.  

 
 

 

 
 


