
 
 
      March 27, 2008 
 
Mr. Peter P. Sena III 
Site Vice President 
FirstEnergy Nuclear Operating Company 
Beaver Valley Power Station 
Mail Stop A-BV-SEB1 
P.O. Box 4, Route 168 
Shippingport, PA  15077 
 
SUBJECT: BEAVER VALLEY POWER STATION, UNIT NO. 2 - ISSUANCE OF 

AMENDMENT RE:  INCORPORATION OF THE RESULTS OF A NEW SPENT 
FUEL POOL CRITICALITY ANALYSIS (TAC NO. MD2378) 

 
Dear Mr. Sena:   
 
The Commission has issued the enclosed Amendment No. 165 to Facility Operating License 
No. NPF-73 for the Beaver Valley Power Station, Unit No. 2 (BVPS-2).  This amendment 
consists of changes to the Technical Specifications (TSs) in response to your application dated  
June 14, 2006, as supplemented by letters dated July 20, July 26, December 21, 2007, and 
March 11, 2008.  By letter dated December 21, 2007, FirstEnergy Nuclear Operating Company 
withdrew their license amendment request for BVPS-1. 
 
The amendment revises TSs to incorporate the results of a new spent fuel pool (SFP) criticality 
analysis documented in WCAP-16518-P, "Beaver Valley Unit 2 Spent Fuel Pool Criticality 
Analysis," Revision 2 for BVPS-2.  The new criticality analysis will permit utilization of vacant 
storage locations dictated by the existing TS storage configurations in the BVPS-2 SFP. 
 
Included in the amendment are two regulatory commitments, which are discussed in the 
enclosed safety evaluation (SE).  The regulatory commitments are enforceable commitments 
that the Nuclear Regulatory Commission staff is relying upon in approving the amendment.
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A copy of the related SE is also enclosed.  The Notice of Issuance will be included in the 
Commission's biweekly Federal Register notice. 
 

Sincerely, 
 
      /RA/ 
 
 

Nadiyah S. Morgan, Project Manager 
Plant Licensing Branch I-1 
Division of Operating Reactor Licensing 
Office of Nuclear Reactor Regulation 

 
Docket No. 50-412 
 
Enclosures:   
1.  Amendment No. 165 to NPF-73  
2.  SE 
 
cc w/encls:  See next page 
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Beaver Valley Power Station, Unit Nos. 1 and 2 
 
cc: 
 
Joseph J. Hagan 
President and Chief Nuclear Officer 
FirstEnergy Nuclear Operating Company 
Mail Stop A-GO-19 
76 South Main Street 
Akron, OH  44308 
 
James H. Lash 
Senior Vice President of Operations 
 and Chief Operating Officer 
FirstEnergy Nuclear Operating Company 
Mail Stop A-GO-14 
76 South Main Street 
Akron, OH 44308 
 
Danny L. Pace 
Senior Vice President, Fleet Engineering 
FirstEnergy Nuclear Operating Company 
Mail Stop A-GO-14 
76 South Main Street 
Akron, OH  44308 
 
Jeannie M. Rinckel 
Vice President, Fleet Oversight 
FirstEnergy Nuclear Operating Company 
Mail Stop A-GO-14 
76 South Main Street 
Akron, OH  44308 
 
David W. Jenkins, Attorney 
FirstEnergy Corporation 
Mail Stop A-GO-15 
76 South Main Street 
Akron, OH  44308 
 
Manager, Fleet Licensing 
FirstEnergy Nuclear Operating Company 
Mail Stop A-GO-2 
76 South Main Street 
Akron, OH  44308 
 
 
 
 

Ohio EPA-DERR 
ATTN:  Zack A. Clayton 
P.O. Box 1049 
Columbus, OH  43266-0149 
 
Peter P. Sena III 
Site Vice President 
FirstEnergy Nuclear Operating Company 
Beaver Valley Power Station 
Mail Stop A-BV-SEB1 
P.O. Box 4, Route 168 
Shippingport, PA  15077 
 
Director, Fleet Regulatory Affairs 
FirstEnergy Nuclear Operating Company 
Mail Stop A-GO-2 
76 South Main Street 
Akron, Ohio 44308 
 
Manager, Site Regulatory Compliance 
FirstEnergy Nuclear Operating Company 
Beaver Valley Power Station 
Mail Stop A-BV-A 
P.O. Box 4, Route 168 
Shippingport, PA  15077 
 
Commissioner James R. Lewis 
West Virginia Division of Labor 
749-B, Building No. 6 
Capitol Complex 
Charleston, WV  25305 
 
Director, Utilities Department 
Public Utilities Commission 
180 East Broad Street 
Columbus, OH  43266-0573 
 
Director, Pennsylvania Emergency 
   Management Agency 
2605 Interstate Dr. 
Harrisburg, PA  17110-9364 
 
 
 



 

 

Beaver Valley Power Station, Unit Nos. 1 and 2 (continued) 
 
cc: 
 
Dr. Judith Johnsrud 
Environmental Coalition on Nuclear Power 
Sierra Club 
433 Orlando Avenue 
State College, PA  16803 
 
Director 
Bureau of Radiation Protection 
Pennsylvania Department of  
  Environmental Protection 
Rachel Carson State Office Building 
P.O. Box 8469 
Harrisburg, PA 17105-8469 
 
Mayor of the Borough of Shippingport 
P.O. Box 3 
Shippingport, PA  15077 
 
Regional Administrator, Region I 
U.S. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia, PA  19406 
 
Resident Inspector 
U.S. Nuclear Regulatory Commission 
P.O. Box 298 
Shippingport, PA  15077 
 
Ms. Carol O’Claire 
Chief, Radiological Branch 
Ohio Emergency Management Agency 
2855 West Dublin-Granville Road 
Columbus, OH  43235-2206 
 
Mr. Dan Hill 
Chief, Radiological Health Program 
West Virginia Department of Health and Human Resources 
Capitol & Washington Streets 
1 Davis Square Suite 200 
Charleston, WV  25305-036



 

 

 
 

FIRSTENERGY NUCLEAR OPERATING COMPANY 
 
 FIRSTENERGY NUCLEAR GENERATION CORP. 
 
 OHIO EDISON COMPANY 
 
 THE TOLEDO EDISON COMPANY 
 
 DOCKET NO. 50-412 
 
 BEAVER VALLEY POWER STATION, UNIT 2 
 
 AMENDMENT TO FACILITY OPERATING LICENSE 
 

Amendment No. 165       
License No. NPF-73 

 
 
1. The Nuclear Regulatory Commission (the Commission) has found that: 
 

A. The application for amendment by FirstEnergy Nuclear Operating Company, et 
al. (the licensee), dated June 14, 2006, as supplemented by letters dated  

 July 20, July 26, December 21, 2007, and March 11, 2008, complies with the 
standards and requirements of the Atomic Energy Act of 1954, as amended (the 
Act), and the Commission's rules and regulations set forth in 10 CFR Chapter I; 

 
B. The facility will operate in conformity with the application, the provisions of the 

Act, and the rules and regulations of the Commission; 
 

C. There is reasonable assurance (i) that the activities authorized by this 
amendment can be conducted without endangering the health and safety of the 
public, and (ii) that such activities will be conducted in compliance with the 
Commission's regulations; 

 
D. The issuance of this amendment will not be inimical to the common defense and 

security or to the health and safety of the public; and 
 

E. The issuance of this amendment is in accordance with 10 CFR Part 51 of the 
Commission's regulations and all applicable requirements have been satisfied. 
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2. Accordingly, the license is amended by changes to the Technical Specifications as 

indicated in the attachment to this license amendment, and paragraph 2.C.(2) of Facility 
Operating License No. NPF-73 is hereby amended to read as follows: 

 
(2) Technical Specifications 
 

The Technical Specifications contained in Appendix A, as revised through 
Amendment No. 165, and the Environmental Protection Plan contained in 
Appendix B, both of which are attached hereto, are hereby incorporated in the 
license.  FENOC shall operate the facility in accordance with the Technical 
Specifications and the Environmental Protection Plan. 

 
3. This license amendment is effective as of the date of its issuance and shall be implemented 

within 30 days. 
 

FOR THE NUCLEAR REGULATORY COMMISSION 
 
      /RA/ 
 
 

Mark G. Kowal, Chief 
Plant Licensing Branch I-1 
Division of Operating Reactor Licensing 
Office of Nuclear Reactor Regulation 

 
Attachment:  Changes to the License and 
    Technical Specifications 
 
Date of Issuance:  March 27, 2008 



 

 

 ATTACHMENT TO LICENSE AMENDMENT NO. 165 
 
 FACILITY OPERATING LICENSE NO. NPF-73 
 
 DOCKET NO. 50-412 
 
Replace the following page of the Facility Operating License with the attached revised page.  
The revised page is identified by amendment number and contains marginal lines indicating the 
areas of change. 
 

Remove     Insert 
   3a      3a 
 
Replace the following pages of the Appendix A Technical Specifications with the attached 
revised pages.  The revised pages are identified by amendment number and contain marginal 
lines indicating the areas of change.  
 

Remove     Insert 
3.7.14-1 3.7.14-1 
3.7.14-3     3.7.14-3 
4.0-2 4.0-2 
4.0-3 4.0-3 

   



 
 
 
 
 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 
 

RELATED TO AMENDMENT NO. 165 TO FACILITY OPERATING LICENSE NO. NPF-73 
 

FIRSTENERGY NUCLEAR OPERATING COMPANY 
 

FIRSTENERGY NUCLEAR GENERATION CORP. 
 

OHIO EDISON COMPANY 
 

THE TOLEDO EDISON COMPANY 
 

BEAVER VALLEY POWER STATION, UNIT NO. 2 
 

DOCKET NO. 50-412 
 
 
1.0 INTRODUCTION 
 
By application dated June 14, 2006 (Agencywide Documents Access and Management System 
(ADAMS) Accession No. ML061700101), as supplemented by letters dated July 20 (ADAMS 
Accession No. ML072050213), July 26 (ADAMS Accession No. ML072110310), December 21, 
2007 (ADAMS Accession No. ML073601008), and March 11, 2008 (ADAMS Accession No. 
ML080730245), the FirstEnergy Nuclear Operating Company (FENOC, licensee), requested 
changes to the Technical Specifications (TSs) for Beaver Valley Power Station, Unit No. 2 
(BVPS-2).  The supplements dated July 20, July 26, December 21, 2007, and March 11, 2008, 
provided additional information that clarified the application, did not expand the scope of the 
application as originally noticed, and did not change the Nuclear Regulatory Commission (NRC) 
staff=s original proposed no significant hazards consideration determination as published in the 
Federal Register on August 15, 2006 (71 FR 46935).  
 
The proposed changes would revise the TS to incorporate the results of a new spent fuel pool 
(SFP) criticality analysis documented in WCAP-16518-P, "Beaver Valley Unit 2 Spent Fuel Pool 
Criticality Analysis," Revision 2 for BVPS-2.  Specifically, the new criticality analysis will permit 
utilization of vacant storage locations dictated by the existing TS storage configurations in the 
BVPS-2 SFP. 
 
By letter dated December 21, 2007, the licensee withdrew their license amendment request 
(LAR) for BVPS-1 contained in the original application.  In addition to reviewing all submitted 
documents, the NRC staff audited licensee information at Westinghouse Electric Company, LLC 
(WEC) locations in Monroeville, PA, and in Rockville, MD.  Information from those audits 
necessary to reach a regulatory decision was submitted by letter dated March 11, 2008.   
 
Currently, BVPS-2 TS 3.7.14 contains Table 3.7.14-1B, SFP Storage.  BVPS-2 SFP is divided 
into three ‘Regions,’ which are identified in Table 3.7.14-1B.  The requested changes for  
BVPS-2 will create four ‘storage configurations.’  Each storage configuration has a geometric 
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arrangement which must be maintained so that the SFP criticality analysis remains valid.  The 
storage configurations may be interspersed with each other throughout the SFP, provided 
geometric interface requirements are met.  Each storage configuration has a burnup/enrichment 
requirement that must be met for a fuel assembly to be stored in that configuration.  One 
storage configuration takes credit for the natural decay of 241Pu in the depleted fuel.  Another 
storage configuration takes credit for the presence of integral burnable poisons in fresh fuel.  To 
implement the new storage configurations, Table 3.7.14-1B will be revised to provide the 
burnup/enrichment requirement for one storage configuration.  The 3.7.14 Limiting Condition for 
Operation (LCO) will be revised to state that, for BVPS-2, fuel assemblies not meeting the 
requirements of Table 3.7.14-1B must be stored in accordance with requirements in the Design 
Features TS 4.3.1.1.  Rather than put all of the details in Design Features TS 4.3.1.1, 
Westinghouse Commercial Atomic Power (WCAP)-16518-P, Revision 2, will be incorporated by 
reference. 
 
The SFP criticality analysis was performed for the licensee by WEC as WCAP-16518-P.  
Revision 1 of WCAP-16518 was submitted by the licensee as Enclosure 2 to Reference 1.  
Revision 2 of WCAP-16518 was submitted by the licensee as Enclosure 1 to Reference 3. 
 
2.0 REGULATORY EVALUATION 
 
The revised BVPS-2 SFP criticality analysis takes credit for soluble boron.  Therefore, the 
regulatory requirement for the BVPS-2 SFP k-effective (keff) is to remain below 1.0, at a 95 
percent probability, 95 percent confidence level, if flooded with unborated water and below 0.95, 
at a 95 percent probability, 95 percent confidence level, if flooded with borated water.  The 
revised BVPS-2 SFP criticality analysis uses an analytic acceptance criterion of keff <0.995 if 
flooded with unborated water, reserving 0.005 Δ keff analytical margin to the regulatory 
requirement.  The revised BVPS-2 SFP criticality analysis does not explicitly state a specific 
analytic acceptance criterion if flooded with borated water.  As performed in the licensee’s 
analysis, the borated water condition should also reserve 0.005 Δ keff analytical margin to the 
regulatory requirement. 
 
The revised BVPS-2 SFP criticality analysis requires specific geometric arrangements of fuel 
assemblies within the SFP to meet the 10 CFR 50.68(b)(4) regulation.  Therefore, there is a 
regulatory requirement for those geometric arrangements to be captured in the Design Features 
section of the TS.  This is being accomplished by incorporating Revision 2 of WCAP-16518 into 
the Design Features section of the BVPS TS. 
 
• 10 CFR Part 50 Appendix A Criterion 62 requires, ACriticality in the fuel storage and handling 

system shall be prevented by physical systems or processes, preferably by use of 
geometrically safe configurations.@ 

 
• 10 CFR Part 50.68(b)(1) requires, APlant procedures shall prohibit the handling and storage 

at any one time of more fuel assemblies than have been determined to be safely subcritical 
under the most adverse moderation conditions feasible by unborated water.@ 

 
• 10 CFR 50.68(b)(4) requires, AIf no credit for soluble boron is taken, the k-effective of the 

spent fuel storage racks loaded with fuel of the maximum fuel assembly reactivity must not 
exceed 0.95, at a 95 percent probability, 95 percent confidence level, if flooded with 
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unborated water.  If credit is taken for soluble boron, the k-effective of the spent fuel storage 
racks loaded with fuel of the maximum fuel assembly reactivity must not exceed 0.95, at a 
95 percent probability, 95 percent confidence level, if flooded with borated water, and the  
k-effective must remain below 1.0 (subcritical), at a 95 percent probability, 95 percent 
confidence level, if flooded with unborated water.@ 

 
• 10 CFR 50.36(c)(4) requires, ADesign features. Design features to be included are those 

features of the facility such as materials of construction and geometric arrangements, which, 
if altered or modified, would have  a significant effect on safety and are not covered in 
categories described in paragraphs (c) (1), (2), and (3) of this section.@ 

 
The current BVPS-2 TS 3.7.14 divides the fuel into three Regions.  The current BVPS-2 TS lack 
specificity with respect to the description of each Region and it contains no description of any 
interface between the Regions. 
 
The proposed change replaces the three ‘Regions’ with four storage configurations.  Three of 
the storage configurations are 2x2 arrays of storage cells and the fourth is a 3x3 array of 
storage cells.  One 2x2 array is identified in TS 3.7.14, while the others are reached through a 
redirection to TS Design Features Section 4.3.1.1.  In TS 4.3.1.1, the details of the storage 
configurations are reached through incorporation of Revision 2 of WCAP-16518 into the TS.  
This is consistent with NUREG-1431 and, therefore, is acceptable. 
 
The area of human factors deals with programs, procedures, training, and plant design features 
related to operator performance during normal and accident conditions.  The NRC’s acceptance 
criteria for human factors are based on the following regulatory requirements and guidance: 
 
• Appendix A to Title 10 of the Code of Federal Regulations (10 CFR) Part 50, “General 

Design Criteria (GDC),” Criterion 19 
 
• 10 CFR 50.120, “Training and qualification of nuclear power plant personnel” 
 
• NUREG-1764, “Guidance for the Review of Changes to Human Actions” 
 
• NUREG-0711, “Human Factors Engineering Program Review Model,” Revision 2 
 
• NUREG-0800, “Standard Review Plan,” Revision 1 
 
3.0   TECHNICAL EVALUATION 
 
3.1 Methodology 
 
There is not a generic methodology for performing SFP criticality analyses.  By letter dated July 
27, 2001, the NRC staff concluded that the methodology of WCAP-14416 can no longer be 
relied upon as “approved methodology” by the NRC staff or the licensees (Reference 9).  In its 
letter, the NRC stated, “For future licensing actions, licensees will need to submit plant-specific 
criticality calculations for spent fuel pool configurations that include technically supported 
margins.” 
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The NRC staff issued an internal memorandum on August 19, 1998, containing guidance for 
performing the review of SFP criticality analysis (Reference 6).  This memorandum is known 
colloquially as the ‘Kopp Letter,’ after the author.  While the Kopp Letter does not specify a 
methodology, it does provide some guidance on more salient aspects of a criticality analysis.  
The guidance is germane to boiling-water reactors and pressurized-water reactor (PWR), 
borated and unborated.  The Kopp Letter has been used as a touchstone for virtually every 
PWR SFP criticality analysis, including this BVPS-2 analysis.  
 
WCAP-16518 Section 1.1 states, “The methodology used in this analysis for soluble boron 
credit is analogous to that of Reference 1 [R. E. Ginna SFP criticality Safety Evaluation Report 
(SER), Reference 7 herein] and employs analysis criteria consistent with those cited in the 
Safety Evaluation by the Office of Nuclear Reactor Regulation, Reference 2 [SER to 
WCAP-14416-NP, Reference 8 herein].  Reference 1 was reviewed and approved by the U.S. 
Nuclear Regulatory Commission (NRC).” However, there are key tenants of those references 
that were not performed for the BVPS-2 analysis.  Additionally, there were several unique 
modeling aspects from the Ginna analysis that were not replicated in the BVPS-2 analysis.  
Therefore, the NRC staff does not believe that there is ample fidelity between those references 
and what was done for the BVPS-2 analysis for them to be used as a description of the BVPS-2 
soluble boron credit methodology. 
 
During the audit on January 10, 2008, WEC provided information on how the BVPS-2 soluble 
boron credit analysis was performed.  That information was reviewed by the NRC staff in 
additional information obtained from the WEC audit at the Rockville office, which is documented 
in Reference 5.  The NRC staff evaluation of that methodology is located in Section 3.6. 
 
WCAP-16518 Section 1.2 states, “The design criteria are consistent with General Design 
Criterion (GDC) 62, Reference 4 [10 CFR Part 50 Appendix A Reference 10 herein], and NRC 
guidance given in Reference 5 [Kopp Letter, Reference 6 herein].  Section 1.3 describes the 
analysis methods including a description of the computer codes used to perform the criticality 
safety analysis.”  The guidance in the Kopp Letter can be summarized as a determination of the 
biases and uncertainties for the parameters affecting reactivity in the SFP, and apply them in 
the conservative direction.  The guidance allows for the statistical combination of uncertainties, 
provided they are independent. 
 
3.2 Computer Code Validation 
 
The analysis in WCAP-16518 employs:  (1) SCALE-PC, a personal computer version of the 
SCALE-4.4a code system, with the updated SCALE-4.4a version of the 44 group Evaluated 
Nuclear Data File, Version 5 (ENDF/B-V) neutron cross section library, and (2) the 
two-dimensional Discrete Integral Transport (DIT) code with an Evaluated Nuclear Data File, 
Version 6 (ENDF/B-VI) neutron cross section library.  SCALE-PC was used for criticality 
calculations.  SCALE-PC, used in both the benchmarking and the fuel assembly storage 
configurations, includes the control module CSAS25 and the following functional modules:  
BONAMI, NITAWL-II, and KENO V.a (KENO).  The DIT code is used for simulation of in-reactor 
fuel assembly depletion. 
 
Validation of SCALE-PC for purposes of fuel storage rack analyses is based on the analysis of 
30 selected critical experiments from two experimental programs: 19 from the Babcock & Wilcox 
(B&W) experiments in support of Close Proximity Storage of Power Reactor Fuel and 11 from 
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the Pacific Northwest Laboratory (PNL) Program in support of the design of Fuel Shipping and 
Storage Configurations.  
 
The experiments used for validation are the same experiments WEC has used to validate 
criticality codes in the past.  The method used for validating the codes is the same as used in 
the past.  There is a slight difference in results as previous analysis used SCALE-4.3, but the 
method of validation is the same.  As documented in the Prairie Island (PI) safety evaluation 
(SE) and Vogtle SE, the NRC staff has previously accepted those experiments and methods. 
 
In addition to using the SCALE-PC code to perform the criticality analyses, the licensee 
employed the DIT code to perform the fuel depletions used in the analysis.  DIT performs a 
heterogeneous multi-group transport calculation for an explicit representation of a fuel assembly 
to determine the isotopic composition of the spent fuel as a function of fuel burnup and initial 
feed enrichment.  The DIT code and its cross section set have been used in the design of reload 
cores and extensively benchmarked against operating reactor history and test data.  As 
documented in the PI SE and Vogtle SE, the NRC staff has previously accepted the use of DIT 
as the in-reactor depletion code for use in criticality analysis. 
 
3.3 SFP 
 
Description of the SFP 
 
WCAP-16518, Section 2.2 provides a description of the BVPS-2 SFP.  The BVPS-2 SFP has 17 
rack modules, each with 64 (8x8) cell locations for a total of 1088 storage cells.  Rack modules 
are separated from each other by a 1.125 inch gap.  Rack modules are located 6.5 inches from 
the north wall and 9.375 inches from the south wall, 36.4375 inches from the west wall, and 
14.75 inches from the east wall of the SFP.  They are also located 4.0624 inches from the 
transfer canal wall on the south side.  Figure 2-1 of WCAP-16518 shows the SFP and the 
storage rack modules.  Table 2-1 of WCAP-16518 summarizes the overall geometry data for the 
BVPS-2 SFP. 
 
WCAP-16518, Section 2.3 provides a description of the BVPS-2 SFP individual storage cells.  
BVPS-2 SFP storage cells are centered on a pitch of 10.4375 ± 0.0278 inches.  Each storage 
cell consists of an inner stainless steel canister, which has a nominal inside dimension of 8.9375 
± 0.0469 inches and is 0.090 ± 0.010-inches thick.  On the outside of each cell wall is a Boraflex 
poison panel which is held in place and is centered on the surface of the stainless steel canister 
by an outer stainless steel sheathing panel.  The sheathing contacts the outside face of the 
Boraflex poison panel.  The sheathing surfaces of two adjacent storage cells are separated only 
by pool water.  The dimensions of the Boraflex poison panel are 7.5 ± 0.0625 inches in width by 
0.078-inch in thickness.  The sheathing panels are included as 0.0293 ± 0.005 inch in thickness 
and are located at the outside surface of the nominal Boraflex poison panel position.  Due to 
Boraflex degradation, its reactivity worth cannot be determined.  Therefore, the licensee’s 
analysis appropriately does not credit the neutron absorbing capabilities of Boraflex.  The 
licensee’s analysis replaces the Boraflex with SFP water. 
 
SFP Mechanical Uncertainties 
 
The material and configuration of the SFP racks contributes to the reactivity.  The material 
provides a fixed neutron absorber and the configuration controls the fuel assembly spacing.  
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The NRC staff has provided guidance on how these uncertainties should be treated in the Kopp 
Letter. 
 
The licensee’s SFP analysis determined a separate uncertainty for the tolerances associated 
with each of the following parameters:  cell pitch, cell wall thickness, cell internal dimension, and 
the Boraflex wrapper thickness.  An uncertainty was also determined for the assembly 
positioning within the cells.  The uncertainty for each parameter was determined by comparison 
of a nominal case in which all parameters were defined at their nominal values to a case where 
parameter i was decreased by the manufacturing tolerance.  The keff uncertainty for parameter i 
is equal to the keff

nominal, after being increased by the KENO nominal case standard deviation, 
(σnominal), minus keff

i, after being decreased by σi, where keff
i and σi, are the keff and KENO case 

standard deviation with parameter i perturbed.  In response to the request for additional 
information (RAI) concerning the sensitivity of various aspects of the analysis, WEC presented a 
discussion of the sensitivity of the uncertainties.  That information indicated that decreasing all 
of the parameters by their tolerance may not have always resulted in the largest increase in keff.  
Increasing the cell internal dimension actually shows a larger increase in keff rather than when 
decreased.  The convergence and case standard deviation of a KENO criticality problem is 
sensitive to the following KENO input parameters:  (1) the number of neutron histories per cycle, 
(2) the number of cycles skipped before averaging, (3) the total number of cycles.  By adjusting 
these KENO parameters WEC would be able to reduce the KENO case standard deviation and 
thereby its contribution to the keff uncertainty for each parameter.  This was introduced during 
the Monroeville Audit and was reviewed in detail during the Rockville Audit.  The NRC staff has 
audited the WEC calculation that re-evaluated the bias and uncertainties.  That re-evaluation 
included two main differences from the submitted analysis.  First, it increased rather than 
decreased the cell internal dimension; this resulted in a larger reactivity uncertainty for that 
parameter.  Second, it increased the number of neutron histories per cycle, the number of 
cycles skipped before averaging, and the total number of cycles in each KENO case; this 
increased computational rigor resulted in smaller KENO case standard deviations for each case, 
which in turn, result in smaller reactivity uncertainties for other parameters.  The re-evaluation 
showed that when the uncertainties are statistically combined through a root mean sum of the 
squares (RMSS) method, the non-conservatism associated with the first difference is 
accommodated by the conservatism associated with the second.  Based on that audit, the NRC 
staff has reasonable assurance that sufficient margin can be shown to accommodate the 
non-conservatism of not identifying the limiting reactivity uncertainty associated with the cell 
internal dimension. 
 
SFP Temperature Bias 
 
The NRC guidance provided in the Kopp Letter states that the criticality analysis should be done 
at the temperature corresponding to the highest reactivity.  If the SFP has a positive moderator 
temperature coefficient (MTC), the temperature corresponding to the highest reactivity would be 
the highest allowed operating temperature.  Rather than determining the most reactive 
temperature and performing all of the analyses at that temperature, WCAP-16518 performed 
the bulk of the analyses at a nominal temperature and then determined a temperature bias.  In 
Reference 1, a separate temperature bias for each configuration is shown.  The temperature 
bias is indicated as being calculated at a particular enrichment/burnup combination, i.e. 4.00 w/o 
and 25 gigawatt day per metric ton of uranium (GWD/MTU).  There is otherwise no information 
given on how the value was determined.  The licensee was asked to describe how the 
temperature bias was determined and justify the use of the particular enrichment/burnup 



 
 

 

- 7 -

combination.  In response to the RAI (Reference 2), the licensee described how the temperature 
bias was calculated.  The temperature bias was set equal to the keff

nominal at 50 degrees 
Fahrenheit (°F), after being increased by the σnominal at 50 °F, minus the keff

nominal at 185 °F, after 
being decreased by the σnominal at 185 °F.  The licensee’s analysis uses four burnup/enrichment 
combinations to establish third order burnup/enrichment polynomials which determine SFP 
storage requirements.  Therefore, calculating the temperature bias at one burnup/enrichment 
combination represents a typical rather than a limiting or bounding value.  The NRC staff 
considers the use of a typical rather than a limiting or bounding value to be non-conservative.  
As the WCAP-16518 calculated values vary between 0.01 and 0.001 Δkeff, and as a bias, it is 
applied directly rather than convoluted through an RMSS combination; the temperature bias 
also has the potential to significantly impact the end result. 
 
During the audit at the Rockville office, the NRC staff reviewed information provided to justify 
using the typical temperature bias calculated in WCAP-16518.  The NRC staff found that 
justification was insufficient and requested the licensee to provide the results of analysis which 
ensure the maximum temperature bias has been determined for each storage configuration.  
The result of that analysis is provided in Reference 5.  As a result of that analysis, the 
temperature bias increased for two of the storage configurations.  The temperature bias for the 
“3x3” storage configuration increased by 0.00025 Δkeff.  The temperature bias for the “1-out-of-4 
3.85 w/o Fresh with IFBA” storage configuration increased by 0.00090 Δkeff.  These increases 
reduce the reserved 0.005 Δkeff analytical margin directly.  The temperature bias for the other 
two storage configurations was unchanged. 
 
3.4 Fuel Assembly 
 
Selection of Bounding Fuel Assembly Design 
 
BVPS-2 is using or has used the WEC 17 x 17 Standard, Vantage 5H, VANTAGE+, and the 
robust fuel assembly (RFA/RFA)-2 fuel assembly designs.  The licensee’s analysis used the 
Standard fuel assembly design to model all of the fuel in the BVPS-2 SFP.  In the Kopp Letter, 
the NRC indicates the SFP criticality analysis should consider such fuel assembly mechanical 
design parameters as cladding material and thickness, pellet and rod diameter, and structural 
items that are an integral part of the assembly i.e. spacer grids.  In response to a request to 
justify the use of the 17x17 Standard fuel assembly design to model all of the fuel, the licensee 
stated, “Westinghouse fuel products with a 0.3740-inch diameter fuel pin […] differ in their grid, 
nozzle, and other structural material designs.  Since these structural materials are not credited 
in the criticality analysis, these assembly designs are neutronically equivalent.  One other minor 
difference between the Standard and other designs is the diameter of the instrumentation tube 
in the center of the assembly, which will have little impact on the analysis, typically within the 
Monte Carlo uncertainty (statistically insignificant).  Therefore, the Standard assembly design 
conservatively bounds all other designs.  Furthermore, nominal fuel pin and clad dimensions are 
considered for this analysis, since any manufacturing tolerance in the fuel pin and clad 
dimensions, due to its small magnitude, will result in an insignificant neutronic impact, again 
typically within the Monte Carlo calculation uncertainty (statistically insignificant) or are bounded 
by other conservatisms.”   
 
This treatment of the fuel assembly design differences is different than that indicated in the NRC 
staff’s guidance.  To validate this methodology, the NRC staff performed several actions:  (1) 
investigated the assumption to not model any fuel assembly grids, (2) compared the other fuel 
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assembly mechanical parameters, and (3) evaluated conservatisms present in the licensee’s 
analysis. 
 
The licensee’s analysis assumes not modeling the spacer grids or mixing grids is conservative, 
and therefore, the differences in number, size, and composition of the grids are immaterial.  The 
spacer grids or mixing grids will have a non-zero absorption cross-section.  However, these 
grids are made of the same material as the fuel cladding and, therefore, will have an overall low 
absorption cross-section.  Not modeling the grids effectively increases the amount of 
over-moderation in an already over-moderated SFP.  The increase in over-moderation must be 
balanced against the absorption by the grids.  The licensee was asked to provide information to 
validate this assumption.  WEC provided the results of several case studies which were 
considered during both audits.  Those case studies indicate that in unborated condition there is 
some conservatism in not modeling the grids.  Those case studies also indicate that in some 
scenarios, which involve soluble boron credit, not modeling the grids may actually be 
non-conservative.  While those case studies were not exhaustive nor were they docketed, the 
NRC staff finds there is reasonable assurance to conclude that for the BVPS-2 analysis 
documented in WCAP-16518, it is acceptable to not model the grids for the unborated condition.  
The presence of sufficient margin in the soluble boron crediting portion of the analysis to 
accommodate the potential small non-conservatism in the unborated scenarios when not 
modeling the grids is discussed in Section 3.6. 
 
The NRC staff reviewed WCAP-12610-P-A, VANTAGE+ Fuel Assembly Reference Core 
Report, (Reference 11), BVPS-2 Updated Final Safety Analysis Report (UFSAR) Revision 16 
(Reference 12), and WEC letter LTR-NRC-02-55, Fuel Criterion Evaluation Process (FCEP) 
Notification of the RFA-2 Design, Revision 1, (Proprietary), (Reference 13).  While 
WCAP-12610-P-A indicates there is more than one rod diameter option for the 17x17 
VANTAGE product, the BVPS-2 UFSAR indicates they only have the 0.3740-inch diameter fuel 
pin.  Since the NRC staff has determined that it is acceptable for the BVPS-2 analysis 
documented in WCAP-16518 to not model the grids, and the review of References 11, 12, and 
13 indicate the fuel assemblies are otherwise sufficiently similar, the NRC staff accepts the use 
of the WEC Standard fuel assembly as the reference assembly. 
 
Fuel Assembly Mechanical Tolerances 
 
The analysis in WCAP-16518 determined a reactivity uncertainty for fuel enrichment, but not for 
any other fuel assembly manufacturing tolerance.  This treatment of the fuel assembly 
manufacturing tolerances is different than that indicated in the NRC staff’s guidance. 
 
The analysis used two methods for calculating the enrichment uncertainty.  One method uses a 
polynomial fit to calculate values based on enrichment to determine the reactivity worth of the 
tolerance at the middle of the curve.  This method represents a typical rather than a limiting or 
bounding value.  The NRC staff considers the use of a typical rather than a limiting or bounding 
value to be non-conservative.  The other method is to add the uncertainty to the maximum fresh 
enrichment and compare that reactivity to a nominal case.  This method appears to discount the 
effect of the uncertainty in the more numerous, albeit, depleted fuel assemblies.  Since both 
methods are used for storage configurations allowing fresh fuel assemblies, it is unclear which 
method would produce the limiting uncertainty.   
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The analysis in WCAP-16518 provides no discussion of why the other fuel assembly 
mechanical tolerances are not addressed.  It does state that pellet dishing and chamfering is not 
modeled, and a maximum Theoretical Density (TD) is used.  Subsequent discussions with the 
licensee and WEC revealed that not modeling pellet dishing and chamfering, while using a 
maximum TD, was intended to provide sufficient margin such that not addressing the other fuel 
assembly tolerances is accommodated. 
 
In response to RAIs and during the audits, as documented in Reference 5, the licensee 
provided additional information regarding the treatment of the fuel assembly manufacturing 
tolerances.  The additional information indicates that the difference between the limiting and 
typical enrichment uncertainties used in the WCAP-16518 should reasonably be bounded by 
0.001 Δkeff.  The additional information indicates that the uncertainties associated with the other 
fuel assembly manufacturing tolerances would be on the order of 0.001 Δkeff, each.  Since the 
uncertainties are statistically combined through an RMSS method, their individual impact is 
diluted.  The additional information determined the margin associated with the TD used in the 
analysis.  For this analysis, that margin is sufficient to accommodate the non-conservatisms in 
the treatment of the fuel assembly mechanical tolerances. 
 
The licensee=s analysis does not determine a reactivity uncertainty for integral burnable poisons. 
The licensee=s analysis does model integral burnable poisons for one storage configuration.  
Therefore, it does take credit for integral burnable poisons.  When integral burnable poisons are 
modeled, they are only modeled for fresh fuel and the integral burnable poison loading is 
reduced by amounts the staff has previously accepted as appropriate to account for 
manufacturing and calculation uncertainties.  Therefore, the treatment of the integral burnable 
poisons is acceptable. 
 
3.5 Spent Fuel Characterization 
 
For the SFP criticality analysis, the fuel must be characterized appropriately.  Characterization 
of fresh fuel is relatively straight forward.  It is based primarily on 235U enrichment and various 
manufacturing tolerances.  The manufacturing tolerances are typically manifested as 
uncertainties, as discussed above, or are bounded by values used in the analysis.  These 
tolerances and bounding values would also carry through to the spent fuel, the standard 
practice has been to treat the uncertainties as unaffected by the depletion.  The characterization 
of spent fuel is more problematic.  Its characterization is based on the specifics of its initial 
conditions and its operational history in the reactor.  The characterization has three main areas:  
(1) a burnup uncertainty, (2) the axial apportionment of the burnup, and (3) the core operation 
that achieved that burnup. 
 
Burnup uncertainty 
 
In the Kopp Letter, the NRC staff provided guidance for determining the burnup uncertainty: “A 
reactivity uncertainty due to uncertainty in the fuel depletion calculations should be developed 
and combined with other calculational uncertainties.  In the absence of any other determination 
of the depletion uncertainty, an uncertainty equal to 5 percent of the reactivity decrement to the 
burnup of interest is an acceptable assumption.”  The 5 percent reactivity decrement has been 
used throughout the industry since the issuance of the Kopp Letter.  Rather than use the 5 
percent reactivity decrement as the burnup uncertainty, the WCAP-16518 analysis used a 5 
percent decrease in the burnup of interest.  WCAP-16518 does not identify the deviation from 
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the NRC staff guidance, nor did it provide any justification for its method of calculating the 
uncertainty.  From RAI responses concerning the burnup uncertainty (Reference 2), the NRC 
staff was able to discern the deviation from the NRC staff guidance.  However, those RAI 
responses did not include a justification for the method used.  WEC presented a discussion of 
the method used for the WCAP-16518 method of calculating the uncertainty during the audit at 
the Monroeville office.  The PI SFP criticality LAR also attempted to use a 5 percent decrease in 
burnup as the burnup uncertainty.  After receiving RAI responses for the Prairie Island LAR, the 
NRC staff concluded in Reference 16 that, “The licensee’s original burnup uncertainty analysis 
was based on an unapproved methodology and did not contain sufficient information to 
demonstrate NRC regulatory and safety criteria were satisfied.”  During the audit at the 
Rockville office, the NRC staff reviewed information concerning the use of an uncertainty of a 5 
percent decrease in the burnup of interest rather than an uncertainty equal to 5 percent of the 
reactivity decrement to the burnup of interest.  The NRC staff has found that the information was 
insufficient to justify the use of 5 percent decrease in the burnup of interest as the burnup 
uncertainty.  Any deviation from the staff guidance must include, but not be limited to, an 
extensive comparison of the predicted isotopic concentrations to actual measured isotopic 
concentrations.  Additionally, the burnup uncertainty should not be diminished without 
considering other impacts of the burnup crediting such as the practice of not recalculating the 
reactivity uncertainties with burnup present. 
 
In response, the licensee recalculated the burnup uncertainty in accordance with the NRC staff 
guidance in the Kopp Letter.  The results are provided in Reference 5.  The burnup uncertainty 
for each storage configuration has increased significantly.  While the burnup uncertainty is 
included in the statistical combination through an RMSS method, the burnup uncertainty is the 
largest uncertainty and the increase is significant, making a significant impact on the final 
uncertainty value.  Post RMSS combination of the reserved 0.005 Δkeff analytical margin was 
reduced by 0.00222 Δkeff for the “All-Cell” storage configuration, by 0.00303 Δkeff for the “3x3” 
storage configuration, by 0.00291 Δkeff for the “1-out-of-4 5.0 w/o at 15GWD/MTU” storage 
configuration, and by 0.00278 Δkeff for the “1-out-of-4 3.85 w/o Fresh with IFBA” storage 
configuration. 
 
Axial Apportionment or Burnup Profile 
 
Another important aspect of fuel characterization is the selection of the burnup profile.  At the 
beginning of life, a PWR fuel assembly will be exposed to a near-cosine axial-shaped flux, 
which will deplete fuel near the axial center at a greater rate than at the ends.  As the reactor 
continues to operate, the cosine flux shape will flatten because of the fuel depletion and fission-
product buildup that occurs near the center.  Near the fuel assembly ends, burnup is 
suppressed due to leakage.  If a uniform axial burnup profile is assumed, then the burnup at the 
ends is over predicted.  Analysis has shown that this results in an under prediction of keff; 
generally the under prediction becomes larger as burnup increases.  This is what is known as 
the >end effect.=  Judicious selection of the axial burnup profile is necessary to ensure keff is not 
under predicted due to the end effect.  NUREG/CR-6801, ARecommendations for Addressing 
Axial Burnup in PWR Burnup Credit Analysis,@ (Reference 15) provides insight for selecting an 
appropriate axial burnup profile.  
 
With respect to the burnup axial profile, WCAP-16518 used what it characterized as the limiting 
axial burnup profile from NUREG/CR-6801.  As stated in WCAP-16518, “Input to this analysis is 
based on the limiting axial burnup profile data provided in the Department of Energy (DOE) 
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Topical Report, as documented in Reference 20.”  Reference 20 in WCAP-16518 is 
NUREG/CR-6801.  NUREG/CR-6801 builds on previous work done in DOE Topical Report 
DOE/RW-0472, Topical Report on Actinide-Only Burnup Credit for PWR Spent Nuclear Fuel 
Packages (Reference 17).  However, NUREG/CR-6801 does not identify a single 'limiting 
burnup profile.'  NUREG/CR-6801 identifies a 'limiting burnup profile' for each of the twelve 
specified burnup intervals.  Some of the NUREG/CR-6801 profiles are different from the twelve 
profiles identified in the DOE Topical Report.  These limiting profiles are selected from 
approximately 3200 profiles submitted from a variety of plants representing the U.S. PWR fleet 
through the early 1990s.  The profiles from higher burnup intervals are generally non-
conservative when used at lower burnups.  NUREG/CR-6801 recognizes the calculational 
convenience of identifying three larger burnup intervals, each with a 'limiting burnup profile' 
taken from the twelve.  NUREG/CR-6801 did not change those profiles.  WCAP-16518 used the 
profile identified as limiting for burnup greater than 30GWD/MTU, for all burnup levels.  
NUREG/CR-6801 indicates this profile is approximately 2.5% non-conservative at burnups of 25 
GWD/MTU and 15 GWD/MTU.  WCAP-16518 uses calculations performed at these burnup 
levels to establish the SFP storage configuration loading curves.  Non-conservatism in the 
cases run at burnups of 25 GWD/MTU and 15 GWD/MTU would result in non-conservatism in 
the loading curves.  Also, NUREG/CR-6801 indicates there should be more than 10 axial nodes, 
whereas the WCAP-16518 analysis used 4.  The responses to RAIs asking for justification for 
using the single profile and nodalization were insufficient. 
 
During the audit at the Monroeville office, WEC made a qualitative argument that the profile 
identified as limiting for burnup greater than 30 GWD/MTU in NUREG/CR-6801 is a B&W profile 
which is a statistical outlier, much worse than the limiting WEC profile.  This reasoning is 
consistent with NUREG/CR-6801.  The NUREG/CR-6801 focus is identifying limiting profiles for 
storage/transportation cask criticality analysis.  The limiting profiles are selected to virtually 
eliminate the possibility that a more limiting profile could be found in actuality.  Given the broad 
nature of the limiting profile, it is possible that a site specific evaluation would identify 
conservatism associated with those profiles or less restrictive profiles that could be used.  The 
information reviewed during the audit at the Rockville office indicates the burnup profile used in 
WCAP-16518 provides approximately 0.015 Δkeff of margin at burnups ≥ 30 GWD/MTU.  
However, the information did not address the apparent non-conservatism of using that profile at 
burnups of 25 GWD/MTU and 15 GWD/MTU.  Reference 5 contains the results of a BVPS site 
specific analysis which evaluated limiting BVPS-2 enrichment loadings with BVPS-2 burnup 
profiles against the profile used in WCAP-16518.  That information indicates that for the 4.0 w/o 
enrichment cases run at 25 GWD/MTU and 15 GWD/MTU, there is some margin.  However, 
that information also indicates that for a typical 3.6 w/o base loading with 1.0 w/o axial blankets, 
there is essentially no margin at 15 GWD/MTU with some margin at 20 GWD/MTU.  If the 
information is extrapolated to the WCAP-16518 3.0 w/o enrichment cases run at 25 GWD/MTU 
and 15 GWD/MTU used to determine the SFP loading curves, the margin at 25 GWD/MTU 
likely disappears and the margin at 15 GWD/MTU becomes negative.  The licensee has 
asserted, in Reference 5, that it does not currently have any spent fuel that would meet this 
scenario.  To preclude the non-conservative implications of any future acquisition of such fuel, 
the licensee has stipulated certain regulatory commitments, as stated in Section 4.0. 
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In Reference 5, the licensee has affirmed that benchmark calculations were performed which 
demonstrate four axial zones are sufficient to adequately capture the end effect.  Those 
calculations were not part of the audits.  Since the NRC staff has accepted the use of four axial 
zones in previous analysis, the NRC staff considers that the licensee’s affirmation provides 
reasonable assurance that the four axial zones are sufficient to adequately capture the end 
effect for BVPS-2. 
 
Burnup History/Core Operating Parameters 
 
NUREG/CR-6665, “Review and Prioritization of Technical Issues Related to Burnup Credit for 
LWR Fuel,” (Reference 14) provides some discussion on the treatment of depletion analysis 
parameters that determine how the burnup was achieved.  While NUREG/CR-6665 is focused 
on criticality analysis in storage and transportation casks, the basic principals with respect to the 
depletion analysis apply generically to SFPs, since the phenomena occur in the reactor as the 
fuel is being used.  The results have some translation to SFP criticality analyses, especially 
when the discussion includes the effect in an infinite lattice analysis, similar to that performed for 
SFP analyzes.  The basic premise is to select parameters that maximize the Doppler 
broadening/spectral hardening of the neutron field resulting in maximum 241Pu production.  
NUREG/CR-6665 discusses six parameters affecting the depletion analysis:  (1) fuel 
temperature, (2) moderator temperature, (3) soluble boron, (4) specific power and operating 
history, (5) fixed burnable poisons, and (6) integral burnable poisons.  While the mechanism for 
each is different, the effect is similar:  Doppler broadening/spectral hardening of the neutron 
field resulting in maximum 241Pu production.  NUREG/CR-6665 provides an estimate of the 
reactivity worth of these parameters.  The largest effect appears to be due to moderator 
temperature.  NUREG/CR-6665 approximates the moderator temperature effect, in an infinite 
lattice of high burnup fuel, to be 90 percent millirho per degree Kelvin (pcm/EK).  Thus, a 10 EF 
change in moderator temperature used in the depletion analysis would result in 0.005 Δkeff.  The 
effects of each core operating parameter have a burnup or time dependency.  At a moderate 
burnup, the moderator effect would be significantly reduced from that cited. 
 
With the exception of boron concentration, the WCAP-16518 analysis used typical rather than 
limiting values for the in-core depletion portion of the analysis.  In response to RAIs and during 
the audits, the licensee indicated that the analysis contains sufficient margin based on the 
burnup profile to accommodate the use of typical rather than limiting values in the fuel depletion 
portion of the analysis.  As discussed in the previous section concerning the burnup profile used 
in WCAP-16518, it is reasonable that there is approximately 0.015 Δkeff margin at burnups ≥ 
30GWD/MTU.  This margin is sufficient to accommodate the use of typical core parameters for 
burnups ≥ 30GWD/MTU.  Following the audit at the Rockville office, the NRC staff requested a 
site-specific analysis to determine whether or not there was sufficient margin in the burnup 
profile to accommodate the use of typical core parameters for burnups below 30GWD/MTU.  
Reference 5 contains the results of that BVPS-2 site specific analysis.  The next five paragraphs 
discuss whether the burnup profile used in WCAP-16518 provides sufficient margin to 
accommodate the use of typical core operating parameters for burnups below 30 GWD/MTU.  
As noted previously, the site-specific analysis showed that there are possible scenarios where 
the burnup profile has negative margin.  The regulatory commitments should prevent those 
scenarios from occurring in the BVPS-2 SFP and are not reconsidered here. 
 
For fuel and moderator temperatures, NUREG/CR-6665 recommends using the maximum 
operating temperatures to maximize 241Pu production.  The WCAP-16518 analysis used 



 
 

 

- 13 -

temperatures below the maximum at which the plant could be operated as indicated by the 
licensee’s UFSAR.  The NRC staff considers the use of typical rather limiting or bounding 
values to be non-conservative.  The site-specific analysis in Reference 5 was performed at the 
maximum fuel and moderator temperatures for BVPS-2.  Therefore, the moderator and fuel 
temperature used is acceptable. 
 
For boron concentration, NUREG/CR-6665 recommends using a conservative cycle average 
boron concentration.  The licensee=s analysis used a conservative boron concentration 
throughout the depletion of the fuel assemblies, when compared to the licensee’s UFSAR.  
Therefore, the boron concentration is acceptable. 
 
For specific power and operating history, NUREG/CR-6665 does not have a specific 
recommendation.  NUREG/CR-6665 estimated this effect to be on the order of 0.002 Δ keff using 
operating histories it considered.  Based on the difficulty of reproducing a bounding or even a 
representative power operating history, NUREG/CR-6665 merely recommends using a constant 
power level and retaining sufficient margin to cover the potential effect of a more limiting power 
history.  The licensee used a constant core power for the depletion calculations.  The 0.002 Δkeff 
is a maximum that would be significantly reduced at burnups less than 30GWD/MTU.  The site-
specific analysis indicates that typically, the burnup profile used in WCAP-16518 provides 
sufficient margin to accommodate this effect.  However, the lack of margin in the burnup profile 
demonstrated in the site-specific analysis at typical 3.6 w/o base loading with 1.0 w/o axial 
blankets at 15GWD/MTU indicates some other margin needs to be credited in this instance.  
The recalculation of the burnup uncertainty using the NRC staff guidance was done at the 
maximum enrichment and maximum burnup credited in each storage configuration.  The burnup 
uncertainty would be reduced for this lower enrichment and lower burnup.  The overall reduction 
in the reserved margin would be reduced for this lower enrichment and lower burnup.  
Therefore, the reduction in reserved margin due to the recalculation of the burnup uncertainty is 
sufficient to accommodate this scenario.  
 
BVPS-2 does not utilize fixed burnable poisons such as Burnable Poison Rod Assemblies 
(BPRAs) and Axial Power Shaping Rod Assemblies (APSRs), so this aspect of 
NUREG/CR-6665 is not applicable. 
 
NUREG/CR-6665 does not have a specific recommendation for integral burnable poisons.  The 
licensee uses integral burnable poisons.  The WCAP-16518 analysis only models integral 
burnable poisons for one storage configuration.  When integral burnable poisons are modeled, 
they are only modeled for fresh fuel and the integral burnable poisons are reduced by amounts 
the NRC staff has previously accepted as appropriate for manufacturing and calculation 
uncertainties.  However, the analysis does not consider the effect on spectral hardening.  The 
wide variety of integral burnable poison loadings makes it difficult to evaluate.  Some insight 
may be gained by looking at the work done with BPRAs and APSRs.  However, unlike BPRAs 
and APSRs, integral burnable poisons cannot be removed from the assembly.  In response to 
RAIs concerning the integral burnable poisons, the licensee provided a reactivity comparison for 
several integral burnable poison loadings of 5.0 w/o enriched fuel (Reference 2).  While that 
information indicates the presence of Xe135, it also indicates that at low burnups, a fresh 
assembly is significantly more reactive than one loaded with integral burnable poison.  As the 
burnup increases, the reactivity of the various integral burnable poison loadings appear to 
converge, though still below the assembly without integral burnable poison.  Xe135 will be 
providing some negative reactivity to counter that added by the Pu241 build up.  Since the Xe135 
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will not be present by the time the fuel assembly is transferred from the reactor to the SFP, it is 
reasonable that the fuel assembly will be more reactive in the SFP than the reactor.  For the 5.0 
w/o enriched fuel demonstrated in Reference 2, this convergence point would be at a burnup 
where the BVPS-2 site-specific analysis shows the axial burnup used in WCAP-16518 provides 
sufficient margin.  Lower enrichments should have similar results, although the convergence 
point would likely be different, and it would be conservative to assume that convergence point is 
at a lower burnup.  For enrichments in the 4.0 w/o range, the BVPS-2 site-specific analysis 
shows the axial burnup used in WCAP-16518 provides sufficient margin.  For enrichments in the 
3.6 w/o range, the BVPS-2 site-specific analysis shows the axial burnup used in WCAP-16518 
does not demonstrate sufficient margin.  However, the NRC staff will apply the same rationale 
as for the specific power and operating history to accept the WCAP-16518 analysis as is for 
these scenarios. 
 
3.6 Determination of Soluble Boron Requirements 
 
The regulatory requirement for soluble boron credit is that the keff of the spent fuel storage racks 
loaded with fuel of the maximum fuel assembly reactivity must not exceed 0.95, at a 95 percent 
probability, 95 percent confidence level, if flooded with borated water.  
 
WCAP-16518-P, Revision 1 and 2, Section 1.1 states,  “The methodology used in this analysis 
for soluble boron credit is analogous to that of Reference 1 [R. E. Ginna SER reference 7 
herein] and employs analysis criteria consistent with those cited in the Safety Evaluation by the 
Office of Nuclear Reactor Regulation, Reference 2 [SER to WCAP-14416 reference 8 herein].  
Reference 1 was reviewed and approved by the U.S. Nuclear Regulatory Commission (NRC).”  
However, there are key tenants of those references that were not performed for the BVPS-2 
analysis.  Additionally, there were several unique modeling aspects from the Ginna analysis that 
were not replicated in the BVPS-2 analysis.  Therefore, the NRC staff does not believe there is 
ample fidelity between those references and what was done for the BVPS-2 analysis for them to 
be used as a description of the BVPS-2 soluble boron credit methodology. 
 
Additional information regarding the soluble boron credit methodology used in the BVPS-2 
analysis was provided in response to RAI (Reference 2), during the audits, and in Reference 5. 
 
The soluble boron credit methodology WEC used for the BVPS-2 analysis involves calculating a 
boron worth curve for one storage configuration.  In this analysis, it was the “3x3” storage 
configuration.  That boron worth curve is used to determine a soluble boron amount necessary 
to address each term in the equation below, independent of the other terms.  As indicated in the 
equation, the three terms are summed algebraically to determine the total soluble boron 
concentration (SBC). 
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According to WCAP-16518-P, Revisions 1 and 2, the methodology starts with the equation: 
 
 SBCTOTAL = SBC95/95 + SBCRE + SBCPA 

 
 Where, the components of the equations are described as: 
 
  SBCTOTAL is the total soluble boron requirement. 
  SBC95/95 is the soluble boron requirement for 95/95 keff ≤ 0.95. 
  SBCRE is the soluble boron requirement for burnup and reactivity uncertainties. 
  SBCPA is the soluble boron requirement required to offset accident conditions. 
 
A more accurate definition of SBC95/95 would be ‘the soluble boron required to effect a 0.05 
decrease in keff from a zero (0) soluble boron condition.’  An unstated assumption of this step is 
that the storage configuration in the unborated analysis is already at a keff of approximately 
0.995 with a 95 percent probability at a 95 percent confidence level, and that by decreasing keff 
by 0.05 the storage configuration will have a keff below 0.95 with a 95 percent probability at a 95 
percent confidence level.  At this point, there is no need to presume the presence of other 
boron, so this assumption is reasonable.  Another unstated assumption is that the bias and 
uncertainties calculated for the unborated analysis are unaffected by the soluble boron credited 
here.  This assumption is inherent in the other terms as well.  The bias and uncertainties will 
change with soluble boron present in the water.  According to the information provided, the 
decision to not recalculate the biases and uncertainties was based on engineering judgment 
that the effect would be small.  Given the variation in the biases and uncertainties between the 
storage configurations, and the lack of a generic accepted methodology, the NRC staff believes 
this represents a potential non-conservatism.  Therefore, the NRC staff believes the analysis 
must show sufficient margin to overcome this potential non-conservatism.  Another unstated 
assumption is that the soluble boron worth from the one storage configuration is limiting with 
respect to the other three.  Information provided during the audit at the Rockville office, and in 
Reference 5, allowed the NRC staff to determine the boron worth curve for the storage 
configuration with the largest reactivity increase due to an abnormal event, the “1-out-of-4 5.0 
w/o at 15,000 MWD/MTU.”  The “1-out-of-4 5.0 w/o at 15,000 MWD/MTU” storage configuration 
boron worth curve had a much greater value than the “3x3” storage configuration, providing 
reasonable assurance that the limiting boron worth curve was used in the analysis. 
 
A more accurate definition of SBCRE would be ‘the soluble boron required to offset additional 
uncertainties associated with boron crediting from a zero (0) soluble boron condition.’  Note, 
both SBC95/95 and SBCRE are necessary to ensure keff remains below 0.95 with a 95 percent 
probability at a 95 percent confidence level, not just SBC95/95.  The analysis identifies two 
uncertainties to be accommodated.  One is a depletion uncertainty equal to 0.01 Δkeff per 30 
GWD/MTU of burnup credited in the analysis.  This value is calculated using the maximum 
burnup credited from any of the four storage configurations in the unborated analysis.  In 
WCAP-16518, the value was approximately 56 GWD/MTU for the “3x3” storage configuration.  
Although not explicitly stated, the ratio for determining this uncertainty actually originates in 
WCAP-14416-NP and is captured in the SE to WCAP-14416 referenced by the licensee.  The 
ratio is based on a comparison of isotopic concentration values generated by the PHEONIX-P 
code and experimental data.  However, the BVPS-2 analysis in WCAP-16518 used the DIT 
code rather than the PHEONIX-P code for the in reactor depletion portions of the analysis.  
During the audit at the Monroeville office, WEC provided indications that the ratio for DIT was 
probably no more severe than that for PHEONIX-P.  This uncertainty appears to be an adjunct 
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to the burnup uncertainty used in the unborated analysis, providing for the isotopic differences 
that were not accommodated in the unborated analysis.  If this uncertainty were combined with 
the burnup uncertainty from the unborated analysis, the combination would be on par with that 
derived using the NRC staff’s guidance.  Therefore, the NRC staff considers this uncertainty 
necessary to accommodate the non-conservative burnup uncertainty from the unborated 
analysis.  However, had it been included in the unborated analysis, it would have been 
convoluted through an RMSS with the other uncertainties, applying it directly here should 
provide some additional margin.  The other is a burnup uncertainty equal to the largest burnup 
uncertainty calculated from any of the four storage configurations in the unborated analysis.  
This is a double counting of a previously applied uncertainty, and therefore, provides additional 
margin.  However, as stated above, the analysis does not consider the impact of soluble boron 
on the biases and uncertainties, introducing a potential non-conservatism.  The NRC staff 
believes this second counting of the burnup uncertainty should provide ample compensation.   
 
WCAP-16518 uses the boron worth curve to determine the amount of soluble boron required to 
accommodate each term independent of the other.  This parallel counting of soluble boron 
ignores the decreasing worth of soluble boron as the concentration increases.  This parallel 
counting of soluble boron indicates BVPS-2 requires 441.8 parts per million (PPM) of soluble 
boron to achieve a keff below 0.95 with a 95 percent probability at a 95 percent confidence level, 
under normal conditions.  A serial counting of soluble boron, including the decreasing worth of 
soluble boron as the concentration increases, results in soluble boron requirement of 
approximately 485 PPM of soluble boron to achieve a keff below 0.95 with a 95 percent 
probability at a 95 percent confidence level, under normal conditions.  This point is noteworthy 
as the BVPS-2 TS 4.3.1.1.c requires BVPS-2 to be less than 0.95 keff , if flooded with water 
borated to 450 PPM.  However, when considering the margin in the depletion uncertainty and 
burnup uncertainty discussed in the previous paragraph, and the analytical reserved 0.005 Δkeff 
margin, it seems reasonable to that BVPS-2 will meet this TS requirement with the analysis as 
is. 
 
The definition of SBCPA is reasonably accurate.  The analysis evaluated several potential off 
normal conditions for all four storage configurations in unborated water.  The analysis 
determined that a misloading event in the “1-out-of-4 5.0 w/o at 15,000 MWD/MTU” storage 
configuration would have the largest reactivity increase.  The boron worth curve generated for 
the “3x3” storage configuration was used to determine the amount of soluble boron required to 
accommodate the reactivity increase associated with a misloading event in the “1-out-of-4 5.0 
w/o at 15,000 MWD/MTU” storage configuration, independent of any other soluble boron 
requirements.  Using WCAP-16518’s parallel soluble boron counting and considering the largest 
reactivity increase due to an abnormal condition from the unborated condition, the analysis 
indicates BVPS-2 requires 824.1 PPM of soluble boron to achieve a keff below 0.95 with a 95 
percent probability at a 95 percent confidence level, under abnormal conditions.  A serial 
counting of soluble boron results in a much larger soluble boron requirement.  During the audit 
at the Monroeville office, WEC asserted that using the largest reactivity increase associated with 
any of the four storage configurations provides sufficient conservatism to accommodate the 
non-conservatism associated with parallel counting of soluble boron worth.  Information 
provided during the audit at the Rockville office and in Reference 5 indicates that 824.1 PPM of 
soluble boron is more than sufficient to keep the “1-out-of-4 5.0 w/o at 15,000 MWD/MTU” 
storage configuration keff below 0.95 with a 95 percent probability at a 95 percent confidence 
level, under abnormal conditions including consideration of the decreasing worth of soluble 
boron as the concentration increases.  However, due to the significant difference in the boron 
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worth curves for the two storage configurations, the NRC staff considered the maximum 
abnormal event in the “3x3” storage configuration from WCAP-16518 Table 3-25, using the 
“3x3” storage configuration boron worth curve provided with WCAP-16518 Table 3-23, and 
including consideration of the decreasing worth of soluble boron as the concentration increases.  
While the maximum abnormal event in the “3x3” storage configuration does not result in a 
reactivity increase as large as the maximum abnormal event in the “1-out-of-4 5.0 w/o at 15,000 
MWD/MTU,” it does result in a larger boron requirement.  This is due to the significantly lower 
incremental boron worth associated with the decreasing worth of soluble boron as the 
concentration increases.  In the NRC staff’s analysis, the total soluble boron (SBCTOTAL) required 
to maintain keff below 0.95 with a 95 percent probability at a 95 percent confidence level, under 
abnormal conditions is approximately 953 PPM, not considering boron depletion.  However, if 
the probable margin in the depletion uncertainty and burnup uncertainty discussed previously is 
considered and that the BVPS-2 TS requires 2000 PPM of soluble boron in the SFP, it seems 
reasonable to accept the current analysis as meeting the regulatory requirement to maintain keff 
below 0.95 with a 95 percent probability at a 95 percent confidence level under abnormal 
conditions. 
 
As mentioned in Section 3.4 of this SE, there is some indication that not modeling spacer grids 
is non-conservative in borated water.  The potential non-conservatism indicated by the 
information provided is approximately 0.002 Δkeff.  With there being probable margin in the 
depletion uncertainty and burnup uncertainty as discussed above, along with the BVPS-2 TS 
requirement for 2000 PPM of soluble boron in the SFP, it is reasonable that there is sufficient 
margin to accommodate this potential non-conservatism. 
 
3.7 Effects on Human Performance 
 
The NRC staff reviewed BVPS-2 UFSAR, Chapter 15, Section 15.4.7, “Inadvertent Loading and 
Operation of a Fuel Assembly in an Improper Position,” to determine whether any actions 
credited in analyzed accident scenarios could be impacted by the proposed change to the 
BVPS-2 TS. 
 
The following items involving operator actions were identified: 
 
• Each fuel assembly is marked with an identification number and loaded in accordance with a 

core loading diagram.  After core loading, the identification numbers are verified by the 
operators for every assembly in the core.  The tasks of identification and verification of fuel 
assemblies by the operators will not be affected by the proposed changes in the LAR. 
 

• During start-up after refueling outages, operators observe incore flux monitors to identify 
peaking factors, which could result from power distortion due to misplaced fuel assemblies.  
The operators also observe thermocouples for the presence of high coolant enthalpy 
abnormalities.  The incore flux monitors and thermocouples will not be affected by the 
proposed changes in the LAR.  Therefore, the ability of operators to observe peaking factor 
trends and coolant enthalpy will not be affected. 

 
The process of moving fuel is currently controlled by an existing operating procedure and fuel 
movement sheets.  The reactor engineers develop the fuel movement sheets using 
ShuffleWorks software.  The fuel movement process will remain the same after the 
implementation of the proposed TS change and will not require any additional operator training. 
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By letter dated May 21, 2007, the NRC staff questioned if the proposed TS change presented 
any new or increased opportunities for operator error and if any administrative controls were in 
place to prevent or mitigate operator error.  By letter dated July 20, 2007, the licensee stated 
that the proposed TS change will not present new or increased opportunities for operator error 
since the fuel movement process as related by procedure and existing operator actions will be 
unaffected.  FENOC also stated that administrative controls are currently in place to prevent   
miss-characterizing or miss-positioning a fuel assembly.  The existing BVPS-2 administrative 
controls are shown below: 
      
• Fuel characterizations are controlled by procedure and are independently reviewed prior to 

entry in the ShuffleWorks computer software program; 
 
• Reactor engineers and core design experts prescribe initial and final locations and the 

movement sequence (fuel movement sheets) using ShuffleWorks; 
 
• Fuel movement sheets are verified by two individuals; 

 
• Fuel movements are coordinated by a Fuel Movement Coordinator (FMC); 

  
• Fuel movements are independently verified by two individuals visually; 

 
• Fuel movement activities are tracked against the fuel movement sheets and the sign off of 

each move is required; 
 
• Three-way communications are used between the FMC, the reactor crane operator and the 

pool crane operator to synchronize “to” and “from” locations; and 
 
• Annual pool verification is used to assure correct configuration of the SFP. 

 
The licensee stated that initial setup of the new SFP configuration will require an additional 73 
fuel moves.  After the initial SFP configuration is made, the number of fuel moves required 
during each refueling outage will remain approximately the same.  Prior to initial setup, the 
reactor engineers and core design support staff will be trained on the new methodology for 
characterizing fuel assemblies and determining appropriate locations for each assembly in the 
SFP. 
 
By letter dated December 21, 2007, the licensee stated that there will be no significant changes 
to administrative and operational controls that currently protect against criticality and  
fuel-handling accidents.  After reviewing the licensee’s submittal and RAI responses, the NRC 
staff has determined that the proposed change does not impact the current operator actions or 
the timing to perform those actions as credited in the BVPS-2 UFSAR, and that the proposed 
TS change is acceptable in the area of human performance. 
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3.8 NRC’s Staff Evaluation 
 
3.8.1 Reactor Systems 
 
Since the licensee takes credit for soluble boron during accident scenarios, the regulatory 
requirement is taken from 10 CFR 50.68(b)(4) which states, AIf credit is taken for soluble boron, 
the k-effective of the spent fuel storage racks loaded with fuel of the maximum fuel assembly 
reactivity must not exceed 0.95, at a 95 percent probability, 95 percent confidence level, if 
flooded with borated water, and the k-effective must remain below 1.0 (subcritical), at a 95 
percent probability, 95 percent confidence level, if flooded with unborated water.@  The licensee 
used an analytical acceptance limit of keff < 0.995 for the unborated condition and an analytical 
acceptance limit of keff < 0.945 for the borated condition.  Thus, the analysis reserved 0.005 Δ 
keff margin.   
 
The NRC‘s staff evaluation of the licensee’s submittal for the unborated criteria found several 
non-conservatisms.  For the most part, the licensee was able to identify offsetting conservatisms 
to maintain the reserved analytical keff margin.  However, to accommodate all of the 
non-conservatisms, the licensee had to reduce the reserved analytical Δ keff margin.  The 
minimum remaining analytical margin is 0.00132 Δ keff for the “1-out-of-4 3.85 w/o Fresh with 
IFBA” storage configuration.  While this represents a significant reduction in the reserved 
analytical Δ keff margin, it is sufficient in view of the above evaluation to allow the NRC staff to 
reasonably conclude that the licensee meets the regulation that keff must remain below 1.0, at a 
95 percent probability, 95 percent confidence level, if flooded with unborated water. 
 
The NRC’s staff evaluation of the licensee’s submittal for the borated criteria also found several 
non-conservatisms.  However, as discussed previously, the additional uncertainties used in the 
borated analysis coupled with the 2000 PPM of soluble boron, required by the BVPS-2 TS, 
allow the NRC staff to reasonably conclude that the licensee meets the regulation that keff must 
remain below 0.95, at a 95 percent probability, 95 percent confidence level, if flooded with 
borated water. 
 
The NRC staff’s acceptance of the information provided should not be construed as 
concurrence with every assertion in the submittal.  For instance, information provided during the 
audit at the Rockville office, and in Reference 5 indicates that WEC believes the two 
uncertainties evaluated in the borated analysis could have been combined statistically, and not 
doing so provides additional margin.  The NRC staff believes that would be inappropriate as it 
would be impossible to imply that a depletion uncertainty and a burnup uncertainty were 
independent, and would only serve to reduce any margin associated with them. 
 
3.8.2 Human Factors 
 
Based on the reviewed information, the NRC staff finds that the proposed TS change does not 
affect current operator manual actions credited in BVPS-2 UFSAR.  The NRC staff also finds 
that the proposed TS change is acceptable in the area of human performance, due to the 
licensee’s use of existing procedures and administrative controls to perform fuel movement 
activities during refueling outages; its use of trained reactor engineers and core design experts 
to characterize fuel assemblies and identify proper storage locations; and its use of existing fuel 
movement equipment, including the software used for developing fuel movement sheets. 
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4.0 REGULATORY COMMITMENT 
 

• At BVPS Unit No. 2, fresh fuel assemblies with nominal center-zone enrichments of 3.6 
w/o to 4.95 w/o must contain a blanket with a minimum nominal length of 6 inches and 
with a nominal enrichment that does not exceed 2.6 w/o.  Deviations from these 
conditions will require evaluation/analysis to demonstrate that the WCAP-16518-P, 
Revision 2, “Beaver Valley Unit 2 Spent Fuel Pool Criticality Analysis,” V.N. 
Kucukboyaci, July 2007, conclusions remain applicable. 

 
• At BVPS Unit No. 2, fresh fuel assemblies with nominal center-zone enrichments less 

than 3.6 w/o must contain a blanket with a minimum nominal length of 6 inches and with 
a nominal enrichment that does not exceed 1.0 w/o.  Deviations from these conditions 
will require evaluation/analysis to demonstrate that the WCAP-16518-P, Revision 2, 
“Beaver Valley Unit 2 Spent Fuel Pool Criticality Analysis,” V.N. Kucukboyaci, July 2007, 
conclusions remain applicable. 

 
The NRC staff finds that reasonable controls for the implementation and for subsequent 
evaluation of proposed changes pertaining to the above regulatory commitments are best 
provided by the licensee's administrative processes, including its commitment management 
program. 
 
5.0   STATE CONSULTATION 
 
In accordance with the Commission's regulations, the Pennsylvania State official was notified of 
the proposed issuance of the amendment.  The State official had no comments. 
 
6.0   ENVIRONMENTAL CONSIDERATION 
 
The amendment changes a requirement with respect to installation or use of a facility 
component located within the restricted area as defined in 10 CFR Part 20 and changes 
surveillance requirements.  The NRC staff has determined that the amendment involves no 
significant increase in the amounts, and no significant change in the types, of any effluents that 
may be released offsite, and that there is no significant increase in individual or cumulative 
occupational radiation exposure.  The Commission has previously issued a proposed finding 
that the amendment involves no significant hazards consideration, and there has been no public 
comment on such finding August 15, 2006 (71 FR 46935).  Accordingly, the amendment meets 
the eligibility criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9).  Pursuant to 10 
CFR 51.22(b), no environmental impact statement or environmental assessment need be 
prepared in connection with the issuance of the amendment. 
 
7.0   CONCLUSION 
 
The Commission has concluded, based on the considerations discussed above, that:  (1) there 
is reasonable assurance that the health and safety of the public will not be endangered by 
operation in the proposed manner, (2) such activities will be conducted in compliance with the 
Commission's regulations, and (3) the issuance of the amendment will not be inimical to the 
common defense and security or to the health and safety of the public. 
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