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Reference: 1) Letter, W. 0. Parker, Jr. (Duke) to 
H. R. Denton (NRC) June 16, 1981 

2) Letter, J. F. Stolz (NRC) to 
H. B. Tucker (Duke) 
Subject: Reload Design Methodology II 
Report, October 1, 1985 

3) Letter, A. C. Thadani (NRC) to 
H. B. Tucker (Duke) 
Subject: Acceptance for Referencing of 
Topical Report DPC-NE-1004, Nuclear Design 
Methodology Using CASMO-3/SITMULATE-3P, 
November 23, 1992 

By means of Reference 1, Duke Energy Corporation submitted 
Revision 4 of Technical Report NFS-1001, Reload Design 
Methodology, to the NRC. Since that time, Duke has 

submitted and received approval for a number of changes to 

this methodology as communicated by References 2 and 3.  
Additionally, the NRC has reviewed and approved a number of 

topical reports, a startup testing program, and a variety 
of licensing actions which implied changes to the original 

report that was submitted by Reference 1. In order to 
consolidate these changes and update Technical Report NFS
1001 relative to the subsequently approved documents, Duke
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is submitting the attached Revision 5 of Technical Report 
NFS-1001 for NRC review and approval. The submittal of 
Revision 5 was discussed during a meeting between NRC 
officials and Duke representatives held at NRC Headquarters 
on November 8, 1999.  

Revision 5 utilizes references to other approved 
methodology reports and eliminates descriptions of 
methodology in NFS-1001 that are already provided in these 
references. This revision also incorporates updates to the 
approved methodology, which are being provided herein for 
NRC review and approval. With approval of Revision 5 to 
NFS-1001, the Reference 2 Topical Report (DPC-NE-1002) will 
become obsolete. Additionally, this revision specifies use 
of the nuclear design models described in the Reference 3 
Topical Report (DPC-NE-1004). Therefore, Supplements 1 and 
2 of NFS-1001, which provided information regarding 
comparisons to physics test results and nuclear reliability 
factors for previous nuclear design models, are now also 
obsolete and have consequently been deleted in Revision 5.  
All of the codes summarized in Appendix A of NFS-1001 have 
been superceded by other NRC approved codes. Consequently, 
Appendix A has been deleted.  

The contents of this submittal package are: 

Attachment A, Updated Final Safety Analysis Report (UFSAR) 
Markups, provides a draft markup of the UFSAR pages that 
will need to be revised to incorporate Revision 5 of NFS
1001. Note that UFSAR changes resulting from previously 
approved topical reports that are referenced by NFS-1001 
(such as DPC-NE-3005PA) are not included in these markups.  

A final set of UFSAR changes will be made following NRC 
approval of the necessary changes to the Oconee Technical 
Specifications (discussed below). These final UFSAR 
changes will be submitted to the NRC pursuant to 
10CFR50.71(e).  

Attachment B, Summary of NFS-1001, Revision 5 Changes, 
provides a summary of the changes from Revision 4 to 
Revision 5 of NFS-1001.
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Attachment C, Summary of Topical Report Restrictions, 
provides a summary of SER restrictions applicable to NFS
1001, Revision 5 and other appropriate topical reports 
included by reference in NFS-1001, Revision 5. A response 
is also provided for each restriction which identifies how 
the restriction is met or discusses why the restriction is 
not applicable.  

Attachment D provides Technical Report NFS-1001, Reload 
Design Methodology, Revision 5.  

Incorporation of the attached Revision 5 to NFS-1001 into 
the reload process will require a change to the list of 
references in Section 5.6.5 of the Oconee Technical 
Specifications. Following NRC approval of NFS-1001, 
Revision 5, the necessary changes to Oconee Technical 
Specification 5.6.5 will be submitted pursuant to 
10CFR50.90.  

Duke Energy Corporation requests NRC review and approval of 
revision 5 of NFS-1001 by December 22, 2000.  

Very Truly Yours,

M. S. Tuckman
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Oconee Nuclear Station

5 1. Operate to the scheduled end-of-cycle (EOC) plus ten days, with a minimum boron (typically 10 
5 ppmb) remaining at the EOC midpoint.  

5 2. The U235 fuel enrichment must be bounded by that listed within the Technical Specifications (Spent 
5 Fuel Pool storage requirements).  

5 3. Maximum pin burnup must be bounded by the appropriate limit for a fuel type.  

5 4. Maximum assembly average bumup must be bounded by the appropriate limit for a fuel type.  

7 5. The power histories must be bounded by those used in generic analyses, or provide acceptable results 
7 when specifically analyzed.  

5 6. For the current bypass flow assumptions, the typical number of 44 BPRAs gives sufficient margin.  

5 During the safety analysis physics parameters, a number of physics parameters are calculated and are 
5 verified as conservative with respect to those assumed within the Chapter 15 safety/accident analyses.  
5 These include, but are not limited to, the following: 

5 1. Moderator temperature coefficient 

5 2. Doppler coefficient 

5 3. Ejected rod worth 

5 4. Dropped rod worth 

5 5. Total/maximum CRA group worth 

5 6. Kinetics parameters 

5 7. Shutdown margin 

5 8. Maximum reactivity insertion rates (due to controlled rod withdrawal and boron dilution) 

5 9. Differential boron worth 

5 10. Boron concentrations 

5 The purpose of a maneuvering analysis is to generate three dimensional power distributions, rod positions, 
5 and imbalances for a variety of reasonable and permissive rod positions, xenon distributions, and power 
5 levels. The maneuvering analysis can be described as four discrete phases. The first is the nomimal fuel 
5 cycle depletion performed at a nominal rod index (typically, rod index = 292 and APSRs at 35% 
5 withdrawn) to establish a fuel depletion history. The second is the power maneuver performed at BOC (4 
5 EPFD), at EOC (with appropriate adjustments to ensure critical conditions), and at least one other point 
5 in between; APSRs are positioned as necessary to maintain xenon control and to maintain predetermined 
5 imbalance limits. The third is to perform control rod and APSR scans at the most severe times of the 
5 power maneuver. The fourth step is to perform selected control rod and APSR scans at various nominal 
5 depletion steps. Each of these phases involves running multiple three dimensional cases and generation of C.11
5 three dimensional power distributions, rod positions, and j alances for each case. The data is processed 
5 by utility codes to calculate margins to LHRTM, [DNBR, and LOCA limiting criteria, and to pro uce 
7 'fly-speck' plots. Application of appropriate calculational conservatisms are described within ReferenceY 2, 

7 Xal4X. Note that the derivations of the LHRTMpNBR, and LOCA limiting criteria have been 

5 bounded by limiting power distribution listed within Tabie4-1.•\ C "~A 5'ePA.i,) 

5 In addition, the initial rod positions assumed within the following safety parameters must be bounded by 
5 the rod insertion limits determined during the maneuvering analysis: 

5 1. Shutdown margin at HZP, BOC to EOC > 1.0% Ap (with the most reactive CRA stuck in the fully 
5 withdrawn position).
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Oconee Nuclear Station
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Oconee Nuclear Station 4.2 Fuel System Design 
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Revision Summary

Chapter 1 - Introduction 

1. Eliminated the reference to 6 to 18 month refueling intervals. Although 18 month 
cycle designs are still typical for Oconee, this methodology should not be limited to 
18 month cycle designs. Rather it is limited by the allowable fuel burnup, power 
history, and other criteria associated with fuel performance, accident analysis, and 
thermal hydraulic analytical methodologies.  

2. Added statement identifying that descriptions in other approved topicals are 
incorporated by reference.  

3. Added Figure 1-1 to illustrate the relationship of reload methodology topical reports 
for Oconee Nuclear Station.  

4. Reordered the list of reload design criteria to be more consistent with the order they 
are typically evaluated.  

5. Eliminated the reference to some of the core parameters specified as Technical 
Specification limits in reload design criteria number 7. This is to provide consistency 
with the movement of these limits to the Core Operating Limits Report.  

6. Added specific reference to the Core Operating Limits Report in the major elements 
of the reload design process.  

7. Eliminated the partial list of items considered to be part of the fuel design. This list 
was not complete and only provided as an example description.  

8. Added communication of fuel design changes as part of the fuel design element.  
9. Eliminated superfluous detailed description of the constituents of the fuel mechanical 

analyses. Adequate description is provided in the Chapter 4 references. Removal of 
this description will eliminate conflicts with those references and any future revisions 
to them.  

10. Eliminated reference to a minimum DNBR of 1.3 and replaced with reference to the 
required DNB margin using NRC approved methods. This is necessary to be 
consistent with reference to approved Thermal-Hydraulic methods as identified in 
Chapter 6.  

11. Added statement identifying that the reload report is only generated when the reload 
design results in proposed Technical Specification revisions. This change provides 
consistency with the generation of the Core Operating Limits Report to allow 50.59 
reload designs.  

12. Reordered the description of the elements of the reload design process to be more 
consistent with the order they are typically performed.  

13. Eliminated specification of physics parameters calculated to support plant operation.  
These parameters change based on the needs of the plant, startup test procedures, etc.  

Chapter 2 - Fuel Design 

1. Description eliminated and replaced with reference to the Technical Specifications 
and the Updated Final Safety Analysis Report for description of fuel and core 
component designs.



Chapter 3 - Fuel Cycle Design

1. Updated the description of the nuclear calculation system to reference the models 
approved in Reference 2.  

2. Added restriction specifying that changes to the models in Reference 2 to provide 
additional detail or flexibility require validation that the uncertainties specified in 
Reference 2 remain conservative. This statement is added to ensure that changes are 
not made which would invalidate the bases for the approval of the models described 
in Reference 2.  

3. Eliminated specific values of design criteria from Section 3.2. Limits for all of these 
criteria are currently provided in subsequently approved methodologies.  

4. Added evaluation of cladding corrosion in accordance with References 7 and 8 as part 
of the cycle design process.  

5. Eliminated reference to "rods in" operation. The Oconee units have been operating in 
a "feed and bleed" mode for many years and use of "rods in" operation would now 
be considered atypical.  

6. Eliminated references to control rod interchange as this maneuver is utilized in the 
"rods in" mode of operation.  

7. Eliminated references to the PDQ and NODE models several places (and utilized 
Reference 2 where necessary) as these have been replaced with the models described 
in Reference 2.  

8. Replaced details of Ejected Rod Worth and Dropped Rod worth calculations with 
Reference 3.  

9. Replaced the reference to specific values for radial pin peaking limits with "typical" 
to eliminate potential conflicts. These values are dependent upon the accident 
analysis, thermal, and thermal hydraulic models, which are now incorporated by 
reference to other approved topical reports. Revisions to those methods can now be 
accommodated without revision to Sections 3.2.3. The margin to the actual limits 
continues to be calculated and confirmed during the maneuvering analysis.  

10. Eliminated details of temperature variations, definitions, and conditions for 
calculating reactivity coefficients. These details need to be consistent with the 
intended application of the reactivity coefficients. This will eliminate potential 
conflicts with applications described in Reference 3 or revised startup testing 
procedures.  

11. Eliminated descriptions of calculations performed with 2D models and corrections to 
account for 3D effects. All calculations are now performed in 3D with the models 
described in Reference 2.  

12. Replaced references to conditions for calculating boron related parameters with 
Reference 3. This eliminates conflicts with the subsequently approved Reference 3 
and any future revisions.  

13. Eliminated details of the Xenon worth calculations in Section 3.2.7 which are 
dependent upon the models utilized. The PDQ and NODE models have been 
replaced with those described in Reference 2.  

14. Eliminated the reference to PDQ and DELAY for calculating kinetics parameters as 
these models have been replaced by the SIMULATE-3P and SIMULATE-3K models 
described in References 2 and 3.



Chapter 4 - Fuel Mechanical Performance

1. Description eliminated and replaced with reference to the subsequently approved 
methodologies described in References 4, 7, 8 and 9.  

Chapter 5 - Maneuvering Analysis 

1. Eliminated references to the NODE code as this model has been replaced by the 
Reference 2 model.  

2. Eliminated the integral rod worth phase of the maneuvering analysis. The models 
described in Reference 2 provide the capability to perform control rod position 
searches to maintain criticality during the power maneuvers. The shutdown margin 
and ejected rod worth calculations can be performed independently of the power 
maneuvers, thus eliminating the need for the integral rod worth calculations within 
the maneuvering analysis description.  

3. Consolidated phases 4 and 5 into one phase which describes all the control rod scan 
cases.  

4. Identified the calculation of margins to the design limits as a separate phase of the 
maneuvering analysis.  

5. Added evaluation of clad strain as one of the design limits evaluated in the 
maneuvering analysis.  

6. Replaced reference to the utility code NUC with "computer programs". The 
functions previously performed by NUC can be performed with newer utility 
programs or in spreadsheet applications.  

7. Updated location of cyclic limits and setpoints from the Technical Specifications to 
the Core Operating Limits Report.  

8. Eliminated restriction to maintain imbalance within +/- 5% in the cycle depletion to 
be consistent with current practice for "feed and bleed" mode of operation.  

9. Eliminated description of the power maneuvers for "rods in" design to be consistent 
with current practice for "feed and bleed" mode of operation.  

10. Replaced the description of specific power levels and rod positions for performing 
power maneuvers with "bounding power maneuvers". The specific power levels and 
rod positions which obtain the desired non-equilibrium xenon conditions are 
dependent upon the particular core designs. This change allows the use of power 
maneuvers appropriate for the particular core design.  

11. Combined the description of control rod scans off the power maneuver with those off 
the fuel cycle depletion.  

Chapter 6 - Thermal Hydraulic Design 

1. Description eliminated and replaced with reference to the subsequently approved 
methodologies described in References 5, 6 and 10.

Chapter 7 - Technical Specifications Review and Development



1. Revised description to include movement of some Technical Specification values to 
the Core Operating Limits Report.  

2. Revised description to indicate the generation of a reload report is not required if 
changes required by the reload design are limited to specifications in the Core 
Operating Limits Report.  

3. Revised reference to a DNBR limit of 1.3 to specify the "design limit". The value of 
the design limit is dependent upon the approved methodology for performing the 
thermal hydraulic analysis, which is referenced in Chapter 6.  

4. Added cladding strain as a design limit.  
5. Eliminated references to 2-pump mode of operation. This provides consistency with 

the subsequently approved accident analysis of Reference 3.  
6. Updated the nuclear uncertainties specified and eliminated the reference to radial

local factors to be consistent with the use of the models specified in Reference 2.  
7. Updated the description to indicate that the spacer grid effect factor is only applicable 

when analyzing fuel assemblies with Inconel spacer grids. Elimination of the spacer 
grid effect factor for assemblies with Zircalloy spacer grids was previously approved 
via Topical Report DPC-NE-1002.  

8. Updated power levels at which offset limits are typically established to correspond 
with the subsequently approved methodology of Reference 3 and current practice.  

9. Added description that "application of the radial nuclear uncertainty is not necessary 
when the allowable peaking factor is determined using the statistical core design 
methodology described in Reference 6" to Section 7.2.2.2. The Reference 6 
methodology accounts for the radial nuclear uncertainty as part of the development of 
the allowable peaking factor.  

10. Updated the values provided as example offset limits with values representative of 
more current core designs.  

11. Revised values for pressure and temperature setpoints to be consistent with the 
subsequently approved methodology of Reference 3.  

12. Eliminated the specific values of power level error adjustments. The various parts of 
the error adjustments are still described. However, the values are dependent upon the 
instrumentation and equipment in the plant. This will preclude the need to revise this 
topical due to changes in the associated plant instruments and/or equipment.  

13. Incorporated description of operational DNB limits into development of the Limiting 
Conditions for Operation. This description was previously provided in Chapter 6, 
which has been replaced by reference to the approved methodologies provided in 
References 5 and 6.  

14. Eliminated the specific allowable linear heat rate limits as these are fuel type and 
analysis methodology dependent. They are allowed to vary from cycle to cycle and 
are currently provided in the Core Operating Limits Report.  

15. Added flexibility to utilize cycle specific quadrant power tilt factors. This flexibility 
accounts for the dependence of the peaking penalty due to quadrant tilt on both the 
assembly location and the particular core design.  

16. Eliminated reference to "rods in" operation.  
17. Eliminated the non-equilibrium xenon peaking factor. The models approved in 

Reference 2 explicitly calculate the impact of transient xenon on both the imbalance



and the local peaking factor. This factor had previously been required due to the 
impact on the radial-local factors used with the PDQ and NODE methodology.  

18. Eliminated values for increasing the calculated maximum peaks which are provided 
earlier or in subsequently approved methodologies, or eliminated due to changes in 
methodology or assembly design.  

19. Replaced specific values of ejected rod worth limits to "the value assumed in the 
UFSAR rod ejection analysis". These limits are now determined by the subsequently 
approved methodology in Reference 3.  

Chapter 8 - Accident Analysis Review 

1. Replaced the FSAR and Fuel Densification Analysis Reports with the subsequently 
approved methodology of Reference 3 as the non-LOCA accident analysis 
methodology.  

2. Deleted the description and list of key parameters, RPS trip functions and setpoints, 
and the individual accident descriptions. This information has been updated and is 
included in the subsequently approved Reference 3, with the exception of the LOCA 
analysis. Description of the LOCA analysis has been provided by reference to the 
UFSAR Section 15.14 (Reference 1).  

Chapter 9 - Development of Core Physics Parameters 

1. Eliminated references to the PDQ and NODE models as these have been replaced by 
the models described in Reference 2.  

2. Eliminated descriptions and tables of specific conditions utilized to calculate many of 
the core physics parameters. The conditions for calculating these parameters are 
dependent upon the startup testing procedures, plant operation, and particulars of the 
core design. Description of how the parameters are calculated is still included in the 
text. However, the specific conditions were provided as examples and their 
elimination will preclude conflicts with changes in plant operation, procedures, or 
particular core designs.  

3. Revised the form in which physics parameters are typically provided from graphical 
to tabular to be consistent with current practice.  

4. Eliminated description of the integral boron worth calculation as it is typically no 
longer required by the plant.  

5. Eliminated reference to group 7 rod scans at BOC HFP. Current practice is to 
calculate imbalance at the conditions of the specific cycle startup, including power 
level, rod positions, and time after startup.  

6. Revised statement that "the maximum ejected control rod worth at HZP is measured" 
to indicate "If this parameter is to be measured". The startup physics testing program 
for ONS does not include measurement of the ejected rod worth.  

7. Eliminated discussion of temperature and Doppler coefficients at HFP. The current 
startup physics testing program for ONS does not include measurement of these 
coefficients.



Chapter 10 - References 

1. The list of references has been updated to include subsequently approved 
methodology reports and delete references that have been superceded.  

Appendix A - Code Summary 

1. Deleted this appendix. The codes summarized in this appendix have been superceded 
by the models described in Reference 2.  

Supplement 1 - Physics Test Comparisons 

1. Deleted this supplement. The information contained in this supplement has been 
superceded by the approval of the models described in Reference 2.  

Supplement 2 - Nuclear Reliability Factors for EPRI-NODE-P 

1. Deleted this supplement. The information contained in this supplement has been 
superceded by the approval of the models described in Reference 2.
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Summary of Topical Report SER Restrictions

NFS-1001A, Revision 4 (SER dated July 29, 1981) 
Oconee Nuclear Station Reload Design Methodology 

1. Recommend that Duke continue to perform periodic reevaluations of the reload 
methodology to provide continuing assurance of model applicability.  
Response: Reevaluations of the reload methodology are performed continually and 
have resulted in several subsequent topical report submittals to update the 
methodology.  

2. Committed to use the approved TACO code until the TACO2 code is approved by the 
staff.  
Response: TACO and TACO2 have been replaced by TACO-3 as discussed in DPC
NE-2008P-A.  

3. Restricted applicability of the rod bow penalty to burnups less than or equal to 33,000 
MWD/MTU. If an increase in burnup is desired the applicant must submit a change 
to the Technical Specifications to provide for a modified rod bow penalty.  
Response: The DNBR penalty due to rod bow is no longer applied as identified in 
the SER for topical report DPC-NE-1002A.  

4. Reactor coolant flow reduction may occur in future cycles due to system degradation 
such as plugging of steam generation tubes. Therefore, the coolant flow rate listed in 
the Technical Specifications must be evaluated to ensure that it is the minimum 
acceptable flow rate needed to obtain adequate cooling.  
Response: The minimum RCS flow listed in the COLR is the value used in the 
analyses where minimum flow is conservative. The Technical Specifications require 
surveillances to monitor the flow rate and associated actions if the minimum value is 
not met. This ensures all analysis assumptions are verified on a routine basis.  

5. Any limitations identified during completion of the CHATA review will be 
compensated for by appropriate operating restrictions.  
Response: The CHATA code is no longer used. The thermal-hydraulic analyses are 
performed with VIPRE-01 as per DPC-NE-2003P-A.  

6. If any of the parameters are changed such as the DNBR penalty for rod bow, the 
licensee should justify the use of these new numbers in the thermal-hydraulic 
analysis. If the DNBR penalty is changed, the licensee should insert into the basis of 
the technical specifications any generic or plant specific margin that has been used to 
offset the reduction in DNBR due to rod bow and identify the source and reference 
previous staff approval of each generic margin.  
Response: The DNBR penalty due to rod bow is no longer applied as identified in 
the SER for topical report DPC-NE-1002A.



7. The RPS P-T trip setpoints are derived by error adjusting the P-T core safety limits 
generated in Section 7.2.1 and also considering the high RCS pressure, low RCS 
pressure, and high RCS outlet temperature setpoints. Duke should supply adequate 
justification to show that the error-adjustments do not change for each reload.  
Response: he error-adjustments account for instrument uncertainty in the various 
pressure and temperature measurement devices. If the instrumentation does not 
change, the error-adjustments do not change. If the instrumentation is changed, 
modified, or replaced, the error-adjustments are either verified valid or revised such 
that they are valid.  

DPC-NE-1002A, Revision 1 (SER dated October 1, 1985) 
Oconee Nuclear Station Reload Design Methodology II 

1. Should cladding strain reanalysis be required due to significant changes in the fuel 
design, the reference analysis must be repeated using the TACO2 code.  
Response: TACO2 has been replaced by TACO3 as discussed in DPC-NE-2008P-A.  

2. The responsibility for identification and resolution of any incompatibilities between 
the rod thermal analysis inputs for a specific cycle and the reference ECCS analyses 
lies with the licensee.  
Response: Verification of the ECCS rod thermal analysis inputs are performed as 
part of each cycle design.  

DPC-NE-1004A, Revision 0 (SER dated November 23, 1992) 
Nuclear Design Methodology Using CASMO-3/SIMULATE-3P 

1. Methodology is only applicable to Duke's B&W 177-assembly and Westinghouse 
193-assembly cores.  
Response: Methodology is only being applied as stated.  

2. The applicability of CASMO-3 and SIMULATE-3P to fuel designs that differ 
significantly from those included in the topical data base should be supported by 
additional code validation to ensure that the DPC-NE-1004 methodology and 
uncertainties apply.  
Response: Oconee core designs have continued to use similar fuel designs.  
Additional code validation has been performed to ensure applicability for upcoming 
McGuire and Catawba core design which will utilize IFBA fuel.  

3. The system of codes represented in the topical report must be protected by 
appropriate quality assurance procedures, subject to auditing by the staff.  
Response: The system of codes are maintained under Duke's software quality 
assurance procedures as safety-related software.



DPC-NE-2003P-A, Revision 0 (SER dated July 19, 1989) 
Oconee Nuclear Station Core Thermal-Hydraulic Methodology Using VIPRE-01 

1. The validation analysis with limited CHF data has demonstrated that the approved 
DNBR limit of 1.18 for the BWC CHF correlation, which was derived with the 
LYNX2 thermal-hydraulic code, is conservative and acceptable for use with VIPRE
01. Acceptance of a DNBR limit less than 1.18 will require further analysis of 
broader CHF data based and detailed staff review.  
Response: All the non-SCD analyses for Oconee with the BWC CHF correlation use 
a minimum allowable DNBR value of 1.18.  

2. The studies provided in the topical report were performed with the Mark-BZ fuel 
assembly design currently used in Oconee units. Though the approach described is 
acceptable for future fuel assembly designs, DPC should ensure that the selected 
correlations be used within their applicable ranges.  
Response: The Mark-BZ fuel assemblies operated at Oconee include the Mark-B4, 
Mark-B5, Mark-B6, Mark-B7, Mark-B8, Mark-B9, and Mark-B10 fuel. Each one of 
these designs utilized the same set of correlations stated in DPC-NE-2003P-A and all 
analyses are limited to the CHF correlation range. A subsequent and separate 
submittal was made for an alternative fuel design, Mark-B 11, that required revision to 
the correlations stated in DPC-NE-2003P-A.  

DPC-NE-2005P-A, Revision 1 (SER dated November 7, 1996) 
Thermal-Hydraulic Statistical Core Design Methodology 

1. The statistical core design (SCD) methodology developed by DPC, as described in 
the submittal (DPC-NE-2005), is direct and general enough to be widely applicable to 
any pressurized-water reactor (PWR) fuel or reactor, provided that the VIPRE-01 
methodology is approved with the use of the core model and correlations including 
the critical heat flux (CHF) correlation subject to the conditions in the VIPRE safety 
evaluation report (SER). DPC committed in their topical report that its use of specific 
uncertainties and distributions will be justified on a plant specific basis, and also that 
its selection of statepoints used for generating the statistical design limit will be 
justified to be appropriate. The methodology is approved only for use in DPC plants.  
Response: Addressed in Appendix A of DPC-NE-2005P-A. The Mark-B analysis 
presented with the BWC critical heat flux correlation is only for Oconee. All 
uncertainties and distributions listed in Appendix A are also only for the Oconee site.



2. Of the two DNBR limits, only the use of the single, most-conservative DNBR limit is 
approved.  
Response: Use of two DNBR limits was not approved. The higher (more 
conservative) single DNBR limit stated for the Mark-B designs in Appendix A is the 
statistical DNBR limit used in analyses.  

DPC-NE-2008P-A, Revision 0 (SER dated April 3, 1995) 
Fuel Mechanical Reload Analysis Methodology Using TACO3 

There are no limitations, conditions or restrictions identified in the SER for DPC-NE
2008P-A. The following recommendations for improvement were listed: 

1. Duke Power re-evaluate the axial power shapes if either of the following assumptions 
are no longer valid: (1) core average axial power is similar to assembly axial power, 
and (2) the axial power does not change between cycles.  
Response: Steady-state axial shapes have been determined for each fuel rod design 
and these evaluations confirm the validity of these assumptions. Centerline fuel melt, 
creep collapse, and strain are insensitive to the steady-state axial shapes. The rod 
internal pressure results depended more on the transient axial power shapes than the 
steady-state axial shapes. Based on these observations, the transient shapes are re
evaluated as described below and the steady-state axial shapes are only re-evaluated 
for fuel design changes.  

2. Duke Power re-evaluate the steady-state axial power shapes when the transient axial 
power shapes are changed.  
Response: The evaluation of steady-state axial shapes is discussed in the previous 
resolution. Transient axial power data is re-evaluated when significant changes occur 
in the following: (1) cycle length, (2) feed batch size, (3) axial offset limits, (4) rod 
insertion limits, (5) rodded operation, (6) extended reduced power operation, or (7) 
fuel design changes (axial blankets, pellet/clad dimensions, etc.).  

3. Key personnel responsible for the TACO3 software security and maintenance should 
be limited, but not to only one person.  
Response: Computer code file ownership and permissions are used to limit access to 
TACO3. The computer administrator for the section has access to the TACO3 source 
code and executable file. If necessary, other computer administrators within the 
Nuclear Engineering group can provide access to the files.  

4. Any TACO3 source code update should be verified with B&W that the new version 
has been accepted by the NRC.  
Response: FCF administrative controls require them to notify Duke Power of 
TACO3 modifications. Duke ensures that any new version of TACO3 has received 
NRC approval before it is used for licensing calculations.



5. Duke Power's certification process for TACO3 calculations should be expedited in 
order to have more qualified engineers for reload licensing applications.  
Response: All engineers in the section attended a TACO3 training session on May 
23, 1995 that covered the TACO3 methodology described in DPC-NE-2008P-A.  
Nuclear Engineering also has administrative procedures that recommend periodic (2
3 years) training on large computer codes such as TACO3.  

BAW-10186P-A, Revision 0 (SER dated January 25, 1999) 
Extended Burnup Evaluation 

1. This methodology is acceptable for Mark-B fuel design up to 62 GWd/MTU rod 
average burnup.  
Response: Cycle specific calculations verify the maximum fuel rod burnup does not 
exceed 62 GWd/MTU.  

2. This methodology is acceptable for Mark-BW fuel design up to 60 GWd/MTU rod 
average burnup.  
Response: Not applicable to Oconee.  

3. This approval does not cover extended burnup operation of Mark-C fuel design.  
Response: Not applicable to Oconee.  

4. The maximum predicted oxide thickness will be 100 microns.  
Response: Cycle specific calculations determine the maximum predicted fuel rod 
oxidation level. These evaluations are based on FCF's corrosion methodology and 
oxide limit (i.e. 100 microns) as approved in NRCs acceptance letter to FCF for 
BAW-10186 dated 1/25/99.  

5. Up to eight fuel assemblies from different sub-batches in each fuel cycle may have 
fuel rods with predicted oxide layers greater than 100 microns and will be designated 
as lead corrosion assemblies.  
Response: Cycle specific calculations determine the maximum predicted fuel rod 
oxidation level. If any fuel assemblies exceed the limit, they will be designated as 
lead corrosion assemblies.  

6. The total number of lead test assemblies (lead corrosion assemblies and other LTAs) 
in any fuel cycle will not exceed twelve.  
Response: Cycle specific calculations determine the maximum predicted fuel rod 
oxidation level. If any fuel assemblies exceed the limit, they will be designated as 
lead corrosion assemblies. The maximum limit of LTAs in any one core will not 
exceed twelve.



In addition, the NRC acceptance letter for use of BAW-10186 at Oconee (dated 
March 1, 1999) contained the following requirements: 

1. Use FCF's corrosion methodology and oxide limit (i.e. 100 microns) as defined in an 
FCF letter to the NRC dated October 28, 1997.  
Response: See responses above for BAW-10186.  

2. Maintain documentation of the verification process such as code benchmarking and 
data analysis for demonstrating conformance to the high burnup methodology for 
possible audits in the future.  
Response: Duke Power has imported and maintains the FCF code via internal 
administrative process for software quality assurance. All documentation is 
retrievable and auditable.  

DPC-NE-3000-PA, Revision 2 (SER dated October 14, 1998) 
Thermal-Hydraulic Transient Analysis Methodology 

Duke has addressed the VIPRE restrictions associated with DPC-NE-3000-PA and the 
generic VIPRE code restrictions. Specifically, for Oconee, they are: 

1. Determination of acceptability is based upon review of selection of 
models/correlations for symmetric transients only. For asymmetric transients, DPC 
intends to use other models not described in this submittal. Therefore, DPC submits 
for review, a full description, explanation and justification of its asymmetric models.  
Response: The VIPRE-01 models/correlations documented in DPC-NE-3000-PA are 
used for symmetric transients. Asymmetric transient modeling for Oconee is 
documented, reviewed and approved in DPC-NE-3005-PA.  

2. Restrictions and user guidelines cited in the VIPRE-01 SER with respect to the CHF 
correlation and the time step size remain unchanged. DPC must provide discussion of 
conformity to these guidelines.  
Response: DPC will abide by the restrictions and user guidelines cited in the VIPRE
01 SER (Page 28) with respect to the CHF correlation. As stated on Page 29 of the 
VIPRE-0 1 SER, if a profile fit subcooled boiling model (such as Levy and EPRI 
models) which was developed based on steady state data is used in a boiling transient, 
care should be taken in the time step size used for transient analysis to avoid a 
Courant number less than 1. DPC has satisfied this limitation in the transients 
analyzed in DPC-NE-3005-PA.  

3. Whenever DPC intends to use other CHF correlations, power distribution, fuel pin 
conduction model or any other input parameters and default options which were not 
part of the original review of the VIPRE-01 code, DPC must submit its justification 
for NRC review and approval.  
Response: Whenever DPC intends to use other CHF correlations, power 
distributions, fuel pin conduction model or any other input parameters and default



options which were not part of the original review of the DPC-NE-3000, DPC will 
submit its justification for NRC review and approval. DPC has previously responded 
to this restriction by submitting DPC-NE-3000, Revision 2, and DPC-NE-3005-PA 
for NRC review. Duke will submit future revisions as required by this SER 
restriction.  

4. Core bypass flow must be determined and justified on cycle-by-cycle bases.  
Response: The core bypass flow will be determined on a cycle-by-cycle basis.  
However, a conservative bounding core bypass flow value will be used for the core 
thermal-hydraulic analysis and verified as such each reload.  

RETRAN limitations associated with DPC-NE-3000-PA specific to Oconee are: 

1. The steam generator secondary modeling (particularly for Oconee) produces 
conservative results for each such licensing transient.  

2. The nodalization for the balance of the plant is conservative.  

3. The selection of the RETRAN internal models and correlations is conservative.  

4. The RETRAN control systems are accurate and conservative.  

Response: These limitations have been subsequently addressed for Oconee modeling 
with the submittal and approval of DPC-NE-3005-PA.  

5. Acceptability of use of the DPC RETRAN transient analysis methodology is 
applicable only to Oconee plants.  
Response: Duke will notify the NRC prior to the use of the DPC RETRAN model for 
plants other than Oconee.  

6. When the models are used in licensing calculations, DPC should demonstrate that the 
models are adequately modified, where appropriate, to incorporate sufficient 
conservatisms so that the resulting analysis is conservative. Furthermore, DPC 
should demonstrate that the compensatory assumptions and delay times which it 
introduces to offset the over-prediction of post-trip heat transfer produce adequately 
conservative results.  
Response: Duke has specifically addressed the above limitations in the Chapter 15 
transient analysis assumptions provided in DPC-NE-3005-PA.  

DPC-NE-3005-PA, Revision 1 (SER dated May 25, 1999) 
Oconee Nuclear Station 

UFSAR Chapter 15 Transient Analysis Methodology 

There are no specific restrictions to the methodology of DPC-NE-3005-PA. However, 
the generic limitations associated with the application of the RETRAN-02 code are 
addressed individually below:



1. RETRAN is a large, complex, sophisticated analysis tool. The number of volumes 
and nodes is variable and a variety of options is available to model different 
components in a nuclear power plant. Because the user has so much freedom, those 
who wish to submit analyses for review using RETRAN should also submit the 
corresponding plant or system model (input deck) for review.  
Response: Duke has met this restriction by submitting topical reports DPC-NE-3000
PA and DPC-NE-3005-PA.  

2. The subcooled void model is not well qualified. This model must be fully qualified 
for each condition where it is applied, and its use should be restricted to the range of 
qualification.  
Response: This model is not used.  

3. In principal the dynamic slip model would be expected to yield more accurate results 
than the homogeneous equilibrium model when calculating two phase flow. In the 
qualification analysis submitted for review this was not demonstrated. In submittals 
in which the dynamic slip model is employed, it must be qualified and sensitivity 
studies performed to demonstrate stability and convergence. It should be made clear 
as part of the qualification that the dynamic slip model performs better than the 
homogeneous equilibrium model and that the application of the model is within the 
limits of qualification.  
Response: The dynamic slip model is not utilized for analyses performed using DPC
NE-3005-PA, with one exception. Dynamic slip is turned on for two upper steam 
generator junctions for the large steam line break analysis, as described in section 
15.2.1.4 of DPC-NE-3005-PA. This is done in an attempt to minimize the liquid 
carried into the broken steam line, but has only a minor effect on the analysis results.  
This modeling approach was reviewed and approved with DPC-NE-3005-PA.  

4. The non-equilibrium pressurizer model has not been qualified for those situations 
where the pressurizer becomes completely empty or full (goes from two phase to 
single phase). Appropriate qualification should be submitted with any analysis that 
places the pressurizer in either of these modes.  
Response: The pressurizer does not fill during the time periods of interest for any of 
the Chapter 15 transients presented in DPC-NE-3005-PA. The pressurizer is 
predicted to drain for the main steamline break transient due to the excessive RCS 
cooldown. After the pressurizer empties, the RCS pressure decrease is limited by 
flashing in the reactor vessel upper head and in the unaffected steam generator tube 
bundle. High Pressure Injection eventually results in the pressurizer refilling.  
However, this does not occur during the time of peak return to power. The RETRAN 
prediction of these plant conditions is realistic and sufficient for the intended purpose.  

5. The bubble rise model has received only limited verification, and its use should be 
carefully qualified.  
Response: The bubble rise model is a correlation which allows the enthalpy in a 
volume to vary with height. As discussed in DPC-NE-3000-PA, Section 2.2.6.4, the



model is applied to primary system volumes which have a definite separation between 
vapor and liquid, i.e., the pressurizer and the core flood tanks. In addition, the bubble 
rise model is used in the steam generator downcomer, which has a void gradient since 
the aspirated steam condenses in the subcooled feedwater as the two fluid streams 
travel toward the bottom of the generator. The main steam line is also specified as a 
bubble rise volume in order to ensure that the turbine bypass valves, which are 
located on the top of the volume, relieve steam instead of liquid, even if some liquid 
in the steam line is predicted by the code. Use of the bubble rise phase separation 
model in these instances has been reviewed and approved with DPC-NE-3000-PA.  

6. The use of the transport delay option should be limited to those cases showing a 
dominant flow direction.  
Response: The temperature transport delay option is disabled for situations where 
flow becomes stagnant or reverses during the important time periods of the transients 
and has the potential to significantly affect the results. The temperature transport 
delay option is disabled for the main steam line break analysis, as described in DPC
NE-3005-PA. The temperature transport delay option is not disabled for the cold 
water accident (pump startup). The DNB result for the cold water accident is driven 
more by the flow increase than by the cold leg temperature response. The 
temperature transport delay option is also not disabled for loss of flow events since 
the flow direction does not change during the time period of interest. For the locked 
rotor event, the locked rotor cold leg loop rapidly changes flow direction. However, 
the DNB statepoint occurs in the first few seconds. This does not allow time for cold 
leg temperature predictions in the affected loop to reach the core, and is therefore not 
significant.  

7. The countercurrent flow logic was modified, but continues to use the constitutive 
equations for bubbly flow; i.e., the code does not contain constitutive models for 
stratified flow. Therefore, use of the hydrodynamic models for any transient which 
involves a flow regime which would not be reasonably expected to be in bubbly flow 
will require additional justification.  
Response: This restriction is not applicable since the countercurrent flow logic 
associated with the slip model is not applied to horizontal piping in transients 
analyzed using DPC-NE-3005 methodology.  

8. Certain changes were made in the momentum mixing for use in the jet pump model.  
These changes are acceptable. However, those limitations on the use of the jet pump 
momentum mixing model which are stated in the original SER remain in force.  
Response: This model is not used.  

9. If licensees choose to use MOD004 for transient analysis, the conservatism of the 
heat transfer model for metal walls in non-equilibrium volumes should be 
demonstrated in their plant specific submittals.  
Response: Typically, non-equilibrium volume modeling is only applied to the 
pressurizer. The non-equilibrium pressurizer modeling has been justified in the 
submittal and licensing of DPC-NE-3000-PA.



10. The default Courant time step control for the implicit numerical solution scheme was 
modified to 0.3. No guidance is given to the user in use of default value or any other 
values. In the plant specific submittals, the licensees should justify the adequacy of 
the selected value for the Courant parameter.  
Response: The justification for the iterative numerics timestep control is provided in 
DPC-NE-3000-PA. For analyses performed using DPC-NE-3005-PA, an iterative 
numerics Courant time step control coefficient of 1.0 is utilized. Although the default 
value is 0.3, the time step size must in fact be smaller than the time interval required 
for fluid to traverse any single volume element (Courant control coefficient = 1.0 is 
the upper limit). Maximum RETRAN time step sizes specified for the accidents 
analyzed using DPC-NE-3005-PA are typically smaller than those imposed by the 
Courant limit algorithm.  

11. The user must justify, for each transient in which the general transport model is used, 
the selected degree of mixing with considerations of its coupling to the calculation of 
other parameters affecting the evaluation of events (e.g., reactivity feedback for boron 
transport).  
Response: The general transport model is utilized only for boron transport in the 
main steam line break analysis. The justification for this modeling has been 
submitted and approved in DPC-NE-3005-PA.  

12. The user must justify, for each use of the ANS 1979 standard decay heat model, the 
associated parameter inputs.  
Response: The Duke modeling of decay heat as described in DPC-NE-3005-PA is 
based on the ANSI/ANS-5.1-1979 standard plus a two-sigma uncertainty. This decay 
heat modeling approach is standard in the industry for non-LOCA analyses, and 
meets the intent of this condition. The NRC has reviewed and approved DPC-NE
3005-PA.  

13. Because of the inexactness of the new reactivity edit feature, use of values in the edit 
either directly or as constituent factors in calculations of parameters for comparisons 
to formal performance criteria must be justified.  
Response: The Duke methodology does not use the reactivity edit feature in the 
manner that is the subject of this condition. Therefore this condition is not applicable.  

The generic limitations associated with the application of the VIPRE-01 code are 
addressed individually below: 

1. The application of VIPRE-0 1 is limited to PWR licensing calculations with heat 
transfer regime up to CHF. Any use of VIPRE-01 in BWR calculations or post CHF 
calculations will require prior NRC review and approval.  
Response: Use of VIPRE-01 has been approved for use at Oconee in DPC-NE-3000
PA and DPC-NE-3005-PA. The only analysis that uses post-CHF calculations is the 
rod ejection peak fuel enthalpy calculation described in DPC-NE-3005-PA, which has 
received NRC review and approval.



2. Use of a steady state CHF correlation with VIRPE-01 is acceptable for reactor 
transient analysis provided that the CHF correlation and its DNBR limit have been 
reviewed and approved by NRC and that the application is within the range of 
applicability of the correlation including fuel assembly geometry, spacer grid design, 
pressure, and coolant mass velocity, quality, etc. Use of any CHF correlation which 
has not bee approved will require the submittal of a separate topical report for staff 
review and approval. The use of a CHF correlation which has been previously 
approved for application in connection with another thermal hydraulic code other 
than VIPRE-01 will require an analysis showing that, given the correlation data 
base, VIPRE-01 gives the same or a conservative safety limit, or a new higher DNBR 
limit must be used, based on the analysis results.  
Response: The CHF correlations used in DPC-NE-3005-PA are the BWC, BWU-Z, 
and W-3S CHF correlations. All three have been reviewed and approved by the 
NRC. BWC has been reviewed and approved by the NRC in BAW-10143P-A.  
BWU-Z has been reviewed and approved by the NRC in BAW-10199P-A. W-3S is 
included in the reviewed and approved VIPRE-01 report.  

3. Each organization using VIPRE-01 for licensing calculations should submit separate 
documentation describing how they intend to use VIPRE-01 and providing 
justification for their specific modeling assumptions, choice of particular two-phase 
flow models and correlations, heat transfer correlations, CHF correlation and DNBR 
limit, input values of plant specific data such as turbulent mixing coefficient, slip 
ratio, grid loss coefficient, etc., including defaults.  
Response: Duke has obtained approval to use VIPRE-01 in licensing calculations via 
approval of DPC-NE-2003P-A, DPC-NE-2005P-A, DPC-NE-3000-PA, and DPC
NE-3005-PA.  

4. If a profile fit subcooled boiling model (such as Levy and EPRI models) which was 
developed based on steady state data is used in boiling transients, care sholuld be 
taken in the time step size used for transient analysis to avoid the Courant number 
less than 1.  
Response: See Response to DPC-NE-3000-PA SER above 

5. The VIPRE-01 user should abide by the quality assurance procedures described in 
Section 2.6 of this report (SER on EPRI NP-251 1-CCM VIPRE-O1).  
Response: Duke maintains a version of VIPRE-01 that abides by the quality 
assurance procedures described in Section 2.6 of the VIPRE-01 SER.
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