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U.S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, D.C. 20555 

Ladies and Gentlemen: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
Wisconsin Public Service Corporation Reload Safety Evaluation Methods Topical Report, 
WPSRSEM-NP. Revision 3 

Reference: 1) Letter from C. R. Steinhardt (WPSC) to Document Control Desk (NRC), dated 
November 9, 1988, transmitting WPSRSEM-NP-A, Revision 2 

This letter transmits topical report WPSRSEM-NP, Revision 3, "Reload Safety Evaluation Methods 
for Application to Kewaunee." This report supersedes WPSRSEM-NP-A, Revision 2, which was 
transmitted in Reference 1 and is intended to be applicable to all WPSC reload cycles after and 
including Cycle 25, presently scheduled to commence in the fall of 2001.  

The enclosed report incorporates all of the reload safety evaluation and plant safety analysis changes 
that have occurred since the Reference 1 transmittal or that are being proposed for application to 
Kewaunee after and including Cycle 25. Revision 3 of the report reflects: 

"* Editorial changes, including corrections to the limiting directions of core physics parameters and 
clarification of the definition of core physics parameters.  

"• Changes made to incorporate the CONTEMPT code for containment analysis. CONTEMPT is 
currently described for this purpose in the Kewaunee USAR.  

"* The adoption of the GOTHIC code for containment analysis.  

" Changes in Reload Safety Evaluation Methods due to Large Break Loss of Coolant Accident 
Upper Plenum Injection Analysis.  

" The adoption of RETRAN- 3D for use in the 2D mode for system analysis.  

"* The extension of the VIPRE-01 code to reflect changes in fuel design.  
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Attachment 1 to this letter provides the description, safety evaluation, significant hazards 
determination and environmental considerations for the proposed changes.  

Attachment 2 to this letter provides the revised Reload Safety Evaluation Methods Topical Report, 
WPSRSEM-NP, Revision 3.  

Attachment 3 to this letter provides a summary of the DYNODE-P to RETRAN- 3D Benchmark 
Report.  

Attachment 4 to this letter provides a summary of the CONTEMPT, COCO, and GOTHIC 
Containment Analysis Benchmark Report.  

Should the staff have any further questions concerning the need, accuracy, applicability or 
justification of the proposed changes, please feel free to contact T. J. Webb (920) 388-8537, or 
J. T. Holly (920) 388-8296 of my staff.  

In accordance with the requirements of 10 CFR 50.30(b), this submittal has been signed and notarized.  
A complete copy of this submittal has been transmitted to the State of Wisconsin as required by 10 
CFR 50.91(b)(1).

Sincerely,

Kelineth H. Weinhauer 
Assistant Site Vice President 

JTH/eld 

Attach.  

cc - US NRC, Region mI 
US NRC Senior Resident Inspector 
Electric Division, PSCW

Subscribed and Sworn to 
Before Me This / Day.  of €r-e.20 

No y Public, State of Wiso -

My Commission Expires:-, -` -
June 8. 2003 -
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ATTACHMENT I

Letter from K. H. Weinhauer (NMC) 

To 

Document Control Desk (NRC) 

Dated 

October 12, 2000 

WPSRSEM-NP. Revision 3 

Description of Changes 

Safety Evaluation 

Significant Hazards Determination 

Environmental Considerations
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Introduction 

The topical report WPSRSEM-NP, "Reload Safety Evaluation Methods for Application to 
Kewaunee", Revision 3, is being submitted for review and approval. This report supersedes 
WPSRSEM-NP-A, Revision 2 (reference Al) and is intended to be applicable to all Wisconsin 
Public Service Corporation (WPSC) Reload Cycles after and including Cycle 25, presently 
scheduled to commence in the fall of 2001.  

Revision 3 of WPSRSEM-NP incorporates all of the reload safety evaluation and plant safety 
analysis methods changes that have occurred since the Reference 1 transmittal or that are being 
proposed for application to Kewaunee after and including Cycle 25.  

The Revision 3 changes in WPSRSEM-NP will be identified by gray shading for additions or 
alterations of existing text and the presence of a o symbol for deletions. The changes fall into three 
major categories: 

- Analysis Methods Changes - Methodology 
- Analysis Methods Changes - Software Tools 
- Editorial Changes 

This attachment will present a Description of Changes, a Safety Evaluation, a Significant Hazards 
Determination, and an Environmental Considerations section for each major category of change.  

Analysis Methods Changes - Methodology 

Description of Changes 

a) Containment Safety Analysis Methods 

The CONTEMPT Containment Analysis Methods have been added to Appendix F of the report. The 
analysis methods described in Appendix F are identical to the analysis methods described in 
Section 14.C and Section 14.2.5 of the KNPP USAR (reference A2). The CONTEMPT code has 
been part of KNPP design basis since original licensing (reference A2, Section 14. C).  

WPSRSEM-NP, Revision 3 is changed to document the addition of containment analysis methods 
that can be applied to the design basis accidents, Main Steam Line Break (MSLB), and Large Break 
Loss of Coolant Accident (LBLOCA). The containment analysis methods are used to calculate the 
containment thermal hydraulic response during these design basis accidents.
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WPSRSEM-NP-A, Revision 2, did not include containment analysis methods. At the time of 
WPSRSEM-NP-A, Revision 2 the containment integrity analysis of record was the analysis that had 
been performed by the NSSS vendor, Westinghouse, using the COCO and CONTEMPT codes.  

Several significant plant issues; containment safeguards timing assumptions for the LBLOCA, main 
steam isolation valve closure time, and boric acid storage tank boron concentration reduction and 
removal from the safety injection system were the important drivers for the development of 
containment analysis methods. WPSC successfully applied the CONTEMPT containment analysis 
methodologies to address these plant issues (see reference A2 Section 14.C, reference A2 
Section 14.2.5, and references A3 and A4).  

These newly included Containment Safety Analysis Methods are described in Sections 3.14 (Main 
Steam Line Break), and Appendix F (CONTEMPT) of WPSRSEM-NP, Revision 3.  

There are no additional reload safety core physics parameter evaluations that result from the 
addition of containment analysis methods.  

This methodology has been previously reviewed and approved by the NRC. It is being included in 
the Safety Analysis Methodology Report, Revision 3, for completeness. Therefore, this is an 
administrative change and does not require prior NRC approval.  

b) Large Break Loss of Coolant Analysis Upper Plenum Injection Reload Safety Evaluation 
Methods 

WPSRSEM-NP, Revision 3 Reload Safety Evaluation Methods for LBLOCA is changed to reflect 
the implementation of Upper Plenum Injection (UPI) safety analysis methods for Kewaunee. The 
LBLOCA UPI safety analyses (the actual system analysis of the LBLOCA accident) are performed 
by Westinghouse using Westinghouse methods. These methods for LBLOCA were implemented to 
achieve better (more accurate) representation of the plant response to a design basis LBLOCA 
accident. WPSC implemented the upgraded ECCS Analysis Methods reflecting UPI for the 
LBLOCA design basis accident analysis via letter notification in reference AS. In WPSRSEM-NP, 
revision 3 the changes described are changes to the Reload Safety Evaluation Methods. These 
methods are within WPSC scope of responsibility for this accident.  

WPSRSEM-NP-A, Revision 2, does not include LBLOCA UPI Safety Analysis Methods since at 
that time the analysis of record for LBLOCA was a non-UPI LOCA methodology. Therefore 
LBLOCA UPI Reload Safety Evaluation Methods were not required at that time. The changes in 
Reload Safety Evaluation Methods are necessary because of the more detailed and accurate modeling 
of the reactor core attained with the LBLOCA UPI Safety Analysis Methods relative to the non-UPI 
methods. These revised Reload Safety Evaluation Methods are implemented for the current fuel 
cycle (reference A6).  

The Reload Safety Evaluation Methods changes for the LBLOCA accident are incorporated into 
Sections 2.12 through 2.15 (General Physics Methods) and in Section 3.16 (Loss of Coolant 
Accident) of WPSRSEM-NP, Revision 3.
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This methodology has been previously reviewed and approved by the NRC. It is being included in 
the Safety Analysis Methodology Report, Revision 3, for completeness. Therefore, this is an 
administrative change and does not require prior NRC approval.  

c) High Thermal Performance Departure from Nucleate Boiling Ratio Correlation 

WPSRSEM-NP, Revision 3 is being changed to incorporate the High Thermal Performance (HTP) 

Departure from Nucleate Boiling Ratio (DNBR) correlation with a 1.14 MDNBR safety limit.  
WPSRSEM-NP-A, Revision 2 includes the Westinghouse W-3 DNBR correlation with a 1.30 
MDNBR safety limit which was the appropriate DNBR correlation and DNBR limit for the fuel 
design in use at Kewaunee at that time.  

In the current operating cycle, Cycle 24, WPSC is using a Siemens Power Corp. (SPC) fuel design 
that includes the HTP grid/spacer design. The HTP grid/spacer design was adopted to improve fuel 
thermal performance. The HTP grid/spacer design has a corresponding HTP DNBR correlation and 
DNBR limit. The HTP correlation has been qualified for use with the VIPRE-01 computer code.  
WPSC implemented the VIPRE-01 code for reload safety evaluation and safety analysis as it applies 
to the Kewaunee Siemens fuel design in the current operating cycle. The NRC reviewed and 
approved WPSC's use of the HTP DNBR correlation with the VIPRE-01 code in reference A7.  

The HTP DNBR correlation change is included in the discussion of VIPRE-01 fuel thermal 
hydraulic analysis methods in Appendix C of WPSRSEM-NP, Revision 3.  

This methodology has been previously reviewed and approved by the NRC. It is being included in 
the Safety Analysis Methodology Report, Revision 3, for completeness. Therefore, this is an 
administrative change and does not require prior NRC approval.  

Analysis Methods Changes - Software Tools 

Description of Changes 

a) RETRAN- 3D 

WPSRSEM-NP, Revision 3 documents the use of RETRAN-3D (the latest version of the RETRAN 
code) as an acceptable software tool for performing the safety analysis of integrated plant systems.  
WPSRSEM-NP-A, Revision 2 documents the use of RETRAN-02, which was the RETRAN code 
version in use at that time. RETRAN- 3D provides improved plant system analysis capabilities and 
is consistent with current industry best-practice safety analysis methods. For example, RETRAN 
3D enables the modeling of the reactor core in three dimensions and it is more capable of accurately 
modeling the plant in shutdown conditions. RETRAN- 3D is an accepted industry standard for plant 
safety analyses as evidenced by the utility group submittal of RETRAN- 3D for generic approval 
(reference A8).
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WPSC will run RETRAN-3D in a RETRAN-02 mode. RETRAN-3D and RETRAN-02 have been 
extensively compared as part of the RETRAN-3D verification and validation process. These 
comparisons are documented in Volume 4 (Applications Manual) of reference A9. Based on these 
verification and validation analyses it is concluded that when RETRAN-3D is run in a RETRAN-02 
mode, which is the way WPSC intends to run RETRAN-3D, the two codes are essentially the same.  
Advanced RETRAN-3D features such as three dimensional core models will be implemented in a 
planned manner when appropriate for the issue being resolved and when appropriate review and 
approval are completed.  

Benchmark analyses have been performed comparing the WPSC safety analysis computer codes, 
RETRAN-3D and DYNODE-P. The benchmark analyses were performed for the Kewaunee design 
basis Non-LOCA accidents using current WPSC Non LOCA safety analysis methodologies with 
similar analysis input assumptions. These benchmark analyses are documented in a separate 
benchmark report (reference A10) that is summarized in Attachment 3. From the benchmark 
analyses we conclude that DYNODE-P and RETRAN-3D yield similar results when applied to 
KNPP Design Basis Non-LOCA transients. The two computer codes are considered interchangeable 
computer codes for Non- LOCA accident analysis applications.  

The use of RETRAN-3D for plant safety analysis is documented in Appendix E of WPSRSEM-NP, 
Revision 3. The safety analysis results for all of the transient events except the rod ejection, main 
steam line break and startup of an inactive loop accidents (which are DYNODE-P results) are 
generated by RETRAN-3D and are presented in Appendix G of WPSRSEM-NP, Revision 3.  

b) GOTHIC 

WPSRSEM-NP, Revision 3 documents the use of the GOTHIC computer code (reference Al 1) as 
an acceptable software tool for containment safety analysis. WPSRSEM-NP-A, Revision 3 
documents both CONTEMPT and GOTHIC as acceptable software tools for containment safety 
analysis. CONTEMPT is the software tool that is integral to the current analysis of record 
containment analysis methods (see containment safety analysis methods discussion above). WPSC 
is developing the GOTHIC computer code for application to containment integrity design basis 
analyses. GOTHIC is a more versatile analysis tool than CONTEMPT. WPSC is including it in the 
safety analysis methodologies for increased analysis flexibility and capability in the containment 
thermal hydraulic analysis area. GOTHIC would be applied in the same way that CONTEMPT is 
currently applied, i.e. for containment integrity analysis of the design basis MSLB and LBLOCA 
accidents.  

Benchmark analyses have been performed between the CONTEMPT and GOTHIC codes for the 
design basis accidents, MSLB and LBLOCA. These benchmark analyses are documented in a 
separate report (reference A12) that is summarized in Attachment 4. The benchmark analyses 
demonstrate consistency and similarity between the two computer codes when applied to design 
basis containment integrity analyses and with similar input assumptions.  

The changes describing the use of the GOTHIC computer code are presented in Appendix H of 
WPSRSEM-NP, Revision 3.
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Safety Evaluation 

Significant Hazards Determination 

The proposed changes were reviewed in accordance with the provisions of 10CFR 50.92 to show 
no significant hazards exist. The proposed changes will not: 

1) Involve a significant increase in the probability or consequences of an accident previously 
evaluated.  

Analysis methods are not accident initiators, therefore, changes in analysis methods will not increase 
significantly the probability of occurrence or the consequences of an accident previously evaluated.  

The changed analysis methods are conservative and conform to industry standards for analysis 
methods that are applied to design basis safety analyses. Benchmark analyses have demonstrated 
good agreement between the changed analysis methods and the current analysis of record (AOR) 
methods. The safety analysis results using the changed analysis methods are shown to satisfy all 
applicable design and safety analysis acceptance criteria. The demonstrated adherence to safety 
analysis acceptance criteria precludes new challenges to components and systems that could 
adversely affect the ability of existing components and systems to mitigate the consequences of any 
accident or adversely affect the integrity of any fission product barrier.  

Analysis methods changes will not impact plant equipment important to safety. Equipment 
important to safety will continue to operate within its design capabilities. The analysis methods 
changes also do not affect the plant configuration or the overall plant performance capabilities.  
Therefore, the changes will not increase probability or the consequences of an accident previously 

evaluated.  

2) Create the possibility of a new or different kind of accident from any previously evaluated.  

The proposed change is a change to the analysis methods, which are applied to Kewaunee. Analysis 
methods are not accident initiators. The changed analysis methods are applied to the accidents that 
are the established design basis accidents for Kewaunee. Analysis methods changes will not impact 
plant equipment important to safety. Equipment important to safety will continue to operate within 
its design capabilities. The analysis methods changes also do not affect the plant configuration or 
the overall plant performance capabilities.  

As demonstrated by the benchmark reports the methodologies provide a more accurate but still 
conservative representation of expected plant response following a design basis accident. Since the 
new methodologies are conservative with respect to actual expected plant response the changes will 
not create the possibility of an accident of a different type than any previously evaluated.
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3) Involve a significant reduction in the margin of safety.  

The proposed changes are changes to the analysis methods, which are applied to Kewaunee design 
basis safety analyses. The revised analysis methods have been verified through benchmark analyses 
against the current Analysis of Record methods. The analysis methods are conservative and 
appropriate for application to Kewaunee design basis analyses. Safety analysis acceptance criteria 
are satisfied when the changed analysis methods are applied to the Kewaunee design basis safety 
analyses. Demonstrated adherence to safety analysis acceptance criteria using the new analysis 
methods assures that Technical Specification limits will be satisfied during operation with the 
changed analysis methods.  

Therefore, the margin of safety as defined in the basis of any Technical Specification will not be 
reduced significantly because of these changes.  

Enironmental Considerations 

WPSC has determined that the changes incorporated in Revision 3 of WPSRSEM-NP involve no 
significant hazard considerations 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. Accordingly, this revision meets the eligibility criteria for categorical exclusion 
set forth in 10 CFR 51.22(c)(1 1). Pursuant to 10 CFR 51.22(b), no environmental impact statement 
or environmental assessment need be prepared in connection with this revision.  

Editorial Changes 

Description of Changes 

The following editorial changes have been incorporated into the Reload Safety Analysis Methods 
Report using 10CFR50.59. They are provided here for completeness.  

g) Corrections to Limiting Directions and Clarification of Core Physics Parameters 

WPSRSEM-NP, Revision 3 incorporates the noted corrections for the accident analyses listed below.  

The affected accident analyses and parameters are: 

1. Uncontrolled Rod Withdrawal From a Subcritical Condition (Section 3.1.5): 
Changed: Limiting direction effective delayed neutron fraction.  

2. Uncontrolled Rod Withdrawal at Power (Section 3.2.5): 
Changed: Limiting direction effective delayed neutron fraction
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3. Chemical and Volume Control System Malfunction (formerly titled, "Uncontrolled Boron 
Dilution") (Section 3.5.5): 
Added: Critical boron concentration at power conditions 
Changed: Boron reactivity coefficient at power conditions 
Added: Scram reactivity curve at power conditions 
Added: Critical boron concentration startup conditions 

4. Excessive Heat Removal Due to Feedwater System Malfunction (formerly titled, "Feedwater 
System Malfunction") (Section 3.7.5) 
Added: Scram reactivity curve 

5. Excessive Load Increase (Section 3.8.5): 
Added: Scram reactivity curve 

6. Loss of Reactor Coolant Flow-Locked Rotor (Section 3.12.5): 
Changed: Limiting direction effective delayed neutron fraction 

Changed: Number of fuel pins above FH (DNBR = 1.3) to CFM, locked rotor 

7. Fuel Handling Accident (Section 3.13.5): 
Changed: Nuclear enthalpy rise hot channel factor is now used instead of FQ 

It should be noted that the limiting directions and clarified physics parameters for the above-listed 
accidents were correctly considered in the safety analyses of the individual transients.  

Section 2.7, Item 3, of the NRC SER (Reference Al) states the acceptance conditions for the 
Doppler and moderator temperature coefficients (in the case of the Controlled Rod Ejection 

Accident) specified in the topical report were in error. In the SER, the staff stated the bounding 
values for these coefficients should be the most negative bounding value.  

The methodology of WPSRSEM-NP-A, Revision 2 compares the cycle specific Doppler and 
moderator temperature coefficients (compensated for reliability) to the bounding values for these 

coefficients. The appropriate bounding values for the Doppler and moderator temperature 
coefficients (for the Control Rod Ejection Accident) are the Ieast negative values.  

Selection of the least negative values will minimize the negative feedback during the rod ejection 
and will maximize the consequences of the accident. Our analysis has, and will continue to use, this 
conservative approach.  

The changes incorporating these corrections appear in the sections listed above of WPSRSEM-NP, 
Revision 3.  

b) Other 

All of the WPSC safety analysis results have been removed from section 3.0 and placed in 
Appendix G. This change facilitates the documentation of future results' changes.
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Appendix C no longer has detailed discussions on sensitivity studies performed with the VIPRE -01 
code. These sensitivity studies were necessary for the initial WPSC VIPRE-01 fuel thermal hydraulic 
methodology development but are now considered as reference material and not applicable to the 
overall purpose of this topical report. Appendix C describes the current WPSC core thermal 
hydraulic methodology.  

Appendix F of WPSRSEM-NP-A, Revision 2 that described best estimate safety analysis methods 
has been eliminated. This section is no longer applicable and is not necessary to present in this 
topical report.
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ABSTRACT 

This document is an updated Topical Report describing the Wisconsin Public Service Corporation 

(WPSC) reload safety evaluation and iant safeý analysis methods for application to Kewaunee.  

The report addresses the methods for the calculation of cycle specific physics parameters and their 

comparison to the bounding values used in the safety analyses.  
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1.0 INTRODUCTION

This report addresses the methods for the calculation of Kewaunee cycle specific physics parameters 

and their comparison to and establishment of the bounding values used in the Kewaunee Osafety 

analyses. This document is an update of previous submittals, which were reviewed and approved 

by the NRC (". Calculation of core physics parameters for the purpose of performing reload safety 

evaluations requires an intimate knowledge of the safety analyses to which cycle specific 

comparisons are to be made. Specifically, one must understand the manner in which the bounding 

physics parameters have been used in each of the analyses and the conservatism inherent in the 

values chosen. Wisconsin Public Service (WPS) has acquired this understanding withover twenty 

years of experience in performing independent reload core design and safety analysis.  

A brief description of the general physics calculational procedures is provided in Section 2. The 

general physics calculational procedures areconsistent with the reactor physics methods of reference 

2, which has been reviewed and: approved by• the NRC 3.. The specific detailed calculations are 

controlled by written procedures in accordance with the WPSC Operational Quality Assurance 

Program (OQAP). General methods are described for each of the key physics parameters of interest 
in reload safety evaluations.  

A general description is given in Section 3 of each of the accidents analyzed in the Kewaunee 

Updated Safety Analysis Report (USAR) (4) that is sensitive to core physics parameters and is 

therefore of concern for a reload evaluation. 0 

In addition, cycle specific physics calculations and their comparisons to the safety analyses are 

described for each accident along with the specific applications of the reliability factors (.  

Section 3 discusses each applicable Kewaunee USAR transient as follows: 

A description of the transient is given describing the physical phenomena involved.  

A description of the analysis methodology to be applied, and the assumptions used in the 

analysis are given.  

S The •results-(key parameter results 'fgures)of te safaety anysis are identifiedand ae 

included in Appendix G.  

.The reload secfi physics parameters to which the transient analysis is sensitive are 

described and their conservative direction determined. 0 

The set of reload specific physics parameters and their associated 'reiability factors and 
biases a presented with the corresponding safety analysis parameters i inequality tables 

that are used to determine whether or not an accident mustbe reanalyzed to accommodate 
the'characteristics of a specific fuel reload. 0 

An updated list of bounding safety analyses applicable to Kewaunee is compiled for each Reload 

Safety Evaluation Report submitted to the NRC (). The specific bounding values for each analysis
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are provided in the cycle specific Reload Safety Evaluation Report utilizing the most up-to-date 

analysis methodology.  

The computer models applied to Kewaunee were developed in accordance with documented 

guidelines, which accompany each of the computer codes. The development of the computer models 

described in this report was controlled by procedures in accordance with the WPS Operational 

Quality Assurance Program (OQAP). WPSC Quality Programs Dperiodically audits the control of 

these computer models. A brief description of the computer models is provided inthe appendices 

to this report as follows.  

Appendix A gives an overview of the computer code package that is used to simulate the transients 

and accidents listed in this report.  

Appendix B gives a description of the DYNODE-P computer code that is used to simulate the 

transient response of the Nuclear Steam Supply System. 0 

Appendix C gives a description of the VIPRE-01 computer code that is used to simulate the thermal

hydraulic response of the reactor core and hot fuel assembly subchannel. A discussion of the WPS 

thermal margin methodology is included in this section. [0 

Appendix D gives a description of the TOODEE 2 computer code that is used to simulate the 

thermal response of the hot fuel rod and associated coolant channel under transient conditions. A 

discussion of the WPS fuel thermal response methodology is also included in this appendix.  

Appendix E gives a description of the RETRAN-3D computer code that is used to simulate the 

transient response of the Nuclear Steam Supply System. 0 

Appendix F provides a description of the CONTEMPT LT-28 computer code that is used to analyze 

the thermal-hydraulic response of containment to steam line break and loss of coolant accidents.  

Appendix G provides representative results for the safety analyses described in this report.  

Appendix H provides a description of the GOTHIC computer code that is used to analyze the 

thermal-hydraulic response of containment to steam line break and loss of coolant accidents.
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2.0 GENERAL PHYSICS METHODS

In this section, the general physics calculational methods are described for application to reload 

safety evaluations for Kewaunee.  

OThe applications of reliability factors and comparisons to the safety analyses are discussed in 

Section 3 for each accident considered.  

2.1 MODERATOR TEMPERATURE REACTIVITY COEFFICIENT, aM 

Definition: aM is the change in core reactivity associated with a 10F change in average 

moderator temperature at constant average fuel temperature.  

Calculations of aM are performed in three dimensions with the nodal model. O The average 

moderator temperature is varied while the independent core parameters such as core power 

level, control rod position and Reactor Coolant System (RCS) boron concentration are held 

constant. Dependent core parameters such as power distribution and moderator temperature 

distribution are permitted to vary as dictated by the changes in core neutronics and thermal

hydraulics. The average fuel temperature is held constant and no changes in nodal xenon 

inventory are permitted.  

2.2 POWER REACTIVITY COEFFICIENT, a1p 

Definition: a p is the change in core reactivity associated with a 1% (of full power) change 

in core average power level.  

Calculations of ap are performed in three dimensions with the nodal model. 0 Core power 

is varied while all other independent parameters such as rod position and RCS boron 

concentration are held constant. Dependent core parameters such as power distribution, 

average fuel and moderator temperatures and moderator temperature distribution are 

permitted to vary as dictated by the changes in core neutronics and thermal-hydraulics. No 

changes in nodal xenon inventory are permitted.  

2.3 DOPPLER REACTIVITY COEFFICIENT, aD 

Definition: aD is the change in core reactivity associated with a I*F change in core 

average fuel temperature at constant average RCS moderator temperature.  

0 
Calculations of aD are pe6formed in three dimensions with the nodal model. Fuel 
temperature is varied at selected eore powerlevels while other independent parameters are 

held constant. Core power' distribution is permitted to c•hange as dictated by'the core 

neutronics and thermal hydraulics. Moderator temperature and nodal xenon inventory are 
not permitted to change.
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2.4 BORON REACTIVITY COEFFICIENT, aB

Definition: a, is the change in reactivity associated with a 1PPM change in core average 
soluble boron concentration.  

Calculations of ca. are performed in three dimensions with the nodal model. OThe core 

average boron concentration is varied while the independent core parameters such as core 

power level and control rod position are held constant. Dependent core parameters such as 

power distribution and moderator temperature distribution are permitted to vary as dictated 

by the changes in core neutronics and thermal-hydraulics. No changes in xenon inventory 

are permitted.  

2.5 SHUTDOWN MARGIN, SDM 

Definition: SDM is the amount of reactivity by which the core would be subcritical 

following a reactor trip, assuming the most reactive control rod is stuck out 

of the core and no changes in xenon or RCS boron concentration.  

Calculations of SDM are performed in three dimensions with the nodal model. E]The general 

calculational sequence is given below.  

Case #1 - At power condition with rods at the power dependent insertion limits.  

Case #2 - Hot Zero power condition with all rods in except the stuck rod. No changes 

in xenon or boron are assumed.  

Case #3 - Hot Zero power conditions with rods at the position of Case #1.  

The dependent core parameters such as power distribution and temperature distribution are 

permitted to vary as dictated by the changes in core neutronics and thermal-hydraulics. All 

spatial effects and rod insertion allowances are explicitly accounted for in each calculation.  

The SDM is computed as the change in core reactivity between Case 1 and Case 2. This 

value is conservatively adjusted using Case 3 and model reliability factors, RFi, and biases.  

0 These uncertainty factors are applied to the inserted rod worth, the moderator defect, and 

the Doppler defect.  

2.6 SCRAM REACTIVITY CURVE, Ap .. m(t) 

Definition: Ap. (t) is the rod worth inserted into the core as a function of time after rod 

release. The most reactive rod is assumed to remain fully withdrawn.  

The independent core parameters such as power level, RCS boron concentration and xenon 

inventory are held constant during the insertion. Neutron flux, a dependent parameter, is 

assumed to redistribute instantaneously during rod insertion. However, the effects of 

moderator and Doppler feedback on the scram reactivity shape are not included.  
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The total scram reactivity insertion is conservatively normalized to the minimUmN,-..rod 

worth reduced by the iod worth reliabilitylfactor.  
The reactivity dependence on rod position calculated above is converted into a time 

dependent function using empirical data relating rod position to time after rod release. The 

empirical data is normalized such that the total time to full rod insertion is equal to or greater 

than the limits defined by the Technical Specifications (6).  

2.7 NUCLEAR HEAT FLUX HOT CHANNEL FACTOR, FQ 

Defmition: The maximum local fuel rod linear power density divided by the core average 

fuel rod linear power density.  

Calculations of FQ are based on three dimensional power distributions obtained with the 

nodal model 0coupled with local peak pin to assembly power ratios obtained from the 

quarter core PDQ model. Statistical factors defined in Reference 2 are applied to increase 

the FQ to a conservative value.  

2.8 NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FA 

Definition: The maximum integral linear power along a fuel rod divided by the core 

average fuel rod integral power.  

Calculations of F. are based on three dimensional power distributions obtained with the 

nodal model 0 coupled with the local peak pin to assembly power ratios obtained from the 

quarter core PDQ model. 0 Statistical factors defined in Reference 2 are applied to increase 

FA to a conservative value.  

2.9 EFFECTIVE DELAYED NEUTRON FRACTION, [ff 

Values for P3i are determined by weighting the delayed neutron fractions from each fissile 

isotope group by the fission sharing of that isotope group as determined from PDQ. The 

importance factor I, applied as .97, conservatively accounts for the effects of reduced fast 

fissioning, increased resonance escape, and decreased fast leakage by the delayed neutrons.  

O3cff is the product of P3 and j where 

6 

i=l 

2.10 PROMPT NEUTRON LIFETIME, P* 

I* is calculated as a function of core exposure from two-dimensional PDQ calculations.  

This is accomplished by using two group flux weighted PDQ parameters to compute the 

slowing down time and the thermal diffusion time based on the 1/v nature of the boron 

abso'rptioncross section.
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2.11 FUEL TEMPERATURE, Tf

Tf is calculated as a function of linear heat generation rate. Conditions of maximum fuel 
densification, low oxide conductivity and low gap conductance are assumed in the analysis.  

2.12 MAXIMUM ASSEMBLY AVERAGE PEAKING FACTOR, PHA 

The maximum assembly average peaking factor, PHA, is a parameter related specifically to 
the LOCA analysis. It is defined as the maximum assembly relative power at hot full power, 
all rods out conditions. Calculations ofPH are based on the three-dimensional nodal model.  
Statistical factors defined in Reference 2 are applied to increase Po, to a conservative value.  
The statistical factor applied to Fm is conservatively applied to PH. This is conservative, 

since the statistical factor applied to F. considers not only the uncertainty in the nodal 
assembly power calculation, but also an additional uncertainty to account for the PDQ pin-to
box calculational uncertainty.  

2.13 AXIAL OFFSET AT 100% POWER, AOwp 

The axial offset at 100% power, AOm,, is a parameter related specifically to the LOCA 
analysis. It is defined as the nominal best estimate axial offset at hot full power, all rods out 
conditions. Calculations of AOH~ are based on the three-dimensional nodal model. Since 
this is a nominal best estimate parameter, no uncertainties are applied to the calculated value.  
The axial offset is a measure of the core-wide axial power distribution and is calculated as 

follows: 

Axial Offset = (PT - PB)/(PT+ PB); where 

PT = Relative power in the top half of the core; and 
PB = Relative power in the bottom half of the core 

21.14 -MAXI UMCORE AVERAGE POWER IN LOW POWER ASSEMBLIES.Pe 

The maximum core average power in low power assemblies, PeP is a parameter related 
specifically to the LOCA analysis. It is defined as the nominal best estimate relative power 
in the low power assemblies at hot full power, all rods out conditions. The low power 
assemblies for the Kewaunee:plant are defined as the assemblies in full core locations A-6, 
A-7, A-8, B-4, B-10, C-3, C-1i, D-2, D-12, F-i, F-13, G-1, G-13, H-i, H-13, J-2, J-12, K-3, 
K-11, L-A L-10, M-6, M-7, and M-8. Calculati6ns ofiý1 are based on the three-dimensional 
nodal model. Since this is a nominal best estimate parameter, no uncertainties are applied 
to the calculated value. The relative power predicted by the three-dimensionalnodal model 
for each of the 24 low power assemblies is summed and divided by 24 to obtain the value 
of Pe,.
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2.15 M IUM95/95 POWRFR H O ROD, p,5 9 

paraeterclatdspcificallyt The maximum 95•/95P0W• for~itheh t rod, Pq;S a rto a the 
LOCA araysis. For the putposes of reload core desigit is defined as tepeaklinear heat 
re Value bel6w which 95% of the fuel rods fall. The maximum F6 of the 95thpereintile 
rfor the Iccle, cludif.-allp -rlated uncertainfies,ý is converted to a peaklin heat 

rate for this'calculation. PDCPA is discussed in Section 3.17, 

.-2.16 CRTCLBRNCNENTRATIN QC3 

.. Caicutdi-nsof Care • based on threecli mionaiialcua-tions obtained wit the nod 
model.  

2.17 FUEL ROD CENSUS.: C 

Numbe of fuel rods at or above a _specfedFHvl.

Page 7
\\DOBLAN\VOL! GROUP\UELS\ADDMr\CORTRELOADSAFETYrHI .DOC



3.0 SAFETY EVALUATION METHODS

This section addresses the evaluation of the cycle specific physics parameters with respect to the 

bounding values used in the safety analyses 0 for each accident or transient by which the 

determination is made as to whether or not any reanalysis is required. For each accident or transient 

the following material is described: 

a. Description of the Accident - a LI description of the transient event, its causes and 

consequences.  

b. Method ofAnalysis - a 0-description of the typical methods employed and discussion of the 

sensitive physics parameters. Included is a list of the accident or transient acceptance 

criteria.  

c. WPS SafeW Analysis Results - a presentation of representative WPS safety analysis results 

for the most limiting case of each accident type. Results are presented in Appendix G.  

d. Cycle Specific Physics Calculations - a description of the specific physics calculations 

performed each cycle for the purposes of a reload safety evaluation.  

e. Reload Safety Evaluation - a description of the comparisons of the cycle specific physics 

characteristics and the bounding values used in the safety analysis. Specific applications of 

the model reliability factors and biases, which are determined, as described in Reference 2 

are also addressed. Biases and reliability factors are to be applied in the following manner: 

Moderator Temperature Coefficient (aM) 
Apply in a conservative direction as follows: 
aM = aM (MODEL) + BM ± RFM 

BM = Moderator temperature coefficient bias (pcm/°F) 

RFM = Moderator temperature coefficient reliability factor (pcm/°F) 

Doppler Coefficient (aD) 
Apply in a conservative direction as follows: 
aD = aD (MODEL) * (I± RFD) 

RFD = Doppler coefficient reliability factor 

Boron Reactivity Coefficient (a.) 
Apply in a conservative direction as follows: 
aB = cc, (MODEL) * (± RFB) 
RF9 = Boron coefficient reliability factor 

- Nuclear Heat Flux Hot Channel Factor (FQ) 
Apply in a conservative direction as follows: 
FQ = (FQ(MODEL)) * (1+RFFQ) * (I+T) 
RFFQ = Nuclear heat flux hot channel factor reliability 
T = Technical Specification Tilt Limit 
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Nuclear Enthalpy Rise Hot Channel Factor (F.) 
Apply in a conservative direction as follows: 

FAH = (F4(MODEL)) * (l+RFFff) * (l+T) 
RFFm = Nuclear enthalpy rise hot channel factor reliability 
T = Technical Specification Tilt Limit 

Effective Delayed Neutron Fraction (Off) 

Apply in a conservative direction as follows: 

kff = Pff (MODEL) * (1± RFO) 
RFO = Peff fl reliability factor 

Prompt Neutron Lifetime (t*) 

Apply in a conservative direction as follows: 
t* = t* (MODEL) * (1± RFe.) 
RF t. = prompt neutron lifetime reliability factor 

Scram Reactivity (Aps.mm(t)) 

Apply in a conservative direction as follows: 
Ap.(t) = Ap.mm(t) (MODEL) * (1 - RFR) 

RFR = Rod worth 0l reliability factor 

Rod Worth (ApR) 

Apply in a conservative direction as follows: 
APR = ApR(MODEL) * (1± RFR) 

RFR = Rod worth 0 reliability factor 

Fuel Temperature (Tf) 

Apply in a conservative direction as follows: 
Tf = TX(MODEL) * (1± RFTý) 
RFTf Fuel temperature 0 reliability factor 

Maxium Asembl Average Pealg-F ator -P~ 

Apply in a conservative direction as follows: 

P H=P (MODEL) *(l+ RFFj) *(I+T) 
RFFA =Nuclear enthalpy rise hot channel factor relhbility 
T - Technical Specification Tilt Limit 

Maximum 95/95 Power for the Hot Rod, Pg,5 ,, 
Apply in a conservative direction as follows' 
P, 19 5 = Pi/95 (MODEL) * (1 + RFF0) * (1 t T) -V(Z) 

RFFo= Nuclear heat flux hot channelifactor..reliabmlity 
T = Technical Specification Tilt Limit 
V(Z) = PDC-II function (see Section 3.17)
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The specific numerical values assigned as the bounding values for each accident for purposes of 

performing the Kewaunee reload safety evaluations are presented in the cycle specific Reload Safety 

Evaluation Report (').  

If an accident or transient requires reanalysis because any one of the cycle specific physics 

parameters exceeds the current bounding value, the reanalysis will be performed utilizing the safety 

analysis methodology as described herein for that specific event. 0 If the parameter exceeded 

involves a Technical Specification Limit the reanalysis will be submitted to the NRC in support of 

the appropriate Technical Specification amendment.  

3.1 UNCONTROLLED RCCA WITHDRAWAL FROM A SUB-CRITICAL CONDITION 

3.1.1 DESCRIPTION OF THE ACCIDENT 

An uncontrolled addition of reactivity due to an uncontrolled withdrawal of a Rod 

Cluster Control Assembly (RCCA) results in a power excursion. The nuclear power 

response is characterized by a very fast rise terminated by the reactivity effect of the 

negative fuel temperature coefficient. After the initial power burst, the reactor power 

is limited by this inherent feedback and the accident is terminated by a reactor trip, 

typically on high nuclear power. Due to the small amount of energy released to the 

core coolant, pressure and temperature excursions are minimal during this accident.  

3.1.2 METHODOF ANALYSIS 

The uncontrolled RCCA withdrawal from a sub-critical condition is analyzed using 

a dynamic simulation incorporating point neutron kinetics, including delayed 

neutrons and decay heat; fuel, clad, and gap heat conduction; and channel coolant 

thermal-hydraulics. The reactivity effects due to moderator and fuel temperature 

effects, as well as that due to control rod insertion after trip, are included.  

The core is assumed initially to be at Hot Zero Power, (HZP). Power is supplied to 

the RCCA drive mechanisms such that no more than two banks may be withdrawn 

simultaneously. The maximum reactivity insertion due to the rods is therefore 

conservatively assumed as that due to two banks of maximum worth moving 

simultaneously at maximum speed through the region of highest differential worth.  

The magnitude of the power peak reached during the transient is strongly dependent 

upon the Doppler reactivity coefficient for a given rate of reactivity insertion. A 

value conservatively small in absolute magnitude, which generally occurs at 

Beginning of Cycle (BOC), is assumed for the accident analysis. The magnitude of 

the power spike is relatively insensitive to the value of moderator temperature 

reactivity coefficient chosen. Apositive moderator temperature coefficient is used 

to maxi*mze the calculated consequences of the accident.  

In calculating reactivity due to control rod insertion by reactor trip, the most adverse 

combination of instrument and setpoint errors and time delays is assumed. The 

power range - low range trip setpoint is assumed to be 10% (of full power) above its
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nominal value. The most reactive rod is assumed to stick in the fully withdrawn 
position when the trip signal is actuated.  

As long as the reactivity insertion remains small compared to P[ff. the total delayed 
neutron yield, the shortest reactor period during the transient will remain large 
compared to I*, the prompt neutron lifetime. In this case, the transient core power 

response is relatively insensitive to the value of I* and is determined predominately 
by the yields and decay constants of the delayed neutron precursors. The transient 
power response is sensitive to I* in cases where ultra-conservative reactivity 
insertion rates, in which prompt criticality is achieved, are assumed. The postulated 
initial core pressure and temperature are conservatively taken as the minimum and 
maximum, respectively, consistent with the assumed rod and power configurations.  

The 0 acceptance criteria for this accident are: 

a. The maximum pressures in the reactor coolant and main stream systems do 
not exceed 110% of design values.  

b. Cladding integrity is mai ntained by limiting the minimum departure from 
nucleate boiling ratio (MDNBR) to a value greater than the MDNBR limit.  

3.1.3 WPS SAFETY ANALYSIS RESULTS 

WPS safety analysis results for this accident are presented in Figures 3. 1-1 throug 

3.1-5 (see Appendix G). Ft 

3.1.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed as a function of power level O at BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of am are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed at BOC for the Hot Zero Power (HZP), unrodded, no xenon core 
condition. This produces the least negative moderator coefficient due to both 
the unrodded and high critical boron concentration core conditions.
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C. MAXIMUM REACTIVITY INSERTION RATE, Ap/At

In order to compare with the reactivity insertion rate assumed by the safety 
analysis for uncontrolled rod withdrawal transients, the assumption is made 
that two banks of highest worth will be withdrawn simultaneously at 

maximum speed. This value requires two components. First, the maximum 
withdrawal speed is required in inches per second. 0 The second component 
is the maximum differential reactivity insertion per inch for the two 
maximum worth rod banks moving in 100% overlap. This has been obtained 
by first calculating the two banks, which have the maximum worths, and then 
moving these two banks simultaneously at HZP conditions in an area of 
highest differential worth. These calculations are performed at both BOC and 
EOC. Finally the reactivity insertion rate is divided by the minimum P3ff 
determined according to (e) of this subsection to yield the maximum 
reactivity insertion rate in dollars.  

d. SCRAM REACTIVITY CURVE, AP,•m (t) 

Calculations of the scram reactivity are performed in accordance with the 
general procedures described in Section 2. Cycle specific calculations for 
this accident are performed at BOC and EOC for the zero power condition.  
Making the following assumptions generates a conservatively slow scram 

curve: 

1. The integral of the scram curve is based on an initial rod position at 
or below the zero power insertion limits specified in the Technical 
Specification(').  

2. The shape of the scram curve is based on an initial rod position of full 
out. This provides the longest possible delay to significant negative 
reactivity insertion.  

3. The xenon distribution is that which causes the minimum N-i rod 

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.  

e. EFFECTIVE DELAYED NEUTRON FRACTION, Peff 

Calculations of P3eff are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations are performed at BOC and 
EOC.
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f. PROMPT NEUTRON LIFETIME, I *

The value of I* is calculated in accordance with the general procedures given 
in Section 2. Cycle specific calculations are performed at BOC and EOC.  

3.1.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above is adjusted to include the model 
reliability factors, RFi 0 and biases. These adjusted values are the cycle specific 
parameters that are then compared to the bounding values assumed in the safety 
analysis.  

The cycle specific parameters are acceptable if the following inequalities are met:

Cycle Stecific Parameters 

a. aD * (l-RFD) 

b. am+RFm+ BM 

A/At*(I +RFR)] 

d. Ap•(t) (I-RFR) 

e. * (1-RF.)

Safety Analysis Parameters 

aD (least negative bounding value) 

aM (least negative bounding value) 

Ap/At(bounding) 

A&ff(maximum)) 

Ap.,m(t) (bounding) 

P.* (maximum) 

I * (iiun

11
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3.2 UNCONTROLLED RCCA WITHDRAWAL AT POWER

3.2.1 DESCRIPTION OF THE ACCIDENT 

An uncontrolled RCCA withdrawal at power results in a gradual increase in core 

power followed by an increase in core heat flux. The resulting mismatch between 

core power and steam generator heat load results in an increase in reactor coolant 

temperature and pressure. The reactor core would eventually suffer departure from 

nucleate boiling if the power excursion were not checked by the reactor protection 

system. Depending on the initial power level and rate of reactivity insertion, the 

following reactor trips serve to prevent fuel damage or over-pressurization of the 

coolant system: powerrange high flux, over temperature/power AT and high 
pressurizer pressure. For the more rapid rates of reactivity insertion, the maximum 
power reached during the transient will exceed the power at the time the trip setpoint 
is exceeded by an amount proportional to the insertion rate and the time delay 
associated with trip circuitry and rod motion.  

3.2.2 METHOD OF ANALYSIS 

The uncontrolled RCCA withdrawal at a power condition is analyzed using a 
dynamic simulation incorporating point neutron kinetics, reactivity effects of 
moderator fuel and control rods, and decay heat. A simulation of the reactor vessel, 
steam generator tube and shell sides, pressurizer, and connecting piping is required 
to evaluate the coolant pressure and core inlet temperature response and their effect 
on core thermal margins. The reactor trip system, main steam and feedwater 
systems, and pressurizer control systems are also included in the model. This model 
calculates the response of the average core channel thermal-hydraulic conditions and 
heat generation and is coupled to a detailed model of the hot channel. This latter 
model calculates the departure from nucleate boiling ratio (DNBR) as a function of 
time during the accident.  

In order to maximize the peak power during the transient the fuel and moderator 
temperature coefficients used in the analysis are the least negative values likely to be 

encountered. 0 The least negative fuel and moderator temperature coefficients are 
normally encountered at BOC.  

The reactivity insertion due to reactor trip is calculated by considering the most 
adverse combination of instrument and setpoint errors and time delays. The rate of 
reactivity insertion corresponding to the trip of the RCC assemblies is calculated 
assuming that the most reactive assembly is stuck in the fully withdrawn position.  

Since the reactivity insertion rate determines which protective system function will 
initiate termination of the accident, a range of insertion rates must be considered.  
Relatively rapid insertion rates result in reactor trip due to high nuclear power. The 
maximum rate is bounded by that calculated assuming that the two highest worth 
banks, both in their region of highest incremental worth, are withdrawn at their 
maximum speed. Relatively slow rates of reactivity insertion result in a slower
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transient that is terminated by an overtemperature AT trip signal, or in some cases, 
a high, pressurizer pressure signal. The minimum rate that need be considered in the 
analysis is determined by reducing the reactivity insertion rates until the analysis 
shows no further change in DNBR. The acceptance criteria for this accident are that 
the maximum pressures in the reactor coolant and main steam systems do not exceed 
110% of design values and that cladding integrity be maintained by limiting the 
MDNBR greater than the MDNBR limit.  

3.2.3 WPS SAFETY ANALYSIS RESULTS 

WPS safekt analysis results are prese nted in Figures 3.2-1 through 3.2-16 (see 

Append~ix, G). 0 

3.2.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aoD 

Calculations of aD are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed as a function of power level over the range 0 to 100% power at 
BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, atM 

Calculations of aM are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed at BOC to determine the moderator coefficient at intermediate and 
full power under various conditions of xenon inventory. The model Bias, BM.  
is applied to the moderator temperature coefficient as shown in Section 3.2.5.  

c. MAXIMUM REACTIVITY INSERTION RATE, Ap/At 

Calculations similar to those described in Section 3.1.4(c) are performed at 
intermei- ate and full power, equilibrium xenon conditions. The reactivity 

insertion rate is divided by the minimum cycle Peff determined according to 

(f) of this subsection to yield the maximum reactivity insertion rate in dollars.  

d. SCRAM REACTIVITY CURVE, Ap .. m(t) 

Calculations of the scram reactivity curve are performed in accordance with 
the general procedures described in Section 2. Cycle specific calculations for 
this accident are performed at BOC and EOC for the full and intermediate 
power conditions. Making the following assumptions generates a 
conservatively slow scram curve:

\\DOBLAN\VOLI\GROUP\FUELS\ADMIN\COR\UTH\RELOADSAFETYJTHI .DOC Page 15



1. The integral of the scram curve is based on an initial rod position at 

or below the power dependent insertion limits specified in .the 
T il'nia SpeCifications. (6 

2. The shape of the scram curve is based on an initial rod position of full 
out. This provides the longest possible delay to significant reactivity 
insertion.  

3. The xenon distribution is that which causes the minimum N-1 rod 
Iwoth: 

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.  

e. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FA 

Calculations of FAH are performed in accordance with the general procedures 

described in Section 2. Maximum core Fa's are verified to remain within 

Technical Specification limits for allowable combinations of axial offset, 

power level, and control rod insertion. For Kewaunee, the continuous 

surveillance of the power distribution is accomplished with the ex-core 

detectors using a Power Distribution Control scheme, PDC-Il M. The cycle 

specific physics calculations performed for the verification of the PDC-II 

scheme with respect to the FAH limits are described in Section 3.17.  

f. EFFECTIVE DELAYED NEUTRON FRACTION, P3ff 

Calculations of 3eff are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations are performed at BOC and 
EOC.  

3.2.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above is adjusted to include the model 

reliability factors, RF, and biases. These adjusted values are the cycle specific 

parameters that are then compared to the bounding values assumed in the safety 

analysis. The cycle specific parameters are acceptable if the following inequalities 
are met: 

Cycle Specific Parameters Safety Analysis Parameters 

a. aD * (1 - RFD) _< aD (least negative bounding value) 

b. ccM+RFm+BM -- am (least negative bounding value) 

, * J - (maR)ximum_ c. API I*( +RF ) : (4o,/At(bounding)) 
[/f*(I RF8) J &ff (maximum)
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3.3 CONTROL ROD MISALIGNMENT

3.3.1 DESCRIPTION OF THE ACCIDENT 

In the analysis of this accident, one or more rod cluster control assemblies is assumed 

to be statically misplaced from the normal or allowed position. This situation might 

occur if a rod were left behind when inserting or withdrawing banks, or if a single rod 

were to be withdrawn. Full power operation under these conditions could lead to a 

reduction in DNBR and is subject to limitations specified in the plant Technical 

Specifications().  

3.3.2 METHOD OF ANALYSIS 

In the analysis of misaligned control rods, FAH will be determined for the most 

limiting configuration. In general, the worst case is that with Bank D fully inserted 

except for one fully withdrawn rod cluster control assembly (RCCA). Bank D is the 

only bank that may be inserted at full power. In practice, multiple independent 

alarms would alert the operator well before the postulated conditions are approached.  

The limiting value of FAH is input to a steady state thermal-hydraulic sub-channel 

calculation to determine the departure from nucleate boiling ratio (DNBR). This 

calculation assumes the most adverse combination of steady state errors applied to 

core neutron flux level, coolant pressure, and coolant temperature at the core inlet.  

The acceptance criterion for this accident is that fuel rod failure is not permitted and 

calc ulating the MDNBR to demonstrate that it is not less tha the MDNBR limit 

insures this.  

3.3.3 WPS SAFETY ANALYSIS RESULTS 

there 'are no transient fiues since control rod misalignment is a steady, state 

accident condition. 0 

3.3.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

The nuclear enthalpy rise hot factor channel (F1H is calculated for this accident 

consistent with the procedure described in Section 2. The maximum F. for a control 

rod misalignment at full power is calculated with Bank D fully inserted with one rod 

cluster control assembly (RCCA), fully withdrawn. OThe rod misalignment 

calculations are performed for both BOC and EOC.  
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3.3.5 RELOAD SAFETY EVALUATIONS

The FH calculated above is conservatively adjusted to account for the model 
reliability factor, RFF.. Additionally, a conservatism is applied to account for the 
maximum initial quadrant tilt condition (T) allowed by the Technical 
Specifications('. The resulting FAH is then compared to the value used in the safety 
analysis as follows: 

Cycle Soecific Parameter Safety Analysis Parameter 

FAH*(I+RFFm) * (I+T) _< Fm (Rod Misalignment)
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3.4 CONTROL ROD DROP

3.4.1 DESCRTION OF THE ACCIDENT 

In the analysis of this accident, a full-length RCCA is assumed to be released by the 

gripper coils and to fall into a fully inserted position in the core. The reactor is 

assumed to be operating in the manual mode of control.  

A dropped rod cluster control assembly (RCCA) typically results in a reactor trip 

signal from the power range negative neutron flux rate circuitry. The core power 

distribution is not adversely affected during the short interval prior to reactor trip.  

The drop of a single RCCA assembly may or may not result in a reactor trip. If the 

plant is brought to full power with an RCCA fully inserted, a reduction in core 

thermal margins may result because of a possible increased hot channel peaking 

factor.  

3.4.2 MTHOD OF ANALYSIS 

In the analysis of dropped RCCAs, FA will be determined for all possible dropped 

rod configurations and the most limiting configuration will be used in an analysis to 

determine the DNBR that would result if the core were returned to full power.  

The limiting value of F. is input into a steady state thermal-hydraulic subchannel 

calculation to determine the departure from nucleate boiling ratio (DNBR). The 

calculation is performed assuming full power with the most adverse combination of 

steady state errors applied to core neutron flux level, coolant pressure, and coolant 

temperature at the core inlet.  

The acceptance criteria for the accident are that pressures in the reactor coolant 

system and mai steam system do not exceed 110% of the design pressures, and that 

fuel clad integrity is maintained, which is ensured by limiting the MDNBR to greater 

than the MDNBR limit., 

3.4.3 WPS SAFETY ANALYSIS RESULTS 

There are no transient figures since control- rod drop is a steady state accident 

conditi on.0 

3.4.4 CYCLE SPECIFIC PHYSICS CALCULATION 

The nuclear enthalpy rise hot channel factor (F•,,) is calculated for all possible 

dropped rods, consistent with the procedure described in Section 2. Each rod is 

dropped at full power, equilibrium xenon conditions and the rod yielding the largest 

F. is determined. This rod is then dropped into the core assuming various initial 

xenon and flux distributions to determine the maximum FA, under dropped rod 

conditions. Additionally, the peak FAH occurring during the xenon transient
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following the dropped rod is calculated and compared to the initial dropped rod F•.  

These calculations are performed at both BOC and EOC.  

3.4.5 RELOAD SAFETY EVALUATION 

The nuclear enthalpy rise hot channel factor (F.) calculated a e is conservatively 

adjusted to account for the model reliabiity ifactor, •RFF. Additionally, a 

c6n'sei-yvatis is aDppvd to account for the maximum initial quadrant tilt condition 
allowed by the Technical Specifications. The resulting FA;ýi then compared to the 

aue -use -in the- safety anayi asfoloS: 

Cycle Specific Parameter Safet Analysis Parameter 

FA* (I+RFFm) * (1+T) < FH (Control Rod Drop)
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3.5
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CHEMICAL AND VOLUME CONTROL SYSM MALFUNCTION 

3.5.1 DESCRIPTION OF THE ACCIDENT 

The accident considered here is the malfunction of the chemical and volume control 
system in such a manner as to deliver unborated water at the maximum possible 
flowrate to the reactor coolant system under full power conditions. Dilution during 
refueling or startup is assumed to be recognized and terminated by operator 
intervention before loss of shutdown margin. With the reactor in automatic control, 
the power and temperature increase from boron dilution at power results in the 
insertion of the RCC assemblies and a decrease in shutdown margin. Rod insertion 
limit alarms would alert the operator to isolate the source of unborated water and 
initiate boration prior to the time that shutdown margin is lost. With the reactor in 
manual control, the power and temperature rise due to boron dilution would likely 

result in an overtemperature AT reactor trip if the operator did not intervene. After 
such a trip, the operator would be expected to isolate the unborated water source and 
initiate boration procedures 

3.5.2 METHOD OF ANALYSIS 

The system transient response to an uncontrolled boron dilution is simulated using 
a detailed model of the plant which includes the core, reactor vessel, steam 
generators, pressurizer, and connecting piping. The model also includes a simulation 
of the charging and letdown systems, rod control system, pressurizer control system, 
and the reactor protection system. Reactivity effects due to fuel and moderator 
feedback, coolant boron concentration, and control rod motion before and after trip 
are included in the analysis. This model provides the transient response of average 
core power, reactor coolant pressure, and coolant temperature at the core inlet which 
are applied as forcing functions to a thermal-hydraulic simulation of the hot channel.  
The hot channel model is used to calculate the departure from nucleate boiling ratio 
in the hot channel.  

The reactivity Inserted due to boron dilution is calculated by assuming the maximum 
possible charging flow, a bounding differential boron worth, and a zero ppm charging 
flow. The core burnup and corresponding boron concentration are selected to yield 
the most limiting combination of moderator temperature coefficient, Doppler 
temperature coefficient and spatial power distribution. This is normally the BOC 
condition.  

The minimum shutdown margin required by the Technical Specifications(' is 
conservatively assumed to exist prior to the initiation of the transient. For at power 
conditions, the reactivity insertion due to reactor trip is calculated by considering the 
most adverse combination of instrument and setpoint errors and time delays. The 
rate of reactivityinsiertion corresponding tothe trip -of the RCC assemblies is 
calculated assuming that the most reactive assembly is stuck in the. fully withdrawn 
position.

Page 22



The acceptance criteria for this accident are that pressures in the reactor coolant 

system and main steam system do not exceed 110% of the respective design 
pressures, and that fuel clad integrity is maintained, which is ensured by limiting the 

MDNBR to greater than the MDNBR limit.  

3.5.3 WPS SAFETY ANALYSIS RESULTS 
WPS safety lsis results are presented in Figures 35 tqough 3.5-5 .(see 

Appendix G). 0 

3.5.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, CaD 

Calculations of aD are performed in accordance with the procedure described 

in Section 2. Cycle specific calculations are made as a function of power at 
BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of am are performed using the methods described in Section 2.  

Cycle specific calculations are made at unrodded, full power conditions. 5 

The model bias, BM, is included in the calculations.  

c. BORON REACTIVITY COEFFICIENT. a'B 

Calculations of aB, the boron reactivity coefficient, are performed using the 

methods described in Section 2. Cycle specific calculations for these 
accidents are threefold: full power, all rods out; zero power, all rods in, less 

one stuck rod; and zero power, all rods in. These are performed at both BOC 
and EOC. 0 

d. SHUTDOWN MARGIN. SDM 

For the refueling mknode (cold), the shutdown margin is calculated directly 
with all rods in rather than with one stuck rod, consistent with the 
assumptions made in the safety analysis.  

e. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, Fm 

Calculations of Fm are performed in accordance with the general procedures 

described in Section 2. Maximum core F~A's are verified to remain within 

Technical Specification(6 limits for allowable combinations of axial offset, 

power level, and control rod insertion. For Kewaunee, the continuous 
surveillance of the power distribution is accomplished with the ex-core 

detectors using a Power Distribution Control scheme, PDC-II 0,. The cycle
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specific physics calculations performed for the verification of the PDC-II 

scheme with respect to the FAH limits are described in Section 3.17.  

f. EFFECTIVE DELAYED NEUTRON FRACTION, IPeff 

Calculations of P3cf are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations are performed at BOC and 
EOC.  

g. CRITICAL BORON CONCENTRATION, CB 

Calculations of CB are performed in accordance with the general procedures 

described in Section 2. For startup conditions, an ARI critical boron value 

is calculated and 100 ppm is added to the value for conservatism. For at 

power conditions, the BOC, HFP critical boron concentration is calculated 
and 100 ppm is added to the value for conservatism.  

h. SCRAM REACTIVITY CURVE, Apscmm(t) 

Calculations of the scram reactivity curve are performed in accordance with 

the general procedures described in Section 2. Cycle specific calculations for 

this accident are performed at BOC and EOC for the full power condition.  
Making the following assumptions generates a conservatively slow scram 

curve: 

1. The integral of the scram curve is based on an initial rod position at 
or below the full power insertion limits.  

2.. The shape of the scram curve is based on an initial rod position of full 

out. This provides the longest possible delay to significant reactivity 
insertion.  

3. The xenon distribution is that which causes the minimum N-i rod 
worth.  

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.  

3.5.5 RELOAD SAFETY EVALUATION 

All the cycle specific parameters discussed above are adjusted to include model 

reliability factors RFi and biases. These adjusted results are then compared to the 

bounding values assumed in the safety analysis. The cycle specific parameters are 

acceptable if the following inequalities are met:
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Cycle Specific Parameters 

Refueling 0 Conditions 

SDM (ARI) 

At Power Conditions 

a) aD*(1-RFD) 

b) aM+RFM+BM 

C'b (•a-(l + Rfl) 

/L,&ff (I - RF8i)

d) 

e) 

0 

h)

SDM 

FAH*(I+RFFAH)*(I+T) 

NTf* (0 +RFO) 

C3 (ARO) 

AP *,(*-RF)

Startup Conditions 

CB (AI)

Safety Analysis Parameters

I SDM (bounding) 

-< a. (least negative bounding value) 

-< am (least negative bounding value) 

2: • (most negative bounding value) 
k/.. A-..  

SDM (bounding) 

_< Technical Specifications 
(Refer to Section 3.17) 

<5 P.3 (maximum) 

-:9 Ca (maximum, boron dilution at power) 

Ap.(t) (bounding) 

< •i CB (maximum, boron dilution at startup)
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3 STARTUP OF AN INACTIVE COOLANT LOOP

3.6.1 DESCRIPTION OF THE ACCIDENT 

Since there are no isolation valves or check valves in the Kewaunee reactor coolant 
system, operation of the plant with an inactive loop causes reverse flow through that 
loop. If there is a thermal load on the steam generator in the inactive loop, the hot 
leg coolant in that loop will be at a lower temperature than the core inlet temperature.  
The startup of the pump in the idle loop results in a core flow increase and the 
injection of cold water into the core, followed by a rapid reactivity and power 
increase. The resulting increase in fuel temperature limits the power rise due to 
Doppler feedback. Above 10% rated power, however, the reactor protection system 
prevents operation with an inactive loop, and consequently the temperature 
differential in an inactive loop would be small enough to minimize the accident 
consequences. Furthermore, the Kewaunee Technical Specifications() do not permit 
operation with a reactor coolant pump out of service except during low power 
physics testing.  

3.6.2 METHOD OF ANALYSIS 

The system transient response to an inactive loop startup is simulated using a detailed 
model which includes the core, reactor vessel, steam generators, main steam and 
reactor coolant piping, and the plant control and protection systems. This model 

calculates the time-dependent behavior of the average core power, coolant pressure, 
and core inlet flow and temperature which are supplied as forcing functions to a 
model of the hot channel for calculation of DNBR.  

The accident is analyzed using the most negative moderator temperature coefficient 
and the least negative Doppler coefficient calculated to occur during the cycle. No 
credit is taken for reactivity reduction caused by reactor trip.  

The reactor is initially assumed to be operating at 12% of rated power with reverse 
flow through the inactive loop. This includes a 2% uncertainty for calibration error 
above the 10% power setpoint in the protection system for single loop operation.  
The assumption of this high initial power level is conservative since it maximizes the 
temperature difference between the hot leg and cold leg in the inactive loop. The 
most adverse combination of initial coolant pressure and core inlet temperature is 
chosen to minimize the margin to core DNB limits.  

The acceptance criteria for this accident are that the maximum pressures in the 
reactor coolant and main steam systems do not exceed 110% of design values and 
that cladding integrity be maintained, wich is iensured by limiting the MDNBR 
greater than the MDNB limit-.
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3.6.3 WPS SAFETY ANALYSIS RESULTS

WPýS saty a:e analysis results are presented in figures 3.6-1 through 3.6-5 (see 

Appendix G). 'ý.0 

3.6.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of a. are performed in accordance with the general procedures 

described in Section 2. Specific evaluation of aD for this accident is made 
assuming 12% power for both BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of aM are performed in accordance with the general procedures 

described in Section 2. Specific calculations for this accident are performed 

0 at both BOC and EOC. The model bias, BM, is included in the 
calculations.  

c. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FH 

Calculations of F•H are performed in accordance with the general procedures 

described in Section 2. Maximum core FH's are verified to remain within 

Technical Specification() limits for allowable combinations of axial offset, 

power level, and control rod insertion. For Kewaunee, the continuous 

surveillance of the power distribution is accomplished with the ex-core 

detectors using a Power Distribution Control scheme, PDC-II M. The cycle 

specific physics calculations performed for the verification of the PDC-II 

scheme with respect to the F. limits are described in Section 3.17.  

3.6.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above is conservatively adjusted to include 

the model reliability factors RFi and biases. These adjusted values are the cycle 

specific parameters that are then compared to the bounding values assumed in the 

safety analysis. The cycle specific parameters are acceptable if the following 

inequalities are met: 

Cycle Sgecific Parameters Safety Analysis Parameters 

4. aD*(1-RFD) -< aD (least negative bounding value) 

b. ctM-RFM + BM a. (most negative bounding value) 

c. FAH*(I+RFFAH)*(I+T) _< Technical Specifications 
(Refer to Section 3.17)
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3.7 EXCESSIVE HEAT REMOVAL DUE TO FEEDWATER SYSTEM MALFUNCTION 

3.7.1 DESCRION OF THE ACCIDENT 

Two classes of accidents are to be considered under this classification: Those that 

result in a decrease in feedwater temperature and those that result in an increase in 

feedwater flow. Either condition will result in an increased heat transfer rate in the 

steam generators, causing a decrease in the reactor coolant temperature and an 

increased core power level due to negative reactivity coefficients and/or control 

system action.  

For the case of the decrease in feedwater temperature, the worst accident that may be 

postulated involves opening the bypass valve that diverts flow around the feedwater 

heaters. For the case of an increase in feedwater flow rate, the worst accident that 

may be postulated involves the full opening of the feedwater regulating valves. [] 

3.7.2 METHOD OF ANALYSIS 

The feedwater system malfunction transient is analyzed using a dynamic simulation.  

This includes core kinetics and heat transfer, reactor vessel and coolant piping, steam 
generators, pressurizer, and control systems. Pertinent variables obtained from the 

NSSS simulation are then applied as forcing functions to a separate thermal

hydraulic model of the hot channel which calculates DNBR.  

Two cases are analyzed. The first case is for a reactor in manual control and with a 

zero moderator temperature coefficient. This represents the situation where the 

reactor has the least inherent transient response capability. In this case, the core 

power slowly increases due to Doppler and moderator reactivity effects until the core 

power level again matches the load demand and a new steady state is achieved. The 

reactor does not trip. The coolant temperature decreases, which has the effect of 

increasing the margin to DNB. This increase in DNBR is larger than the decrease 

caused by the higher heat flux and the net effect is that MDNBR increases during the 

transient. T,:he .man control casie is ;naly2ed_ for thelfeedwater temperature 

decrease class.  

The second case analyzed assumes that the reactor automatic control system responds 

to the decreasing coolant temperature and matches reactor power to load demand. A 

conservatively large (in absolute value) negative moderator temperature coefficient 

is assumed to exist. [fThis case results in a somewhat higher final core power level 

than the manual contirl case without moderator feedback; this in turn results in a net 

decrease in DNBR but the decreased coolant temperature again maintains a 

significant margin above the MDNBR limit.  

The core neutronic characteristics that exert a significant influence on the calculated 

results of this transient are the Doppler and moderator reactivity coefficients. A 

range of Dppletand moderator temperature coefficients that biund cycle operation 

is used in the analysis to maximize the power increase. For such slow rates of 
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reactivity addition as are encountered, the transient response is insensitive to the 

value of I*, the prompt neutron lifetime. Trip reactivity insertion characteristics are 

rlat for cas;es wher-ethereactor automatic control system responds, since the 

reatr may trip. ','The automatic control case is analyzed for both the 'feedwater 

temperature decrease and the feedwater flow increase classes.  

The acceptance criteria for the feedwater system malfunction transient are that 
cladding integrity is maintained, which is ensured by limiting the minimum DNBR 
to be greater than the MDNBR limit and that maximum pressure in the reactor 
coolant and main steam system not exceed 110% of the design pressure.  

3.7.3 WPS SAFETY ANALYSIS RESULTS 

wiPS safety analysis results are presented in Figures 3.7-1 through 3.7-10 (see 

Appendix G). P 

3.7.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the general procedures 

described in Section 2. Cycle specific calculations for this accident are 

performed atiO% ipower at BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of aM are performed in accordance with the general procedures 

described in Section 2. Cycle specific calculations are performed at BOC and 

EOC to determine the least negative am and the most negative aM at full 

power conditions. The model bias is included in these calculations.  

C. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FA 

Calculations of F. are performed in accordance with the general procedures 

described in Section 2. Maximum core F.'s are verified to remain within 

Technical Specification( limits for allowable combinations of axial offset, 

power level, and control rod insertion. For Kewaunee, the continuous 

surveillance of the power distribution is accomplished with the ex-core 

detectors using a Power Distribution Control scheme, PDC-ll 0. The cycle 

specific physics calculations performed for the verification of the PDC-II 

scheme with respect to the F. limits are described in Section 3.17.  

d. SCRAM RACT!VITY CURVE . tAp(t) 

Calculations of the scram reactivity curve are perforted in accordance with 
the geneqal procedures decribed in Section 2. Cyclespecific.calcuations for 
this accident are performed at BOC and EOC for the full power condition.  
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Making the, following asumptions generates a conervafively slow scram 
curve: 

1. The integral of. e scram curve is based onan initial rod position at 
or below the full power insertion limits.  

2. 'The shape of the scram curve is based on an initial rod position of full 
out. This provides the longest possible delay to si ficant reactivity 
insertion.  

3." The xenon distribut•i•on is'that which causes the minimum N-1 rod 
worth.  

4. Instantaneousr'i bution of flux is assumed to occur during the rod 
insertion.  

3.7.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above are adjusted to include the model 
reliability factors RFi and biases. [-These adjusted values are the cycle specific 
parameters that are then compared to the bounding values assumed in the safety 
analysis. The cycle specific parameters are acceptable with regard to feed water 
malfunction transients if the following inequalities are met:

Cycle Specific Parameters 

BOC a. aD* (l-RFD) 

aD* (I+RFD) 

b. aM + RFM + BM 

EOC a. aD* (I-RFD) 

b. aM - RFM + BM 

c. FA*(I+RFFA,)*(I+T) 

d.4p~..ý(t) *(1-Rfjt)

Safety Analysis Parameters

:5 aOD (least negative bounding value) if a. -- 0 

aD (most negative bounding value) if aM > 0 

-< aEM (least negative bounding value) 

<_ CE) (least negative bounding value) 

2 am (most negative bounding value) 

_5 Technical Specifications 
(Refer to Section 3.17)
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3.8 EXCESSIVE LOAD INCREASE

3.8.1 DESCRIPTION OF THE ACCIDENT 

An excessive load increase accident is defined as a rapid increase in steam generator 
steam flow that causes a power mismatch between core heat generation and 
secondary side load demand. The ensuing decrease in reactor coolant temperature 
results in a core power increase due to fuel and moderator feedback and/or control 
system action. Only steam flow increases within the capability of the turbine control 
valves are considered here; larger flow increases are considered in connection with 
main steam line break accidents. 0 

3.8.2 METHOD OF ANALYSIS 

The excessive load increase transient is analyzed using a dynamic simulation which 
includes the reactor core, reactor vessel, steam generators, pressurizer and connecting 
piping. The main steam and feedwater systems and control and protection systems 
are also modeled. The departure from nucleate boiling ratio is computed using a 
separate model of the hot fuel assembly channel thermal-hydraulic behavior. 0 This 
model is coupled to the NSSS simulation that supplies core power and flow and 
coolant temperature and pressure as a function of time.  

The transient is initiated by imposing a rapid increase in steam flow to 120% of rated 
full power flow. Initial pressurizer pressure, reactor coolant temperature, and core 
power are assumed at their extreme steady-state values to minimize the calculated 
margin to DNB. Typically, four cases are analyzed: moderator reactivity coefficient 
at minimum and maximum values with manual and with automatic reactor control.  

For the cases in manual control, the case with the least negative moderator coefficient 
shows a large coolant tenmperature decrease relative to the power increase and the net 
effect is to increase the DNBR. The case with the more negative moderator 
coefficient shows a larger increase in power and a decrease in DNBR. The cases 
with automatic reactor control show similar behavior but the control system acts to 
maintain average coolant temperature by increasing reactor power, so the DNBR 
decreases in both cases. However, all cases 0 exhibit a large margin to the MDNBR 
limit.  

Reactor trip occurs during some of the transients considered, consequently scram 
reactivity insertion characteristics are 0 factors in the evaluation of these transients.  
Moderator and Doppler reactivity coefficients are 0 significant kinetics parameters.  
0 The acceptance criteria for this accident are that the fuel cladding integrity be 
maintained, which is ensured by limiting the MDNBR to 0 greater than the MDNBR 
limit and reactor coolant and main steam system maximum pressures not be greater 
than 110% of the design pressures.
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3.8.3 WPS SAFETY ANALYSIS RESULTS

WS safety analysis results are presented in.Figures 3.8-1 through 3.8-18. (see 

Appendix G). 0 

3.8.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed at the full-power, equilibrium, xenon conditions at BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, amu 

Calculations of aM are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations are performed at BOC and 

EOC to determine the maximum and minimum values of the moderator 
coefficient at full-power, equilibrium, xenon conditions.  

c. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FAH 

Calculations of F. are performed in accordance with the general procedures 

described in Section 2. Maximum core FAHs are verified to remain within 
Technical Specification(O limits for allowable combinations of axial offset, 
power level, and control rod insertion. For Kewaunee, the continuous 
surveillance of the power distribution is accomplished with the ex-core 
detectors using a Power Distribution Control scheme, PDC-ll M. The cycle 
specific physics calculations performed for the verification of the PDC-II 
scheme with respect to the FAH limits are described in Section 3.17.  

d. CURVE Ap (t') 

Calcuiaions of the scram reactivity are performed in accordance with the 
general procedures: described in Section 2. Cycle specific calculations for 
this acident aie performed at BOC and EOC for the zero power condition.  
'MakiM g the followingassumptions generates a conseivatively slow scram 
curve: 
1 . The integra of the scram curveis bad-- o n iitialrod position at 

or below-the zero power insertion limits Specified in the Technical 
Specification -.M 

2'. "the shap6 of hescramn curve is based on an iniialrod pos6ýitionf ful 
out. This provdes the longest possible delay to'significantnegative 
reactiyity insertion.
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_. -Thefxe"non-dist~rib-u-t'i-o'.n i's'that which causes the minimum Nirod 

4. Instantaneous redistribution of flux is assumed to o'ccur duringz the rod 
insertion., 

3.8.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above are adjusted to include the model 
reliability factors RFi and biases. [These adjusted values are the cycle specific 
parameters that are then compared to the bounding values assumed in the safety 
analysis. The cycle specific parameters are acceptable with regard to excessive load 
increase transients if the following inequalities are met:

Cycle Soecific Parameters 

BOC a. ar* (I'RFD) 

ac* (I+RFD) 

b. aM + RFM + BM 

EOC a.cI a (I-RFD) < 

b M - RFM + BM 

c. FAH*(I+RFFAH)*(I+T) -•

Safety Analysis Parameters

aD (least negative bounding value) if aM -- 0 

aL (most negative bounding value) if am > 0 

aM (least negative bounding value) 

aC (least negative bounding value) 

aM (most negative bounding value) 

Technical Specifications 
(Refer to Section 3.17) 

Ap~..jt) (bounding)
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3.9 LOSS OF EXTERNAL LOAD

3.9.1 DESCRIPTION OF THE ACCIDENT 

The most likely source of a complete loss of load is a turbine-generator trip. Above 

approximately 10% power, a turbine trip generates a direct reactor trip which is 

signaled from either of two diverse inputs: release of autostop oil or stop valve 

closure. If credit is taken for the steam bypass system and pressurizer control system, 

there is no significant increase in reactor coolant temperature or pressure. To provide 

a conservative assessment of the accident, however, no credit is taken for direct 

reactor trip, steam bypass actuation or pressurizer pressure control. Under these 

assumptions both secondary and primary pressures increase rapidly and a reactor trip 

is generated. 0 

3.9.2 METHOD OF ANALYSIS 

The loss of external load accident is analyzed using a detailed model of the nuclear 

steam supply system and associated control and protection systems. Core kinetics 

heat transfer, reactor coolant and steam generator secondary side temperatures and 

pressures, steam and feedwater flowrates, and pressurizer liquid level are some of the 

variables computed by the model. No credit is taken for direct reactor trip caused by 

turbine trip, the steam bypass system or the pressurizer control system. The 

secondary side pressure rises to the safety valve setpoint and is limited to that 

pressure by steam relief through the safety valves. The scram mitigates the 

consequences of this accident and prevents water relief through the pressurizer relief 
and safety valves.  

The worst case with respect to overpressurization assumes no control rod motion 

prior to reactor trip and no credit for pressurizer relief or spray valves. In this case, 

the magnitude of the moderator reactivity coefficient has only a very slight effect on 

the magnitude of the maximum reactor coolant pressure; and likewise very little 

effect on DNBR response. The peak pressure is likewise insensitive to the magnitude 

of the Doppler reactivity coefficient. 0 

The acceptance criteria for this accident are that the maximum main steam and 

reactor coolant system pressures not exceed 110% of their design pressures and 

DNBR calculations must demonstrate that the MDNBR is not less than the MDNBR 

limit at any time during the transient.  

3.9.3 WPS SAFETY ANALYSIS RESULTS 

WS safety aalsis resuts are presented in Figures 3.9-1 through 3.9-20 (see 

Appendix G). U
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3.9.4 CYCLE SPECIFIC PHYSICS CALCULATIONS

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed at the full power equilibrium xenon condition at BOC and EOC.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of aM are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations are performed at BOC and 
EOC to determine the least negative value of the moderator coefficient at the 
full power condition. The model bias, Bm, is included in these calculations.  

C. SCRAM REACTIVITY CURVE, Ap.,m(t) 

Calculations of the scram reactivity curve are performed in accordance with 
the general procedures described in Section 2. Cycle specific calculations for 
this accident are performed at BOC and EOC for the full power condition.  
Making the following assumptions generates a conservatively slow scram 

curve: 

1. The integral of the scram curve is based on an initial rod position at 
or below the full power insertion limits.  

2. The shape of the scram curve is based on an initial rod position of full 
out. This provides the longest possible delay to significant reactivity 
insertion.  

3. The xenon distribution is that which causes the minimum N-I rod 

worth.  

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.
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d. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FAH 

Calculations of FA are performed in accordance with the general procedures 
described in Section 2. Maximum core FA 's are verified to remain within 
Technical SpecificationýO limits for allowable combinations of axial offset, 
power level, and control rod insertion. For Kewaunee, the continuous 
surveillance of the power distribution is accomplished with the ex-core 
detectors using a Power Distribution Control scheme, PDC-II C). The cycle 
specific physics calculations performed for the verification of the PDC-H1 
scheme with respect to the FA limits are described in Section 3.17.  

3.9.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above was adjusted to include the model 
reliability factors RFi and biases. Clhese adjusted values are the cycle specific 
parameters that are then compared to the bounding values assumed in the safety 
analysis. The cycle specific parameters are acceptable if the following inequalities 
are met:

Cycle Soecific Parameters 

BOC a. aD* (Il+RFD) 

ao* (I-RFD) 

b. amM+RFM+ BM 

EOC a. aD * (I+RFD) 

b. am - RFm + BM 

c. Ap.m(t) * (I-RFa) 

d. FH*(I+RFFAH)*(I+T)

Safety Analysis Parameters

OaL (most negative bounding value) if aM •- 0 

-< a. (least negative bounding value) if aM > 0 

-< am (least negative bounding value) 

>- aD (most negative bounding value) 

am (most negative bounding value) 

> Ap,.(t) (bounding) 

<5 Technical Specifications 
(Refer to Section 3.17)

0
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3.10 LOSS OF NORMAL FEEDWATER FLOW

3.10.1 DESCRIPTION4 OF THE ACCIDENT 

This accident is defined as a complete loss of normal feedwater. Realistically, the 
plant's auxiliary feedwater pumps would be actuated and would supply sufficient 
feedwater to both steam generators to dissipate residual and decay heat after reactor 
trip. To provide a margin of conservatism however, only one of the three auxiliary 
feedwater pumps is assumed to deliver feedwater to one of the two steam generators.  
Under this assumption, the steam generator not receiving auxiliary feedwater suffers 
a degradation of heat transfer capability and the reactor coolant system temperature 
and pressure increase as a result of decay heat following reactor trip. Traditionally, 
an additional conservatism has been applied to the analysis of the loss of feedwater 
accident by assuming that the reactor coolant pumps are tripped and coast down to 
natural circulation conditions, further degrading the heat transfer capability of both 
steam generators. When analyzed in this manner, the accident corresponds to a loss 
of non-emergency AC power.  

3.10.2 METHOD OF ANALYSIS 

The loss of normal feedwater accident is analyzed using a dynamic simulation model 
that includes the reactor and reactor coolant system and the secondary plant systems.  
The model includes a simulation of the natural circulation flow existing in the reactor 
coolant system subsequent to the assumed coast down of the reactor coolant pumps.  
The model also includes the heat source due to the decay of fission products since the 
reactor trips early in the transient, and this decay heat constitutes the main energy 
source thereafter.  

The results of the analysis of the loss of normal feedwater accident are not sensitive 
to the values of the core neutronics parameters. The reactor trips very early in the 

transient. 0 Since this occurs well before steam generator heat transfer capability has 

been reduced, the margin to DNB is not reduced significantly prior to reactor trip.  
The maximum reactor coolant temperature occurs well after accident initiation and 

is not significantly affected by the core neutron power transient, since decay of 
fission products is the major energy source over most of this time interval. The 

decay heat is conservatively calculated by assuming that the fission products are 
initially in equilibrium at the existing core power level.  

The acceptance criteria for this accident are that pressure in the reactor coolant and 
main steam systems not exceed 110% of design pressure and that the MDINBR 
occurring during the accident be not less than the•MDNBR limit.  

3.10.3 WPS SAFETY ANALYSIS RESULTS 

WPS safe ty, analysis results are presented in Figures 3.10-1 through 3.10-5 :(see 
Appendix G). 0
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3.10.4 CYCLE SPECIFIC PHYSICS CALCULATIONS

The loss of normal feedwater transient is not sensitive to core physics parameters 

since the reactor is assumed to trip in the initial stages Dof the transient. This trip 

occurs Dwell before the heat transfer capability of the steam generator is reduced.  

The decay heat then drives the transient from the tripped reactor. Also, the loss of 

flow transient analyzed in Section 3.11 is considered a more severe transient of this 
type.  

Therefore, no comparisons will be made for reload safety evaluations.  
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3.11 LOSS OF REACTOR COOLANT FLOW - PUMP TRIP

3.11.1 DESCRIPTION OF THE ACCIDENT 

The accident considered here is the simultaneous loss of electrical power to both of 

the reactor coolant pumps. Two cases are analyzed: One in which the pumps are at 
nominal frequency and one in which they are at a degraded frequency. As a result 

of loss of driving head supplied by the pumps, the coolant flow rate decreases, but 

is retarded by the rotational inertia of the reactor coolant pump flywheel and by the 

hydraulic inertia of the fluid itself. Any one of several diverse and redundant signals 

which monitor coolant pump and coolant flow conditions trips the reactor. This trip 

results in a power reduction before the thermal-hydraulic conditions in the core 

approach those that could result in damage to the fuel. Loss of power to one of the 

pumps with both pumps initially operating may' also'occur, but the consequences are 

less severe than for the two-pump trip. Seizure of the reactor coolant pump shaft is 
considered in Section 3.12.  

3.11.2 METHOD OF ANALYSIS 

The loss of forced reactor coolant flow accident is analyzed using a detailed model 

of the reactor coolant system thermal-hydraulics. The conservation of momentum 
and continuity equations for the coolant, coupled to a representation of the pump 

hydraulics and speed coastdown, are solved to compute the system flowrate as a 

function of time. Reactor core neutron kinetics and heat transfer equations are 

coupled to the flow coastdown equations in order to compute heat flux and coolant 

temperatures in the reactor. A simulation of the steam generators and pressurizer is 

also included in the model. A separate model analyzes the transient response of the 

core hot channel, using conditions supplied by the NSSS model as input, and 
computes the departure from nucleate boiling ratio (DNBR).  

The initial conditions for the accident analysis assume the most adverse combination 

of power, core inlet temperature, and pressurizer pressure including allowances for 

steady state error so that the initial margin to DNB is the minimum expected during 
steady state operation.  

The power transient is analyzed using a least negative value of moderator reactivity 

coefficient that bounds the cycle. 0 The most negative value of Doppler reactivity 

coefficient that bounds the cycle is used in the analysis since this value has been 
shown to result in the maximum hot spot heat flux at the time of minimum DNBR.  
The reactivity reduction due to control rod insertion after a trip is calculated by 

assuming the most adverse delay time expected to occur between loss of power to the 

pump and the initiation of rod motion. Upon reactor trip, it is assumed that the most 

reactive RCC assembly is stuck in its fully withdrawn position, resulting in a 

minimum insertion of negative reactivity. The trip reactivity insertion dominates the 

power response and is the most important neutronics input parameter.
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The acceptance criteria for the loss of reactor coolant flow accident are that the 

M DNBR not fall below the MDNBR limit and that the maximum reactor coolant and 
main steam system pressures not exceed 110% of their design values.  

3.11.3 WPS SAFETY ANALYSIS RESULTS 

WPS safety analysis, results 'are presented in Figures 3.11-1 through 3.11-8 (see 

Appendix G). O 

3.11.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the general procedures 

described in Section 2. Cycle specific calculations for this accident are 

performed at BOC and EOC to determine the most negative value at full 
power conditions.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of am are performed in accordance with the general procedures 

described in Section 2. Cycle specific calculations are performed at BOC to 

determine the least negative value of the moderator coefficient at the full 

power condition. The model bias, BM, is included in the calculations.  

c. SCRAM REACTIVITY CURVE, Apscram(t) 

Calculations of the scram reactivity curve are performed in accordance with 
the general procedures described in Section 2. Cycle specific calculations for 

this accident are performed at BOC and EOC for the full power condition.  

Making the following assumptions generates a conservatively low scram 
curve: 

1. The integral of the scram curve is based on an initial rod position at 

or below the full power insertion limits.  

2. The shape of the scram curve is based on an initial rod position of full 

out. This provides the longest possible delay to significant reactivity 
insertion.  

3. The xenon distribution is that which causes the minimum N-fird 

worth.  

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.
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d. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, Fm 

Calculations of FA are performed in accordance with the general procedures 

described in Section 2. Maximum core FAH's are verified to remain within 

Technical Specification(d limits for allowable combinations of axial offset, 

power level, and control rod insertion. For Kewaunee, the continuous 

surveillance of4the power dist~ribution is accomplished with the ex-core 

detectors using a Power Distribution Control Scheme PDC-llV. The cycle 

specific physics calculations performed for the verification of the PDC-Il 
scheme with respect to the FH limits are described in Section 3.17.  

e. FUEL TEMPERATURE, Tf 

Fuel temperature is calculated at conditions to maximize fuel temperature as 

a function of linear heat generation rate. The maximum cycle specific linear 

heat generation rate is used to derive the maximum cycle specific fuel 
temperature.  

3.11.5 RELOAD SAFETY EVALUATIONS 

Each of the physics parameters calculated above are adjusted to include the model 

reliability factors RFi []and biases. These adjusted values are the cycle specific 

parameters that are then compared to the bounding values assumed in the safety 

analysis. The cycle specific parameters are acceptable with regard to loss of reactor 

coolant flow pump trip transients if the following inequities are met: 

Cycle Specific Parameters Safety Analysis Parameters 

a. aD * (+IFD) aD (most negative bounding value) 0 

b. a. + RFM + BM 5: am (least negative bounding value) 

c. APm,.(t) * (1-RF1) Ap.(t) (bounding) 

d. FAH*(I+RFFAH)*(I+T) < Technical Specification 

(Refer to Section 3.17) 

e. T * (1 +RFT1 ) _ T "f (bounding value Loss of Flow) 

01
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3.12 LOSS OF REACTOR COOLANT FLOW - LOCKED ROTOR

3.12.1 DESCRIPTION OF THE ACCIDENT 

The accident postulated is the instantaneous seizure of the rotor of a single reactor 
coolant pump. Flow through the affected loop is rapidly reduced, leading to a reactor 
trip initiation due to low flow. The sudden decrease in core flow while the reactor 

is at power results in a degradation of core heat transfer and departure from nucleate 

boiling in some of the fuel rods. The sudden degradation in steam generator heat 
transfer associated with the coolant flow transient causes an increase in reactor 
coolant temperature and a pressurizer insurge. The pressurizer safety valves are 
actuated and maintain the reactor coolant system pressure within acceptable limits.  
This accident is classified as a condition IV limiting fault.  

3.12.2 METHOD OF ANALYSIS 

The analysis of the locked reactor coolant pump rotor is performed using a detailed 

model of the reactor coolant system thermal-hydraulics. The conservation of 
momentum and continuity equations for the coolant, coupled to a representation of 

the pump hydraulic characteristics, are solved to compute the system flow rates as 
a function of time. Reactor core neutron kinetics and transient heat transfer equations 
are coupled to the flow equations in order to compute the core heat flux and coolant 
temperatures in the reactor. A simulation of the pressurizer and steam generators is 

also included in the model. Separate models compute the thermal-hydraulic response 
of the coolant hot channel and fuel hot spot using conditions supplied by the NSSS 
model as input. These models compute heat flux, fuel and clad temperatures, and 
MDNBRs for a conservative evaluation of the extent of fuel damage which could 
occur during a locked rotor accident.  

For the purposes of evaluating the minimum DNBR, the initial conditions for the 
accident analysis assume the most adverse combination of power, core inlet 

temperature, and pressurizer pressure including allowances for steady state errors so 

that the initial margin to DNB is the minimum expected during steady state 
operation. For purposes of evaluating the reactor coolant system pressure transient, 

the initial pressure is assumed as the maximum expected during normal operation 

including allowances for instrumentation error and controller tolerances.  

The power transient is analyzed using a least negative value of moderator reactivity 

coefficient that bounds the cycle. [The most negative Doppler reactivity coefficient 

is used in the analysis since this results in maximum hot spot heat flux at the time of 
minimum DNBR. Trip reactivity insertion characteristics are calculated by assuming 
the maximum time delay between a low flow signal and control rod motion. It is 
further assumed that the most reactive RCC assembly is stuck in a fully withdrawn 
position.  

The acceptance criteria for the locked rotor analysis are as follows:
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1. The maximum reactor coolant and main steam system pressures must not 
exceed 110% of the design values.  

2. The number of fuel rods calculated to experience a DNBR of less than the 

1NBR limit should not exceed the number of fuel rods required to fail in 

order to yield doses due to released activity which will exceed the limits of 
1OCFR100.  

3. The maximum clad temperature calculated to occur at the core hot spot must 
not exceed 27000F.  

3.12.3 WPS SAFETY ANALYSIS RESULTS 

WPS safety analysis results are presented in Figures 3.12-1 through 3.12-5 (see 

Appendix G). [0 

3.12.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations for this accident are 
performed at BOC and EOC to determine the most negative value at full 
power conditions.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of am are performed in accordance with the general procedures 
described in Section 2. Cycle specific calculations are performed at BOC to 

determine the least negative value at the full power condition. The model 
bias, BM, is included in the calculations.  

c. SCRAM REACTIVITY CURVE, Ap..(t) 

Calculations of the scram reactivity curve are performed in accordance with 
the general procedures described in Section 2. Cycle specific calculations for 
this accident are performed at BOC and EOC for the full power condition.  
Making the following assumptions generates a conservatively slow scram 

curve: 

1. The integral of the scram curve is based on an initial rod position at 
or below the full power insertion limits.  

2. The shape of the scram curve is based on an initial rod position of full 
out. This provides the longest possible delay to significant reactivity 
insertion.
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3. The xenon distribution is that which causes the minimum N-i rod 
worth.  

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.  

d. EFFECTIVE DELAYED NEUTRON FRACTION, Pff 

Calculations of Plff are performed in accordance with the general procedures 

described in Section 2. Cycle specific calculations are performed at BOC and 

EOC. 0 

e. FUEL ROD CENSUS, C FH 

Calculation of the percentage of fuel rods at or above a specific FA value is 

performed in accordance with the general procedures described in Section 2.  

The calculations determine the percentage of fuel rods, which exceed the 

limiting value of FA and which are expected to experience DNB ratios less 

than the MDNBR limit. Cycle specific fuel rod C FA census histograms are 

determined at the full power conditions for both BOC and EOC with the 

control rods at or above the power dependent insertion limits.  

f. NUCLEAR HEAT FLUX HOT CHANNEL FACTOR, FQ 

The maximum core FQ's are assumed to remain within the current limits as 

defined in the Technical Specifications(' for allowable combinations of axial 

offset and power level. The safety analysis value for FQ bounds the current 
Technical Specification() limit.  

g. FUEL TEMPERATURE, Tr 

Fuel temperature is calculated at conditions to maximize fuel temperature as 

a function of linear heat generation rate. The maximum cycle specific linear 

heat generation rate is used to derive the maximum cycle specific fuel 
temperature.  

3.12.5 RELOAD SAFETY EVALUATION 

Each of the physics parameters calculated is adjusted to include the model reliability 

factors, RFi and biases. These adjusted values are then compared to the bounding 

values assumed in the safety analysis. The cycle specific parameters are acceptable 

with regard to the locked rotor accident if the following inequalities are met:
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Cycle Soecific Parameters 

a. aD*(I+RFD) 

b. aM + RFM + BM 

c. Apc,.(t) * (I-RFR) 

C.C FAH' lcked rotor 

f. FQ *(I+RFFQ) *(I+T) 

g. Tf*(I+RFTf)
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Safety Analysis Parameters 

aD (most negative bounding value) 01 

am (least negative bounding value) 

Ap,.(t) (bounding) 

Smaiimum value) 

CV (upper bound) 

FQ (bounding value Locked Rotor) 

Tf (bounding value Locked Rotor)
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3.13 FUEL HANDLING ACCIDENT

3.13.1 DESCRIPTION OF THE ACCIDENT 

The accident considered is the sudden release of the gaseous fission products held in 

the plenum between the pellets and cladding of one fuel assembly. The activity 
associated with this accident would be released either inside the Containment 
Building or the Auxiliary Building. A high radiation level alarm in the Containment 
Building would close the purging supply and exhaust ducts. A high radiation level 
on the Auxiliary Building vent monitor would automatically activate the special 
ventilation system with subsequent absolute and charcoal filtration. In calculating 
the offsite exposure from the accident, however, it is assumed that the activity is 
discharged to the atmosphere at ground level from the Auxiliary Building since this 
maximizes the offsite doses.  

3.13.2 METHOD OF ANALYSIS 

The gap activity is calculated based on fission gas buildup in the fuel and subsequent 
diffusion to the fuel rod gap at rates dependent upon the operating temperature. The 
calculation assumes that the assembly with the maximum gap activity is the one that 
is damaged. Only that fraction of fission gases which has diffused into the gap and 
plenum regions of the fuel pin would be available for immediate release. This 

fraction is calculated based on a conservative evaluation of the temperature and 
power distribution in the highest-powered assembly prior to shutdown. This activity 
is further reduced by decay during the time elapsing after shutdown before removal 
of the vessel head.  

The activity present in the fuel rod gaps consists predominately of halogens and 
noble gases. Decontamination factors are applied to account for halogen depletion 
by the pool water; all the noble gas inventory is assumed to escape from the pool 

water surface. 0 Using conservative radiological formulae, the activity concentrations 
at the site exclusion boundary are converted to integrated whole body and thyroid 
doses. These doses are then compared to the acceptance criteria set forth in 
1OCFRIOO.  

3.13.3 WPS SAFETY ANALYSIS RESULTS 

There are no transient figures since the fuel handling accident does not impose a 

transient on the NSSS.  

3.13.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

Calculations of the nuclear enthalpy -rise hot channel factor Fý, -are performed in 
accordance with the geeralproceures described in Section 2. Maximum core F's 

are verified to riemain ,within Technical: Specification limits for, allowable 

combinations of axial offset, power level, and control rod insertion. For Kewaunee, 

the continuous surveillance of the power distributioniis accomplished with the ex-
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core ectousing Power Distribution Control Scheme PDC-.•.T•e c qycl 

sppcific physics calculations peirormed for the verification ofthe PDC-sgchemMe 

withrespet to the ,~ xnt r described in Section 3.7 

3.13.5 RELOAD SAFETY EVALUATIONS 

The f,,H cluated above is conservatively-adjusted to account fior the -model 
reliabiltyfator RFFk.. Additionally,' a conservatism is pplied to account for.the 

maximum initial quadrant. tilt cndition (T) allowed by t-e Technical 

Specifications""\. The tesulting FA'- is he.cmpared to the valueused in thesafety 

analysis as follows:' 

Cycle Specific Parameters Safety Analysis Parameters 

F A(*ý RFF* *(l+T) : < F (bunding value for the fuel handling accident)
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3.14. MAIN STEAM LINE BREAK

3.14.1 E§CRIPTI'ON OF THE ACCIDENT 

3.14,1.a•• Core Response 

The accidents considered include a spectrum of break sizes and 
locations inside containment, The plant is initially at no load 
conditions with both reactor coolant pumps running. The resulting 
uncontrolled steam release causes a rapid reduction in reactor coolant 
temperature and pressure as the secondary side is depressurized. If 

the most reactive RCC assembly is assumed stuck in its fully 
withdrawn position, there is a possibility that the core will become 

critical and return to power due to the negative moderator coefficient.  
A return to power is potentially a problem mainly because of the high 
hot channel factors that exist with a stuck RCC assembly. The core 
is ultimately restored to a subcritical condition by boric acid injection 
via the Emergency Core Cooling System. The zero power case is 

considered because the stored energy of the system is at a minimum 
and steam generator secondary inventory is at a maximum under 
these conditions, thus increasing the severity of the transient.  
Similarly, the case with both reactor coolant pumps running is 
analyzed because this assumption maximizes the cool down rate of 
the reactor coolant system.  

3_1444.b Containment Response 

The accidents considered include 'a spectrum of break sizes and 
locations inside containment. Parameters that influence the plant 

response are conservatively selected to maximize the mass ýand 

energy release into containment. Containment thermal hydraulic 
response is analyzed 'to determine the maximum pressure and 

temperature inside containment.: Actions of engineered safeguards 
systems are critical in mitigating the consequences of the accident 
and keep containment pressure and temperature within the acceptance 

criteria.  

3.14.2 METHOD OF ANALYSIS 

3.1412.a' Core Respnse 

The analysis of the steam line break accident is performed using a 
detailed, multi-loop model of the core, reactor coolant system and 
pressurizer, steam generators, and main steam system. The steam 

flow through the broken steam line is calculated using a critical flow 
model. Conservation equations for the steam generator shell side 

mass and energy inventory are solved to predict the temperatures and
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pressures existing throughout the transient. Heat transfer from the 
reactor coolant system to the steam generators is calculated based on 
instantaneous fluid conditions and empirical correlations. The 
analytical model includes a representation of the reactor vessel upper 
head volume in order to predict the transient response of the reactor 
coolant pressure subsequent to draining the pressurizer. A simulation 
of the safety injection system and boron injection allows calculation 
of the core coolant boron concentration and its influence on core 
neutron kinetics. The representation of core moderator density 
reactivity effects must include allowances for the large change in 
density that the coolant undergoes as the system temperature falls. A 
detailed thermal-hydraulic model of the hot channel is coupled to the 
system simulation and provides a calculation of the departure from 
nucleate boiling ratio during the transient.  

The core neutronics parameters input to the model are evaluated at 
the core conditions which yield the most limiting values of moderator 
and Doppler reactivity coefficients, spatial power distribution, and 
shutdown margin. This is normally the EOC condition, since the 
moderator temperature coefficient is most negative and the shutdown 
margin is minimum. Trip reactivity insertion characteristics need not 
be input to the analysis, since the reactor is assumed to be initially 
shutdown with minimum shutdown margin. The moderator reactivity 
coefficient is also calculated assuming the most reactive rod is stuck 
in its fully withdrawn position, and includes the local reactivity 
feedback from the high neutron flux in the vicinity of the stuck rod.  

An important parameter that is input to the model is the boron 
concentration in the Refueling Water Storage Tank. The value used 
in the model corresponds to the minimum value required by the 
Technical Specifications~o.  

The acceptance criteria for the main steam line break core response 
accident are that reactor coolant and main steam system pressures do 
not exceed 110% of design pressure and that the MDNBR be not less 
than t6e miain steam line break MDNBR limit.  

5 A -142.1b CoItainment'k Me-on'se 

Containment response analysis methods build upon the core response 
methods. Additional analytical requirements'for the containment 
response accident include containment thermal-hydraulic analysis 
using the steam line break mass and energy release data, entrainment 
calculations for the steam generator blowdown, and greater modeling 
detail for the engineering safeguards that are important to the 
accident. The acceptance criteria for steam line break containment
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response are that containment temperature and pressure remain below 
safety analysis acceptance criteria.  

There are four major factors that influence the release of mass and 
energy following a steam line break. These are the initial steam 
generator fluid inventory, primary to secondary heat transfer, 
engineered safeguard system's operation, and the state of the 
secondary fluid blowdown. Those factors are most, sensitive to the 
following: 

* Plant Power Level 
' Main Feedwater System Design 

* Auxiliary Feedwater System Design 
-Break Type, Area, Location 
, Availability of Offsite Power 

* Steam Generator Design 
* Safety System Failures 
* SG Reverse Heat Transfer and Reactor Coolant System Metal 

Heat Capacity 

All of the above variables are considered in.the analyses and are 

conservatively considered.  

The safety analyses are based on a set of five parameters: 

1. Power Level.  

S2. Break Size and Location.  

3•:- Single Failures.  

4. Offsite Power.  

5. Entrainment.  

3.14.3 WPS SAFETY ANALYSIS RESULTS 

WPS safety analysis results are presented in Fi 3.14-1 through 3,14-12 (see 

Appendix. G).1U 

3.14.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of am are performed in accordance with the general procedures 
described in Section 2. Specific calculations 0 of aM are made as a function 
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of core average temperature with all rods in, except for the most reactive 
RCCA, at 1000 psia. Using this functional value of aM(T), k,• is calculated 
versus temperature assuming an initial condition at 547°F with a shutdown 
amount equal to the shutdown margin limit.  

b. SHUTDOWN MARGN, SDM 

The shutdown margin is calculated consistent with the description given in 

Section 2 and is calculated for 0 EOC, HZP and HFP conditions.  

c. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, FM 

The maximum F. is calculated consistent with the description given in 
Section 2 and is calculated for reactor conditions expected during the 
cooldown.  

d. DOPPLER TEMPERATURE COEFFICIENT, aD 

Calculations of aD are performed in accordance with the procedures 
described in Section 2. Cycle specific calculations are made as a function of 
power at BOC and EOC.  

e. BORON REACTIVITY COEFFICIENT. a.  

Calculations of aB, the boron reactivity coefficient, are performed using the 

methods described in Section 2. Cycle specific calculations for EOC and 
HZP conditions are performed.  

3.14.5 RELOAD SAFETY EVALUATION 

Each parameter calculated above is conservatively adjusted to include the model 

reliability factors, RFi, and biases. 0 These results are then compared to the bounding 

values assumed in the safety analysis. For klf versus temperature during cooldown, 

the reliability factors are applied to the calculation of the moderator temperature 

coefficient in the determination of kf.  

Uncertainties for the rod worth, moderator temperature defect, and Doppler 

temperature defect are applied to the shutdown margin (SDM) as discussed in 

Section 2.5. The cycle specific parameters are acceptable if the following 
inequalities are met: 

Cycle Svecific Parameters Safety Analysis Parameters 

Ska.(T) < kf(T) (bounding)
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b. SDM 

c. Fwi*(I+RFFH)*(I+T) 

aD * (l-RFD) 

e. aB * (I -RE)

SDM (bounding) 

SFAH (bounding value steam line break) 

< a. (least negative bounding value) 

-< CaE (least negative bounding value)
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3.15 CONTROL ROD EJECTION

3.15.1 DESCRIPTION OF THE ACCIDENT 

This accident is postulated to result from the unlikely failure of a control rod pressure 

housing followed by ejection of an RCC assembly by the reactor coolant system 

pressure. If a rod inserted in a high worth region of the core were to be ejected, the 

rapid reactivity insertion and unfavorable power distribution, which would result 

might cause localized fuel rod damage.  

3.15.2 MtTHOD OF ANALYSIS 

The analysis of the control rod ejection accident requires a model of the neutron 

kinetics coupled to models of the fuel and clad transient conduction and the thermal

hydraulics of the coolant channel. In industry practice, model sophistication has 

varied from point kinetics to three-dimensional spatial kinetics. When three

dimensional calculations are not employed, the reactivity feedbacks must be 

corrected using weighting factors to account for the spatial dimensions not included 

in the model. The thermal-hydraulic model used includes a multi-nodal radial model 

of fuel, gap, and clad conduction; and a multi-nodal axial model of the coolant 

channel. Since the calculations result in maximum fuel enthalpies less than those 

corresponding to catastrophic fuel failures, the system pressure surge is calculated 

on the basis of conventional heat transfer from the fuel. The pressure surge model 

includes prompt heat generation in the coolant (so called "direct moderator heating"), 

fluid transport in the system, heat transfer in the steam generators, and the action of 

relief and safety valves. No credit is taken for pressure reduction caused by the 

assumed failure of the control rod pressure housing.  

The maximum ejected rod worth is calculated with all control banks at their 

maximum permissible insertion for the power level of interest.  

The moderator reactivity effect is included in the model by correlating reactivity with 
moderator density, thereby including effects of coolant temperature, pressure, and 
voiding. The Doppler reactivity effect is typically correlated as a function of either 
fuel temperature or power. The highest boron concentration corresponding to the 
initial reactor state is assumed in the calculation of moderator feedback. The largest 

temperature rise during the transient, and hence the largest reactivity effects, occurs 

in channels where the power is higher than average. This means that the reactivity 

feedback is larger than that predicted by a single average channel analysis. As a 

result, when a three-dimensional space-time kinetics calculation is not performed, 

weighting factors are applied as multipliers to the average channel Doppler feedback 

reactivity to account for spatial reactivity feedback effects. [A one-dimensional 

kinetics model is used in which the axial dimension effects such as power 

distribution, scram insertion rate, and temperature distribution are accounted for.
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The results of the accident analysis are relatively insensitive to Pfi, 0 The minimum 

value of PIr calculated for the assumed, initial, reactor state is used in the accident 
analysis.  

The results are also relatively insensitive to I*, the prompt neutron lifetime, in the 

range of values normally encountered in commercial pressurized water reactors.  
Minimum values of I* are used in the accident analysis.  

Control rod reactivity insertion during trip is obtained by combining a differential rod 

worth curve with a rod velocity curve, based on maximum design values for scram 

insertion times. The reactor trip delay time is calculated by combining the maximum 
time delays involved in the instrumental and actuation circuitry.  

The acceptance criteria for the control rod ejection accident are as follows: 

* The average hot spot fuel enthalpy must be less than 200 calories/gram.  

* The maximum reactor coolant system pressure must be less than 2900 psia.  

The maximum clad temperature calculated to occur at the core hot spot must 

not exceed 27000F.  

3.15.3 WPS SAFETY ANALYSIS RESULTS 

WPS safety analysis results are presented in Figures.3.15- through 3.15712, (see 

Appendix G). D 

3.15.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 

a. DOPPLER TEMPERATURE COEFFICIENT, aD 

The values of aD are calculated in accordance with the general procedures 

described in Section 2. Full and zero power core conditions in rodded, 

unrodded, and ejected rod configurations are considered at BOC and EOC in 

order to determine the least negative value of aD.  

b. MODERATOR TEMPERATURE COEFFICIENT, aM 

Calculations of am are performed in accordance with the general procedures 

described in Section 2. Cycle specific values are computed at full and zero 

power, BOC and EOC core conditions to determine the least negative 

moderator temperature coefficients.
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C. EFFECTIVE DELAYED NEUTRON FRACTION, Per

The value of Peff is calculated in accordance with the general procedures 
given in Section 2. Cycle specific calculations are performed at BOC and 
EOC. 0 

d. MAXIMUM EJECTED ROD WORTH, Apj,t 

Calculations of the ejected rod worth are performed with the nodal model in 
three dimensions. No credit is taken for either moderator or Doppler 
reactivity feedback mechanisms. All calculations are performed with the 
control rods at or below their power dependent insertion limits (PDIL).  
Cycle specific calculations are performed at BOC and EOC for both the full 
power and zero power conditions. The search for the highest worth ejected 
rod includes all rods initially inserted to the PDIL. The maximum worth of 
the ejected rod includes consideration of transient xenon conditions such as 
maximum positive or negative axial offsets.  

e. SCRAM REACTIVITY CURVE, Ap,(t) 

Calculations of the scram reactivity curve are performed in accordance with 
the general procedures described in Section 2. Cycle specific calculations for 
this accident are performed at BOC and EOC for the full and zero power 
conditions. Making the following assumptions generates a conservatively 
slow scram curve: 

1. The integral of the scram curve is based on an initial rod position at 
or below the power insertion limits.  

2. The shape of the scram curve is based on an initial rod position of full 
out. This provides the longest possible delay to significant reactivity 
insertion.  

3. The xenon distribution is that which causes the minimum N-i-rod 

4. Instantaneous redistribution of flux is assumed to occur during the rod 
insertion.  

f. NUCLEAR HEAT FLUX HOT CHANNEL FACTOR, FQ 

FQ is calculated for each of the cases investigated as described above for the 

determination of the maximum Apj,,r The maximum value of FQ does not 

necessarily correspond to the maximum value of Apj,,,. As described above, 
t calculations of FQ for the ejected rod do not take credit for the moderator 
or Doppler feedback mechanisms.
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PROMPT NEUTRON LIFETIME, I*

The value of I* is calculated in accordance with the general procedures given 

in Section 2. Cycle specific calculations are performed at BOC and EOC.  

3.15.5 RELOAD SAFETY EVALUATION 

Each of the physics parameters calculated for this accident that is adjusted to include 

the model reliability factors, RFi, and biases. 0 These adjusted values are the cycle 
specific parameters to be compared to the bounding values used in the safety 
analysis.  

The cycle specific parameters are acceptable with regard to the ejected rod accident 
if the following inequalities are met:

Cycle Specific Parameters 

a. aD * (I-RFD) 

b. aM+ RFM +BM 

c. P1ff *(1-RFP) 

d. Apj,*(I+RFR) 

e. Ap.,.(t0*(-RFa) 

f. FQ*(I+RFFQ)*(I+T) 

g. I'* (l-RFI.)
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--5 aD (least negative bounding value) 

-5 CM (least negative bounding value) 

O> r(minimum) 

:5 Ap~j (bounding) 

;_> Apm(t) (bounding) 

: FQ (bounding value rod ejection accident) 

> 1 * (minimum)
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3.16 LOSS OF COOLANT ACCIDENT

3.16.1 DESCRIPTION OF THE ACCIDENT 

The loss of coolant accident is defined as the rupture of the reactor coolant system 

piping or any line connected to the system, up to and including a double-ended 
guillotine rupture of the largest pipe. Ruptures of small flow area would cause 

coolant expulsion at a rate that would allow replacement at the same rate via the 
charging pumps and an orderly shutdown would be possible. A larger rupture would 

result in a net loss of reactor coolant inventory and a decreasing pressurizer water 

level and pressure. A reactor trip occurs and safety injection is actuated resulting in 

the injection of borated water into the reactor coolant system, isolation of the normal 

feedwater, and initiation of the auxiliary feedwater supply. When the reactor coolant 
system depressurizes to the Technical Specification (6) accumulator pressure value, 

the nitrogen bubble in the accumulator tanks expands, forcing additional water into 

the reactor coolant system. For large breaks, void formation in the core coolant 

during the initial blowdown phase results in almost immediate power reduction down 

to decay heat levels.  

3.16.2 METHOD OF ANALYSIS 

An analysis of the loss of coolant accident is performed to demonstrate the 

effectiveness of the emergency core cooling system (ECCS) to meet the criteria of 

1OCFR50.46 and in preventing radioactive releases which would violate the criteria 

of 1OCFR100. This analysis includes the following: 

1. A system blowdown analysis is performed to obtain the time-dependent 
behavior of core power, system pressure, flowrates, and other relevant 
variables. The blowdown phase lasts' from break initiation until the time 
when the reactor, coolant syster pressure equals the containment pressure.  
The digital model employed in this calculation is a detailed representation 
of the primary and secondary systems. This includes the hot fuel assemblies 
and the remainder of the core; the reactor vessel downcomer, upper plenum, 
upper head, and lower plenum regions; the steam generators, pressurizer, and 

associated piping; and the safety injection systems. The model uses a flexible 
noding scheme to compute the space and time variations of the thermal

hydraulic conditions of the primary and secondary systems. Some of the 
phenomena which must be considered in the blowdown analysis are coolant 
flows between regions; heat transfer between primary and secondary fluids, 
and between system metal surfaces and fluids contacting them; the hydraulic 
interactions of system components such as reactor coolant pumps; fuel rod 

swelling and rupture; and the behavior of emergency core coolant as it is 

injected into a system undergoing rapid decompression.  

2. An analysis of the core hot channel during blowdown is conducted using a 

detailed thermal-hydraulic model. 0 These calculations must consider cross 
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flow between regions and any flow blockage calculated to occur as a result 

of clad swelling or rupture. 0 

3. The refill/reflood model continues the analysis from the end of blowdown 
until the entire core has been reovered. Due to the complexity of the 
phenomena occurring, empirical correlations of experimental data are used 

to define such variables as carryover fraction, heat transfer coefficients, 
natural convection in the secondary side of the steam generators, and slip 

flow in the ruptured loop cold leg nozzle.  

4. A thermal calculation of the temperature transient in the hot fuel rod during 

blowdown and refil/reflood is also performed. 0 Empirical correlations of 

measured data are employed to represent complex phenomena such as flow 
blockage due to clad swelling and rupture. Metal - water chemical reaction 
and radiation from the fuel rod surface are included in the hot rod model.  

Detailed requirements for ECCS evaluation models are described in OGCFR Part 50, 

Appendix K. 0 

The spatial power distribution used in the ECCS evaluation analysis is chosen as the 

most limiting from those calculated to occur over the lifetime of the core. 0 The 

initial hot spot peaking factor, FQ, plays an important role in determining the severity 

of the worst cladding temperature response in the core. Because of the rapid 

degradation in heat transfer following the break, the radial temperature profile within 

the fuel rod tends to flatteniiout, thereby increasing the cladding temperature.' In 

addition, larger values of FQ will result in less effective heat transfer during the 

reflood period at the hot spot. Thus, a larger value of FQ will produce a more severe 
cladding temperature response.  

3.16.3 WPS SAFETY ANALYSIS RESULTS 

WPS has not analyz this accident. The current large break and small break LOCA 

"anaiyses using the approved Westinghouse analysis methodologies for Kewauneeq' 9 

are reviewed for each reload to determine their applicability to the current core 
design.  

3.16.4 CYCLE SPECIFIC PHYSICS CALCULATIONS 
0 

a. NUCLEAR HEAT FLUX HOT CHANNEL FACTOR, FQ 

The maximum core FQs are assumed to remain within the current limits as 

defined in the Technical Specifications('* for allowable combinations of axial 
offset and power level. For Kewaunee, the continuous surveillance of the 

power distribution is accomplished with the ex-core detectors using the 
Power Distribution Control (PDC-II) scheme 0. The cycle specific physics 

calculations performed for the verification of the PDC-II scheme with respect 
to the FQ limits are described in Section 3.17.
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b. NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR, F6 

Calculations of F. are performed in accordance with the general procedures 

described in Section 2. Maximum core FAHs are verified to remain within 
Technical Specification() limits for allowable combinations of axial offset, 
power level, and control rod insertion. For Kewaunee, the continuous 
surveillance of the power distribution is accomplished with the ex-core 
detectors using a Power Distribution Control scheme, PDC-II M. The cycle 
specific physics calculations performed for the verification of the PDC-II 
scheme with respect to the FAH limits are described in Section 3.17.  

, MAXIMU ASSEMBLY AVERAGE PEAKING FACTOR. PHA 

Calculations of PH are performed at each depletion step throughout the cycle 
in accordance with the general procedures described in Section 2. The 
calculated value of PHA is increased to include the model reliability factors 
and core tilt penalties. The value of Pa, is verified to remain below the value 
assumed in the current LOCA analysis.  

d. "AXIAL OFFSET AT 100% POWER AOH

Calculations of the axial offset at 100% power- are performed at each 
depletion step throughout the cycle in accordance with the general procedures 
described in Section 2. The axial offset at 100% power must remain within 
the range assumed by the current LOCA analysis.  

e. MAXIMUrM CORE AVERAGE POWER IN LOW POWER ASSEMBLIES 
PLP 

Calculations of the maximum core average power in the low power 
assemblies are performed at each depletion step throughout the cycle in 
accordance with the general procedures described in Section 2. The 
maximum core average power in the low power assemblies must remain 
below the value assumed by the current LOCA analysis.  

i. MAXIMUM 95/95 POWER FOR THE HOT ROD, P95, 5 

Calculations of the maximum 95/95 power for the hot rod are performed in 
accordance with the general procedures described in Section 2. The 
maximum 95/95 power for the hot rod must remain below the value assumed 
by the current LOCA analysis.
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3.16.5 RELOAD SAFETY EVALUATION

The calculated values of F. and FAn are increased to include the model reliability 

factors and core tilt penalties. These adjusted cycle specific values are compared to 

the current peaking factor limits defined in the Technical Specifications(6 1. The 

details of this comparison are described in Section 3.17.  

The calculated value of PHA is increased to include the model reliability factors and 

core tilt penalties. The adjusted cycle specific value is compared to the current 
LOCA analysis value. The axial offset at 100% power is evaluated without 
additional uncertainty at all rods out depletion conditions throughout the cycle, since 

non-baseload conditions are accounted for by the Fo calculated using the PDC-II 
methodology. The axial offset at 100% power is compared to the current LOCA 
analysis value. The maximum core average power in the low power assemblies is 

evaluated at all rods out depletion conditions throughout the cycle with no 
uncertainties applied, since this parameter is a relative best-estimate comparison of 

the nominal power in the peripheral assemblies to those in the rest of the core. The 
maximum core average power in the low power assemblies is compared to the 
current LOCA analysis value. The maximum 95/95 power for the hot rod is 

determined based on the PDC-H methodology. The calculated value is increased to 
include the model reliability factors and core tilt penalties. The maximum 95/95 
power for the hot rod is compared to the current LOCA analysis value.  

Cycle Specific Parameters Safety Analysis Parameters 

a. FQ * (I+RFFQ) * (I+T) < Tech Spec Limit 
(Refer to Section 3.17) 

b. FA * (I+RFFm) * (I+T) < Tech Spec Limit 
(Refer to Section 3.17) 

c. PH * (1+RFiw) (1-) "P (LOCA bounding value) 

d. AO o " , < AOwp (LOCA upper bound value) 
iAOWMG', " •- AOWP (LOCA lower bound value) 

C. P ,- Pu, (LOCA bounding value) 

fE P9gs,< P,5S (LOCA bounding value)
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3.17 POWER DISTRIBUTION CONTROL VERIFICATION

Calculations are performed at exposures ranging from beginning to end of cycle to verify the 
applicability of the power distribution control (PDC-II) scheme as defined in the Technical 
Specifications('. Specifically, the core peaking factors, FAH and FQ(Z) are calculated at full 
power equilibrium core conditions and multiplied by conservative factors to verify that they 
remain within the limits as defined in the Technical Specificationd.  

3.17.1 PEAKING FACTOR CALCULATIONS 

Calculations of FQ and FH are performed in accordance with the general procedures 
described in Sections 2.7 and 2.8. Cycle specific calculations are performed at full 
power equilibrium core conditions at exposures ranging from BOC to EOC.  
Statistical uncertainty factors derived from measured to predicted power distribution 
comparison analyses are conservatively applied to the calculated peaking factors •.  

Variations in the axial power distribution cause variations in FQ(Z) distribution, while 
the associated control rod motion causes variations in the FAH distribution. To 
account for potential axial power distribution variations allowed by the Power 
Distribution Control (PDC-II) procedures, conservative factors called the V(Z) 
function are applied to the calculated full power equilibrium FQ(Z). The V(Z) 
function is determined by investigating the changes in FQ(Z) during core axial power 
perturbations, most of which are induced with combinations of power level and rod 
insertions changes. 0 

The maximum FA is chosen from a range of power distributions resulting from core 
maneuvers allowed by PDC-Il in combination with control rod insertions allowed by 
Technical Specification Rod Insertion limits.  

3.17.2 RELOAD SAFETY EVALUATIONS 

The calculated peaking factors, FQ(Z) and F. are increased by statistical uncertainty 

factors and conservative reliability factors. 0 FQ(Z) is further increased by the V(Z) 

function. 0 Calculated cycle specific FQ(Z) and F. are compared to the current 

Technical Specification limits. 0 

CYCLE SPECIFIC PARAMETERS SAFETY ANALYSIS PARAMETERS 

a. Fo(Z) * (I+RFFo) * V(Z) * (I+T) - FQ (Technical Specification Limits) 

b. FH * (I+RFFH) * (I+T) < FH (Technical Specification Limits)
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APPENDIX A

Computer Program Overview 

This section describes the WPS computer programs that are used to simulate the response of the Nuclear 

Steam Supply System (NSSS) and predict the thermal-hydraulic response of the hot coolant channel and hot 

spot in the core for the transients and accidents listed in Section 3.0.  

The DYNODE-P 0] and/or RETRAN-3D programs are used to analyze the transient response of the Nuclear 

Steam Supply System (NSSS). [] 

The VIPRE-01 program is used to analyze the transient response of the hot channel in the core. VIPRE-01 

provides a simulation of the thermal-hydraulic response of the coolant channels and associated fuel rods 

within the core.  

The TOODEE-2 program is used to compute the transient temperature response of the hot fuel spot for 

certain accidents. TOODEE-2 provides a simulation of the hot fuel rod and associated coolant channel.  

This program is used only if the VIPRE-01 hot channel analysis yields a departure from nucleate boiling 

ratio (DNBR) which is less than the DNBR correlation MDNBR limit.  

The sequence of calculations and interfaces of these programs are as follows: DYNODE-P and/or 

RETRAN-3D are run to obtain the core average heat flux and the reactor coolant system (RCS) thermal

hydraulic responses. The transient core average heat flux, core inlet coolant temperature, ERCS pressure, 

and core average flow responses along with the appropriate core spatial power distribution are input into 

VIPRE-01 to obtain the hot channel transient DNBR. Similar information is also input into TOODEE-2 to 

analyze the thermal response of the fuel rod, in those cases requiring fuel rod analysis.  

CONTEMPT LT-28 and GOTHIC are used to analyze the containment thermal-hydraulic response to loss 

of coolant and main steam line break accidents. Mass and energy release data are provided to CONTEMPT 

LT-28 and GOTHIC from DYNODE-P or RETRAN-3D for the main streamline break accident. In the case 

of the loss of coolant accident, mass and energy data are provided from the Westinghouse LBLOCA codes.

Page 63
\\DOBLAN\VOLI\GROUP\FUELS\ADMIN\COR\JTH\RELOADSAFETYJTH I .DOC



APPENDIX B 

NSSS Simulation, DYNODE-P 

NSSS Simulation 

The response of the NSSS of a PWR under transient and accident conditions is analyzed with the DYNODE

P program (BO. This program includes a simulation of the components of a PWR NSSS which significantly 

influence the response of the system to transient conditions. 0 

The major features of the DYNODE-P [0program are: 

- Point and one-dimensional kinetics model for core power transients with major feedback 

mechanisms and decay heat represented. Initial subcritical core conditions can be modeled.  

- Power forced mode option for hot channel analyses.  

- Multinode radial fuel rod and multinode axial coolant channel representations in the core.  

- Conservation of mass, energy, volume and boron concentration for the reactor coolant system (RCS).  

Conservation of momentum is optional.  

- Detailed non-equilibrium pressurizer model including spray and heater systems and safety and relief 

valves.  

- Explicit representation of the shell side of the steam generators including conservation of mass, 

energy, and volume.  

- Representation of heat transfer with structural metal components of the NSSS.  

- Explicit representation of the main steam system with isolation, check, dump, bypass, and turbine 

valves including conservation of mass, energy, momentum, and volume.  

- Representation of the reactor protection and high-pressure safety injection systems.  

- Representation of the major control systems.  

- Provisions for stimulating a variety of transients and accidents including a break in the main steam 

system and asymmetric loop transients.  
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APPENDIX B (continued)

The base input parameters relating to the initial conditions are: 

- Core geometry and initial thermal-hydraulic characteristics.  

- Initial RCS pressure and pressurizer level, core inlet enthalpy, RCS flow distribution, and RCS boron 

concentration.  

- Initial core power level and distribution.  

- RCS, steam generator, and main stream system volume distributions and hydraulic characteristics.  

- Initial steam generator pressures and levels and heat transfer data.  

The input parameters required to obtain the transient responses are: 

- Core kinetics characteristics including control rod motion.  

- Reactor coolant system inertias, pressure loss coefficients, and pump hydraulic and torque 
characteristics.  

- Control system characteristics.  

- Main and auxiliary feedwater characteristics.  

- Valve characteristics.  

- Safety system characteristics.  

- Transient power demand.
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APPENDIX B (continued)

The major output consists of the following list of parameters that are edited at select time points during the 

transient: 

- Core variables 

Average power - Fuel rod temperatures and heat flux - Coolant enthalpies, temperature, and mass 

- Kinetics variables including keff.  

- RCS variables 

Mass, energy, and boron distribution of the coolant - Loop flow rates - Pressurizer pressure and level 

- Safety system variables - Pressure control system variables - Reactor coolant pump speeds, torques, 

and developed heads.  

- Steam generator variables 

Pressure and levels - Masses - Heat loads - Feedwater and steam flows.  

- Main steam system variables 

Pressure and mass distributions - Steam Flows
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APPENDIX C

Core and Fuel Thermal-Hydraulic Analysis, VIPRE-01 

A thermal-hydraulic hot channel analysis is performed for transients in which DNB is a parameter of 

concern. VIPRE-01 is the WPS fuel thermal-hydraulic analysis computer code. 0 

VIPRE-01 (Cl), a thermal-hydraulic computer code developed by Battelle Northwest under the sponsorship 

of EPRI, computes the flow and enthalpy distribution in the fuel assembly sub-channel for steady state or 

transient conditions. VIPRE-01 has undergone generic review by the NRC () at the request of the Utility 

Group for Regulatory Applications (UGRA) and has been found acceptable for use in licensing applications.  

0 Utility specific submittals containing VIPRE-O1 analyses have also been reviewed. 0 

The coolant regions analyzed by VIPRE-01 are divided into computational cells in which the conservation 

equations for mass, energy, and momentum for the fluid are solved. The independent variables; enthalpy, 

pressure, void fraction and velocity are averaged for each cell considering heat and momentum sources and 

sinks due to fixed solids such as fuel rods and grid spacers.  

Heat transfer regimes from sub-cooled to super-heated forced convection including departure from nucleate 

boiling (DNB), and turbulent and diversion cross-flows are considered in the sub-channel analysis.  

The basic input parameters are: 

- Fuel rod and channel geometries 
- Fluid thermal-hydraulic parameters 
- Heat flux or power distribution 
- Turbulent mixing parameters 
- Transient forcing functions: Core inlet temperature, Core inlet flow, Core pressure, Core []heat flux.  

The major time-dependent output parameters are: 

- Sub-channel DNBR 
- Sub-channel flow distribution 
- Sub-channel fluid properties 
- Fuel rod temperature distribution 

The WPS safety analysis methodology establishes thermal margin on the basis of Kewaunee transient 

system analyses performed with DYNODE-P or RETRAN-3D and fuel thermal-hydraulic analyses 

performed with VIPRE-O1. VIPRE-OI evaluates the MDNBR response in the hot channel using, system 

analysis results for core heat flux, inlet temperature, pressure, and flow as input forcing functions. wPS uses 

thehigh thermal performance MHT).) critical heat flux (CHF) correlation for all transients except main 

stea6 line break. For main steam line break the Westinghouse.WN-3 CHF correlation is used. 0
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APPENDIX C (continued)

A 1/8 core VIPRE-Ol model is created to accurately account for assembly sub-channel and core-wide flow 

distribution effects. This model provides an overall analysis of the thermal-hydraulic behavior of the core.  
individual or a limited number of fuel r6ds are m6deled as the hot quarter assembly in the 1/8 core model.  

The remainder of the core in the 1/8 core model is modeled on an assembly-by-assembly basis. Each 

channel is divided axially into increments of equal lengths. Resistance to cross-flow and coolant mixing 

between adjacent channels is considered. Flow redistribution due to localized hydraulic resistances (e.g.  

spacer grids) is also predicted. The effects of local variations in power, fuel rod and fuel pellet fabrication 

and fuel rod spacing are also considered.  

Power distributions in the 1/8 core VIPRE-01 models are derv•ed from the WPS reload core design 

neutronic analysis. [I 

Once the highest-powered rod has been identified in the reload core design neutronic analysis, single sub

channels are represented in the hot quarter assembly, which contains this hottest rod. The hot assembly fuel 

rod power distribution is increased to a pre-determined FA limit. The hot sub-channel is identified as the 

one having the lowest MDNBR with that fuel rod power distribution.  

In valid sub-channel analysis, sufficient detail of the regions surrounding the hot channel must be 

considered. CA 0 geometry must be described such that the hot channel is interior to a region of equivalently 
sized sub-channels. If the hot channel occu on the edge of the hot quarter assembly, the geometry is 

modeled by representing the adjacent quarter assembly on a detailed sub-channel basis, similar to the hot 

quarter assembly, rather than a lumped channel basis.  

0
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APPENDIX D

Fuel Thermal-Hydraulic Analysis, TOODEE-2 

jtho~CseS cases i DBRlmtay beexceeded rnietca ndhtfe 
must also' be obtained to _nIe~a dein s omjajj§pi~ n 

e TOODEE-2 cde: 

TOODEE-2 (D1) computes the thermal response of a fuel rod and associated coolant channel under transient 

conditions.  

TOODEE-2 solves the conservation of energy equation in the fuel rod and the conservation of mass and 

energy in the coolant channel over the entire length of the core. The fuel-cladding gap model is the same 

as in the GAPCON O,, programs. Material properties are computed based on local conditions. Cladding 

deformation is taken into account.  

Zr-H20 reaction is also considered as part of the total heat source. Heat transfer regimes from subcooled 

to superheated forced convection are considered. The major input parameters are: 

- Fuel rod and coolant channel geometries and properties 
- Initial power level and distribution 
- Initial temperature distribution 
- Time-dependent forcing functions: •eqrinlet•.floWiet6p tre, n aqi)e9nIeratuqe 

The major time-dependent output parameters are: 

- Temperature distribution in fuel rod - Fuel rod surface and gap conditions - Energy in the fuel 

•rasi~ent forcing .•funtins for satuaton temperatrepoerint flw, andtemperatur aiobtinedfrm 

the 'sstem~aayi efrndwt YOEPo BhI:D ODE2poie~a~nevtv 
calculationofhetnsethosptfetemetue
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APPENDIXE

NSS Simulation, RETRAN-3D 

RETRAN-3D(E'.) is a best-estimatetransient thermal-hydraulic code designed to analyze operational 

transients, small break loss-of-coolant accidents, and anticipated transients without scram, natural 

circulation, long-term transients, and events involving limited non-equilibrium conditions in light water 

reactors. It can also be used to analyze the steady state and p transient response of any thermal-hydraulic 

system using water as the cooling fluid.  

The field equations solved include the integral form of the one-dimensional, homogeneous equilibrium 

mixture equations for the conservation of continuity, momentum and energy, with options to also use a slip 

equation based on either dynamic or algebraic models, and. a slip equation and a vapor mass equation.  

Input models for the code are developed by assembling the basic building blocks consisting of fluid control 
volumes, flow paths or junctions, and components (e.g., heat conductors, pumps, energy sources, valves, 

and control systems) into a representative model of the system to be analyzed.  

RETRAN-3D has options to use the following features: 

* iterative solution of the steady-state field equations and the control system and other component 

equations 

* an implicit, two-surface heat conduction model that allows internal power generation 

"* models for one-dimensional andpoint reactorkinetics 

"* trip logic 

* control system models 

-two sets of heat transfer corTelations 

* flow and pressure boundary conditions 

* component models for pressurizes, steam separators, centrifugal pumps, valves, and accumulators 

* special purpose models for modeling the movement ofaitempera-ture front or impurities 

Implicit solution methods ae used forfthe steady state and transient form of the field equations. Bothlinear 

and iterative nonlinear solUtions of the transient field equations are available. The -iterative transient solution 

method includes a number of algorithm used to povide automated time-7step size control. APPENDIX E 

(continued)
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APPENDIX E (continued)

"the equation-of-state properiies are generally valid between 100 and 6000 psi, allowing for the analysis over 

a wide range of operating conditions. Separate numerical algorithms (algebraic and finite difference in 

form) are also used for the solution of other equations (e.g., equation of state, heat conduction, neutron 

kinetics, control system, and pump behavior) as required.  

The documentation for RETRAN-3D is provided in a four-volume code manual i1EI. The content of these 
volumes is:

1. Theory and Numerics Manual 

2. Programmer's Manual 

3. User's Manual 

4. Applications Manual

discusses the theoretical development of the general equations, the 
constitutive relationships, and numerical solution techniques.  

presents the general coding philosophy, code installation and 
maintenance instructions, descriptions of the code modules, 
subroutines and data files, and information on auxiliary programs that 
can be used with the code.  

provides the input data requirements and sample problem input and 
typical output data for each of the RETRAN modules

describes the verification and validation tasks for the code 
development phase and presents results of analyses used to evaluate 

and qualify the code for various applications.

RETRAN-02 was a preecessor to RETRAN-3D.  

A Safety Evaluation Report (SER) has been issued by the NRC in which it was determined that RETRAN

02 is an acceptable program for Use in licensing applications •.  

However, from both theoretical considerations and a code user viewpoint, RETRAN-02 has limitations 

relative to performing some reactor transient analyses. The major theoretical limitations are: 

* the requirement (exclu(ing the auxiliary neutron void model) that the phase temperatures are equal for 

two-phase conditions,' 

* the numerfical solutionmethod in RETRAN-02 is limited to time-step sizes that are smaller than the 

"Courant transport time, 

* the limited natureof evector momentum relative to multidimensional flow problems, and 

* the~effect of nIon-condenable gases on the fluid behavior cannot be accounted.
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APPENDIX E (continued)

Some of the practical limitations of RETRAN-021 include: 

* calculations of countercurrent flow behavior, 

* the explicit nature of the numerical solution method, 

* the discontinuous nature of some heat transfer and friction models which reduces the reliability of the 
code, and 

steady-state initialization of once-through steam generators and the.two-phase region of some BWR 
models.  

* insufficient qualification for some model applications (e.g., subcooled void model, dynamic slip, 
pressurizer, and bubble rise); 

* improving existing models such as fluid properties for low pressure (<100 psia) and temperature 
(<100°F); and 

* updating a model to reflect current practices such as using the'1979 ANS decay heat model.  

The RETRAN-3D development program was designed to ease manY of these limitations. The main 
objectives of the RETRAN-3D development program were: 

* to extend the analyses capabilities of RETRAN by revising some existing models in RETRAN-02 and 

adding new models as necessary, 

, to improve the performance by making the code more dependable, easier to use, and faster running, and 

• to have a more transportable code.  

RETRAN-3D includes: 

ean implicit numerical solution method used for. the solution' of, the steady-state equations' and .the 
transient equations, 

"* a generalized algebraic slip option applicable for cocurrent and countercurrent flow conditions, 

* improved constitutive relations for terms in the dyniamic slipequations, 

* the 1979 ANS standard for decay heat,
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APPENDIX E (continued)

* a generalized transport model to transport inpurities (e.g., boron) with the fluid in the system, 

* significant modifications to some RETRAN-02 models including the countercurrent flow logic and the 

one-dimensional neutron kinetics solution algorithms, 

* an option to model nonequilibrium phenomena (five-equation model), 

* an option to include noncondensable gas flow, 

* the option to analyze multidimensional neutron kinetics conditions, and 

San improved model to calculate steady-state initial conditions for low power situations.  

Although all of these new features and capabilities have been designed into the code, RETRAN-3D still has 

the capability to perform RETRAN-02 analysis. The relationship between the two code versions is such that 

when RETRAN-3D is run in a RETRAN-02 mode, results from the two code versions are virtually identical.  

WPS intends to run RETRAN-3D in a RETRAN-02 mode, and will not implement the advanced 

capabilities of the code at this time.  

A utility group has initiated licensing action for the purpose of obtaining generic review and approval of the 

RETRAN-3D code (). WPS will consider utilizing some of the new capabilities of RETRAN-3D following 

this generic review and based on specific plant analysis needs and requirements.
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APPENDIX F

Containment ThennAl-HyIdraufic ,AIaysis, C-LT/28 

The ransentresponse of the conta-inmen t du~rin-g mai stem in b"a anos' ~an cieii 

analyzed with the CONTEMPT-LT/28 program . CONTEMPT-LT/28 can model a p PWR dual dr 
containment with an annulus region., The prograr calculates the -time variation of compartment pressures, 
temperatures, mass and energy inventories, heat structure temperature, distributions, and energy eXchange 
with adjacent compartments. Models are provided to describe fan cooler aid cooling spray enginer 
safety systems.  

The basic input parameters are: 

* Containment compartment geometries.And initial conditions 

S'Heat structure geometries and material 

* Mass and energy addition rates 

* Engineered safety system description 

* Leakage rates 

• Heat transfer coefficients 

IThe major time-dependent output parameters are: 

*Compartment pressure, temperature, mass and energy distributions 

* Heat structure temperature distributions 

The fluid mass and energy release fr-om D-Y ODE-P or RETRAN-3D is used in conjunction wilh the 
CONTEMPT-LT/28 code to0perform containment thermal hydraulic calculations forthe main steam line 
break transient." CONTEMPTLT28 is also used to analyze the containment thermal hydraulic•response to 
aLoss of Coolant Accident. Loss of Coolant Accident mass and . iengy rlease data'are calculated byý 
Westinghouse LOCA codes.  

References 
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APPENDIX G 
WPS Safety Analysis Results 

FIGURE TITLE 

3.1-1 Uncontrolled RCCA Withdrawal From A Sub-Critical Condition 
Reactor Power vs. Time 

3.1-2 Uncontrolled RCCA Withdrawal From A Sub-Critical Condition 
Heat Flux vs. Time 

3.1-3 Uncontrolled RCCA Withdrawal From A Sub-Critical Condition 
Fuel Temperature vs. Time 

3.1-4 Uncontrolled RCCA Withdrawal From A Sub-Critical Condition 
Tave vs. Time 

3.1-5 Uncontrolled RCCA Withdrawal From A Sub-Critical Condition 
Hot Spot Clad Temperature vs. Time 

3.2-1 Uncontrolled RCCA Withdrawal - Fast Rate 100% Power - High Pressure 
Reactor Power vs. Time 

3.2-2 Uncontrolled RCCA Withdrawal - Fast Rate 100% Power - High Pressure 
Pressurizer Pressure vs. Time 

3.2-3 Uncontrolled RCCA Withdrawal - Fast Rate 100% Power - High Pressure 
Tave vs. Time 

3.2-4 Uncontrolled RCCA Withdrawal - Fast Rate 100% Power 
Minimum DNBR vs. Time 

3.2-5 Uncontrolled RCCA Withdrawal - Slow Rate 100% Power - High Pressure 
Reactor Power vs. Time 

3.2-6 Uncontrolled RCCA Withdrawal - Slow Rate 100% Power - High Pressure 
Pressurizer Pressure vs. Time 

3.2-7 Uncontrolled RCCA Withdrawal - Slow Rate 100% Power - High Pressure 
Tave vs. Time 

3.2-8 Uncontrolled RCCA Withdrawal - Slow Rate 100% Power - High Pressure 
Minimum DNBR vs. Time 

3.2-9 Uncontrolled RCCA Withdrawal - Fast Rate 60% Power - High Pressure 
Reactor Power vs. Time
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WPS Safety Analysis Results 
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FIGURE TITLE 

3.2-10 Uncontrolled RCCA Withdrawal - Fast Rate 60% Power - High Pressure 

Pressurizer Pressure vs. Time 

3.2-11 Uncontrolled RCCA Withdrawal - Fast Rate 60% Power - High Pressure 

Tave vs. Time 

3.2-12 Uncontrolled RCCA Withdrawal - Fast Rate 60% Power 
Minimum DNBR vs. Time 

3.2-13 Uncontrolled RCCA Withdrawal - Slow Rate 60% Power - High Pressure 

Reactor Power vs. Time 

3.2-14 Uncontrolled RCCA Withdrawal - Slow Rate 60% Power - High Pressure 

Pressurizer Pressure vs. Time 

3.2-15 Uncontrolled RCCA Withdrawal - Slow Rate 60% Power - High Pressure 

Tave vs. Time 

3.2-16 Uncontrolled RCCA Withdrawal - Slow Rate 60% Power 
Minimum DNBR vs. Time 

3.5-1 CVCS Malfunction - Dilution at Power - Manual Control - High Pressure 

Reactor Power vs. Time 

3.5-2 CVCS Malfunction - Dilution at Power - Manual Control - High Pressure 
Pressurizer Pressure vs. Time 

3.5-3 CVCS Malfunction - Dilution at Power - Manual Control - High Pressure 
Tave vs. Time 

3.5-4 CVCS Malfunction - Dilution at Power - Manual Control - High Pressure 

Heat Flux vs. Time 

3.5-5 CVCS Malfunction - Dilution at Power - Manual Control - High Pressure 

Minimum DNBR vs. Time 

3.6-1 Startup Of An Inactive Reactor Coolant Loop 
Tinlet vs. Time 

3.6-2 Startup Of An Inactive Reactor Coolant Loop 
Tave vs. Time
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WPS Safety Analysis Results 
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FIGURE TITLE 

3.6-3 Startup Of An Inactive Reactor Coolant Loop 
Reactor Power vs. Time 

3.6-4 Startup Of An Inactive Reactor Coolant Loop 
Pressurizer Pressure vs. Time 

3.6-5 Startup Of An Inactive Reactor Coolant Loop 
Heat Flux vs. Time 

3.7-1 Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Reactor Power vs. Time 

3.7-2 Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Pressurizer Pressure vs. Time 

3.7-3 Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Tave vs. Time 

3.7-4 Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Delta T Loop vs. Time 

3.7-5 Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Minimum DNBR vs. Time 

3.7-6 Excessive Heat Removal - Feedwater System Malfunction - EOC Auto Control 

Reactor Power vs. Time 

3.7-7 Excessive Heat Removal - Feedwater System Malfunction - EOC Auto Control 

Pressurizer Pressure vs. Time 

3.7-8 Excessive Heat Removal - Feedwater System Malfunction - EOC Auto Control 

Tave vs. Time 

3.7-9 Excessive Heat Removal - Feedwater System Malfunction - EOC Auto Control 

Delta T Loop vs. Time 

3.7-10 Excessive Heat Removal - Feedwater System Malfunction - EOC Auto Control 

Minimum DNBR vs. Time 

3.8-1 Excessive Load Increase - BOC Manual Control 
Reactor Power vs. Time
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WPS Safety Analysis Results

FIGURE TITLE 

3.8-2 Excessive Load Increase - BOC Manual Control 
Pressurizer Pressure vs. Time 

3.8-3 Excessive Load Increase - BOC Manual Control 
Delta T Loop vs. Time 

3.8-4 Excessive Load Increase - BOC Manual Control 
Minimum DNBR vs. Time 

3.8-5 Excessive Load Increase - EOC Manual Control 
Reactor Power vs. Time 

3.8-6 Excessive Load Increase - EOC Manual Control 
Pressurizer Pressure vs. Time 

3.8-7 Excessive Load Increase - EOC Manual Control 
Delta T Loop vs. Time 

3.8-8 Excessive Load Increase - EOC Manual Control 
Minimum DNBR vs. Time 

3.8-9 Excessive Load Increase - BOC Auto Control 
Reactor Power vs. Time 

3.8-10 Excessive Load Increase - BOC Auto Control 
Pressurizer Pressure vs. Time 

3.8-11 Excessive Load Increase - BOC Auto Control 
Delta T Loop vs. Time 

3.8-12 Excessive Load Increase - BOC Auto Control 
Tave vs. Time 

3.8-13 Excessive Load Increase - BOC Auto Control 
Minimum DNBR vs. Time 

3.8-14 Excessive Load Increase - EOC Auto Control 
Reactor Power vs. Time 

3.8-15 Excessive Load Increase - EOC Auto Control 
Pressurizer Pressure vs. Time
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FIGURE TITLE 

3.8-16 Excessive Load Increase - EOC Auto Control 
Delta T Loop vs. Time 

3.8-17 Excessive Load Increase - EOC Auto Control 
Tave vs. Time 

3.8-18 Excessive Load Increase - EOC Auto Control 
Minimum DNBR vs. Time 

3.9-1 Loss of External Electrical Load - BOC Auto Control 
Reactor Power vs. Time 

3.9-2 Loss of External Electrical Load - BOC Auto Control 
Tinlet vs. Time 

3.9-3 Loss of External Electrical Load - BOC Auto Control 
Pressurizer Pressure vs. Time 

3.9-4 Loss of External Electrical Load - BOC Auto Control 
Pressurizer Water Level vs. Time 

3.9-5 Loss of External Electrical Load - BOC Auto Control 
Minimum DNBR vs. Time 

3.9-6 Loss of External Electrical Load - EOC Auto Control 
Reactor Power vs. Time 

3.9-7 Loss of External Electrical Load - EOC Auto Control 
Tinlet vs. Time 

3.9-8 Loss of External Electrical Load - EOC Auto Control 
Pressurizer Pressure vs. Time 

3.9-9 Loss of External Electrical Load - EOC Auto Control 
Pressurizer Water Level vs. Time 
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Hot Spot Clad Temperature vs. Time
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Startup Of An Inactive Reactor Coolant Loop 
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Startup Of An Inactive Reactor Coolant Loop 
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Startup Of An Inactive Reactor Coolant Loop 
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Startup Of An Inactive Reactor Coolant Loop 

Heat Flux vs. Time
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Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 
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Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Delta T Loop vs. Time 
70.0 

6 9 5 . ..... .................. ................ .................. ................. ................. ................. ................. ................. ............... .  
69.5 .......  

6 9 0 ...... .................................... ..................... - ............................... ................ ................. ...................................  
69.0 

",68.5 - - ......----.----------. ---

o . 6 8 .0 ............... !................................. !................................................... ,... .............. .. .............. .................... I............., .  ... ............... ................ .................. ................................. ..................I... ......  68.5 Er 

6 6 .0 . .............. .................. .................................. ...... ......... ...................................................................... L................ .  

6 5 .5 . ............... ................. •................. ................. ................ ................. ................. I .. . . ....... -- --- --- --................. . . . . . . .  

65.0 

0 30 60 90 120 150 180 210 240 270 300 

Time [s]



Excessive Heat Removal - Feedwater System Malfunction - BOC Manual Control 

Minimum DNBR vs. Time 
3.00 

2 .750 .. . . . . .. ...................... ............ ............  
2..................... ................................. ........................ ...... ........ ..  

2.50 .....----.......  

2 . 0 •........ ..... . .... .•...=...... ................................... I ................ I ................ ................................ I ........ °.......................(Im= 
2.25 ..........  

.. ........i ... .... ................... ................. i................ ................. ................ ................ i ................................  
2.00 

-. 1.75- ----

E 1.50 
E S1 .2 5 . .............. --------- ----------------.................. .• ................ ............ ...... ............. '... ................. .............  

S....... PIT P ...... ... .................. .... .. .... ................ ................ ............................ : _ 1.25 
0 .7 .Mini.m um. FD.B ..-..1 7.04...  

0 .7 5 . ...... .. . .................. ................. • ............. ................. ................... m. um.. .... ... ,7 0 4 .............. .  

S............... .............. ................................................  0.50..... 1-
0 .2 5 .......... ................... .................. .......................... ....... ................ ................. ................. ...............  0.25 ......  

0.00 A
0 30 60 90 120 150 180 210 240 270 300 

Time [s]



Excessive Heat Removal - Feedwater System Malfunction - EOC Auto Control 

Reactor Power vs. Time 
1.050 

1 .0 4 5 ................................ .................................. .- ........... ...............................  

1.040 

.1 ..... ...... ! ................. .... ............................. I ................ ................ ................. .................................. I................  

E 1.035 ------

1.030 

1.025...  

1.010 II 

0 20 40 60 80 100 120 140 160 180 200 
Time [s]
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Excessive Load Increase - BOC Auto Control 
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Excessive Load Increase - EOC Auto Control 
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Excessive Load Increase - EOC Auto Control 
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Loss of External Electric Load - BOC Auto Control 

Tinlet vs. Time 
580.0 

5 7 0 .0 . ..............-- .................. F................ I................. ....... ........... ..... ........... ...... *..... ..... ................ ................... .............. .  

................................... ..........iillll .................. .... ...... ......................... ..... ................. ........ll2 
M1 560.0 . .  

E '565.0 0 0 
560.0 .  

CL 

E 
1- 550.0 ------

545.0 

0 5 10 15 20 25 30 35 40 45 50 
Time [s]



Loss of External Electric Load - BOC Auto Control 

Pressurizer Pressure vs. Time
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Loss of External Electric Load - BOC Auto Control 

Pressurizer Water Level vs. Time 
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Loss of External Electric Load - BOC Auto Control 
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Loss of External Electric Load - EOC Auto Control 
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Loss of External Electric Load - EOC Auto Control 
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Loss of External Electric Load - BOC Manual Control - High Pressure 
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Loss of External Electric Load - EOC Manual Control - High Pressure 

Pressurizer Pressure vs. Time 
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Main Steam Line Break - Limiting Core Case 14NYYO 
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Main Steam Line Break - Limiting Core Case 14NYYO 
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Main Steam Line Break - Limiting Core Case 14NYYO 

SG B Break Flow vs. Time
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Main Steam Line Break - Limiting Core Case 14NYYO 

Reactivity vs. Time 
0.025 

0 0 0 ...... ................. ................. .................. ................. ................. ................. ................ .................. .................  
0.020 .......  

0 .0 1 ............... '................. "................................................... '................... ................ ................ -.................. ' ...............  
0.015 

0.010 ------ t... -----.......  

................. .................. ...... ........................................ .............  

0.005 

44A.  

-0.005 .................... -

-0.025_.  
0 18 36 54 72 90 108 126 144 162 180 

Time [s]



Main Steam Line Break - Limiting Containment Pressure Case 14RYY2 
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Main Steam Line Break - Limiting Containment Temperature Case 11 NYYO 

Containment Temperature vs. Time
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RCCA Ejection - BOC Full Power 

Reactor Power vs. Time
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RCCA Ejection - BOC Full Power 

Integral Reactor Power vs. Time 
5.0 9 

4 .5 . ................... ................. ................ ............... ................ ................ ................ ................ ................................  

3 .5 . ........ . . ." . . . . . . . . . . . . ............. ...........----................. i.................. ................ i................................... .................. W 

C 3 .0 ..... • ........... ......... ........... ............................. ......... ................................. ................................  

.2.5. . .. .... ..  

a .2 .5 . .............. ...............................  

1 .0. . .. . . . ,..... .......... ................ J ................. *-...... ......... i................. '................. .i ...... •......... .- - o.......... ... ... .............. = 

0.0 
0 0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 4 

Time [s]



RCCA Ejection - BOC Full Power 
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RCCA Ejection - BOC Zero Power 

Reactor Power vs. Time 
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RCCA Ejection - BOC Zero Power 

Tave vs. Time
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RCCA Ejection - EOC Full Power 

Integral Reactor Power vs. Time 
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RCCA Ejection - EOC Full Power 
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RCCA Ejection - EOC Zero Power 

Integral Reactor Power vs. Time 
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RCCA Ejection - EOC Zero Power 
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APPENDIX H

Containment Thermal-Hydraulic Analysis, GOTHIC 

GOTHIC (Generation of Thermal-Hydraulic Information for Containments) is a general-purpose thermal

hydraulics computer program for design, licensing, safety and operating analysis of nuclear power plant 

containment, and other confinement buildings. Applications of GOTHIC include evaluation of containment, 

containment sub-compartment, and auxiliary building compartment responses to the full spectrum of high

energy line breaks within the design basis envelope. Applications may include pressure and temperature 

determination, equipment qualification profiles, and inadvertent system initiation, and degradation or failure 

of engineered safety features.  

GOTHIC is a state-of-the-art program that solves the c onservation equations for mass, momentum and 

energy for multi-component, multi-phase flow.: The phase balance equations are coupled by mechanistic 

models for interface mass, energy and momentum transfer that cover the entire flow regime from bubbly 

flow to film/drop flow, as well as single phase flows. The interface models allow for the possibility of 

thermal nonequilibrium between phases and unequal phase velocities. GOTHIC includes full treatment of 

the momentum transport terms in multi-dimensional models, with optionalmodels for turbulent shear and 

turbulent mass and energy diffusion. Conservation equations are solved for three fields: 

* Steam/gas mixture 

* Continuous liquid 

* Liquid droplet 

The principal element of a model is.a computational volume. GOTHIC features a flexible noding scheme 

that allows computational volumes to be treated as lumped parameter (single node) or one-, two- or three

dimensional, or any combination of these within a single model. Separate volumes communicate through 

what are referred to as junctions or flow paths. A separate set of momentum equations is solved for 

junctions. Mass, momentum and energy can be added or removed at boundary conditions, which are 

connected to volumes by flow paths.  

Solid structures are referred to in GOTHIC J asthermal "conductors.iT'THI• includes a general model for 

heat transfer between thermal conductors-and testeam/gas mixture or the liquid.  

Conduction models in GOTHIC provide that thermal conductors can be modeled by one of the following 

geometrical shapes: 

* Flat plate (wall) 

* Cylindrical tube 

* Solid rod

Page 204
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APPENDIX H (continued)

Several surface heat transfer models are avQilable for modeling condensation and convention. Boundary 

conditions that may be specified for a conductor surface include: 

* Convection 

* Heat flux 

* Temperature 

GOTHIC includes an extenive set of models for operating equipment These items, referred to collectively 

as components, include the following: 

* Pumps and fans 

* Valves and doors 

"* Heat exchangers and fan coolers 

"* Vacuum breakers 

"* Spray nozzles 

* Coolers and heaters 

* Volumetric fans (annular fans, deck fans, etc.) 

* Hydrogen recombiners (forced and natural convection) 

* Ignitors (spark device used to ignite hydrogen bums) 

Trip logic is used to control the on/off status of these components. Sensed variables used to activate trips 

include simulation time, relative time, or'ey alue of c computedyriables such as pressure, pressure 

differential and temperature.  
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APPENDIX H (continued)

The.GOTHI-C icode package (Hi)includesthefo loingdocumentaton: 

• User.Manual 

*Qualification Report 

* Technical Manual 

The Use -'.Manual de Iscribes how to use te GOTHIC. code. The Qulfcton Report provides 
documentation of facility descriptions, GOTHIC models and predictions from GOTHIC compared to 

xperimental data. The Qualification Report also provides documentation of GOTHIC predictions compared 

to analytic solutions. The Technical Manual providesa description of the governing equations, constitutive 

models and solution methods usedin GOTHIC.  
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APPENDIX H (continued) 

Reference Is' 

H4.11 George, Thomas L,.. et4a` GTI Versioni 6.0, Cotk mntAayi Package, December 1997, 
EPRI RP4444-1
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DYNODE-P RETRAN-3D Benchmark Report Summary 

I. Introduction 

DYNODE-P has been the main Nuclear Steam Supply System (NSSS) analysis computer code in 
the Kewaunee Nuclear Power Plant (KNPP) safety analysis methodology since the decision was 
made in 1978 to independently perform Kewaunee plant transient and accident analyses. At that time 
the DYNODE-P code was benchmarked to the design basis transient analysis results in Chapter 14 
of the KNPP Final Safety Analysis Report to demonstrate the safety analysis capability and 
knowledge base of Wisconsin Public Service Corporation (WPSC) (reference 1). The DYNODE-P 
code has been used since 1979 to address plant operating, licensing, and design change issues and 
to support the reload core design and reload safety evaluation processes.  

In the mid-1980's it was evident that RETRAN was fast becoming the industry standard for transient 
and accident analysis, leading WPSC to adopt it as an additional system analysis computer code.  
RETRAN was included in Revision 2 to the reload safety evaluation methods topical report 
(reference 2) to complement the DYNODE-P analyses and to provide independent verification of 
the DYNODE-P calculations. As RETRAN has continued to develop and improve, it is now 
beneficial to shift some or all of the system analyses from DYNODE-P to RETRAN. Having both 
codes operational through the years has provided analysis diversity and enabled the DYNODE-P to 
RETRAN-3D change to be made at the most appropriate time.  

The need for safety analyses to support the steam generator replacement (SGR) project provides an 
excellent opportunity to make the change in computer codes. The KNPP steam generators are to be 
replaced in the fall of 2001 with safety analyses being completed in 2000. All of the design basis 
transients need to be reanalyzed for the SGR project. WPSC also has access to detailed design and 
thermal hydraulic information for the replacement steam generator components, which facilitated 
the RETRAN-3D steam generator modeling. In addition, RETRAN-3D became available, has a 
utility submittal for generic review by the Nuclear Regulatory Commission, and offers potential for 
improved analytical capability, e.g. the 3D core model, in the future.  

WPSC has built up considerable knowledge and experience with RETRAN-3D both with 
conservative safety analysis calculations and with best-estimate plant response calculations.  
RETRAN-3D design inputs for the Updated Safety Analysis Report (USAR) (reference 3) Chapter 
14 non-LOCA design basis transient events have also been developed.  

The DYNODE-P RETRAN-3D Benchmark Report (reference 4) documents the comparisons 
between the DYNODE-P and RETRAN-3D computer codes for the KNPP non-LOCA design basis 
accidents with the existing steam generators. The benchmark analyses support the change process 
for the analysis methods that are being used for the SGR project. It also supports the WPSC topical 
report on reload safety evaluation methods, WPSRSEM -NP Rev.3 (see attachment 2) which has 
been revised to document, among other things, the RETRAN-3D methods and results.
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I1. Methodology and Acceptance Criteria 

DYNODE-P inputs to the design basis accidents of Chapter 14 of the USAR are well understood and 

well documented. The latest plant safety analyses (PSA) of the non-LOCA transients were 

performed with DYNODE-P in 1998 to support the implementation of the Siemens Power Corp.  

heavy fuel design and the increased steam generator tube plugging to a 30% level. These 1998 safety 

analyses are the current analyses of record for the non-LOCA transients and are documented in the 

KNPP USAR. Detailed inputs for these analyses are documented in PSA DYNODE-P case setup 

guides and are controlled on the WPSC computer system. Results of the DYNODE-P analyses to 

which RETRAN-3D results are benchmarked are documented in the USAR and in the 1998 PSA 
notebook. All case outputs are on microfiche.  

For the purpose of benchmarking the DYNODE-P and RETRAN-3D computer codes, the inputs to 

the two codes are set as close to the same as possible. RETRAN-3D base case and transient case 

inputs are developed using the DYNODE-P base case and transient case inputs as documented in 

the PSA case setup guides. The benchmark strategy is to compare the codes with the same inputs 

so that only the software computational differences are present.  

The following acceptance criteria are used for the comparison.  

"* General trends in parameters plotted in the USAR shall be consistent.  

"* Parameter trend acceptance criteria: 5% for normalized power or heat flux, 5% of full span for 
levels, 50 psi for pressures, and 5*F for temperatures. Any difference of greater than these 

acceptance criteria shall be explainable in terms of code modeling assumptions.  
" Key parameters acceptance criteria: 30 psi for steam generator or pressurizer pressure, 0.14 for 

MDNBR, 4'F for peak clad temperature. Any differences in parameters used for USAR 

acceptance criteria greater than the Safety Analysis uncertainty values for those parameters (30 
psi steam generator or pressurizer pressure, 0.14 MDNBR, 4VF peak clad temperature) shall be 
explainable in terms of code modeling assumptions.  

III. Results 

Comparison plots for all of the key parameters for each of the transients and the comparisons of the 
USAR acceptance criteria are given in the results section of the Benchmark report. This section also 
presents a discussion of the results and an explanation of the differences observed.  

IV. Conclusions 

In general comparisons of key parameters between the two codes, RETRAN-3D and DYNODE-P, 
show that parameter trends are similar and that parameter differences are small. Several transient 
cases had results that were slightly greater than the acceptance criteria. For each of these cases the 
differences are explainable in terms of code modeling assumptions. For all other design basis 
accidents analyzed the RETRAN-3D results agree with DYNODE-P results to within the established 
acceptance criteria. Therefore it is concluded that RETRAN-3D is an acceptable computer code for
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KNPP safety analysis and can be applied to KNPP design basis NON-LOCA transient events.  
Design basis accident analysis using RETRAN-3D will be conservative ensuring adequate plant 
safety margins.  

V. References 

1. Letter from E. W. James (WPSC) to Document Control Desk (NRC) dated January 1979 
transmitting Wisconsin Public Service Corporation (VPSC), Kewaunee Nuclear Power Plant 
(KNPP), topical report entitled "Reload Safety Evaluation Methods for Application to 
Kewaunee" 

2. Letter from C. R. Steinhardt (WPSC) to Document Control Desk (NRC) dated 11-9-88 
transmitting WPSC KNPP topical report WPSRSEM-NP-A Revision 2 entitled "Reload Safety 
Evaluation Methods for Application to Kewaunee" 
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GOTHIC Benchmark Report Summary 

I. Introduction 

The CONTEMPT code has been used to perform the design basis containment analysis for main 
steamline breaks (MSLB) at the Kewaunee Nuclear Power Plant (KNPP). The Westinghouse COCO 
code and the CONTEMPT code have been used to perform the design basis containment analysis 
for the loss of reactor coolant accidents (LOCA).  

The GOTHIC code is rapidly becoming the industry standard for performing both inside and outside 
containment pressure and temperature design basis analyses. The code is being developed by 
Numerical Applications Incorporated (NIM) with funding by EPRI.  

Wisconsin Public Service Corporation (WPSC) approved a plan to develop a GOTHIC containment 
evaluation model for the Kewaunee Nuclear Power Plant (KNPP). This work was done as part of the 
replacement steam generator program. The purpose of this work was to demonstrate the modeling 
capabilities with GOTHIC and to benchmark the GOTHIC model against both the existing 
CONTEMPT containment analysis model and the revised CONTEMPT and COCO containment 
analysis models created for the replacement SG program.  

The GOTHIC model development program was done in two phases. The purpose of the first phase 
was to identify differences in modeling methodology between WPSC and Westinghouse and to 
compare the GOTHIC model with the CONTEMPT model results for the LOCA and MSLB 
transients. Several modeling differences and discrepancies were discovered and a number of changes 
were made to create the final LOCA and MSLB containment evaluation models. The purpose of the 
second phase was to compare results from the revised GOTHIC model to results from the final 
LOCA and MSLB containment evaluation models.  

WCAP-15427 (reference 1) documents the development and benchmark testing of the KNPP 
GOTHIC containment model. Transient results from the GOTHIC model are compared to results 
calculated by CONTEMPT and COCO. The benchmark analyses support the SGR project They also 
support the WPSC topical report on reload safety evaluation methods, WPSRSEM -NP Rev.3 which 
has been revised to document, among other things, the GOTHIC methods.  

1I. Methodology and Acceptance Criteria 

For the purpose of benchmarking the GOTHIC computer code, the inputs were set as close to the 
same as the COCO and CONTEMPT input as possible. The GOTHIC inputs were developed using 
the CONTEMPT and COCO input as documented in WCAP-15247. The benchmark strategy was 
to compare the codes with the same inputs so that only the software computational differences were 
present.
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The following acceptance criteria were used for the comparison: 

"* General trends in key transient parameters (pressure, vapor temperature, sump temperature) 
should be consistent.  

"* Peak vapor pressure and temperature values should be within 1 psi and 5 F respectively.  

Differences in the output trend or peak values should be readily explainable by differences in the 
software computational differences.  

IV. Results 

This section of the Benchmark Report shows the comparison plots for all of the key parameters for 

both the MSLB and LOCA transients. This section also presents a discussion of the results and an 

explanation of the differences observed. A drop size sensitivity case is also provided.  

TV, Conclusions 

In general comparisons of key parameters between the codes show that parameter trends are similar 

and that parameter differences are small. Several transient cases had results that were slightly greater 

than the acceptance criteria. For each of these cases the differences are explainable in terms of code 

modeling assumptions. For all other design basis accidents analyzed, the GOTHIC results agree 

with COCO or CONTEMPT results to within the established acceptance criteria. Therefore it is 

concluded that GOTHIC is an acceptable computer code for KNPP safety analysis and can be 

applied to KNPP containment design basis accident analyses. Design basis accident analysis using 

GOTHIC will be conservative ensuring adequate plant safety margins.  
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