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•EGI,• UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
0

June 1,2010

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355

SUBJECT: REVISED FINAL SAFETY EVALUATION FOR WESTINGHOUSE ELECTRIC
COMPANY TOPICAL REPORT WCAP-16747-P, "POLCA-T: SYSTEM
ANALYSIS CODE WITH THREE-DIMENSIONAL CORE MODEL,"
(TAC NO. MD5258).

Dear Mr. Gresham:

By letter dated April 22, 2010, the U.S. Nuclear Regulatory Commission (NRC) issued its

Final Safety Evaluation (SE) on Westinghouse Electric Company (Westinghouse) Topical

Report (TR) WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core

Model," (Agencywide Documents and Access Management System (ADAMS) Accession No.

ML100780156). On May 14, 2010, Westinghouse responded by e-mail to the Final SE noting

several editorial changes (ADAMS Accession No. ML101460470). The ADAMS Package

containing the Final SE, Resolution of Comments and Appendices has been updated to reflect

those changes. Note: Enclosure Nos. 1, 2, 5, and 6, were the only documents revised.

Sincerely,

Thomas B. Blount, Deputy Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 700
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Vk REG(, UNITED STATES
NUCLEAR REGULATORY COMMISSION

,WASHINGTON, D.C. 20555-0001

April 22, 2010

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355

SUBJECT: FINAL SAFETY EVALUATION FOR WESTINGHOUSE ELECTRIC COMPANY
TOPICAL REPORT WCAP-16747-P, "POLCA-T: SYSTEM ANALYSIS CODE WITH
THREE-DIMENSIONAL CORE MODEL" (TAC NO. MD5258)

Dear Mr. Gresham:

By letter dated April 26, 2007, Westinghouse Electric Company (Westinghouse) submitted Topical
Report (TR) WCAP-1 6747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core
Model" (Agencywide Documents and Access Management System Accession No. ML07137071 0),
to the U.S. Nuclear Regulatory Commission (NRC) staff. By letter dated October 29, 2009, an NRC
draft safety evaluation (SE) regarding our approval of TR WCAP-1 6747-P was provided for your
review and comments. By letter dated February 23, 2010, Westinghouse commented on the draft
SE. The NRC staff s disposition of Westinghouse's comments on the draft SE are discussed in
Enclosures 3 and 4 to this letter.

The NRC staff has found that TR WCAP-1 6747-P is acceptable for referencing in licensing
applications for all forced recirculation boiling-water reactors to the extent specified and under the
limitations delineated in the TR and in the enclosed final SE. The final SE defines the basis for our
acceptance of the TR.

Our acceptance applies only to material provided in the subject TR. We do not intend to repeat our
review of the acceptable material described in the TR. When the TR appears as a reference in
license applications, our review will ensure that the material presented applies to the specific plant
involved. License amendment requests that deviate from this TR will be subject to a
plant-specific review in accordance with applicable review standards.

In accordance with the guidance provided on the NRC website, we request that Westinghouse
publish accepted proprietary and non-proprietary versions of this TR within three months of receipt
of this letter. The accepted versions shall incorporate this letter and the enclosed final SE after the
title page. Also, they must contain historical review information, including NRC requests for
additional information and your responses. The accepted versions shall include an "-A"
(designating accepted) following the TR identification symbol.



J. Gresham -2

As an alternative to including the RAls and RAI responses behind the title page, if changes to
the TR were provided to the NRC staff to support the resolution of RAI responses, and the NRC
staff reviewed and approved those-changes as described in the RAI responses, there are two
ways that the accepted version can capture the RAIs:

1. The RAIs and RAI responses can be included as an Appendix to the accepted version.
2. The RAls and RAI responses can be captured in the form of a table (inserted after the final
SE) which summarizes the changes as shown in the approved version of the TR. The table
should reference the specific RAls and RAI responses which resulted in any changes, as shown
in the accepted version of the TR.

If future changes to the NRC's regulatory requirements affect the acceptability of this TR,
Westinghouse and/or licensees referencing it will be expected to revise the TR appropriately, or
justify its continued applicability for subsequent referencing.

Sincerely,

Thomas B. Blount, Deputy Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 700

Enclosures: 1. Final SE (non-proprietary version)
2. final SE (proprietary version)
3. Resolution of comments (non-proprietary version)
4. Resolution of comments (proprietary version)
5. Appendix A (non-proprietary version)
6. Appendix A (proprietary version)
7. Appendix B
8. Appendix C (non-proprietary version)
9. Appendix C (proprietary version)
10. Appendix D (non-proprietary version)
11. Appendix D (proprietary version)



FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT WCAP-16747-P

"POLCA-T: SYSTEM ANALYSIS CODE WITH THREE DIMENSIONAL CORE MODEL,"

WESTINGHOUSE ELECTRIC COMPANY

PROJECT NO. 700

EXECUTIVE SUMMARY

Westinghouse Electric Company (Westinghouse) submitted WCAP-1 6747-P -POLCA-T:
Systems Analysis Code with Three Dimensional Core Model" Topical Report (TR), for U.S.
Nuclear Regulatory Commission (NRC) staff review for applications to boiling-water reactor
(BWR) control rod drop accident (CRDA) analysis and stability evaluation (Reference 1). The
submittal includes a primary document that provides a description of the field equations, closure
relationships, the numerical solution techniques, and references to the origins of those models.
The submittal also includes Appendices A and B. Appendix A of the TR includes the
methodology description for the application of POLCA-T to CRDA analysis and an assessment
that provides the basis for the uncertainty determination and associated acceptance criteria.
Appendix B of the TR includes the methodology description for the application of POLCA-T for
stability evaluation and an assessment that provides the basis for the uncertainty determination
and associated acceptance criteria.

The POLCA-T methodology is based, in part, on the combination of codes and methods that
have previously been approved by the NRC. The neutronic methodology is based on POLCA7
and the steam line models and SCRAM system based on BISON. Westinghouse requested
that the NRC staff review the POLCA-T methodology as a general purpose methodology with
specific applications to CRDA analysis and stability evaluation.

The POLCA-T code structure, in a basic sense, iteratively couples the POLCA7 nodal diffusion
code with the RIGEL thermal-hydraulics code. The two codes are run iteratively to couple the
transient thermal-hydraulic fluid state to the transient core power distribution and reactivity. As
RIGEL has not been previously approved, the staff reviewed the RIGEL thermal-hydraulic
models as part of this review and determined these models are to be acceptable for the current
application purposes.

The POLCA-T neutronic model is derived from POLCA. POLCA is a three-dimensional diffusion
theory code used to predict the core and pin-wise power distribution. POLCA is a steady state
code using the analytical nodal method (Reference 39) with assembly discontinuity factors and
a thermal-hydraulic model based on the CONDOR code (Reference 40). While the neutronic
model of POLCA is utilized in POLCA-T, the thermal-hydraulic model in POLCA-T is based on
RIGEL.

The POLCA-T neutronic model is used to determine the core reactivity and power distribution.
The fundamental engine for solving the power distribution is the POLCA code. The POLCA

ENCLOSURE 1
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code, however, receives nuclear parameter input from the upstream two-dimensional lattice
analysis code PHOENIX.

The POLCA-T thermal-hydraulic model is based on a two-fluid approach. The energy and mass
are solved for both the liquid and vapor phases that may be in thermal non-equilibrium.
Additionally POLCA-T includes optional models for [

] POLCA-T is based on a five-equation,
one-dimensional thermal hydraulic approach.

The development of an evaluation model for use in reactor safety licensing calculations requires
a substantial amount of documentation. This documentation includes/covers (a) the evaluation
model, (b) the accident scenario identification process, (c) the code assessment, (d) the
uncertainty analysis, (e) a theory manual, (f) a user manual, and (g) the quality assurance
program. The NRC staff conducted a review of the POLCA-T code in accordance with
Section 15.0.2, - Review of Transient and Accident Analysis Methods", of NUREG-0800,
- Standard Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants"
(SRP 15.0.2). (Reference 23)

Section 111.5 of SRP 15.0.2 states that: -. Qften a general purpose transient analysis computer
program is developed to analyze a number of different events for a wide variety of plants. These
codes can constitute the major portion of an evaluation model for a particular plant and event."

Generic reviews are often performed for these codes to minimize the amount of work required
for plant- and event-specific reviews.

Noting that the POLCA-T code is a general purpose code, the NRC staff conducted its review of
the generic elements of the code as well as separate detailed reviews of the specific application
of the POLCA-T method to perform CRDA analyses and stability evaluations. In particular
cases where the NRC staff could not complete its generic review of particular aspects of the
POLCA-T computer program, the NRC staff provided a description of the basis for the NRC staff
deferral of the particular aspect and documented these items in Appendix D of this safety
evaluation (SE).

During the conduct of this review the NRC staff identified conditions, limitations, and restrictions
to the method. These conditions, limitations, and restrictions may be specific to the type of
analysis performed or may be of a generic nature.

In terms of analysis specific conditions, limitations, and restrictions, the NRC staff identified key
analysis inputs that are necessary to appropriately evaluate the conditions specific to that
particular analysis. As an example, the CRDA analyses require that the control rod drop
velocity be input to assess the rate of reactivity insertion. The NRC staff has imposed a
condition on this parameter due to differences between the advanced BWR (ABWR) and
BWR/2-6 control blade designs. Another example is in the stability application. Time domain
stability analyses are sensitive to the numerical solution technique and inappropriate controls on
the time integration may result in numerical damping of simulated reactor oscillations.

In terms of generic conditions, the NRC staff often imposes conditions, limitations, and
restrictions regarding the use of particular models within the code when several options are
available. For example, a systems analysis code such as POLCA-T may include different
models for the fuel rod performance that are identified by code input. As an example, the NRC
staff imposed the condition that those fuel models consistent with the NRC approved STAV7.2
code be used. Additionally, the NRC staff understands that during routine code maintenance
activities that particular aspects of the code may be updated or changed that do not impact the
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methodology. However, the NRC staff often imposes conditions on code changes to provide
clarification of the criteria of Title 10 of the Code of Federal Regulations (10 CFR) 50.59 as it
applies to code changes. As an example, the NRC staff finds that code updates that render
models in the code inconsistent with the approved TR documentation, constitute a departure
from a method of evaluation.

The NRC staff has clearly marked the conditions, limitations, and restrictions throughout the
body of the SE and repeated these conditions in each subsection of the SE. When the
POLCA-T methodology is exercised within these conditions, limitations, and restriction, the-NRC
staff finds that the method is acceptable for reference to perform licensing calculations for
CRDA analysis and stability evaluation.
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1 INTRODUCTION

Westinghouse Electric Company (Westinghouse) submitted WCAP-1 6747-P -POLCA-T:
Systems Analysis Code with Three Dimensional Core Model" TR, for NRC staff review for
applications to boiling-water reactor (BWR) control rod drop accident analysis and stability
evaluation (Reference 1). The submittal includes a primary document that provides a
description of the field equations, closure relationships, the numerical solution techniques, and
references to the origins of those models. The submittal also includes Appendices A and B.
Appendix A of the TR includes the methodology description for the application of POLCA-T to
control rod drop accident (CRDA) analysis and an assessment that provides the basis for the
uncertainty determination and associated acceptance criteria. Appendix B of the TR includes
the methodology description for the application of POLCA-T for stability evaluation and an
assessment that provides the basis for the uncertainty determination and associated
acceptance criteria.

The POLCA-T methodology is based, in part, on the combination of codes and methods that
have previously been approved by the NRC. The neutronic methodology is based on POLCA7
and the steam line models and SCRAM system based on BISON. Westinghouse requested
that the NRC staff review the POLCA-T methodology as a general purpose methodology with
specific applications to CRDA and stability evaluation. Westinghouse intends to supplement
WCAP-1 6747-P with additional appendices to address the application of the general purpose
methodology to transient anticipated operational occurrence (AOO) analysis and anticipated
transient without SCRAM (ATWS) analysis.

2 REGULATORY EVALUATION

Section 50.34 of Title 10 of the Code of Federal Regulations (10 CFR) -Contents of construction
permit and operating license application; technical information", requires that the licensee (or
vendors) provide safety analysis reports to the NRC detailing the performance of systems,
structures, and components provided for the prevention or mitigation of potential accidents.

Regulation 10 CFR 50 Appendix A, -General Design Criteria for Nuclear Power Plants", General
Design Criteria (GDC) 28 -Reactivity Limits", requires that reactivity control systems shall be
designed with appropriate limits on the rate of reactivity insertion considering a potential rod
dropout event.

Regulation 10 CFR 50 Appendix A GDC 10, - Reactor Design", requires that the reactor core
and associated coolant, control, and protection systems shall be designed with appropriate
margin to assure that specified acceptable fuel design limits are not exceeded during any
condition of normal operation, including the effects of anticipated operational occurrences.

Regulation 10 CFR 50 Appendix A GDC 12, -S uppression of reactor power oscillations",
requires that the reactor core and associated coolant, control, and protection systems shall be
designed to assure that power oscillations which can result in conditions exceeding specified
acceptable fuel design limits are not possible or can be reliably and readily detected and
suppressed.

The intent of the current application is to review the POLCA-T methodology in terms of its
generic capabilities and to specifically review the methodology to analyze control rod drop
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accidents to demonstrate compliance with GDC 28 and to evaluate BWR stability to
demonstrate compliance with GDC 10 and 12.

3 TECHNICAL EVALUATION

The NRC staff reviewed WCAP-16747-P in accordance with Standard Review Plan (SRP)
Section 15.0.2 -Review of Transient and Accident Analysis Methods" (Reference 23). The
technical review is documented in three sections. Section 3.1 documents the NRC staff review
of the generic models and solution techniques, including the field equations, closure
relationships, and physical models. Section 3.2 documents the NRC staff review of the specific
application of POLCA-T to the analysis of control rod drop events, and Section 3.3 documents
the NRC staff review of the application to BWR stability evaluation.

3.1 POLCA-T as a General Purpose Method

While the licensing topical report (Reference 1) contains the specific application of POLCA-T to
control rod drop accident analyses and stability evaluation, the NRC staff performed a separate
generic review of the POLCA-T methodology per Section 111.5 of SRP 15.0.2 to minimize the
potential for repeated review effort for multiple applications of POLCA-T, including AOO and
ATWS analyses. In cases where the NRC staff has deferred the review of particular items,
these deferrals and relevant Westinghouse commitments are summarized in Appendix D of this
SE.

3.1.1 Documentation

The development of an evaluation model for use in reactor safety licensing calculations requires
a substantial amount of documentation. This documentation includes/covers (a) the evaluation
model, (b) the accident scenario identification process, (c) the code assessment, (d) the
uncertainty analysis, (e) a theory manual, (f) a user manual, and (g) the quality assurance
program. In accordance with SRP 15.0.2 the NRC staff conducted a review of the
documentation of the POLCA-T code.

The NRC staff performed a detailed audit of the code documentation, including theory and user
manuals, code change assessment reports, and internal Westinghouse procedures that govern
the quality assurance processes for POLCA-T. The results of the NRC staff audit of these
documents are provided in Reference 47. The NRC staff found that the code documentation
was complete in its description of the theory, assessment, and user guidance. The audit also
covered topics related to the code stewardship quality assurance program. The outcome of the
NRC staff audit regarding the quality assurance plan is briefly summarized in Section 3.1.5 of
this SE.

3.1.2 Evaluation Model

The POLCA-T code structure, in a basic sense, iteratively couples the POLCA7 nodal diffusion
code with the RIGEL thermal-hydraulics code. The two codes are run iteratively to couple the
transient thermal-hydraulic fluid state to the transient core power distribution and reactivity.
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3.1.2.1 Neutronic Model

POLCA is a three-dimensional diffusion theory code used to predict the core and pin-wise
power distribution. POLCA is a steady state code using the analytical nodal method (Reference
39) with assembly discontinuity factors and a thermal-hydraulic model based on the CONDOR
code (Reference 40).

The POLCA-T neutronic model is used to determine the core reactivity and power distribution.
The fundamental engine for solving the power distribution is the POLCA code. The POLCA
code, however, receives nuclear parameter input from the upstream two-dimensional lattice
analysis code PHOENIX.

[]

The NRC staff reviewed and approved the original version of PHOENIX in 1985 (Reference 19).
[

] In 2000 the NRC staff reviewed an update to the PHOENIX code (Reference 9).

No changes have been submitted to the NRC for the PHOENIX methodology as part of this
application; therefore, the NRC staff finds that the PHOENIX code is acceptable for use as an
upstream lattice parameter analysis tool for the POLCA-T code system when exercised within
the conditions and limitations specified in the NRC staff's safety evaluation report (SER) for
Reference 9. The NRC staff notes that the cross section functional fitting process accounts for
exposure, void, void history, and Doppler effects as well as including nuclide tracking
capabilities for cross section adjustments and includes terms for control blade corrections and
control blade history corrections. All of these models have previously been reviewed and
accepted by the NRC staff (Reference 9).

The original POLCA method was reviewed by the NRC staff with the original version of
PHOENIX as documented in Reference 19. [

] (Reference 20).
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Substantial improvements were made in the POLCA code and the methodology was submitted
to the NRC for review and approval in 2000. The NRC staff review of the methodology
identified the following as substantial improvements in the POLCA methodology comprising the
POLCA7 method:

" An enhanced cross section treatment based on microscopic and macroscopic cross
sections to accurately accommodate the impact of various effects including those due to
control rods and spacer grids. The spectral history is specifically accounted for by
solving depletion chains for heavy nuclides and fission products. This treatment allows a
substantially more accurate treatment of spectral and burnup effects.

* The new POLCA version utilizes a full two-group diffusion theory model rather than the
modified one-group model. The use of discontinuity factors and burnup dependent
spatial cross section variation provides accurate nodal power distributions and a firm
basis for pin power reconstruction.

* The new POLCA version has the capability of utilizing pin power reconstruction to
accommodate the effect of neutron leakage from adjacent assemblies on pin powers.

The use of the PHOENIX4/POLCA7 code system was previously approved for BWR reload
licensing analysis with the following limitations and conditions as specified in the NRC staffs SE
(Reference 9)':

• When applying PHOENIX4/POLCA7 to transition cores, CENP should use fuel-specific
data to model the thermal and hydraulic behaviors of the non-ABB/CE fuel and confirm
that the uncertainties derived for ABB fuel are applicable to the non-ABB/CE fuel.

* PHOENIX4/POLCA7 are approved for analysis of ABB/CE fuel types up to and including
1OX10 lattices with a maximum enrichment of 5 weight percentage (w/o). Non-ABB/CE
fuel types may be analyzed assuming that analyses are performed consistent with the
above condition. The code is approved for application to fuel with burnable absorbers
composed of a mixture of uranium oxide and gadolinia with concentrations up to 9 w/o.
Application of the code to non-oxide fuel or the fuel using burnable poisons other than
gadolinia will need to be justified.

* When applying the PHOENIX4/POLCA7 code to fuel other than what is approved in this
SE, the NRC should be informed by letter of this application and be provided an
opportunity for review.

" PHOENIX4/POLCA7 contains several models for BWR analysis not used to generate
the information contained in the topical report. If CENP determines that one of these
models is needed for a licensing analysis, the NRC staff should be informed of the
application and be given an opportunity for review.

Based on the nature of the integration of POLCA7 in the POLCA-T methodology, the NRC staff
finds that these historical limitations and conditions are likewise directly applicable to POLCA-T.
The POLCA-T methodology, however, is built upon several codes that have been previously
reviewed and approved by the NRC staff besides PHOENIX4 and POLCA7. Therefore, the
NRC staff imposes a generalized condition on POLCA-T in regards to these encompassed
codes.

1 CENP [Combustion Engineering] and ABB [ASEA Brown Boveri] have been procured by Westinghouse.

Reference to these entities herein is only for consistency with the previous SE language-
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Applicability of Conditions and Limitations on Encompassed Codes

Licensees implementing POLCA-T should provide justification that STAV7.2,
PHOENIX4, POLCA7, and PARA computer codes and methodology, when approved in
the licensing basis for use, are utilized in a manner that is in compliance with the
conditions identified in the NRC staff Safety Evaluation (SE). The exception to this is
called out in the response to RAI 11-15 (Reference 67).

If a specific plant has not been licensed for the use of the computer codes and
methodology that are utilized by POLCA-T, then that licensee will need to take
appropriate licensing action for application of these computer codes. Licensees will need
to verify that the conditions and limitations imposed on each of the NRC approved codes
(STAV7.2, PHOENIX4, POLCA7, and PARA), encompassing the POLCA-T
methodology will continue to be satisfied each time the POLCA-T methodology is
utilized.

In request for additional information (RAI) 5-3, the NRC staff requested additional qualification
data if approval of POLCA-T was sought for application to mixed oxide (MOX) fuel. The
response stated that review for MOX applications is not being sought by the current application
(Reference 48). Therefore, the NRC staff imposes the following restriction.

Mixed oxide Restriction
2

POLCA-T is not approved to analyze cores containing MOX fuel.

The bundle power uncertainty for the PHOENIX4/POLCA7 code system was assessed against

[I

The POLCA-T TR (Reference 1) references the PHOENIX4/POLCA7 neutronic methods as
described in Reference 9. The assessment databases provided in References 9 and 19 are
used to determine uncertainty values for those particular parameters included in the
determination of cycle-specific specified acceptable fuel design limits (SAFDLs).

In general, those uncertainties that are related to the efficacy of the neutronic methods are the
bundle power and pin power uncertainties. The uncertainties used in the evaluation of SAFDLs
are a combination of the calculational uncertainty associated with the neutronic solver as well as
uncertainty factors related to the core monitoring methodology and plant instrumentation
(including failed instruments and core power shape measurement effects).

For the determination of safety limits, such as the safety limit minimum critical power ratio
(SLMCPR) per Reference 8, a cycle-specific Monte Carlo analysis is performed based on
established uncertainties in critical model input parameters to determine a probability
distribution for the safety parameter (such as minimum critical power ratio (MCPR), from which
the SLMCPR can be derived statistically).

2 See also the NRC staff's review of the response to RAI 5-3 in Appendix A.
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The NRC staff therefore reviewed the application of the neutronic methods to expanded
operating domain reactors. The purpose of the review is to address the application of the
neutronic models to conditions at expanded operating domain conditions that may result in
increased uncertainties in pin or bundle power that must be accounted for in the SAFDLs when
POLCA-T is applied to these conditions.

Given the neutronic aspects of extended power uprate with a maximum extended load line limit
analysis or extended power uprate with a maximum extended load line limit analysis plus
(EPU/MELLLA or EPU/MELLLA+) cores relative to previous core designs, the NRC staff has
performed an evaluation of the applicability of the previously approved nuclear design codes to
the neutronic conditions present in such core designs.

Extended Power Uprate (EPU) cores are generally designed by flattening the radial core power
shape relative to a pre-EPU core. In doing so, the highest power bundle tends to remain the
most limiting bundle, while other non-limiting bundles have increased power. To sustain the
higher core power level through the same cycle duration, the core must be a high energy core.
A high energy core has significant reactor physics attributes that differentiate such a design
from a pre-EPU, pre-extended cycle core.

High energy cores require high burnable poison loadings. The high loadings are necessary to
compensate for the additional excess reactivity necessary to sustain core criticality for the same
cycle duration with a higher thermal power. In addition to these high burnable poison loadings,
a larger fraction of assemblies are loaded, typically, in each cycle to also increase the core cycle
energy. High energy cores are typically depleted in a spectral shift manner to maintain core
power while achieving the desired duration.

A combination of higher batch reload fraction and a higher loading of neutron poison tends to
harden the neutron spectrum during cycle exposure. Additionally, as the average bundle power
is increased, the core average void fraction tends to increase. The combination of higher
inventories of thermal neutron absorbers, more fissile content, and higher void fractions may
result in a hard spectrum that can result in uncertainties in important neutronic parameters over
exposure that have not been previously quantified or accounted for based on operating
experience in a much softer exposure-averaged neutron spectrum.

Aside from these effects at the bundle level, the increase in total core power will have an impact
on the core bypass conditions. During normal operation a fraction of the fission power is
released in the form of radiation, which is directly deposited in the coolant and core structures.
The increase in reactor thermal power will result in an increased heat load to the core bypass
region which may result in either lower bypass subcooling, or potentially the formation of
significant void in the core bypass. The formation of voids in the bypass (including the inter-
assembly area and water cross for SVEA fuel designs) has the effect of hardening the neutron
spectrum further.

At EPU/MELLLA+ the core flow is reduced and higher void fractions are expected in the core
near the MELLLA+ corner at 100 percent licensed thermal power (LTP). The NRC staff expects
that the flow reduction may result in significant bundle and bypass void formation as well as a
substantial radial redistribution of the coolant flow within the bundle.

Westinghouse has provided substantial qualification of the neutronic methods for application to
hard spectrum exposure core designs. Specifically, Westinghouse has provided in response to
the NRC staff's RAIs, the results of significant gamma scan campaigns at [ ]
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and [ ] The NRC staff has summarized the RAI responses in Appendix A of this
SE. The NRC staff requested additional information in regards to the trend in bundle and pin
power uncertainty based on plants operating with:

" Long cycle (high energy) core designs
* Extended Power Uprate (high power density) core designs
" Transition core designs

Additional descriptive details of the NRC staff's detailed review are documented in Appendix A
of this SE. The NRC staff reviewed the performance of the Westinghouse nuclear design
methods (PHOENIX4/POLCA7) to analyze relevant gamma scan campaigns. The gamma scan
campaigns were conducted at plants that operated under challenging conditions in terms of
spectral index and operating strategy. The results of the comparisons to the gamma scan
campaign data do not indicate any trends or biases in predictive capability. Therefore, the NRC
staff concludes that the neutronic model has been adequately qualified to support its application
to currently operating BWRs with expanded operating domains, including EPU/MELLLA+,
without application of a conservative penalty.

3.1.2.2 Thermal-Hydraulic Model

The POLCA-T thermal-hydraulic model is based on a two-fluid approach. The energy and mass
equations are solved for both the liquid and vapor phases. The phases may be in thermal non-
equilibrium. Additionally POLCA-T includes optional models for [

] POLCA-T is based on a five-
equation, one-dimensional thermal-hydraulic approach.

The two mass conservation equations are coupled through phase change rates (evaporation or
condensation), and the energy equations are coupled through interfacial heat transfer models.
The momentum equation considers pressure losses in both phases. To close the
thermal-hydraulic model, several constitutive relationships and boundary conditions are
required. These relationships are based on empirical correlations that model the interfacial and
wall phenomena.

The NRC staff reviewed the physical basis for the two-fluid model and the applicability of the
key closure relationships to determine the applicability of the POLCA-T code and to assess the
efficacy of the code to predict physical phenomena using those closure relationships.
Specifically, the NRC staff reviewed the applicability of the pressure drop correlations, the void
quality (drift flux) assumption, the counter current flow correlation, the heat transfer correlations,
and the component models that describe various components in the flow path.

For the current application, the NRC staff did not review the [
] These models are not required for the modeling of BWR control rod drop accidents or

for BWR time domain stability evaluations. Similarly, the NRC staff did not review the
application of POLCA-T to post dryout conditions. These phenomena are relevant to the
application of POLCA-T to anticipated transient without SCRAM (ATWS) or loss-of-coolant
accident (LOCA) analysis, and additional information regarding the qualification of these models
will be provided with the application for these specific analyses. Approval of POLCA-T for
control rod drop analysis and stability evaluation does not constitute review and generic
approval of the POLCA-T [ ] or post dryout
thermal modeling.
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3.1.2.2.1 Conservation Field Equations

The NRC staff reviewed the basis of the generic applicability of the basic conservation
equations for BWR transient analysis. These are the mass, momentum, and energy
conservation equations. The basic conservation equations are based on a five-equation
representation of the fluid. The mass and energy equations are solved using one equation for
each phase, while the momentum equation is solved for the fluid mixture. This formulation
requires empirical relationships for closure, however, it enables modeling of non-thermal
equilibrium in the fluid.

3.1.2.2.1.1 Momentum

The momentum equation is based on a single-fluid (mixture) treatment of the fluid. The
theoretical basis is described by Equation 7-25 in Reference 1. The finite difference formulation
of the one-dimensional momentum equation is provided in Section 7.2.1 of Reference 1. The
NRC staff reviewed each term of the equation. These terms include temporal acceleration,
pressure gradient, gravitation, unrecoverable pressure losses, and spatial acceleration.

The TR describes the discretization of the momentum equation for vertical flows. The NRC
staff, therefore, requested additional information regarding the momentum equation in RAI 8-6
and RAI 8-7. The response to RAI 8-6 is provided in Reference 51.

RAI 8-6 includes 12 sub-parts. These sub-parts request information regarding specific terms
and phenomena represented in the momentum equation. The NRC staff's detailed review of
the response to RAI 8-6 is documented in Appendix A of this SE.

Generally, the NRC staff found that the information provided in the response to RAI 8-6 is
sufficient to describe the application of the momentum equation to: bi-directional vertical flow,
generalized geometries, and very high void fractions. The NRC staff has reviewed the
information and found that the modeling approach is acceptable.

Particular terms in the momentum equation rely on correlations for particular pressure losses.
These correlations were reviewed by the NRC staff and are documented separately in Section
3.1.2.2.2 of this SE.

The NRC staff requested additional information regarding the performance of the momentum
equation in RAI 8-7 based on the number of questions that the NRC staff raised regarding the
use of the equation for generalized reactor system geometries, including non-vertical flows,
changing flow areas, plena, and elbows. The NRC staff, specifically, requested that
Westinghouse test the robustness of the equation by analyzing a test case to demonstrate that
the momentum equation did not generate residual momentum sources. [

I

Based on the response to RAI 8-7S1, the NRC staff is reasonably assured that the
implementation of the momentum equation is appropriate and acceptable (see Appendix A of
this SE) (Reference 54).
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3.1.2.2.1.2 Mass and Energy

The NRC staff reviewed the energy and mass conservation equations. The mass conservation
is treated with two equations, one for each phase. The NRC staff reviewed the basis and finite
difference form of the equation. The mass conservation equations account for evaporation
rates that allow for coupling of the two equations. The NRC staff confirmed that the POLCA-T
formulation is consistent with the theoretical basis. Therefore, the NRC staff finds that the mass
conservation representation for the two phases is acceptable.

The energy conservation equation theoretical basis is provided in Equation 7-11 of Reference 1.
The energy conservation equation in POLCA-T is detailed in that it explicitly tracks the phasic
kinetic and potential energy terms. The NRC staff reviewed the integration and the finite
difference formulation of the two-phase energy equations.

The energy equation includes only one assumption, which is to neglect the heat flux due to
conduction within the fluid. The NRC staff finds that this assumption is acceptable on the basis
of negligible conduction heat transfer relative to the convected fluid energy and other interfacial
heat transfer mechanisms. The NRC staff confirmed that the equation accurately represents
energy sources and the fluid energy components. Therefore, the NRC staff finds that the
POLCA-T two-phase energy equations are acceptable.

3.1.2.2.1.3 Interfacial Heat and Mass Transfer

The POLCA-T interfacial heat and mass transfer are treated in two components. The first
component addresses heat and mass transfer between the phases and the heated wall
boundary, and the second component addresses heat and mass transfer within the bulk of the
fluid.

The wall heat transfer is modeled using heat transfer correlations. The NRC staff review of
these heat transfer correlations is discussed in Section 3.1.2.2.6. Generally, heat transfer
relations are applied at the wall interface as a function of the surface temperature to determine
the transient heat deposition to the phases. The heat depositions are used to calculate the
evaporation or condensation rates at the wall interface. These evaporation or condensation
rates form one component of the interfacial mass transfer equation.

Bulk fluid interfacial heat and mass transfer relationships are also provided to describe the
phenomena occurring at the phase interfaces within the fluid. The interfacial heat transfer is
calculated based on weighted averages to account for differences in the heat transfer
phenomena in the transition from low void fraction flows to high void fraction flows. The NRC
staff has reviewed the weighting functions and found them acceptable to account for changes in
the interfacial properties over the applicable range of void fractions.

At low void fractions, the interfacial heat transfer is based on models appropriate for bubbly flow
conditions, where the liquid is a continuous phase. There is a slight model correction for very
low void fractions [ ] where the vapor temperature is forced to the saturation
temperature. The NRC staff finds that such a correction is acceptable for smoothing and
numerical stability in the solution.

At high void fractions, the interfacial heat transfer is based on an annular flow regime where
heat transfer between the phases is driven by dispersed fluid droplets and the liquid film with a
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continuous vapor phase. POLCA-T includes appropriate models to determine the film thickness
(hence surface area) and the interfacial area of the dispersed liquid droplets. The film and
droplet heat transfer coefficients are piece-wise correlated to film and droplet size and
properties, respectively. The coefficients are assigned specific values when the temperature
difference (phasic temperature minus saturation temperature) becomes negative.

On the high void fraction end, a slight model correction is included to force the liquid
temperature to the saturation temperature. The NRC staff finds that this model correction is
similar to the low void correction and equally acceptable.

The weighting of these two regimes is acceptable for modeling the transition flow regimes
between bubbly and annular (slug, churn-turbulent). The NRC staff finds that the models are
appropriate and include sufficient resolution of the phasic behavior in these regimes to
adequately model the phase interface in terms of heat transfer. Additional details of the NRC
staff review regarding the flow regime map are provided in the NRC staff review of the response
to RAI 8-3 provided in Appendix A of this SE.

Therefore, the NRC staff finds that the interfacial heat and mass transfer equations are
acceptable in terms of their robustness and capability to cover the anticipated important
phenomena for transient BWR applications.

3.1.2.2.2 Pressure Drop Correlations

Pressure drops are calculated for each phase in the two-fluid model. Therefore, the total
pressure drop across a given node is the sum of the pressure lost by the vapor and liquid
phases. The wall friction is calculated according to correlations that depend on the single-phase
Reynolds number. The wall friction factors are determined according to previously approved
correlations. In particular, the Colebrook correlation is used for wall friction when the surface
roughness is known.

Irreversible local loss coefficients can be input by the user, or sudden expansion and contraction
automated calculations can be performed. The NRC staff has previously reviewed and
approved the use of the sudden expansion and contraction loss coefficient correlations.

The NRC staff has previously accepted the use of these correlations, they are consistent with
industry practice, and allow flexibility to input measured loss coefficients for specific components
when test or plant data is available. Therefore, the NRC staff finds that the pressure drop
correlations are acceptable.

3.1.2.2.3 Critical Power

The NRC staff requested additional information regarding the dryout correlation library in RAI
8-1. In particular the NRC staff requested that Westinghouse specify the correlations in the
library, the applicable fuel design, and reference to the experimental data used to develop the
correlation. The NRC staff requested additional information regarding the sensitivity of the
critical power ratio to burnups and power distribution uncertainties in RAI 5-4 and RAI 5-5.

The response to RAI 8-1 provides the requested information for Westinghouse fuel designs
currently operated in the U.S. These include the applicable correlations for SVEA-96, SVEA-
96+, and SVEA-96 Optima2 (Reference 52).
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The response states that internal Westinghouse requirements assure that the use of
NRC approved correlations for licensing analyses specify the correlation used, refer to the
NRC approved documentation, and explains how the correlation is used within the approval.

The NRC staff finds that the response is sufficient in specifying how Westinghouse treats critical
power evaluations for Westinghouse fuel designs. However, the response does not provide
details regarding the mixed core application.

The subject review of POLCA-T to stability and CRDA analyses, however, does not require
evaluation of the critical power ratio. The NRC staff notes that the stability Appendix does not
seek approval for POLCA-T to develop delta critical power ratio versus oscillation magnitude
(DIVOM) slopes. Therefore, for the subject review, the calculation of the critical power ratio is
ancillary to the analyses.

The NRC staff, therefore, defers the review of the subject of the applicability of the dryout
correlations to review of POLCA-T for application to either transients or to generate a DIVOM
curve. In these subsequent reviews the NRC staff will address the application of POLCA-T to
mixed core evaluations.

Westinghouse provided responses to RAI 5-4 and RAI 5-5 in Reference 48. The response
states that the current TR submittal requests approval of POLCA-T for CRDA and stability
evaluations. As these analyses are limited in their scope, the NRC staff finds that the
calculation of the minimum critical power ratio (MCPR) during the transient is not required to
determine the respective figures of merit for licensing analyses. Therefore, the NRC staff does
not require the information requested in RAI 5-4 and RAI 5-5 to complete its subject review.

The NRC staff notes that this information would be required if approval of POLCA-T is sought to
calculate the DIVOM slope for stability licensing analyses. However, this application is not
covered within the current TR Appendix B.

The NRC staff interprets the responses provided to RAI 5-4 and RAI 5-5 as a commitment to
provide the requested information in future submittals requesting approval of POLCA-T to either
transients or to DIVOM analyses. Therefore, the NRC staff's review of POLCA-T should not be
construed as acceptance of the responses to RAI 5-4 and RAI 5-5.

Similarly, as the response to RAI 8-1 addresses only Westinghouse fuel designs, the NRC
staff's acceptance of this RAI response for the current applications does not constitute the NRC
staff's acceptance of this RAI response regarding critical power correlations for transient or
DIVOM analyses where approval for mixed core applications is likely to be sought by
Westinghouse.

3.1.2.2.4 Void Quality Correlation

POLCA-T fully incorporates two drift flux models from the thermal-hydraulics code (GOBLIN).
The correlations, DF01 and DF02, are used to determine the velocity slip between the phases.
The slip ratio is used to relate the flow quality to the nodal void fraction.
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3.1.2.2.4.1 Experimental Qualification

The NRC staff has reviewed information provided in response to RAI 2-1. The response
included detailed information regarding the testing apparatus and the results of detailed
comparisons of the DF02 void quality correlation to data. Measurements were performed at the
FRIGG test facility [

] These results indicate very good
agreement over a wide range of void conditions.

Tests were performed using detailed tomography with a rotating gamma source and collimated
detector. The results provide for a detailed scan of each axial level, and therefore, do not
require any correction for shadowing effects between heated pins. [

] These tests
are performed concurrent with critical power tests.

Qualification data for the DF01 and DF02 correlations were also supplied in response to RAI 3-5
(see Appendix A of this SE). The NRC staff found that, overall, the qualification database for
the DF02 correlation includes: modern fuel bundle geometries, test conditions up to the point of
critical power, and axial power shapes that are similar to those shapes expected during
operation.

3.1.2.2.4.2 High Pressure Extension and Qualification

The NRC staff requested additional information regarding the qualification of the void quality
correlations to higher pressures and higher void fractions. In particular, the NRC staff requested
that Westinghouse justify the application of the correlation to these higher pressures (9 MPa or
higher) and voids (90 percent) that may be encountered under transient or accident conditions
in RAI 8-5. In particular, events such as main steam isolation valve (MSIV) closure without
position SCRAM may result in high pressures and high void fractions.

The response is based on comparisons to other void quality correlations (Reference 52). In the
review of WCAP-16606-P-A, the NRC staff reviewed the application of the AA78 correlation in
BISON to simulate transient thermal-hydraulic conditions at these higher void and higher
pressure conditions typical of ATWS scenarios. As ATWS evaluations consider vessel
pressurization without SCRAM and the subsequent recirculation pump trip, these events
constitute a reasonable basis to establish the highest pressures and void fractions for which the
correlations are used.

In WCAP-1 6606-P-A, Westinghouse describes a methodology for using the Electric Power
Research Institute (EPRI) void quality correlation (Chexal-Lellouche) to characterize the
anticipated trends in void fraction error (if any) at higher pressure and void fractions
(Reference 17).

The response to RAI 8-5 includes detailed comparisons between the Chexal-Lellouche and the
DF01 and DF02 correlations for various void fractions and pressures. The response indicates
consistent trends with the AA78 correlation when taken to higher void fractions and pressures
consistent with the range specified in WCAP-16606-P-A. Therefore, the NRC staff finds that the
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robustness of the DF01 and DF02 correlations is substantially similar to the AA78 correlation as
applied over the range anticipated during transient and accident conditions. On the same basis,
for the NRC staff's acceptance of the extension of the AA78 correlation in BISON, the NRC staff
finds extension of the DF01 and DF02 correlations is equally acceptable.

3.1.2.2.5 Countercurrent Flow Limit Correlation

The countercurrent flow limit (CCFL) correlation is adopted from the GOBLIN code for
POLCA-T. The CCFL correlation is based on the Wallis formulation with a geometry correction
factor based on the Holmes formulation. The CCFL is used to calculate the mass drift flux. The
methodology for performing this calculation is the same in POLCA-T as in GOBLIN (Reference
45). The CCFL correlation was previously reviewed by the NRC staff and approved for
modeling of BWR emergency core cooling phenomena. The basis for the approval was a
demonstrated 25 percent liquid flow drainage conservatism relative to experimental results
gathered at the QUAD+ countercurrent flow test facility (Reference 45). This conservatism is
observed for lower liquid fluxes while the correlation more closely matches the data for very high
liquid fluxes; however, the effects become inconsequential in regions of very high downward
liquid fluxes, and the correlation remains conservative in the most limiting scenario of high
upward steam flux.

However, the formulation for the CCFL correlation was revised (Reference 46) to support
application of the BWR Emergency Core Cooling System (ECCS) evaluation model to SVEA-96
Optima2 fuel. The formulation changed the definition of the hydraulic diameter [

] The modification results in a CCFL
correlation that envelops and bounds all of the measurement data, and is therefore acceptable.
In RAI 8-4, the NRC staff requested that Westinghouse revise the model in POLCA-T to reflect
the most recently approved model to extend the application of POLCA-T to SVEA-96 Optima2.

In its response to this RAI (Reference 51), Westinghouse provided a commitment to revise the
model and provide this revision to the NRC with the Appendix D POLCA-T application to ATWS.
As counter-current flow is not expected to occur for CRDA or during thermal-hydraulic density
wave oscillation instability events, the NRC staff finds that the response is sufficient for the NRC
staff to complete its review of the subject TR. The NRC staff will impose a condition that the
CCFL correlation be revised to be consistent with the model submitted to address potential non-
conservatisms for SVEA-96 Optima2 prior to POLCA-T application to transient analyses where
countercurrent flow may occur.

Countercurrent Flow Limit Condition 3

The CCFL correlation shall be revised to be consistent with the model submitted to
address potential non-conservatisms for SVEA-96 Optima2 by Reference 46 prior to
POLCA-T application to transient analyses where counter current flow may occur.

Furthermore, the NRC staff notes that the CCFL correlation is based on axial flow data, and
therefore, cannot be applied to horizontal stratified flows.

The NRC staff notes that there are some unaccounted uncertainties in the pressure
dependency of the correlating parameters, but based on the large conservatism demonstrated
for prototypic BWR fuel geometries, the NRC staff finds that the CCFL correlation will

3 See also the NRC staff's review of the response to RAI 8-4 in Appendix A.
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conservatively predict the total flow rate of liquid water into the core region and lower vessel and
is therefore acceptable for evaluation of ECCS initiated transients or ATWS scenarios once
corrected as stated above.

3.1.2.2.6 Heat Transfer Correlations

The NRC staff reviewed the basis for the heat transfer correlations in POLCA-T. The thermal
hydraulic-model in POLCA-T is based on the RIGEL code, which the NRC staff has not
previously reviewed. However, the RIGEL code shares many heat transfer correlations with the
previously approved GOBLIN code. Where applicable, the NRC staff identified those regimes
where the NRC staff has previously reviewed particular heat transfer coefficients. In particular
cases, the NRC staff identified some differences between the POLCA-T models and the
GOBLIN models (see RAI 8-2). The NRC staff has found that these differences, however, are
attributable to the more detailed two-fluid representation of the vapor phase in the POLCA-T
methodology.

The NRC staff identified that the correlations and their bases were consistent with current
industry practices in heat transfer modeling for BWR transient analyses, however, the NRC staff
could not complete its review without additional information regarding the usage of the
correlations in particular heat transfer regimes. The response to RAI 8-3 provides the details of
the heat transfer regime maps. These maps specify where the different heat transfer
correlations are applied and how they are interpolated (Reference 51). The NRC staff has
reviewed these maps and found that the correlations are applied consistent with their validation
ranges and that the interpolation schemes are acceptable.

The NRC staff requested additional information in RAI 3-5, however, to demonstrate integral
qualification of the heat transfer models. In response to RAI 3-5, Westinghouse provided
comparisons of POLCA-T calculated cladding temperatures to measurements made during the
[ ] The [ ] simulate pressurization transients in BWRs.
These tests cover the heat transfer regimes typical of [ ] and it
is reasonable to conclude that these tests cover the anticipated range of application for steady
state, transient, and accident conditions. Therefore, the NRC staff finds that the response to the
RAI provides adequate qualification of the heat transfer correlation usage over the full range of
anticipated usage.

The NRC staff's detailed review of the response is documented in Appendix A of this SE. The
NRC staff found that the transient cladding temperature prediction was accurate [

] adding confidence in the code's capability to
predict cladding temperature over a wide range of conditions. Therefore, the NRC staff is
reasonably assured that the heat transfer correlations are acceptable and are appropriately
interpolated and utilized in the analysis method.

3.1.2.3 Component Models

POLCA-T includes several models for reactor system components. These models include
specific component models for pumps and separators. The NRC staff has reviewed the
POLCA-T formulation for these component models. Additionally, approval is sought for the
hybrid use of certain historical models, in particular, the steam line code (PARA) steam line
model. The NRC staff has similarly reviewed the use of these historical component models with
POLCA-T.
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3.1.2.3.1 Turbo Pumps

The turbo pump model refers to those models relating the torque and shaft speed. These
models are generally coupled with motor models (described in Section 3.1.2.3.5). The NRC
staff reviewed the turbo pump model described in Section 18.1.1 of Reference 1. The pump
model is based on inputting homologous curves. This approach has been approved by the
NRC staff for similar purposes and is a common approach in the industry for calculating pump
transient behavior. The NRC staff reviewed the documentation in the TR and found that the
description of the model is consistent with the previously approved pump model described in
Reference 45. The NRC staff likewise finds that the integral qualification data for off-normal
conditions provides reasonable assurance that the model adequately captures the phenomena
necessary to calculate the recirculation flow for various pump speeds and reactor powers.
Therefore, the NRC staff finds that this model is acceptable.

3.1.2.3.2 Jet Pumps

The NRC staff reviewed the jet pump model described in Section 18.1.2 of Reference 1. The jet
pump model is consistent with the previously approved model described in Reference 45. The
original model was qualified against the 1/6 scale Idaho National Laboratory (INEL) jet pump
tests. During an onsite audit at the Westinghouse Energy Center, the NRC staff confirmed that
the POLCA-T code test suite included comparison of the POLCA-T model against the
qualification data (Reference 47). The NRC staff finds that the model remains applicable and
acceptable and is reasonably assured based on the integral qualification against full reactor
models in Appendix B of the TR, as well as its audit of the POLCA-T test suite (Reference 47),
that the model is appropriately incorporated in POLCA-T. Therefore, the NRC staff finds that
the jet pump model is acceptable.

3.1.2.3.3 PARA Steam Line Model

POLCA-T includes a generalized nodal thermal-hydraulic solution technique and, therefore,
does not include specific component models for the main steam line. However, compatibility in
POLCA-T was maintained to adopt PARA steam line models. The NRC staff requested
additional information regarding the use of PARA steam line models with POLCA-T in RAI 8-8.

The response states that approval of the historical model is only sought so that previously
developed PARA models may be used for licensing evaluations. The response states that new
PARA models of the steam line will not be used in POLCA-T licensing (Reference 51). As the
historical use of the model is requested only for use with previously developed models, the NRC
staff finds that the PARA conditions need not be applied to future POLCA-T licensing
calculations that are performed with explicit POLCA-T modeling of the steam line. Similarly, the
NRC staff finds that the PARA models were developed consistent with the approved
methodology, and therefore, have intrinsically met the conditions imposed by the NRC staff on
the use of PARA. The NRC staff will impose a condition that only PARA models that have been
previously developed in accordance with the approved methodology and consistent with the
NRC staff's conditions and limitations may be used with POLCA-T.

This condition has been captured by the general -Applicability of Conditions and Limitations on
Encompassed Codes" condition (see Section 3.1.2.1).
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3.1.2.3.4 Steam Separator Model

The NRC staff reviewed the steam separator model described in Section 18.2 of Reference 1.
The model is based on a mechanistic representation of the carryover and carryunder
phenomena based on the design of typical steam separator equipment. The NRC staff
reviewed the mechanistic basis. The model is based on establishing the [

] The NRC staff requested
additional information regarding the performance of the model to ensure that the [

] approach was acceptable for steam separators. The NRC staff
requested this information in RAI 8-8. The response to RAI 8-8 included qualification of the
POLCA-T steam separator model to full scale qualification data collected for the AS16 and
AS01 steam separator designs (Reference 51).

The NRC staff finds that the [

] The NRC staff finds that qualification indicates acceptable, reasonable
performance of the model [ ]

For the purpose of performing CRDA analyses or stability evaluations, the transient results are
not expected to be sensitive to uncertainties in the steam separator modeling of the magnitude
depicted in the response to RAI 8-8. However, at EPU/MELLLA+ conditions where the core
outlet quality may exceed 20 percent under transient conditions, and fouling may degrade the
steam separator performance, the NRC staff is not sufficiently reasonably assured in the
performance of the model to evaluate it for transient applications. Therefore, the NRC staff
finds that the use of this model is acceptable for its current application. The NRC staff expects
that with the submittal of the AOO application in Appendix C, that Westinghouse will address
steam separator model performance for transient evaluations including any effect from
EPU/MELLLA+ operation or fouling.

3.1.2.3.5 Asynchronous Drive Motor

POLCA-T includes a model for relating the pump drive shaft motor torque to the convertor
frequency and voltage. The NRC staff has reviewed the basis for the model and has found that
the model is a reasonable projection of motor torque based on convertor input. The NRC staff,
therefore, finds that the model is acceptable.

3.1.2.3.6 Internal Recirculation Pumps (Advanced Boiling-Water Reactor)

The POLCA-T pump models are sufficiently versatile to model internal recirculation pumps
similar to the ABWR design. However, the POLCA-T TR does not provide sufficient information
regarding the models for recirculation internal pumps (RIPs) for the NRC staff to evaluate the
performance of these models under transient or accident conditions. In particular, the NRC staff
does not have sufficient information regarding the modeling of the anti-reverse rotation device or
the associated motor-generator inertia. Therefore, while the NRC staff finds that POLCA-T has
sufficient capabilities to model RIPs in plant system models, the NRC staff has not reviewed the
transient application of these models for AOO or ATWS events. Transient RIP modeling is not
required for the current application.
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The NRC staff expects Westinghouse to include additional information regarding the transient
RIP model in AOO application (to be submitted as supplemental Appendix C to this TR). The
NRC staff's approval of POLCA-T for CRDA and stability analyses does not constitute approval
of the pump model for transient RIP modeling.

3.1.2.4 Control System Model

The POLCA-T methodology includes models for the control system. The control system models
are required to simulate plant response to transient parameters. The NRC staff reviewed the
information provided in Reference 1 but determined that a more detailed description was
necessary for the NRC staff to review the control system model.

The responses to RAI 10-1 and RAI 10-2 provide the basis for the POLCA-T control system
models and describe the interactions between different controllers to simulate complex control
systems (Reference 52). The NRC staff reviewed the responses as documented in Appendix A
of this SE. The NRC staff found that for the predominance of reactor system control systems,
the modeling approach in POLCA-T is sufficiently robust to capture the dynamic control system
and plant response.

The NRC staff, however, notes that certain controllers may not be adequately modeled by the
POLCA-T models. For example, [

] Therefore, it may be the case for particularly complex control
systems that the POLCA-T stand-alone control system models are inadequate to fully model all
plant control systems. For these scenarios, POLCA-T has implemented the SAFIR control
system simulation code currently submitted as a separate TR for the NRC's review and
approval. Therefore, upon approval of the SAFIR control system TR, the NRC
staff finds that retaining compatibility with SAFIR allows licensees referencing the subject TR to
adequately model necessary control systems based on the plant-specific analysis.

On the basis of the more detailed control system descriptions in the responses to RAI 10-1 and
RAI 10-2, as well as upon completion of the NRC staff's review of the SAFIR TR, the
NRC staff is reasonably assured that POLCA-T is sufficient in its capability to model plant
control systems for transient and accident licensing analysis purposes.

3.1.2.5 Heat Conduction Models

The slab and cylindrical heat conduction models are based on a time-discretized analytical
solution to the transient heat conduction equation. The implicitness factor is set to 0.5, also
referred to as the Crank-Nicolson method. The NRC staff reviewed the derivation of the
discretized equations for either geometry and found the equations to be accurate. The topical
report verifies that volumetric power generation considers fission, direct, and metal-water
reaction heat sources throughout the heat structures.

The heat conduction models are solved within the POLCA-T code by balancing the heat
conduction and heat transfer (including radiation) at the interface between the coolant and heat
structure. The NRC staff finds this approach acceptable.

3.1.2.6 Fuel Rod Model

The fuel rod model for the POLCA-T code was evaluated under regulatory guidance for the
review of fuel system designs and adherence to applicable General Design Criteria (GDC). This
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is provided in Section 4.2, -Fuel System Design" of NUREG-0800, -Standard Review Plan for
the Review of Safety Analysis Reports for Nuclear Power Plants" (SRP 4.2) (Reference 26). In
accordance with SRP Section 4.2, the objectives of the fuel system safety review are to provide
assurance that:

" the fuel system is not damaged as a result of normal operation and anticipated operational
occurrences,

" fuel system damage is never so severe as to prevent control rod insertion when it is
required,

" the number of fuel rod failures is not underestimated for postulated accidents, and
" coolability is always maintained.

The NRC staffs review of the POLCA-T fuel rod model was done with respect to the above
guidance to ensure that the fuel model parameters which are used as inputs for POLCA-T, or
other applicable POLCA-T related computer codes, are compatible with the applicable
regulatory requirements identified in SRP Section 4.2.

The POLCA-T fuel rod model is based on the STAV7.2 thermal-mechanical methodology.
STAV7.2 and its predecessor, STAV6.2 have been reviewed and approved by the NRC staff
separately (References 22 and 4, respectively). Therefore, the NRC staff focused its review on
the accurate translation of the approved methods to the transient application and on any
identified differences between the previously approved methods and the POLCA-T models
described in the subject TR.

The NRC staff identified 15 RAIs regarding the fuel rod model in POLCA-T. The NRC staff's
review of the responses to these RAIs is documented in Appendix A of this SE under RAI 11-1
through RAI 11-15. The NRC staff found that the RAI responses were acceptable to
demonstrate consistency with the previously approved models and to justify the applicability of
the POLCA-T fuel rod models to transient analyses.

The NRC staff requested information regarding the fuel thermal and mechanical modeling
methodology in RAIs 11-1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-7, 11-8, 11-9, 11-10, 11-11, 11-14
and 11-15. Based on the review of the RAI responses, the NRC staff concludes that the
approved STAV models have been acceptably translated to the POLCA-T method consistent
with their previous NRC approval.

The NRC staff found that the fuel thermal and mechanical models (as used for domestic
licensing evaluations) are consistent with the STAV7.2 models. Other models are included as
optional or default alternatives to the STAV7.2 based model. Consistent with the response to
RAI 11-15, the NRC staff requires that licensing evaluations be performed using the
STAV7.2-based models (Reference 67).

Use of STAV7.2-based Models 4

To be consistent with WCAP-1 5836-P-A, the STAV7.2 fuel thermal conductivity model
and pellet relocation model provided in TR Sections 14.2.1 and 14.2.2.3, respectively,
will be used in POLCA-T when performing licensing calculations.

The NRC staff's approval of these models, however, was subject to five conditions reported in
the NRC staff's safety evaluation. The STAV7.2 TR and SE are provided in Reference 22.

4 See also the NRC staffs review of the response to RAI 11-15 in Appendix A.
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These conditions specify the scope of the NRC staff's approval of the methods, including the
range of specific fuel parameters where the models are approved. These limitations are equally
applicable to the models presented in the POLCA-T TR with one exception. The response to
RAI 11-15 provides a detailed justification [

] The NRC staff
reviewed the detailed justification and finds it acceptable, as documented in greater detail in
Appendix A of this SE. Therefore, [

] as stated in the responses to RAI 11-15, the NRC staff imposes these same
conditions on all dynamic applications.

This condition has been captured by the general -Applicability of Conditions and Limitations on
Encompassed Codes" condition (see Section 3.1.2.1).

The NRC staff has imposed historical conditions and limitations from both POLCA7 and
STAV7.2. To clarify the NRC staff's approval in terms of gadolinia concentration, the NRC staff
provides the following condition.

Gadolinia Concentration Limitation5

POLCA-T is only applicable to the analysis of cores loaded with gadolinia bearing fuel
within the minimum-approved-maximum-gadolinia-concentration of either STAV7.2 or
PHOENIX4/POLCA7 as documented in WCAP-15836-P-A and CENPD-390-P-A,
respectively, or in subsequently approved submittals.

The NRC staff had requested information regarding the cladding rupture model in RAI 11-13.
The cladding rupture model is retained from the BWR ECCS Evaluation Model described in
Reference 5. The NRC staff requested information to ensure that the model in POLCA-T is
consistent with the NRC staff's approval of the model for use in ECCS calculations. The NRC
staff notes that the ECCS Evaluation Model was revised to account for cladding rupture due to
rod-to-rod contact in Reference 21. In the response to RAI 11-13S1, Westinghouse provided
confirmation that the cladding rupture model is consistent with the previously approved model.
The detailed NRC staff's review of the RAI response is provided in Appendix A of this SE. The
RAI response also provides corrections to the model description in the TR to bring the
POLCA-T documentation of the cladding rupture model into alignment with the previously
approved cladding rupture model (Reference 66). On the basis of the consistency of the
POLCA-T model with the previously approved model, the NRC staff finds that it is acceptable.

In the particular case of the exothermic metal-water reaction model, the NRC staff found that
additional information was required for the NRC staff to complete its review. Additional
information regarding this model was requested in RAI 9-1 and RAI 11-12. However, the NRC
staff notes that for CRDA analyses and stability evaluations, significant fuel cladding heat-up
does not occur. The NRC staff notes that significant cladding heat-up is not expected during
simulations of oscillations indicating core stability, or in the analysis of transients indicating
margin to boiling transition. For the analysis of the control rod drop accident the gross core
heatup is sufficiently limited (analyzed at cold conditions) that any additional heat provided to
coolant from the potential for metal-water oxidation is sufficiently small that the use of either the
Baker-Just or Cathcart-Pawel models is acceptable. These models are widely referenced for
this purpose. Therefore, the NRC staff does not require specific details of the metal-water
reaction model for the subject TR review. The NRC staff defers detailed review of the

See also the NRC staff's review of the response to RAI 11-4 in Appendix A.
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exothermic metal-water reaction models to review of the POLCA-T methods for ATWS
evaluations (Appendix D) or for other applications where significant fuel heat may occur. The
NRC staff's approval of POLCA-T for CRDA and stability analyses does not constitute generic
approval of the exothermic metal-water reaction models.

The NRC staff expects that the fuel thermal mechanical models will be revised as new data
becomes available and as Westinghouse introduces advanced fuel designs into the operating
reactor fleet. For example, STAV7.2 incorporates updated versions of the STAV6.2 fuel
thermal-mechanical modelsbased on more recent test data. Additionally, the NRC staff is
aware of planned fuel design and analysis method innovations, such as advanced doped pellet
technology (ADOPT) additive fuel and AXIOMTM cladding, and STAV code upgrades
(References 63 and 64). ADOPT and AXIOMTM will require specific NRC review before existing
or updated thermal-mechanical methods are applied (Reference 22). On this basis, the NRC
staff expects that the fuel rod models listed in Section 14 of the TR will become obsolete.
Therefore, the NRC staff imposes the condition that these models be updated with the advent of
new fuel thermal-mechanical performance models.

It is the intention of this condition to supersede the aforementioned conditions: -Use of
STAV7.2-based Models" when a new fuel thermal-mechanical methodology is reviewed and
approved by the NRC staff. It is also intended to be consistent with the response to RAI 11-15
(Reference 67).

The NRC staff intends to review the applicability of updated fuel thermal-mechanical models to
the transient and accident analyses performed using the POLCA-T methodology during its
review of subsequent, updated stand-alone fuel thermal-mechanical performance codes. The
NRC staff approval is likely to be based on a consideration of the range of applicability of any
revised models. Therefore, the NRC staff imposes the condition that the application of
POLCA-T with revised fuel thermal-mechanical models be consistent with the NRC staff's
approval of those revised models.

It is the intention of this condition to supersede the specific codes listed in the aforementioned
condition: -Applicability of Conditions and Limitations on Encompassed Codes" when a new fuel
thermal-mechanical methodology is reviewed and approved by the NRC staff.

The NRC staff has considered the specific case of updates to the thermal-mechanical code, but
imposes a more general condition to those previously approved codes that comprise the
POLCA-T methodology.

Encompassed Code Updates Condition
If a new NRC approved code takes the place of an existing POLCA-T code listed in
-Applicability of Conditions and Limitations on Encompassed Codes" (see Section
3.1.2.1), licensees will need to verify that the downstream effects on POLCA-T result in
conservative or essentially the same calculational results. Essentially the same results
are within the margin of error for the type of analysis being performed. The
implementation of the new code will also be in compliance with the -Applicability of
Conditions and Limitations on Encompassed Codes" condition.

The NRC staff considers POLCA-T model updates of this kind to constitute a change from a
method (or element of a method) in the safety analysis to a different method (or element of a
method) that has been approved by the NRC for the intended application. Therefore, this
specific type of model revision may be made without specific NRC review and approval of the
specific change(s) made within the POLCA-T methodology. However, the NRC staff requires
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that any such changes be recorded in an auditable manner to meet the QA requirements of
10 CFR 50 Appendix B.

3.1.2.7 Calculation of Transient Power

The NRC staff requested additional information regarding the POLCA-T calculation of the
reactor power in RAI 9-1. The response states that following a reactor SCRAM, the power
generation includes sources from transient fission power (during the rod insertion and from
delayed neutrons), fission product decay, actinide decay, decay of structural activation products,
heat transfer from vessel internals, and exothermic energy release from metal-water reactions
(Reference 51).

The response states that the POLCA7 neutronic code is used to calculate the fission power.
The fission power is divided into two parts, that part deposited directly in the coolant (direct
moderator heat) and the heat deposited in the fuel rods. The code calculates the prompt fission
and delayed fission. During its audit of POLCA-T, the NRC staff reviewed the documentation
and found that the POLCA-T neutron kinetics solver is based on a [

] (Reference 47). [ ] are widely used and
have previously been approved by the NRC staff in similar applications. The NRC staff finds
this model to also be acceptable.

The decay power is calculated from the American Nuclear Society (ANS) Standard 5.1 or by
user-supplied data. The default option in POLCA-T is the 1979 ANS Standard. The ANS
standard is widely used for this application, and the NRC staff finds that its use is acceptable.

The stored energy is calculated according to the solution to the heat transfer and conduction
equations for each heat structure included in the core model. Each thermal mass is assigned a
heat structure to determine its transient variation in temperature and stored energy. The NRC
staff finds, therefore, that the POLCA-T solution technique explicitly accounts for the stored
energy.

The NRC staff notes that significant cladding heat up is not expected during simulations of
oscillations indicating core stability, or in the analysis of transients indicating margin to boiling
transition. For the analysis of the control rod drop accident, the gross core heat-up is sufficiently
limited (analyzed at cold conditions) that any additional heat provided to the coolant from the
potential for metal-water oxidation is sufficiently small, such that the use of either the Baker-Just
or Cathcart-Pawel models is acceptable. These models are widely referenced for this purpose.
Therefore, the NRC staff does not require specific details of the metal-water reaction model for
the subject TR review.

For evaluation of ATWS, the NRC staff will require more specific details of the standard

production technique and the selection of the appropriate correlation for the safety analysis.

3.1.2.8 Solution Technique

The basic solution technique for POLCA-T is based on a [
] The state variable vector concept tracks the

thermal-hydraulic nodal parameters (pressure, void fraction, liquid temperature, gas
temperature, partial pressure of non-condensable gas, boron concentration, average liquid
velocity, and average vapor velocity). These parameters can be used with the coupled
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hydrodynamic field equations and neutronic models to determine rates of change in the vector
quantities for a series of volume cells. The flow paths (or volume cell interfaces) are described
by the cross vapor and liquid velocities.

The NRC staff has reviewed the volume cell state variable vector contents and the flow path
primary variables and, based on the field equations and coupled models, has determined that
these provide a sufficient basis for nodal description to allow for iterative solution of the transient
neutronic and hydrodynamic state.

The steady state and transient calculations are performed in a similar manner. The steady state
solution technique is a special case of the transient solution where the time derivative terms for
the state variables are zero. The POLCA-T code linearizes the time domain response for each
state variable. The field equations, closure relationships, and associated models provide the
basis for determining the rates of change in variable quantities. POLCA-T includes options for
both implicit and semi-implicit time integration methods for calculating the transient response.

Based on the particular problem, a particular time integration technique may be preferred for the
desired computational accuracy. For example, a stability evaluation may require the use of the
semi-implicit time integration technique to avert numerical damping of the transient results.
While the default option in POLCA-T is to use first order implicit time integration, there is an
option to use a more accurate second degree implicit time integration technique. The TR
states that the second order implicit time integration technique is generally used in practice
when performing licensing analyses.

Furthermore, time step controls are necessary to ensure validity of the linearization technique.
POLCA-T includes specific limits for time step control as described in Section 17 of Reference
1. Time step controls are established based on Courant limit checks, material properties out of
the desired range, and on state variable derivatives. Fast disturbances result in reduced time
steps to allow for accurate following of the transient behavior in POLCA-T.

When an automated time step control option is used, the time step decreases if the accuracy
within successive iterations is outside a user defined allowable value. Furthermore, accuracy is
ensured by controlling time step and number of iterations through convergence criteria. The
NRC staff has reviewed the default values for POLCA-T. A value of [ ] typically
is selected. This is consistent with most state-of-the-art BWR transient codes. The NRC staff
finds this acceptable. There is a separate default convergence criterion on POLCA-T based on
a rod surface temperature difference of [ ] The NRC staff finds that this value is
sufficiently small that time step and iteration controls will ensure that rapid transients affecting
the fuel rod thermal characteristics will be acceptably tracked in accordance with the accuracy
of the physical models.

Therefore, the NRC staff finds that the solution technique is based on a sufficient set of key
state variables to track the hydrodynamic and neutronic behaviors during transient analyses.

There are sufficient time integration options and controls on the iterative nature of the solution to
ensure that the calculations are performed within the accuracy established by the limits and
qualification of the physical models and field equations. Therefore, the time integration options
and controls are acceptable.
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3.1.3 Accident Scenario Identification Process

The current application for POLCA-T considers application of the POLCA-T method to control
rod drop accident analysis (CRDA) and core stability evaluation. However, Westinghouse has
requested generic review of the POLCA-T method to perform several transient analyses and will
supplement the POLCA-T TR with appendices for each application. Westinghouse has
identified the following five types of analyses for potential application of POLCA-T:

" Anticipated Operational Transients
" Stability Evaluation
" Reactivity Initiated Accidents (specifically CRDA)
" ATWS
" Loss-of-Coolant Accident (LOCA) Without Core Uncover

3.1.4 Code Assessment and Uncertainty Determination

Code assessment for POLCA-T is provided on an application specific basis. The code
assessments provided in Reference 1 are for CRDA and stability evaluation. While qualification
studies performed for these applications may be referenced in future submittals, the NRC staff
has limited its review to those models exercised by the cases in the qualification studies
provided in Reference 1.

The application specific assessment cases provide the basis for the uncertainty in calculational
results specific to each application. Therefore, any acceptance criteria for licensing evaluations
are based on the application specific assessment. The NRC staff's reviews of the assessment
of POLCA-T for CRDA analysis and stability evaluation are described in Section 3.2 and Section
3.3 respectively.

3.1.5 Quality Assurance Plan

SRP 15.0.2 states that the code must be maintained under a quality assurance program that
meets the requirements of 10 CFR 50 Appendix B. POLCA-T will be implemented in
accordance with Westinghouse's Quality Management System (QMS) program, which has been
reviewed and approved by the NRC staff. Westinghouse's Quality Management System
includes computer software related requirements pertaining to software development, change
control and testing, and code maintenance revisions or updates. The NRC staff audited the
QMS implementation for POLCA-T and documented its findings in an audit report (Reference
47). The NRC staff found that the implementation met the requirements of 10 CFR 50
Appendix B.

As documented in the NRC staff's audit report, several revisions were made to the POLCA-T
test suite for code maintenance and revision. These updates, specifically, include the addition
of stability and complex transient test cases to test the applicability of code changes in the
neutronic solution for the scope of POLCA-T's application (Reference 47). The NRC staff
imposes a condition on the QA program as audited by the NRC staff and requires that the
modified test suite be incorporated in the approved program.

Quality Assurance for POLCA-T
Future release candidates of the POLCA-T code must be tested using a software test
matrix that includes the revisions audited by the NRC staff as documented in Section 3.3
of Reference 47.
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3.1.6 Applicability to Boiling-Water Reactor Designs

The subject TR requests approval of POLCA-T for BWR analyses. However, the NRC staff
does not find that the application is complete for categorical application to all BWR designs.
The NRC staff, however, has found that the qualification database for the constitutive models
and codes and the present qualification support the application of POLCA-T to BWR/2-6 and the
ABWR.

3.1.6.1 Boiling-Water Reactor/3-6 Plant Designs

The NRC staff considered the application of the POLCA-T code to operating reactors with
expanded operating domains. The supplemental qualification data provided in response to the
NRC staffs RAIs is sufficient to demonstrate continued applicability of the code uncertainties to
BWR/3-6 expanded operating domains, including increased core flow (ICF), extended load line
limit analysis (ELLLA), maximum ELLLA (MELLLA), stretch power uprate (SPU), maximum
extended operating domain (MEOD), extended power uprate with MELLLA (EPU/MELLLA), and
EPU with maximum extended load line limit analysis-plus (EPU/MELLLA+).

3.1.6.2 Boiling-Water Reactor/2 Plant Designs

The NRC staff reviewed POLCA-T model methods specifically used in the analysis of BWR/2
plants. The BWR/2 plant designs incorporate isolation condensers. In BWR/2 plants, the
Isolation Condenser System (ICS) is a standby, high pressure system for removal of fission
product decay heat when the reactor vessel is isolated from the Main Condenser. The system
prevents overheating of the reactor fuel, controls the reactor pressure rise, and limits the loss of
reactor coolant through the relief valves.

Analyses accounting for ICS performance require models to account for condensation heat
transfer in the tube bundles of the ICS. The NRC staff reviewed the basis for the condensation
heat transfer correlation and found that the model basis (horizontal tube data) is applicable to
the current fleet ICS designs (namely [ ] As noted in
Section 3.1.6.4 simplified BWR designs incorporate significant design differences in the ICS
relative to the BWRP2 design. Therefore, the NRC staff finds that while the model is applicable
to the current operating fleet, additional qualification or justification would be required in order
for the NRC staff to approve POLCA-T to model events requiring analysis of simplified BWR
ICS performance.

The supplemental qualification data provided in response to the NRC staffs RAIs is sufficient to
demonstrate continued applicability of the code uncertainties to hypothetical BWR/2 expanded
operating domains, including ICF, ELLLA, MELLLA, SPU, MEOD, EPU/MELLLA, and
EPU/MELLLA+.

3.1.6.3 Advanced Boiling-Water Reactor

The NRC staff conducted a review of the applicability of the POLCA-T methods to model
features of the ABWR. The NRC staff conducted its review consistent with the review of the GE
methods applicability to the ABWR documented in Chapter 15 of the NRC staff's final safety
evaluation report (FSER) for the ABWR design certification (Reference 35). In its previous
reviews, the NRC staff focused on the modeling features in the ODYNA and REDYA codes to
model the recirculation system as well as modeling of subcooled liquid flow in the upper plenum.
The NRC staff's review was guided by those features unique to the ABWR design.
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Unique features of the ABWR design include the internal recirculation pumps, fine-motion
control rod drives (FMCRDs), microprocessor-based digital control and logic systems, the core
flooder design, and digital safety systems. Of these features, those impacting the approval of a
transient analysis methodology for application are the internal recirculation pumps (RIPs),
FMCRDs, and the high and low pressure core flooders (HPCF and LPCF, respectively).

The NRC staff has found that Westinghouse has extensively qualified the use of their methods
to model internal recirculation pump designs. Many of the ASEA-Brown-Boveri (ABB) designed
BWRs include internal recirculation pumps. The POLCA-T TR-includes the [

] plant in the stability modeling qualification. [ ] is an ABB designed
BWR 75 with eight RIPs. Therefore, the NRC staff has found that the POLCA-T code is
acceptable for modeling BWRs with internal recirculation pumps. However, as noted in Section
3.1.2.3.6, the POLCA-T TR does not provide sufficient details of the transient RIP model for the
NRC staff to review the applicability of this model for AOO or ATWS evaluations of the ABWR.
The NRC staff expects this to be addressed in the AOO application (to be submitted as
supplemental Appendix C to this TR).

The POLCA7 code includes model features that allow accurate nodal calculations for partially
controlled nodes, as would be present with a plant with FMCRDs. The NRC staff has previously
reviewed and approved the POLCA7 axial homogenization model, which uses a one-
dimensional diffusion solver to determine axial discontinuity factors to calculate nodal
parameters with varying axial geometry (such as control blade insertion).

Lastly, the NRC staff considered the ABWR ECCS design. The ECCS includes the HPCF and
LPCF systems that inject coolant above the core. In terms of modeling capabilities, the five-
equation model will allow POLCA-T to simulate non-equilibrium between the vapor in the upper
plenum and the injection. Secondly, POLCA-T will include a qualified and approved CCFL
correlation to model the mass flux of coolant into the reactor from above the top of active fuel
(TAF) if updated as described in the response to RAI 8-4 (Reference 51). The formulation of
the thermal-hydraulic model is sufficiently flexible to model the two-fluid behavior for the
injection of subcooled liquid into the upper plenum volume by allowing nodal conditions with
concurrent subcooled liquid and superheated vapor. Therefore, while such modeling capability
is typically required for analysis of ECCS performance during LOCA analyses, the NRC staff
finds that the POLCA-T code (once updated according to the response to RAI 8-4) is sufficiently
robust in its modeling representation to model these features for the ABWR ECCS for events
such as inadvertent HPCF or LPCF initiation.

3.1.6.4 Simplified Boiling Water Reactors

Application of POLCA-T to the simplified boiling-water reactor (SBWR) or economic simplified
boiling-water reactor (ESBWR) will require that Westinghouse submit qualification of POLCA-T
to perform calculations for unique design features, such as (but not limited to): chimneys, gravity
driven core cooling, standby liquid control injection into the core bypass, and modern isolation
condenser designs. Therefore, the NRC staff does not find the application of the POLCA-T
method to SBWR or ESBWR acceptable. This is a restriction on the POLCA-T method.

Simplified Boiling-Water Reactor Restriction
The NRC staff's approval of POLCA-T is limited to BWRP2-6 and the ABWR plant
designs.
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3.1.7 Code Stewardship

The POLCA-T methodology is comprised of a series of models, a solution technique, an
implementation, and its associated assessment for applicability. The NRC staff notes that this
method is maintained as a computer code. The NRC staff understands that several changes
and updates are made to codes for various purposes and that many of these changes do not
have an impact on the code's execution of the methodology it embodies.

However, some changes to the code have the potential to change the methodology. Therefore,
the NRC staff imposes conditions on the stewardship of a code within its associated quality
assurance procedures to ensure that the methodology for performing safety analysis does not
adversely depart from the NRC approved method.

The NRC staff notes that changes that potentially affect a method for performing an evaluation
in establishing the design basis of in the safety analysis for a plant require that the change be
assessed using the criteria of 10 CFR 50.59 to determine if NRC review and approval are
required prior to the implementation of the change.

Code changes to certain numerical methods to improve convergence, changes to enhance input
or output features, changes to facilitate compilation on alternative platforms, or changes to
include auxiliary functions are examples of code changes that are unlikely to have any impact
on the code's execution of the approved methodology. However, other changes may constitute
a departure from the methodology. Therefore, the NRC staff imposes the following code
change limitation to provide clarification of the provisions of 10 CFR 50.59.

Code Change Limitation
Any changes to the POLCA-T solution techniques (i.e., calculational framework), as
described in the application-specific appendices to the subject TR, that would yield
inconsistency with the NRC staff approved documentation is considered by the
NRC staff to constitute a departure from an element of the methodology in the
safety analysis.

3.2 POLCA-T for Control Rod Drop Accident Assessment and Acceptance Criteria

3.2.1 Introduction

The NRC staff has previously reviewed and approved RAMONA-3B to perform BWR control rod
drop licensing calculations (Reference 3). RAMONA-3B is a three-dimensional coupled
thermal-hydraulic and neutronic code. In the current application, Westinghouse submitted the
POLCA-T code for review and approval to replace RAMONA-3B for control rod drop analysis.

3.2.2 Applicable Regulatory Bases

GDC 28 requires that the reactivity control system be designed in such a way as to limit the
consequences of a control rod dropout. GDC 28 states:

The reactivity control systems shall be designed with appropriate limits on the potential
amount and rate of reactivity increase to assure that the effects of postulated reactivity
accidents can neither (1) result in damage to the reactor coolant pressure boundary
greater than limited local yielding nor (2) sufficiently disturb the core, its support
structures or other reactor pressure vessel intemals to impair significantly the capability
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to cool the core. These postulated accidents shall include consideration of rod ejection
(unless prevented by positive means), rod dropout, steam line rupture, changes in
reactor coolant temperature and pressure, and cold water addition.

Westinghouse has submitted the POLCA-T control rod drop accident analysis methodology for
NRC's review. The purpose of the POLCA-T CRDA method is to determine the transient
reactor behavior under limiting initial conditions and assess damage to both the fuel structures,
supports, and the reactor coolant system (RCS) to determine whether GDC 28 is met.

The analysis method also considers fuel failures and the ability to meet the criteria in 10 CFR
100 considering multiple local fuel failures. The scope of the subject TR, however, does not
include the radiological assessment methodology.

3.2.3 Technical Evaluation Regarding Control Rod Drop Accident

3.2.3.1 Overview of Control Rod Drop Accidents

CRDA is a reactivity insertion accident whereby it is postulated that during any point in the
operation of the reactor, a control blade becomes stuck in the fully inserted position and
becomes decoupled from the associated drive mechanism. At a later point in time the drive is
withdrawn leaving the control blade in the fully inserted position. A reactivity insertion accident
occurs when the control blade is postulated to become free and drop to the position of the
decoupled drive.

Analysis of the control rod drop accident must consider all possible control rod configurations
and operating conditions to determine the consequences from a limiting control blade drop.

Typically, the consequences of a CRDA are greatest under cold zero power conditions. Under
these conditions, the control blade incremental worth is highest, the core is loosely coupled, and
the RPV inventory is predominantly liquid water and potentially sub-cooled such that moderator
voiding does not contribute negative reactivity feedback. The control rod drop occurs such that
the dropped rod falls to the last position of the drive mechanism at a rate determined by the
design of the velocity limiter at the bottom of the blade.

When a control rod drops under cold conditions, the local power around the control rod
increases rapidly and dramatically, typically on the order of a decade every 25 msec. The rapid
power increase results in an increase in the fuel temperature, which results in a negative
reactivity addition due to the Doppler effect. The Doppler reactivity limits the peak transient
power, and the event is terminated by a 120 percent average power range monitor (APRM)
SCRAM.

During the CRDA, there is the potential for the local power to increase substantially and result in
the formation of voids around the fuel pins in nucleation locations. The formation of these voids,
while generally not credited in CRDA analyses, provides additional negative reactivity feedback
to help limit the peak and integrated local power prior to the SCRAM. The Phenomena
Identification and Ranking Table (PIRT) ranks this phenomenon as medium based on the small
amount of negative reactivity.

The NRC staff has previously reviewed CRDA analysis methodologies and has found that the
fuel rod heat transfer is sensitive to the void production at the rod surface, the specific surface
conditions (including unflooded nucleation sites) and the subcooling history. The void formation
rate at the rod surface is sensitive to the surface conditions and subcooling history, and the
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relationship between wall void growth and bulk void formation under these rapid transient
conditions is not easily modeled.

The power increase from the reactivity addition is terminated by prompt negative feedback from
the Doppler effect and the heat-up of the fuel surrounding the dropped blade. The nuclear
dynamic response and the thermal-hydraulic models are used to determine the energy
deposition in the fuel during the power increase in the early phase of the transient and through
the termination after SCRAM to compare against the fuel enthalpy limits provided in SRP 4.2
(Reference 26).

The limiting CRDA is determined on a plant-specific basis considering the particular plant
hardware and technical specifications. For banked position withdrawal sequence (BPWS)
plants, the rod worth minimizer (RWM) issues rod blocks to limit the incremental reactivity worth
of any potential dropped rod. Additionally, the analysis must account for the minimum SCRAM
times based on allowable limits in the plant Technical Specifications (TS).

In the determination of the limiting control rod consideration is given to the maximum rod worth
based on achievable rod motion deviations from the BPWS allowed by the plant TS, plant
hardware (including the ability to bypass rod blocks issued by the RWM), and the worst single
failure or operator error.

3.2.3.2 Scope of the Review

Section 3.1 of this SE documents the NRC staff's review of the basic models and formulae that
comprise the POLCA-T basic code system. The scope of the NRC staff's review in terms of
their application to CRDA analysis is limited to review of those models specifically related to the
important phenomena affecting CRDA analysis, the exercise of the code, and the assessment
of the uncertainties in developing acceptance criteria.

3.2.3.3 Phenomenology Important to Control Rod Drop Accidents

Phenomena important to the modeling of CRDAs include:

" Acceptable transient modeling capabilities for fast prompt critical transient power
prediction

" Acceptable fuel rod temperature models to capture the Doppler effects during fast
transients

" Acceptable fuel rod models to determine energy deposition to the fuel during the
accident

" Acceptable cold core neutronic modeling to determine control blade worth
• Sufficient spatial and temporal resolution to determine the transient power shapes and

transient reactivity

The NRC staff reviewed the PIRT included in Table A.2-1 of Reference 1 and found that it
captures these phenomena with appropriate importance rankings. The PIRT is consistent with
the PWR rod ejection accident PIRT endorsed by the NRC in Reference 41.
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3.2.3.4 Control Rod Drop Accident Methodology

[

In RAI 7-11, the NRC staff requested additional clarification regarding the analysis procedure in
terms of explicit control rod modeling, or if capabilities were maintained in POLCA-T to analyze
effective center control rods. The response to RAI 7-11 clarifies [

]

3.2.3.4.1 Determination of Limiting Initial Conditions and Candidate Rods

While the control rod worth is a typical indicator for limiting CRDAs, other factors affect the peak
fuel enthalpy for a postulated CRDA aside from the total control rod worth. [

I

The POLCA-T methodology accounts for both of these considerations in the plant and
cycle-specific determination of the limiting control rod, unless specific dynamic analyses can be
shown to conservatively bound particular control rod drop sequences.

In RAI 7-5, the NRC staff requested additional information regarding the determination of the
limiting initial conditions, particularly in regards to the potential for a mid-cycle shutdown and
rapid restart where core exposure may affect those parameters to which the peak fuel enthalpy
is sensitive, namely the axial power shape, Doppler coefficient, and delayed neutron fraction in
RAI 7-5. The response to RAI 7-5 states that [

] (Reference 51). The
procedure is described in the sample analysis provided in Section A.4.6 of the TR. The NRC
staff finds that this approach is acceptable to ensure that potentially limiting control rods are
identified and analyzed appropriately.
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In RAI 7-13, the NRC staff requested that Westinghouse evaluate the potential for a high inlet
subcooling scenario initiated from a core power level above the cold zero power condition to be
more limiting considering that the Doppler coefficient decreases in magnitude with increasing
fuel temperature. The response to RAI 7-13 justifies the conservatism in the selection of the
cold initial conditions. The cold initial conditions are selected as:

" cold conditions with sufficient subcooling to prevent coolant saturation ensure that the
cladding heat transfer coefficient remains lower than under conditions of nucleate boiling,

" cold conditions with sufficient subcooling to prevent coolant saturation ensure that the
power pulse is not retarded by negative reactivity insertion from void formation, and

" at cold zero power conditions, the control blade worth is maximized due to spectral
softening.

Initial Conditions Condition
Consistent with TR Section A.5.4 Item 1, POLCA-T CRDA cases must assume [

I

In RAI 7-15, the NRC staff requested that Westinghouse provide additional details regarding the
determination of the limiting initial condition in regards to the precise process for determining the
single worst operator failure in terms of bypassing control rods during the startup procedure.
The response states that the single worst operator error and worst-case credible equipment
malfunction are explicitly accounted for in the analysis. These assumptions are not fuel type
dependent and therefore applicable to all fuel designs. The methodology quoted in the
response relies on [

] (Reference 51). This approach is fully consistent with the approach approved by the
NRC staff for the RAMONA-3B methodology for CRDA analysis. The NRC staff finds that the
proposed TR revision and the description of the methodology in the RAI response are
adequate and acceptable.

3.2.3.4.2 Fuel Rod Environment

The analysis considers the "hot" rod in terms of the predicted fuel enthalpy rise. [

I

The NRC staff has reviewed this approach and determined that it is an acceptable methodology
for determining the nodal average Doppler feedback. This is a key factor in determining that the
nodal power history and the average nodal environment are adequately treated by POLCA-T.
The "hot" rod calculation is also an acceptable means for evaluating the limiting rod enthalpy
rise that accounts for the specific local conditions.

3.2.3.4.3 Consequence Assessment

The POLCA-T calculated fuel enthalpy is compared against appropriate criteria to determine
fuel cladding failure and fuel melting and coolability limits. Section A.2.4 of Reference 1
specifies these limits. In RAI 7-26, the NRC staff requested that Westinghouse address the
interim acceptance criteria for application to new reactor plants - in particular the ABWR. The
response to RAI 7-26 states that the interim acceptance criteria in Reference 26 have been
adopted for new reactors (Reference 66). The NRC staff finds this acceptable.
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Until final criteria are published, the acceptance criteria for existing plants are consistent with
the criteria presented in SRP 15.4.9.A (Reference 25). The number of fuel rods damaged is
determined by comparing the calculated fuel enthalpy to a reduced threshold to account for
calculational uncertainties. The NRC staff review of the uncertainty determination is described
in Section 3.2.3.5.6.

] The
NRC staff has previously reviewed proposed alternate reactivity insertion accident fuel and core
coolability criteria and has not endorsed these alternative limits. The NRC has not yet endorsed
or published final design basis acceptance criteria for CRDA analyses. According to the TR
Section A.2.4, once the NRC has finalized revised SRP design basis acceptance criteria that
these will be adopted by Westinghouse (Reference 1). On these bases, the NRC staff has
imposed the following condition on CRDA acceptance criteria.

Control Rod Drop Accident Acceptance Criteria Condition
Until final acceptance criteria are published by the NRC, the POLCA-T methodology will
determine the extent of fuel damage using the interim acceptance criteria in Standard
Review Plan Section 4.2 Revision 3 Appendix B for new reactor applications.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology will
adopt these criteria for all CRDA analyses.

In order to determine the number of failed fuel rods due to pellet cladding mechanical interaction
(PCMI) using the acceptance criteria provided in SRP 4.2 Appendix B (Reference 26), the
analysis must consider the hydrogen content of the cladding. The NRC staff requires that the
hydrogen content be evaluated in these cases using an approved BWR correlation. The NRC
staff has reviewed a hydrogen pickup model for this purpose previously in Reference 22. In its
review, the NRC staff determined that the hydrogen pickup model is acceptable to determine
the cladding hydrogen content at the onset of postulated transients such as BWR control rod
drop.

Hydroqen Pickup Model Condition
When utilizing hydrogen content dependent PCMI cladding failure limits from Figure B-2
of SRP 4.2, the hydrogen content must be determined using the NRC approved
hydrogen pickup model described in Reference 22 or a subsequently NRC approved
model.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology for
determining the hydrogen content (if applicable based on final acceptance criteria) will
be determined using an NRC approved method.
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The NRC staff notes, however, for new reactor applications, such as for application of the
POLCA-T CRDA methodology to the ABWR, the radiological consequences must be evaluated,
and the source must include the transient fission gas release. Therefore, the NRC staff
imposes a condition on the assessment of the radiological consequences for new reactor
applications.

Radioloqical Consequences for New Reactors Condition 6

When determining the radiological fission product inventory, the traditional source
method contained in Regulatory Guide (RG) 1.195 (Reference 59) and alternative
source method contained in RG 1.183 (Reference 58) must include an increased
inventory to account for transient fission gas release (FGR) for new reactor applications.
The transient FGR must be calculated according to the following correlation from
Appendix B of SRP 4.2:

Transient FGR = {(0.2286AH) - 7.1419}

Where:
FGR = Fission gas release, % (must be > 0)
AH = Increase in fuel enthalpy, Acal/g

The transient release from each axial node which experiences the power pulse may be
calculated separately and combined to yield the total transient FGR for a particular fuel
rod. The combined steady-state gap inventory and transient FGR from every fuel rod
predicted to experience cladding failure (all failure mechanisms) should be used in the
dose assessment.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology will

adopt any relevant transient FGR requirements for all CRDA analyses.

3.2.3.5 Qualification Basis

The qualification basis for the CRDA application of POLCA-T is based on the previously
reviewed qualification of the PHOENIX4/POLCA7 neutronic model, briefly summarized in
Section 3.1.2.1, and several integral effects calculations. POLCA-T calculational results were
compared against a Nuclear Energy Agency (NEA) computational benchmark problem for PWR
rod ejection accidents (NEACRP PWR REA). Two integral effects tests were included in the
qualification, namely the Peach Bottom Unit 2 end of Cycle 2 turbine trip test (PB2 EOC2 TT)
and the special power excursion tests (SPERT) performed in the 1960s with the SPERT III E
core. Finally, a computational qualification study was performed using the previously reviewed
and approved RAMONA-3B code.

3.2.3.5.1 Code Benchmark Comparison

POLCA-T was used to model a PWR rod ejection accident, specifically the NEACRP-L-335
computational benchmark case. The purpose of the benchmark comparison is to demonstrate
assurance that the physical models are (1) sufficient to model important physical phenomena to
predict behavior that is consistent with other state-of-the-art transient codes, and (2) provide

6 See also the NRC staffs review of the response to RAI 7-25 in Appendix A.
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reasonable assurance that the model interfaces are performing as designed by showing
transient predictions that are consistent with an independently established benchmark.

While the benchmark calculation is for a PWR rod ejection accident, essentially the same key
physical processes drive the accident progression for BWR rod drop accidents. These
phenomena include fuel heat-up, Doppler reactivity feedback, and control rod worth
determination.

Comparisons between the PANTHER 4X4 reference solution, POLCA-T, and an independent
NRC-approved PWR rod ejection methodology (SPNOVA/VIPRE) indicate that the relative
performance between these methodologies is consistent, and transient calculational predictions
are very similar. The benchmark qualification, therefore, provides reasonable assurance that
the software is solving the coupled thermal-hydraulic and neutronic equations in a manner that
is consistent with the methodology description.

[]

Therefore, the NRC staff finds that the benchmark qualification supports the conclusion that the
POLCA-T methodology addresses physical phenomena in sufficient detail to model reactivity
insertion accidents with the same degree of accuracy as other state-of-the-art transient codes.

3.2.3.5.2 Fast Transients

POLCA-T calculational results were compared against two experiments performed at Peach
Bottom Unit 2 (PB2). While these qualification calculations are performed for a turbine trip
event, the purpose of the qualification is to demonstrate that the neutronic and thermal-hydraulic
model coupling is sufficient to model the transient behavior during a very rapid increase in
neutron flux, and reactor power. The turbine trip transient response is driven predominantly by
the rapid reactivity insertion associated with void collapse due to back pressure following the
turbine trip.

While the PB2 EOC2 TT tests are included in the CRDA qualification for POLCA-T to illustrate
the efficacy of the coupled solution technique, the analytical results of the study were reviewed
by the NRC staff in terms of qualification of the void reactivity feedback modeling in order to
support the qualification of the stability methodology.

I
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For the NRC staff to have confidence in the pedigree of standard production calculations
performed using the POLCA-T methodology, those model options activated in the qualification
must be similarly employed in the standard production process for licensing evaluations. To this
end the NRC staff has imposed the following condition.

Standard Production Condition
Standard production CRDA calculations using POLCA-T must use modeling options and
features that are consistent with those options and features used in the qualification
calculations provided in Appendix A of the TR.

When the standard production condition is met the NRC staff has reasonable assurance that the
uncertainty analysis based on the qualification calculations remains applicable to licensing
calculations.

The NRC staff compared the results of the POLCA-T predicted axial power shape to that
predicted using the NRC staff's independent TRACE-PARCS code. The results are provided in
Figure 3.2.3.5.2.1. The TRACE and POLCA-T [

The NRC staff finds that the qualification against steady state PB2 measurements provides
adequate bases for acceptance of the POLCA-T [

]

The turbine trip tests were explicitly modeled using POLCA-T. The transient response in core
power was compared against measured core power. The comparison figures indicate that the
transient response peak power is accurately modeled. Further comparison of the local power
range monitor (LPRM) measurements for particular strings indicates that the transient behavior
in core power following the initiation of core void collapse is adequately modeled.

Figure A.3-9 of Reference 1 provides transient LPRM calculated and measured responses.
[

] the code shows general agreement
within established nodal uncertainties with the measurements and overall produces accurate
predictions of the total core behavior.

The qualification analyses demonstrate acceptable coupling between the thermal-hydraulic and
neutronic models to determine core reactivity, transient flux distribution, and local heat flux for
transients that occur on a very short time scale (on the order of seconds); which is similar to the
time scale for control rod drop accidents.
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3.2.3.5.3 Super Prompt Critical Transients

Comparisons between POLCA-T predictions and experimental results at the SPERT facility
were provided in the qualification. The purpose of these comparisons is to provide a basis for
the POLCA-T control rod worth determination and prompt criticality transient modeling
capability. The accurate modeling of these phenomena is essential in predicting the initial
transient character of the power pulse. The comparisons of POLCA-T predictions to the power
peak, and time of the peak power provide a basis for the qualification of the Doppler reactivity
modeling.

The qualification of POLCA-T to evaluate super prompt critical reactivity transients included
comparisons to experimental data collected at the SPERT facility during the 1960s. A total of
80 non-fuel damaging power excursion tests were performed with the SPERT III E core. The
POLCA-T qualification has examined three of these tests, namely tests 18, 43, and 49. These
tests were performed at [ ] The pressure was [

] and the coolant temperature ranged between [ I

The experimental uncertainties for the SPERT III E core were somewhat large; however, direct
comparisons to POLCA-T calculations show that POLCA-T predicts transient core power that
agrees with the experimental results. The time to peak power, integrated energy release, and
peak power as predicted by POLCA-T are slightly and consistently conservative while still
remaining within the range of experimental uncertainty.

The NRC staff notes that the POLCA-T calculations show a greater degree of agreement with
the experimental results than those predicted using the approved RAMONA-3B code as shown
in Reference 3. However, the NRC staff requested that Westinghouse provide a greater degree
of detail to ensure that the improved overall agreement is not a result of competing effects
related to the modeling techniques. The NRC staff requested additional information in RAI 7-18.
The response to RAI 7-18 (Reference 54) provides the qualification against the SPERT Ill E test
case 18 and the results of Doppler coefficient sensitivity analyses. A detailed evaluation of the
response is provided in Appendix A of this SE. To summarize, the SPERT III E comparisons
indicate acceptably accurate agreement with the experimental results. The sensitivity studies
indicate consistent sensitivity to the Doppler coefficient between the approved RAMONA-3B
method and POLCA-T, thus indicating consistency in the importance of the Doppler effect
between the two codes. The consistency provides the NRC staff with assurance that the code
system predicts sensitivities that are consistent with the NRC staff's expectations based on the
PIRT and previous analyses.

The NRC staff compared the POLCA-T qualification analysis for the SPERT III E test case 43
against a calculation performed using the NRC staff's independent TRACE-PARCS code
(Reference 62). The results of both calculations are compared to the experimental data in
Figure 3.2.3.5.3.1. The results demonstrate that POLCA-T predicts the peak power and time of
peak power with greater accuracy than TRACE-PARCS.

The POLCA-T qualification against the SPERT Ill E experiments provides reasonable
assurance that the POLCA-T neutronic transient model can accurately predict changes in gross
core power with reactivity insertion events exceeding one dollar in total worth. Comparisons to
the SPERT III E power shapes also confirm the calculational robustness of the POLCA-T code
to converge on transient core power shapes. The transient core power shape is particularly
difficult to calculate for the SPERT III E core given the very high degree of neutron leakage, and
therefore provides a high degree of assurance that the neutronic power distribution modeling is
acceptable.
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3.2.3.5.4 Code-to-Code Comparisons (RAMONA-3B)

Appendix A of the TR includes code-to-code comparisons between POLCA-T and
RAMONA-3B for an ASEA-ATOM designed internal recirculation pump BWR. These
comparisons were performed for an equilibrium core of SVEA-96 Optima2 and are performed
on a consistent basis using the standard production CRDA analysis procedure.

r]

3.2.3.5.5 Discussion of the Qualification Relative to the High Importance Phenomena
Identification and Ranking Table items

3.2.3.5.5.1 Calculation of the Power History

3.2.3.5.5.1.1 Control Rod Worth

The SPERT III E qualification provides insight into the transient reactivity insertion calculation
and the determination of the individual control rod worth. The predictions of the initial transient
response for the core power for tests 43 and 49 illustrate that the POLCA-T neutronic solver can
adequately determine the reactivity insertion to predict the rate of increase in core power during
the transient. However, experimental uncertainties for the SPERT III E experimental tests are
too great to provide a basis for the determination of the uncertainty in control rod worth.
However, core follow analyses with initial criticality provide a basis for the determination of the
POLCA7 neutronic model to determine control rod worth under cold conditions. Additionally, the
exercise of the POLCA-T code to model the SPERT III E tests provides a reasonable degree of
assurance that consistent biases do not exist in the determination of the peak fuel enthalpy
during reactivity insertion accidents, and therefore, in RAI 7-6 the NRC staff requested that
Westinghouse use cold critical core follow data to establish an uncertainty in control rod worth
and compare this value to the [ ] assumed in the uncertainty analysis.

The NRC staff reviewed the response to RAI 7-6. The response provides quantification of the
control blade worth uncertainty based on various cold critical data. The response provides
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[
] This value is [ ]

analysis. Therefore, the NRC staff finds that the [ ] in the
analysis is a conservative estimate of the 95 percent confidence limit.

3.2.3.5.5.1.2 Rate of Reactivity Insertion

The rate of reactivity insertion has been generically evaluated for GE BWR designs BWR/2-6 in
CENPD-284-P-A (Reference 3). The value for the limiting drop speed is 0.948 meters per
second (m/sec). The NRC staff finds that this is a generically applicable (and previously
approved) drop speed for the current operating fleet of BWR/2-6 designs. The approved
velocity is the maximum velocity conservatively accounting for geometry tolerances to three
standard deviations (References 12, 13, and 14).

Sensitivity studies were performed in Reference 3 using the RAMONA-3B methodology that
demonstrate the relative insensitivity of the peak fuel enthalpy to the dropped rod speed. The
TR reports [ ] in the peak fuel enthalpy when the drop speed
is increased from 0.95 m/sec to 1.53 m/sec. [

] Therefore, the NRC staff concurs that over a limited
range, the consequences of the CRDA are [ ] On this
basis, the NRC staff agrees with the PIRT ranking of medium for the drop speed for currently
operating GE BWR designs (BWR/2-6). The NRC staff likewise concurs that the drop velocity
of 0.948 m/sec (3.11 ft/sec) is appropriate and acceptable for BWR/2-6 designs.

However, the ABWR incorporates significant design changes in the control blade
mechanical design. In particular, the ABWR control blade design does not incorporate a
velocity limiter. Figures 3.2.3.5.5.1.2.1 and 3.2.3.5.5.1.2.2 illustrate the differences between the
designs. Therefore, the NRC staff expects that the drop velocity for a control blade for the
ABWR would exceed the 0.948 m/sec (3.11 ft/sec) velocity specified in Section A.2.5.2.7 of the
subject TR. Calculations performed by Brookhaven National Laboratory (BNL) for the NRC in
Reference 44 predict an increase in predicted peak fuel enthalpy on the order of 30 percent
when the drop velocity is increased from 5 ft/sec to 15 ft/sec. The NRC staff submits that
15 ft/sec is much greater than the maximum velocity for a dropped rod with a limiter, but
provides this reference to demonstrate that over a greater range of velocities that the analytic
results are expected to become notably sensitive to the drop velocity. Therefore, the NRC staff
cannot conclude that the drop speed is appropriate for use in ABWR calculations.

The NRC staff has previously analyzed the consequences of a postulated control rod drop
accident as documented in Reference 35. SRP Section 15.4.9 states that a specific calculation
of the radiological consequences for this accident is not necessary unless unusual plant or site
features are present, or the applicant's calculation shows an unusually large amount of fuel
damage (Reference 24). However, the NRC staff specifically evaluated this accident because it
is the first application involving the ABWR standard design with hypothetical site boundaries.
The intent of the NRC staff evaluation was to establish a reference for comparison of future
applications incorporating the ABWR design. For the reference ABWR fuel design and control
rod design, the NRC staff estimated that 6 fuel rods would melt and that 770 would become
perforated (Reference 35). These results are likely to be sensitive to the core design,
particularly the bundle lattice (8X8 or 1 OX1 0) and the worth of the control blade.

In the NRC staff's safety evaluation report for the ABWR, the NRC staff refers to guidance in
Regulatory Guide (RG) 1.77 for the rod ejection accident for pressurized water reactors, in
particular Appendix A part 2 (Reference 57), as appropriate guidance for developing input for
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the CRDA analysis. Appendix A part 2 of Reference 57 states that: -the rate of ejection [
] should be calculated based on the maximum

pressure differential and the weight and cross-sectional area of the control rod and drive shaft,
assuming no pressure barrier restriction."

The NRC staff notes that future applicants referencing the ABWR design are expected to
calculate the degree of fuel damage resulting from postulated CRDA events to compare to the
NRC staff's calculation. Therefore, the NRC staff imposes an analogous condition to RG 1.77
Appendix A part 2 on the application of POLCA-T to analyze a postulated CRDA for the ABWR.
The rod drop velocity shall be established based on the maximum velocity for the control blade
accounting for the most conservative blade weight and geometry based on manufacturing
tolerances or a conservative value.

Advanced Boiling-Water Reactor Control Rod Drop Accident Analysis Condition 1
The POLCA-T application to the analysis of the consequences of the ABWR CRDA
requires that the rod drop velocity be determined based on the specific ABWR control
rod design including sufficient conservatism to account for manufacturing uncertainties.

The ABWR control rod drop velocity will be dependent on the control rod design selected for the
ABWR and should be reported to the NRC for review and approval as either part of a generic
TR for a control blade design applied to the ABWR or in a plant specific ABWR fuel transition
license amendment request.

Section 3.2.3.5.6.2 of this SE describes the review approach for ABWR CRDA analysis reviews
based on the guidance of SRP 15.4.9 (Reference 24). The NRC staff intends to review the rod
drop velocity assumed in the analysis for the first ABWR plant-specific application of POLCA-T
to CRDA analyses. The NRC staff has previously endorsed the methodology in Appendix A of
NEDO-1 0527 (Reference 14) for determining the rod drop velocity for conventional control blade
designs. An analogous and parallel approach would likewise be acceptable for ABWR type
control blades once a design has been established by Westinghouse.

3.2.3.5.5.1.3 Delayed Neutron Fraction

In RAI 7-8, the NRC staff requested that Westinghouse compare the value for the delayed
neutron fraction using the current version of PHOENIX4/POLCA7 to those values for principle
nuclides used in the previously approved CRDA transient methodology based on RAMONA-3B.
The response states that the delayed neutron fraction libraries are based on various sources
and that erroneous data in the ENDF/B-VI library were replaced with more reliable data
(Reference 51). The NRC staff finds that the delayed neutron libraries are acceptable for CRDA
analyses and notes that the uncertainty in the delayed neutron fraction is appropriately
accounted for as described in the response to RAI 7-4 (Reference 52). The detailed NRC staff
review of the RAI response is documented in Appendix A of this SE.

3.2.3.5.5.1.4 Fuel Temperature Feedback

In RAI 7-14, the NRC staff requested that the applicant describe any models that account for the
thermal expansion of the fuel pellet and its effect on the Doppler coefficient. Additionally, the
NRC staff asked if the Doppler coefficient was based on the increased resonance absorption in
nuclides other than the major actinides, if so, to provide a confirmatory PHOENIX4 analysis that
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demonstrates that no volatile nuclides contribute significantly to the overall negative Doppler
feedback. The detailed NRC staff's review of the RAI response is documented in Appendix A of
this SE.

The response provides a methodology for quantifying [
] expected to

occur during the transient. The methodology is based on using a simplified Nordheim-Fuchs
reactivity insertion model with an adiabatic thermal solution. The NRC staff finds that this
simplified approach is acceptable [

] the NRC staff finds that POLCA-T application to entire cores of fresh fuel is limited.
Therefore, the NRC staff imposes the condition that the bias be applied to all CRDA analyses.

[ 1 Condition 7

POLCA-T analysis of the CRDA requires that the final calculated fuel enthalpy be
adjusted to account for the [ ] Equation (2) in Section
A.5.3.2 of the subject TR and the response to RAI 7-14 (Reference 52) must be used for
calculating the bias for all core exposures.

On a cycle-specific basis, if a licensee seeks to credit the conservatism in POLCA-T for the rare
situation of a beginning of cycle (BOC) calculation for a fresh startup core, then the basis shall
be submitted to the NRC for review and approval. The NRC staff makes the clarification that
even if a relaxation of the condition is sought for a fresh core, that mid-cycle evaluations must
incorporate the bias regardless of the core average exposure at BOC.

The response provides additional information regarding the other nuclides in the fuel and
provides the NRC staff with reasonable assurance that the modeling assumptions regarding
volatile nuclide migration will not have a significant impact on the predicted
temperature/reactivity feedback during CRDA analysis.

3.2.3.5.5.2 Calculation of Pin Fuel Enthalpy Increase

3.2.3.5.5.2.1 Fuel Heat Capacity

The primary phenomenon driving the fuel enthalpy increase is the integral power during the
CRDA. The integral power is predominantly a function of the neutron power response to the
reactivity insertion and the Doppler reactivity feedback. The fuel heat capacity is a parameter
affecting the CRDA analysis only insofar as it is used to predict the average fuel temperature
during the transient evaluation. The average nodal temperature is used to determine the
Doppler reactivity feedback.

The heat capacity will affect the final fuel enthalpy, however, given the relatively fast nature of
the transient, the calculation of the transient heat conduction through the pellet, gas gap, and
cladding will have a second order effect on the peak enthalpy increase.

Therefore, the NRC staff considered the uncertainty in the heat capacity in the overall
uncertainty analysis. The NRC staff reviewed the heat capacity model in STAV7.2
(incorporated by reference in POLCA-T through References 22 and 4). The standard error in
the thermal conductivity was evaluated by the NRC staff and their contractors and was found to

7 See also the NRC staff's review of the response to RAI 7-14 in Appendix A.
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be acceptable for thermal-mechanical design methods. The reported error in the fuel heat
capacity is 3 J/kg-K. For the temperature range of interest for CRDA analysis, this is
approximately 1 percent of the heat capacity.

An error of this magnitude was compared to the error assumed for the Doppler reactivity
coefficient reported in Section A.5.3.2. The NRC staff finds that the primary sensitivity of the
enthalpy to the heat capacity is through the evaluation of the nodal Doppler reactivity. An error
of 1 percent in the heat capacity will translate to roughly a 1 percent error in the predicted nodal
average temperature change. Based on the dependency of the Doppler worth (T/ 2) on fuel
temperature, the expected impact on the nodal Doppler reactivity will be approximately one half
of the error in the temperature (see Appendix B: Doppler Reactivity Uncertainty Analysis of this
SE). An error of 0.5 percent is negligible compared to the 5 percent assumed in the
macroscopic cross section and will not impact the numerical results of the uncertainty analysis.
Therefore, the NRC staff concludes that explicit consideration of the uncertainty in the heat
capacity is not required for the CRDA uncertainty analysis.

3.2.3.5.5.2.2 Gas Gap Conductance

In RAI 7-12, the NRC staff requested that Westinghouse evaluate the conservatism of the gas
gap conductance model. Specifically, the NRC staff notes that decreased gas gap conductance
results in higher fuel temperatures and increased negative Doppler feedback, and may result in
a compensating effect in terms of integrated energy deposition during the transient depending
on the specific sensitivity to the Doppler coefficient. Additionally, the NRC staff requested that
Westinghouse evaluate the adequacy and conservatism of the model considering that the hot
pin in a bundle may have different gas gap conductance behavior than the average pin in that
bundle or axial node.

Westinghouse provided a response to RAI 7-12 in Reference 54. The detailed NRC staff
evaluation of the response is documented in Appendix A of this SE. The NRC staff found that
STAV7.2 predicts a conservative [ ] gas gap heat transfer coefficient. When considered
with historical sensitivity studies performed with RAMONA-3B as documented in Reference 3,
the NRC staff has reasonable assurance that the [ ] is
conservative for the evaluation of the consequences of a CRDA event. Therefore, the NRC
staff agrees with the Westinghouse treatment of the gas gap conductance for CRDA analysis
insofar as the gas gap conductance assumed in the analysis is conservative.

3.2.3.5.5.2.3 Pin Peaking Factors

Strong spatial neutron flux peaking is known to occur for loosely coupled cores during rapid
control rod motion. Such peaking is expected across the lattice during CRDAs at low power or
cold conditions. [

] the NRC staff requested that Westinghouse provide qualification of the
PHOENIX4/POLCA7 pin power reconstruction model under controlled cold conditions in RAI 7-
10. The response to RAI 7-10 contains comparative analyses between the POLCA7 and
PHOENIX4 predicted local power distributions (Reference 54). The detailed NRC staff review
of the comparative analyses is documented in Appendix A of this SE. The NRC staff reviewed
the comparisons and found that [

] Therefore, the NRC staff
finds that the rod power uncertainties documented in CENPD-390-P-A (Reference 9) are
adequately justified for the radial power shapes encountered during CRDAs.



-45-

In RAI 7-9, the NRC staff requested that Westinghouse discuss the iterative solution technique
and describe any controls on the time step to ensure that the transient pin power distribution is
calculated in successive thermal-hydraulic nuclear iterative loops to adequately characterize the
total integrated energy deposition. In response to RAI 7-9, Westinghouse provided sensitivity
analyses with various maximum time steps to demonstrate that the transient power solution was
adequately converged (Reference 52). The detailed review of the response is documented in
Appendix A of this SE. Based on the original RAI response, the NRC staff could not conclude
with reasonable assurance that the sensitivity analyses demonstrated that the transient power
solution was saturated. Therefore, the NRC staff issued a supplemental request for additional
information (RAI 7-9S1). The NRC staff requested that additional cases be considered with
smaller time steps.

The NRC staff reviewed the response to RAI 7-9S1 provided in Reference 54. The detailed
NRC staff review of the information is documented in Appendix A of this SE. The conclusion of
the NRC staff evaluation is that the [

] Therefore, the NRC staff finds that the time step size is acceptable
to calculate the power distribution evolution during CRDA analysis.

3.2.3.5.6 Uncertainty Assessment and Acceptance Criteria

3.2.3.5.6.1 Boiling-Water Reactor/2-6

An uncertainty analysis is used to account for the effects of input and calculated parameters on
the peak fuel enthalpy for those items identified in the PIRT for which bounding values have not
been used in the analysis. These uncertainties are determined and addressed in a manner that
is consistent with the approved RAMONA-3B method (Reference 3). These uncertainties
include the total control rod worth, power peaking factors, coolant density, the nodal and local
peaking factors, the gap heat transfer coefficient, the Doppler effect, and the delayed neutron
fraction.

[ ] In RAI 7-6, the NRC staff
requested that Westinghouse evaluate the POLCA7 cold eigenvalue qualification database to
determine the POLCA7 cold eigenvalue uncertainty and compare this to the assumed control
rod worth uncertainty. The response to RAI 7-6 provides qualification of the nuclear methods
against local cold critical eigenvalue measurements (Reference 51). The NRC staff reviewed
the response and found that the qualification data are sufficient [

] The NRC staff finds that this assumption will adequately
bound any uncertainty in the SCRAM worth for the limiting CRDA scenario (during reactor
startup). Should Westinghouse seek a relaxation of this conservatism in the future, the changes
in the methodology and uncertainty analysis will require the NRC's review and approval.
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Conservative SCRAM Reactivity Insertion Limitation
A relaxation of the conservative SCRAM worth assumption described in TR Section
A.5.4 Item 4 in the CRDA analysis is considered by the NRC staff to constitute a change
in an element of the methodology in the safety analysis. Relaxation of the SCRAM
worth assumption will generate analysis results that are non-conservative relative to the
approved method.

The NRC staff reviewed qualification data of the POLCA7 based nuclear methods against
relevant gamma scan data, and reviewed qualification of the pin power reconstruction methods
against detailed lattice transport calculational methods as documented in Appendix A of this SE.
On the basis of the detailed qualification, the NRC staff concludes that it is appropriate to use
the power distribution uncertainties from CENPD-390-P-A (Reference 9) in the POLCA-T CRDA
uncertainty analysis.

There are [

] Therefore,
the NRC staff finds that this treatment of the coolant density uncertainty is conservative and
bounding.

The [

The Doppler coefficient uncertainty is assumed to be the same in POLCA-T as established for
RAMONA-3B. While both methods rely on PHOENIX4/POLCA7 methods, the NRC staff
requested in RAI 7-1 that Westinghouse demonstrate the computational efficacy of the nuclear
design code suite to predict Doppler worth for modern fuel designs, operating strategies, and
fuel burnup. The response to RAI 7-1 provides several comparative analyses using higher
order and Monte Carlo methods. The response also provides comparisons of PHOENIX to
international benchmarks (Reference 51). The detailed review of the RAI response is
documented in Appendix A of this SE. The response provides the NRC staff with reasonable
assurance that the predictive capability of PHOENIX is retained at a similar degree of accuracy
for modern BWR fuel designs and operating strategies, and therefore, the use of the historical
uncertainty in the analysis is reasonable and acceptable.

I

I
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I

A simple point kinetics model of a reactivity insertion accident predicts that the energy
deposition in the fuel (which is related to the fuel enthalpy under essentially adiabatic
conditions) is inversely proportional to the fuel Doppler coefficient and heat capacity and
proportional to the difference between the control rod reactivity and the delayed neutron
fraction. Previous studies have shown the fuel heat deposition, and consequently the fuel
enthalpy to be sensitive to the delayed neutron fraction (References 42 and 43).

The NRC staff requested additional information regarding the sensitivity of POLCA-T to the
delayed neutron fraction in RAI 7-4. The detailed NRC staff review of the response is provided
in Appendix A of this SE. [

] The NRC
staff finds that the revised sensitivity and uncertainty analyses are acceptable.

Sensitivity studies were performed for the control rod drop speed, SCRAM delay, and SCRAM
time. The NRC staff found that the uncertainty analysis is valid based on bounding assumptions
regarding the SCRAM delay and SCRAM time. In RAI 7-7, the NRC staff requested that
Westinghouse provide additional details regarding the assumptions pertaining to the negative
reactivity insertion rate during a SCRAM. The response states that the SCRAM speeds are
based on the TS requirements for SCRAM speed (Reference 51). The NRC staff finds that this
approach is acceptable.

In RAI 7-19, the NRC staff requested that Westinghouse consider a mass flow rate sensitivity
using a base case critical rod pattern at the nominal flow rate. [

]
The response to RAI 7-19 provides the results of sensitivity analyses performed for CRDAs over
a wide range of core flow rates (Reference 54). The results demonstrate that the figure of merit
is [ ] to the core mass flow rate, thus justifying the PIRT ranking and its exclusion
from the uncertainty analysis.

The overall uncertainty is then established by convoluting these individual contributors and
establishing the 95 percent confidence limit. The NRC staff finds that including these
uncertainty contributions in the fuel damage threshold relative to the limits for CRDA analysis is
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adequate when combined with the [ ] to provide reasonable assurance
that licensing analyses performed using the POLCA-T CRDA methodology will be acceptable in
demonstrating compliance with GDC 28.

3.2.3.5.6.2 Advanced Boiling-Water Reactor

The NRC staff has reviewed the analytic methodology for assessing fuel damage resulting from
a postulated CRDA using the POLCA-T method. The NRC staff has likewise reviewed the basis
for the uncertainty parameters used in assessing the acceptance criteria relative to the limits
specified in SRP 4.2. The NRC staff's evaluation documented in Section 3.2.3.5.6.1 regarding
the uncertainty assessment is applicable to the operating fleet of BWRs and the ABWR, except
for the rod drop velocity for the latter. On these bases, the NRC staff finds application of the
methodology to the ABWR plant design acceptable when the analysis is performed assuming
an appropriate rod drop velocity.

However, SRP 15.4.9 (Reference 24) specifically differentiates between BWR/2-6 plants and
the ABWR. The SRP directs the NRC staff to review ABWR applications against the analysis
performed by the NRC staff that is documented in the ABWR FSER (Reference 35).
Specifically, for ABWR reviews, the reviewer is directed to compare the applicant's safety
analysis report to the NRC staff's assumptions for computing rod drop accident doses and to the
radiological consequences. Thus, the reviewer confirms that the applicant's design would
produce similar results or note significant differences. The review also must evaluate the
applicant's ability to satisfy the coolability criteria (See SRP 4.2, Reference 26).

The NRC staff requested in RAI 7-25 that Westinghouse provide the methodology to assess the
dose consequences of a postulated CRDA. The response to RAI 7-25 states that if radiological
consequences must be evaluated, these consequences will not be evaluated using POLCA-T.
POLCA-T in conjunction with the established acceptance criteria based on SRP 4.2 and the
associated uncertainties is used to determine the extent of fuel damage. The radiological
consequences will be evaluated using either RG 1.183 (alternate source term, Reference 58) or
RG 1.195 (traditional method, Reference 59). The NRC staff finds that this approach is
acceptable so long as the transient FGR is calculated and added to the fission product inventory
for the dose assessment.

Therefore, ABWR applications require that licensees or applicants referencing the POLCA-T
CRDA analysis methodology determine the dose consequences using a combination of
POLCA-T calculations (to determine fuel damage) and RG 1.183 or RG 1.195 to compare
directly the consequences determined by the NRC staffs reference analysis in Reference 35.
The analyses will be evaluated by the NRC staff on the basis of: (1) the appropriateness of the
analysis assumptions relative to applicable guidance in RG 1.77, (2) demonstrated margin to
the dose limits reported in 10 CFR 100.11, and (3) demonstrated compliance with the coolability
criteria specified in SRP 4.2.
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Advanced Boiling-Water Reactor Control Rod Drop Accident Analysis Condition 2
Application of POLCA-T to evaluate CRDA for the ABWR requires submittal of:

1. The basis of the rod drop velocity for review,

2. An evaluation of the dose, based on the NRC staff guidance in RG 1.183 or RG
1.195 and the transient FGR correlation in Appendix B of SRP 4.2 and the relevant
radiological consequence analysis assumptions provided in Table 15.2 of the FSER
for the ABWR, and

3. An evaluation of the coolability against the criteria in Appendix B of SRP 4.2.

On a plant-specific basis, bounding CRDA calculations may be referenced for the ABWR where
similar screening methods to the operating fleet methods are employed to demonstrate
compliance with the aforementioned acceptance criteria on a cycle-specific basis. The
acceptability of this approach is contingent upon the NRC staff review and acceptance of the
control rod drop velocity assumed in the analysis.

3.2.4 Conditions, Limitations, and Restrictions

This section of the SE provides a comprehensive listing of those conditions, limitations, and
restrictions that are applicable to the use of POLCA-T for CRDA analyses.

3.2.4.1 Initial Conditions Condition (Section 3.2.3.4.1)

Consistent with TR Section A.5.4 Item 1, POLCA-T CRDA cases must assume [
]

3.2.4.2 Control Rod Drop Accident Acceptance Criteria Condition (Section 3.2.3.4.3)

Until final acceptance criteria are published by the NRC, the POLCA-T methodology will
determine the extent of fuel damage using the interim acceptance criteria in Appendix B of
SRP 4.2, Revision 3, for new reactor applications.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology will adopt

these criteria for all CRDA analyses.

3.2.4.3 Hydrogen Pickup Model Condition (Section 3.2.3.4.3)

When utilizing hydrogen content dependent PCMI cladding failure limits from Figure B-2 of
SRP 4.2, the hydrogen content must be determined using the NRC approved hydrogen pickup
model described in Reference 22 or a subsequently NRC approved model.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology for
determining the hydrogen content (if applicable based on final acceptance criteria) will be
determined using an NRC approved method.
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3.2.4.4 Radiological Consequences for New Reactors Condition (Section 3.2.3.4.3)

When determining the radiological fission product inventory, the traditional (RG 1.195) and
alternative (RG 1.183) source methods must include an increased inventory to account for
transient fission gas release for new reactor applications. The transient fission gas release
(FGR) must be calculated according to the following correlation from Appendix B of SRP 4.2:

Transient FGR = {(0.2286AH) - 7.1419}

Where:
FGR = Fission gas release, % (must be > 0)
AH = Increase in fuel enthalpy, Acal/g

The transient release from each axial node which experiences the power pulse may be
calculated separately and combined to yield the total transient FGR for a particular fuel rod. The
combined steady-state gap inventory and transient FGR from every fuel rod predicted to
experience cladding failure (all failure mechanisms) should be used in the dose assessment.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology will adopt

any relevant transient FGR requirements for all CRDA analyses.

3.2.4.5 Standard Production Condition (Section 3.2.3.5.2)

Standard production CRDA calculations using POLCA-T must use modeling options and
features that are consistent with those options and features used in the qualification calculations
provided in Appendix A of the TR.

3.2.4.6 Advanced Boiling-Water Reactor Control Rod Drop Accident Analysis Condition 1
(Section 3.2.3.5.5.1.2)

The POLCA-T application to the analysis of the consequences of the ABWR CRDA requires
that the rod drop velocity be determined based on the specific ABWR control rod design
including sufficient conservatism to account for manufacturing uncertainties.

3.2.4.7 [ ] Condition (Section 3.2.3.5.5.1.4)

POLCA-T analysis of the CRDA requires that the final calculated fuel enthalpy be adjusted to
account for the [ ] Equation (2) in Section A.5.3.2 of the subject
TR and the response to RAI 7-14 (Reference 52) must be used for calculating the bias for all
core exposures.

3.2.4.8 Conservative SCRAM Reactivity Insertion Limitation (Section 3.2.3.5.6.1)

A relaxation of the conservative SCRAM worth assumption described in TR Section A.5.4 Item 4
in the CRDA analysis is considered by the NRC staff to constitute a change in an element of the
methodology in the safety analysis. Relaxation of the SCRAM worth assumption will generate
analysis results that are non-conservative relative to the approved method.



-51 -

3.2.4.9 Advanced Boiling-Water Reactor Control Rod Drop Accident Analysis Condition 2
(Section 3.2.3.5.6.2)

Application of POLCA-T to evaluate CRDA for the ABWR requires submittal of:

1. The basis of the rod drop velocity for review,

2. An evaluation of the dose, based on the NRC staff guidance in RG 1.183 or RG 1.195
and the transient FGR correlation in Appendix B of SRP 4.2 and the relevant radiological
consequence analysis assumptions provided in Table 15.2 of the FSER for the ABWR,
and

3. An evaluation of the coolability against the criteria in Appendix B of SRP 4.2.

3.2.5 Conclusions Regarding Control Rod Drop Accident Analysis

The NRC staff has reviewed the POLCA-T general model description, the qualification basis for
the CRDA application, and the combination of uncertainties used to establish appropriate
acceptance criteria for CRDA analysis. The NRC staff found that the capabilities of the
POLCA-T code were appropriate to model the important phenomena dictating plant transient
behavior under the conditions of CRDA.

The NRC staff also reviewed the qualification basis and found that it was sufficient to
demonstrate the applicable capabilities of the POLCA-T methodology as they are exercised in
the conduct of CRDA analysis.

In the course of its review, the NRC staff identified particular aspects of the CRDA analysis
methodology that required special treatment for application to the ABWR. In these cases, the
NRC staff identified particular conditions on the POLCA-T application to the ABWR. These
conditions arise predominantly due to two aspects that are unique to the ABWR relative to the
operating fleet of BWR/2-6 plant designs. The first of which is the control blade design. Since
the ABWR control blade design lacks a velocity limiter, the NRC staff found that the generically
applicable value used in the operating plant analyses was not sufficiently justified for use in
ABWR calculations. The NRC staff imposed the condition that application of POLCA-T to the
ABWR requires justification of the analytical rod drop velocity. Additionally, the acceptance
criteria for new plant designs in terms of the fuel enthalpy have been updated. Therefore, the
NRC staff imposed conditions that the ABWR analysis be performed using these revised
acceptance criteria consistent with the updated SRP and the ABWR FSER.

The NRC staff has otherwise concluded that for application to the operating fleet of reactors that
the qualification basis and uncertainty analysis is adequate to justify the POLCA-T acceptance
criteria. However, certain conditions were identified as key aspects of the POLCA-T
methodology for performing these calculations to ensure that the calculation remains within the
accuracy demonstrated as part of its qualification. The applicable conditions, limitations, and
restrictions are documented throughout the SE and are provided in a comprehensive listing in
Section 3.2.4. When exercised with the conditions, limitations, and restrictions listed in Section
3.2.4 of this SE, the NRC staff finds that the POLCA-T CRDA analysis methodology is
acceptable.
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3.3 POLCA-T for Stability Assessment and Acceptance Criteria

3.3.1 Introduction

The NRC staff has previously reviewed and approved RAMONA-3B to perform time domain
stability evaluations (Reference 7). RAMONA-3B is a three-dimensional coupled thermal
hydraulic and neutronic code. In the current application, Westinghouse submitted the POLCA-T
code for review and approval to replace RAMONA-3B for stability evaluations.

RAMONA-3B is a three-dimensional best-estimate time domain transient BWR code. The
neutronic solver is based on a one-and-a-half group diffusion approximation with fast flux
extrapolation length and thermal flux albedo boundary conditions. A distinguishing feature of
the RAMONA-3B code is the integral momentum equation, which allows for accurate modeling
of BWR stability phenomena with high computational performance. Additionally, RAMONA-3B
has the capability of modeling the reactor vessel internals and balance of plant with explicit
numerical integration techniques. This capability allows RAMONA to account for
thermal-hydraulic phenomena within the entire flow loop without introducing significant
numerical damping (Reference 6).

RAMONA-3B was reviewed and approved by the NRC staff in 1996 (References 6 and 7). The
NRC staff concluded that RAMONA-3B could estimate the channel, core-wide, and regional
oscillatory mode [ ] for realistic BWR operating conditions based on
qualification of RAMONA-3B against out-of-pile channel instability threshold test data, [ ]
core wide oscillation tests, and [ ] regional mode oscillation measurements.

The RAMONA-3B application for reload evaluations for the BWR Owners' Group long-term
stability solution methods was generically approved given the qualification, description of the
precise methodology, and established acceptance criteria depending on the oscillation mode.
In general, regional mode oscillations for stable reactors are harder to excite and only a limited
number of regional mode oscillations have been included in previous qualification studies.

The NRC staff review and approval was contingent upon several technical limitations as
incorporated by reference in the NRC staff's SE. These include the following requirements
when using RAMONA-3B for reload stability evaluations (References 6 and 7):

" Each thermal-hydraulic channel shall be modeled with at least 24 axial nodes
" The code model radial nodalization must be such that

o No single region of can be associated with [ ] of the overall
core power

o The core model must include at least three regions for each bundle type that
accounts for a significant fraction of the power generation

o The model must include a hot-channel for each significant bundle type with the
actual conditions of the hot channel

" Each of the thermal-hydraulic regions must have its own axial power shape to account
for the three-dimensional effects.

" For regional mode oscillations, a full core model is recommended
" A review must be performed to confirm that the perturbation actually excites each mode

of the oscillation.
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In general, one limitation of the time domain methods is that this can only be used to predict the
decay ratio of the dominant oscillation mode. In most stable cases, the dominant oscillation
mode is core-wide as opposed to regional. In these cases, the RAMONA-3B methodology
could not necessarily establish the regional mode decay ratio unless the core was already in an
unstable configuration. For these cases, the NRC staff accepted the approach whereby an
instability threshold was established by increasing the reactor power in the model until a
regional mode oscillation could be excited.

Specifically, the NRC staff approved the out-of-phase instability threshold power calculation
when the acceptance criterion is set to either (Reference 7):

" The actual threshold power for out-of-phase instabilities calculated by RAMONA-3B
minus an uncertainty margin that is calculated as the power required to reduce by 0.2
the core wide decay ratio under those operating conditions, or

" The power at which the code-wide decay ratio is 1.0 (i.e., 20 percent higher than the
core-wide acceptance criteria) if out-of-phase instabilities are not observed in the
transient response following an appropriate out-of-phase perturbation.

These acceptance criteria were approved by the NRC staff based on the extensive
benchmarking of the RAMONA-3B methodology. However, the NRC staff notes that
benchmarking and qualification do not require the same control procedures for input
determination. The NRC staff found that time domain stability evaluations are highly sensitive to
the careful determination of appropriate input parameters, including nodalization, time step
control, and physical input parameters such as loss coefficients. Therefore, while the
benchmarking studies performed using RAMONA-3B indicate a predictive capability for the
decay ratio with an uncertainty of roughly [ ] the NRC staff
required[ ]acceptance criteria (References 6
and 7).

3.3.2 Applicable Regulatory Bases

GDC 12 requires that unstable oscillations either be prevented or detected and suppressed
before fuel design limits are exceeded. GDC 12 states:

The reactor core and associated coolant, control, and protection systems shall be
designed to assure that power oscillations which can result in conditions exceeding
specified acceptable fuel design limits are not possible or can be reliably and readily
detected and suppressed.

GDC 10 requires that the reactor protection system must be capable of terminating any
anticipated transients, including unstable power oscillations, prior to exceeding fuel design
limits. GDC 10 states:

The reactor core and associated coolant, control, and protection systems shall be
designed with appropriate margin to assure that specified acceptable fuel design limits
are not exceeded during any condition of normal operation, including the effects of
anticipated operational occurrences.



- 54 -

Westinghouse has submitted a methodology that will predict the likelihood for the onset of an
instability event. The methodology uses the decay ratio to determine whether a reactor
instability is highly unlikely, and thus may meet the requirements of GDC 10 under these
conditions without particular regard to the potentiality of an instability event.

3.3.3 Technical Evaluation Regarding Stability Evaluation

3.3.3.1 Basics of Boiling-Water Reactor Instability

There are multiple mechanisms that may cause a boiling water reactor system to experience
oscillations. These are:

* Oscillations due to Flow-Regime Changes (Bi-Modal)
• Control System Instabilities
" Loop Oscillations
" Density Wave Oscillations

Oscillations due to changes in flow regime (Bi-Modal) can occur during startup. As the power
increases, the flow will transition into different flow regimes, i.e., slug flow to annular to churn-
turbulent. Under some conditions, the flow may oscillate back and forth between flow regimes.
This will occur for each channel separately such that the core will not be oscillating as a whole.
This results in increased noise in the core flow. Since the flow regime is well defined for steady
state full power operations, this type of instability is not expected at full-power conditions.

Control system instabilities are caused by some external controller rather than power/flow
mismatch. This may be due to a control system algorithm that causes a pump or valve to
oscillate under certain conditions, or spurious control blade motion. Control system instabilities
are not a part of the application of POLCA-T, since they are not neutronic/thermal-hydraulic
driven instabilities.

Loop oscillations are often seen in a heated channel with a riser in natural circulation. If a
pocket of steam with a higher void fraction flows up the riser, this would cause an increase in
buoyancy and an increase in flow in the channel. This increase in flow causes a decrease in
void production in the heated channel, which would cause the buoyancy to decrease and the
flow to decrease. The decrease in flow causes an increase in void production, and the
oscillation cycle starts over again. This would not occur in a critical nuclear reactor, since the
average core void fraction will remain nearly constant due to strong void reactivity feedback.

Density wave oscillations are the main focus in BWR stability analysis. There have been
numerous instability events in BWRs world-wide, most arising from density wave oscillations.
A few of the events that have occurred in U.S. operating BWRs, each of which had a 2-3
second period, are:

" LaSalle 2 on March 9, 1988 - power oscillation of 25-60 percent
" Washington Nuclear Project 2 on August 15, 1992 - power oscillation of 23-43 percent
• Nine Mile Point 2 on July 24, 2003 - power oscillation and oscillation power range

monitor (OPRM) SCRAM
• Perry on December 23, 2004 - power oscillation and OPRM SCRAM

The dynamic aspects of nuclear reactors have been studied and described in general for
decades, (Reference 28). The dynamics of the BWR have been studied in
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extensive detail due to the greater concern for neutronic-thermal-hydraulic stability resulting
from operation in the presence of moderator voids (References 29, 30, 31, 32, 33, and 34).
Most of the more than two dozen instability events that have occurred world-wide in BWRs are
the result of special stability tests. However, some have occurred during normal operation
resulting in reactor shutdown. The basic cause of this type of instability is a change in reactivity
caused by void fraction fluctuations.

Three modes of density wave oscillation are considered for analysis using the POLCA-T
thermal-hydraulic computer code: tore-wide (or in-phase) mode, regional (out-of-phase) mode,
and channel mode. In the case of the core-wide instability mode, the power and flow of the
entire core oscillate in-phase. On the other hand, in the case of the regional instability, the
power and flow in one half of the core oscillate out-of-phase with the power and flow in the other
half of the core. In the case of the channel instability, the flow oscillates in one channel
independently of the remainder of the core.

Extensive discussion has been provided in Reference 34 regarding the complex nature of
boiling water reactor dynamics. In summary of that discussion, the oscillatory response of the
BWR depends on the movement of density waves through the core, coupled with neutronic
feedback. The density wave causes a delay in the local pressure drop due to a change in inlet
flow. The sum of all local pressure drops may then result in a local drop that is out-of-phase
with the inlet flow.

The neutronic feedback is a function of the neutron dynamics, the fuel dynamics, the local
.thermal-hydraulics, and the reactivity feedback dynamics.

Prediction of power-flow oscillation, or instability, thus necessitates the ability to accurately
characterize the thermal-hydraulic dynamics, especially voiding and two-phase flow, along with
an accurate characterization of the neutronic dynamics. Previous NRC staff safety evaluation
reports, References 9 and 2 provide the details of reviews of the nuclear design methodology
and the thermal-hydraulic basis. The current neutronic - thermal-hydraulic dynamic
methodology is based on these approved methods. Reference 7 provides the details of
previously approved stability methods. The present review must bring the two together and
determine the adequacy of POLCA-T to predict the stability of modern BWRs.

Previous stability modeling efforts, such as the LAPUR methodology developed by the NRC
adopt a frequency domain (as opposed to a time domain) solution methodology to determine
the decay ratio associated with a particular plant configuration. The LAPUR method combines
neutron kinetic and thermal-hydraulic models in the frequency domain to determine the open
loop transfer function (OLTF). The OLTF is a feedback loop modeled to include all of the
dynamic feedback mechanisms arising from density wave propagation through the reactor.

In a case where a system is truly unstable, the OLTF is able to propagate the excitation via
feedback mechanisms once the initial perturbation is removed. According to the Nyquist
theorem, in a frequency domain, the response of the OLTF can be used to determine if a
system is unstable by observing if this response passes through or encircles the negative unity
point on the real axis (Reference 37).

In essence, the OLTF is a characteristic function of the reactor system given its configuration
and conditions. As the point of interest is the negative unity point on the real axis, the actual
mechanism of the perturbation to the system is moot, since the system will self-sustain an
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excitation at this point. Typically, the transfer functions analyzed by the LAPUR code are OLTF
for the core natural frequency and the decay ratio, as well as the reactivity-power closed loop
transfer function (CLTF). The code outputs the Nyquist plot for each OLTF (Reference 34).

In many cases, the OLTF response for a real reactor system will not pass through the negative
unity point for its operating conditions. The decay ratio is then used as a measure of the
damping of oscillations for situations where oscillations are not self-excited by the system. The
decay ratio is calculated by determining the distance in the frequency domain between the
negative unity point on the real axis and the nearest point on the OLTF response locus; thereby
establishing the margin to the onset of instability.

The decay ratio, therefore, is a parameter that characterizes the system given its conditions,
and is a measure of the system's margin to instability.

In the time domain, a decay ratio of unity indicates an oscillatory mode that is exactly
self-excited, and the oscillation would continue without an external mechanism driving it. A limit
cycle oscillation of this type is the oscillation for a given system that once it is excited, will return
to the same oscillation if additional higher modes are excited and allowed to decay. A limit cycle
oscillation with a decay ratio of unity would therefore be sinusoidal after sufficient time has
passed for higher order damped modes to decay.

Decay ratios less than unity indicate that the reactor system is stable as responses to a
perturbation in these cases self dissipate or dampen. While an initial perturbation may excite
several different modes of oscillation, the primary interest is that mode which is nearest to the
limit cycle oscillation as the others will decay rapidly after the external driving mechanism is
removed. The decay ratio is most easily inferred from the transient response by taking the ratio
of a peak in the oscillatory response to a previous peak.

Westinghouse proposes to use the POLCA-T time domain code to perform stability analyses. In
the time domain, the OLTF is not calculated directly. Instead, an artificial perturbation (i.e., an
external driving mechanism) is applied to the system. In these cases, the steady state solution
is changed by varying the reactor control state (typically). The external driving force is then
removed by returning the reactor to its steady state control state, and the code predicts the
transient behavior of the system.

The decay ratio is then inferred by observing the transient response. While this means for
determining the decay ratio is less direct than calculating the OLTF in the frequency domain,
and in many ways more computationally expensive, the decay ratio remains a characteristic
parameter of the core for its given conditions. The decay ratio is determined based on the ratio
of subsequent positive peaks in the transient response trace. Given that the response is not a
perfect analytical solution, this ratio should be calculated while the positive peaks are relatively
large to prevent masking from numerical noise.

The larger peaks tend to occur early in the transient before significant damping has occurred.
However, in the very earliest stages of the transient, higher order modes of oscillation (many
points on the OLTF locus) may be excited. However, these rapidly decay compared to the
fundamental mode - which is nearest to the limit cycle. Therefore, a balance in each calculation
must be preserved to ensure that the selected peaks in the transient response are not too early
in the transient, yet not too late in the transient.
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3.3.3.2 Scope of the Review

Section 3.1.2 of this safety evaluation report documents the NRC staff's review of the basic
models and formulae that comprise the POLCA-T basic code system. The scope of the NRC
staff's review in terms of their application to stability is limited to review of those models
specifically related to the important phenomena affecting reactor stability, the exercise of the
code to evaluate stability, and the assessment of the uncertainties in developing acceptance
criteria.

3.3.3.3 Phenomenology Important to Boiling-Water Reactor Stability

Section 3.3.3.1 provides an overview of the basic phenomena driving reactor instability;
therefore, the NRC staff review is focused on assessing the acceptability of the POLCA-T
methodology in regards to the following important phenomena for stability evaluation:

" Acceptable neutronic and thermal-hydraulic coupling to account for the void reactivity
feedback mechanisms

" Acceptable fluid flow modeling to characterize density wave propagation in the core
" Acceptable fluid flow models to capture transient flow regime transition
" Appropriate nodalization, iteration, and time step size control to adequately model

instability phenomena without artificial numerical damping or artificial numerical-induced
oscillations.

* Acceptable pressure drop models to adequately capture the phase lags associated with
single and two-phase pressure drops.

" Acceptable fuel rod modeling to determine the fuel time constant
" Acceptable methods for determining the first harmonic mode flux shape in order to

ensure that regional mode perturbations excite those oscillations nearest to the limit
cycle.

The NRC staff requested that Westinghouse provide PIRT for stability analyses in RAI 6-33. In
response to RAI 6-33, Westinghouse provided a stability PIRT (Reference 54). The NRC staff
reviewed the contents of the PIRT for completeness and reviewed the rankings for the individual
phenomena to ensure that the highly important phenomena were identified. The detailed NRC
staff review is documented in Appendix A of this SE. The NRC staff found that the PIRT reflects
those phenomena identified by the NRC staff as having a significant influence on the evaluation
of channel, regional, and core-wide stability.

The NRC staff reviews the PIRT against the modeling capabilities of the methodology to ensure
that all important phenomena are captured in the evaluation model. In the case of the POLCA-T
application to stability analyses, the [

] Therefore, the NRC staff did not consider the PIRT directly
in its review of the uncertainty assessment. Rather, the NRC staff used the PIRT and the
general code information and component model qualification supplied in RAI responses to
assess the capabilities of POLCA-T. As documented in greater detail in Appendix A of this SE,
the NRC staff found that the highly ranked PIRT phenomena were represented by acceptable,
qualified models in the POLCA-T code system.
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3.3.3.4 Stability Methodology

For core-wide and regional stability analysis, the figure of merit is the decay ratio. Generally,
POLCA-T is used to infer the decay ratio by performing transient calculations. These
[

] The process for
performing these calculations is described in Section B.3 of the TR (Reference 1). This
calculational process is substantially similar to the RAMONA-3B process previously approved
by the NRC (References 6 and 7). Since the backup stability protection analysis method is
predicated on analyzing the decay of an oscillation, the method may only be applied for initial
steady state conditions and not during a transient.

Steady State Evaluation Condition
The POLCA-T core stability methodology is only approved for determining the decay
ratio by perturbing otherwise steady state conditions.

While the NRC staff has found the overall methodology acceptable, time domain stability
analysis techniques are highly sensitive to the manner in which the calculations are performed.
In particular, the propagation of density waves is a key phenomenon in the acceptable modeling
of BWR stability performance. When inappropriate time step controls, node sizes, or time
integration techniques are employed, the transient solution may be susceptible to artificial
numerical instabilities or numerical damping. The approval of a time domain stability
methodology for BWRs, therefore, requires the NRC staff's review of the methods for
developing acceptable nodalization schemes and review of those methods for assuring that
transient core models are developed adequately to ensure artificial numerical effects do not
adversely impact the predicted transient core behavior.

In particular, simulated oscillations may be numerically enhanced or damped depending on the
input options selected for the: time integration technique, node size, time step size, iteration
scheme, perturbation method, or other input options in the codes used to generate the nuclear
data. A key example of the sensitivity of a stability analysis to an analysis input is the selection
of a time integration scheme. If fully-implicit time integration is used to analyze the oscillations,
the calculated oscillations are artificially damped. This artificial damping would result in a non-
conservative prediction of the decay ratio. Therefore, the NRC staff requested detailed
information regarding the stability methodology to ensure that the predicted decay ratios are
accurate. This information was requested in several RAIs.

Another important part of the overall stability methodology is the selection of the limiting initial
conditions for the transient calculation. The stability of the reactor is a strong function of
particular plant parameters that may vary with cycle exposure. The NRC staff conducted a
review of the determination of the limiting initial conditions as well.

3.3.3.4.1 Time Integration

In RAI 6-24, the NRC staff requested additional information regarding the degree of semi-
implicitness in the time integration scheme for the POLCA-T stability analyses. In the response
to RAI 6-24, Westinghouse provided [

] The POLCA-T results were compared to the analytical solution to determine the
degree of numerical damping. The results indicate that a [

] insignificant numerical damping (Reference 50).
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In RAI 6-19, the NRC staff requested that Westinghouse perform a sensitivity analysis to
demonstrate that the standard production analysis inputs did not result in numerical damping.
This analysis was predicated on the propagation of a temperature oscillation through a channel
using the semi-implicit time integration technique. The results were provided to the NRC staff in
Reference 50. The NRC staff reviewed the inlet and outlet temperature oscillations and
confirmed that no numerical damping was introduced using the standard analysis inputs.

The NRC staff has reviewed the sensitivity analyses and concurs with Westinghouse's
assessment that: (1) [
and (2) that the [

] stability analyses. The NRC staff imposes the condition that the [
]

Semi-Implicitness Condition 8

[I

3.3.3.4.2 Nodalization

In RAI 6-3, the NRC staff requested that Westinghouse describe the process for generating an
appropriate nodalization for models used in stability analysis. The response to RAI 6-3 states
that the [

] (Reference 48).

As stated in Section 3.3.1, the NRC staff has previously imposed nodalization conditions on the
RAMONA-3B time domain stability methodology. These conditions specified requirements for
the axial and radial nodalization. In the POLCA-T methodology, the [

]
Therefore, the NRC staff does not explicitly impose any nodalization conditions for the core
model in the current SE noting that the analysis method inherently elects an appropriate
nodalization.

However, when using [

]
through the POLCA-T core model. The response to RAI 6-3 provides the description of the
standard production process for RCS nodalization, which is consistent with the POLCA-T
qualification calculations. This standard process is a reasonable basis for determining
nodalization for the RCS. Therefore, the NRC staff finds that the nodalization methodology is
acceptable.

3.3.3.4.3 Time Step

During an on-site audit, the NRC staff identified an open item (Open Item 2) and issued
RAI 4-11 requesting that Westinghouse address the time step size for stability calculations
(Reference 47). Westinghouse provided this information as a supplement to the response to
RAI 4-8 (Reference 54). The response states that the Westinghouse standard production

8 See also the NRC staffs review of the response to RAI 6-24 in Appendix A.
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process [ ] The response states that the
[ ] and was selected based on
several parametric studies. The NRC staff reviewed the response and finds that: (1) [

] and (2) the uncertainties developed from the qualification analyses are
consistent with the standard production techniques.

On the basis that the [ ] the
POLCA-T model (and hence numerical damping will be minimized), the qualification analyses
were performed using an acceptable methodology. Secondly, since the qualification analyses
are consistent with the standard production techniques, the uncertainties developed for the
decay ratio are applicable to the POLCA-T stability methodology used for licensing calculations.
The NRC staff [

]

Time Step Condition 9

POLCA-T decay ratio analyses will be performed [

] To
use a different time step, POLCA-T must be re-qualified against a representative sample
of benchmark cases.

The re-qualification shall consider a representative sample of the cases provided in the TR
Appendix B. The purpose of the re-qualification is to establish if analyses performed using a
revised time step result in analysis results that are either conservative or essentially the same.
Here, essentially the same means no significant change in the prediction uncertainty or bias. If
the re-qualification indicates that the results are essentially the same or conservative,
Westinghouse may adopt the new time step without review and approval by the NRC.
However, use of a revised time step must be documented in the Westinghouse Reload Safety
Evaluation (WRSE) provided to the licensee for their retention.

3.3.3.4.4 Iteration Scheme

In RAI 6-23, the NRC staff requested additional information regarding the iteration scheme for
stability analyses. In particular, the NRC staff requested that Westinghouse confirm that
sufficient nuclear iterations are performed between thermal-hydraulic iterations to ensure
adequate convergence of the transient power and flow response during simulated oscillations.
The response to RAI 6-23 states that the nuclear and thermal-hydraulic calculations are both
performed during each outer-loop iteration (Reference 50). The NRC staff reviewed this
information and agrees that this ensures that an adequate number of nuclear iterations are
performed to model the moderator feedback phenomena for stability evaluations.

3.3.3.4.5 Perturbation (Disturbance) Method

In order to [

9 See also the NRC staffs review of the response to RAI 4-8 in Appendix A.
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The NRC staff reviewed the [
] In RAI 6-14, the NRC staff requested additional information regarding the

sensitivity of the time domain results to the type of disturbance applied. Westinghouse provided
sensitivity studies in response to RAI 6-14 (Reference 48). The detailed NRC staff review of
this information is provided in Appendix A of this SE. The NRC staff found that the variation in
the decay ratio with each alternative perturbation was insignificant compared to the decay ratio
uncertainty. Good agreement between the predicted decay ratios provides reasonable
assurance that the time domain systems model is appropriately modeling the same feedback
mechanisms one would utilize in a frequency domain transfer function model.

However, the NRC staff requested additional information in RAI 6-21. It is possible, and likely,
that the initial perturbation may excite several instability modes. For instance, if a sufficiently
large reactivity perturbation is applied, it may be large enough to excite several higher harmonic
modes depending on the eigenvalue separation of those modes. The higher modes will decay
at a significantly higher rate than the first excited mode. Therefore, when inferring the decay
ratio from the transient response, appropriate methods must be applied to ensure that the decay
ratio is not underestimated by crediting the rapid decay of higher modes.

In response to RAI 6-21, Westinghouse provided additional descriptive details of the
methodology for inferring the decay ratio (Reference 48). The response states that [

] The NRC staff
finds that this methodology allows for the accurate prediction of the decay ratio of the first
excited mode, and is therefore, acceptable.

On these bases, the NRC staff finds that the disturbance methodology described in the subject
TR for all three stability modes (channel, core-wide, and regional) is appropriate and
acceptable.

3.3.3.4.6 Determination of the Limiting Initial Conditions

Section B.9 of the TR describes the use of POLCA-T as a replacement for RAMONA-3B in the
stability analysis framework described in the approved RAMONA-3B TRs (References 6 and 7).
Specifically, the TR references step 3 in the overall Westinghouse stability methodology:
--Establishes the process for identifying the limiting plant conditions to be evaluated." This

process is described in greater detail in the referenced TR (CENPD-295-P-A, Reference 1 in the
subject TR, Reference 7 in this SE).

Section 5.1.3 of Reference 7 describes the method by which the limiting initial conditions are
established. The process relies on comparison of key parameters affecting the reactor stability.
These parameters are provided in Table 5-3 of the same TR. The [

]
Section 5.1.3 of Reference 7 states that several exposure points over cycle depletion are
considered. These exposure points are used with the parameters in the table to determine the
limiting initial conditions. In cases where several points are potentially limiting, the TR specifies
that several exposure points must be considered to establish the limiting initial conditions.
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The NRC staff has previously approved this methodology for selecting the limiting initial
conditions. Additionally, Table 5-3 of Reference 7 correctly identifies those parameters having
the greatest influence on the plant stability. Therefore, the NRC staff finds that the rationale
behind the selection process remains justified, even considering modern operating strategies.
The methodology is also robust in terms of explicit evaluation of all potentially limiting
conditions. Therefore, the NRC staff is reasonably assured that the initial conditions identified
by the stability analysis methodology will represent the actual limiting plant conditions for the
cycle analyzed.

3.3.3.4.7 Methodology Aspects Unique to Regional Mode Oscillations

The NRC staff identified three aspects of the stability evaluation methodology that are unique to
regional mode oscillations. These include: (1) the potential for asymmetric bypass void
formation, (2) the methodology for determining the regional symmetry plane, and (3) the efficacy
of the methodology for evaluating steep radial flux gradients.

3.3.3.4.7.1 Bypass Void Formation Under Natural Circulation Conditions

Bypass void formation is the subject of RAI 6-6 and RAI 6-33S1. In the stability PIRT,
Westinghouse identified bypass void formation as an important phenomenon in the simulation of
regional mode oscillations (Reference 54). Therefore, the NRC staff considered the
POLCA-T methodology for taking into account the reactivity feedback mechanisms associated
with bypass void formation.

The response to RAI 6-6 provides a description of the POLCA7 method for [
] This is

] Nuclear
parameters are calculated [

] (Reference 48). The NRC staff reviewed this
methodology and found that it captures the first order effect of the void formation on the neutron
spectrum. Since the bypass void fractions tend to be small, even under conditions of natural
circulation, the NRC staff finds that the methodology will be acceptably accurate to capture the
phenomenon.

However, the NRC staff requested additional information in RAI 6-33S1. Several options exist
in POLCA-T to model the core bypass. [

] Under
conditions of regional oscillations, the total core power and total core pressure drop do not vary.
Therefore, while local bypass conditions may change based on the transient reactor power
response during a regional oscillation, [

] (see Section 3.3.3.4.7.2)). The NRC staff requested that Westinghouse justify the
POLCA-T bypass nodalization for regional mode analysis in RAI 6-33S1.

The response describes the methodology employed by Westinghouse to determine the effects
of local dynamic bypass void formation on the regional mode oscillation (Reference 66). The
NRC staff has reviewed this method as documented in Appendix A of this SE. The NRC staff
found that the methodology is appropriate and acceptable. The NRC staff, however, imposes
the condition that this method be used to determine the impact (if any) of local dynamic bypass
void formation on the regional mode oscillation decay ratio.
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Bypass Channel Modeling for Regional Mode Oscillations Condition'°
When performing regional mode stability analyses, the significance and impact of
dynamic bypass void formation must be assessed using the methodology described in
the response to RAI 6-33S1 (Reference 66).

On a cycle-specific basis, compliance with the Bypass Channel Modeling for Regional Mode
Oscillations Condition must be documented in the WRSE for retention by the licensee.

3.3.3.4.7.2 Determination of the First Harmonic Symmetry Plane

The NRC staff requested additional clarifying information in RAI 6-18 regarding the regional
stability analysis methodology. Without specific analyses, it is not possible to infer the regional
mode symmetry plane. The shape of the first harmonic flux determines the location of the
regional mode power peaks. Westinghouse provided additional information in RAI 6-18
regarding the methodology for regional mode analyses. There are [

] (Reference 50).

The NRC staff has reviewed [

] (Reference 65).

[ ] the NRC staff requested additional
information in RAI 6-7. The subject of RAI 6-7 is the capability of POLCA-T to predict the onset
of an oscillation if unstable reactor conditions are present. The response to RAI 6-7 provides
assurance that POLCA-T [

] (Reference 48). When considered in tandem with the SVEA-96 Optima2
stability tests and analyses in Section B.6.1 of the TR, the NRC staff finds that there is
reasonable assurance that POLCA-T will calculate density wave oscillations when the
appropriate conditions are encountered. Therefore, the NRC staff finds that there is reasonable
assurance that the [

]

The response to RAI 6-29 also refers to a method for demonstrating that regional mode
oscillations [

] (Reference 65). This [

I
Therefore, the NRC staff finds that the approach is acceptable. In its review of this approach,
the NRC staff states specific requirements for the usage of this method in its SE

10 See also the NRC staffs review of the response to RAI 6-33 in Appendix A.
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attached to CENPD-295-P-A (Reference 7). The NRC staff finds that these conditions for the
instability-threshold power calculations are likewise applicable to POLCA-T.

Therefore, the NRC staff imposes these conditions on the POLCA-T [
methodology.

The NRC staff likewise [

] Similarly, during a regional mode
oscillation, the power on one side of the core will increase while it will decrease in the symmetric
side of the core. [

On the basis of these methods, the NRC staff finds that the POLCA-T methodology has
sufficient capability to determine the regional mode symmetry plane. Once the symmetry plane
is inferred, an appropriate regional disturbance can be applied to excite the regional mode
oscillation. Therefore, the NRC staff finds that the methodology is acceptable.

3.3.3.4.7.3 Radial Flux Gradient Modeling

Modeling of regional mode instabilities requires that the POLCA-T neutronic engine reliably
predict radial flux gradients that are generally greater than those experienced during normal
operation. This capability is required to capture the power peaking that occurs at the maxima of
the radial flux higher harmonic shape. The NRC staff requested additional information in
RAI 6-17 and RAI 6-22 regarding the uncertainty analysis for the regional mode oscillation
decay ratio. In RAI 6-17, the NRC staff notes that radial flux gradients are expected to be
greater, and that the body of qualification data does not necessarily capture the expected radial
power shapes encountered during regional mode oscillations. Westinghouse provided
additional information in References 48, 50, and 52.

As described in greater detail in Appendix A of this SE, the NRC staff reviewed the available
qualification data justifying the applicability of the POLCA7-based kinetics engine to model
sharp radial flux tilts as well as the qualification of the POLCA7 predicted [

]
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] the NRC staff finds that the available data to qualify the
methodology are sufficient to justify equivalent capability of POLCA-T to model regional and
core-wide oscillations.

3.3.3.4.8 Methodology Aspects Unique to Channel Oscillations

When determining the thermal-hydraulic stability of particular channels, the channel decay ratio
is calculated without neutronic feedback (Reference 1). The assumption in the analysis is that

In order to determine the decay ratio, the transient channel flow rate is used instead of power
indications. The NRC staff reviewed this methodology and found it appropriate, as this is a
direct measure of the degree to which the flow oscillation is damped.

Another feature of the channel oscillation methodology is that the reactor core pressure drop
must be fixed because it is controlled by the rest of the core, which does not oscillate. This
calculation is easily performed using the same POLCA-T model as was used for the core-wide
or regional mode decay ratio calculations. As the core is comprised of many fuel bundles,
however, a process must be established to determine the most unstable fuel bundle in order to
evaluate the channel oscillation stability margin. The NRC staff has previously approved a
process in CENPD-295-P-A to determine the potentially limiting fuel bundles (Reference 7).
The [

I The
selection process must consider the [

] to ensure that all of the potentially limiting fuel channels have been selected for

specific evaluation of the channel decay ratio. Therefore, the NRC staff imposes a condition on
the channel stability evaluation process.

Selection of Potentially Limiting Bundles for Channel Decay Ratio Calculations
The method for identifying the potentially limiting fuel bundles for specific decay ratio
evaluation on a cycle specific basis must conform to steps (3) and (4) of Section 5.1.4.2
of CENPD-295-P-A (Reference 7).

On a cycle-specific basis compliance with the Selection of Potentially Limiting Bundles for
Channel Decay Ratio Calculations Condition must be documented in the WRSE for retention by
the licensee.

3.3.3.5 Qualification Basis

Many stability measurements were included in the qualification. These include both reactor
stability tests and loop experiments. For the cores considered in the core-wide oscillation
qualification, the [

I Channel oscillations
were benchmarked against stability testing of the SVEA-96 Optima2 bundle design at the
FRIGG test loop. [ I
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In response to RAI 6-12 and RAI 6-35, Westinghouse provided additional descriptive details of
the plant conditions present during the stability tests referenced in the TR (References 48 and
52).

3.3.3.5.1 Core-Wide Oscillations

The core-wide oscillation modeling capability of POLCA-T was [
] The auto-regressive moving average

technique (ARMA) was used to analyze signal-to-noise data during testing to determine the
decay ratio.

The NRC staff compared the decay ratio prediction error to the measured decay ratio and
plotted the data in Figure 3.3.3.5.1.1. The [

] In RAI 6-8, the NRC
staff requested that Westinghouse provide additional details regarding the capabilities of
POLCA-T to predict decay ratios for reactor cores that are highly stable. In response to
RAI 6-8, Westinghouse stated that the [

Therefore, given the intended application, the [
] (References 48).

The NRC staff notes, POLCA-T generates [
] This result is important since a time domain method [

] The initial perturbation to a steady state condition may excite many
oscillatory modes above the mode closest to the limit cycle. If these higher modes are excited
by the initial perturbation, then they will decay rapidly in the early transient response and may
lead to a non-conservative calculation for the decay ratio if the earliest part of the transient
response is used to determine the decay ratio. The precise methodology for inferring the decay
ratio [

[
] The NRC staff[

] Using the
[I ] the NRC staff plotted the measured and calculated decay ratios as a
function of the power-to-flow ratio. Increasing power-to-flow ratios typically results in a small
boiling length in the core. The smaller boiling length typically means a higher two-phase to
single-phase pressure drop ratio, and subsequently higher decay ratios. The single-phase
pressure drop is always in-phase with the core flow, while the two-phase pressure drop is
out-of-phase; as the ratio of two-phase to single-phase drop ratio increases the core becomes
more susceptible to core-wide oscillations because of the phase lag for the two-phase pressure
drop.
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The measured decay ratio data is plotted in Figure 3.3.3.5.1.2; the calculated decay ratio is
plotted in Figure 3.3.3.5.1.3. The [

] This is
best illustrated for the [ ] where the calculated decay ratios are
closely correlated with a linear trend line with the power-to-flow ratio. The NRC staff also found
that the calculated [

] whereas the trend lines for the [
I

The [ ] cores were mostly comprised of [
] The qualification dataset supports the determination that the POLCA-T

stability evaluation methodology captures the effects of important physical processes on
instability margin based on density wave phenomena, however, the qualification dataset
provides an indication that plant and cycle conditions may [

] The NRC staff provided
another plot in Figure 3.3.3.5.1.4 demonstrating the trend in [

] When these subset of data are
compared, the trend lines are in good agreement with the calculated values and trends in the
decay ratio provided in Figure 3.3.3.5.1.3. The NRC staff notes that [

] Therefore, the [

] However, the
NRC staff further notes that the methodology is applied to analyze those conditions where the

reactor is [

The NRC staff requested additional information in RAI 6-35 in order to [
] on the same basis. As described in greater detail in Appendix A

of this SE, the NRC staff used the data from the response to construct [ ]
(Figures A.6.1 through A.6.3). The results indicate the [

] The NRC staff similarly provided a plot of the ratio of the
calculated-to-measured decay ratio as a function of the power-to-flow ratio multiplied by the
nodal peaking factor. The [

] Therefore, the
NRC staff finds that the qualification [ ] in the
POLCA-T methodology.

The NRC staff compared analytic results predicted using POLCA-T to calculations performed
using the NRC staff's independent TRACE-PARCS code system. The NRC staff compared the
[ ] calculated decay ratio and frequencies to equivalent
predictions performed using both codes with consistent perturbations. The NRC staff decay
ratio calculations were performed using the TRACE v50rc3eplm version of the TRACE code
(Reference 61). The comparison is provided in Table 3.3.3.5.1.1. The results indicate that the
POLCA-T calculations are in [ ] with the measurements both in terms of the
decay ratio and the frequency.

Calculated and measured decay ratios for the [
] were plotted simultaneously in Figure B.7-2 of the TR. The NRC staff reviewed

the figure and found that POLCA-T does not appear to indicate any [ I
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[ ] in the predicted decay ratio based on
fuel type, core size, reactor power, operating domain, or plant design. The comparisons
indicate that the POLCA-T stability methodology is particularly robust based on demonstrated
performance over various reactor conditions ranging from stable conditions to nearly unstable
conditions. Therefore, the NRC staff concludes that inferring a model uncertainty from these
data is applicable to a wide range of reactor conditions.

3.3.3.5.2 Channel Oscillations

The capabilities of POLCA-T to predict channel instability phenomena were demonstrated in the
TR through comparisons against stability tests performed for a SVEA-96 Optima2 sub-bundle.
POLCA-T was used to predict the bundle power for the onset of thermal-hydraulic channel flow
oscillations. The [ . ] The NRC
staff finds that the qualification provides reasonable assurance that: (1) POLCA-T has the
capability to predict the onset of thermal-hydraulic instability, and (2) that the density wave
capabilities are sufficient to accurately predict the oscillatory phenomena for channel analysis.

In RAI 6-11, the NRC staff requested additional information regarding the applicability of the
methodology to legacy fuel. The response provides the results of sensitivity analyses that
bound the uncertainty in loss coefficient factors. The sensitivity analysis results [

] The response also states that the [ ] treated in
the analysis methodology based on information provided by the utility for legacy fuel (Reference
48). Additional descriptive details of the sensitivity analyses and the NRC staff review are

contained in Appendix A of this SE. On these bases, the NRC staff finds that the application of
the POLCA-T methodology to legacy fuel will not have an adverse effect on the efficacy of the
code to predict the channel stability characteristics.

3.3.3.5.3 Regional Oscillations

The NRC staff requested additional information in RAI 6-32 regarding the regional mode
oscillation test performed at [ ] Specifically, the [ ]
performed during the test was done at conditions where the reactor was [

] The NRC staff requested that Westinghouse perform
qualification analyses and provide detailed POLCA-T analysis results and to also compare the
results to the previously approved RAMONA-3B code.

The response to RAI 6-32 provides a description of the calculation and also provides plots of
key variables, namely [ ] (Reference 65). The
NRC staff reviewed the qualification information provided and determined that POLCA-T
accurately predicts the regional mode oscillation [

] When compared against the RAMONA-3B calculations, the POLCA-T results[

The NRC staff finds that the [ ] a comprehensive integral basis for the
qualification of the code to [ ] The NRC staff found the
performance of the POLCA-T methodology to replicate the [

] when compared to the previously approved method. Therefore, the
NRC staff is reasonably assured that POLCA-T is capable of regional mode decay ratio
calculations.
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3.3.3.5.4 Uncertainty Assessment and Acceptance Criteria

The code qualification includes full scale integral tests. These tests include regional mode
oscillation tests performed at [ ], core-wide oscillation tests performed at [

] and channel stability tests performed for SVEA-96 Optima2. The
qualification data are used to determine the uncertainty in the POLCA-T predicted decay ratio
for the purpose of determining an acceptance criterion for the decay ratio, below which, the
likelihood of an unstable oscillation to develop is sufficiently small that one is reasonably
assured that they will not occur.

[

] In RAI 6-5, the NRC staff requested that Westinghouse provid additional details
regarding the determination of the measurement uncertainty. Westinghouse provided an
acceptable response describing how the measurement uncertainty was determined (References
50 and 52). In RAI 6-17, the NRC staff requested that Westinghouse [

] In the responses to RAI 6-17 and RAI 6-22,
Westinghouse provided an adequate justification [

] (References 48, 52, and 50).

The NRC staff finds that the core-wide oscillation assessment database provides an adequate
basis to determine that there are [

] The NRC staff finds that [
The NRC staff furthermore concludes that determining the [

] the
uncertainty in the POLCA-T methodology.

The decay ratio acceptance criterion is defined in terms of the prediction uncertainty and any
design margin. The NRC staff requested additional information regarding the adequacy of the
decay ratio acceptance criterion in RAI 6-16. In response to RAI 6-16, [

] (References 48 and 65). The NRC staff
reiterates its position in terms of the decay ratio acceptance criterion as a condition.

Decay Ratio Acceptance Criterion1'
The decay ratio acceptance criterion shall be [

Westinghouse has revised the decay ratio acceptance criterion to be consistent with the NRC
staff's condition. Therefore, the NRC staff finds that the revised decay ratio acceptance criterion
provides sufficient margin to provide reasonable assurance to protect against the onset of
reactor instabilities.

3.3.4 Long Term Stability Solutions

The NRC staff has reviewed the POLCA-T calculational methodology insofar as it is used to
predict the decay ratio for various oscillatory modes and reactor conditions. The NRC staff
requested additional information based on Section B.9 of the subject TR regarding the use of

" See also the NRC staffs review of the response to RAI 6-16 in Appendix A.
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POLCA-T within the reload licensing framework for the various approved long term stability
solutions (LTSs). In particular, the subject TR Appendix B references CENPD-295-P-A
(Reference 7) in terms of the reload licensing methodology.

Reference 7 provides specific information for the reload licensing approach for plants
implementing the following BWROG interim and LTSs: Interim Corrective Actions (ICA)12,
Option Enhanced I-A (Option EIA), Option I-D, Option II, and Option Ill. These solutions and the
applicable analysis methodologies are provided in References 10, 11, 15, 16, 55, and 56.

The NRC staff requested additional information in RAI 6-4 and RAI 6-25 regarding the
integration of POLCA-T in the LTS licensing methodology. The response to RAI 6-4 states that
POLCA-T is used only to predict the decay ratio [

] (Reference 50). The particular selection of reactor conditions was evaluated by
the NRC staff in Section 3.3.3.4.6. The response to RAI 6-4 states that certain licensing
analyses relevant to establishing cycle-specific LTS parameters, [

The subset of analyses in the host of LTS options where decay ratio calculations are performed
is limited to those options that specify an exclusion or a controlled region on the power/flow
operating map or require evaluation of regional, core, and channel decay ratio. These solutions
include Option EIA, Option I-D, Option II, and back-up stability protection (BSP) for Option Ill
plants. The specific implementation of POLCA-T for each of these LTSs was provided for the
NRC staff's review in response to RAI 6-25 (Reference 65). The detailed NRC staff's review of
the response is provided in Appendix A of this SE; the NRC staff found that the implementation
was acceptable.

For several LTS options, it has historically been the practice to evaluate the likelihood of
developing unstable regional mode oscillations based on a correlation of the core and channel
decay ratios (see Figure 3-3 of Reference 7). These historical approaches were developed to
simplify the evaluation the regional mode directly with one-dimensional methods. As POLCA-T
includes the three-dimensional capability implicitly, the NRC staff imposes a condition requiring
explicit regional mode assessment. This condition is consistent with analytical approach
illustrated in Figure 3-2 of Reference 7.

Regional Oscillation Likelihood Assessment Condition
LTS evaluations of the likelihood of regional mode oscillations require explicit evaluation
of the regional mode decay ratio. Calculation of the regional mode decay ratio requires
that analyses be performed using a full core model.

The NRC staff notes that the decay ratio analysis is [

] Therefore, the NRC staff imposes the condition that the use of POLCA-T
for LTS options requiring the determination of decay ratios requires that the analysis be
performed on a cycle-specific basis.

12 ICAs were implemented in plant licensing bases prior to development and widespread implementation of the

BWROG LTSs. They are mentioned here for completeness based on the contents of CENPD-295-P-A.
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Cycle Specific Long Term Stability Solution Analysis Condition
The use of POLCA-T to determine decay ratios requires that the analysis be performed
on a cycle-specific basis.

The NRC staff has not reviewed the use of POLCA-T for relevant stability analyses other than
the prediction of the core-wide, regional, and channel decay ratios. Where applicable in the
licensing methodology, the NRC staff finds it acceptable to utilize POLCA-T and the associated
acceptance criteria for decay ratio calculations within the approved LTS licensing frameworks.
Other analyses such as the calculation of the Delta Critical Power Ratio versus Oscillation
Magnitude (DIVOM) curve slope using POLCA-T, have not been reviewed by the NRC staff.
Therefore, these analyses must be performed using the historically approved methods, unless
Westinghouse submits additional information in the form of POLCA-T TR appendices to justify
the use of POLCA-T for these alternative purposes for NRC review and approval.

The NRC staff's review of POLCA-T is limited to the calculation of decay ratios for use within the
BWROG LTSs relying on the calculation of exclusion regions. The BWROG LTSs and the
associated procedures for establishing the appropriate exclusion regions are described in
References 15, 16, and 11. Any deviation from these BWROG LTS procedures requires
justification prior to implementation.

Long Term Stability SolutionProcedures Limitation
The NRC staff's review of POLCA-T does not include any modification to the BWROG
LTSs. Therefore, any deviation from the approved BWROG LTS procedures requires
justification prior to implementation.

The NRC staff has not performed a generic review of the applicability of the BWROG LTSs to all
expanded operating domains mentioned in Section 3.1.6. The NRC staff's review of the
POLCA-T methodology to predict the decay ratio for plants with expanded operating domains
does not herein constitute the NRC staff's approval of the BWROG LTSs for these domains.

3.3.5 Conditions, Limitations, and Restrictions

This section of the SE provides a comprehensive listing of those conditions, limitations, and
restrictions that are applicable to the use of POLCA-T for stability evaluations.

3.3.5.1 Steady State Evaluation Condition (Section 3.3.3.4)

The POLCA-T stability methodology is only approved for determining the decay ratio by
perturbing otherwise steady state conditions.

3.3.5.2 Semi-Implicitness Condition (Section 3.3.3.4.1)

[ 1

3.3.5.3 Time Step Condition (Section 3.3.3.4.3)

POLCA-T decay ratio analyses will be performed [

] To use a different time step,
POLCA-T must be re-qualified against a representative sample of benchmark cases.
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3.3.5.4 Bypass Channel Modeling for Regional Mode Oscillations Condition (Section
3.3.3.4.7.1)

When performing regional mode stability analyses; the significance and impact of dynamic
bypass void formation must be assessed using the methodology described in the response to
RAI 6-33S1 (Reference 66).

3.3.5.5 [ ] (Section 3.3.3.4.7.2)

3.3.5.6 Selection of Potentially Limiting Bundles for Channel Decay Ratio Calculations (Section
3.3.3.4.8)

The method for identifying the potentially limiting fuel bundles for a specific decay ratio
evaluation on a cycle-specific basis must conform to steps (3) and (4) of Section 5.1.4.2 of
CENPD-295-P-A (Reference 7).

3.3.5.7 Decay Ratio Acceptance Criterion (Section 3.3.3.5.4)

The decay ratio acceptance criterion shall be [

I

3.3.5.8 Regional Oscillation Likelihood Assessment Condition (Section 3.3.4)

LTS evaluations of the likelihood of regional mode oscillations require explicit evaluation of the
regional mode decay ratio. Calculation of the regional mode decay ratio requires that analyses
be performed using a full core model.

3.3.5.9 Cycle-Specific Long Term Stability Solution Analysis Condition (Section 3.3.4)

The use of POLCA-T to determine decay ratios requires that the analysis be performed on a
cycle-specific basis.

3.3.5.10 Long Term Stability Solution Procedures Limitation (Section 3.3.4)

The NRC staff's review of POLCA-T does not include any modification to the BWROG LTSs.
Therefore, any deviation from the approved BWROG LTS procedures requires justification prior
to implementation.
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3.3.6 Conclusions Regarding Stability Evaluation

The NRC staff has reviewed the POLCA-T general model description and its qualification basis
for stability application. This qualification basis includes a wide variety of core decay ratio
measurements for several classes of BWR plant and fuel designs. The qualification basis
therefore provides support for the wide range of application of POLCA-T to model stability
phenomena and to accurately predict the decay ratio. The NRC staff found that the prediction
uncertainty was adequately quantified and incorporated into an appropriate licensing evaluation
acceptance criterion.

In the course of its review, the NRC staff determined that the model description was insufficient
to currently justify the application of POLCA-T to perform DIVOM calculations. Therefore, the
NRC staff's approval of POLCA-T to determine the channel, core-wide, and regional mode
decay ratios does not constitute approval, herein, for POLCA-T to determine the DIVOM slope.

Similarly, during the course of its review, the NRC staff determined aspects of the stability
methodology that were key elements and important in the execution of the code during licensing
analyses. These aspects were identified, and where appropriate, are associated with specific
conditions, limitations, and restrictions on the methodology. The NRC staff has documented
these conditions, limitations, and restrictions in Section 3.3.5. When the POLCA-T stability

evaluation methodology is exercised within the conditions, limitations, and restrictions specified
in Section 3.3.5, the NRC staff finds that this methodology is acceptable for determining the
margin to instability.

4 SUMMARY OF CONDITIONS AND LIMITATIONS

This section of the SE provides a comprehensive listing of the conditions, limitations, and
restrictions listed in the body of this SE. The conditions, limitations, and restrictions are divided
into sections according to their applicability, either general or application specific.

4.1 General Usage

Often a general purpose transient analysis computer program, such as POLCA-T is developed
to analyze a number of different events for a wide variety of plants. These codes can constitute
the major portion of an evaluation model for a particular plant and event. Generic reviews are
often performed for these codes to minimize the amount of work required for plant- and event-
specific reviews. To this end, the NRC staff conducted a generic review of the model
description document for POLCA-T. On this basis, the NRC staff identified generic conditions,
limitations, and restrictions applicable to the usage of POLCA-T. This section of the SE
provides a comprehensive listing of those conditions, limitations, and restrictions identified
though the body of this SE.

4.1.1 Applicability of Conditions and Limitations on Encompassed Codes (Section 3.1.2.1)

Licensees implementing POLCA-T should provide justification that STAV7.2, PHOENIX4,
POLCA7, and PARA computer codes and methodology, when approved in the licensing basis
for use, are utilized in a manner that is in compliance with the conditions identified in the NRC
staff SEs. The exception to this is called out in the response to RAI 11-15 (Reference 67).

If a specific plant has not been licensed for the use of the computer codes and methodology that
are utilized by POLCA-T, then that licensee will need to take appropriate licensing action for
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application of these computer codes. Licensees will need to verify that the conditions and
limitations imposed on each of the NRC approved codes (STAV7.2, PHOENIX4, POLCA7, and
PARA), encompassing the POLCA-T methodology will continue to be satisfied each time the
POLCA-T methodology is utilized.

4.1.2 Mixed oxide Restriction (Section 3.1.2.1)

POLCA-T is not approved to analyze cores containing MOX fuel.

4.1.3 Countercurrent Flow Limitation Condition (Section 3.1.2.2.5)

The CCFL correlation shall be revised to be consistent with the model submitted to address
potential non-conservatisms for SVEA-96 Optima2 by Reference 46 prior to POLCA-T
application to transient analyses where countercurrent flow may occur.

4.1.4 Use of STAV7.2-based Models (Section 3.1.2.6)

To be consistent with WCAP-1 5836-P-A, the STAV7.2 fuel thermal conductivity model and
pellet relocation model provided in TR Sections 14.2.1 and 14.2.2.3, respectively, will be used in
POLCA-T when performing licensing calculations.

4.1.5 Gadolinia Concentration Limitation (Section 3.1.2.6)

POLCA-T is only applicable to the analysis of cores loaded with gadolinia bearing fuel within the
minimum-approved-maximum-gadolinia-concentration of either STAV7.2 or
PHOENIX4/POLCA7 as documented in WCAP-15836-P-A and CENPD-390-P-A, respectively,
or in subsequently approved submittals.

4.1.6 Encompassed Code Updates Condition (Section 3.1.2.6)

If a new NRC approved code takes the place of an existing POLCA-T code listed in
-Applicability of Conditions and Limitations on Encompassed Codes" (see Section 3.1.2.1),
licensees will need to verify that the downstream effects on POLCA-T result in conservative or
essentially the same calculational results. Essentially the same results are within the margin of
error for the type of analysis being performed. The implementation of the new code will also be
in compliance with the -Applicability of Conditions and Limitations on Encompassed Codes"
condition.

4.1.7 Quality Assurance for POLCA-T (Section 3.1.5)

Future release candidates of the POLCA-T code must be tested using a software test matrix
that includes the revisions audited by the NRC staff as documented in Section 3.3 of
Reference 47.

4.1.8 Simplified Boiling-Water Reactor Restriction (Section 3.1.6.4)

The NRC staff's approval of POLCA-T is limited to BWR/2-6 and the ABWR plant designs.
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4.1.9 Code Change Limitation (Section 3.1.7)

Any changes to the POLCA-T solution techniques (i.e., calculational framework), as described
in the application-specific appendices to the subject TR, that would yield inconsistency with the
NRC staff approved documentation are considered by the NRC staff to constitute a departure
from an element of the methodology in the safety analysis.

4.2 Control Rod Design Accident Specific

This section of the SE provides a comprehensive listing of those conditions, limitations, and
restrictions that are applicable to the use of POLCA-T for CRDA analyses. These are repeated
from Section 3.2.4 for completeness.

4.2.1 Initial Conditions Condition (Section 3.2.3.4.1)

Consistent with TR Section A.5.4 Item 1, POLCA-T CRDA cases must assume [
]

4.2.2 Control Rod Design Accident Acceptance Criteria Condition (Section 3.2.3.4.3)

Until final acceptance criteria are published by the NRC, the POLCA-T methodology will
determine the extent of fuel damage using the interim acceptance criteria in Standard Review
Plan Section 4.2 Revision 3 Appendix B for new reactor applications.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology will adopt

these criteria for all CRDA analyses.

4.2.3 Hydrogen Pickup Model Condition (Section 3.2.3.4.3)

When utilizing hydrogen content dependent PCMI cladding failure limits from Figure B-2 of SRP
4.2, the hydrogen content must be determined using the NRC approved hydrogen pickup model
described in Reference 22 or a subsequently NRC approved model.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology for
determining the hydrogen content (if applicable, based on final acceptance criteria) will be
determined using an NRC approved method.

4.2.4 Radiological Consequences for New Reactors Condition (Section 3.2.3.4.3)

When determining the radiological fission product inventory, the traditional (RG 1.195) and
alternative (RG 1.183) source methods must include an increased inventory to account for
transient fission gas release for new reactor applications. The transient fission gas release
(FGR) must be calculated according to the following correlation from SRP 4.2 Appendix B:

Transient FGR = {(0.2286AH) - 7.1419)

Where:
FGR = Fission gas release, % (must be > 0)
AH = Increase in fuel enthalpy, Acal/g
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The transient release from each axial node which experiences the power pulse may be
calculated separately and combined to yield the total transient FGR for a particular fuel rod. The
combined steady-state gap inventory and transient FGR from every fuel rod predicted to
experience cladding failure (all failure mechanisms) should be used in the dose assessment.

Once final acceptance criteria are published by the NRC, the POLCA-T methodology will adopt
any relevant transient FGR requirements for all CRDA analyses.

4.2.5 Standard Production Condition (Section 3.2.3.5.2)

Standard production CRDA calculations using POLCA-T must use modeling options and
features that are consistent with those options and features used in the qualification calculations
provided in Appendix A of the TR.

4.2.6 Advanced Boiling-Water Reactor Control Rod Drop Accident Analysis Condition 1
(Section 3.2.3.5.5.1.2)

The POLCA-T application to the analysis of the consequences of the ABWR CRDA requires
that the rod drop velocity be determined based on the specific ABWR control rod design
including sufficient conservatism to account for manufacturing uncertainties.

4.2.7 [ ] (Section 3.2.3.5.5.1.4)

POLCA-T analysis of the CRDA requires that the final calculated fuel enthalpy be adjusted to
account for the [ ] Equation (2) in Section A.5.3.2 of the subject
TR and the response to RAI 7-14 (Reference 52) must be used for calculating the bias for all
core exposures.

4.2.8 Conservative SCRAM Reactivity Insertion Limitation (Section 3.2.3.5.6.1)

A relaxation of the conservative SCRAM reactivity insertion assumption described in TR Section
A.5.4 Item 4 in the CRDA analysis is considered by the NRC staff to constitute a change in the
method of evaluation in the safety analysis. Relaxation of the SCRAM reactivity insertion
assumption will generate analysis results that are non-conservative relative to the approved
method.

4.2.9 Advanced Boiling-Water Reacto Control Rod Drop Accident Analysis Condition 2
(Section 3.2.3.5.6.2)

Application of POLCA-T to evaluate CRDA for the ABWR requires submittal of:

1. The basis of the rod drop velocity for review,

2. An evaluation of the dose based on the NRC staff guidance in RG 1.183 or RG 1.195
and the transient FGR correlation in Appendix B of SRP 4.2 and the relevant radiological
consequence analysis assumptions provided in Table 15.2 of the FSER for the ABWR,
and

3. An evaluation of the coolability against the criteria in Appendix B of SRP 4.2.
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4.3 Stability Specific

This section of the SE provides a comprehensive listing of those conditions, limitations, and
restrictions that are applicable to the use of POLCA-T for stability evaluations. These are
repeated from Section 3.3.5 for completeness.

4.3.1 Steady State Evaluation Condition (Section 3.3.3.4)

The POLCA-T stability methodology is only approved for determining the decay ratio by
perturbing otherwise steady state conditions.

4.3.2 Semi-Implicitness Condition (Section 3.3.3.4.1)

[ I

4.3.3 Time Step Condition (Section 3.3.3.4.3)

POLCA-T decay ratio analyses will be performed [

] To use a different time step,
POLCA-T must be re-qualified against a representative sample of benchmark cases.

4.3.4 Bypass Channel Modeling for Regional Mode Oscillations Condition (Section 3.3.3.4.7.1)

When performing regional mode stability analyses; the significance and impact of dynamic
bypass void formation must be assessed using the methodology described in the response to
RAI 6-33S1 (Reference 66).

4.3.5 [

I

4.3.6 Selection of Potentially Limiting Bundles for Channel Decay Ratio Calculations (Section
3.3.3.4.8)

The method for identifying the potentially limiting fuel bundles for specific decay ratio evaluation
on a cycle-specific basis must conform to steps (3) and (4) of Section 5.1.4.2 of CENPD-295-P-
A (Reference 7).

4.3.7 Decay Ratio Acceptance Criterion (Section 3.3.3.5.4)

The decay ratio acceptance criterion shall be [
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4.3.8 Regional Oscillation Likelihood Assessment Condition (Section 3.3.4)

LTS evaluations of the likelihood of regional mode oscillations require explicit evaluation of the
regional mode decay ratio. Calculation of the regional mode decay ratio requires that analyses
be performed using a full core model.

4.3.9 Cycle-Specific Long Term Stability Solution Analysis Condition (Section 3.3.4)

The use of POLCA-T to determine decay ratios requires that the analysis be performed on a
cycle-specific basis.

4.3.10 Long Term Stability Solution Procedures Limitation (Section 3.3.4)

The NRC staff's review of POLCA-T does not include any modification to the BWROG LTSs.
Therefore, any deviation from the approved BWROG LTS procedures requires justification prior
to implementation.
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5 CONCLUSIONS

If the NRC's criteria or regulations change so that its conclusions about the acceptability of the
methods are invalidated, the licensee referencing the report (Reference 1) will be expected to
revise and resubmit its respective documentation, or submit justification for the continued
effective applicability of these methodologies without revision of the respective documentation.

Appendix A of the TR describes the POLCA-T application methodology for CRDA. The staff
has reviewed the POLCA-T general model description, the qualification basis for the CRDA
application, and the combination of uncertainties used to establish appropriate acceptance
criteria for CRDA analysis. The staff found that the capabilities of the POLCA-T code were
appropriate to model the important phenomena dictating plant transient behavior under the
conditions of CRDA.

The staff also reviewed the qualification basis and found that it was sufficient to demonstrate the
applicable capabilities of the POLCA-T methodology as they are exercised in the conduct of
CRDA analysis.

In the course of its review, the staff identified particular aspects of the CRDA analysis
methodology that required special treatment for application to the ABWR. In these cases, the
staff identified particular conditions on the POLCA-T application to the ABWR. These conditions
arise predominantly due to two aspects that are unique to the ABWR relative to the operating
fleet of BWR/2-6 plant designs. The first of which is the control blade design. Since the ABWR
control blade design does not incorporate a velocity limiter, the staff found that the generically
applicable value used in the operating plant analyses was not sufficiently justified for use in
ABWR calculations. The staff imposed the condition that application of POLCA-T to the ABWR
requires justification of the analytical rod drop velocity. Additionally, the acceptance criteria for
new plant designs in terms of the fuel enthalpy have been updated. Therefore, the staff
imposed conditions that the ABWR analysis be performed using these revised acceptance
criteria consistent with the updated SRP and the ABWR FSER.

The staff has otherwise concluded that for application to the operating fleet of reactors, the
qualification basis and uncertainty analysis are adequate to justify the POLCA-T acceptance
criteria. However, certain conditions were identified as key aspects of the POLCA-T
methodology for performing these calculations to ensure that the calculation remains within the
accuracy demonstrated as part of its qualification. The applicable conditions, limitations, and
restrictions are documented throughout the SE and are provided in a comprehensive listing in
Section 4. When exercised with the conditions, limitations, and restrictions listed in Section 4 of
this SE, the staff finds that the POLCA-T CRDA analysis methodology is acceptable.

Appendix B of the TR describes the POLCA-T application methodology for stability. The staff
has reviewed the POLCA-T general model description and its qualification basis for stability
application. This qualification basis includes a wide variety of core decay ratio measurements
over several classes of BWR plant and fuel designs. The qualification basis therefore provides
support for the wide range of application of POLCA-T to model stability phenomena and to
accurately predict the decay ratio. The staff found that the prediction uncertainty was
adequately quantified and incorporated into an appropriate licensing evaluation acceptance
criterion.
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In the course of its review the staff [
] Therefore,

the staff's approval of POLCA-T to determine the channel, core-wide, and regional mode decay
ratios does not constitute approval, [ ]

Similarly, during the course of its review, the staff determined aspects of the stability
methodology that were key elements and important in the execution of the code during licensing
analyses. These aspects were identified, and where appropriate, are associated with specific
conditions, limitations, and restrictions on the methodology. The staff has documented these
conditions, limitations, and restrictions in Section 4. When the POLCA-T stability evaluation
methodology is exercised within the conditions, limitations, and restrictions specified in Section
4, the staff finds that this methodology is acceptable for determining the margin to instability.

The staff has reviewed the POLCA-T code, and does not intend to review the associated topical
report when referenced in licensing evaluations, but only finds the methods applicable when
exercised in accordance with the conditions and limitations described in Section 4 of this report.
When exercised appropriately, the methods as documented in Reference 1 and its associated
Appendices A and B are acceptable for performing the prescribed safety analyses for CRDA
and stability, respectively.
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Figure 3.2.3.5.5.1.2.1: Typical BWR/2-6 Control Blade Design 13

13 Figure dimensions are based on the Shoreham BWR/4 FSAR.
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Figure 3.2.3.5.5.1.2.2: ABWR Control Blade Design (Reference 60)
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Table 3.3.3.5.1.1

I I TRACE-PARCS Calculated

Frequency Frequency . FrequencyDecay Ratio [Hz] Decay Ratio [Hz] Decay Ratio [Hz]

0.735 0.431

0.664 0.456
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Appendix A: Review of Westinghouse Responses to NRC staff RAIs

RAI 1: Long-Cycle Cores

RAts 1-1, 1-2, and 1-4

The NRC staff has reviewed the information contained in the responses to NRC staff RAI 1.
Westinghouse provided data to support the calculational efficacy of the PHOENIX4/POLCA7
code system to model those neutronic aspects of long-cycle cores. The data consists of:

* Experimental results of gamma scan tests performed at the LWR-PROTEUS critical
facility at the Paul Scherer Institute in Switzerland,

* Gamma scan campaigns at [ ]
* Sophisticated transport code comparisons, and
" Core follow data at [ ]

The experimental results compared [ ] gamma scanned pin powers for a [
] fuel bundles. The critical assembly also included [

] The response provides specific details for one particular gamma scan of a bundle
under controlled conditions. The results indicate good agreement between the neutronic model
and the critical experiment with an error in predicted pin power [

] that was controlled. For the voided conditions, the
[ ] However, as stated in the response, the [

] The results
also indicate robust performance of the PHOENIX4 methods [

]

The gamma scan campaigns at [
] The [ ] plant. The

cycle considered as part of the qualification data is the cycle [ ] core. The

] Results of the gamma scan campaign indicate
very good agreement in pin power distribution, axial power distribution, and bundle power
distribution. The root-mean-square errors for the [ ] core nodal and bundle power
distribution are [ ] respectively. These are within the established
uncertainties for the PHOENIX4/POLCA7 codes as referenced in
CENPD-390-P-A (see page 77 of the TR).

The additional gamma scan information provided indicates that the predictive accuracy of the
PHOENIX4/POLCA7 codes does not degrade with respect to bundle geometry or high bundle
power. The accuracy of modeling the power distribution for cores operating with modem spectral
shift strategies requires a robust technique for modeling the control blade history effects.
Westinghouse supplied the details of the weighting functions used to determine

ENCLOSURE5
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nodal parameters based on lattice depletion branch cases. The combination of the controlled
and uncontrolled depletion cases, associated branches, and the build-up and decay phase
weighting functions provide the means for tracking the control blade history effect in the
PHOENIX4/POLCA7 code system. The NRC staff reviewed the formulation of the control blade
history model and found that the theoretical representation is consistent with industry practice,
and the accuracy is adequately demonstrated through the gamma scan results.

Therefore, the NRC staff finds that the gamma scan campaigns provide adequate reasonable
assurance that the code system is sufficiently sophisticated to model those neutronic
phenomena important to the determination of power distributions in long-cycle BWR cores.

The code-to-code comparisons were carried out using the HELIOS (higher order method) and
MCNP (Monte Carlo transport) codes. The comparisons indicate agreement within the
established error in pin powers. Cases with high radial power peaking and void fractions were
considered as part of the benchmarking. The NRC staff finds that this confirms the solution
technique for the PHOENIX4 lattice code for modern fuel designs and operating strategies.

The qualification information provided in the response to RAI-1 also addresses the
eigenvalue determination. The response considered cycle tracking data at [

SIn these[

] The eigenvalue predictions and critical configurations indicate that there is no
significant change in the POLCA7 predictive capabilities with (1) cycle length, (2) batch reload
fraction, (3) core heterogeneity, or (4) thermal power. The NRC staff finds that the qualification
based upon these plants over the transition cycles presented provides adequate assurance that
the POLCA7 neutronic method is sufficiently robust to accurately model core critical
configuration, and subsequently cold shutdown margin within previously established
uncertainties.

References

1-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

1-1.2 CENPD-390-P-A, "The Advanced PHOENIX and POLCA codes for Nuclear Design of
Boiling Water Reactors" ABB CE, December 2000. (ADAMS Accession No.
ML010100314)

RAI 1-3

The NRC staff requested additional information regarding the qualification of the fuel rod models
for high gadolinia loadings characteristic of modem, aggressive, BWR core designs.
Westinghouse provided additional information regarding the qualification of the fuel rod thermal
conductivity model with higher gadolinia loadings. The POLCA-T fuel rod model is based on
STAV7. The fuel thermal conductivity for gadolinia-bearing fuel is modeled
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according to an [
] in the bulk fuel. The model was compared to

thermal conductivity measurements up to [ ] gadolinia. The results of this comparison
were provided to the NRC staff in response to RAI 1-3. The results indicate excellent agreement
for the conductivity with no apparent degradation in the model capability for fuel conductivity up
to [ I

The response further states that the uncertainties [
] As the mechanisms of

fuel thermal perform ance models are seldom individually qualified, the NRC staff finds this
approach acceptable to capture the net impact of model uncertainties on calculational results.

Therefore, the NRC staff finds that the modeling approach is reasonable based on comparisons
to data for [ ] Furthermore, the NRC staffs
basis for this conclusion is that model [

I

Reference

1-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 2: Mixed Cores

RAI 2-1

The NRC staff requested additional information regarding the applicability of the void quality
correlation for modem fuel designs (e.g., 1QX10 lattices with internal water channels and part-
length rods). Westinghouse conducted full scale testing of the [

] bundles. These bundles are designed with an [
] Therefore, the bundle itself is divided into [

]

Testing was performed at the FRIGG thermal-hydraulic test facility. Full-scale [
] The measurements were performed using [

] The data were compared to measurements
for the modern fuel designs as well as older fuel designs [ ] The
number in the test series refers to
the number of rods in the test bundle. In the case of the [

] fuel bundles were tested. The [ ] fuel
bundle geometries; therefore, these include modern fuel design features such as part length
rods.

The figure provided in response to RAI 2-1 indicates consistent agreement between
measurements and predictions over the [

] The
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test data indicate that the performance of the Dix-Findlay correlation is improved for modern fuel
bundle geometries. A statistical summary table provided in the response compares the results
of the comparisons for the [ ] test separately. The results
indicate that that [ ] tests, which include [ ] measurements, result in a [

Westinghouse, further, compared many data points to measurements to ascertain if trends were
exhibited. The [

I

I

The [

] Experience at
Westinghouse-vended EPU and EPU/MELLLA+ cycles [

I

The statistical comparison of the void quality correlation to data is based on [ ] data points
including many data points with modern fuel bundle geometries. As the tests carried out at
FRIGG encompass conditions extending to the point of dryout, the NRC staff finds that these
tests are reasonably expected to encompass the anticipated operational conditions during
normal operation and during anticipated operational occurrences where there is margin to the
onset of boiling transition.

Similarly, as no trends are observed in void fraction prediction accuracy for any range of the void
measurements, for modern fuel geometries, the NRC staff is reasonably assured that minor
extrapolation of the dataset to slightly higher void fractions ([ ]) would not
result in an appreciable increase in the void fraction uncertainty, given the robustness of the
correlation.

The NRC staff finds that the void fraction uncertainty based on the qualification against these
modern data is acceptable for quantifying a void fraction uncertainty for downstream analysis of
the statistical convolution of uncertainties for steady state and transient calculations for plants
operating at the EPU/MELLLA+ condition or lower high-flow control lines.
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References

2-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

2-1.2 Westinghouse Presentation on Westinghouse Fuel Performance Update Meeting BWR
Fuel Update (Slide Presentation of December 8, 2004), (ADAMS Accession No.
ML043580104)

RAI 2-2

The NRC staff requested additional information regarding reload licensing for transition or mixed
core analysis. The NRC staff found that review of the reload licensing methodology was outside
the scope of the subject TR. Therefore, the NRC staff did not perform a review of the response
to RAI 2-2. The NRC staff recommends that the NRC staff review the safety limit determination
for specific mixed core applications referencing the subject TR to ensure compliance with the
approved methodology.

Reference

2-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 2-3

The NRC staff requested additional information regarding the critical power correlations
referenced in the POLCA-T dryout correlation library. As critical heat flux evaluation is outside
the scope of the current TR, the NRC staff did not perform a review of the response to RAI 2-3.
The NRC staff will defer the review of the response to RAI 2-3 to the review of POLCA-T for
either application to transients or to determination of the delta critical power ratio versus
oscillation magnitude (DIVOM) slope. Approval of POLCA-T for control rod drop accident
(CRDA) analysis or stability analysis will not constitute NRC acceptance of the response to
RAI 2-3.

Reference

2-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 2-4

The NRC staff requested additional information regarding the modeling of parallel flow channels
within a fuel assembly. Namely, the NRC staff requested that Westinghouse provide additional
details of the treatment of sub-bundle flow paths for fuel other than SVEA type fuel assemblies.
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The [

The NRC staff finds that applying this modeling capability in POLCA-T would improve the
accuracy of dynamic predictions for modern fuel assemblies. The NRC staff review regarding
the dynamic bypass void modeling for stability is addressed in RAI 6-33. Detailed dynamic
bypass void formation modeling is not required for CRDA analyses. The NRC staff will review
the modeling capability of POLCA-T for dynamic internal bypass channel voiding during its
review of POLCA-T for transients.

Reference

2-4.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 2-5

The NRC staff requested additional information regarding the applicability of the
POLCA7/POLCA-T pin power reconstruction methodology for fuel designs other than SVEA
types. The response states that the POLCA-T pin power reconstruction method is
I ] receiving pin power data from [ ] The only inputs
into the pin power reconstruction methodology are the [

] The pin power reconstruction method is intended to account for the
[ ] and therefore, the [

] calculations in POLCA, and the [ ] is
captured in the PHOENIX [ ] Therefore, the process [

] Therefore the NRC staff finds this approach acceptable.

Reference

2-5.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 2-6

The NRC staff requested additional information regarding the interface between POLCA-T and
process computer data for instances where a core is transitioned from another fuel vendor to
Westinghouse fuel and fuel licensing analyses. In these cases, the previous cycles were
monitored using another core monitoring systems (e.g., 3DMONICORE or POWERPLEX). The
NRC staff specifically requested how the process computer fuel data is used to determine legacy
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fuel nuclear parameters for licensing analyses. The response states that Westinghouse [
] in these analyses. Instead, Westinghouse performs all

calculations based on [

Generally, core monitoring systems, including the Westinghouse core monitoring system, use
plant data such as [ ] to adjust the core simulator results to match
plant data and enhance the accuracy of the calculated thermal margins. However,
Westinghouse [ ]

This practice is common and acceptable [

The NRC staff, therefore, finds that the response is acceptable.

Reference

2-6.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAIs 2-7 through 2-11 (not used)

RAI 2-12

The NRC staff requested additional information regarding the treatment of subnodal geometric
changes. The NRC staff particularly requested this information in the context of mixed cores
where several fuel bundles types may be present with rod geometry variations that occur axially
throughout the bundle but may occur at axial locations that are inconsistent with the
Westinghouse standard nodalization.

The response states that the treatment of bundle thermal-hydraulic data in POLCA-T is
consistent with the treatment of bundle thermal-hydraulic data in the approved POLCA7 code.
Therefore, the NRC staff notes that the process for collapsing the thermal-hydraulic data has
been previously approved by the NRC staff. Additional descriptive details were provided for the
precise process of how these data are transferred from POLCA7 to POLCA-T, and the specific
details of the treatment of the hydraulic data are also provided in the response (Reference 2-
12.1).

The response states that the [
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In terms of modeling the heat transfer, the NRC staff finds that the [
] is sufficiently

accurate to explicitly account for characterizing the heat transfer on a nodal level. Since the
NRC staff has previously reviewed and approved the POLCA7 nodalization scheme, as well as
the treatment of the collapsing of the nuclear parameters for subnodal geometry changes, the
NRC staff finds that this approach is acceptable, and consistent with general industry practice in
the simulation of reactor system behavior.

In terms of the [ , ] the NRC staff agrees with the response that
the significant phenomena are treated in terms of accounting for pressure drop. The treatments
of the [ ] are consistent with the
previously approved methodology in POLCA7 and are consistent with general industry practice.
Given the relatively [ ] the NRC staff has found that
the approach is sufficiently accurate in its detail to model transient behavior for mixed core
calculations.

Therefore, the NRC staff finds that the response is sufficiently complete in its description and

that the modeling approach is acceptable.

Reference

2-12.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Fifth Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC
No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-25, May 12, 2009. (ADAMS
Accession No. ML091380095)

RAI 2-13

The NRC staff requested additional information regarding the implementation of POLCA-T in the
reload licensing framework for mixed core applications. The response confirms that
CENPD-300-P-A will be revised, and the intention is to incorporate the POLCA-T appendices as
optional methods for analysis in the revised TR. The NRC staff finds that this approach
is acceptable. The NRC staff, however, will continue to impose the historical POLCA7 mixed
fuel condition on POLCA-T. The conditions state that application to non-Westinghouse fuels
requires that the NRC be informed of the application and be given the opportunity to review the
application.

The NRC staff notes in several RAI responses (see RAI 3) that Westinghouse has provided
qualification data regarding the application of their methods to other vendor fuels. These data
include the [ ] data. Therefore, the NRC staff expects that a letter informing the
NRC staff, where applicable, may reference these data as justification for the use of the POLCA-
T methods to analyze mixed cores.

Reference

2-13.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)
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RAI 3: Expanded Operating Domains

RAls 3-1, 3-2, 3-3, 3-4, 3-6, 3-7, 3-8, 3-10, and 3-11

In response to RAI 3, Westinghouse provided significant qualification data of the neutronic
methods using plant data. Of particular interest to the current application is the core tracking
data provided for [

] The NRC staff evaluated, specifically, the [

Figure A.3.1 shows the [
Figure A.3.2 provides the power/flow operating points during several cycles at the KKL plant
where TIP measurements were performed. The TIP measurements were performed for low
core flow rates (ranging between 85 percent RCF and 100 percent RCF) and for EPU power
levels (as high as 115 percent OLTP). These data provide direct qualification of the
Westinghouse neutronic code suite to EPU/MELLLA+ conditions. Figure A.3.3 provides the

] As is evident from the data, there is [

I

The PHOENIX4/POLCA7 code system includes robust microscopic nuclide tracking that allows
for accurate modeling of nodal neutronic behavior under hard spectrum exposure conditions.
Westinghouse provided a plot of the radial and nodal errors as a function of exposure for [

] The plot provided in response to RAI 3-7 indicates that there [
] in the codes predictive capabilities as a function of the cycle exposure.

Furthermore, Westinghouse compared the results of TIP measurements and gamma scans
performed on [ ] SVEA fuel bundles in 2002 to the uncertainties reported in
CENPD-390-P-A. The comparisons provided in response to RAI 3-4 indicate that the [

] Furthermore, Westinghouse provided [

I
To address the NRC staff's concerns regarding operation at off-rated conditions, Westinghouse
provided detailed comparisons between pre-EPU and EPU core bundle powers, flow rates, void
fractions, and spectral index. The NRC staff notes that high energy core designs indicate a
hardened neutron spectrum, as evident from the figures shown in the response to RAI 3-3. The
NRC staff however, found that the degree of [ ] The ranges of core
conditions and spectral conditions are within the range of PHOENIX4/POLCA7 calculational
capabilities.

To address the NRC staffs concerns regarding the [
] The

data is provided by [
] The entire cycle was considered at the[ ]

The response to RAI 3-11 provides the [ Control blades
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were inserted and withdrawn during the cycle. The [

I

Table A.3.1 provides a comparison of the PHOENIX4/POLCA7 nodal and bundle power
uncertainties reported in the original licensing topical report to the uncertainties determined from
recent measurements at challenging plants. The significant qualification measurements and
analyses provide a high degree of reasonable assurance that application of the
PHOENIX/POLCA neutronic method to [

]
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RAI 3-5

RAI 3-5 requested that Westinghouse provide the NRC staff with qualification of the extension of
the constitutive models (i.e., closure relationships) and heat transfer correlations to bundle
power and flow conditions that bound those experienced in expanded operating domains.

The response explains that the DF01 correlation is the Holmes correlation originally used in the
GOBLIN ECCS performance evaluation model. The DF01 application range is the same as the
application range quoted for GOBLIN. The DF02 correlation is based [

] and qualified for modern fuel geometries. The response provides
data regarding the qualification of the DF02 correlation for modem fuel geometries (SVEA). The
tests are described in the response in regards to the pressure, mass flux, heat flux, and power
shapes used in the tests.

In particular, the NRC staff reviewed the [ ] tests. These tests were
performed for the [ ] geometries. These tests
were performed over a range of normal reactor pressures (70-80 bar) and for a range of mass
fluxes and heat fluxes expected during normal operation up to the conditions of critical power.
The SF24 test series also included cosine power shapes, which are similar to expected reactor
power shapes (as opposed to the uniform power shape for the OF36 test).

The [

The treatment of uncertainties is documented for the NRC staffs review for each application of
POLCA-T. The stability and CRDA analysis methods are qualified based on full scale integral
tests. For the case of stability, the uncertainty is established [

] The CRDA analysis uncertainty is based on a [

] however,
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provides the NRC staff reasonable assurance that the full scale data comparisons do not mask
competing effects in the individual models.

When considered with the gamma scan campaigns and TIP measurements referenced in RAI 1
and RAI 3, the NRC staff is reasonably assured that the void quality correlations used in
POLCA-T provide adequately accurate predictions when coupled with the neutronic solver.

The response, however, does not fully answer the NRC staffs question. The response contains
[ ] The NRC staff requested qualification of the heat
transfer correlations as described in Section 11 of the subject TR. Westinghouse provided
supplemental information in response to this RAI.

Supplemental Information Provided in Response to RAI 3-5 (Audit Open Item 1)

Westinghouse provided a supplement to RAI 3-5 to incorporate qualification data collected in the
[ ] series of tests. These tests are used to qualify the closure relationships and heat transfer
models over a wide range of conditions. The response provides the results of comparisons to
both steady state conditions as well as transient conditions to simulate a pressurization
transient.

The steady state qualification indicates that the POLCA-T calculations predict [
] The NRC staff finds that this indicates

good agreement, particularly noting challenges in the model and measurement uncertainty in the
thermocouple data.

The transient pressurization data provided includes fuel bundle conditions reaching dryout and
includes prediction of the clad rewet. The temperature predictions were compared to
thermocouple data for several nodes in the middle of the test section and towards the top of the
test section. The comparisons indicate that the POLCA-T code accurately predicts the
[ ] and also accurately calculates the temperature rise during
dryout. The cladding temperatures in the [

] In each case, the
magnitude of the temperature rise is well predicted. The NRC staff provides a figure from the
response below for illustrative purposes.



WCAP-16747-NP-A

[]

Figure A.3.4: [ ]

The tests are performed post-dryout and include data for the temperature during rewetting. The
comparisons between the POLCA-T model and the [ ] data indicate that the timing of
rewet is [

]
However, the NRC staff finds that the measurements and qualification indicate that POLCA-T
accurately predicts the heat transfer characteristics of the bundle up to and beyond the point of
critical power and is reasonably accurate in the prediction of rewetting. Therefore, the NRC staff
finds that the heat transfer correlations are adequately qualified over their full range of
anticipated usage.

This information is sufficient to close Audit Open Item 1.
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RAI 3-9

Several BWRs currently operate with lower core flow ranges at rated power. However, the
general practice is to benchmark the codes for plant operation at rated conditions on the
assumption that plants do not routinely operate at the lower flow conditions. The low-flow
conditions can be limiting for the thermal-hydraulic conditions (e.g., higher void conditions, axial
and radial power peaking and distribution) that adversely affect the performance of the core and
the fuel (critical power ratio response). The NRC staff requested, as far as the available data
allows, that Westinghouse provide a statistically significant assessment of the POLCA-T code
suite to model reactor behavior at low core flow off-rated conditions.

In response to RAI 3-9, Westinghouse provided off-rated startup data. Data provided from
startup measurements at [ ] indicate that operation at off-normal conditions
[ ] TIP data was collected over
several cycles during the startup with low power and flow conditions. The NRC staff compared
the bundle power errors to the uncertainties reported in CENPD-390-P-A. Table A.3.2
summarizes the measurements. The NRC staff compared the bundle errors to the
CENPD-390-P-A values and found that the [

] The NRC staff considered the variation with power-to-flow ratio as shown in
Figure A.3.5. The NRC staff found that there are [

] Some points are expected to exceed this value as it
represents a one-sigma measure of the uncertainty. The NRC staff found that the average of
the data sets indicates that the uncertainty [ ]
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RAI 4: Code Legacy

RAI 4-1

RAI 4-1 requested that Westinghouse provide a core follow reanalysis of a case contained in the
original submittal of POLCA7 to demonstrate that changes made since the original review have
not resulted in code drift over time. Code drift is a term referring to code changes within a given
code change acceptance criterion over time that result in incremental changes whose net effect
is significant relative to the code qualification reviewed and approved by the NRC.

In the original response, the [

To address the NRC staffs concerns regarding the code uncertainty, Westinghouse provided
Reference 4-1.1 for NRC's review during the audit. Reference 5 contains qualification studies of
the PHOENIX4/POLCA7 codes against recent data collected in modern cores and critical
experiments.

Based on Reference 4-1.1, the PHOENIX4 code was shown to consistently underpredict the
fission power in burnable absorber rods. The underprediction is suspected to be the cause for
reactivity trends in biases as a function of exposure.

The [

I

The NRC staff notes that the POLCA7 accuracy has been quantified using full scale data in a
recent production method. The NRC staff, furthermore, notes that the POLCA-T test matrix has
been expanded to ensure that its integration into POLCA-T does not adversely affect either
stability analyses or complex transients (see Section 3.3.14 of Reference 4-1.2).

The NRC staff also notes that a revision will be made to the final TR to update the numerical
results to be consistent with the most recently released version of POLCA7, and that the
POLCA-T release consistent with the updated POLCA7 code will be maintained under the
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updated POLCA-T Test Matrix. Therefore, the NRC staff finds that the release version
described in the final revision to the topical report will be adequately controlled by the quality
control process as described in Section 3 of Reference 4-1.2. Therefore, future improvements
or changes to the POLCA7 or upstream codes will not adversely affect the reliability of the
POLCA-T methodology.

The NRC staff considers the qualification of POLCA7 to adequately provide reasonable
assurance that the extension of the neutronic methodology to EPU or EPU/MELLLA+ conditions
does not result in an adverse increase in code uncertainty. Therefore, the NRC staff similarly
concludes that the POLCA-T kinetics solver's efficacy is likewise unaffected at these conditions.

The NRC staff does not require additional information provided under a separate open item to
address the technical concerns associated with RAI 4-1. However, the NRC staff notes that
closure of RAI 4-1 relies on information to be provided under separately specified open items,
namely the update to the topical report numerical results to reflect the most recent POLCA-T
production code (see Sections 3.2.1 and 3.2.2 of Reference 4-1.2).

The NRC staff's evaluation of the Westinghouse response to the audit open items is discussed
under RAI 4-11.
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4-1.1 Casal, J., Krouthen, J., Albendea, M., Reliable Tools to ModelAdvanced SVEA Fuel
Designs, ANS 2003, Topical Meeting Advances in Nuclear Fuel Management I1l. South
Carolina, October 5-8 2003.

4-1.2 NRC Audit Results Summary Report "WCAP-16747-P: POLCA-T System Analysis Code
with Three-Dimensional Core Model", May 2010. (ADAMS Accession No. ML100840695)

4-1.3 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 4-2

The NRC staff requested additional information regarding the model descriptions of
PHOENIX4/POLCA7. Namely, the NRC staff requested if analyses were used to modify or
normalize models in the code system in an empirical or semi-empirical fashion since NRC review
and approval of CENPD-390-P-A. The response states that no such modifications were
implemented. The NRC staff finds this response acceptable.

Reference

4-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)
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RAI 4-3

The NRC staff requested additional information regarding the branch cases analyzed by
PHOENIX4 for downstream use in POLCA7 calculations. Generally, lattice physics calculations
are performed for particular void history conditions with branch cases to account for void
changes, control rod presence, spacer grid presence, boron concentration, and liquid water
temperature. Response to RAI 4-3 provides additional descriptive details of the branch cases
and exposure step points. Analyses were provided comparing PHOENX4 to [

I

The response is consistent with the reload design procedure used at Westinghouse. During an
audit, the NRC staff evaluated the reload design procedure as documented in its audit results
summary report (Reference 4-3.2). The NRC staff finds that the branch case selections are
reasonable in terms of providing sufficient coverage of reactor operating conditions to establish
stable response surface functions for cross sections in the core simulator. The adequacy of the
branch case selection procedure is demonstrated by validation of the code suite against relevant
gamma scan and TIP measurements described in greater detail in response to RAI 3.

On the basis of demonstrated accuracy of the response surfaces, and its review of the reload
design procedure, the NRC staff finds that the approach is acceptable.
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RAI 4-4

The NRC staff requested additional information in regards to the use of POLCA-T uncertainties
in establishing safety limits. The response states that the methodology for determining safety
limits is based on the CENPD-300-P-A reload licensing evaluation methodology. CENPD-300-
P-A describes the analyses and general treatment of uncertainties and conservative
assumptions in reload licensing evaluations. POLCA-T specific uncertainties are determined
according to the intended application and quantified according to the application specific
submittal. In the case of the subject TR these applications are control rod drop accident
analysis and the time domain stability application.

The [

] Therefore, the response is
sufficient in that it states that analysis specific uncertainties and conservatisms are documented
in the relevant appendices to the subject TR. As safety limit determination is guided by the
generic reload licensing methodology described in CENPD-300-P-A, the NRC staff reiterates
that it recommends that the NRC staff review the safety limit determination for specific
applications referencing the subject TR to ensure compliance with the approved
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methodology, particularly to ensure that the POLCA-T uncertainties developed for each specific
application are appropriately accounted for in the reload licensing calculations, appropriate
limits, or acceptance criteria.
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Regulation for Topical Report (TR) WCAP-16747P, "POLCA-T: System Analysis Code
with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-proprietary),"
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RAI 4-5

The NRC staff requested additional information on how a bundle-specific R-factor is determined.
The response states that a specific R-factor is developed for each fuel product line. This
response implies that all SVEA-96 Optima2 bundles would have the same R-factor. The NRC
staff does not find this to be consistent with the Assembly R-factor calculation, which is
dependent on the local pin power distribution. See CENPD-392-P-A as an example.

Westinghouse provided a sample R-factor method in WCAP-1 6081-P-A. The R-factor is
calculated by [

] During the audit conducted between March 17, 2008 and March 20, 2008,
Westinghouse confirmed that the bundle R-factor is [

] is consistent, generally, with the technique described in WCAP-1 6081-P-A for
SVEA-96 Optima2 fuel bundles.

Therefore, the NRC staff finds that the response is adequate and consistent with previously
approved R-factor methods.
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RAI 4-6

The NRC staff requested additional information regarding the assignment of direct moderator
heat to the bypass and internal water flows (such as in the water cross internal bypass channel).
The response states that POLCA-T [

] This calculation is performed based on a
[ ] in the POLCA-T model. The direct moderator heating is
determined from upstream lattice physics analysis, and POLCA-T treats the internal and external
water channels explicitly. Therefore, the NRC staff finds that the methodology is acceptable on
the basis that [

] and that POLCA-T []
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LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 4-7

The NRC staff requested that Westinghouse provide additional information regarding the means
for selecting pump homologous curve input for use in POLCA-T. The response states that the
data comes from either the pump manufacturer or, in the case of Westinghouse BWR plants,
from pump performance data. The NRC staff finds this approach acceptable.

Reference
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"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAIs 4-8 and 4-9

The NRC staff requested additional information regarding the time step control algorithm. The
response states those algorithms that control the minimum time step and specifies that all
algorithms are [ ] is used in the calculation. The
NRC staff generally finds this approach acceptable to ensure adequate time stepping in
transient calculations. However, the NRC staff notes that time domain stability analyses are
sensitive to the material Courant limit in semi-implicit calculations. Therefore, the NRC staffs
review for stability considers additional details regarding the determination of the acceptable
time step. The response states that the Courant limit time step control algorithm is optional.
Westinghouse provides additional detailed information regarding time step control during time
domain stability calculations in response to RAI 6-26.

The NRC staff requested additional information regarding the time step control during
calculations for reactivity insertion accidents. The response states that for CRDA, [
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[ ] for the analysis. The response further states that the [
] for time step during such

calculations.

The response states that [

] The NRC staff finds that such sensitivity
studies are acceptable for ensuring adequate time stepping for CRDA analyses. The NRC staff
will require that on a plant-specific basis, user-specified time steps be verified using the
aforementioned sensitivity analysis technique.

Supplemental Information Provided in Response to RAI 4-8 (Audit Open Item 2)

Westinghouse provided supplemental information regarding the time step selection for stability
calculations in Reference 4-8.2. The response states that the stability analyses are performed
using a [ ] The response further states that
this [

] The qualification analyses provided in Appendix B of the TR are consistent with
the standard production time step. The NRC staff finds, therefore, that the uncertainty
analysis is consistent with the standard production [ ] Further, the NRC
staff notes that the [

] (see
RAIs 6-3 and 6-24). A [

] This approach ensures that the
[ ] during an analysis. The appropriateness of
the node size is provided by the qualification analyses based upon several BWR reactor types.
Therefore, the NRC staff finds that the approach is acceptable and adequately justified.

This information is sufficient to close Audit Open Item 2.

References

4-8.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

4-8.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
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RAIs 4-10 and 4-11

The NRC staff requested access to the code documentation and to the POLCA-T code itself.
The NRC staff evaluated the complete code documentation and performed calculations using
POLCA-T during its audit conducted between March 17, 2008 and March 20, 2008.
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The relevant findings are documented in the audit results summary report (Reference 4-10.1).
The audit is sufficient to close RAI 4-10.

In response to the audit, the NRC staff issued several open items regarding the POLCA-T
application to CRDA and stability analysis. The NRC staff requested that Westinghouse
address all open items identified during the March 2008, POLCA-T audit in RAI 4-11.

Audit Open Item 1 is addressed in RAI 3-5.

Audit Open Item 2 is addressed in RAI 4-8.

Audit Open Item 3 is addressed in RAI 5-1.

Audit Open Item 4 is addressed in RAI 6-5.

Audit Open Item 5 is addressed in RAI 6-16.

Audit Open Item 6 and Audit Open Item 7 require correction of numerical results in the final
revision of the TR to account for code corrections. The NRC staff has reviewed these code
corrections as part of its audit (Reference 4-10.1). In Reference 4-10.2, Westinghouse states
that the numerical results in the final revision of the TR will be corrected consistent with the code
corrections reviewed by the NRC staff as part of the audit.

Audit Open Item 8 is addressed in RAI 6-33.

Audit Open Item 9 is related to the BISON and RAMONA methods and does not apply to
POLCA-T. Therefore, the Audit Open Item 9 is addressed outside of the review of POLCA-T. In
reference 4-10.2, Westinghouse provided a commitment to submit a follow-up letter to the NRC
to resolve Open Item 9. The NRC staff finds that this commitment is acceptable to
address the Open Item within the context of the POLCA-T review and defers conclusions
regarding the final disposition of Open Item 9 to its review of the follow-up letter.
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No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-25, May 12, 2009. (ADAMS
Accession No. ML091380095)

RAI 5: Individual Models and Separate Effects Qualification

RAI 5-1

The response reiterates the testing conditions of the data collected for void-quality correlation
qualification. The NRC staff reviewed the void quality correlation testing database and draws
conclusions regarding these tests as described in its review of RAI 3-5. The NRC staff
specifically requested that Westinghouse provide the results of any transient tests that were
performed. The original response refers to the Peach Bottom EOC2 turbine trip tests as an
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integral test that provides qualification of the transient application of the void quality correlation.
However, as the test essentially compares predicted and measured nuclear instrumentation
responses, the NRC staff finds that there are too many interacting nuclear phenomena for the
test to provide an adequate demonstration of the transient performance of the correlation.

Supplemental Information Provided for Response to RAI 5-1 (Audit Open Item 3)

Westinghouse provided supplemental information in response to RAI 5-1 to qualify the void
quality correlation usage in transient analyses. The response first references the [

] While the [ ] does not include specific measurement of the [
] The qualification of the POLCA-T code against

the simulated pressurization transient indicates accurate prediction of
the [

] During the transient response the code must
accurately predict the changes in nodal thermal hydraulic parameters to converge the transient
solution. The [ ] therefore, provides additional assurance that the void-quality
correlation adequately predicts the change in void fraction for transient applications.

The response further provides qualification of the POLCA-T method against the [
] The [

] The test is a full scale integral pump trip test. The test includes individual bundle flow
measurements. The test, therefore, allows for the qualification of the POLCA-T code to predict
the flow distribution to the bundles ranging from forced circulation to the lowest flow conditions at
natural circulation.

The flow is measured in [ ] that are located in various positions
within the core, which allows for the characterization of the radial flow distribution for bundles
near the periphery and bundles near the core center.

The POLCA-T predicted bundle flows were compared against the collected data. The
comparison shows a high degree of accuracy of the POLCA-T simulation. The transient
reduction in power as well as the transient reduction in flow to natural circulation provides a high
degree of confidence in the overall code's predictive capabilities. As the natural circulation flow
for each individual bundle is tightly coupled to the nuclear effect of the reduced flow (and hence
reduced power) and the thermal-hydraulic effect of the two-phase friction losses within the
bundles, the NRC staff finds that it provides reasonable assurance that the void quality
correlation can accurately predict the transient change in nodal void conditions for full scale plant
applications.

The NRC staff further concludes that the data indicate that the bundle flows are well predicted
for each bundle, therefore, indicating that the accuracy of the POLCA-T predicted bundle flows
for full scale applications is not dependent on the bundle location.

This information is sufficient to close Audit Open Item 3.
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References

5-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

5-1.2 NRC Audit Results Summary Report "WCAP-16747-P: POLCA-T System Analysis Code
with Three-Dimensional Core Model", May 2010. (ADAMS Accession No. ML1 00840695)

5-1.3 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.:
ML081890191)

RAI 5-2

The NRC staff requested additional information in regards to the PHOENIX cross section
libraries and the [ ] The response states that
for standard production techniques, [ ] is used. The response further states
that the [ ] reported in
CENPD-390-P-A is based originally on an observed bias in the TRX critical experiments. The
bias is also seen in the more relevant [ ] experiments. The critical
experiments referenced in the response are representative of LWR conditions. The NRC staff
requested that Westinghouse justify the applicability of the uranium resonance correction factor
to other fuel designs. Since the bias is observed for a wide range of conditions in these critical
experiments, then the NRC staff is reasonably assured that it is generically applicable. The
NRC staff is reasonably assured that the uranium resonance correction factor is appropriate for
legacy fuel based also on the response to RAI 1-2.

In the response to RAI 1-2, Westinghouse provided the results of bundle gamma scans
performed at the [ ] The bundles scanned include several [

] The GEl 1 fuel assemblies are 9x9 with part-length rods (Fuel-A in the RAI
response). The consistency in the accuracy of the gamma scan campaign results for these fuel
assemblies with the SVEA-96 assemblies, as well as the consistency between these gamma
scan comparisons with the CENDP-390-P-A TR results indicates that the [

] factor is acceptable for modeling a large variety of fuel assemblies
including non-Westinghouse fuel assemblies. Therefore, the NRC staff is reasonably assured
that this correction factor is adequate to support the uncertainty basis in CENPD-390-P-A for
modern fuel designs.
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References

5-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

5-2.2 CENPD-390-P-A, "The Advanced PHOENIX and POLCA codes for Nuclear Design of
Boiling Water Reactors" ABB CE, December 2000. (ADAMS Accession No.
ML010100314)

RAI 5-3

The NRC staff requested that Westinghouse provide additional qualification data if approval is
sought for POLCA-T application to cores with mixed oxide (MOX) fuel. The response states that
Westinghouse is not seeking approval of POLCA-T for application to MOX-fueled cores.
Therefore, the NRC staff does not require the requested information to complete its review of
POLCA-T and will impose the restriction that POLCA-T is not approved for application to MOX-
fueled cores.

Reference

5-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAIs 5-4 and 5-5

In RAI 5-4 and RAI 5-5, the NRC staff requested additional information regarding the ability of
POLCA-T to calculate the minimum critical power ratio (MCPR). Westinghouse responded
stating that the scope of the current application of POLCA-T does not include determination of
thermal margin, and this information is not required. The NRC staff agrees, as the application of
POLCA-T for stability does not include an application to determine the slope of the DIVOM curve
for Option III analyses. Therefore, the NRC staff does not require the requested information to
complete its review based on the scope of the stability application. The NRC staff, however,
does not approve use of POLCA-T to calculate DIVOM parameters and interprets the response
as a commitment by Westinghouse to provide the requested information for any application of
POLCA-T to analyze anticipated operational occurrences or to calculate DIVOM slope.

Reference

5-4.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)



WCAP-16747-NP-A

RAI 5-6

The NRC staff requested that Westinghouse provide the details of the calculational method for
determining the gamma-smeared pin power distribution. The gamma-smeared pin power
distribution accounts for the heat deposited in the fuel and cladding as a result of gamma
radiation. Generally, fission energy released in the form of gamma radiation in one pin may be
deposited in other pins, thereby resulting in a distribution of pin heat flux that is different from the
distribution of pin fission density. The gamma-smearing of the pin powers is done in the
[ ] according to the response. The calculation is performed in several
steps.

The NRC staff finds that this approach is acceptable for calculating the gamma-smeared pin
power distribution.

Reference

5-6.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 5-7

The NRC staff requested additional information regarding the determination of the uncertainty
and biases in the void reactivity coefficient. The response states that information regarding the
methods' accuracy for void conditions has been provided in the response to RAIs 1 and 2. The
NRC staff further requested that Westinghouse describe how uncertainties and biases in the
void reactivity coefficient are captured in safety or operational limits. The response appears to
the reference the [

]

That NRC staff finds the response acceptable insofar as it specifies that [
] The NRC

staff notes that for CRDA analyses, the core conditions are [
] during the analysis. Therefore, the [

] the CRDA results.

Void reactivity feedback, however, plays a role in BWR power/flow oscillations. The NRC staff
notes however, that [ ] based on the
qualification of the POLCA-T method against [

] Therefore, the qualification [

I
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The NRC staffs acceptance of this response to RAI 5-7 should not be construed as the NRC
staff's acceptance of the response for all POLCA-T applications. In particular the NRC staff will
request similar information for subsequent POLCA-T applications if Appendices C and D are
submitted for review and approval.

Reference

5-7.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 5-8

The NRC staff requested that Westinghouse provide the method for calculation of the non-
condensable gas mass, volume, and partial pressure. The NRC staff notes that details of this
particular model are not required for the NRC staff to complete its review of the CRDA and
stability applications of POLCA-T. The NRC staff, however, is performing, to the extent possible,
a generic review of the models in POLCA-T for the host of applications Westinghouse has
described in Section 1 of the subject TR.

According to the RAI response, the partial pressure of the non-condensable gases is one of the
eight state variables describing a volume cell in POLCA-T. The key features of the model
include the model for predicting the distribution of the non-condensable gases in either the
liquid or vapor phase. The [

The response provides sufficient detail to explain how the mass of non-condensables is
calculated from the primary cell variables. Therefore, the NRC staff finds the response to
provide an acceptably complete description of the model. The NRC staff finds that the use of
Henry's law is acceptable for this purpose, and therefore, finds that the model is acceptable.

Reference

5-8.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 5-9

The NRC staff requested that Westinghouse provide experimental qualification of the ability of
the POLCA-T code to predict pressure drop in the core. The response provides descriptive
details of three tests performed at FRIGG. The tests were performed for [

I The test conditions range in pressure from [
] The test bundles were
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heated, and the [

The [

] Therefore, the NRC staff
finds that the pressure drop data indicate good agreement over the application range.

For all three tests, the qualification indicates excellent agreement between the predicted and
measured bundle pressure drops for [

] The low mass flux tests typically
result in high void conditions in the heated test section and serve to provide additional
reasonable assurance that the void quality correlation accurately predicts the bundle conditions
at high void fraction.

Reference

5-9.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML072900261)

RAI 5-10

The NRC staff requested that Westinghouse provide descriptive details of the nuclear
instrumentation models in POLCA-T. In particular, certain applications may require modeling the
instrument response in order to determine the actuation of systems based on these responses
(such as a SCRAM initiated by the reactor protection system (RPS) in response to high flux
indications of the APRM). The response states that the POLCA7 nuclear instrument response
models previously reviewed by the NRC staff are fully incorporated in POLCA-T. Therefore, the
NRC staff finds that the response and the approach are acceptable.

Reference

5-10.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6: Stability Evaluation

RAI 6-1

The NRC staff requested that Westinghouse provide additional qualification of the steady state
solver for cases applicable to stability analysis. The NRC staff specifically requested that the
efficacy of the steady state codes be evaluated for potentially limiting reactor conditions of high
power density, low flow, and off-rated conditions. The response states that the response to
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RAI 1-2 provides details of the extensive ongoing qualification program of the Westinghouse
neutronic methods. The NRC staff specifically considered the qualification data provided in the
responses to RAIs 1 and 3. In particular the [

] of the PHOENIX4/POLCA7 steady state methodology for
modern operating strategies including operation within the MELLLA+ operating domain.

The response to RAI 3-9 in particular addresses off-rated conditions at high power to flow ratios
and is relevant to the qualification of the steady state methodology to determine appropriate
initial conditions. The [ ] data indicate that the PHOENIX4/POLCA7 methodology is
acceptable for predicting steady state power and flow at high power-to-flow ratio conditions.

Lastly, the response refers to the qualification method, which is based on a comparison of
calculational results to full scale integral tests. Therefore, the uncertainty derived from the figure
of merit inherently includes the uncertainties associated with the initialization of the transient
response calculation. The NRC staff agrees with this statement and therefore finds the
response acceptable.

Reference

6-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6-2

The NRC staff requested that Westinghouse provide additional information regarding the biases
and uncertainties in the void reactivity coefficient as a function of spectrum hardness. The NRC
staff in particular is concerned with the application of the transient stability methodology for
modem operating strategies and fuel designs. The response states that the responses to RAIs
2-1 and 3-1 provide separate effects qualification of the relevant physical models. The NRC
staff has reviewed these qualification data and found that they indicate acceptable performance
of the individual models for conditions typical of modern, aggressive BWR core designs.

The response does not address uncertainties and biases in the void coefficient per se for the
time domain stability methodology. The response, similar to RAI 6-1, states that the uncertainty
in the figure of merit (decay ratio) is determined from a wide range of plant data collected in
European BWR plants. The scope of the qualification covers a wide range of plant and fuel
designs. The plants also include [ ] and the tests were conducted over a
wide range of conditions include marginally stable conditions (small margin to the onset of
instability) and in some cases, actual instabilities. The NRC staff, therefore, agrees with the
response in that the qualification data and bases are adequate to provide an [

] in the figure of merit. However, in its review of the application of POLCA-T to
transients, the NRC staff will ask for similar information as in RAI 6-2.



WCAP-16747-NP-A

Reference

6-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6-3 and RAI 6-24

The NRC staff requested additional information regarding the nodalization and time step control
for time domain stability analyses. The response states that [

] is used. The NRC staff notes that [
] The response provides a demonstration of the

[

The response further states that the core model is based on the POLCA7 core model. In these
models, the core is divided into [ ] The response states that the
thermal-hydraulic cells outside the core are [ ] This approach
ensures consistency in the [ ] in the plant model, and therefore,
the NRC staff finds that this nodalization approach is acceptable to preclude numerical damping.

The response to RAI 6-24 indicates the degree of numerical damping associated with a [
] time integration technique. The results compare the same analytical solution to

the POLCA-T calculations. The results indicate that a [ ] is
acceptable to preclude unacceptable numerical damping. The response further states that

[
] The NRC staff finds that the question of using separate time integration

methods for different parts of the core model has been acceptably resolved as this capability is
not proposed for the POLCA-T methodology. However, the responses do not provide sufficient
details of the standard production analysis techniques for time domain stability evaluations. The
NRC staff requested in RAI 6-26 that Westinghouse provide a detailed description of the
nodalization, time step control, and semi-implicitness of the time integration technique used in
standard production stability analyses.

References

6-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

6-3.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML072900261)
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6-3.3 Letter from Gresham, J. A. (Westinghouse) to U. S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-proprietary)," LTR-NRC-09-14, Rev. 1,
March 2, 2010. (ADAMS Accession No. ML1 00830375)

RAI 6-4

The NRC staff requested that Westinghouse describe how the results of stability analyses were
used in a licensing framework. The response states that the [

] In the current application, approval is not
being sought to approve POLCA-T for DIVOM analyses. The DIVOM curve is generated using
the NRC-endorsed RAMONA-3B/B ISON/SLAVE methodology.

POLCA-T results are used to [

] The NRC staff finds this acceptable. The shape
functions are generically determined, and the NRC staff has found these functions to provide
adequate margin to instability.

The [

]the
NRC staff finds that this approach is acceptable and consistent with the qualification basis.

Therefore, the NRC staff finds that the response and the [
] are acceptable.

Reference

6-4.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML072900261)
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RAI 6-5

The NRC staff requested additional information regarding Figure B.7-2. The figure includes
error bars that [

] The response states that [
] Specifically, the response states that the [

] uncertainties are included in the figure. The stability measurements
] The NRC staff

finds, generally, that this approach is acceptable for presenting the data and qualifying the
methodology. However, the NRC staff requested that Westinghouse provide additional details of
how the measurement uncertainties are determined.

Supplemental Information Provided for Response to RAI 6-5 (Audit Open Item 4)

The supplemental information provided in response to RAI 6-5 specifies the methodology for
determining the measurement uncertainty. The [

] The measurement uncertainty
is generated [

] The uncertainty used in the TR is based on a
[ ] Therefore, the NRC staff
finds that the uncertainty magnitude is acceptable.

This information is sufficient to close Audit Open Item 4.

References

6-5.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

6-5.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36,
August 22, 2008. (ADAMS Accession No.: ML082520770)

RAI 6-6

The NRC staff requested additional information regarding the means for treating bypass void.
Under natural circulation or low flow conditions, the NRC staff expects for high power density
plants that there is the potential for the formation of significant void in the bypass. The presence
of these voids in the bypass may impact the ability of the code to effectively calculate the nodal
response to thermal-hydraulic instability. The response provides the details of the bypass void
model. In general, the response states that POLCA-T includes
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6-6.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-53, October 9, 2007. (ADAMS Accession
No. ML072900261)

6-6.2 NRC Audit Results Summary Report "WCAP-16747-P: POLCA-T System Analysis Code
with Three-Dimensional Core Model", May 2010. (ADAMS Accession No. ML100840695)

RAI 6-7

The NRC staff requested that Westinghouse demonstrate that POLCA-T will predict the onset of
an instability event at the appropriate reactor conditions. To demonstrate this capability of the
code, Westinghouse provided an analysis using the [ ] POLCA-T model.
The reactor temperature and core flow were maintained using user input while the reactor power
[ ] At a power of[

The response, however, includes a [

] However, the response provides the
NRC staff with reasonable assurance that the POLCA-T methodology will adequately predict
transient oscillatory behavior above the limit-cycle oscillation. The NRC staff further relies on
qualification against the SVEA-96 Optima2 stability tests. These tests are provided in Section
B.6.1 of the subject TR.
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In the SVEA-96 Optima2 stability tests, a POLCA-T model is used to [

] The combination of the response to RAI 6-7 and the
channel stability tests, provides the NRC staff with reasonable assurance that POLCA-T will
predict the onset of the instability event under unstable reactor conditions.

Reference

6-7.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6-8

The NRC staff requested that Westinghouse describe the capabilities of the POLCA-T
methodology to determine decay ratios for plants that are highly stable. In the response,
Westinghouse states that qualification of the POLCA-T methodology at [

] The
response also states that in the regime where the decay ratio is [

] The NRC staff agrees with this determination. Likewise, as the
stability methodology is intended to evaluate points in the plant operating domain where the
plant may be susceptible to instability, the NRC staff finds that the qualification database is
sufficient to establish -the capabilities of the methodology and its uncertainties under the
conditions relevant to its intended usage. Therefore, the NRC staff finds that the response is
acceptable.

Reference

6-8.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6-9

The NRC staff requested that Westinghouse provide qualification of the thermal-hydraulic solver
in POLCA-T to model density wave instability phenomena. The response includes qualification
against the [ ] The qualification of
the POLCA-T-predicted power for the onset of instability indicates agreement with the [

] The calculational results agree
with the measurements [ ] The data provide the NRC staff with adequate
reasonable assurance that POLCA-T includes sufficient detail in [ ]to
calculate density wave thermal-hydraulic instability phenomena.
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References

6-9.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to Question 6-9 of the NRC's Request for Additional Information by
the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-8, February 7, 2008. (ADAMS
Accession No. ML080430051)

RAI 6-10

The NRC staff requested that Westinghouse evaluate the sensitivity of the limit-cycle oscillation
magnitude to uncertainties in the interfacial shear. The response states that the phenomenon of
[

The NRC staff agrees. However, the response further states that [
] The DIVOM curve used to develop detect and suppress

solution (DSS) setpoints is predicated on the RAMONA-3B methodology. The NRC staff finds
that the response is acceptable insofar as it has delineated the scope of the current application
and dispositions the NRC staffs concern regarding the adequacy of predicting the magnitude of
the oscillation.

The current analysis of the decay ratio provides a measure of whether oscillations are expected
to diverge or to be damped. To this end, the qualification basis provided in the TR
is acceptable to account for uncertainties in an integral sense, and these data are adequate to
establish an acceptable calculational limit for the decay ratio to provide reasonable assurance
that oscillations are damped. Therefore, the NRC staff does not require additional information
based on the scope of the current application.

For application of the POLCA-T methodology to transients or DIVOM curve development, the
NRC staff will request additional information regarding the sensitivity to interfacial phenomena.

Reference

6-10.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-11

The NRC staff requested additional information regarding the treatment of friction loss
coefficients in the stability analysis methodology. The response states that for Westinghouse
fuels, the fuel design is described in a specific TR, and the friction factors for the spacers
and orifices are approved with the fuel design. Full scale thermal-hydraulic testing is performed
to determine the spacer and orifice loss coefficients used in the analyses.
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For non-Westinghouse type fuel, such as legacy fuel, the friction factors are provided by the
utility. However, to address the NRC staffs concerns regarding the uncertainties in these loss
factors, Westinghouse performed a sensitivity analysis. In this analysis, [

] and the decay ratio and the oscillation
frequency were calculated. These studies were performed for the [

] The analytical results
indicate [

Therefore, the NRC staff finds that the response is adequate insofar as it specifies the source of
the loss coefficients used in the analysis, quantifies the sensitivity of the results of the stability
analysis to these uncertainties in a bounding sense, and provides justification of the qualification
data used to establish the uncertainty in the decay ratio.

The response states that component uncertainties are captured in the integral qualification
approach. The NRC staff finds that based on the [

] and on the basis of the wide range of reactor conditions and fuel types considered
in the qualification database, the uncertainty assessment approach for the POLCA-T time
domain stability methodology is acceptable.

Reference

6-11.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML07290026 1)

RAI 6-12

The NRC staff requested additional information regarding the conditions of the tests that were
included in the stability qualification database. The response to RAI 6-12 includes the reactor
conditions in terms of power, flow and power shape. These details provide sufficient information
for the NRC staff to complete its review of the qualification data set and the relevant decay ratio
measurements and calculational results, and the response is therefore acceptable.

Reference

6-12.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-53, October 9, 2007. (ADAMS Accession
No. ML072900261)

RAIs 6-13 and 6-20

In RAI 6-13 and RAI 6-20, the NRC staff requested additional information regarding the impact
of the balance of plant (BOP) on stability behavior and the analysis methodology. In regards to
the modeling of the BOP feedback mechanisms, the response states that the
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] The NRC staff agrees with the response and finds that this is
acceptable. However, changing BOP conditions, [

I

The response to RAI 6-20 states that the reactor is protected from developing oscillations during
transient conditions by an approved DSS long term solution. Therefore, for the purposes of the
current application (determining the exclusion region and controlled entry region), the analysis
need only consider the stability margin during steady state conditions. The NRC staff agrees
with the response and finds that it is acceptable to address the NRC staff's concerns.

Reference

6-13.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-14

The NRC staff requested additional information regarding the sensitivity of the time domain
stability methodology to the disturbance (perturbation) used to initiate the transient calculation.
To address the NRC staff's concerns, Westinghouse provided sensitivity study results using the
[

] These cases specifically
evaluated specifically the likelihood of perturbations on non-linearity, and noise impacted the
numerical results of the analysis.

The analysis results in the response indicate [

] Therefore, the NRC staff finds that the response provides adequate
justification of the standard production control rod disturbance technique to evaluate plant decay
ratio and is acceptable.

Reference

6-14.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6-15

The NRC staff requested that Westinghouse provide justification for the extension of the
POLCA-T method to plant designs, operating domains, and fuel designs outside the scope of
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the qualification data provided in the TR. The response states that the qualification
database is extensive in terms of these considerations. The database includes [

] The performance of the POLCA-T methodology has been evaluated
for all of these designs [ ] and no degradation of the
code performance has been observed based on fuel design features.

Similarly, the qualification database [
] Therefore, the range of qualification includes a wide variety

of plant designs, again without indication of analytical biases based on plant design.

Finally, the qualification includes plants operating at high and low power densities, providing the
NRC staff with reasonable assurance that the performance of POLCA-T is consistent over the
range of aggressive modern BWR operating strategies and domains.

Therefore, the NRC staff finds that the qualification database itself is sufficiently extensive to
cover the range of intended application based on modem BWR fuel designs and core operating
strategies and is therefore acceptable.

Reference

6-15.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-16

The NRC staff requested additional information regarding the determination of DR acceptance
criterion. The response states that [

] The NRC staff agrees with the
reasoning in the response, however, is not reasonably assured that specifying DR that is [

I

Therefore, the NRC staff will impose a condition on the POLCA-T stability methodology that DR
acceptance criterion [

]

Supplemental Information Provided for Response to RAI 6-16 (Audit Open Item 5).

The supplemental information provided in Reference 6-16.2 revises the decay ratio acceptance
criterion. The criterion has been revised to [

I

The response to RAI 6-28 provides additional information regarding the determination of the
design margin. The intent of RAI 6-28 was to establish how adequate protection against the
onset of instability would be assured by performing POLCA-T calculations against the
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acceptance criterion. The response to RAI 6-16 provides [
] Any additional margin afforded

in the selection of the decay ratio acceptance criterion is at the discretion of the licensee.

This information is sufficient to close Audit Open Item 5.

References

6-16.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

6-16.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Third Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1,
March 2, 2010. (ADAMS Accession No. ML100830375)

RAI 6-17 and RAI 6-22

The NRC staff notes that the TR Appendix B qualification studies for the POLCA-T application to
stability include many more core-wide oscillation tests than regional-mode oscillation tests. The
primary qualification for regional-mode oscillations is the [ I

RAI 6-17 requests that Westinghouse separately evaluate the uncertainty for each instability
mode. The original response states that the driving physical phenomena for regional-model and
core-wide oscillations are the same, and therefore, the uncertainty in the calculated decay ratio
is not expected to vary between the two modes.

In its review of the response, the NRC staff notes that the regional-mode oscillations require
modeling of density wave oscillations, similar to core-wide oscillations, in one-dimensional
components, and therefore, agrees that the thermal-hydraulic modeling uncertainties are not
expected to vary between the two modes.

However, the NRC staff notes that core-wide power oscillations occur with a radial flux shape
that is essentially the same as the fundamental radial flux shape. The regional-mode
oscillations result in power tilts along the next highest radial flux harmonic, and therefore,
necessarily result in greater local radial flux gradients.

The higher flux gradients may result in errors in the prediction of peak bundle or nodal powers
due to the constraints of the diffusion theory solution for large regional power oscillations or
radial power shape perturbations.

During its audit between March 17, and March 20, 2008, the NRC staff requested that
Westinghouse address the potentially increased uncertainty using the POLCA-T kinetics
methods for high radial flux tilts. Westinghouse provided additional qualification information.
Part of the qualification studies presented included direct comparisons of the
PHOENIX4/POLCA7 methods to the LWR-PROTEUS experiment. A subset of these
comparisons was also provided in response to RAI 1-1.
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The POLCA-T kinetics solver ] ] and therefore,
demonstrated efficacy of the [ ] provides reasonable assurance that the
POLCA-T kinetics solver provides accurate radial flux calculations.

The [ ] includes many gamma scan campaigns. Gamma scans provide
the most accurate radial power distribution benchmarks by allowing comparison of the calculated
bundle and sub-bundle power distributions (as opposed to TIP measurements which do not
provide measurement of the bundle powers in an instrumented four-bundle
set).

Reference 6-17.1 provides specific qualification of the lattice physics methods and core
simulator methods against detailed radial power distribution and axial power distribution
measurements. In particular, the NRC staff reviewed the results of LWR-PROTEUS
qualification of the lattice pin power calculations as well as qualification of [

I

Several measurements were performed at the LWR-PROTEUS test facility at the Paul Scherrer
Institute on a 3 x 3 critical area of full-scale SVEA-96 fuel bundles. The critical measurements
included pin power measurements for the central fuel bundle. The central fuel bundle pin
powers were compared to the PHOENIX4 infinite lattice calculated power distribution with good
agreement. Included in the tests, however, were alternative fuel configurations including the
insertion of several control rods to suppress power on two sides of the central fuel bundle. In
these tests, the comparison of PHOENIX4 calculations to the measurements indicates only a
small increase in the pin power distribution [ I
for a very steep radial flux tilt across the bundle.

The LWR-PROTEUS tests confirm that the PHOENIX4 lattice parameters are accurately
predicted for even large radial power tilts. The PHOENIX4 lattice parameter input to
[ ] however, is based on infinite calculations and provides the basis for the pin power
reconstruction model. The [ ] corrects the radial pin power
distribution according to the calculated bundle flux tilt.

Gamma scan measurements, performed at the [
] were performed to qualify the [

] According to Reference 6-17.1, some radial tilts were observed for a fresh fuel bundle
in the gamma scan campaign. The measurements indicated a tilt relative to the

calculation across the sub-bundle as [ ] for one quadrant of the bundle.
While this tilt was observed by the gamma scan measurement, the cause of the tilt has not been
fully diagnosed but may be due to [ ] that was not explicitly
measured or modeled.

The qualification of the [ ] provides indirect
qualification of the intranodal cross section model. The LWR-PROTEUS experiments
demonstrated the accuracy of the PHOENIX4 infinite lattice solution. The [

] provide qualification of the [

] to characterize the variation in neutron flux across
a node, and, therefore, to model steep radial flux gradients as may be present during regional
mode oscillations.

The results for a once-burnt fuel assembly indicate excellent agreement between pin gamma
scans and the [ ] However, for the fresh fuel assembly,
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During regional mode oscillations, the radial power peaking is a combination of peaking due to
both the fundamental and first harmonic flux shapes. The gradient in the first harmonic will be
slightly greater than the fundamental mode. Qualification of the pin power reconstruction model
with a high degree of accuracy for several gamma scans (excluding the fresh bundle scan) as
well ;s accurate representation of the [

This is further supported by the comparison of the [ ] recorded
during the regional mode instability test as well as the calculation of the SPERT III E power as
presented in the rod drop qualification, which is highly, radially peaked.

The response to RAI 6-22 provides a [

Supplemental Information Provided for Response to RAI 6-17.

The response states that the application of POLCA-T in the current TR is restricted to the
prediction of decay ratios. DR prediction is required for back-up stability protection (BSP) and is
differentiated from the modeling required to determine the DIVOM slope. Based on the limited
application, the response states that searches are performed for damped oscillations (DR less
than unity) for both modes. As the qualification extends to unstable modes, the behavior of the
oscillations is expected to scale linearly. The NRC staff agrees with this assertion.

Therefore, the NRC staff has found that [

I

Based on the qualification of the fundamental physics models and the limited application of the
methodology to damped oscillations, the NRC staff finds that applying the same acceptance
criterion is acceptable for the intended applications.

References

6-17.1 Casal, J., Krouthen, J., Albendea, M., Reliable Tools to ModelAdvanced SVEA Fuel
Designs, ANS 2003, Topical Meeting Advances in Nuclear Fuel Management Ill. South
Carolina, October 5-8 2003.

6-17.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)
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6-17.3 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)

6-17.4 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007.
(ADAMS Accession No. ML073580493)

6-17.5 NRC Audit Results Summary Report "WCAP-16747-P: POLCA-T System Analysis Code
with Three-Dimensional Core Model", May 2010. (ADAMS Accession No. ML1 00840695)

RAI 6-18

The NRC staff requested that Westinghouse provide additional details regarding the
methodology used to determine the regional mode oscillation symmetry plane. The response
states that [

I

In the [

I

The NRC staff finds that [
oscillation symmetry plane.

] is acceptable for establishing the regional mode

Reference

6-18.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)
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RAI 6-19

The NRC staff requested that Westinghouse demonstrate the effect of numerical damping using
a simple problem. The NRC staff specifically requested that Westinghouse evaluate the ability
of POLCA-T using standard production methods to track [

] The NRC staff finds that this response is acceptable to demonstrate the efficacy of

the numerical time integration technique to preclude numerical damping of oscillations.

Reference

6-19.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-20

The NRC staff requested additional information regarding the use of the DR acceptance criterion
to protect against exceeding Specified Acceptable Fuel Design Limit (SAFDLs). The response
states that the [

Initiation of a transient at points outside the exclusion region that would result in the reactor
approaching unstable conditions will result in the activation of the Option III suppression
function, either through an OPRM SCRAM or through the BSP. [

]

The NRC staff finds that the response is sufficient to describe how DR methodology is used to

protect SAFDLs.

Reference

6-20.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-21

At the onset of a disturbance to the steady state condition, several oscillatory modes may be
excited. In particular, the NRC staff requested that Westinghouse evaluate the ability of the
POLCA-T methodology to correctly evaluate DR in instances where several oscillation modes
are excited by the disturbance. In response to RAI 6-14, Westinghouse provided the results of a
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] The response to RAI 6-14 indicates that the DR results [

The response to RAI 6-21 states that [

]
The NRC staff finds that the approach is reasonable to confirm that [

] The resilience of the method was explicitly demonstrated
in the numerical results of analyses provided in response to RAI 6-14.

References

6-21.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

6-21.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-proprietary),"
LTR-NRC-07-53, October 9, 2007. (ADAMS Accession No. ML072900261)

RAI 6-22

The NRC staff requested additional information regarding the predictive capabilities of POLCA-T
to determine the azimuthal flux harmonic. The response provides details regarding the
qualification of the POLCA7 and POLCA-T codes to predict the radial power distribution during
the [ ] The results indicate that the POLCA neutronic
methods are accurate in the prediction of the regional mode flux shape. Therefore, the NRC
staff finds that the models are acceptable for predicting the regional mode flux shapes.

The NRC staff also requested information regarding the specific evaluations performed for
Option III plants. The response states that approval is only sought to determine decay ratios.
Decay ratio evaluations are performed for several long term stability solution (LTS) options.
Generally, the decay ratios are used to generate exclusion regions based on the BWROG LTS
methodology. The response states that [

] These historical
methods have been previously approved by the NRC staff. Therefore, the NRC staff review did
not consider the application of POLCA-T to stability analyses other than predicting DR for
regional, core-wide, and channel modes.

Reference

6-22.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)
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RAI 6-23

The NRC staff requested additional information regarding the sensitivity of the transient results
to the frequency of performing nuclear calculations during thermal-hydraulic calculations. The
response states that [

] The NRC staff finds that the [
and the NRC staffs concern is adequately resolved by the response.

Reference

6-23.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-25

The NRC staff requested additional information regarding the use of POLCA-T analysis results
to implement approved stability licensing methods. In particular, the NRC staff requested that
Westinghouse describe the processes by which POLCA-T analyses are integrated into the
licensing approach for BWROG LTSs. The response provided in Reference 6-25.1 describes
the reload licensing analysis procedures for the common long term stability solutions. These
solutions are described in References 6-25.2, 6-25.3, 6-25.4, and 6-25.5.

The response describes a general reload analysis procedure that is used to determine (1)
limiting operating points within the domain and (2) power-flow stability boundaries. These
procedures involve the calculation of decay ratios using the POLCA-T methodology.

Enhanced Option I-A

For plants implementing the Enhanced Option I-A (EIA), the reload licensing analyses are
performed in accordance with the NRC-approved licensing topical report NEDO-32339
(Reference 6-25.2). NEDO-32339 defines the process of determining the exclusion, restricted,
and monitored regions in the power-flow map. These procedures are approved and are directly
adopted for plant licensing. DR acceptance limits are provided in the acceptance criterion for
WCAP-16747-P, which is provided in the response to RAI 6-16 (Reference 6-25.1).

On the basis that approved procedures are employed and that the POLCA-T acceptance limits
are adopted in the methodology, the NRC staff finds the response in terms of EIA to be
acceptable.

Option I-D

The Option I-D LTS is intended for application to small BWR cores with tight inlet orifices.
These plant designs are not susceptible to regional mode oscillations. When applying the
POLCA-T methods to Option I-D plants, the response provides the analysis procedures. The
POLCA-T code is used to calculate decay ratios to support the [

I



WCAP-16747-NP-A

The response adequately describes how POLCA-T DR results are used within the licensing
framework for Option I-D. Therefore, the NRC staff finds that the response is acceptable.

Option II

The Option II LTS is designed for application to BWR/2 plant designs where the quadrant
symmetric-based APRM is sufficient to actuate suppression of regional-mode power oscillations
directly. In the licensing framework, POLCA-T stability calculations are used to
[ I

The response adequately describes how POLCA-T DR results are used with the licensing
framework for Option I. Therefore, the NRC staff finds that the response is acceptable.

Option III Back-up Stability Protection (BSP)

The Option III LTS is a detect and suppress solution. Option III protects the fuel from exceeding
SAFDLs during power oscillations by initiating a reactor SCRAM through the oscillation power
range monitor (OPRM). One part of the implementation of the Option III solution is the cycle-
specific analysis to determine the OPRM setpoint. POLCA-T methods are not used in the
process. [

I

Option III includes Back-up Stability Protection (BSP) for instances when the OPRM is
unavailable. [

] Therefore, the NRC staff finds that
the response addresses the usage of POLCA-T analysis results within the Option III licensing
framework.

The response adequately describes how POLCA-T DR results are used with the licensing
framework for Option Ill. The NRC staff finds that the usage is limited to those applications (DR
calculations) approved by the NRC staff herein. Therefore, the NRC staff finds that the
response is acceptable.

References

6-25.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
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Methodology for Reload Applications," August 1996.

6-25.4 NEDO-31960-A, "BWR Owners' Group. Long Term Stability Solutions Licensing
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6-25.5 NEDO-31960-A, Supplement 1, "BWR Owners' Group Long Term Stability Solutions
Licensing Methodology (Supplement 1)," November 1995.

RAI 6-26

The NRC staff requested additional information regarding the selection of an appropriate axial
nodalization. The response provided in Reference 6-26.1 states that the [

The response references the nodalization and time step information provided to the NRC staff in
response to RAI 4-8 and RAI 6-3. The response also states that the time step and axial
nodalization for standard production analyses are the same as those employed in the integral
qualification analyses to ensure that the uncertainties determined from the qualification remain
applicable.

The NRC staff finds that the response is acceptable insofar as it adequately justifies the
selection of the node size and time step for the stability calculations performed with
POLCA-T. The usage of consistent inputs in this regard is required to justify the applicability of
the prediction uncertainty provided in the TR. Therefore, the NRC staff will impose conditions on
the application of POLCA-T to perform stability licensing evaluations in terms of the time step
and nodalization.

Reference

6-26.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev.1,
March 2, 2010. (ADAMS Accession No. ML1008375)

RAI 6-27

The NRC staff requested additional information regarding the applicability of the prediction
uncertainty. Specifically, the NRC staff requested that Westinghouse evaluate any additional
uncertainty that may be introduced when inputs are specified consistent with the standard
production analysis procedure relative to the specification that was used for the qualification
analyses presented in the TR.

The response provided in Reference 6-27.1 states that the qualification analysis procedures and
the standard production procedures [ ] Therefore, the
uncertainties in code inputs for the standard production procedure are [

] These include the inputs such as time step size and
nodalization. On the basis that the [

Therefore, the NRC staff finds that the response is acceptable.
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Reference

6-27.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1
March 2, 2010. (ADAMS Accession No. ML1008375)

RAI 6-28

The NRC staff requested additional information regarding the decay ratio acceptance criterion.
Specifically, the NRC staff notes that the sensitivity to particular plant parameters may require a
reduction in the decay ratio acceptance criterion. The response provided in Reference 6-28.1
states that standard uncertainties (generic or plant-specific) for parameters identified in the
phenomena identification and ranking table (PIRT) are applied as part of the reload analysis and
incorporated in the design margin.

The response states that this is performed on a cycle-specific basis. However, to assist the
NRC staff in its review of the reload safety analysis methodology, Westinghouse provided an
example analysis to assess the design margin for [ I

The NRC staff reviewed the example analysis and found that appropriate plant uncertainties
were considered. The NRC staff has reviewed the stability PIRT that was provided in the
response to RAI 6-33 and found that the PIRT is acceptable.

The response further provides a summary of the current reload analysis procedure used for
RAMONA-3B stability calculations. This approach is likewise adopted for POLCA-T. In the
procedures, the reload safety analysis [

The NRC staff considered the response to RAI 6-28 in light of the information provided in the
response to RAI 6-16. DR acceptance criterion is now defined as [

] In response to RAI 6-16,
[

The response to RAI 6-16 states that in
[

The choice to adopt a more conservative decay ratio acceptance criterion remains the discretion
of the licensee. The NRC staff requires that the [

] Insofar as the revised criterion in RAI 6-16 meets the NRC staffs
requirements, the NRC staff finds that the response provides adequate clarification of the use of
design margin in Westinghouse reload safety analyses and is therefore acceptable.
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Reference

6-28.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev.1,
March 2, 2010. (ADAMS Accession No. ML1008375)

RAI 6-29

The NRC staff requested additional information regarding the process by which a regional mode
oscillation is established in POLCA-T for cases where the global oscillation mode is dominant.

The response provided in Reference 6-29.1 states that in this case, pressure boundary
conditions are applied to the upper and lower plena. These boundary conditions ensure that the
[

The response states that [
] The NRC staff

finds this approach acceptable. The response further states that [

] A sample calculation was provided in the response as an illustration of the [

I

This methodology is the [

] Therefore, the NRC staff finds that the approach is acceptable. In its review of this
approach, the NRC staff states specific requirements for the usage of this method in its safety
evaluation attached to CENPD-295-P-A (Reference 6-29.2). The NRC staff finds that these
conditions for the instability-threshold power calculations are likewise applicable to POLCA-T.

References

6-29.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1
March 13, 2010. (ADAMS Accession No. ML1 008375)

6-29.2 CENPD-295-P-A, "Thermal-Hydraulic Stability Methodology for Boiling Water Reactors,"

ABB CE, July 1996.

RAI 6-30

The NRC staff requested that Westinghouse perform a sensitivity study to demonstrate that the
code captures local effects consistent with other stability codes in the assessment of mixed core
designs. In particular, the NRC staffs request for additional information references calculations
performed by the NRC staff using the LAPUR frequency domain stability code and calculations
that were performed by Westinghouse using the RAMONA-3B code to simulate the
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I ] instability event.

Calculations performed using the LAPUR and RAMONA-3B codes predicted similar mixed core
effects that demonstrate the sensitivity of the stability performance to differences in the relative
void reactivity and density wave oscillation stability characteristics for different co-resident fuel
designs.

The response provided in Reference 6-30.1 states that the [
] core model was not available to Westinghouse; however, sensitivity studies were

performed using the [ ] This model is a [

] The response provides the results of
the sensitivity study to demonstrate that POLCA-T consistently captures the relevant
phenomena. The response states that the variation in the decay ratio for [

] This is consistent with the variation observed in
the previous sensitivity studies referenced by the NRC staff in the original RAI.

Therefore, the NRC staff finds that the performance of POLCA-T is consistent with the NRC
staff's expectations based on similar sensitivity studies. The consistent performance provides
the NRC staff with reasonable assurance that the POLCA-T code is adequately modeling the
appropriate phenomena affected by the fuel bundle design. On these bases, the NRC staff finds
that the response is acceptable.

Reference

6-30.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1,
March 2, 2010. (ADAMS Accession No. ML1 008375)

RAI 6-31

To assist the NRC staff in its review of the validation information, the NRC staff requested that
Westinghouse evaluate the measured and calculated DR data against a parameter selected by
the NRC staff as representative of anticipated trends in stability margin. The NRC staff provided
a dimensionless parameter that captures dominant reactor conditions affecting stability. This
dimensionless parameter is equivalent to a parameter considered in the qualification of the
RAMONA-3B code as reported in Figure 7.2-7 of CENPD-294-P-A.

The POLCA-T results are [
] The NRC staff requested that Westinghouse compare the trend lines

through the measured and calculated values. The NRC staff understands that this does not
provide for the determination of uncertainties, however, the NRC stresses that the comparison
is valuable in terms of demonstrating that POLCA-T predicts that the influence of important
core parameters on overall stability performance is consistent with observations based on data.

The comparison of the trend lines reveals that they are [
] Therefore, the NRC staff finds that the

comparison provides reasonable assurance that POLCA-T predictions of important phenomena
are consistent with experimental observations. On this basis, the NRC staff finds that the
response is acceptable.
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References

6-31.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Update to the Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report
(TR) WCAP-16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core
Model' (TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, March 2,
2010. (ADAMS Accession No. ML1 008375)

6-31.2 CENPD-294-P-A, "Thermal-Hydraulic Stability Methods for Boiling Water Reactors," ABB

CE, July 1996.

RAI 6-32

Parts A, B, and D

The NRC staff requested additional information regarding comparisons of the POLCA-T and
RAMONA-3B codes against the same qualification data collected at [

] Several[

The NRC staff requested that Westinghouse provide qualification data against the [
] The NRC staff specifically requested that Westinghouse provide details of the calculation

methodology, the calculated mass flow rates, and the calculated LPRM indications at symmetric
locations.

The response to RAI 6-32 provided in Reference 6-32.1 states that the [
] The response provides a figure showing the [

] was initiated in the calculation. The NRC staff finds that the [
] are selected to be consistent with the measured harmonic

symmetry plane, and are therefore appropriate for exciting the regional mode oscillation.

The NRC staff specifically requested that Westinghouse provide these qualification calculations
for the [

Plots of the calculated mass flow rates in the bundles surrounding symmetric LPRM locations
indicate [

] These calculations confirm that the POLCA-T code is predicting
consistent regional oscillatory behavior consistent with the physical behavior observed at
[I

The NRC staff requested that Westinghouse compare the calculated POLCA-T LPRM
indications with those calculated by RAMONA-3B. The response states that these
methodologies are significantly different and that the comparison adds little value. However, the
response provides the information requested by the NRC staff. The NRC staff requested this
information to understand how differences in the methodologies affect the accuracy of either
code to simulate regional mode oscillations.
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The NRC staff reviewed the comparison of the RAMONA-3B and POLCA-T calculations. For
the specific LPRM data, the calculations are in good agreement in terms of [

The NRC staff requested additional information regarding comparison of the void-propagation
time and the oscillation frequency. The oscillation frequency is driven by the void propagation
time through the core. The response includes a comparison of the void propagation time and
the frequency. The [

]

On the basis of the excellent agreement between transient POLCA-T predicted and measured
LPRM signals, and excellent agreement in the regional mode decay ratio between POLCA-T
and the [ ] measurement, the NRC staff is reasonably assured that POLCA-T
adequately models regional mode oscillations.

In Part D of the RAI, the NRC staff requested that Westinghouse compare the void quality
correlations. The response clarifies the origin of the RAMONA-3B slip correlation, and states
that the requested information was effectively provided in the response to RAI 8-5 (Reference 6-
32.2). The NRC staff agrees with the response, and the NRC staffs review of the response to
RAI 8-5 is documented separately in this Appendix.

Part C

The NRC staff requested that Westinghouse provide additional information regarding the
selection of an appropriate perturbation to excite regional mode oscillations in Reference
6-32.1. The NRC staff requested that Westinghouse address the potential to excite higher
harmonic modes with small eigenvalue differences.

The response to Part C of the RAI states that eigenvalue separation is [
] The NRC staff notes that imposing a large perturbation may excite

several oscillatory modes, and therefore, when observing the transient response the decay ratio
may be [

]

The Westinghouse methodology described in the response to Part C addresses the NRC staff
concern regarding the predicted DR. In the methodology proposed, the [

The Westinghouse methodology also considers the [
] This is addressed in
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RAI 6-18. In the response to RAI 6-18 (Reference 6-32.3), Westinghouse [

] were provided in the response to
RAI 6-29 (Reference 6-32.1).

The NRC staff finds that the responses to RAI 6-32 Part C, RAI 6-18, and RAI 6-29 provide an

acceptable methodology for analyzing regional mode oscillations.

References

6-32.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Third Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core Model' (TAC
No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1, March 2, 2010.
(ADAMS Accession No. ML100830375)

6-32.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36,
August 22, 2008. (ADAMS Accession No. ML082520770)

6-32.3 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-07-62, December 12, 2007. (ADAMS
Accession No. ML073580493)

RAI 6-33

The NRC staff requested that Westinghouse provide a stability PIRT. As not all
thermal-hydraulic, mechanical, and neutronic phenomena affect particular analyses in equal
ways, the PIRT provides a method for identifying the key physical phenomena that affect
particular safety analyses. The NRC staff requested the PIRT to assist the NRC staff in
establishing that POLCA-T has adequate capabilities to model those phenomena that are highly
important in the evaluation of stability.

The PIRT provided by Westinghouse in the RAI response ranks the phenomena for each of the
stability analyses described in Appendix B of the TR. These include the calculation of the global,
regional, and channel instability modes. The designators: L (low), M (medium), and H (high)
rank the importance of the phenomena listed in the PIRT. The PIRT is subdivided into several
subcategories. The NRC staff reviewed the ranking of the phenomena in these subcategories
separately.
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Rankings

[ I

The NRC staff has reviewed the ranking provided in the PIRT. The NRC staff concurs with the
rankings for most of the phenomena listed in the table. The NRC staff identified certain
phenomena where clarification is required for the rationale for the ranking. The [

] While the NRC staff considers this phenomenon to be of low importance,
the NRC staff notes that when developing a PIRT, it is generally conservative to rank a
phenomenon as a higher degree of importance.

Westinghouse has, however, ranked the [
] as low in the PIRT. These [

] The NRC staff concurs
with ranking these phenomena as high because they directly affect the [

I

During an on-site audit at Westinghouse's Energy Center, the NRC staff identified an open item
regarding the determination of the [

] will likely have a greater effect. The NRC staff does not find that the current
rationale is sufficient for the NRC staff to be reasonably assured of the ranking of low.

The NRC staff requested supplemental information regarding the PIRT in RAI 6-33S1 pertaining
to the [

] Therefore, the NRC staff agrees with these rankings.

The [

low ranking of this phenomenon.

[

] Therefore, the NRC staff agrees with the

] the NRC staff concurs with a rank of high
for these phenomena.
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I I

The NRC staff has reviewed the PIRT rankings under this subcategory and agrees with the
Westinghouse rankings. The NRC staff reviewed the medium-ranked PIRT regarding the

[I

and the ranking is appropriate. The NRC staff considered the ranking for the
[ ] and agrees that it is a highly ranked phenomenon insofar as
[

The Westinghouse PIRT ranks [ ] as low ranked phenomena besides the
I ] which is ranked as medium. The NRC staff agrees with the
assessment. The [

] was ranked medium insofar as the [
The NRC staff agrees with the rationale

and the ranking.

I I

The PIRT correctly identifies [
[

] as a highly ranked phenomenon for

] therefore, these parameters are ranked as
low. The NRC staff agrees with the distinction for these phenomena.

The [
ranked as high. The [

] are

] Therefore, the NRC staff concurs with these rankings.

The PIRT likewise ranks [ ] as highly ranked
phenomena for the global and regional-modes. The NRC staff agrees with these rankings. The
[ ] will enhance neutronic feedback.

The parameters affecting the [
phenomena. The [

] were also ranked as highly important

I
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Capabilities Assessment

The initial conditions in POLCA-T are [ ]
Therefore, the NRC staff reviewed the POLCA-T capabilities in terms of the highly ranked PIRT
phenomena identified in the [

] Therefore, the NRC staff concludes that POLCA-T has sufficient
capability relative to this highly ranked PIRT.

[ I

The NRC staff requested additional information regarding the [
] Westinghouse, in these RAI responses, provided the data references [

] In these responses,
Westinghouse justified the [

] The NRC staff concludes that POLCA-T
has sufficient capability relative to this highly ranked PIRT.

I

The NRC staff has requested additional information in RAI 6-33S1 regarding the [
] The NRC staff has

reviewed the [
] The NRC staff notes

that it is conservative to bias the heat resistance high for CRDA calculations, but the inverse is
true for stability evaluations, as the reactor will be less stable under conditions when the
neutronic power response and fluid conditions are more tightly coupled.

The NRC staff reviewed the [
NRC staff conclusions regarding the [
found that the [
Therefore, the NRC staff concludes that the [

I provided in Appendix B of the TR noting the
] The NRC staff

I

] The overall impact is a self-
compensating effect.
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The [

I
Therefore, the NRC staff concludes that the [
sufficiently accurate [

] in POLCA-T is

] is not compromised.

Therefore, the NRC staff finds that the [
] is sufficiently robust for stability evaluations.

] in POLCA-T is based on an acceptable [
] Therefore, the NRC staff finds that the POLCA-T capabilities are sufficient relative to

this highly ranked PIRT.

[

] The responses to these RAIs provide
adequate demonstration of the capabilities of POLCA-T relative to this highly ranked PIRT.

] the
NRC staff requested that Westinghouse justify the POLCA-T capability in this regard. The NRC
staff imposes the condition that for [

] The responses to these RAIs are sufficient to
demonstrate the capabilities of POLCA-T relative to this highly ranked PIRT.
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] are sufficient to demonstrate the capabilities of POLCA-T relative to these highly
ranked PIRT as the [

Westinghouse provided [
] The response to RAI 8-8 is sufficient to demonstrate the

capabilities of POLCA-T relative to this highly ranked PIRT.

[

] Therefore, POLCA-T has sufficient capability relative to this highly ranked PIRT.

Supplemental Information Provided for Response to RAI 6-33S1

I I

The response to RAI 6-33S1 Part 1 states that the [

] The response justifies the rationale by providing the results of sensitivity analyses
performed by perturbing the associated parameters (Reference 6-33.2).

As a basis for comparison, the sensitivity to the [

I
Therefore, the NRC staff agrees with the rationale for the low ranking of these phenomena in the
PIRT.

As a comparison, the sensitivity to the [

] This degree of variation is consistent with the NRC staffs expectations in terms of the
sensitivity of the stability analysis to a key parameter [

I
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Since the primary phenomenon affected by these parameters is the [

] Therefore, the NRC staff agrees
that it is not inconsistent to rank the [

I
Therefore, on a similar basis, the NRC staff finds that the PIRT ranking for the
[ ] is appropriate.

] are the subject of Audit
Open Item 8, and, by reference, RAI 4-11. The NRC staff requested in RAI 6-33S1 that
Westinghouse provide similar details of the [

I

The response provides descriptive details of the [
6-33.2). The [

] (Reference

] The NRC staff has reviewed these individual models as described in the TR and
found them to be acceptable for the purpose of evaluating these phenomena. Therefore, the
NRC staff finds that the response is acceptable.

In terms of the [

] that has been deferred to future POLCA-T submittals.

In the case of [
[

] the response to Part 1 of the RAI characterizes the

] Therefore, the NRC staff finds that it is acceptable for the current purposes to

Part 2 of the RAI response provides sufficient information regarding the treatment of the
[ ] to acceptably resolve Audit Open
Item 8.

This information is sufficient to close Audit Open Item 8.
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I I

The response to RAI 6-33S1 Part 3 provides the methodology employed by Westinghouse to
account for [ I
(Reference 6-33.2). The methodology relies on the analysis of a [

I

This methodology is acceptable to conservatively determine the [

I

Therefore, the NRC staff finds that the methodology is acceptable. However, the NRC staff will
require that the likelihood of significant bypass void formation be assessed for regional mode
analyses. Similarly, the NRC staff will require that the analyses documenting the effect of
dynamic bypass void formation be included in the Westinghouse Reload Safety Evaluation
(WRSE).
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RAI 6-34

The NRC staff requested that Westinghouse use data from the Peach Bottom 2 turbine trip (PB2
TT) tests to address the sensitivity of pressure wave propagation-to-nodalization as a means for
assessing the impact of nodalization on density wave oscillation simulation. The response
states that sufficient information is provided in the integral qualification. The NRC staff agrees
that the integral qualification provides assurances that the methodology is accurately predicting
density wave phenomena.

The NRC staff has requested additional information regarding the effects of nodalization in
RAI 4-8, RAI 6-3, RAI 6-19, RAI 6-24, RAI 6-26, and RAI 6-27. The NRC staff reviewed these
RAIs, and the detailed findings are provided in this Appendix. The NRC staff found that when
these responses are considered that additional information regarding the influence of
nodalization on the stability calculations is not required. Therefore, the NRC staff finds that the
concern associated with RAI 6-34 has been adequately resolved by information provided in
other RAI responses.

Reference

6-34.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Third Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core Model' (TAC
No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev.1, March 2, 2010.
(ADAMS Accession No. ML100830375)

RAI 6-35

The NRC staff requested that Westinghouse provide the nominal flow rate for the [ ]
plant in absolute units. The response to RAI 6-35 provided the flow rate. The NRC staff
requested this information to compare DR analytical results on the basis of the power-to-flow
ratio. Therefore, the NRC staff finds that the response is acceptable.

The NRC staff used the flow rate and the other information provided in the response to RAI 6-12
to plot trends with measured and predicted decay ratios as a function of key reactor parameters.
These parameters are, namely, the: core flow rate, core thermal power, and nodal power
peaking factor. The results confirm that gross trends in the measured and predicted decay
ratios are consistent with the NRC staffs expectations. The NRC staff notes [

I

The NRC staff also compared trends in the ratio of the predicted-to-measured DR with a
parameter calculated by the NRC staff. This parameter is the product of the power and nodal
peaking factor divided by the core flow rate. Trend lines in Figures A.6.1 and A.6.2 have been
included for the [

I
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The NRC staff confirmed that the POLCA-T methods are likely to [
] The results provided in Figure A.6.3 illustrate

that POLCA-T has a [
] This plot demonstrates that the POLCA-T methodology is [

] The NRC staff notes that the [

I

Therefore, the NRC staff finds that the information provided was sufficient for the NRC staff to
complete its assessment of the stability qualification and POLCA-T performance. The NRC staff
is reasonably assured that the application of the POLCA-T methodology for the
[

]
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RAI 6-36

The NRC staff requested additional information regarding the nodalization of the lower plenum.
In particular, the NRC staff requested this information to assess the capability of POLCA-T to
model the coolant temperature distribution at the core inlet under conditions where feedwater
temperature reduction may lead to unstable core behavior following a dual recirculation pump
trip (2RPT) dual recirculation pump trip for jet pump plants. The NRC staff was concerned that
POLCA-T may not model the stratification of the flow in the lower plenum, and therefore,
POLCA-T may miscalculate the core inlet enthalpy distribution in transient analyses.

The response provided in Reference 6-36.1 states that the current scope of application of
POLCA-T is for steady state evaluations. [

I

The response further provides the results of calculations that demonstrate the sensitivity of the
core decay ratio to core inlet temperature distribution. To perform this calculation, a POLCA-T
core model was modified to lower the temperature of the coolant flow into one-eighth of the core
bundles. The results show that the behavior is more unstable when the core inlet temperature is
unevenly distributed.

Based on the results of the sensitivity analysis, the [

The NRC staff intends to [

I
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6-36.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Third Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core Model' (TAC
No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1, March 2, 2010.
(ADAMS Accession No. ML100830375)

RAI 6-37

The NRC staff requested additional information regarding the sensitivity of the stability analysis
results to the gas gap properties. In particular, the NRC staff requested that Westinghouse
evaluate the sensitivity of the decay ratio to the various gas gap properties. In cases where the
analysis results were shown to be very sensitive, the NRC staff requested that Westinghouse
provide additional information regarding the high bumup qualification of the STAV models in
POLCA-T.

The response provided in Reference 6-37.1 provides the results of sensitivity studies performed
using the [ ] The results were summarized in a table that
shows that the primary variable affecting the stability calculations is [

The response states that the [ ] primarily influence
reactor stability. The NRC staff agrees with this assessment. However, the NRC staff notes that
the response has demonstrated that [

On the basis that the [
] and that the parameter with the greatest influence on stability performance is

accurately predicted for high exposure, the NRC staff finds that the response adequately justifies
the applicability of the POLCA-T gas gap models for stability analyses of high bumup fuel.

Reference

6-37.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Third Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core Model' (TAC
No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1, March 2, 2010.
(ADAMS Accession No. ML100830375)
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RAI 7: Control Rod Drop Accident

RAI 7-1

The NRC staff requested that Westinghouse provide additional information regarding the
adequacy of the PHOENIX4/POLCA7 methodology to calculate the plutonium contribution to the
Doppler worth for CRDA analyses. The response to RAI 7-1 contains [

The Pu-238 isotope is a minor contributor to the transient response, and the NRC staff does not
consider large errors in the prediction of this isotope to be consequential to accurate modeling of
BWR kinetic behavior.

In addition to comparison against the Organisation for Economic Cooperation and Development
/ Nuclear Energy Agency (OECD/NEA) benchmark, Westinghouse provided comparisons
between the PHOENIX4 isotopic predictions and HELIOS. The comparisons were performed for[

Aside from the concentration, the NRC staff is primarily concerned with the acceptable
calculation of the Doppler worth. Westinghouse provided comparisons between PHOENIX and
HELIOS considering the effect of fuel temperature. The cases analyzed were at [

I

Finally, a comparison was performed using Monte Carlo N Particle (MCNP) with
PHOENIX-generated isotopics. The basis of the comparison was [

These comparison studies provide the NRC staff with reasonable assurance that the PHOENIX
code is sufficiently accurate in its prediction of plutonium worth to justify the use of the code for
CRDAs for modern, aggressive BWR operating strategies and modern fuel designs. Therefore,
the NRC staff finds the response to be acceptable.

Reference

7-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS
Accession No. ML081890191)
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RAI 7-2

The NRC staff requested additional information regarding the xenon conditions for the
initialization of the CRDA. The response to RAI 7-2 states that [

References

7-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008.

7-2.2 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:
Summary and Qualification," ABB CE, July 1996.

RAI 7-3

At end of cycle (EOC) conditions, modern BWR cores have a positive moderator temperature
coefficient. The NRC staff requested that Westinghouse provide additional details regarding the
POLCA-T method in terms of accounting for this phenomenon. The response states that the
[

] Therefore,

the NRC staff finds that the response is acceptable.

Reference

7-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-4

The NRC staff requested additional information regarding the delayed neutron fraction
sensitivity. The results of the delayed neutron fraction sensitivity study in the TR indicated
that the CRDA analysis results were not sensitive to the delayed neutron fraction. The NRC
staff notes that the delayed neutron fraction is a surrogate measure of the core power response
to changes in reactivity, and the NRC staff expects the results to be sensitive to the delayed
neutron fraction over the range of variation considered in the TR.

The NRC staff requested additional information regarding these analyses and cites the
RAMONA-3B sensitivity analyses presented in CENPD-284-P-A as well as studies performed by
Brookhaven National Laboratory (BNL) presented in BNL-NUREG-66230 and
BNL-NUREG-67430.
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The response states that there was an incorrect implementation in POLCA-T in the delayed
neutron fraction multiplier. The incorrect implementation results in the multiplier essentially
being removed after the first iteration. The response states that the incorrect implementation
was corrected. The CRDA sensitivity analyses were reanalyzed using the corrected code and
the results presented in the RAI response.

The response states that the affected sections of the TR will be revised in the next revision to
incorporate the corrected numerical analyses and to update the uncertainty analysis.

The response provides the sensitivity analysis in tabular and pictorial form. [

]

The NRC staff RAI also requested that the POLCA-T results be compared against the BNL
studies. The sensitivity was compared against the BNL simplistic models, [

I

The NRC staff finds that the unexpected results provided in the original TR were a result of an
incorrect implementation of the delayed neutron fraction multiplier. Based on its review of the
corrected results, the NRC staff finds that the delayed neutron sensitivity is consistent with
expectations based on similar approved codes (RAMONA-3B) and simplistic physical models
(BNL studies). Therefore, the NRC staff finds that the code was appropriately corrected and that
the code output is acceptable for evaluating the sensitivity.

The response provides [

I
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I

Therefore, the NRC staff finds that the response is adequate, and the proposed means for
accounting for the delayed neutron fraction uncertainty is acceptable.

References

7-4.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)

7-4.2 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:
Summary and Qualification," ABB CE, July 1996.

7-4.3 Diamond, D., et al., "Estimating the Uncertainty in Reactivity Accident Neutronic
Calculations," BNL-NUREG-66230.

7-4.4 Diamond, D., et al., "A Qualitative Approach to Uncertainty Analysis for the PWR Rod

Ejection Accident," BNL-NUREG-67430.

RAI 7-5

The NRC staff requested that Westinghouse provide additional details regarding the selection of
limiting control blade screening for CRDA analyses considering the effects of cycle exposure.
The response states that the process outlined in Section A.4.6 specifies that the
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] The NRC staff finds that this approach is acceptable and
adequately resolves the NRC staffs concern.

Reference

7-5.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-6

The NRC staff requested that Westinghouse justify the control blade worth uncertainty used in
the PIRT and subsequent uncertainty analysis for the CRDA analysis. The RAI specifically
requested that Westinghouse use data from local critical tests to quantify the control blade worth
uncertainty. The response provided cold critical test data collected over several cycles. The cold
eigenvalue was used to infer the control blade worth uncertainty. In the analysis, Westinghouse
determined that the POLCA7 calculated blade worth has [

] This uncertainty is significantly smaller than the uncertainty used in
the statistical analysis of 5 percent. Therefore, the NRC staff finds that the response provides
adequate reasonable assurance that the control blade worth used in the uncertainty analysis is a

[
] and is therefore acceptable.

Reference

7-6.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-7

The NRC staff requested that Westinghouse provide additional information regarding the
assumptions in the modeling of the reactor SCRAM. The response states that the SCRAM
speeds are based on the Technical Specifications requirements for SCRAM speed. The NRC
staff finds that this approach is acceptable.

Reference

7-7.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)
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RAI 7-8

The NRC staff requested additional information regarding the use of the ENDF/B-VI delayed
neutron libraries. The response states that Westinghouse is aware that the delayed neutron
libraries in ENDF/B-VI are in error. Therefore, these [

] The response
compares the POLCA-T delayed neutron library to the RAMONA-3B library (which was based on
the PHOENIX2 library). In general, these [

] the NRC staff finds that the delayed neutron
library data incorporated in POLCA-T is acceptable for CRDA analyses.

Reference

7-8.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-9

The NRC staff requested additional information regarding the adequacy of the time step size
and time step size control algorithms for CRDA analyses. The NRC staff particularly requested
that Westinghouse justify the relative number of thermal-hydraulic and nuclear

iterations and provide adequate justification of the time step resolution to evaluate CRDA events.

The response states the [
] The NRC staff finds that this approach is acceptable to [

The response provides details of a sensitivity study performed for reduced time steps. [

] However, as depicted in
Figure 2 of the response, [

] The NRC staff reviewed the performance of the time step control algorithm
presented in Figure 5 of the response.

Figure 5 depicts the time step I The cases
considered with time steps [

I



WCAP-16747-NP-A

The NRC staff notes that while the [

] Therefore, the NRC staff is not reasonably assured that the sensitivity study
provides an adequate basis that [

The NRC staff issued a supplemental request for additional information to RAI 7-9S1. The NRC
staff requested that Westinghouse consider smaller time step sizes to ensure that the
[ ] and that the selection of the maximum time step size
for CRDA analysis is acceptably small.

Supplemental Information Provided in Response to RAI 7-9S1

Westinghouse provided supplemental information to RAI 7-9 in Reference 7-9.2. The response
provides the results of additional sensitivity studies for smaller time steps. Figure 5a of the
response demonstrates that the additional time step sizes [

] Therefore, the NRC staff finds that these
analyses consider the appropriate range of time step sizes to test convergence. Figure 2a of the
response shows the sensitivity of the power pulse peak and timing of the peak power to the
maximum time step size. Figure 2a shows that the [

J The results provided in Table 1 a for all of the time step sizes
Iconsidered demonstrate [

The response further states that the time step upper limit is [

I

The response states that [

I

On the basis of the relative insensitivity of the figure of merit (fuel enthalpy), the NRC staff finds
that this approach is sufficient to ensure adequate time step resolution and stability of the
solution for CRDA analyses.
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References

7-9.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)

7-9.2 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

RAI 7-10

Due to the highly decoupled nature of the reactor during conditions typical of CRDA analysis
initial conditions, the NRC staff requested additional qualification of the POLCA-T pin power
reconstruction model. The bundle power is expected to be highly radially peaked during the
power excursion, and accurate modeling of the flux shape during the CRDA is required to
accurately predict the hot rod integral power.

The response to RAI 7-10 (Reference 7-10.1) provides comparative analyses performed with
POLCA-T and PHOENIX4. PHOENIX4 is a detailed two-dimensional lattice physics code that

[I

The comparative analyses considered six core configurations. These configurations include
variation in the [

The NRC staff finds that the comparative analyses provided are sufficient to justify the accuracy
of the POLCA-T pin power reconstruction model for use in CRDA analyses.

References

7-10.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008.

7-10.2 CENPD-390-P-A, "The Advanced PHOENIX and POLCA codes for Nuclear Design of
Boiling Water Reactors" ABB CE, December 2000. (ADAMS Accession No.
ML010100268)

RAI 7-11

The NRC staff requested additional information on whether the model capability in
RAMONA-3B to analyze off-center control rods as effective central control rods was maintained
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in POLCA-T. The response states that [ ]
(Reference 7-11.1). The NRC staff finds that this approach would yield more accurate results
and is therefore acceptable.

Reference

7-11.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of-NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-12

The NRC staff requested additional information regarding conservatism in the hot rod gas gap
conductance input or modeling. The response states that POLCA-T considers [

] (Reference 7-12.1).

The NRC staff requested additional information since the sensitivity of the CRDA analysis results
to the gap conductance is not straightforward. The NRC staff agrees with the statements made
in the response describing the competing effects in terms of fuel
temperature and negative Doppler worth having a compensating effect on the analysis. The
response, however, states that performed sensitivity studies demonstrate [

]

CENPD-284-P-A considered the sensitivity of heat transfer models in the RAMONA-3B
methodology for CRDA analysis. Section 6 of Part III of CENPD-284-P-A contains sensitivity
studies performed with RAMONA-3B. [

] (References 7-12.2 and 7-12.3).
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Supplemental Information Provided for Response to RAI 7-12

In Reference 7-12.5, Westinghouse provided supplemental information to the response to RAI
7-12. The original response quoted sensitivity studies that were not provided in the original
response. The supplemental information provides the results of sensitivity studies performed
using RAMONA-3 over a wide range of gas gap heat transfer coefficients. This study illustrates
the variation in fuel enthalpy as the gas gap heat transfer coefficient is varied from very low
values to very high values. [

] These studies augment the original bounding analysis in
Reference 7-12.4.

On the basis that [

] the NRC staff concludes that the gas gap heat transfer coefficient is
conservatively modeled in POLCA-T for CRDA analyses. Therefore, the NRC staff finds that the
response and analytic approach are acceptable.

References

7-12.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008.

7-12.2 CENPD-285-P-A, "Fuel Rod Design Methods for Boiling Water Reactors," ABB CE, July
1996.

7-12.3 WCAP-15836-P-A, "Fuel Rod Design Methods for Boiling Water Reactors - Supplement
1," Westinghouse Electric Company, April 2006.

7-12.4 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:
Summary and Qualification," ABB CE, July 1996.

7-12.5 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Third Set of Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: Systems Analysis Code with Three-Dimensional Core Model' (TAC
No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-14, Rev. 1, March 2, 2010.
(ADAMS Accession No. ML100830375)

RAI 7-13

In RAI 7-13 the NRC staff requested additional information regarding the input assumptions.
The response states that the cold clean initial conditions are the limiting conditions for CRDA
analyses (Reference 7-13.1). The response refers to Section 4 of CENPD-284-P-A. The
CENPD-284-P-A TR (Reference 7-13.2) states:

[t

The response to RAI 7-13 states, however, that the cold clean initial condition is assumed to
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provide for an unambiguous initial condition. The response references Figure 4.5.14 of
Reference 7-13.2. The figure shows [

On the basis of these arguments and the sensitivity analyses provided in Figure 4.5.14 of
Reference 7-13.2, the NRC staff finds that the cold clean initial conditions are appropriate for
licensing basis CRDA analyses using POLCA-T.

References

7-13.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008.

7-13.2 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:
Summary and Qualification," ABB CE, July 1996.

RAI 7-14

The NRC staff requested additional information regarding the prediction of temperature/reactivity
feedback in the POLCA-T transient evaluation of CRDA events. The NRC staff specifically
requested additional information regarding the reactivity effect of the changing pellet dimensions
during CRDAs.

During a CRDA, the power excursion is terminated by compensating Doppler reactivity worth
due to increasing fuel temperature. The increased fuel temperature, however, results in
changes in the pellet geometry. In particular, the pellet size will increase due to thermal
expansion, and the pellet density will decrease. This does not have a clear effect on the
reactivity as the resonance absorption is expected to trend as the square root of the surface
area to the mass of the heavy metal in the node.

Additionally, the NRC staff requested information regarding volatile nuclides. The NRC staff
requested that Westinghouse consider the case where elevated fuel temperatures result in the
release of highly absorbing volatile fission products, thus potentially resulting in an increase in
nodal reactivity due to the escape of absorbing material in the pin plena.

The first part of the response considers the [

I
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A simplified Nordheim-Fuchs model was used [

I

Results indicate that for [

] As stated previo-sly expansion will increase the
pellet surface, but will also reduce the density. [

The response states that the [
I The

NRC staff finds that the analyses provide an acceptable basis for the [
the response.

The NRC staff has [

] provided in

I
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Reference

7-14.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS No.
ML082520770)

RAI 7-15

The NRC staff requested additional information about the assumptions regarding operator error
in the CRDA analysis process. The response states that the [

] are explicitly accounted for in the
analysis. These assumptions are [

] The methodology quoted in the response relies on [
] This approach is fully consistent with the

approach approved by the NRC staff for the RAMONA-3B methodology for CRDA analysis
(Reference 7-15.2). The NRC staff finds that the proposed TR revision and the description of
the methodology in the RAI response are adequate and acceptable.

References

7-15.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

7-15.2 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:

Summary and Qualification," ABB CE, July 1996.

RAI 7-16

The NRC staff requested clarification of the terms "power" and "flux" SCRAM. The response
provided by Westinghouse states that the [ I
The "flux" SCRAM refers to the reactor SCRAM initiated by an APRM reading of 120 percent
neutron flux. The response states that SCRAM delay times are conservatively determined and
included in the analysis. The response also [

] The NRC staff finds that the response and TR revision are
acceptable and provide adequate clarification.

Reference

7-16.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)
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RAI 7-17

The NRC staff requested additional clarification of the results presented in Table A.3-6. In
response to the NRC staffs question, Westinghouse provided a revised table that more clearly
defines the parameters presented in the table. Specifically, the table clarifies the integrated
power and the time to which the power is integrated. The results quote the POLCA-T calculated
integrated power and the POLCA-T calculated power integrated up to the time at which peak
power was measured in the SPERT test.

Reference

7-17.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-18

The NRC staff requested additional information regarding the POLCA-T SPERT III E
qualification presented in Appendix A of the TR. First, the NRC staff requested the power shape
qualification data. Second, the NRC staff requested the comparison of POLCA-T against the
case 18 test. Third, the NRC staff requested that Westinghouse provide a figure depicting the
Doppler worth sensitivity.

First, the response states that SPERT III E power shapes were not measured and that the TR
language was referring to the shapes of the transient power histories (Reference 7-18.1). The
explanation is sufficient to clarify the TR description. The NRC staff requested separately in RAI
7-10 that Westinghouse qualify the POLCA-T pin power reconstruction model. The response to
RAI 7-10 provides an adequate basis for the NRC staff to accept the power distribution modeling
capability of POLCA-T.

Second, the response provides a figure showing the comparison of POLCA-T to the case 18
SPERT III E test (Reference 7-18.1). Figure A.3-10a in the response and Figure A.3-10 from
the TR indicate that POLCA-T [

Third, the response provides a figure similar to Figure 5.3.16 of CENPD-284-P-A (Reference 7-
18.1). Figure 5.3.16 and Figure 5.3.17 of CENPD-284-P-A illustrate [

] (Reference 7-18.2). Only SPERT III
E case 43 is considered in Figure A.3-10b of the response. When compared with Figure 5.3.17
of CENPD-284-P-A, the response [

]

This provides the NRC staff with assurance that the code system predicts sensitivities that are
consistent with the NRC staffs expectations based on the PIRT and previous sensitivity studies.
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Therefore, the NRC staff finds that the response is acceptable.

References

7-18.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
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MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

7-18.2 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:
Summary and Qualification," ABB CE, July 1996

RAI 7-19

The NRC staff requested additional information regarding the sensitivity of the CRDA analyses
to the core flow rate. The response provides Table A.5-8a (Reference 7-19.1). The results
provided in the table demonstrate that [

I

The NRC staff finds that the results are acceptable to address the NRC staff's concerns
regarding this code sensitivity. The treatment of the core mass flow rate and associated
uncertainty are therefore acceptable since the [

I

Reference

7-19.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

RAI 7-20

The NRC staff requested that Westinghouse clarify if the POLCA-T screening criteria were
revised relative to the RAMONA-3B screening criteria for dynamic CRDA analysis. The
response states that the POLCA-T criteria [ ] to the previously approved
RAMONA-3B screening criteria. The NRC staff has previously reviewed these criteria and found
them acceptable. Therefore, the NRC staff finds that the approach and the response to the RAI
are acceptable.

References

7-20.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)



WCAP-16747-NP-A

7-20.2 CENPD-284-P-A, "Control Rod Drop Accident Analysis for Boiling Water Reactors:
Summary and Qualification," ABB CE, July 1996.

RAI 7-21

The NRC staff requested additional information regarding the PB2 TT test qualification
presented in Appendix A of the TR.

The NRC staff requested additional information regarding the calculated axial power profiles in
Figures A.3-4 and A.3-5. The response states that the "PHOENIX4 XS data" plots are
generated by using upstream predictive cycle follow calculations using POLCA7/PHOENIX4
codes. The "PSU XS data" cases are presented for information only. "The PSU XS data" power
profile is determined using a POLCA-T calculation with cross section data that was generated
external to the Westinghouse process.

The NRC staff requested additional information regarding what the terms P1, APRM Probe 1
and APRM Probe 2 referred to. The NRC staff reviewed the information provided in the
response and Reference 7-21.2. P1 refers to the process computer calculation of the PB2
EOC2 axial power shape. APRM probes refer to the APRM Channel A power measurement and
the 80 LPRM normalized power measurement. The response likewise clarifies, as is described
in Reference 7-21.2 that the five TIP instruments were inserted in the core during the TT tests.

The NRC staff requested that the term "m/sec" be revised to more clearly indicate milliseconds.
The response provides the revised table. The NRC staff also requested that the term
"measured" be clarified. The revised table provides a footnote discussing the term by stating
that the measured value is based on the average of 80 LPRM probe responses.

The NRC staff found that the clarification provided in the response was sufficient for the NRC

staff to complete its review of the subject matter. Therefore, the response was acceptable.

References

7-21.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

7-21.2 EPRI NP-564, "Transient and Stability Tests at Peach Bottom Atomic Power Station Unit

2 End of Cycle 2," Electric Power Research Institute, June 1978.

RAI 7-22

In RAI 7-22, the NRC staff requested several figures substantially similar to the figures provided
in the TR labeled Figures A.3-6 through A.3-9. The NRC staff requested that Westinghouse
provide figures that are similar to these figures with the power response shifted on the x-axis so
that the time scales are identical starting at the point of the initial core pressure response. This
allows the NRC staff to compare the dynamic reactivity prediction by POLCA-T to the power
response normalized by the back pressure wave transit time from the turbine stop valves to the
core. The measured and predicted core pressure response times were [

I
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The plots include the predicted and measured total neutron powers as well as individual LPRM
predictions and measurements. Figures A.3-6a and A.3-7a [

] Generally, the peak power and the
integral power are [ ] Relative to the data, POLCA-T shows
a [ ] The timing difference in terms of the peak power is approximately
[ ] TT tests. The overall shape of the transient response is [

] demonstrating that the POLCA-T code is accurately predicting the void reactivity
response to the pressurization.

The LPRM responses are [ ] to the overall core power responses. This
demonstrates that the POLCA-T code is predicting the local transient power correctly. Some of
the LPRM responses [

On the basis of these revised plots, the NRC staff finds that POLCA-T accurately predicts the
peak power, the integral power, and the character of the transient power response. The NRC
staff has found [

] The transient power shape is also accurately modeled. For the subject analyses
(CRDA and stability), the NRC staff finds that the important phenomena are accurately modeled
and that the figures of merit are acceptably predicted.

The comparison of the POLCA-T calculation to the PSU XS data calculation indicates [

The [

Reference

7-22.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

RAI 7-23

The NRC staff requested that Westinghouse provide the results of the simulation of the third
PB2 EOC2 TT test. The response states that only the steady state simulation was performed.
The transient response calculations will be provided to the NRC in the POLCA-T for transient
application (Appendix C). The response states that the text in the TR will be revised. The NRC
staff finds that this correction is acceptable. The NRC staff has reviewed the qualification data
provided in the Appendix A of the TR and found that there are sufficient qualification cases in the
TR for the NRC staff to reach a reasonable assurance finding regarding the applicability of
POLCA-T to CRDA analyses. Therefore, the NRC staff finds that the response is adequate.
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Reference

7-23.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 7-24

The NRC staff requested additional information regarding the axial power shape uncertainties.
The NRC staff requested that Westinghouse compute the axial power shape root mean square
(RMS) differences based on the P1 edit for the PB2 TT tests. The response provides the
comparisons that demonstrate that the POLCA-T-predicted power shapes are [

] with the P1 edit. The response similarly provides the RMS differences for the PSU XS
data. The resultant RMS differences using the Westinghouse calculation process indicate that
the uncertainties are [ ] with the previously-established uncertainties in
CENPD-390-P-A.

The table in the response quotes a RMS error [
] according to CENPD-390-P-A). However, Westinghouse notes

that the [

I

Westinghouse provided [

] in CENPD-390-P-A.

Table A.3-3b of the response to RAI 7-24 provides the RMS differences of [
J These values are [

] Therefore, the NRC staff finds that the [

Reference

7-24.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

RAI 7-25

In the event that a CRDA analysis is not bound by a previous analysis, the NRC staff requested
that Westinghouse provide the details for how the radiological consequences are determined
and evaluated against acceptance criteria. The response states that if radiological
consequences must be evaluated, these consequences will not be evaluated using POLCA-T.
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The radiological consequences will be evaluated using either Regulatory Guide (RG) 1.183
(alternate source term) or RG 1.195 (traditional method). The NRC staff finds that this approach
is acceptable.

When determining the radiological fission product inventory, the traditional (RG 1.195) and
alternative (RG 1.183) source methods must include an increased inventory to account for
transient fission gas release for new reactor applications. Therefore, the NRC staff imposes the
condition for ABWR CRDA analyses and dose assessment that the transient FGR must be
calculated according to the following correlation from Appendix B of Section 4.2, "Review of
Transient and Accident Analysis Methods", of NUREG-0800, "Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants" (SRP 4.2):

Transient FGR = {(0.2286*AH)- 7.1419}
Where:
FGR = Fission gas release, % (must be > 0)
AH = Increase in fuel enthalpy, Acal/g

The transient release from each axial node which experiences the power pulse may be
calculated separately and combined to yield the total transient FGR for a particular fuel rod. The
combined steady state gap inventory and transient FGR from every fuel rod predicted to
experience cladding failure (all failure mechanisms) should be used in the dose assessment.

References

7-25.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

7-25.2 Regulatory Guide 1.183, "Alternative Radiological Source Terms for Evaluating Design
Basis Accidents at Nuclear Power Reactors," July 2008. (ADAMS Accession No.
ML003716792)

7-25.3 Regulatory Guide 1.195, "Methods and Assumptions for Evaluating Radiological
Consequences of Design Basis Accidents at Light-Water Nuclear Power Reactors," May
2004. (ADAMS Accession No. ML031490640)

RAI 7-26

The NRC staff requested additional information regarding the use of the interim acceptance
criteria in SRP Section 4.2 Revision 3. These interim criteria are provided for reactivity insertion
accidents for new plant applications. Specifically, the NRC staff requested
that the TR be revised to capture these interim acceptance criteria for new plant applications,
and that Westinghouse provide additional details regarding the calculation of the rod internal rod
pressure as this pressure is used to determine compliance with the interim criteria.

The response provided in Reference 7-26.1 describes how the interim acceptance criteria are
used and that the TR will be revised to incorporate the interim acceptance criteria for new plant
applications. The NRC staff finds that this is acceptable.
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The response also provides details of the POLCA-T calculation of the rod internal pressure. The
calculation is performed [

] The NRC staff finds that this approach is
acceptable to calculate the number of damaged fuel rods.

Therefore, the NRC staff finds that the use of the interim acceptance criteria for new plant
applications has been adequately incorporated and the calculational methodology is sufficiently
conservative to evaluate the number of damaged fuel rods. On these bases, the response is
acceptable.

Reference

7-26.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Fourth Set of Responses to the Second Round of NRC's Request of Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)
WCAP-16747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model'
(TAC No. MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-09-21, April 8, 2009.
(ADAMS Accession No. ML100281005)

RAI 8: Thermal Hydraulics

RAI 8-1

The NRC staff requested additional information regarding the dryout correlation library. In
particular, the NRC staff requested that Westinghouse specify the correlations in the library, the
applicable fuel design, and reference to the experimental data used to develop the correlation.
The response provides the requested information for Westinghouse fuel designs currently
operated in the U.S. These include the applicable correlations for SVEA-96,
SVEA-96+, and SVEA-96 Optima2.

The response states that internal Westinghouse requirements assure that the use of NRC
approved correlations for licensing analyses specify the correlation used, refer to the NRC
approved documentation, and explain how the correlation is used within the approval.

The NRC staff finds that the response is sufficient in specifying how Westinghouse treats critical
power evaluations for Westinghouse fuel designs. However, the response does not provide
details regarding the mixed core application.

The subject review of POLCA-T to stability and CRDA analyses, however, does not require
evaluation of the critical power ratio. The NRC staff notes that the stability TR Appendix B does
not seek approval for POLCA-T to develop DIVOM slopes. Therefore, for the subject review, the
calculation of the critical power ratio is ancillary to the analyses.

The NRC staff, therefore, defers the review of the subject of the applicability of the dryout
correlations to review of POLCA-T for application to either transients or to generate a DIVOM
curve. In these subsequent reviews, the NRC staff will address the application of POLCA-T to
mixed core evaluations.
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References

8-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML0825207705)

RAI 8-2

The NRC staff requested additional information regarding the H1 and H6 heat transfer
coefficients. The NRC staff notes that these [

] The NRC staff finds that this is acceptable.

Reference

8-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 8-3

The NRC staff requested additional information regarding the heat transfer regime map. The
map provided in the original submittal of the subject TR does not include consideration of
the Reynolds number. The figure, which is provided in the response, indicates that in particular
regimes, a series of correlations is available to predict the heat transfer. While the NRC staff
notes that full scale qualification of the heat transfer predictive capabilities of POCLA-T was
provided in the response to RAI 3-5, the NRC staff is not aware how interpolations are
performed or how particular correlations are selected to (1) ensure that the phenomena are
modeled accurately, and (2) that there are no potential conditions where discontinuity in the heat
transfer predictions results in inaccuracy or numerical instability.

More detailed maps are provided in the response for the non-dryout and post-dryout heat
transfer regimes. The figures illustrate the transitions between the different correlations based
on the transition Reynolds numbers. Following the figures, the response provides the
application range for each correlation, and the maps specify where interpolation is performed.
The NRC staff finds that the details provided are sufficient for the NRC staff to understand how
POLCA-T selects the correlation and evaluates the heat transfer coefficient for [

] In each case, the NRC staff reviewed the
response and found that the interpolations and use of each correlation allow for
the accurate prediction of the coefficient and that these are adequately interpolated to preclude
discontinuity.
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As previously stated, the qualification of POLCA-T to evaluate heat transfer characteristics is
provided separately under RAI 3-5.

Reference

8-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 8-4

The NRC staff notes an error in the POLCA-T model for Countercurrent Flow Limit (CCFL)
for modern fuel bundle geometries. In its response to this RAI, Westinghouse provides a
commitment to update the model and provide this revision to the NRC with the Appendix D
POLCA-T application to ATWS. As countercurrent flow is not expected to occur for CRDA or
during damped thermal- hydraulic density wave oscillation events, the NRC staff finds that the
response is sufficient for the NRC staff to complete its review of the subject TR. The NRC staff
will impose a condition that the CCFL correlation be revised to be consistent with the model
submitted to address potential non-conservatisms for SVEA-96 Optima2 prior to POLCA-T's
application to transient analyses where countercurrent flow may occur.

Reference

8-4.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 8-5

The NRC staff requested additional information regarding the qualification of the void quality
correlations to higher pressures and higher void fractions. In particular, the NRC staff requested
that Westinghouse justify the application of the correlation to these higher pressures and voids
that may be encountered under transient or accident conditions. In particular events such as
main steam isolation valve (MSIV) closure without position SCRAM may result in high pressures
and high void fractions.

The response is based on comparisons to other void quality correlations. In the review of
WCAP-16606-P-A, the NRC staff reviewed the application of the AA78 correlation in BISON to
simulate transient thermal-hydraulic conditions at these higher void and higher pressure
conditions typical of ATWS scenarios. As ATWS evaluations consider vessel pressurization
without SCRAM and the subsequent recirculation pump trip, these events constitute a
reasonable basis to establish the highest pressures and void fractions for which the correlations
are used.

In its review of WCAP-1 6606-P-A, Westinghouse describes a methodology for using the EPRI
void quality correlation (Chexal-Lellouche) to [

]
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The response includes detailed comparisons between the Chexal-Lellouche and the DF01 and
DF02 correlations for various void fractions and pressures. The response indicates[

Supplemental Information Provided in Response to RAI 8-5S1

The NRC staff noted an error in the units in Table 3. The NRC staff communicated this
typographical error in the form of an RAI requesting that the error be corrected in the approved
revision of the TR. In Reference 8-5.3, Westinghouse acknowledges that a decimal point is
missing in the table. The response states that the table will be corrected accordingly in the
approved TR version. The NRC staff finds that this is acceptable.

References

8-5.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)

8-5.2 WCAP-16606-P-A, "Supplement 2 to BISON Topical Report RPA 90-90-P-A,"
Westinghouse Electric Company, January 2008. (ADAMS Accession No. ML081280718)

8-5.3 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Further Responses to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-Proprietary)," LTR-NRC-08-59, December 16, 2008. (ADAMS
Accession No. ML083660101)

RAI 8-6

The NRC staff requested additional information regarding the momentum equation. The NRC
staff had several questions regarding its application for several features common in reactor
simulation models, including elbows, tees, and horizontal flows.

(a) Flow directions that are not vertical

The response states that for flow directions that are horizontal, the gravity term is eliminated
from the momentum equation. For inclined flow paths, the gravity term is weighted according to
the cosine of the angle of the incline. The NRC staff finds that this is acceptable.

(b) Flow through an elbow

The response states that the user must specify the elbow loss coefficient and the surface
roughness. In cases where the elbow is represented by several volume cells, the loss
coefficient is distributed through the multiple cells equally. The NRC staff finds that this is
acceptable.
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(c) Multiple neighboring cells

The response provides a discussion for the flow distribution in the case of tee junctions. For
these junctions, a user-supplied factor is used to multiply the flux pressure drop to transport the
appropriate amount of momentum through the downstream flow path. The NRC staff audited
the implementation of the momentum equation in the POLCA-T source code for tee junctions
and found that the implementation was acceptable (see Section 5.3 of Reference 8-6.1).
Therefore, the NRC staff finds that this is acceptable.

(d) Plena

The response states that for plena, the flow junction at each parallel flow path references the
common manifold cell, and the solution of the equation explicitly accounts for the differences in
the upstream and downstream cells. The NRC staff finds this acceptable.

(e) Virtual mass

The NRC staff requested that Westinghouse describe how the virtual mass effect is captured.
The response states that the [

] The NRC staff agrees and finds this acceptable.

(f) Two-phase cell parameters

The NRC staff requested that Westinghouse rewrite the momentum equation to demonstrate
how the equation is solved based on the fluid cell parameters. The response states that the
[

] The single
fluid properties for the calculation come from the neighboring volume cells, and a single set of
linear equations is developed for the entire system and is solved during each iteration. The NRC
staff finds this acceptable.

(g) Interfacial shear

The response states that interfacial shear is not explicitly accounted for. The POLCA-T fluid
model is a [ ] The void quality
correlation captures the effects of interfacial shear implicitly. The NRC staff agrees and finds
this acceptable.

(h) and (i) Countercurrent flow

The response states that under conditions of countercurrent flow, the [

] The NRC staff finds this approach

acceptable.

(j) Wetted perimeter

The response states that the calculation of the wetted perimeter is [

I
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] The NRC staff finds
that this approach is reasonable.

(k) Velocity distribution correction factor

The NRC staff requested that Westinghouse provide the basis for the velocity distribution
correction factor. The response states that the distribution factor accounts for the velocity
distribution in the channel when voiding occurs. The [

] It is intended to account for the effect of the two-
phase flow on the friction on the velocity distribution near the wall. The correction factors are
determined based on full-scale bundle pressure drop data.

(I) Sudden pressure drop

The NRC staff requested that Westinghouse evaluate the performance of the single-fluid
momentum equation where sudden pressure drops result in downstream void formation. In
response to the RAI, Westinghouse provided qualification of the POLCA-T model to the
Edwards experiment. The Edwards pipe test is a rapid blow-down test whereby a pressurized
canister is depressurized following the explosive opening of one end of a vessel. The test
measured various dynamic pressures, and the initial outlet velocity is choked. The[

The [
] Therefore, the NRC staff finds that the response provides reasonable assurance

that the POLCA-T thermal-hydraulic model can simulate this phenomenon and is acceptable.
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8-6.1 NRC Audit Results Summary Report "WCAP-16747-P: POLCA-T System Analysis Code
with Three-Dimensional Core Model", May 2010. (ADAMS Accession No. ML1 00840695)
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System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 8-7

The NRC staff requested that Westinghouse provide an analysis to demonstrate the efficacy of
the momentum equation by doing a sensitivity study on a complex reactor systems model. The
NRC staff requested that all energy sources be turned off in a model and the model run to
ensure that the solution to the momentum equation did not result in artificial momentum sources.
To this end, Westinghouse provided an analysis of a [

] The NRC staff requested that a complex model be used to verify the solution of the
momentum equation for many of the cases for which the NRC staff requested additional
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information in RAI 8-6. To this end, the NRC staff issued a supplemental request for additional
information. The NRC staff finds that a simple model is adequate to address the NRC staff's
concerns if this model includes more complex features.

Supplemental Information Provided for Response to RAI 8-7S1

The response to RAI 8-7S1 was provided in Reference 8-7.2. The NRC staff requested
analyses be performed on a sample problem to test the conservation of momentum. The test
problem included consideration of flow splitting, inclined channels, and elbows. The second test
problem considered the significant geometric features mentioned in the NRC staff's
RAI 8-6. The results [

] Therefore, the response provides an acceptable and
adequate basis for the NRC staff to be reasonably assured that the implementation of the
momentum equation in POLCA-T does not introduce artificial momentum sources. Therefore,
the NRC staff finds that the response is acceptable.
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RAI 8-8

The NRC staff requested that Westinghouse provide additional details regarding the use of
historical models in POLCA-T. The NRC staffs request was divided into three areas: the PARA
steam line model, BISON pump model, and BISON steam separator model.

PARA Steam Line Model

The NRC staff requested that Westinghouse describe how conditions imposed on the PARA
steam line model would be implemented for its use in POLCA-T. The response states that
approval of the historical model is only sought so that previously developed PARA models may
be used for licensing evaluations. The response states that new PARA models of the steam line
will not be used in POLCA-T licensing. As the historical use of the model is requested only for
use with previously developed models, the NRC staff finds that the PARA conditions need not be
applied to future POLCA-T licensing calculations that are performed with explicit POLCA-T
modeling of the steam line. Similarly, the NRC staff finds that the PARA models were developed
consistent with the approved methodology, and therefore, have intrinsically met the conditions
imposed by the NRC staff on the use of PARA. The NRC staff will impose a condition that only
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PARA models that have been previously developed in accordance with the approved
methodology and consistent with the NRC staff's conditions and limitations may be used with
POLCA-T.

BISON Pump Model

The response states that POLCA-T does not use any of the historical BISON pump models.
Therefore, the NRC staff does not require any additional information in regards to this model to
complete its review.

Steam Separator Model

The NRC staff requested that Westinghouse compare the previously-approved L/A (length/area)
model for the steam separator to the POLCA-T model. The response states that the POLCA-T
model for the steam separator was explicitly qualified against tests performed for the
ASEA-ATOM AS1 6 steam separator design as well as the new AS01 design developed in the
late 1990's.

The qualification data was provided in the response. The NRC staff finds that the [

] Therefore, the NRC staff finds that the use of this model is

acceptable.

Reference

8-8.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 9: Power

RAI 9-1

The NRC staff requested additional information regarding the POLCA-T calculation of the
reactor power. Following a reactor SCRAM, the power generation includes sources from
transient fission power (during the rod insertion and from delayed neutrons), fission product
decay, actinide decay, decay of structural activation products, heat transfer from vessel
internals, and exothermic energy release from metal-water reactions.

The response states that the POLCA7 neutronic code is used to calculate the fission power.
The fission power is divided into two parts, that part deposited directly in the coolant (direct
moderator heat) and the heat deposited in the fuel rods. The code calculates the prompt fission
and delayed fission. During its audit of POLCA-T, the NRC staff reviewed the documentation
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and found that the POLCA-T neutron kinetics solver is based on a [
] are widely used and have previously been

approved by the NRC staff in similar applications. The NRC staff finds this model to also be
acceptable.

The decay power is calculated from the ANS Standard 5.1 [
] is widely used for

this application, and the NRC staff finds that its use is acceptable.

The stored energy is calculated according to the solution to the heat transfer and conduction
equations for each heat structure included in the core model. Each thermal mass is assigned a
heat structure to determine its transient variation in temperature and stored energy. The NRC
staff finds, therefore, that the POLCA-T solution technique explicitly accounts for the stored
energy.

The NRC staff notes that significant cladding heat-up is not expected during CRDA analyses,
simulations of oscillations indicating core stability, or in the analysis of transients indicating
margin to boiling transition. Therefore, the NRC staff does not require specific details of the
metal-water reaction model for the subject TR review. However, the NRC staff will require this
information to complete its review of the Appendix D POLCA-T application to ATWS. The
response states that two options are available in POLCA-T. The first is the Baker-Just model
(conservative) or the Cathcart-Pawel model (best estimate). The NRC staff defers review of
these models to the review of POLCA-T for ATWS evaluations. The NRC staff will request, at a
minimum, (should the NRC staff review Appendix D), that Westinghouse specify whether the
Cathcart-Pawel model used in POLCA-T is the 1976 or 1977 model.

References

9-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

9-1.2 NRC Audit Results Summary Report "WCAP-16747-P: POLCA-T System Analysis Code
with Three-Dimensional Core Model", May 2010. (ADAMS Accession No. ML1 00840695)

RAI 10: Control Systems

RAI 10-1

The NRC staff requested additional information regarding the control system models in
POLCA-T. Control systems are modeled to change reactor system parameters to simulate the
function of plant equipment and automated functions of systems. The NRC staff specifically
requested information regarding the use of the control system models to model proportional
integral derivative (PID) controllers.

The response states that [

I
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On the basis of the information contained in the response, the NRC staff finds that POLCA-T
contains sufficient control system model complexity to model most, if not all, control systems
necessary for the accurate simulation of several transient and accident conditions. The
response states that the previously submitted SAFIR control system models can be used for
cases where additional control system model capability is required for specific
applications.

Therefore, the NRC staff finds that the control system models are adequately described and
sufficient in their capability to perform transient and accident analyses when considered with the
response to RAI 10-2.

Reference

10-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)

RAI 10-2

The NRC staff requested additional information regarding the control system. The response to
the RAI provides [

] The response provides an adequate basis for the NRC staff to
be reasonably assured that the POLCA-T control system methodology incorporates sufficiently
sophisticated methods and modeling capability to account for standard reactor control systems
for transient and accident analyses when considered with the response to RAI 10-1.

Reference

10-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)

RAI 11: Fuel Rod Model

RAI 11-1

The NRC staff requested additional information regarding the hot rod environment. The
response to RAI 11-1 states that assemblies are modeled in POLCA-T with [

I
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The NRC staff agrees with the response and finds that it is acceptable.

Reference

11-1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 11-2

The NRC staff requested clarification of the radiation heat transfer and cladding temperature
variables in POLCA-T. The response confirms that the variable T' refers to the cladding inner
surface temperature. Similarly, the response confirms that an error in the radiation heat transfer
equation is a typographical error. The response provides a portion of the source code model to
verify that the error does not propagate to the analyses. Therefore, the NRC staff finds that the
response is acceptable.

Reference

11-2.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 11-3

The NRC staff requested additional information regarding the gas gap heat conduction model for
cracked pellets. The response is adequate insofar as it provides details of the conduction model
for the cracked pellet that is consistent with the model previously approved by the NRC staff in
WCAP-1 5836-P-A.

The NRC staff requested additional details regarding the application of the models to MOX fuel.
The response clarifies that approval of the model for MOX fuel is not being sought in the current
application. Therefore, the use of the model is within the scope of the NRC staffs original
approval.

The NRC staff requested clarification of a statement made in Section 14.2 of the TR regarding
pellet cracking. The response clarifies the statement in Section 14.2 by stating that [

] The NRC staff finds that the [
I
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The response also states that a statement in the TR regarding the fuel restructuring will be
removed. The response states that fuel restructuring is taken into account in order to model
high bumup enhanced fission gas release. This approach is consistent with the previously
approved model in WCAP-15836-P-A, and, therefore, is acceptable.

References

11-3.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

11-3.2 WCAP-15836-P-A, "Fuel Rod Design Methods for Boiling Water Reactors -
Supplement 1," Westinghouse Electric Company, April 2006. (ADAMS Accession No.
ML061220450)

RAI 11-4

The NRC staff requested additional information regarding the thermal expansion coefficient for
high gadolinia loadings. The response to RAI 11-4 states that test data confirm that the thermal
expansion coefficient for uranium-dioxide-gadolinia mixtures remains consistent over a wide
range of gadolinia concentrations up to [ ]

However, while the data indicate that the thermal expansion model may be suitable for
application to gadolinia concentrations as high as [ ] the NRC staff did not perform a
review of the applicability of POLCA-T to gadolinia concentrations above [ I

The NRC staff notes that the upstream codes STAV7.2 and PHOENIX4 are only approved for
application to gadolinia concentrations of [ ] The NRC staff will impose the condition that
POLCA-T is only applicable to the analysis of cores loaded with gadolinia-bearing fuel within the
minimum-approved-maximum-gadolinia-concentration of either STAV7.2 or
PHOENIX4/POLCA7 as documented in WCAP-1 5836-P-A and CENPD-390-P-A, respectively,
or in subsequently approved submittals.

References

11-4.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

11-4.2 WCAP-15836-P-A, "Fuel Rod Design Methods for Boiling-Water Reactors -
Supplement 1," Westinghouse Electric Company, April 2006. (ADAMS Accession No.
ML061220450)

11-4.3 CENPD-390-P-A, "The Advanced PHOENIX and POLCA codes for Nuclear Design of
Boiling Water Reactors" ABB CE, December 2000 (ADAMS Accession No.
ML010100268).
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RAI 11-5

The NRC staff requested additional information regarding the FGR model and the effect of pellet
cracking. The response states that the fission gas release is based on the approved
WCAP-1 5836-P-A model in STAV7.2, and that the pellet cracking effect is [

] The NRC staff finds that the response is
acceptable.

References

11-5.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

11-5.2 WCAP-15836-P-A, "Fuel Rod Design Methods for Boiling-Water Reactors -
Supplement 1," Westinghouse Electric Company, April 2006. (ADAMS Accession No.
ML061220450)

RAI 11-6

The NRC staff requested additional information regarding the application of POLCA-T to various
cladding materials. The response states that the approach for POLCA-T is to incorporate
specific material models and property correlations based on the [

I

In certain cases, the [

I

The NRC staff finds that this approach is acceptable to model the different cladding materials.
The NRC staff has reviewed the validation of these models against test data in its review of the
thermal-mechanical (T-M) design methodology. [

] Therefore, the scope of the POLCA-T application is limited to those fuel
designs and cladding materials where the NRC staff has reviewed and approved the models and
correlations.

The NRC staff requested additional information regarding the thermal expansion treatment of
Zircaloy. The response states that the TR will be modified to remove statements regarding the
anisotropy of thermal expansion. The response clarifies that the macro-behavior of the thermal
expansion data from MATPRO shows that the [

J The NRC staff finds the response
and proposed TR revision acceptable.
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References

11-6.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

11-6.2 WCAP-1 5836-P-A, "Fuel Rod Design Methods for Boiling Water Reactors -
Supplement 1," Westinghouse Electric Company, April 2006. (ADAMS Accession No.
ML061220450)

RAI 11-7

The NRC staff requested additional information regarding the thermal expansion model for
zirconium-based alloys. The response states that the model is based on the MATPRO materials
properties developed mainly for Zircaloy-4, [

References

11-7.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 11-8

The NRC staff requested additional information regarding the cold work parameter. The
response states that the cold work parameter is included to account for the effects of cold work
on the Young and Shear moduli. The elastic moduli are primarily affected by temperature and
oxygen content, and the cold work effects are much less important. Therefore, the response
states that in cases where the cold work is not known, a default value of zero is used.

The response further provides comparisons of the predicted and measured moduli against
zirconium, Zircaloy-2, and Zircaloy-4 data. The data include test data from Busby. The range of
cold work considered in the Busby data varies between 0 percent and 25 percent. The data
indicate that the impact of cold work is small and negligible compared to the model uncertainty.
Therefore, the NRC staff finds that the use of the default value of 0 is acceptably accurate for
reactor analyses. Similarly, the NRC staff finds that the model is based on relevant experimental
data and including the known cold work will slightly improve accuracy. Therefore, the NRC staff
finds that the response is acceptable.
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Reference

11-8.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.

- ML081890191)

RAI 11-9

The NRC staff requested additional information regarding the basis for the Poisson's ratio for
isotropic materials. The NRC staff requested that Westinghouse consider the effects of forming
processes on anisotropic properties such as texture. The response states that the
Poisson's ratio calculation is based on the approved thermal-mechanical (T-M) methodology in
WCAP-15836-P-A, which treats the Poisson's ratio as a function of the [

I

In the response to RAI 11-8, Westinghouse provided data from the MATPRO database
confirming that the moduli are primarily a function of the temperature and oxygen content and
that the cold work and texture are second order effects. [

Therefore, the NRC staff finds that the response is acceptable.

References

11-9.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747P, "POLCA-T:
System Analysis Code with Three-Dimensional Core Model" (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

11-9.2 WCAP-15836-P-A, "Fuel Rod Design Methods for Boiling Water Reactors -
Supplement 1," Westinghouse Electric Company, April 2006. (ADAMS Accession No.
ML061220450)

RAI 11-10

The NRC staff requested additional information regarding the cladding creep model. The model
is used in the prediction of the gas gap size, and hence in the calculation of the gap heat
transfer and initial stored energy. The response states that Equation 14.70 is used to determine
the contribution of tangential clad deformation to creep and elastic strains to gap size change.

The response states that the model has been verified against the approved T-M methodology
described in WCAP-1 5836-P-A. The NRC staff finds that this is a reasonable basis for the
model verification based on the NRC staff's approval of the methodology. Therefore, the NRC
staff finds that the response is adequate to justify the applicability of the model.
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Reference

11-10.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 11-11

The NRC staff requested that Westinghouse explain why cladding elastic deformation is
modeled in only two dimensions. The response states that the cladding elastic deformation
model is applied on a nodal basis. Therefore, the cladding elastic deformation is calculated in
two dimensions for each node, and the axial variation is captured in axial nodalization of the core
model. Therefore, the model calculates the elastic deformation in three dimensions. The NRC
staff finds that this clarification is acceptable.

Reference

11-11.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Response to Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:
System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)
(Proprietary/Non-proprietary)," LTR-NRC-08-27, June 25, 2008. (ADAMS Accession No.
ML081890191)

RAI 11-12

Accurate calculation of the metal-water reaction is not required for cases where significant core
heat-up does not occur. Therefore, the NRC staff has deferred the review of the subject RAI
response to the review of the application of POLCA-T to either ATWS simulations or LOCA.
The NRC staffs review and approval of POLCA-T for CRDA and stability analyses does not
constitute the NRC staff acceptance of the subject RAI response. This response contains
information related to the response to RAI 9-1 regarding the heat addition from exothermic metal
water reactions, and the basis for the NRC staff's deferral is identical.

The NRC staff notes, however, that the calculation of the initial oxide thickness falls within the
scope of the subject review. The NRC staff notes that the accurate prediction of the initial
cladding thickness is likely to have a direct effect on the efficacy of the stability methodology
based on the sensitivity of the decay ratio to the fuel thermal time constant. The NRC staff has
requested additional information in the area of the initial cladding thickness under
RAI 4-11. The staff reviewed the response to RAI 4-11 and the detailed staff review is provided
under a separate section in this Appendix.

Reference

11-12.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory Commission,
"Follow-Up Response to the Second Round of NRC's Request for Additional Information
by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P,
'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No.
MD5258) (Proprietary/Non-proprietary)," LTR-NRC-08-36, August 22, 2008. (ADAMS
Accession No. ML082520770)
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RAI 11-13

In RAI 11-13, the NRC staff requested additional qualification information and detailed
explanation of the cladding rupture model. Qualification of the cladding rupture model against
[ ] was provided in the response. The cladding rupture model is generally
used in systems analysis codes to evaluate the core geometry changes under loss-of-coolant
accident or ATWS scenarios in order to establish if the core retains a coolable geometry. For
new reactor applications, such as application to the ABWR, an assessment of core coolability is
required. The interim criteria in Appendix B of SRP 4.2 specifically develop core coolability
criteria for CRDA that require determination of the cladding rupture.

Based on the information provided, the NRC staff could not reach a conclusion regarding the
acceptability of the cladding rupture model in POLCA-T. Specifically, there appeared to be
differences between the POLCA-T cladding rupture model and the previously-approved model.
Secondly, the POLCA-T methodology does not appear to treat cladding rupture due to rod-
to-rod contact. Therefore, the NRC staff issued a supplemental request for additional
information.

The NRC staff requested additional information regarding the consistency of the cladding
rupture model with the previously-approved cladding rupture model described in
CENPD-293-P-A and WCAP-15682-P-A (References 11-13.3 and 11-13.4).

Supplemental Information Provided for Response to RAI 11-13SI

Westinghouse provided a response to RAI 11-13S1 in Reference 11-13.5. The NRC staffs
supplemental RAI was divided into seven areas addressing the consistency of the cladding
rupture model.

Part 1

The NRC staff requested that Westinghouse confirm that the cladding rupture model was fully
consistent with the cladding rupture model approved by the NRC staff in WCAP-15682-P-A.
The response confirms that the models are consistent. Therefore, the NRC staff finds that the
use of the model is acceptable on the basis of its previous approval.

Part 2

The NRC staff noted several differences in the POLCA-T TR description of the cladding rupture
model and the description provided in Reference 11-13.4. In response to
RAI 11-13S1, Westinghouse provided corrections to typographical errors in the model
description in the POLCA-T TR. These corrections bring the POLCA-T description into
alignment with the model previously approved by the NRC staff. Therefore, the NRC staff finds
that the corrections are appropriate.

Part 3

To ensure that the model is consistent, the NRC staff requested that Westinghouse provide a
figure that is substantially similar to a qualification figure (Figure 7-22 in Reference 11-13.3).
The figure in Reference 11-13.3 provides a comparison of the Westinghouse cladding rupture
model against measured data in Reference 11-13.2. The response provided in
Reference 11-13.5 contains similar figures as those in the previously approved TR
CENPD-293-P-A.
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The NRC staff reviewed the figures and found that [
]

These figures demonstrate that the cladding rupture model performance is consistent with the
performance of the previously approved model. Therefore, the NRC staff is reasonably assured
that the POLCA-T model is fully consistent with the previously approved model and, therefore,
the response is acceptable.

Part 4

The NRC staff requested additional information regarding the phenomenon of rod-to-rod
contact. The response states that POLCA-T accounts for the [ ] Therefore,
the NRC staff finds that the response is acceptable as this phenomenon is accounted for.

Part 5

In its previous approval of the [
] The NRC staff requested that

Westinghouse [ ] The response states that the [
J Therefore, the NRC staff finds that the response is acceptable.

Part 6

The NRC staff requested additional descriptive details regarding the double layer burst stress
modifier. Specifically, the NRC staff requested that Westinghouse describe in greater detail how
the double layer thickness and total oxygen concentration are determined. The response states
that the use of Equation 14-85 is consistent with the TR description in Reference 11-13.3. The
NRC staff finds that this aliproach is acceptable on the basis that it is fully consistent with the
approved method.

The NRC staff reviewed the clarification provided in the RAI response and found that it was
adequate for the NRC staff to confirm that the POLCA-T model is employed consistently with its
previous approval in Reference 11-13.3. Therefore, its usage is acceptable.
Part 7

The NRC staff requested additional information regarding the uncertainty analysis. The
response to the NRC staffs RAI states that the [

] Therefore, the NRC staff finds that the [
] The NRC staff defers the review of the cladding rupture model

uncertainties to its review of the usage of this model for a specific application.
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Company, May 2003. (ADAMS Accession No. ML031540688)
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NRC-09-21, April 8, 2009. (ADAMS Accession No.: ML1 00281005)

RAI 11-14

The NRC staff requested additional information regarding the gas gap heat conduction model in
POLCA-T. First, the NRC staff requested that Westinghouse describe the relationship between
the Sutherland weighting factors and the weighting factors used in the STAV7.2 code. The
response states that Chapter 20.3 of the original TR included misleading language and that the
model presented in the TR is for calculating the thermal-hydraulic behavior of non-condensable
gases in the coolant. The response provides a TR revision to include Chapter 20.4 which
describes the models for properties of the gases in the gas gap.

The NRC staff reviewed the revised section provided in the RAI response. The revised TR
describes a gas gap conduction model that is consistent with the approved STAV 7.2 models
(Reference 11-14.1). The response also states that while this information was not presented in
the TR, these models had been implemented since the original POLCA-T code release
(Reference 11-14.1). The NRC staff reviewed the description of the gas gap conduction models
and confirmed that they are consistent with the previously-approved models. On this basis, the
NRC staff finds that the POLCA-T gas gap properties models are acceptable.

The response further corrects several editorial and typographical errors (Reference 11-14.1).
The NRC staff reviewed the revisions and found that the corrections are consistent with the
previously-approved models. Therefore, the NRC staff has confirmed that the POLCA-T models
are consistent with those models that have previously been approved by the NRC staff. The
response states that the corrections will be made to the approved TR. The NRC staff finds this
acceptable.

Reference

11-14.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory
Commission, "Fifth Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical
Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code with Three-
Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-Proprietary),"
LTR-NRC-09-25, May 12, 2009. (ADAMS Accession No. ML091380095)

RAI 11-15

The NRC staff requested additional information regarding the translation of previously-approved
fuel rod models to the POLCA-T code. In particular, the NRC staff requested additional
information regarding the fuel thermal conductivity model and the gas gap pressure model. The
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NRC staff additionally requested that Westinghouse provide a summary of those historically-
approved models that have been directly translated into POLCA-T.

Fuel Thermal Conductivity

In response to the first portion of the NRC staffs RAI, Westinghouse revised the TR to
incorporate fuel thermal conductivity and pellet relocation models that are consistent with
WCAP-15836-P-A (STAV7.2) (Reference 11-15.1). The NRC staff reviewed the response and
confirmed that the additional text is consistent with the approved models. The response further
states that several STAV models are maintained in POLCA-T for consistency with other versions
of STAV; this is to facilitate licensing evaluations across several nations. The response
specifically states, however, that the equation set presented in WCAP-1 5836-P-A is from
STAV7.2 and will be used in POLCA-T when performing licensing calculations in the U.S. The
NRC staff finds that this is acceptable on the basis that these models are the most recently
reviewed and approved models. The response further states that the if the STAV7.2 model is
changed, then POLCA-T will also be updated with the new approved fuel rod models, and that
the NRC's approval of any new T-M model is independent of POLCA-T and is licensed
separately. The NRC staff agrees with the response. The response specifically references
WCAP-15836-P-A as an example of the NRC's review and approval of the stand-alone fuel T-M
methodology.

The NRC staff will impose the condition that U.S. licensing evaluations be performed using
STAV7.2 or a subsequently approved T-M model. The NRC staff will likewise impose conditions
on the update of POLCA-T to incorporate subsequently-approved models. These conditions are
fully consistent with the RAI response.

Gas Gap Pressure

The NRC staff requested additional information regarding the incorporation of the plena in the
calculation of the rod internal pressure. A key assumption in the [

The response includes Equation 14-30 which provides additional descriptive details of the
calculation of the rod internal pressure. This calculation is based on an ideal gas treatment of
the gap gases and accounts for the gas composition and the distribution of temperatures within
the various sub-volumes comprising the rod internal void space (Reference 11-15.1).

The response also states that [

The NRC staff requested that Westinghouse [

] Overall, the NRC staff finds that this
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approximation is reasonable for reactor systems analysis. [

While this approach [

] Therefore, the NRC staff finds that

the approach for calculating the rod internal pressure is acceptable.

Translation of Previously Approved Models

The NRC staff noted in its review, several models in the TR in the description of the fuel rod
model that appeared to be inconsistent with previously approved versions of the STAV or
CHACHA codes. To assist the NRC staff in its review, Westinghouse provided a
comprehensive listing of the individual models that comprise the overall fuel rod model. In each
case, the response provides the reference to the specific equation in previously approved TRs
that describes the corresponding model. The NRC staff has reviewed the associated historical
TRs (CENPD-285-P-A, WCAP-15836-P-A, and CENPD-293-P-A), the subject TR and other RAI
responses. Based on this review, the NRC staff has confirmed that the POLCA-T fuel rod model
is consistent with the approved STAV models. The response states that the compilation of
equations and their counterparts in other approved TRs demonstrates that all equations have
approved references or are basic in nature or part of a derivation (Reference 11-15.1). The
NRC staff agrees with this statement.

The response notes two deviations between the model description in the subject TR and the
STAV7.2 model. These are the thermal conductivity model and the pellet relocation model. As
is the subject of RAI 11-14, these models have been previously implemented in POLCA-T and
will be used for U.S. licensing calculations. As stated in the response to RAI 11-14, the TR will
be revised to include these STAV7.2 models (Reference 11-15.1). Therefore, the NRC staff
concludes that the fuel rod model in POLCA-T is fully consistent with the most recently reviewed
and approved fuel rod models developed by Westinghouse. Therefore, the NRC staff finds that
the usage of these models within POLCA-T is acceptable.

Historical Limitations and Conditions

The NRC staff requested that Westinghouse consider the conditions and limitations that were
imposed on STAV7.2 during the review of WCAP-15836-P-A. Specifically, the NRC staff
requested that Westinghouse evaluate the conditions and limitations for dual applicability to
POLCA-T, and in cases where the conditions were not applicable, that Westinghouse provide a
detailed rationale.

The responses states that five conditions listed in WCAP-15836-P-A, as a result of the NRC
review of the Westinghouse T-M modeling of BWR fuel performance, are acceptable for
dynamic analyses, with one exception. This exception is the value of the F parameter. In all
STAV versions prior to STAV7.2, the value of this parameter was [

] (Reference 11-15.1).
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The F parameter is an azimuthally "misfitting" fraction between relocated pellet fragments and
the clad. It accounts for increased heat transfer between pellets and the cladding where the
cracked portions of the pellet relocate and come in contact with the cladding prior to gap closure
during irradiation.

The response provides the results of several stability calculations performed using F values of
[ ] The results indicate that DR and
frequency are better predicted when the F value is [-

]

Based on the stability calculations, it was observed that setting F to [

] is more appropriate
for best-estimate transient and stability calculations. Therefore, the NRC staff finds
Westinghouse has acceptably justified deviating from the specified value of F in
WCAP-15836-P-A for dynamic evaluations.

References

11-15.1.1 Letter from Gresham, J. A. (Westinghouse) to U.S. Nuclear Regulatory
Commission, "Fifth Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical
Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code with Three-
Dimensional Core Model' (TAC No. MD5258) (Proprietary/Non-Proprietary),"
LTR-NRC-09-25, May 12, 2009.

11-15.1.2 CENPD-293-P-A, "BWR ECCS Evaluation Model: Supplement 1 to Code
Description and Qualification," ABB CE, July 1996.

11-15.1.3 WCAP-15682-P-A, "Westinghouse BWR ECCS Evaluation Model: Supplement 2
to Code Description, Qualification and Application," Westinghouse Electric
Company, May 2003. (ADAMS Accession No. ML031540688)

11-15.2 CENPD-285-P-A, "Fuel Rod Design Methods for Boiling Water Reactors," ABB
CE, July 1996.
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B-1

Appendix B: Doppler Reactivity Uncertainty Analysis

The Doppler Coefficient temperature dependence is provided in Equation B-1.

DC = A T-2 (B-i)

Where DC is the Doppler Coefficient,
A is a constant, and
T is the fuel temperature

The uncertainty in the Doppler Coefficient based on uncertainty in the fuel temperature is
provided by differential analysis. The sensitivity of the Doppler Coefficient to a temperature
perturbation is provided in Equation B-2.

A T -3___C__ 1--__-_• 1T 2  10T
TDC ( 2 6T- I- (B-2)

AT 2 T 2

Where 6T is the temperature perturbation.

Based on the sensitivity provided in Equation (B-2), an uncertainty in the fuel temperature
can be translated to an uncertainty in the Doppler Coefficient.

The uncertainty in the fuel temperature was assessed by the NRC staff based on the heat
capacity model. The temperature difference used in evaluating the nodal Doppler reactivity is based
on Equation (B-3).

Tf

JC~dT=AH (B-3)

AT= Tf -T

Where Cp is the specific heat,
AH is the change in fuel enthalpy (strong function of integral power),
AT is the change in temperature,
f denotes final, and
i denotes initial.

The specific heat as a function of temperature is provided in Figure B.1. This figure was
taken directly from Reference 4. The figure is for uranium oxide, however, the presence of
some gadolinia will have only a minor effect on the nodal temperature response (due to the
small number of gadolinia-bearing pins and the impact of the rare-earth addition is small).

ENCLOSURE 7
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Figure B.I: Heat Capacity of Uranium Oxide as a Function of Temperature

Over the temperature range of interest (-1000 'C) relevant for CRDA analyses, the specific
heat is relatively constant in the neighborhood of 300 J/kg-K. The reported standard error is
3 J/kg-K. Therefore, the NRC staff estimates that the heat capacity error is roughly 1 percent, and
that the temperature difference uncertainty is essentially proportional (i.e., 1 percent).

Based on the analysis, the NRC staff estimates that the uncertainty in the Doppler reactivity feedback
due to uncertainty in the fuel heat capacity is approximately 0.5 percent.
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Appendix C Abbreviations and Acronyms

Abbreviation Definition

1 D One-Dimensional

2D Two-Dimensional
2RPT Dual Recirculation Pump Trip

3D Three-Dimensional
3D MONICORE General Electric/Global Nuclear Fuels Core Monitoring Software
AA78 Void Quality Correlation
ABB ASEA Brown-Boveri (now Westinghouse Electric Company)
ABWR Advanced Boiling-Water Reactor
ANS American Nuclear Society
AOO Anticipated Operational Occurrence

APRM Average Power Range Monitor

ARMA Autoregressive Moving Average
AS16/01 Steam Separator Tests
ATRIUM AREVA Fuel Design Designation

ATWS Anticipated Transient Without SCRAM
BISON a One-Dimensional Transient Analysis Code

BNL Brookhaven National Laboratory

BOC Beginning of Cycle
BOP Balance of Plant

BPWS Banked Position Withdrawal Sequence
BSP Backup Stability Protection

BWR Boiling Water Reactor
BWROG Boiling Water Reactor Owners' Group

C centigrade
C# Cycle #
CCFL Countercurrent Flow Limit
CENP Combustion Engineering Nuclear Power (now Westinghouse

Electric Company)

CFR Code of Federal Regulations

CLTF Closed Loop Transfer Function
CLTP Currently Licensed Thermal Power

[ I I ]
CPR Critical Power Ratio
CRDA Control Rod Drop Accident
CZP Cold Zero Power

DCD Design Control Document
DF01/02 Dix Findlay Void Quality Correlation 1 or 2

DIVOM Delta Critical Power Ratio versus Oscillation Magnitude
DR Decay Ratio
DSS Detect and Suppress Solution

ENCLOSURE 8
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C-2

Abbreviation Definition
ECCS Emergency Core Cooling System

EIA Enhanced I-A

ENDF Evaluated Nuclear Data File

EOC End of Cycle
EPRI Electric Power Research Institute

EPU Extended Power Uprate

EPU/MELLLA EPU with a MELLLA High Flow Control Line
EPU/MELLLA+ EPU with a MELLLA+ Flow Control Window

ESBWR Economic Simplified Boiling Water Reactor

FCW Flow Control Window

FGR Fission Gas Release
[ ] Test Facility

FMCRD Fine Motion Control Rod Drive
FRIGG Test Facility

FSAR Final Safety Analysis Report

FSER Final Safety Evaluation Report
GDC General Design Criterion

GE General Electric (now GE Hitachi)

GNF Global Nuclear Fuels
GOBLIN A Thermal-Hydraulics Code
GWD/MT or Gigawatts-Days per Metric Tonne
GWDIT
H high

H# Heat Transfer Coefficient Correlation #
HELIOS a Lattice Physics Code

HFCL High Flow Control Line
HFP Hot Full Power

HPCF High Pressure Core Flooder

ICA Interim Corrective Action

ICF Increased Core Flow

ICS Isolation Condenser System
ID inside diameter
INEL Idaho National Laboratory (now INL)

J joule

K Kelvin
kg kilogram
[1] [ ]
L low

LAPUR a Frequency Domain Stability Code

LHGR Linear Heat Generation Rate
LOCA Loss of Coolant Accident

LOFW Loss of Feedwater
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Abbreviation Definition
LOFWH Loss of Feedwater Heat

LPCF Low Pressure Core Flooder
LPRM Local Power Range Monitor

LTP Licensed Thermal Power
LTS Long Term Stability Solution

LWR-PROTEUS a Physics Test
m meter

M medium

MAPLHGR Maximum Average Planar Linear Heat Generation Rate
MATPRO Materials Properties Database

MCNP Monte Carlo N Particle

MCPR Minimum Critical Power Ratio

MELLLA Maximum Extended Load Line Limit Analysis

MELLLA+ Maximum Extended Load Line Limit Analysis Plus
MEOD Maximum Extended Operating Domain

Mlbm Million pounds mass
MLHGR Maximum Linear Heat Generation Rate

MOC Middle of Cycle

MOX Mixed Oxide
Mpa megapascal
msec milliseconds

MSIV Main Steam Isolation Valve

MWth Megawatt Thermal
NCL Natural Circulation Line

NEA Nuclear Energy Agency

NRC Nuclear Regulatory Commission

OD outside diameter

ODYNA GE ODYN code for ABWR
OECD Organisation for Economic Co-operation and Development

[I [ I
OLTF Open Loop Transfer Function
OLTP Originally Licensed Thermal Power
OPRM Oscillation Power Range Monitor
P Proportional (controller)

PANTHER 4X4 Benchmark Problem

PARA a Steam Line Code

PARCS Purdue Core Simulator
PB2 Peach Bottom Unit 2

pcm per cent mille
PHOENIX a Lattice Physics Code
PI Proportional Integral (controller)
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C-4

Abbreviation Definition
PID Proportional Integral Derivative (controller)

PIRT Phenomena Identification and Ranking Table
POLCA a Three-Dimensional diffusion theory code

POLCA7 Three-Dimensional Core Simulator
POLCA-T a Three-Dimensional Transient Analysis Code

POWERPLEX AREVA Core Monitoring Software
PROTEUS a Physics Test
PWR Pressurized Water Reactor

QA Quality Assurance

QUAD+ Test Facility
RAI Request for Additional Information

RAI #-#S# Supplemental Request for Additional Information
RAMONA (orRAMONA (or a Three-Dimensional Transient Analysis CodeRAMONA-3B3)

RCF Rated Core Flow
RCPB Reactor Coolant Pressure Boundary
RCS Reactor Coolant System
REA Rod Ejection Accident

[ I [ I
REDYA GE REDY code for ABWR
RG Regulatory Guide
RIGEL a Thermal-Hydraulics Code
RIP Reactor Internal Pumps

RMS Root Mean Square
RPS Reactor Protection System
RTP Rated Thermal Power
RWM Rod Worth Minimizer
SAFDL Specified Acceptable Fuel Design Limit

SAFIR SAFIR is Control System Code
SBWR Simplified Boiling-Water Reactor
SE Safety Evaluation
sec second

SER Safety Evaluation Report
SLAVE a Channel Code
SLMCPR Safety Limit Minimum Critical Power Ratio
SPERT Special Power Reactor Test

SPNOVANVIPRE a Coupled Transient Analysis Method

SPU Stretch Power Uprate
SRP Standard Review Plan
STAV a Fuel Thermal-Mechanical Code
SVEA Westinghouse Fuel Design Designation

TAF Top of Active Fuel



WCAP-16747-NP-A

C-5

Abbreviation Definition
TIP Traversing In-core Probe

T-M Thermal-Mechanical

TRACE TRAC RELAP Advanced Computational Engine

TR Topical Report

TRX Criticality Test Facility
TS Technical Specifications
TT Turbine Trip

[I [ I
urn micron
Westinghouse Westinghouse Electric Company

w/o Weight Percentage

WRSE Westinghouse Reload Safety Evaluation
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Appendix D: Deferred Review Items and Westinghouse Commitments

Model SE Section or Basis for Deferral
RAI

Use of the [ ] is not required to
simulate CRDA or reactor oscillations. The NRC
staff will review the [ ] for
application to ATWS simulations

Use of the [ ] is not
required to simulate CRDA or reactor oscillations.
Westinghouse provided descriptive details of the model

[3.1.2.2 and in response to RAI 5-8. The NRC staff
review contained in Appendix A of this SE indicatesthere is assurance that the model is acceptable.

However, its application will likely require treatment
of uncertainty. The NRC staff will review the application
once this model is utilized.

Post dryout heat transfer is not required to simulate
CRDA or reactor oscillations. Since transient analyses
are intended to demonstrate margin to critical power the
use of post dryout heat transfer
is limited to ATWS applications. The NRC staff

Post dryout heat 3.1.2.2 and has reviewed information provided in response to
transfer models RAI 3-5 RAI 3-5 regarding the [ ] qualification of

the heat transfer models in POLCA-T up to the
condition of dryout, however, its review does not
constitute approval of these models generically.
The NRC staff will review these models during its
review of the ATWS application

Evaluation of the critical power ratio is required for
3.1.2.2.3, transient analysis and for the calculation of the
RAI 2-3, DIVOM slope. These applications are outside the

coritic hatd fRAI 5-4, scope of CRDA and stability (decay ratio) analysis.
DIVOM application RAI 5-5, Westinghouse provided a commitment in RAI 5-4

RAI 6-10 and RAI 5-5 to provide additional information regarding

and RAI 8-1 the critical heat flux correlations and calculation results
in the transient application appendix.

ENCLOSURE 10
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The NRC staff found the CCFL model to be in
error. In response to RAI 8-4 Westinghouse
provided a commitment to update the CCFL model

Countercurrent flow 3.1.2.2.5 for application to transients and ATWS. As
limitation and RAI 8-4 countercurrent flow does not occur for CRDA or stability
correlation analyses, [

] The NRC staff will
ensure that the correction is adequately
implemented in a subsequent application appendix.

The NRC staff reviewed the applicability of the separator
model for application to stability
evaluations where it is important in determining the core

Steam separator 3.1.2.3.4, inlet subcooling (RAIs 6-33 and 8-8). For
model for RAI 6-33, EPU/MELLLA+ plants, the core outlet quality may
EPU/MELLLA+ and RAI 8-8 be very large. The NRC staff will separately reviewtransients the applicability of the steam separator model to

transient applications for EPU/MELLLA+ plants in
the transient application where transient power increases
may result in even higher core outlet qualities.

Use of a transient RIP model is not required for
CRDA or stability calculations. However, models

Reactor Internal are required to simulate the transient response ofReactonerl 3.1.2.3.6 the RIPs for ABWR transient and ATWS
Pump model evaluations. The NRC staff will review information

regarding the transient model capabilities for RIPs
in the transient application review.

Use of the exothermic metal water reaction model
3.1.2.6, is only required for applications where significant,

Exothermic metal 3.1.2.7, RAI gross fuel cladding heat up occurs. This situation
water reaction 9-1, and is limited to the ATWS application. Therefore, the NRC
model RAI 11-12 staff has deferred the review of the

exothermic metal water reaction model to the
ATWS application appendix.

ABWR rod drop The NRC staff will review the assumed rod drop velocity

velocity 3.2.3.5.5.1.2 for the first application of POLCA-T CRDA method to
ABWR licensing analysis.

The NRC staff will review the ABWR CRDA dose
ABWR CRDA dose 3.2.3.5.6.2 assessment consistent with the guidance of SRP 15.4.9
assessment during its review of the initial application of POLCA-T

CRDA methods to the ABWR

ENCLOSURE 10
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I]

(bypass void
sensitivity)

RAI 3-2

The stability methodology is intended to evaluate
the reactor decay ratio; therefore, these
calculations are not utilized in developing [

] However, for transient applications
and potential application to DIVOM analyses for
Option III LTS, the plant response is sensitive to
the LPRM response. The NRC staff will review the
influence of bypass void formation on simulated
LPRM indications during its review of the transient
application. For CRDA applications, void formation
is effectively suppressed and the LPRM indications
are not impacted.

t I

Dynamic internal
bypass channel
void formation

RAI 2-4,
RAI 6-6,
and RAI 6-33

POLCA-T has the capability to model several
bypass channels, up to the degree of modeling individual
internal bypass flow channels and several
[ ] The degree
to which this modeling capability is utilized depends
on the type of analysis performed. Therefore, the
NRC staff intends to review the usage of multi-
bypass channel models for both the transient application
and the ATWS application. The NRC
staff conclusions regarding the multi-bypass
usage for stability evaluations is addressed in
detail in the NRC staff review of response to RAI 6-33.

Reload licensing is the subject of RAI 2-2 and RAI
2-13. At the time of the NRC staffs review, the

g RAI 2-2 and RAI reload licensing methodology was being updated
Reload licensing 2- (CENPD-300-P-A). In lieu of review of the generic
methodology 2-13 reload licensing methodology, the NRC staff SE

recommends specific review of implementation of
POLCA-T in any fuel transition applications.

Audit Open Item 9 has to deal with potential errors
introduced in the BISON and RAMONA analysis
codes as a result of code changes in POLCA7.
Westinghouse provided a commitment to address

Audit Open Item 9 this Open Item in a follow-up letter. As the
(BISON and RAI 4-11 concern was addressed for POLCA-T the NRC
RAMONA) staff does not require this information to reach its safety

determination regarding POLCA-T. The
NRC staff defers the review of the closure of Open Item
9 to its review of the information provided in
the follow-up letter.

ENCLOSURE 10
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Void reactivity
coefficient biases
and uncertainties

RAI 5-7 and RAI
6-2

Void reactivity coefficient uncertainties are the subject of
RAI 5-7 and RAI 6-2. The responses to
these RAIs provide that the decay ratio
uncertainties are established through [

I
However, for transient applications the component
uncertainties and their sensitivities on the figure of merit
must be addressed. The NRC staff intends
to review the void reactivity coefficient uncertainties
during its review of POLCA-T application to
transients.

Lower plenum
nodalization RAI 6-36

Lower plenum nodalization is the subject of RAI 6-36. In
the response, Westinghouse clarified that
limiting feedwater and core flow conditions are
established at initial steady state conditions for
stability analyses. Since these limiting conditions
are the initial conditions, the model does not
require any transient modeling of the evolving
temperature distribution in the lower plenum, and hence,
bundle inlet. The NRC staff agrees with
this assessment. However, based on the
sensitivity analyses provided, the NRC staff cannot
conclude that the lower plenum nodalization is
necessarily appropriate for future applications of the
POLCA-T methodology to transients or ATWS
evaluations. Therefore, the NRC staff intends to
review the adequacy of the lower plenum
nodalization to its review of subsequent
application methodologies on an analysis-specific
basis.

The cladding rupture model is [

Cladding rupture RAI 11-13
model uncertainties I The NRC

staff will defer its review of the treatment of uncertainties
in this model to its review of an application-specific
Appendix to the POLCA-T TR where this model is
required.

ENCLOSURE 10
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W estinghouse Westinghouse ElectricCompany
Nuclear Services
P.O. Box 3 55

Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4419
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: maurerbf@westinghouse.com

Our ref: LTR-NRC-07-19 Rev. I"

April 26, 2007

Subject: WCAP-16747-P / WCAP-16747-NP, "POLCA-T: System Analysis Code with Three-Dimensional Core
Model," (Proprietary/Non-proprietary)

Enclosed are 5 Proprietary and 3 Non-Proprietary copies of WCAP-1 6747-P / WCAP-1 6747-NP, "POLCA-T: System
Analysis Code with Three-Dimensional Core Model," submitted to the NRC for review and approval. It is requested
that the above topical be approved by March 2008. It is also requested that the NRC provide an estimate on the man-
power resources required for the review and a tentative date for the acceptance meeting.

Also enclosed is:

I. One (1) copy of the Application for Withholding, AW-07-2263 (Non-proprietary) with Proprietary
Information Notice.

2. One (I) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to this affidavit or Application for Withholding should reference AW-07-2263 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

*This revision is being provided to remove the Proprietary Class 2 header on the previously submitted cover letter.

No other changes result from this revision.

Very truly yours,

B. F. Maurer, Acting Manager
Regulatory Compliance and Plant Licensing

Enclosures

cc: A. Mendiola, NRR
E. Throm, NRR
P. Yarsky, NRR
J. H. Thompson, NRR
H. Cruz, NRR
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* Westinghouse
Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Direct tel: 412/374-4419
Direct fax: 412/374-4011

e-mail: maurerbf@westinghouse.com

Our ref: AW-07-2263

March 30, 2007

APPLICATION FOR WITHHOLDING PROPRIETARY

INFORMATION FROM PUBLIC DISCLOSURE

Subject: WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model,"
(Proprietary)

Reference: Letter from B. F. Maurer to NRC, LTR-NRC-07-19, dated March 30, 2007

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-07-2263 accompanies this application for
withholding, setting forth the basis on which the identified proprietary information may be withheld from public
disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference
AW-07-2263 and should be addressed to B. F. Maurer, Acting Manager of Regulatory Compliance and Plant
Licensing, Westinghouse Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

B. F. Maurer, Acting Manager
Regulatory Compliance and Plant Licensing
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AW-07-2263

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared B. F. Maurer, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

B. F. Maurer, Acting Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed
before me this 4'O day

of_ ,2007.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notarial Seal

Sharon L Markle, Notary Public
Monroeville Boro, Allegheny County

My Commission Expires Jan. 29,2011
Member. P•nnsylvania Association of Notaries
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(1) 1 am Acting Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse

Electric Company LLC (Westinghouse) and as such, I have been specifically delegated the function of

reviewing the proprietary information sought to be withheld from public disclosure in connection with nuclear

power plant licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf

of Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked in submittal of WCAP- I 6747-P, "POLCA-T: System Analysis Code with Three-

Dimensional Core Model," (Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter (LTR-NRC-07-19) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is for NRC review and approval.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analsysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analsysis.

Further this information has substantial commercial value as follows:

(a) Future applications oft he POLC A-T computer code wi 11 i nclude B WR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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1 INTRODUCTION AND OBJECTIVES

This report describes Westinghouse Electric Company methodology and methods for analyzing boiling
water reactor (BWR) transients using POLCA-T. POLCA-T is an advanced dynamic system analysis
code with the three-dimensional (3-D) core physics described by the nodal code POLCA presented in the
topical report CENPD-390-P-A Revision 0, "The Advanced PHOENIX and POLCA Codes for Nuclear
Design of Boiling Water Reactors," December 2000. Once approved, Westinghouse intends to use the
methodology presented here for BWR licensing analyses.

POLCA-T is a computer code for transient thermal-hydraulic and neutron-kinetic analysis of BWRs. It
can be used as a general tool for advanced simulation of single- and two-phase flow systems including
non-condensable gases. The code has a full 3-D neutronic model where each fuel assembly in the reactor
core may be represented in the thermal-hydraulic model. The reactor pressure vessel, external pump
loops, steam system, feedwater system, emergency core cooling systems, and steam relief system can be
modeled in detail. Basic information about the physical models, numerical methods, and BWVR specific
system models, that are implemented in the POLCA-T code, are described herein.

The POLCA-T general code description is provided in the main topical with applications described in
Appendix A and B. Additional Appendices C and D will be submitted later. The general code description
section provides basic information about the physical models, BWR process system models, and
numerical methods that are implemented in the POLCA-T code. It also provides an overview of the code
structure and how POLCA-T connects to other codes in typical analyses. Details on the use of the codes,
including their interactions, are presented in the application specific appendices. The applications will be
introduced in a staged process and will include Control Rod Drop Accident (CRDA) Analysis, Stability
Analysis, Transient Analysis, and Anticipated Transient without Scram (ATWS) Analysis. The first two
applications are included as Appendix A and B. Subsequent applications (including Transient Analysis
and ATWS) will be submitted prior to their use. Each application is included as an appendix which
contains the evaluation model and the qualification of the code for performing the intended analysis.

Appendix A, "Control Rod Drop Accident Analysis," presents the evaluation model for performing
control rod accident licensing analysis and the qualification of the evaluation model. An Organization for
Economic Co-Operation and Development (OECD) rod ejection benchmark problem and representative
SPERT-III-E cases are analyzed. The CRDA, as modeled by the current RAMONA-3 licensed
methodology, is compared to the CRDA as modeled by POLCA-T.

Appendix B, "Stability Analysis," presents the evaluation model for performing stability licensing
evaluations and the qualification of the evaluation model. Only determination of a stable operating
domain and the exclusion zones are considered. The qualification is performed against plant stability
measurements and FRIGG loop stability measurements.

Additional application appendices will be submitted later as supplements to this POLCA-T topical report.
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Appendix C, "Transient Analysis," will include the evaluation model and its qualification for transient
analysis and the determination of the plant operating limits.

Appendix D," Anticipated Transients Without Scram Analysis," will include the evaluation model and its
qualification for ATWS analysis.
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2 BASIS OF POLCA-T

The POLCA-T code utilizes or incorporates codes/models developed and used in other Westinghouse
codes that have been and still are used for design and licensing analysis of BWRs. Many of these
codes/models have been reviewed and approved by the NRC. Others have been used in European
applications for licensing basis analyses. This section will provide an overview of the POLCA-T code.
Subsequent sections will provide details of the individual codes/models. Figure-2-1 provides clarification
of the structure of POLCA-T.

P O L C A -T .........................................................
BISON

................ B IS O ........ . ............... ...

SAFIR or Built-in PARA & SCRAM2/3 4 * Fully incorporates•Process Models [rlA•••A23).•, Flyicroae

these subroutines

Incorporates all R 4 % DF01 Drift Flux Correlation,
equations, tables, etc *DO rf lxCreain

as describes later ec:E :) CCFL and Numerical Methods

- " .. ................. .................................... " .L in k e d I ......................................I............................n..

-"STAV " "GOBLIN....

........... POLCA/PHOENIX j...................i..........................

Figure 2-1. Codes Providing Models and Methodological Input to POLCA-T

The PHOENIX/POLCA (Reference 2.1) code suite is the static core simulator where cell data are created
for each fuel assembly type in the core. POLCA also is used to calculate the fission power distributions
in the core. POLCA-T incorporates the kinetics terms used for transient calculations and iterates with
POLCA to solve the two-group diffusion equations with a number of delayed neutron families determined
by the code user. As described in this topical, POLCA-T was developed with PHONEIX4/POLCA7
(Reference 2.1) as the static core simulator. However, any latter versions of the static core stimulator that
are licensed by the NRC can be used with POLCA-T.

POLCA-T's thermal-hydraulics model (RIGEL - an advanced 3-D thermal-hydrualics code developed
and used in Europe) models each fuel assembly in the core, including intra- and inter-assembly bypass
regions. This model has been fully incorporated into the POLCA-T code and interacts with the neutron
kinetics (POLCA/PHOENIX) through arrays that store data structure for communication between the two
codes.

POLCA-T includes two different control and safety system modules (SAFIR or built-in process models).
These modules model a series of relief, safety, and controlled depressurization valves that can be located
on the steam lines of a BWR. Several of these valves may be associated with the automatic
depressurization system (ADS). The valve model includes the capability to simulate delay times in
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opening and closing, force open and force close signals, low power close interlocks, and a programmed
controlled opening, as in the control depressurization valves. The application of SAFIR will be described
and validated in subsequent application appendices (not required for Appendices A and B).

The entire PARA and SCRAM2/3 codes have been fully incorporated in POLCA-T for compatibility with
BISON simulation of the behavior of the steam lines and the scram system during pressurization events.
The application of these routines will be described and validated in subsequent application appendices
(not required for Appendices A and B).

The GOBLIN code provides the bases for the solution formulation and several models for
thermal-hydraulic and heat transfer simulations. The DF01 drift flux correlation is used with the same
validity range as in the loss-of-coolant-accident (LOCA) Evaluation Model (EM). The mass, momentum,
energy, and state equations along with the pump speed equations are solved simultaneously using
Newton's method. The Jacobian matrix includes all derivatives and is inverted using a sparse matrix
technique.

All of the equations, tables, and so forth specified in Section 14 are from the STAV code. These
equations, tables, and so forth have been directly incorporated into POLCA-T.

All code modifications comply with Westinghouse's Appendix B Quality Assurance Program.

2.1 REFERENCES

2.1 "The Advanced PHOENIX and POLCA Codes for Nuclear Design of Boiling Water Reactors,"
CENPD-390-P-A, December 2000.
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3 POLCA-T SUMMARY DESCRIPTION

POLCA-T is a computer code for transient thermal-hydraulic and neutron kinetic analysis of BWRs. It
can be used also as a general tool for advanced simulation of single- and two-phase flow systems
including non-condensable gases. The code incorporates a full 3-D neutronics model of the reactor core
and each fuel assembly in the core, including in- and inter-assembly bypass regions, may be represented
in the thermal-hydraulic model. The reactor pressure vessel, external pump loops, steam system,
feedwater system, emergency core cooling system (ECCSs) and steam relief system can be modeled to
the desired detail. Control and safety systems are modeled using the SAFIR code package, which is an
integral part of the code.

The application areas of the POLCA-T cover:

I. Anticipated operational transients

2. Core stability

3. Reactivity initiated accidents (RIA)

4. Anticipated transients without scram (ATWS) and anticipated transients without (crediting)
control rods (ATWC)

5. LOCAs without uncovering of the core

The POLCA-T code is specifically adapted to the analysis of transient events where the 3-D power
generation phenomena in the core become important. The code also contains models for boron transport,
which makes it possible also to analyze different types of boron shutdown scenarios (ATWS and ATWC).

The models implemented in the code allow for flexibility in the description of the primary system and

secondary systems to accommodate various plant designs.

The reactor is divided into a user-specified number of volume cells and flow paths connecting volume

cells. Figure 3-1 shows a sample geometric representation for the POLCA-T code.

The POLCA-T code models can be divided into four main sections:

1. The thermal-hydraulic model includes thermal non-equilibrium between phases and has full

geometric flexibility. The model solves the mass and energy conservation equations for each
phase and for each volume cell. The momentum conservation equation is solved for each flow

path. Constitutive equations are included for calculating the fluid properties and their derivatives.
Empirical correlations are implemented for the calculation of pressure drops, fluid properties,
solubility of non-condensable gases, phase flows (drift flux), and critical flow rate.

2. The system models contain models of the Various reactor components. They include the steam
separators and dryers, reactor water level measurement, reactor trip system, depressurization

systems, and recirculation and jet pumps.
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a,b,c

Figure 3-1. Typical Nodalization of a BWR Reactor Pressure Vessel for POLCA-T
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3. The thermal model solves the heat conduction equation for the heat structures (fuel rods, pressure
vessel, and internals) using heat transfer boundary conditions. The result is the heat transfer to
the coolant. A complete range of convective heat transfer regimes is included in the code.

4. The power generation models calculate the heat generation due to fission in the fuel, direct heat
released in the coolant, and decay heat. A two group 3-D neutron kinetics model determines
fission power. The neutronics models in the code are the same as those that are used in the static
nuclear core analyzer POLCA7 with the addition of proper kinetic terms for transient use.

The user has the option to use a fully implicit numerical method or a semi-implicit method to solve the
hydraulic model and the simultaneous heat transfer and thermal conduction equations.

The following provides a summary description of the main POLCA-T models. A more detailed
description of each model is given in separate sections that follow.

3.1 THE THERMAL HYDRAULIC MODEL

The hydraulic model solves the governing equations for the coolant flow, as follows:

ac

The mass conservation equations for boron and non-condensable gases are solved if the user has
requested such models.

The above set of equations (together with the necessary secondary relations and constitutive correlations,
and boundary conditions) form a complete system of equations for calculating the fluid flow conditions.

The mass and energy conservation equations for the fluid flow are integrated over the volume cells, and
the resulting set of equations are cast into finite-difference form using a fully or semi-implicit scheme.

1. Gas may be a mixture of vapor and non-condensable gases.
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The momentum balance is integrated between the centers of the volume cells connected by the flow path
as shown later in Figure 7.2-2.

For each volume cell, values of pressure, phase temperatures, void content, and average phase velocities
are determined by the solution of the conservation equations. Properties such as steam qualities, void
fractions, fluid temperatures, velocities, etc., are calculated using secondary relations and constitutive
correlations.

Several constitutive equations and empirical correlations are necessary to complete the formulation of the
basic fluid equations. The most important correlations in the hydraulic model of the POLCA-T code are:

* [I

]arc

A relation based on drift flux and countercurrent flow limitation (CCFL) correlations calculates the phase
velocities in the flow paths and is also the basis for calculating the two-phase energy transport in these
flow paths. The CCFL correlation is a general formulation applicable to different flow geometries.
Choked flow is treated using correlations for critical flow valid for a wide range of coolant states.

3.2 COMPONENT MODELS

POLCA-T includes specific models for the following boiling water reactor systems and components:

* [I

pac

The speed of the main circulation pumps is determined from the solution of the angular momentum
balance for the pump impeller. This equation is solved simultaneously with the fluid conservation
equations. The applied torque represents the net torque from all sources, i.e., the hydraulic interaction
between the fluid and the pump impeller (usually referred to as the "hydraulic torque"), frictional losses
in the rotating machinery, and torque supplied by the pump motor. The pump head and hydraulic torque
are determined from user supplied homologous curves which are functions of pump speed, volumetric
flow rate, and void fraction. The user can, instead of using the homologous pump curves, use pump
performance data for positive flow and head as input to the pump model, which in some cases could be
very advantageous.

The jet pump model modifies the 1 -D momentum equation to account for the spatial and temporal
acceleration due to the significant momentum exchange occurring between the jet pump drive and suction
flows.
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Models describing the efficiency of the steam separators are included. The model determines the
separation efficiency expressed by the carryover fraction (water entrained by the steam to the steam
dome) and carryunder fractions (steam entrained by the water to the downcomer).

The steam line flow and moisture content can be specified as a function of time. The feedwater system
flow and enthalpy can also be specified versus time.

Loss-of-offsite power can be modeled to occur at any time during the transient with the subsequent diesel
start, pump start, and valve actuation delays. The steam pressure relief/safety valve system including the
automatic depressurization system (ADS) can be modeled in the desired detail to account for opening and
reset delays. The control logic and controllers are modeled by the SAFIR package.

The ECCSs for both core spray and injection can be modeled using tables of flow rates as a function of
differential pressure between the reactor and the containment wetwell if the condensation pool is the
source of the water. Other ways to model the flow are available if the ECCS uses water from other
sources.

POLCA-T makes use of TIP and LPRM detector models of the licensed POLCA7. Models for both
gamma and neutron sensitive instruments are described in the approved topical report CENPD-390-P-A
"The Advanced PHOENIX and POLCA Codes for Nuclear Design of Boiling Water Reactors".

3.3 THE THERMAL MODEL

The thermal model in the POLCA-T code calculates the heat transferred from the fuel rods, reactor vessel,
and internals to the coolant (to steam and water phases separately), and the energy interchange between
phases. The surface heat transfer and material heat conduction problems are solved simultaneously to
determine the rate at which total heat is transferred to the coolant.

The heat transfer coefficient couples the hydraulic solution to the thermal conduction solution through the
coolant state and surface temperature. Empirical heat transfer coefficient correlations are included for
single-phase liquid and vapor, two-phase non-dryout, transition boiling, and post-dryout heat transfer
regimes.

The radial heat conduction equation is solved for the fuel rods (axial conduction is neglected) using an
implicit finite-difference technique and the appropriate heat transfer coefficients as boundary conditions.

Detailed models for heat transfer from the reactor vessel and the internals are also included. These
components are referred to as "slabs" or in general as "heat structures." The user can specify any number
of heat transferring heat structures, which can be in contact with coolant on both sides or isolated on
either side. The I-D heat conduction equation is solved for a user-specified nodal subdivision of each
heat structure using a finite difference technique. Each heat structure can be composed of several layers,
each of them made from different material.
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3.4 POWER GENERATION MODELS

The power generation part of POLCA-T calculates the fission power and decay power. A 3-D two-group
kinetics model allowing for up to six delayed neutron groups calculates the fission power generation in
the core. Reactivity feedback is included for moderator (coolant) temperature, fuel temperature, boron
concentrations and reactor control rods. The power fraction deposited directly in the coolant is modeled
as a function of coolant density.

The decay power generation is calculated by specification of fractions of slow and fast decaying parts of
decay power, together with its time constants, simulating the decay of Uranium-239 and Neptunium-239.
A second option is to provide a table as decay power versus time to simulate the decay power generation.

3.5 NUMERICAL METHODS

The mass and energy equations for the phases (liquid and gas), the momentum equation, and the drift flux
correlation for each flow path along with the pump speed equations are solved simultaneously using
Newton's method. The Jacobian matrix includes all derivatives and is inverted using a sparse matrix
technique.

The heat structure conduction equations are solved by Gaussian elimination and back substitution. The
conduction equation and the surface heat transfer are solved iteratively for the surface temperature.

The 3-D-kinetics model, POLCA7, is solved using an iterative method and is then iterated in an outer
loop including the thermal-hydraulic equations until convergence is reached.

The hydraulic model can be solved using a fully implicit or semi-implicit method. The thermal
conduction and heat transfer models are solved using a method that is implicit in time. The hydraulic and
conduction solutions are coupled through the surface heat transfer. The hydraulic fluid conditions are
treated implicitly in the heat conduction and heat transfer solutions. The surface heat transfer, however, is
treated explicitly in the hydraulic solution. Figure 3.5-1 shows the outline of the computational procedure
in POLCA-T.

Figure 3.5-1 illustrates schematically the time integration of the models.
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a,b,c

Figure 3.5-1. Time Integration Schematic Illustration (advancing from time step n-I to n)
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4 CODE STRUCTURE

4.1 INTERACTION OF THERMAL-HYDRAULICS AND NEUTRON KINETICS

The POLCA-T kinetics is based on the static neutronics version of POLCA7 (Reference 4.1), with some
additions due to the time dependencies. The POLCA7 part of POLCA-T solves the two-group diffusion
equations with a number of delayed neutron families determined by the code user.

II

a,b,c

I
I

I

]ac
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4.2 POLCA-T STRUCTURE

The physical system is nodalized, i.e., divided into a number of nodes. The nodes are of two basic types:
volume cells and flow paths. Volume cells and flow paths alternate in a network to form a staggered
mesh.

Volume cells represent physical volumes with capacities to contain things such as a fluid mass or heat
energy. Flow paths (junctions) represent boundaries between volume cells, with characteristic variables
"velocities," "energy flows," etc. A flow path has two volume cell neighbors. Neighbors to the volume
cells do not need to be specified; a network is completely determined by the flow paths and the volume
cells they connect.

The spatial variation of physical properties inside any volume cell is assumed to be uniform. Hence, the
nodalization is a special kind of spatial discretization, allowing the physical system to be represented by a

set of ordinary differential equations.

Yi = fi (y) (4- 1)

for the "primary variables" Y,, where the dot denotes time derivative. The primary variables defining the

state vector 5 with relatively few components can group the equations of the system (4-1).

II

pac
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Figure 4.2-1. Overview of POLCA-T Structure

4.3 REFERENCES

4.1 "The Advanced PHOENIX and POLCA Codes for Nuclear Design of Boiling Water Reactors,"
CENPD-390-P-A, December 2000.

WCAP-16747-NP-A 
September 2010

WCAP-16747-NP-A September 2010
Revision 0



This Page Intentionally Left Blank

WCAP-16747-NP-A September 2010
Revision 0



5-1

5 GEOMETRICAL MODELLING ASSUMPTIONS

This section describes the geometrical modeling assumptions for the hydraulic model in the POLCA-T
code.

The primary circulation system of the reactor is subdivided into a number of volume cells connected by
flow paths. The volume cells may have more than one inlet or outlet flow paths. The total number of
volumes and flow paths is determined by the user, based on experience gained in the application of the
code. The boundaries between the volumes, as well as the sizes of them, are mainly determined by the
requirement of spatial resolution in the results considering the physical processes that will take place
during the event that will be analyzed.

Furthermore, the subdivision into volumes is governed by the assumptions inherent in the hydraulic
models. One typical such assumption is that of a spatially constant fluid temperature within a volume,
which for instance means that, a control volume boundary should be placed immediately above the
feedwater inlet to the pressure vessel.

The geometrical models for fuel rods and internal or bounding structures are closely related to the
geometrical model for the hydraulic models. The state in the hydraulic model's volume cells is used as
boundary condition to the heat transfer and conduction models for those elements. At the same time, the
heat transfer rates to or from the fuel rods and structures are supplied as source terms in the energy
balances for the hydraulic volume cells.

Normally, the fuel rods and structures are subdivided so that there is only one volume cell bounding the
individual pieces of a rod or structure (there may be one volume cell at each side of a two-sided
structure).

A number of boundary cells/flow paths with pre-specified (potentially time dependent) fluid conditions
may also be used with POLCA-T modeling. They can be useful in simulating an interaction with
out-of-vessel systems (feed water, core spray) especially when simulating experimental loops.
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6 PRIMARY VARIABLES - STATE VECTOR CONCEPT

The basic equations are formulated (see Section 7) for the volume cells and flow paths by integrating the
space-dependent equations over the volumes and introducing macroscopic variables (such as mass content
and mass flow rates) instead of microscopic variables (such as density and velocity). The momentum
balance equation is integrated between the centers of the volume cells connected by the flow path. The
resulting basic equations, which now are in the form of ordinary differential equations, are formulated as
functions of the primary variables.

The primary variables for the volume cell
(Figure 6-1) are collectively the state vector for that
volume cell. They are:

" Volume averaged total pressure (p)

" Void content (void) (volume fraction of
gas(2))

* Liquid temperature (Thiq)

* Gas temperature (Tgas)

* Partial pressure of non-condensable gas (Pnc)

* Boron concentration (Cbor)

* Average velocity for liquid (Uliqm)

* Average gas velocity (Ugasm)

For the flow paths the velocities of liquid and gas
are chosen as primary variables making up the state
vector for a flow path:

a,b,c
I..

* Liquid velocity (Uliq)

" Gas velocity (Ugas)

Figure 6-1. Primary Variables for Volume Cells

2. Wherever the word gas is used it means the mixture of vapor and non-condensable gas (if present).
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The equations are kept in their conserving form (i.e., conserving masses and energy for each phase and

momentum for the mixture of gas and liquid). Secondary variables are introduced in order to simplify the
solution procedure. These variables describe the results from the constitutive equations and empirical
correlations (such as energy flow rates, mass flow rates, pressure drop, and so forth) and are functions of
the primary variables.

I

]a,c
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]a~c
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7 HYDRODYNAMIC MODEL

The hydraulic models in the POLCA-T code are based on the following main principles and assumptions.

A geometrical model of the primary system uses flow paths to connect volume cells. The code user
determines the number of volume cells and flow paths as well as the layout of them, which is based on the
user's experience or stated in application-specific topical reports and qualification reports. The volumes
of each volume cell are fixed, the water level in each cell is calculated both as a condensed level or as a
two-phase level as a secondary variable calculation. The basic equations determine the fluid state in each
volume cell and the mass flow rates of the phases through each flow path. The basic equations are the
mass, energy, and momentum conservation equations. They are derived for 1 -D flow. The mass and
energy equations are separate for each phase - gas and liquid - while the momentum equation is
formulated for the mixture of liquid and gas.

The main assumptions used in this derivation considering the two-phase flow are:

1. The phases may be in thermal non-equilibrium (i.e., have different temperatures).

2. The individual phase velocities can be determined from empirical correlations.

The non-equilibrium model is based on the formulation of two mass balances (one for the liquid and one
for the gas/steam phase), two energy balances (one for the liquid and one for the gas phase), and one
momentum balance for the mixture.

The equations of state supplemented by empirical correlations for the fluid properties support the basic
equations.

Empirical correlations are used to determine the interfacial heat and mass (solubility of non-condensable
gases) transfer, heat transfer to heat structures, the pressure drop for the flowing fluid due to friction and
local flow obstacles, critical flow, and the flow of the individual phases in the case of two-phase flow.

The basic (conservation) equations result in ordinary differential equations for each volume cell and flow
path. The solution of these equations describes the time variation of a set of basic (conserved) variables
for each volume and each flow path. All other variables describing the state in a volume cell or the flows
in a flow path, the primary variables, can be derived from these basic variables using the constitutive
models (empirical relations and equations of state). The basic variables for the volume cells are the liquid
mass (MI), the gas mass (Mg), the energy of the liquid (E1) and the energy of gas (Eg). For flow paths, the
basic variable is the mixture mass flow rate (w). In addition to these equations, algebraic equations are
set up for each volume cell to determine the average velocities of the phases.

Water (two-phase) levels may be tracked as a secondary variable in vertical columns of control volumes.
In this case, the basic equation is a correlation describing the movement of the level and the associated
basic variable is the level position.

The steady-state conditions are calculated by the code using the same set of equations as for transient
analysis but with time derivatives equal to zero. A minimum set of boundary conditions are used to

WCAP-16747-NP-A September 2010

Revision 0



7-2

specify the initial steady-state condition. These boundary conditions are the power generation and its
distribution, given by POLCA7, the feedwater temperature, the steam line pressure, the pump revolution
rate, and the water level in the downcomer in the case of simulating a BWR.

The hydraulic models interact with the thermal conduction and/or heat transfer models for fuel rods and
internal structures to bounding the primary system. Furthermore, the hydraulic models interact through
mass, energy, and momentum source terms with the system models (steam separators, pumps, emergency
cooling water systems, etc.).

The constitutive models that are used are described in Section 9. The application of the models to the

volume cell and flow path approach that is used in the code is explained in the rest of this section.

7.1 VOLUME CELL

This section describes the basic equations that are used in the thermal-hydraulic model for each volume
cell. The basic equations are:

Mass Balances

* A mass balance for the gas phase in the volume
* A mass balance for the liquid phase in the volume

As an option, and in addition, to these two mass balances, the following two mass balances of boron and
non-condensable gas can be added to the set of equations for specified volume cells:

* A mass balance for the boron in the volume
* A mass balance for the non-condensable gas in the volume

Energy Balances

0

0

An energy balance for the gas phase in the volume
An energy balance for the liquid phase in the volume

II

]a,c
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a,b,c

Figure 7.1-1. A Volume Cell in POLCA-T with State Variables

7.1.1 Mass Conservation Equations

Hereafter, the theoretical basis for the mass conservation equations is given. Then the formulation of the

equations in the POLCA-T code is derived and described.

Theoretical Basis

The mass conservation equation for the phases/components (References 7.1 and 7.2) is:

0A- V(pi uji) (7-1)

at

Integrating (7-1) over a control volume (volume cell) as shown in Figure 7.1-2 results in the following
formulation:

caMam Wj - Sj + Wsrc + 1 (7-2)
at

where:

Wj is the mass flow rate through flow path number j,
Wsrc accounts for external mass source and sink terms, and
F is the interfacial mass transfer rate, j, between phases/components.

The summation extends over all flow paths connected to the volume and the number of flow paths is
unlimited with practically no restriction.
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Wj( Sj positive )

Wr( external source
or sink)

I D Volume
F ( interfacial cell

mass transfer)

Wk( Sk negative)

Figure 7.1-2. Volume Cell with Mass Flow Paths

Furthermore,

+ 1 if positive flow through flow path j is directed into
the volume

SJ
- 1 otherwise

The external mass source Wsrc and sink terms account for:

Wbr = Break flow rate from control volume,

Wecc = Coolant flow into control volume from various systems
(e.g., feedwater, spray),

Wsep = Coolant flow into control volume from separator outlets,

Wcond = Coolant flow into control volume from steam dryer outlets, and

F = The contribution in mass transfer rate from interfacial flow accounts for evaporation

and condensation interfacial mass flow and for solution/dissolution of
non-condensable gases in the liquid phase.
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Application in the POLCA-T Code

The integrated mass conservation equation is written in finite difference form using a fully implicit to
semi-implicit finite difference scheme method as specified by the user. Hence equation (7-2) becomes for
the phases:

Liquid Phase Mass Conservation Equation

Wiqi Sh- Ul, W .+i, ,•q•, = 7 1 -w 0 (7-3)At hj Sliqi )

where superscripts n and n+1 denote time t,, and t,,,, respectively, the subscript i denotes fluid volume cell
number and subscript j denotes flow path number. The summation is extended over all flow paths

connected to volume i.

Mliq,i = liquid mass in volume cell i,

Wfiqj = liquid mass flow rate through flow path number j,

Fj = liquid generation rate in volume cell i due to condensation/evaporation, and

Wfiq,src,i = liquid flow in to or out from volume cell i due to external sources or sinks
(cf. Wsrc above).

The conserved quantity Miiq is a function gliq of the primary variables (p, void, Tliq):

Mfiq = gliq(p,void, Tliq) (7-4)

Gas Phase Mass Conservation Equation

The gas mass conservation equation is derived in the same manner as the liquid mass conservation
equation:

M-F+I - MD 
=

tZ a.I grc.I (7-5)At SjS

where:

Mgas,i

Wgas,j

Fi

vapor mass in volume cell i,

vapor mass flow rate through flow path number j,

vapor generation rate in volume cell i due to evaporation/condensation +
generation of non-condensable gas (dissolution or generation from other sources),
and
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Wgas,src,i = vapor flow into or out of volume cell i due to external sources or sinks
(cf. Wsrc above).

The conserved quantity Mgas is a function ggas of the primary variables (p, void, Tgas):

Mgas = ggas(P, v, H) = a V/vgas (7-6)

where:

a = volume fraction of vapor (is a function of the primary variables (p v, H)), and
vga, = specific volume of vapor (also a function of the primary variables (p, v, H)).

The same equation set up is used for component of non-condensable gases and for boron mass
calculation.

For a non-condensable gas it will be:

M M•+I -Inegs - -j -cgij = 0 (7-7)

At

where:

Mncgas,i = mass of non-condensable gas in volume cell i,

Wncgasj = mass flow rate of non-condensable gas through flow path number j,

Fi = non-condensable gas generation rate in volume cell i due to
solution/dissolution of non condensable gases (or other sources), and

Wncgas,src,i = non-condensable gas flow in to or out from volume cell i due to external
sources or sinks (cf. Wsrc above).

The conserved quantity Mgas is a function ggas of the variables (Pno Tgas):

Mgas = ggas(Pnc, Tgas) (7-8)

For mass balance of boron it will be:

M"+n l -M."p
bor~i bor,i _ 'rxWn+1c . j yw,+I = (-9)

At L..i"bor,j'j - bor,src,i = 0 (79)

The conserved quantity Mbor is a function gbo. of the primary variables (Cbor, Wliq).

Mbor = gbor(Cbo., Wiiq) (7-10)
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7.1.1.1 Demonstration of equations set up for mass balances of non-condensable gases

The partial pressure of non-condensable gases (called nc) (p,,) is one of the eight state variables in

POLCA-T for a volume cell as stated in WCAP- 16747-P.

]ac

The conservation of non-condensable gases is controlled by a balance equation in each volume cell for the

mass of non-condensables (m,,).

where Wliq, wgs are the mass flow rates for each phase, C,,c is the fraction of non-condensable species in
the actual phase in the donor cell and ri is a source/sink term to take into account production or

consumption of non-condensable due to chemical reactions. The sum goes over all flow paths directed
into the volume cell and all flow paths directed out of the volume cell.

L

I a,c
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L

The mass flow rates of liquid and gas in one flow path are

Wliq = Uliq * Piq 'A .(1 - a) (7.1.1.1-7)

W ga0 = Ugas "PgasA.a (7.1.1.1-8)

The densities and void fractions are taken from the donor cell.

Where

w is the mass flow rate

u is the velocity of the phase

A is flow area

a is the void content

p is the density

The conserved quantity i.e the mass of non-condensable (m,,,) is a function of volume, void, phase
densities and concentrations of non-condensable

here:

Pga. = Pncg + Psteam

P Ii q P at e l X I + X ,,cI A 4 , r (7 .1.1.1-10 )

Mwater
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with

P., = Per (Trq, P) (7.1.1.1-11)

from steam tables.

The liquid density is based on the assumption that each molecule of non-condensable occupies the same
space as one molecule of water which is reasonable considering the low concentrations of dissolved non-
condensable that can occur.

]a,c The equation for each volume cell

is entered into the complete set of thermo-hydraulic equations that are solved and integrated in time using
the numerical method described in WCAP 16747-P.

7.1.2 Energy Conservation Equations

This section describes the derivation and application of the energy balance equation that is applied to each
phase in the POLCA-T code.

Theoretical Basis

The general form of the energy conservation equation (References 7.1 and 7.2) is:

&3(ep) + V(epu) + V q` - q" - V(rD) = 0 (7-1 1)

where:

e = eint + ekin + epot = total specific energy (7-12)

eint:
ekin
epot

qt
qIII

internal energy,
kinetic energy,
potential energy,
density,
velocity field vector,
heat flux,
internal heat generation per unit volume, and

= = stress tensor,

The specific enthalpy h is introduced,

h = eint + P/P (7-13)
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and the stress tensor is divided into a normal and shear stress

uij =- p 6ij+ ij (7-14)

where t3ij is the Kronecker delta, defined by

ij= if { (7-15)

p = local static pressure, and

r'6 =6ij - {: }. 5ij (7-16)

The stress deviator term 'ij represents the part of the forces in the fluid, due to relative motion of nearby

particles in the fluid.

Equation (7-11) can be now rewritten as:

'3(hP - P)V(h))+ -q"

-- (p(eki +ept)-V. (p(ekin+epot)u+V . (_Z u) (7-17)

The right hand side of equation (7-17) represents the contributions from kinetic and potential energy and
dissipation due to stress. Below it is demonstrated that some terms of the right hand side of
equation (7-17) can be neglected, hence the energy equation used in the POLCA-T code is:

((h + ek. )P - P)+ V - (hpu + ekin pu) + V • q" - q"' = 0

at
(7-18)

The potential energy and dissipation terms are omitted in equation (7-18). Section 22 demonstrates that
these terms are negligible.

Finite Difference Formulation of the Energy

Equation (7-18) is integrated over the volume cell shown in Figure 7.1-3.

I ]ac
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a,b,c

I I aC

The first term is

a((h + ekfn )P-P)dv

at
d ((h + ek )p dV = d ( paei*H Ophase i

dt f' kidP) t7 APUC
- Vi -Pi ) (7-19)

where for each phase/componentphase (liquid or gas):

JPtpuse idV = The mass of phase n in the volume cellmaso hae

HOphasei- = 1 fP phase (hp;,.se + U ± h.,, / 2)dV = Average total enthalpy of phase n in the volume
M phase,i V,

cell

I
Pi= V JPd = Mean pressure of the control volume

V

The second term, applying the divergence theorem, gives

JV. p. .(h,, + ekl).un • dV
V

Jpn • (h, + eki,, )- un -n. dS
S
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Since u = 0 on the rigid boundaries, the surface integral reduces to

JV pn , (hn + ekiflf) Ufl -dV frpjhtl +ekinnf)'Ufl .n-dAJ +Aph-u-n-d
V Al A

= Zk1phasej,] (hphoseij + ekinfl , Sj J-W,.'.' (7-20T

where the summations are performed over all flow paths connected to the volume (note that Wh and
(Wh)src have positive direction into the volume).

The term Whsrc phasei is the enthalpy flow source of phase due to external sources or sinks connected to

the volume cell i.

The third term, applying the divergence theorem, gives

JV "q" "dV =Jq" "n" dS = QA (7-21)
v s

where QA is heat transfer through the surface. The conduction over the fluid surfaces (Aj and Ak) have

been neglected(3 ).

The fourth term,

f q"' dV Qv
V

The term Qv consists of internal heat generation due to neutron slowing down, gamma absorption and

scattering in the fluid, and the interfacial heat transfer rate Qrig between phases/components in the cell.
The term Qv is lumped together with QA and Qr=Qng + Qrw and the sum is the net heat source to each

phase.

Q = QA + Qv + Qr (7-22)

3. The heat flux due to conduction within the fluid clearly can be neglected for most transient analysis when

comparing the magnitude of terms two and three. The fluid conduction is of the order

q" = -k- dT/dx = - (0.7 W/m,K).(10 K/m) = 7 W/m2

or less, which is clearly negligible when compared to the energy transported by the fluid of the order 109 - 10'°,
W/m2.
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The integrated energy equation can now be written

d (Mp ..... * , .HOphsej . Vi-i . 1)+ + (Whphase, *Sphase,] )+ (Wphaseekin,,phase) - Whsrc,
dIt ,J• 

s.

Qphase,i - 0 (7-23)

The fully implicit finite difference or a semi-implicit form of equation (7-23) is used is POLCA-T for
each phase. The fully implicit formulation is:

Ik(M phasej ', H "
0 ph .j ) (Vi - •i. ) M jhaj * phasei )" - (Vi P )" )] +

At
(- Wh n+j " (Whs ni~h...i,+ v,+l Q,,+I 0 (7-24)

" phasej Sphasej + (.ph.s elan phs, ) -1 src,phase phase,i

The energy of the fluid phases/components in volume cell i is defined as

Ecell= I MphaseHO phase - ViPi
phase

and the mass flow rate

Wphase = Aphase Uphase Pphase

for eachphase (=liquid or gas).

The primary variable from energy equation is the temperatures of each phase/component, Tliq, Tgas. The
temperatures of non condensable gas and vapor are equal; i.e., they are in thermodynamic equilibrium.

7.2 FLOW PATH

II

]a,e a,b,c

I a,c
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7.2.1 Momentum Conservation Equation

In this subsection, the momentum conservation equation is described including the application in the
POLCA-T program. The momentum equation is set up for the mixture gas and liquid.

Theoretical Basis

The general formulation for the momentum equation (References 7.1 and 7.2) is:

-(p. u) = -Vp. u1u1 - Vp + V_r + pg (7-25)

where the terms in (7-25) are:

- (p u) = Rate of momentum change,
at
- Vp. uu = Rate of momentum gain by convection,

Vp = Pressure force,

VT = Rate of momentum gain due to viscous stress, and

pg = Gravitational force.

Equation (7-25) is integrated over a fixed control volume V with solid surfaces S,

J- (p- u)dV = -Vp- uu - Vp + V + pg ýdV (7-26)
V V

The Gauss divergence theorem is applied to the first and third terms on the right-hand side of
equation (7-26) giving

JVpuudV= Jpuu n dS (7-27)
v S

Jvr dV = r n dS (7-28)
v S

where n is the outward normal vector of surface element dS.

Substituting (7-27) and (7-28) into (7-26) yields

ak(p .u)dV--puu ndS- fpdV + fv ndS+ JpgdV (7-29)

V 0S V S V
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This equation is applied to 1-D pipe flow by integrating the component of the vector equation, which is
parallel to the pipe over a short section of the pipe (xI to x2). The coordinate along the pipe's x and the

pipe area, A(x), is a function of x. The evaluation is done term by term in equation (7-29) by taking the

scalar product of it and unit vector (_x) along the pipe and integrating:

Sj(P u)dV= f fpudA x-= a fW(x)dx (7-30)
V at xI A(x) x I

where the mass flow rate (W) has been introduced and where u for convenience denotes the component of
the velocity in the x-direction i.e., u=nx-u.

The momentum flux term of (7-29) is zero on the rigid wall of the pipe and hence it can be written:

nx Jpuu ndS= Jpu2dA- JPu2dA=(Wu) 2 -(WU)l
s A, A,

(7-31)

F-x

The pressure gradient can directly be integrated:

n.J , pdV= f f dAjx = JA(x) (7-32)v X Ax) N X1 a

The third term on the right-hand side of equation (7-29) is the unrecoverable friction loss term which is

zero except on the rigid surfaces. It can be written:

x2

n,* J ndS= f-tPwdx (7-33)
S xl

where Pw is the wetted perimeter and T is the wall shear stress defined to be positive for positive flow.

The gravity term of equation (7-29) is treated in similar way to the pressure gradient term:

x2

nx * JpgdV = g. JA(x) pdx (7-34)
V xl

where gx is the component of gravity vector in the x direction given by gx = -g-dz/dx.

At this stage 8p/dx and p represent area averaged values as does u in equation (7-30).
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Substituting equations (7-30) through (7-34) into (7-29), dividing by Ax, taking the limit as Ax goes to
zero and dividing by the area yields the 1 -D momentum equation use as a base for discretization in
POLCA-T:

I W 1w I C9 W 2 "tPw-p
A -- Ax (A)- PTx -A x(pgz) (7-35)

A at A NxpA Nx A Nx

Finite Difference Formulation of the Momentum Equation

In this section the mathematical formulation of the momentum equation will be written in the finite
difference form used in POLCA-T.

Consider the flow path j shown in Figure 7.2-2. Equation (7-35) is integrated between points xi and

xi+1 to give

Xi

Axa
Xiu 0i __ ,&X i~' x~+if (pgz)dx (7-36)

Xi
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a,b,c

Figure 7.2-2. Volume Cells with Flow Junctions

Temporal Acceleration Term

I
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a,c

Unrecoverable Pressure Losses

The unrecoverable pressure losses are divided into a wall friction term, APfric, and a term corresponding

to unrecoverable pressure losses, APloc, due to area changes.

Ili. 'APw dx = -APfflC - Ap o (7-40)fA
Xt

The wall friction term corresponds to each half of the momentum equation control cell. The expression
for the friction pressure drop, valid for both co-current flow and counter current flow over a length 1, can
be written as:

Apfric = Apfric,liq " liq + APfric,gas " Fgas (7-41)

where Fliq represents the liquid wetted fraction of the perimeter in the volume cell and Fgas is the
non wetted fraction, (Fliq +Fgas = 1).

L .f(Re,, , 1) p,, iuq

APfjic,iiq = L f (Re I F(a(pga, / Plq)) (7-42)
Dh 2

The void correction factor is used to take into account the velocity distribution in the channel when void,
a, occurs. The correction factor has the form below:

F(a (pgs / piq )) = 1 + I-
Pýga-s" (oa 2 C

2 + aC 1 ) (7-43)

Pliq
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and for the gas part;

L- f(Rega, K) PgasU gas2 (744)
D h 2

and the relative surface roughness by:

K= Dh (7-45)

In the application of equation (7-43) in the code the friction loss from xi to Xil in Figure 7.2-2 is

calculated as the sum of the friction in each of the two volume cells that are connected by the flow path.
Actual cell densities and viscosities are used in both volumes cells together with flow area, hydraulic
diameter, and surface roughness for each cell. The velocities, Uliq, Ugas, are taken as the primary variables
from the volume cells connected by the flow path.

The area change pressure loss is calculated in the similar way to the friction pressure loss. In both
co-current and countercurrent flow:

APIo,, = Apoc,liq. (1 - a) + Apocgs a a (7-46)

2

Apoc, phase = 4(Re phase. direction) Pphase uphase (7-47)2

Spatial Acceleration

The momentum flux term

J I a W2
Xi pA

dx = -APfu, (7-48)

is formulated by considering spatial acceleration due to gradients in mass flow rate, density and area
separately. The integral in equation (7-48) can developed into three terms:

IJa--- dx =1 + 12 +1 3
XiAaONpA

with:

(7-49)

(7-50)2 f _W 2 dx (velocityA P x Ci gradients)
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1' 2 -AX::x.8

13 ='X~ P

(density gradients)

(area gradient)

(7-51)

(7-52)

The integration of these three terms for each phase, liquid and gas, is performed from xi to xi+1 using the

mean value theorem of integrals and appropriate approximations:

1
A2i

.(w2 __2t 1 2 2

i Wi ) +Ai'l 2Pii W+l Wj (7-53)

(7-54)
W= .1 .; +___A1. .' Pl 1..']' 2 ,P+ P ..

ifv N.Vz(Pi- pi,÷ 1, <0
0.

W= 2
(7-55)

Finally inserting equations (7-37) through (7-55) into (7-36) yields

aw (7-56)

A fully implicit finite difference scheme or a semi-implicit method can be used to represent the
momentum equation. The time derivative is approximated by

at At
(7-57)

where the upper index denotes time step number (At apart). In the fully implicit formulation, all other
state variables in equation (7-57) are calculated at time step n+l (i.e., at t+At).

7.3 REFERENCES

7.1 R. B. Bird, W. E. Stewart, E. N. Ligthfoot, "Transport Phenomena" John Wiley & Sons, 1960.

7.2 "Water Reactor Emergency Core Cooling System Evaluation Model: Code Description and
Qualification," RPB 90-93-P-A (Proprietary), October 1990.
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8 POWER GENERATION MODEL

The volumetric heat generation in the fuel and coolant are calculated in POLCA-T. The heat sources for
the fuel appear in the heat conduction equation as the volumetric heat generation term, q"', in
equation (13-1). The heat sources for the direct nuclear heat to coolant appear as the volumetric heat
generation term, Q, in the energy equation (see equation (7-22)).

Heat generation due to reactor power and decay power is modeled as the sum of heat generated from three
basic sources - prompt fission power, fission product decay, and actinide decay. The total prompt fission
power is the sum of the power generated in the fuel and direct heating fission power generated in the
coolant. The total power is distributed axially and radially throughout the core based from calculation by
a neutron 3-D-kinetics model.

The fission products and actinide decay power can be calculated by the code it self or by reading

user-supplied files. Finally, it can be calculated by using the built-in function for end of cycles cores for
decay power generation in a typical BWR core.

8.1 3-D KINETICS

The POLCA7 portion of POLCA-T solves the two-group diffusion equation with arbitrary number of
delayed neutron families, for each thermal-hydraulic iteration performed until convergence is reached,
named herein as "power - void iterations."

A full description of the 3-D-neutron kinetics model can be found in Reference 8.1.

8.2 DECAY POWER GENERATION

The decay power generation of the core can be simulated either by tables or by a set of equations where
the user can take into account the increase or decrease of fission power depending on the behavior of the
transient.

8.2.1 By Tables

The user can supply files describing the power decay coast down during a certain event or use built-in
functions for decay power according to American Nuclear Society - ANS79 standard. This built-in
function for decay power is based on conditions that envelope BWR core designs with a possibility to add

any number of sigma uncertainties.

8.2.2 By Equations

The reactor kinetics equations include effects arising only from the direct fission power. The user must
provide the decay of fission products and actinides. The total power generation is the sum of the fission
and decay power.

Q(t) = Qfiss(t) + Qdecay(t) (8.2-1)

WCAP-16747-NP-A September 2010

Revision 0



8-2

The decay based on the total power given by

Qdecay(t) = f d Q(t) (8.2-2)

The total decay heat generation rate is

Qdecay(t) = Zfd,jQ(t) (8.2-3)
i-I

Where fd,i is the decay power fraction at steady-state and z, is the decay power time constant for decay

group i.

Combining equation 11-1 to 11-3 gives the decay power as function of fission power

fd,
Qdec- f,,,, QfS(t) (8.2-4)

j-fdJ

ac

The number of groups m is a user input and the model can be applied for different fuel bundle burnups
also defined by the user. The time constants and effective energy fractions for the number of selected
groups can be based on a fit to the proposed ANS Standard 5.1 of 1971 Reference 8.2. The decay time
constants and effective energy fractions can also be based on Reference 8.3. The user, via input, can add
to the resultant fission product power generation an uncertainty of 20 percent as required by Appendix K
of 10CFR50.

8.3 REFERENCES

8.1 "The Advanced PHOENIX and POLCA Codes for Nuclear Design of Boiling Water Reactors,"
CENPD-390-P-A, December 2000.

8.2 American Nuclear Society, "American National Standard for Decay Heat Power in Light Water
Reactors," ANSI/ANS-5.1-2005, Approved April 1, 2005.

8.3 ISO 10645, "Nuclear Energy - Light Water Reactors - Calculation of the Decay Heat Power in
Nuclear Fuels, First Edition, March 1992."
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9 CONSTITUTIVE MODELS

9.1 DRIFT FLUX EQUATION

The relationship between the velocities of the gas and liquid phases is given by the drift flux equation.
This drift flux equation is the sixth basic equation in the hydraulics model. The definitions of the
velocities are shown in Figure 9.1-1.

The drift-flux equation includes a countercurrent flow limitation correlation of the form defined by
Wallis (Reference 9.2).

The drift flux formulation for relative motion between two phases (Reference 9.2) is

jgas = aCo (Jgas + JIiq ) + aVgi (9-1)

where the superficial velocities are defined as;

jibq=XIL(Ahl-q Ag) = u,41 - ct) (9-2)

for the liquid phase

jI ,= XVdjhq+ A 1) =u (9-3)

for the gas phase

where jg and jl are superficial velocities of gas and liquid and the concentration coefficient, C0, slip
velocity S and the drift velocity Vgj are defined by empirical correlations.

...........

...........
Uiiq

...............................
...........................................................................................................................

Ugas Ugj

f Uiiq

Figure 9.1-1. Definitions of Velocities
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]a,c

Where the slip ratio and the relative velocity are defined as:

The relative velocity ure, = Uga - uliq (9-5)

The relative velocity can also be related to the drift velocity according to:

Vgj(96

u rel = - V (9-6)(1-ar)

and

4a•) = 0,-c)n+l,

n = 1-3 depending on the flow regime.

where V is the terminal velocity of a single bubble in quiescent liquid.

The slip ratio

S = u gas x PI, a) (9-7)
Uliq XpPgas a

9.1.1 The DFO1 Drift Flux Correlation

The relation between the phase velocities for two-phase flow is determined from a drift flux correlation
developed from the work of Holmes (Reference 9.1) and includes a countercurrent flow limitation
correlation of the form defined by Wallis (Reference 9.2).

Concentration Coefficient Correlation

[

]a,c
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]a,c

To be used together with the formulation of the drift flux equation (9-4), the relative velocity and the slip
ratio is:

S(a, p) =gas -
u Iiq

1-a
1 (9-12)

cn

and the relative velocity is:

Ure,(a,(p) = COKuVc (9-13)
Pg.1 L~o1 P liq )

The drift flux correlation of the Holmes type given above was derived from a regression analysis of data
from void measurement - equations (9-6) and (9-7). The values of correlation parameters from this study
are implemented in the DFO1 correlation.

9.1.2 The DF02 Drift Flux Correlation

Based on the void measurement data from tests performed at Westinghouse's FRIGG Test Loop, a new
regression analysis was made for a different formulation of the drift flux correlation.

II

]a,c
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]a,c

The characteristic velocity is based on the Laplace length according to following formulation:

Vcl = gLp\ Ip jJ (9-15)

and for the gas phase

Vcg = Vcl/ LP (9-16)

The Kutateladze number is calculated for each phase k and is depending on the amount of void in cell i as;

Kuk={jk Pk (9-17)Kuk~ ~~P {}gofl_pg

jk is the superficial velocity of phase k.
cY is the surface tension.
p is the density of liquid respective gas.

During the regression analysis of the measured data, constants for low void and high void were
determined, as well as transition values for void parameters, for flow function calculation.

9.2 WALL FRICTION AND SINGULAR IRREVERSIBLE LOSSES

The frictional pressure drop in co-current flow is calculated from Equation (7-41). The friction factor
correlations are described in the following subsections.

9.2.1 Single-Phase Friction Factors

The single-phase friction factors is calculated for turbulent flow in fuel bundles by (Reference 9.4):

fi = C1 -Re-C 2  (9-18)
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where

pac

For turbulent flow in other parts of the flow loop, the Colebrook's correlation (Reference 9.5), is used by
default.

f, = 5-5.10-3 [ 1 + (2.104 6_f . 106 11/3

D - Re ) (9-19)

where & is the surface roughness.

Optionally, the user can specify that the Blasius formulation shall be used instead or by mixed
correlations.

0,316
f Re0 ,25 (9-20)

For laminar flow the friction factor is:

fi = 64 / Re (9-21)

The transition between laminar and turbulent flow occurs at the Reynolds number when the friction factor
for turbulent flow is equal to the one at laminar flow.

Optionally, the flow can be modeled as friction-free or a constant friction factor can be specified for
selected parts of the geometry model.

9.2.2 Irreversible Losses Due to Contraction/Expansion

The local momentum losses (implemented in equation (7-47) are modeled by use of irreversible loss

coefficients. These coefficients are functions of the geometric details of the flow channel or pipe and
sometimes the actual flow direction. Irreversible losses associated with flow through a sharp-edged
expansion or contraction is calculated according to the following formulas, if the values for the loss
coefficients are not given by the user.
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Sudden expansion, Camot-Borda loss:

ý=(,_ 
A,)'
A 2

(9-22)

Sudden contraction:

0OR.4C1 N (9-23)

9.3 COUNTERCURRENT FLOW LIMITATION CORRELATION

Ii

ja~c

First the CCFL correlation to be used in POLCA-T is described, then an expression for Gd above is

derived. Refer to the following subsection.

9.3.1 CCFL Correlation

In the countercurrent flow region, there is a physical limit to the downward water flow for a given upward

stem flow. Countercurrent flow limitation has been described by Wallis (Reference 9.2) for flow in
vertical tubes, with the dimensionless relationship:

g K i (- '=)1 (

g D (pf - pg) 11i4 [ D(pf - Pg)1 i (926
Pg _Pf

[ ]a,c

Defining the characteristic length as:

D-= [ ]- (9-27)
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and dividing both sides by DL114 and multiplying by D1/ 4 gives:

[C~G3SAP]1/8
PSI

KI (-Dif) 1 2

1 1!

K2 D1/4

[g7P]1/8 - Kul_2 (9-28)

II

]a,c

Holmes (Reference 9.1) reported a geometry dependence of CCFL as a function of the dimensionless pipe

diameter D* in the form (D*-2)/(D*+2.5) where:

D* = [gAp1/2 D _ D (9-29)

LcnJ DL

and D is the pipe diameter.

[

ac

The above relation is applicable at 0.45 < ct < 1.0 and the other relation is applicable at 0 < cx < 0.18. This
latter relation, given by Holmes, has been modified to include the geometry dependencies. Thus

Dh

.55 DL (9-31)K112-= C0 " Dh

L+ 2.5DL
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where Dh is the hydraulic diameter.

]a,c

9.3.2 Mass Drift Flux

Now the mass drift flux, Gd, can be calculated from the CCFL correlation. Using the following

definitions:

-Pg

Gf

Pf
Vc = f2 ) (9-33)

in equation (9-24) give:

Pf

pf" Ku- Vc_
C i f l ?`2

jpf-Ku-Vc
= 1 (9-34)

For the countercurrent flow regime, and for void fractions greater than 0.45, the drift flux relation,
equation (9-4) gives lines of constant a which are tangential to the CCFL curve, equation (9-34). This
relationship is shown in Figure 9.3-1. The resultant expression is

X* (1 X*) pfKu Vc

1 X + p * f
l-x +x.

(9-35)
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Gg

a close
to 1

12-35

Equation

G1
N

Figure 9.3-1. CCFL Curve Together with Mass Drift Flux Gd

9.4 HEAT AND MASS TRANSFER BETWEEN PHASES

The steam generation in POLCA-T, or more generally the mass and energy transfer between the liquid
and gaseous phases, is modeled as a combination of surface and bulk processes.

In a boiling channel with subcooled conditions at the inlet, the heat flux from the heated surfaces will heat
the water and the water temperature near the surfaces will be higher than in the bulk. As soon as the
temperature at the surface becomes higher than the saturation temperature, steam will start to form while
the bulk of the water is still subcooled. Steam that is formed at the surface will migrate to the bulk and

condense. Thus, the amount of steam in the channel will be determined by a balance between formation
of steam at the surface and condensation of steam in the bulk. Along the channel, the bulk water
temperature will increase and condensation will gradually reduce and become zero at the point where the
bulk water reaches saturation.

The heat and mass transfer models are used together with the mass balance equations, equations (7-3 and
7-5) for the liquid and gas phase and the energy equations for the phases, equation (7-23). Appropriate
heat transfer coefficients etc depend on actual flow regime and possible mode of heat transfer.

The interfacial mass transfer rate of fluid - liquid to gas or gas to liquid - is divided into two parts:

F = Fig + F, (9-36)
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where:

F is the total mass transfer rate at the phase interface and at the wall,
F17 is the interfacial mass transfer rate between the two phases in the bulk, and
Fw, is the condensation/evaporation mass transfer rate, which is a function of the wall temperature.

The heat transfer is also divided into two parts. One part takes into account the heat transfer between the
fluid and the heat structure, qrw, described in Section 11 regarding the convective heat transfer models.

The second part takes care of the bulk heat transfer between the phases, the interfacial heat transfer Srig.

Heat transfer between fluid and heat structure,

qrw = qliq + (h, + q,, (9-37)

with the partial contributions to the wall heat flow,

qi(q heat flux to surface from liquid phase
cis heat flux to surface from gas/vapor phase
q,, surface heat flux due to near wall condensation

The second part, Srig, that are the heat flow per unit volume in the bulk between the phases,

Sr i =S S niq+Srg,, (9-38)

Figure 9.4-1 is schematic view of the heat and mass transfer process in a volume cell with a connected
heat structure.

gas phase

Tgas

Figure 9.4-1. Interfacial Heat Flow and Mass Flow Paths in a Volume Cell
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9.5 HEAT TRANSFER TO HEAT STRUCTURES

The components in the heat transfer between the fluid phases and the heat structure are calculated as
shown below. See Section 11 for the description of convective heat transfer models.

Heat flux to liquid phase:

qbc, = - (r -Tr) (9-39)

Heat flux to the gas/vapor phase:

--T.) (9-40)

Phase change heat flux that generates or condensate steam:

q11! = hjg (TI. -Ts") (9-41)

Appropriate heat transfer coefficients are calculated based on the actual flow regime, actual heat transfer
regime map and phase. See Section 11 for the description of the convective heat transfer.

a,c

9.6 HEAT TRANSFER BETWEEN THE PHASES IN THE BULK

The phase change processes in the bulk are driven by the difference between the liquid temperature and
saturation and by the difference between the gas temperature and saturation.
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IPC

]a,c

9.6.1 Bulk Evaporation/Condensation, Low Void

If the liquid temperature is higher than the saturation temperature, then liquid will be evaporated in the
fluid. In that case, POLCA-T assumes that the interfacial heat transfer coefficient for the liquid is hil.

The interfacial area and heat transfer terms in the low void fraction region are given by:

Interfacial heat flow per unit volume to liquid phase:

Sio Aihil (Tijq - T a, ) (9-43)

Interfacial heat flow to gas phase:

S gb, = (Ai hig + kgstr.og )(Tgas - Tiq ) (9-44)

I

]a,c
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]a,c

9.6.2 Bulk Condensation/Evaporation, High Void

At high-void contents, the heat transfer is based on heat transfer to drops and to the film layer. A film
thickness is calculated and used to select appropriate heat transfer coefficients. For the drops, an
estimation of the drops are made and then the heat transfer to the drops is calculated. Selected models for
heat transfer coefficients are based also on the values of Tliq, Tgas, and Tsat.

Minimum film thickness is calculated from:

d.am0 - (1 -2 (9-49)
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Liquid volume fraction is:

P = (1- a)

and the liquid fraction based on the minimum film thickness;

flo = dm 4 iq (9-50)
Dhyd

where the fraction of surfaces that are wetted is y liq.

The volume fraction of film is:

=ii r 2,8o if 8 < 2#10 (9-51)

,90o if 8 -2,80

The volume fraction of drops is:

fidrop = P1 - ffilm

Interfacial area gas to film is calculated as:

(9-52)

Interfacial area of drops to gas is calculated as:

6 a

16, ;' + 0.0001 {f AT -< 0 (9-53)

And the heat transfer terms for the high void fraction region are given by:

Silhigh = (Aifllmhigilm + Adrop hi/drop + kstro,,g )(Tijq - Tst,) (9-54)

S go .= (A ql,,mhjgilm + A/drop higdrop )(Tgas - T,,) (9-55)
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]a,c
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]a,c

9.6.3 Near Wall Condensation

Vapor condensation takes place also close to the heated wall if the wall temperature is higher than the
saturation temperature while the liquid temperature is lower than the saturation temperature; this
condition can also be referred to as sub cooled boiling. Near wall condensation is modeled in POLCA-T

0.,662
by using the Hancox-Nicoll correlation for the Nusselt number, i.e., Nu = 0.1 x Re°I x Pr,. Similar to

the case of bulk condensation, the heat transfer coefficient for the near-wall condensation, hn,, is
calculated.

9.7 WALL CONDENSATION

Condensation when the heat structure surface temperature is below the saturation temperature is
calculated by the appropriate heat transfer coefficients from the heat transfer coefficient map.

9.7.1 Mass Transfer

The mass transfer rate during condensation or evaporation between the phases when heat is transferred to
a heat structure is calculated from:

hjg = (Tsurf Tsat) hnc "(Tsat -Tliqs) (9-61)

igas sat Iliqsat

where:

igas sat = vapor enthalpy at saturation and

iliqsat = liquid enthalpy at saturation
hnc= near wall condensation heat transfer coefficient, subsection 9.6.3

When bulk vaporization or condensation of the fluid takes place it is calculated from following equation

can be set up, S Fig, S Fiq I and S rgas as described in Section 9.3.

SFIg S Friq + S fgas
Fig sa lq sat gas - sat iq (9-62)

WCAP-16747-NP-A September 2010
Revision 0



9-17
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10 HEAT STRUCTURE MODELS

The thermal model in the POLCA-T code calculates the heat transferred from the fuel rods, reactor vessel,
and intemals to the coolant. This is used for the hydraulic transient calculation. The surface heat transfer
and material heat conduction problems are solved simultaneously to determine the total heat transfer to
the coolant.

The heat transfer coefficient couples the hydraulic solution to the thermal conduction solution through the
coolant state and surface temperature, as shown Figure 10-1. Empirical heat transfer coefficient
correlations are modeled for: single-phase liquid heat transfer, two-phase non-dryout heat transfer,
transition boiling, two-phase post-dryout heat transfer, single-phase vapor and surface to surface radiation
heat transfer.

The models are described in more detail in Section 13.

The radial heat conduction equation is solved for the fuel rods (axial conduction is neglected) or the slab
heat conduction equation is solved for slabs using an implicit finite-difference technique in combination
with the appropriate boundary conditions.

Detailed models for heat transfer from the pressure vessel and the internals are also included. These
components are referred to as "heat structures."

The user can specify an arbitrary number of heat structures, which can be in contact with coolant on both
sides or isolated on either side. The 1 -D heat conduction equation is solved for a user-specified nodal
subdivision of each heat structure using a finite difference technique. Each heat structure can be
composed of several different materials.

heat structure

V Tsurfvolume cell

Figure 10-1. Volume Cell With Heat Structure
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11 CONVECTIVE HEAT TRANSFER MODELS

The coupling between the hydraulic and thermal model is through the surface to fluid heat transfer. The
surface heat transfer appears in the energy conservation equation (7-17) as the component QA (defined in

equation (7-22)) of the term Q. The total surface heat transfer is divided into convective components
based on liquid and gas phase heat transfer.

QA = QCliq + QCgas (11-1)

The convective heat transfer to water and gas/steam (QCliq and QCgas, respectively) is calculated

separately for each phase that has been specified to be in convective contact with heating surface and is
defined by:

QCliq= hl Ahtl (Tsurf- Tliq) (1 1-2)

QCgas= hg Ahtv (Tsurf- Tgas) (1 1-3)

where:

Tsurf = surface temperature,
Tliq, T gas = temperature of water and steam phase, respectively,
hi, hg = heat transfer coefficients to water and steam phase, respectively, and
Ahtl, Ahtg = heat transfer area (contact area) to water and steam phases, respectively.

The convective heat transfer is calculated using an empirical correlation, which is primarily a function of
fluid properties, flow, surface material, and surface temperature.

In POLCA-T, modeling the interfacial heat transfer between water and steam phases is also accounted for
as described in the Section 9.4 description of heat and mass transfer.

In many heat transfer regimes, the heat transfer coefficient is surface temperature dependent. The
solution method used in POLCA-T accounts for this dependency by solving the heat transfer and heat
conduction problems simultaneously.

This section describes the heat transfer regimes, convective heat transfer correlations, dryout correlation,
Leidenfrost temperature, and transition boiling correlation.

Distribution of energy transferred from structures to water and steam is calculated separately from chosen
correlations. The logic matrix of heat transfer regimes is presented in the next section.
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11.1 HEAT TRANSFER REGIMES

The various heat transfer regimes modeled in POLCA-T are shown in Figure 11.1-1:

Pre-dryout Heat Transfer (Tsurf> Tsat, Boiling or Steam cooling)

Heat Transfer to Water

a Boiling according to Chen (H5)

Heat Transfer to Steam

* Turbulent natural convection (H6)
* Turbulent forced convection (H8)

Pre-dryout Heat Transfer (Tsurf < Tsat, Single-phase Water or Steam)

Heat Transfer to Water

* Turbulent natural convection (HI)
• Turbulent forced convection (H3)
* Condensation of steam (H4)

Heat Transfer to Steam

• Turbulent natural convection (H6)
* Turbulent forced convection (H8)

Post-Dryout Heat Transfer

Heat Transfer to Water

* Forslund-Rohsenow (H 11)

(Direct wall to liquid heat transfer in dispersed flow)

Heat Transfer to Steam

0 Forced convection to steam with (H 10)

Two-phase enhancement factor for dispersed flow

* Modified Bromley (H12)
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a,b,c

I1

Figure 11.1-1. Heat Transfer Regime Maps Used in POLCA-T

I

]aoc
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11.1.1 Two-Phase Subcooled, Nucleate and Flow Boiling Regime (H5)

For nucleate and non-dryout flow boiling, the Chen's correlation (Reference 11.1) is used:

kf
h = 0.023 - Re 0.8 pr0-4 . F

+000122 kf 0-79 cp.45p. (1 1-4)
C70 .5 . VfO. 2 9 - h p0.24. g0.24

" (Tstuf- Tsat)0 2 4 . (Pw- p)0.75. S

where:

Re = Gf Dh/9f,
Pr= Jtf cpf/kf,
Tw = max {Tsurf, Tsat+2 3 }, and

Pw Psat(Tw).

The two-phase Reynolds number factor F is

1.I0-for Xtt- 1 <_ 0_ 1

F=,

i 2.3511447 (Xtt- 1 + 0.213) 0 -73 6 for Xrt- 1 > 0.1

where

ft-1 : t 0.9.1--05 .L 001
."Pg) y.Lf)

and X is the steam quality, which is limited to less than 0.981.

The subcooling suppression factor S is:

11(1-+0012 -ReTp 1-14 )for ReTP < 32.5

S = 11(1+0.042 - ReTp 0 -7 8 )for 32.5 < ReTp < 70 where

0.1 for ReTp _> 70

Re TP = 10-4. IGI - (1-x) Dh / pf. F1. 2 5
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11.1.2 Laminar and Turbulent Natural Convection Regime (HI or H6)

The heat transfer coefficient for natural convection of steam or water is from M. Jakob (Reference 11.2)
for vertical plates.

Nu = C • (Gr-Pr)n

h kflm'Nu/L (11-5)

where L is the film length

P i f•rn cpflrn
Pr- kf

and

3 Pfi) 2

Gr = g 'flm L -,Tsurf- Tcl,,ri
\P;Iflmý

The subscript "c" is for the water regime (HI) and g is for the steam regime (H6).

The subscript "flm" means that properties shall be evaluated at film temperature Tflm

Tflm = (Tsurf + Tc) 0.5

and t3flmis the thermal expansion coefficient

~flm Cv). T, P = "ap

where:

v = specific volume, and
g = Gibb's free enthalpy.

The coefficients C and n for laminar natural convection, are:

C = 1.35; n = 0.15 for I <Gr-Pr<5554

C = 0.57; n = 0.25 for 5554 < Gr- Pr < 1.057.10 8

and for turbulent natural convection:

C = 0.13; n = 0.333 for 1.057-108 <Gr-Pr
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11.1.3 Steam Condensation (H4)

Near Wall Condensation

According to Hancox-Nicoll (Reference 11.4) the near wall condensation is calculated as:

h NWcond Z kliqNU/D hyd (11-6)

together with

Nu = 0.1 Re 0 .662pPr

liq liq

Bulk Condensation

For prediction of condensation in turbulent flow inside of horizontal tubes, the general technique from

Shah (Reference 11.5) is used. This correlation is good for all flow patterns as long as both the liquid
film and vapor core is turbulent. That means following basic three conditions must be considered:

u1 >3m/s,Re, >350,Reg >3500

h T/h f =1I+ 3.8/Z0 -9 ' (11-7)

The parameter Z is defined as:

Z = -1)
8 -Pr0 4

The superficial heat transfer coefficient hj is calculated as:

hf =hL(1-x)° 8

hL is the heat transfer coefficient, assuming all mass to be flowing as liquid, and is calculated by
Dittus-Boelter equation (Reference 11.3) as:

/ 0.8 khL = 0.023 GD Prf0.4 kf( lf ) Dhyd (11-8)

For ReG < 350 0 0 .

The condensation heat transfer coefficient is calculated in accordance with (Reference 11.6) as:

h~p. = FS; h N. (11-9)
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Where hNu is calculated from:

hNu = 0. 7 2 5 . kffgpg(pf - pg)g and F, = 0.77 according to (Reference 11.6).

11.1.4 Turbulent Forced Convection Regime (H3 or H8)

Dittus-Boelter correlation (Reference 11.3) is used for turbulent forced convection of steam and water.

Nu = 0.023 -Rec 0 .8 - Prc0 .4

h = kc Nu/Dh (11-10)

where again subscript "c" is for the water regime (H3) and g is for the steam regime (H8).

Ref = JGPl Dh
Re f (1-c-)

P Lf. cpf
Prf - kf

Reg- =GgI Dh
JIg aL

Prg = Cpg
kg

11.1.5 Post-Dryout Heat Transfer Regime

11.1.5.1 Direct Wall to Liquid Heat Transfer (1111)

Direct wall to liquid heat transfer at wall temperature above Tmin (Leidenfrost temperature) is calculated

using the Forslund-Rohsenow equation (Reference 11.7):
-1 6 ` `Z3

hwd = 0 -2 - (1-c423

L- g Pf pPv hfg kv3  1/4 (Tsurf - Tsat)
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where Dd is a drop diameter calculated as described in Reference 11.5.

11.1.5.2 Forced Convection to Steam with Two-Phase Enhancement Factor for Dispersed Flow
(M1O)

The dispersed flow film boiling heat flux is used when t > 0.9 and Tsurf > Tmin.

H = Mihspv (11-12)

where:

hspv = turbulent heat transfer coefficient to steam (H8), and

T = enhancement factor for dispersed flow.

This two-phase enhancement factor for dispersed flow, xV is approximated by an extension of analogy
between wall shear stress and heat transfer, as follows:

H20 1:24 td 11/2

Hspv Iw T\¥,

3 ad Pv CDd (Uv - Ud>2
Td = 4 Dd

1 Uv2

Iw =2 Pv fw~

where:

Trd = interfacial shear due to droplets,

Sw = vapor-wall shear stress,

-r2D = total shear stress for 2(D dispersed flow = Tw + td,

fw = wall friction factor,

fw = 0.0791- Rev-0. 2 5 ,

CDp = drop drag coefficient,

24 (1 + 0.1 ReD0 7 5)
CDd -ReD

Dd = drop diameter,
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ReD

ReD

volume fraction of entrained drops,

Reynolds number for vapor over drops, and

Dd Pv (Uv, - Ud)

Itv

11.1.5.3 Low Flow Film Boiling Regime (H12)

For the inverted annular regime, a modified Bromley correlation is used

h = Nu-kg/LH (11-13)

The Nusselt number is given by:

Nu =-0-62 Ra hf A- pgAw

where:

ATw = Tsurf- Tsat, and

LH 3 . g. Pg, (Pf- PO)* Pri
Ra =

and the LH is the Helmholtz instability length is

LH =16.4" " c4 hfg3)Ag 5  "]1/11

L = 16.24 p(pf_ pg) 5 g5 k 3 AT 3

11.1.6 Transition Boiling

Transition boiling, or unstable boiling, occurs when the surface temperature is above the critical
temperature, Tcrit, but below the Leidenfrost temperature, TLeid (see Figure 11.1-2). This regime is

some times called the unstable dryout regime.

The heat flux in the unstable dryout regime is calculated by weighting of the heat transfer correlations
from forced convection, H 10, direct wall to liquid heat transfer, H 11, and low flow film boiling regime,
H12.
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Heat flux
(q")

q Leid __,__

mcrt Tkeid Surface'
Temperature (T)

Figure 11.1-2. Heat Flux versus Surface Temperature

The heat transfer coefficients to the phases for temperatures between the critical and the Leidenfrost
temperatures is approximated by the interpolation relationship:

hl = fl -hi1O + f2 - hH11 +f3 h 12 (11-14)

a -0.6
0.3

a-0.6

0.3

a -0.6
fA = Ia - 06. 0.75

0.3

and

hg9 fl hgHlO + f2 -hgHll + f3 -hgH12 (11-15)

a -0.6
0.3

A a -0.6

0.3

a -0.6f3 :1 .o.25
0.3
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11.1.6.1 Leidenfrost Temperature

It is assumed that the minimum film boiling temperature is the wall temperature that results in an
instantaneous contact temperature equal to the homogenous nucleation temperature, THN. Using a

contact temperature correction to include the effects of surface thermal properties, the minimum film
boiling temperature is (Reference 11.8):

T i' (k p CP)1 -2.TI-eid = THN . i(THIN- T1) .k9Cpstf (1 1-16)

where the homogenous nucleation temperature is given as a function of pressure by a simple curve fit:

THN = (673.44 - 4.722,10- 2 -DP - 2.3907.10-5,Dp 2

- 5.8193'10-9 -Dp3 ) -5/9
(1 1-17)

where DP = 3203.6 - 14.5038.10-5 -p.

The minimum film boiling temperature is specified as the larger of either equation (11-1) or that given by
Henry's modification of the Berenson correlation:

TLeid = TB + 0.42 (TB - T)

(11-18)

[(k p Cp)surff LCpsurf (TB-TOfJ

where

TB Tsat + 0.127' kv

(11-19)

F9 (Pf - Pg7 -""213
L (pf+-Pg)

! 12

19(Pf - gj
.[-ItVIL 11/)

(Pf - POIJ

There are limits on maximum and minimum values of TLeid predicted by the above correlations.

I

pac
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12 DRYOUT AND DNB CORRELATIONS

The boiling transition between non-dryout heat transfer and post-dryout heat transfer is determined from
critical heat flux (CHF) correlations.

The critical power ratio (CPR) is evaluated in BWRs. The CPR is a measure of the margin to dryout, for
a given CHF correlation. The CPR at an axial location is defined as the ratio of the integrated bundle
power from the inlet to the dryout location, to the actual integrated bundle power over the same length.
CPR correlations appropriate for each unique assembly type in the core are included in POLCA-T. One
example of CPR correlations for Westinghouse BWR fuel is found in Reference 12.1.

The departure from nucleate boiling (DNB) is a local quantity that describes when bubble formation is
rapid enough to cause a continuous vapor film to form at the tube wall.

The critical heat flux used is the maximum between a flow boiling and a pool boiling correlation:

q,, crit - max { q"fb , q pb } (12-1)

The calculation of CPR or DNB for all fuel bundles during steady-state and transient conditions are
performed by its fuel-specific correlation which is chosen by the user depending on the fuel type. The
CPR correlation developed for each new fuel type is submitted for NRC review and approval as a part of
the fuel type licensing activities. Once approved, the new correlation is added to the dryout correlation
library.

12.1 FLOW BOILING CRITICAL HEAT FLUX CORRELATION

One of the CRF correlation of the D/x-type in POLCA-T is the AA-74 correlation This correlation is
developed from ASEA-ATOM 8x8 fuel assembly CHF test data, as shown later in Figure 12.2-1. [

a,c

Other (I/x-correlations for POLCA-T are available via a common library, which is linked to POLCA-T.
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12.2 FLOW BOILING CRITICAL QUALITY

Another type of flow boiling critical quality correlation available in POLCA-T is correlations of the type
of critical quality versus boiling length, correlation of type x/L-correlation, as shown in Figure 12.2-1.

Heat flux Heat I
ql Critual Heaa Flux

Core aton

Heath xat z~
foi' d~ff Zern

power ives

[t gu

lux

Xin Xý(Z=Z0 ) XDo(Z=ZD)

Quality

X Zo z

Length

Figure 12.2-1. Principles of Computation of Critical Heat Flux

II

X

]ac

Other x/L-correlations for POLCA-T are available via a common library, which is linked to POLCA-T.

12.3 DNB-CORRELATION

The correlation for calculating the DNB in POLCA-T is based on a lookup table for CHF, Reference 12.2.
The correlation for the CHF is of the form:

CHF actual = CHFs(p,Qx)*kl*k 2*k3*k4 *ks*k 6 (12-3)

where:
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p = local pressure,

G = mass flux,

x = thermodynamic quality, and
ki = factors for local peaking pattern and fuel bundle geometry, etc.

And the heat flux ratio, the DNB ratio (DNBR) is:

DNBR = CHFactual /(D (12-4)

where:

S= actual heat flux, and
CHFatJ = critical heat flux at actual position.

12.4 POOL BOILING CRITICAL HEAT FLUX

The critical heat flux in pool boiling is calculated from a modified Zuber (Reference 12.3) correlation.
The original Zuber correlation was

"Pf g) 1 Y'4 Ifqp -g Of ý i'g
2,z = 2 .hfg .Pg . (12-5)

This correlation is derived and tested for a heated wire. When applied to a rod bundle the correlation is
multiplied by a factor, FRB, to account for the differences.

ED

FRB - FD
10 -FD

Dheat
FD = c 1

k.g W9f- P_9)'

According to Griffith (Reference 12.4) the correlation should be modified for two-phase mixtures by
multiplying by (1-a), where a is the void fraction. Hence, the final correlation for the critical heat flux in
pool boiling is:

I (Gg-"f- Pg) 1 4 1 (12-6)
cpc = FRB- (1a) - • hfg. pg • Pg (12-6

12.4.1 Rod Critical Temperature

The critical temperature is calculated from:
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Tcrit-= H qcrit + Tcoolant (12-7)

Tcnt crif (7ý, )

where:

q"crit
Hcrit

= maximum heat flux (equation (12-1), and
= heat transfer coefficient in the two-phase boiling regime.

Since Hcrit depends on Tcrit, an iterative solution is necessary.

12.4.2 Slab Critical Temperature

The critical temperature for the reactor vessel and internals (metal slabs) is calculated from
Reference 12.4

Tcrit = Tsat + 23 'C (12-8)

where Tsat is the saturation temperature.
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13 HEAT CONDUCTION MODELS

The thermal model in POLCA-T consists of a l-D conduction model. Cylindrical coordinates are used to
model the fuel rods and shell structures and models while cartesian coordinates are used to model the
reactor vessel and internals. The thermal properties of the structural materials are also considered.

The heat conduction model accounts for the influence of a moving two-phase water level on the heat
transfer. This is done by subdividing any rod or slab into a portion above and below the water level and
performing separate heat conduction calculations for each subdivision.

13.1 CYLINDRICAL ROD CONDUCTION MODEL

In POLCA-T, the coolant conditions are specified by the hydraulic model and the heat transfer coefficient
is solved implicitly with the heat conduction solution. The POLCA-T can also handle hot rod models of
the average fuel rod for each fuel bundle. The hot rod model has a thermal-hydraulic environment, which
is equal to the same state conditions as the average rod. The hot rod model have either a user-specified
internal power peak factor, Fint, or a Fint that is calculated by the POLCA7 for the entire core running
with the pin-power reconstruction mode activated.

Heat transfer in a fuel rod during, for example, a LOCA can be characterized as a multi-region, transient,
2-D conduction problem with volumetric heat generation and general boundary conditions. Since the
axial temperature gradients in the fuel rod and cladding are much smaller than the radial temperature
gradients, axial conduction is assumed to be negligible, and is not modeled.

With these assumptions, the time-dependent heat conduction equation may be written (in cylindrical
coordinates) as:

aT 1 -' •T)i(31

The fuel rod or fuel rod simulator is divided into N radial rings characterized by material type, inner
radius, outer radius and volumetric heat generation rate, as shown in Figure 13.1-1. The material types
include U02 and Zircaloy among others. Also gas gaps are treated as radial rings.

Equation (13-1) is multiplied with r and integrated over a ring from ra to rb,

7. aT U'L
PC qt o f rrb - kr)ra (13-2)
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The upper bar denotes a ring average value. Introducing the temperatures at ra and rb (Ta and Tb) and the
temperature at the radial midpoint of the ring (Tm) the spatially discretized form of equation (13-2) is

written:

2 4

(13-3)

2-k( (rb(Tb-T.) +ra(T.-Tm.)) = f(TaT.,Tb)

This equation is further discretized in time to read:

(rb2 -ra2 )
2

p {Oc(Tmn+1) +( 1- O)c(Tmn) }-{(Ta+2 Tm+Tb)n+1 - (Ta+2Tm+Tb)n} (13-4)

T4 • AtT
= -'f(Tan+l1 :Tmn+l,Tbn+l1) + (1 -O)'-f(Tan,Tmn,Tbn)

Inner
Boundary

Outer
Boundary

(1)

Tm,1

TaI

0-1) 1 0) 10+1) (N)

T m,N•Tmii TM'i Mj1m~
T

Tb,1 Azr Tb,Nb,i-1 I
rai

rbi

F

Figure 13.1-1. Typical Subdivision of a Cylindrical Heat Structure

The upper index is used here as usual to denote the time step number. The equation can be looked upon
as an energy balance for a ring where q... now represents the time step average volumetric heat
generation rate. The implicitness factor 0 is zero for a fully explicit numerical scheme and unity for a
fully implicit numerical scheme. In order to use the equation in POLCA-T for a cylindrical rod divided
into rings, conditions must be specified on the interfaces between the rings and also on the boundary of
the rod.
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Inner Boundary

The inner boundary is either the center line (zero radius) or at some finite radius. In both cases, the radial
temperature gradient is assumed to be zero:

Tal = Tml (13-5)

Interfaces Between Rings

The heat flux on each side of an interface must be equal:

2"k(Tnr i)(Tmij-Tb1i)

fb,i- ra.i
2"k(Tm ji+l) -(Tm ,i+ 1-Tbji+l) 13 6

(13-6)rb.i÷I - ra~i+l

Of course, rb,i=ra,i+1 and Tb,i=Ta,i+l.

Outer Boundary

On the outer boundary of the rod, either the total heat flux is known or the heat flux is given as the sum of
radiate and convective components to water and steam. The equations corresponding to the two cases
are:

2"k(TmN) -(TmN - TbiN)
rb-N - ra.Nq

(1 3-7a)

or

2"k(Tm -NT) -(Tm.,N,- Tb.N)bTN) - aN - )= h1(Tb'N- T) +hv'(TbN- T,) + qrad (13-7b)

rb,N' - raN

where:

T1 ,Tv

hl,hv

temperature of water and steam, respectively, and

heat transfer coefficient of water and steam, respectively.

Equation (13-5) with (13-4) repeated N times and (13-6) repeated N-1 times with (13-7a or 13-7b) to
form a three-diagonal, almost linear, system of equations for [Ta,1, (Tmji,Tb,i,i=l,2,...,N)]. The

coefficient matrix depends on the temperatures through the material properties (k(T) and c(T)). The
system is solved by direct Gaussian elimination, which is iterated until convergence requirements have
been met.

After elimination phase the derivative

dTbN

dq

2- 7r- rbN. Az

C2 N+ (13-8)
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can be calculated, where C2N+1,2 is the diagonal element of equation (13-7a or 13-7b). This derivative is

used in solving the coupling between conduction and heat transfer phenomena.

The conductivity of a gas gap is calculated from:

k = hgap " (rb-ra) -(rb+ra)/( 2 -rb) (13-9)

where hgap is calculated as described in Section 14.1. The specific heat of a gas gap is set to zero.

The implicitness parameter, 0, has a value of 0.5 which gives the Crank-Nicolson method
(Reference 13.1). The volumetric heat generation rate is determined from the total heat generation in the
reactor and power distribution for channel to channel, rod section to rod section, and radial ring to radial
ring. The power generation includes fission power, decay power, and power due to metal-water reaction.

13.2 SLAB CONDUCTION MODEL

POLCA-T can model any number of heat-transferring slabs (simulating parts of the vessel or the
internals) which are in contact (cooled) with coolant on both sides or insulated on either side. The 1-D
heat conduction equation is solved using a finite difference technique and a user-specified nodal
subdivision of each slab. Each slab has one conduction area (AC) and also heat transfer areas on each
side (AL, AR), which in turn can be liquid (AlL, AIR) or in the gas phase (AVL, AvR). It can be composed of

different materials.

The 1 -D heat conduction equation

CT 5T
pc 77- =7 [k(T) - (13-10)

is integrated over the conduction nodes (see Figure 13.2-1).

For node i equation 13-10 is:

P1 C1L"xit-1-1 i 3'x I I
(13-1 1)

Left Side (0)

Hydraulic
Volume Cell

TIL
TvL

HIL

HAL
AiL
AvE ..

(1)

Tm.

-----------------
(i-1)1 (i) 1(i+1)1

T,i. Tm'i -mi,+

(N) (N+1) Right Side

Hydraulic
TmN Volume

o' * Cell
T IR
T v
HIR

HvR

A IR
A vR

Figure 13.2-1. Typical Subdivision of a Slab Heat Structure
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The partial derivatives are approximated by the following differences:

&Ti Til - Tin (13-12)
a - At

aT
(13-13)

0.5 "(Axi + Ax-i-)

Ti+1 Ti (1 14
=0-5 -(Axi +AXi~l)(1-4

x LAI

Tj- To Ax(13-15)
0.5 -A'xl

b--T TN+l- TN (13-16)
N'N,R - 0.5'AxN

The thermal conductivity at the boundaries of the nodes is calculated using the requirement of a

continuous heat flux across the node boundaries.

k(Ti)k(Ti+I) (Axi + Axi-x) (13-17)ki~il = k(Ti) AXi-l I+ k(Ti+l) Axi

Equation (13-11) is written in the finite difference form using the method developed by Crank and
Nicolson (Reference 13.1):

Tn+l_ Ta
I n

Pi Axi ci(T i) At -

n
k__________ 1- n+1

0.5 (Ax -= Axl-l) 0 1T.

kn.k I, +1 117' 1~
+0.5 (Axi + AXi+l) " T+l

(1-E))T' - OTi.1 - (1-o)1 i 11

n n+l
+ (1 -0) Ti- OTi - (1-()) Ti

(13-18)

where 0 is the implicitness.

On the outer boundaries of the plate, either total heat fluxes are known or the heat transfer components

are given as the sum of the convective components.
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For the left boundary, the following equation is used:

n+1 n+l
n TO -T1

-k -1 0-5 AxI
11+1 11+1

Aii<-HIL-(T 0 - TR

AvL+ 1 n+( (13-19)
A,,T - H (T- -T( A vL

n+AL". qradL + QdistL

and for the right boundary:

kn T N - TNIl +i'- 11
k N -0.5 A . Ac = AIR-HIR'(TN+ 1 ~T IR (13-20)

S- - - Tn-AvRHvR("+ll vR )

+ AR' QxqR

where QdistL and QdistR are the disturbances introduced to calculate derivatives,

dTO dTO dTN+I dTN+l (13-21)

dQL' dQR dQ. 1  dQR

used to solve coupling between heat conduction and transfer.

The heat conduction problem for the slabs is solved using equations above. These form a three-diagonal
linear system of equations with three right-hand sides (undisturbed, disturbed on left or right side) with
the unknown temperatures (Tk,i=0,1,..,N+l). The system is solved using a Gaussian elimination
technique accounting for the structure of the matrix.

13.3 REFERENCES

13.1 J. Crank and P. Nicolson, "A Practical Method for Numerical Evaluations of Solutions of Partial
Differential equations of the Heat Conduction Type," Proc. Cambridge Phil. Soc., Vol. 43, 1947.
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14 FUEL ROD MODEL

In POLCA-T, all fuel assembles can be modeled. Each fuel assembly can consist of an average fuel rod,
part length rods, and water rods. The number of rods is determined by the user. In addition to this model,
a hot rod fuel rod can be simulated. This simulation only uses the thermal-hydraulic environment for the
average rod to calculate maximum temperatures when an internal peaking factor is set for this hot rod.
The internal peaking factor can be constantly user-specified, or be taken from POLCA7 as the internal
peaking factor calculated from pin-power reconstruction.

All of the equations, tables, etc. stated in this section and used in POLCA-T are from the STAV code
(Reference 14.1) for completeness of the section, except for a few equations that are explicitly referenced.

14.1 GAS GAP MODEL

Gas phase heat conduction (hg), as well as thermal radiation (hrd), carry out the heat transfer across the
pellet-cladding gap. In the case of a fuel-cladding surface contact, a third term (hcnt) might contribute to
the overall gap heat conductance which furthermore enhances the heat transfer.

The overall heat transfer coefficient across the gap is the sum of the items mentioned above.

h = hrad + hg + hcont (141)

The mathematical formulation and implementation of these mechanisms in the POLCA-T code is
presented in the following subsections.

14.1.1 Radiation Heat Transfer

Lambert's and Stefan-Boltzmann's laws govern the thermal radiation between fuel and cladding. It may
be represented by the following equation:

hradCf~Tf4-T~ch,,= • .,:f .,•2+ 2C ('r T)• -' Tf 7 (14-2)

where:

CY
Cf, c

- -+A (14-3)
Ef 'c

and

= Stefan-Boltzman constant = 5.67032.10-8 W m-2 K-4
= emissivity

T = surface temperature, K
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4) = ratio of pellet to cladding radius

The subscripts f and c stand for the fuel and cladding, respectively. The amount of heat transfer by the
radiation term is significant only during the LOCA, where the surface temperatures of the fuel and
cladding become high.

14.1.2 Gas Gap Heat Conduction,-Solid Cylinder Pellet

The pellet-cladding gap is usually filled with helium gas and fission gases, which are produced during the
fuel life cycle. The heat transfer ability of the gap depends primarily upon the thermodynamic properties
of the gas mixture in the gap. The heat transfer coefficient of the gas mixture, hg, is given by:

I1

h-g = -hg,i (14-4)

i=1

where hg,i is the heat transfer coefficient of the gas constituent i in the gas mixture.

On the other hand, the heat transfer coefficient of a single pure gas is given as:

hg,i = Ki / Gi,eff (14-5)

in which Ki represents the effective gas thermal conductivity of component i in the gas mixture and Gi,eff

is the effective gap size.

The effective thermal conductivity of a single pure gas in a gas mixture is calculated, based on the
thermal conductivity of pure gases making up the mixture, according to the following equation:

Ki - n

LYA ij. xj (14-6)

j=1

where:

ki = thermal conductivity of pure gas i, W m-1 K-i,

xi = mole fraction of gas i in the mixture,
Aij = Sutherland weighting factor for the gas species i, in the gas mixture, and
n = number of gas constituents in the mixture.

The Sutherland weighting factor can be obtained from the following equation:

I pi1 +/4 T-!i /212JT+ (14-7)
Aij 4 1 -MVltj",M) "+Sj " T -` Sj
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where:

g = viscosity of pure gas,

M = molecular weight,
T = temperature in degrees Kelvin, and
S = Sutherland constants for gas species (given in Table (20-2) for some common gases).

The temperature profile across the fuel rod is discontinuous at the boundaries to the solid surfaces
(fuel and cladding). In order to make the heat transfer continuous over boundaries, the real gap size
should be extended into the solid surfaces by an additional distance called temperature jump distance.
Therefore, the thermal gap size for each gas constituent in the mixture can be expressed as:

GTi = Go + Re + R iejrnp (14-8)

where:

GTi = thermal gap size for gas species I,
G = nominal design gap size,

Re = roughness equivalence, and

gijump = temperature jump distance for gas species i.

The temperature jump distance of gas i is calculated according to the gas kinetics theory formula:

gijump 1_+±1_1 4 +k1 -Ai (14-9)gi~um =•.al. ac 1+ 7i lliC,,i

where:

ki, [t•, cvi = conductivity, viscosity and heat capacity at constant volume of the gas i,

af, ac = accommodation coefficients for the pellet and cladding,
Xi = mean free path of the molecules i in the mixture, and

Yi = c'/cp = ratio of specific heat at constant volume and constant pressure
respectively.

The accommodation coefficients for fuel and cladding surfaces are given in Table 20-4.

According to the thermodynamics of gases:

J,_ ý 9-5v, (14-10)
PliC i 4

and mean free path of the gas molecules is given by:
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where:

p, T are pressure and temperature of gas,
Mi, J-i,eff are molar weight and effective viscosity of species i in the gas mixture, and

C constant= 114.94.

The effective viscosity of gas in the mixture is calculated from the following expression:

Rieff =

.Aij- (14-12)

j=1

Combining theses equations and solving for gijump will result in:

9 !" + i 1 N Pieff

1+ 11i a (14-13)

ji

The effective gap size is calculated by the following equation:

1 _ CI dr (14-14)

Gi~eff GTi + ri

where w(r) is distribution function for the roughness with the following properties:

vw(r) dr= 1, and, v rw(r) dr= 0 (14-15)

Assuming w(r) to be a parabolic distribution function of the following form:

3~)-4 e" [) (14-16)

where Re = -J RjT + Re2  and w(r)=0if Irl>Re.

As a result, the effective gap size Geff can be calculated as:
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1 3 [Q +lI (14-17)Gi~eff - 4"- Re "2Q + (1 - Q). - M.Q-1,

where Q~ GTi
Re

14.1.3 Gas Gap Heat Conduction, the Cracked Pellet

Upon sufficient rise in rod power, large temperature gradient develops across the fuel pellet. This
produces cracks in the pellet. These cracks expend some of the free area of the gap, meaning that they
cause the fuel perimeter to increased and the occurrence of pellet relocation. Pellet relocation changes the
gas heat transfer coefficient and thus needs to be included in the gap heat transfer modeling.

The effective gap, G T, is modified to incorporate the effect of relocation. This has been done by

modifying the mean plane gap by:

G T =Go+R,q+(1-F) 9? (14-18)

where F denotes the fraction of pellet fragments which emanates from azimuthal "misfitting", (1-F)
represents the corresponding quantity for the radial misfitting, and 9- is the radial displacement of the
pellet due to relocation.

Since locally the pellet fragments are assumed to be distributed statistically, the local heat transmission
coefficient hgIC becomes a stochastic variable with a generalized mean value defined by:

<hgIOC> = f1 (hg /O) (14-19)

where gf(hgt°') is a generalized mean value for any monotonic continuous functionf, its exact
mathematical definition is given in STAV.

f(ho) 1 (14-20)
g h'oc + Cc / ag

where K is the fuel pellet conductivity, a is the pellet radius, and C=15.0 is an empirical constant.

14.1.4 Conduction Heat Transfer by Fuel-Cladding Contact Area

The heat transfer occurs by solid-solid conduction mechanism when the fuel pellet comes into contact
with the cladding surface.
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A model assuming cylindrical area of contact between pellet and cladding calculates gap conductance
according to the following expression:

hcont = F - I,,H.,
(14-21)

where:

F
PC

H
n

= represents physical properties of the surfaces in contact,
= interfacial pressure,

= Meyer hardness (T-dependent), and
= 1/2 ifPc/H < 0.001 else n=l.

The parameter F is calculated from the expression:

F = C -km / Rm (14-22)

and

C=
Rm=

77.4 - Rf0-528

IRf2+Rc2

2 kfkc
Km=kf+k,

where kf and kc are the conductivity of fuel pellet and cladding.
Meyer hardness is the measure of material hardness and is defined as the load divided by the area, i.e.,
H = 4P/(ntd)2 where P is the applied load and d is the diameter of area idented the metal surface with a
solid ball. The dependence of Meyer hardness on temperature is expressed by the following equation:

H = exp(A + B-T + C-T2 + D.T3) (14-23)

where T is temperature in degrees Kelvin and

A=
B=
C=
D=

2.6034-10+1
- 2.6394-10-2
4.3502-10-5
-2.5621-10-8

As shown by the equation, Meyer hardness decreases rapidly with temperature.
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14.1.4.1 Gas Gap Pressure

For the POLCA-T calculations, the fuel rods are axially divided into a number of segments (as current
standard 25 axial segments per rod). Knowing volume and temperature within each segment as well as
the total number of moles of gas in the gap, the pressure can be calculated as follows:

Prod n ,vt (14-24)
plena +11A

Tplena k=1 Tk

where

ntot total number of moles
R gas constant

Vk volume of gas gap at each elevation k
Tk temperature of gas gap at each elevation k
VpIena volume of plenum
Tplena temperature of plenum

The calculated pressure is used afterwards to update the value of gjump.

The number of moles of gas in each rod is calculated from fission gas release models and the initial
number of moles of helium the rods are filled with. The gas volume for each axial rod segment is
calculated when pellet and cladding displacement are calculated as described below. This calculation of
the rod pressure is updated only after each time step.

Figure 14.1-1 presents a fuel rod with its pellets. The pressure is equal in the entire rod Pgas, but the
pressure on the outside is changing with the axial level. The volume for each segment is calculated as
below when the gas gap for each segment is calculated.

Vk =ir.[rj +A)Y - (r, + 6Y].lk (14-25)

where:

A is the displacement of the cladding inner radius,
8 is the displacement of the pellet outer radius,

ri is the nominal cladding inside radius,
rpo is the nominal pellet outside radius, and
lk is the length of the segment.
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Pgas

Pellet

j -gap

Figure 14.1-1. Fuel Rod with Definition of Pressures and Other Characteristic Variables

Figure 14. 1-1 is an outline drawing of a fuel rod with definition of pressures and characteristic
geometrical quantities to calculate the displacement of the cladding. According to the figure:

Pressure p

Pgas
gap
ri and rco
Lple

is the pressure distribution along the rod.
is the gas gap pressure for the entire rod.
is the gas gap distance.
is the inner and outer radius, respectively.
is the length of the rod plenum.

14.2 PELLET MODEL

Fuel pellet can be either be made of U0 2 or (U, Gd)0 2 material. The fuel models apply to normal

operation of light water reactor fuel.

Ia,c
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cracks
fission

gas
release

ý0 N

Figure 14.2-1. Pellet with Cracks

14.2.1 Pellet Conductivity

Default model

The heat conduction inside the pellet and the power generation inside the pellet is treated as a 1 -D
problem and the temperature field is calculated as described in Section 13.1 regarding cylindrical rod
conduction model for heat structures.

In POLCA-T with the STAV option, the thermal conductivity of U0 2 fuel is temperature and bumup
dependent using the built in function of the form k = f(TDfGf, Bu).

where:

k is the thermal conductivity (W/mK),
T is the temperature (C),
Df is the density fraction due to cracking up,
Gf is the Gadolinium fraction, and
Bu is the average bum up of pellet (MWd/kg).

The function used in POLCA-T, which is applied for each radial zone in the fuel pellet model at a

volumetric average temperature for each elevation of the fuel rod:

k = P + K ) i -+ 3 e K4T for < ['C]I K2lKb(U) + min(T,1650) Io <<m[C (14-26)

where:

k
P
T=

= thermal conductivity in [W/m 0Cj,
= porosity correction factor (see equation 14-33),

temperature [°C],
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b(u) = fuel burnup dependent term (see equation 14-36),
Tm(u) = burnup dependent melting temperature [°C], and
u = local burnup.

The melting temperature for U0 2 fuel is:

Tm(u) = 2805-3.2u (14-27)

here u is in [MWd/kgU]. [
]a,c

a,b,c

Table 14.2-2 shows the values of constants used in equation (14-32).

The porosity correction factor appearing in equation (14-32) is given by:

P = - D7 ) (14-28)

1 - /(l - 0.95)

where DT is the fraction of theoretical density and /3 is a porosity coefficient given by:

/3 = 2.58 - 5.8 x 10-4T (14-29)

Figure 14.2-2 shows the plot of P as a function of fraction of theoretical density for temperatures 5000C
and 1500 'C.
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a-
C

Cu

ri)

C

C

1.15

1.1

1.05

1

0.95

0.9

0.85 ---

0.8
0.9 0.92

----- 500 °C

- 1500 °C

0.94 0.96 0.98

Fraction of theoretical density

I

Figure 14.2-2.

I

The Porosity Correction Factor to Thermal Conductivity P of U0 2 Fuel, as a
Function of Fuel Density (as can be seen, the factor is normalized to one for
95-percent dense fuel.)

ac

Gadolinium Fuel Thermal Conductivity

Thermal conductivity of unirradiated gadolinium-uranium has been a subject of several measurements.
The thermal conductivity correlation used for (U,Gd)0 2 in POLCA-T is the extension of the U0 2

correlation described in subsection 9.3. 1:

kg =PT K .1±K 3 eKT
IK 2 + Kjb(u) + K5 Wg +min(T,1650)+

for O°C !_T<Tm(u,wg) [°C]

0 <_Wg<_O.l (14-31)

where

Tm(u,wg)=Tm(u)-375 Wg (14-32)
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where kg is the (U,Gd)0 2 thermal conductivity in [W/mK], Wg is the weight fraction of gadolinium in
(U,Gd)0 2, K5=4670, P is given by equation (14-33), b(u) by equation (14-36), Tm(u) by (14-33), and K,
through K4 are listed in Table 14.2-1.

STAV7.2

The fuel thermal-conductivity models in STAV 7.2 have been improved compared to the default thermal-
conductivity by the introduction of [ I.

The thermal conductivity of UO2 fuel is temperature and bumup dependent with the following form:

K1 K e (KT) 
I

(14-32b)
K2 +K 3u+ K5 (1-K 6u)min(T,1650)

for 0 <• T <• Tm (u'Wg )(° C)

where

k=

T=
b(u)=
T.W(u=
u = local
U=

thermal conductivity in (W/m °C)
porosity correction factor (see below)
temperature (°C)
fuel burnup dependent term (see below)
bumup-dependent melting temperature (°C)

bumup, MWd/kgUO 2
local bumup, MWd/kgU

ac

14.2.1.lGadolinium Fuel Thermal Conductivity

k = PL K2 + K 3 u + K 4 wg + p5(1 - K u)min(T,1650) K~e(K)

for 0_< T _< T,, (u'wg)(°C) and 0< wg < O. 1

(14-37b)
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a,c

Tm according to equation 14-33, P according to equation 14-34.

As a consequence of using the STAV 7.2 option the pellet relocation model is modified, Equation 14-42
and 14-43 in WCAP-16747-P and the last sentence in chapter 14.1.3 must be completed with the
following text []"c .The numbers are

empirical constants.

14.2.2 Pellet Volume Change

The volume change of UO2 fuel is the sum of the volume changes due to thermal expansion,
densification, and fuel swelling. These phenomena are treated in the POLCA-T code.

The swelling is defined as the increase in fuel volume caused by the replacement of heavy atoms by
fission products in the fuel. However, due to the porous structure of ceramic nuclear fuel, the crystal
lattice accommodates a sizeable portion of fission products during irradiation without a significant

deformation of the pellet. The swelling is to be distinguished from the total volume changes during
irradiation of the fuel, which includes also fuel densification, as a volume decreasing mechanism, as well
as fuel relocation and crack formation and healing as volume increasing mechanism. The total fuel
volume change can either be positive or negative. However, the swelling is always positive.

Swelling mechanism can be subdivided into two parts: swelling due to solid fission products, and
swelling caused by gaseous and volatile fission products such as cesium which can be in a liquid state at
operating fuel temperatures. The gaseous fission products diffuse to the grain boundaries and form into
bubbles at fuel temperatures above 1000'C. These bubbles can dominate the swelling behavior of fuel at
high temperatures and burnup, and their interlinkage leads to fission gas release.

The total fuel swelling is obtained by adding different contributions of swelling types and densification,
i.e.:

(AV / V),.,,, (14-33)

(A V / + (AV / V)S,id + (AV / V)A + (AV / V)G
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where (AVIV) designates fraction of change in fuel volume and the subscripts, total, solid, D, A, G, denote
the contributions of the total swelling, solid swelling, densification, swelling accommodation, and
gaseous swelling, respectively.

14.2.2.1 Pellet Solid Swelling

The solid swelling rate is assumed to be directly proportional to the local burnup. A correlation provided
from STAV for solid swelling is:

DP= maxF 0 '8 3 6 -P (14-34)
Lm 0 10520,0- (Bu - 13,8)j

where:

Dps is the pellet swelling (pm),
pF is the pellet density (kg/mr3), and
Bu is the pellet average burnup (MWd/kgU).

14.2.2.2 Pellet Densification

Fuel densification is caused by the shrinkage of submicron size pores during irradiation. Densification of
U0 2 fuel has been studied extensively. The main results of these investigations show that:

In-pile densification is correlated to the out-of-pile isothermal resintering tests, for example at
1700'C, for 24 h under argon-8% H2 atmosphere.

* The densification saturates after a rather low burnup, which ranges between 1 to 7 MWd/kgU.

Thus, the negative contribution of the densification to swelling is given by:

DPD= 10,2 _- (14-35)

0,75. 1-e2,71

where:

DPD is the pellet densification (mm) rod internal free volume,
Ap is the thermal stability (%), and
Bu is the pellet average bumup (MWd/kgU).

Same correlations as for U0 2 fuel for densification and swelling are used for (U,Gd)0 2 fuel.
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14.2.2.3 Pellet Relocation Model

A raise in fuel rod power produces cracks in the pellets due to thermal stress induced by the radial
temperature gradients across the fuel pellet. The pellet-cladding gap area accommodates the spacing area
developed by these cracks inside the pellet. This gap size reduction, or alternatively, increase in apparent
pellet diameter due to pellet cracking is referred to pellet relocation.

Based on an analysis similar to that of Oguma's the following pellet relocation model has been devised
for STAV:

R =0 for Q<Q,

with

R = CiaF(E)[1 - e°154(Q,-Q)] for Q-QC

F(E) = C2 + (1 - C2 )el0 5 E

(14-36)

(14-37)

where:

R pellet relocated radius [in],
a pellet outer radius [in],
E local burnup [MWd/kgU],
Q linear heat generation rate [kW/m],
Q, critical power for pellet cracking (onset of relocation) = 4 kW/m,

C1  = 4.0x10-3, and

C 2  = 1.51.

The relocation effect is an irreversible fumction of power, which varies with time. During transients the
relocation can be treated constant throughout the run, but as an option, the relocation can be calculated
after each time step when the gas pressure in the rods is recalculated.

STAV 7.2

The following pellet relocation model is used for the option STAV7.2:
ac

and
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a,c

Other quantities in the equations above are according to the definitions described for the default
relocation model.

14.2.3 Pellet Thermal Expansion

The stress state in the pellet and its effect on pellet dimensions is not calculated by POLCA-T. Since
there is a great temperature gradient along the pellet radius, an integral of pellet thermal expansion
coefficient over pellet radius is necessary. A simple linear thermal expansion model for a solid pellet with
an infinite number of radial cracks is considered:

R.

faT (r)dr
( radial 0

a7T pellet - R
fJdr
0

1 R1
f aT (r)dr

Ro 0
(14-38)

where:

) radial(aT )pellet radial pellet thermal expansion, dimensionless,

aT(r) = a.(T(r)) U0 2 thermal expansion coefficient at temperature T(r) and radius r, and

Ro 0pellet outer radius.

The linear thermal expansion coefficient is defined by:

1 dL
aT L -- L dT (14-39)

where L is the length, and dL/dT its derivative with respect to temperature. For temperatures below
melting, the fractional linear thermal expansion is expressed by:

L (T) = -4.972 x 10-4 +7.107 x 10-6 T
(14-40)

+ 2.581 x10- 9 T 2 +1.140 x10- 3 T3

where, AL / L is the fractional linear thermal expansion T is temperature [°C]. Figure 14.2-3 shows the
plot of AL/L versus temperature.
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The axial pellet thermal expansion is calculated as:

(aT )pelet " aT (Tv,)

where Ta, is the radial average pellet temperature.

Measurements of the coefficient of thermal expansion of (U,Gd)0 2 fuel indicate that, for gadolinium
concentrations less than 12 wt %, the U0 2 coefficient of thermal expansion is applicable.
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Figure 14.2-3. Temperature Dependence of the Linear Thermal Expansion of U0 2

14.2.4 Model of Fission Gas Production

[

ac
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ja,c
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]a,c
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14.3 CLADDING MODEL

The cladding is made of Zircaloy and is treated as a long, thin tube. The cladding temperature model
includes thermal conductivity and specific heat. The cladding deformation models include thermal
expansion, elasticity and plasticity, creep, and growth.

14.3.1 Thermal Expansion

The thermal expansion model for Zircaloy cladding in POLCA-T is from STAV. Thermal expansion

varies linearly with temperature in the alpha phase (300<T<1073 K) according to:

AL -_ 4.44 x 10 6 T - 1.24 x 10- 3

(14-54)

and

AD_= 6.72X10- 6 T - 2.07 X10-3

Do
(14-55)

where:

AL
Lo

L 0

AD

Do

linear axial strain caused by thermal expansion (-),

length at a reference temperature (m),

diametric strain caused by thermal expansion(-),

Do  = diameter of cladding at a reference temperature (m), and
T = temperature (K)

14.3.2 Zircaloy Cladding Elastic Moduli
Zircaloy cladding elastic moduli mainly depends on temperature, the fast neutron fluence, the amount of
cold work, and the oxygen content. The following relations are selected for the STAV code.

pac
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]a,c

The relationships used for calculations of CEI, CGI, C2 and C3 are:

CEI= (6.61x10u" + 5.912x10 8 T)A (14-60)

CGI= (7.07x10 11-2.315x10 8 7)A (14-61)

C2 = 1 or d<l.Ox10 2 2 [n/m 2]

C2 = 0.88 + 0.12 exp{- D for >_l.OxlO22 [n/m 2] (14-62)
(_ io25 )

C3 = -2.6x 10' 0 (7

where:

A = kg oxygen/kg Zircaloy, is the average oxygen concentration minus oxygen
concentration of as-received cladding and is default 0,

D = fast neutron fluence, >1 MeV [neutrons/m2 ], and
(7 = cold work [dimensionless ratio of areas], is default 0.

The standard error for Young's modulus is 6.4x 109 Pa and for the shear modulus is 9x 109 Pa.
Using these correlations, the temperature dependence of elastic moduli are plotted in Figure 14.3-1.
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Figure 14.3-1. The Elastic Moduli of Zircaloy as a Function of Temperature for Unirradiated
Material with A=O ppm and (7=0
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14.3.3 Poisson's Ratio

Poisson's ratio for isotropic cladding, ,, is given by:

E

2G
(14-63)

where:

Pt
G
E

Poisson's ratio for isotropic cladding,
Shear modulus for Zircaloy with random texture [Pa], and
Young's modulus for Zircaloy with random texture [Pa].

and

CEI=CGI=C3=O in the equations for elastic moduli above.

14.3.4 Creep Deformation

pac

14.3.5 Elastic Deformation

For a pipe cross-section, see Figure 14.3-2 for geometrical conditions.

Figure 14.3-2. Fuel Tube, Geometrical Dimensions
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Figure 14.3-2 Fuel Tube Geometrical Dimensions can be determined to be:

d

dr
- rj')- yV=0 (14-65)

Together with a compatibility relationship as:

+ d-- =0 (14-66)

and together with Hooks general constitutive equations:

Er(cair 9

E

E C; ,U ,

(14-67)

(14-68)

The following differential equation can be set up:

2 d2Yr 3d~y.dr2 dr (14-69)

With the general solution:

rF = A + Br 2 (14-70)

And boundary conditions as:

r-a then Gr = p and r4b cyr = -q

o(r)- p. (b-2 -r-2)-q.(a-2 _r-2)

a- 2 - b-2

CF(r)_ p'(b-2 +r-2)-q.(a-2 +r2)
a- 2 - b-2

(14-71)

(14-72)

And, finally, the displacement of the radius can be calculated (in the hoop direction, qo, there is no

displacement due to symmetry in load), the radial displacement is:

u(r)= r -c' (r) (14-73)

which is used for calculating the volume of the gas gap and the displacement of the inner radius of the
cladding due to the pressure difference.
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14.4 METAL - WATER REACTION MODEL

The reaction of zirconium a steam is treated using the correlation suggested by Baker and Just
(Reference 14.2). The metal-water reaction model is coupled with the fuel rod deformation model. In
case of rupture of the cladding the inside of the cladding can react. The metal-water reaction can occur in
different fuel bundles for different rods depending on the actual core model.

The metal-water reaction model calculates the oxide thickness on the cladding surfaces. However, it does
not alter the thermal properties of the cladding as the oxide layers develop. The model calculates the
amount of hydrogen feed from each surface undergoing metal-water reaction, this hydrogen does not get
included into POLCT-T hydraulic equations, nor does the steam being consumed get withdrawn from the
steam mass balance.

The reaction rate between zirconium and steam is expressed as:

Zr + 2H 20 -4 ZrO2 + 2H 2 + AE (14-74)

The isothermal heat evolved, AE, for this reaction is about 6510 kJ/kg Zr reacted. There are two broad
types of rate-limiting phenomena that can represent the mechanism for the oxidation of zirconium in a
steam environment. They are:

The gas-phase diffusion of steam from the bulk stream toward the cladding surface, through
gaseous hydrogen which must diffuse away from the zirconium dioxide product layer.

The solid-state diffusion of various ionic species through the zirconium dioxide product layer and
into the base metal, a phenomena quantitatively expressed as the parabolic rate law.

In POLCA-T, the reaction is conservatively considered not to be steam limited. The parabolic rate law
expressing the solid-state diffusion is taken as suggested by Reference 14.7. The power generated per
unit length of rod is the energy released per mass reacted times the rate of cladding oxidation.

QM,,R = AEpzt(Vz,/Az) (14-75)At

where the zirconium density is 6560 kg/m 3 and the oxidation heat:

AE = 6.669. 106 - 257 . T (J/kg) and temperature T in Kelvin.

The reacted cladding volume is calculated from the oxidation rate equation:

dr = Cl F-C21
dt r T (14-76)
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Integrating the equation above gives the radius oxidized over time At. The volume per unit length
oxided cladding is thus:

VZ, 2;T 2ro _ I C1 ' exp[-C2 At
Az I rl + r2 I T

(in 2) (14-77)

where r0, r, and r2 are respectively the outer cladding radius, initial oxidation front radius and final radius
in time At. The default values of the constants are chosen to match the Baker-Just correlation. C1 = 3.937
10-1 m2 /s, C2 = 2298.84 K. The constants for Cathcart-Powel correlation C1= 0.1126 10-5 and
C2=18062.41 K.

The power calculated by equation (14-81) is added in the cladding conduction calculation for the nodes
between radius r, and r2.depending where the oxidation front is located.

14.5 CLADDING RUPTURE MODEL

The criterion for rupture of a cladding tube is formulated as a burst stress which is compared with the true
stress (from equation (14-78)). The burst stress is temperature dependent but also influenced by the
thickness of the double layer of oxide and oxygen stabilized a-phase zircaloy and the oxygen
concentration. The base formulation is taken from Reference 14.6.

G1B1 = a-exp(-b-T) (14-78)

where:

a and b are temperature-dependent parameters.

For T < Ta:

a•

b=
705600 MPa
0.00793 K-'

At T = Tap• (= 1/2-(Ta + Tp)):

a = 3000 MPa
b = 0.003 K-I

For T > Tp:

a = 2300 MPa
b = 0.003 K-'

The transition temperatures (Ta and Tp) are given by equations (14-90) and (14-91). The values for a
and b in equation (14-84) are taken from Reference 14.8, except in the a region where a fit to data has
been made.
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Linear interpolation in I n(a) and b is used in the lower and upper halves of the a+03 region.

The burst stress used in POLCA-T takes into account oxygen effects through a multiplier that is
considered to account for the reduction in burst stress for the main metal, and through an additive term
that accounts for the strength of the double layer.

6-3•, ex3C!- X"• i, (14-79)

7B = 0
B1UB a expC +a

where:

CS = temperature dependent coefficient,
m = temperature dependent exponent,
X = total oxygen concentration defined by equation 14-103,
oxa = burst stress of the double layer (oxide plus oxygen stabilized a-phase),
5 = actual cladding thickness (in), and
6 x, = thickness of the double layer (oxide plus oxygen stabilized a-phase).

The following relations are used for the parameters:

0. T<Ta

C, =95.(T-T/T T) Tf <T <T, (14-80)

[95. T < T

m -,))0.5 T13 !•T (14-81)

a x. = 8577.exp(-0.003-T) MPa (14-82)

The burst stress for the double layer has been determined from a data point in Reference 14.8 that
implicitly gives the value 113 MPa at 1170 'C and assuming the same decay constant (b) as for P-phase
zircaloy.

The burst stress and true stress are evaluated at each time step and compared in order to detect a rod burst.

14.5.1 Cladding Creep Model

The cladding creep is usually given by an (empirical) equation determining the creep rate (tangential
strain rate). The creep rate is affected mainly by:

* Tangential stress in the cladding
* Temperature of the material
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Material properties

The material properties are temperature dependent and also dependent on the crystal structure of the

cladding material. Furthermore, the properties are affected by the oxygen uptake (by oxidation and
diffusion) that occurs at high temperatures.

Zircaloy cladding material exhibits two distinct crystal structures corresponding to two allotropic phases.
At relatively low temperatures (less than approximately 800'C), the equilibrium phase corresponds to an
anisotropic hexagonal-closed-packed (hcp) crystal structure. This phase is called the a-phase. At higher
temperatures (approximately greater than 975'C), the equilibrium phase corresponds to an isotropic body
centered cubic (bcc) crystal structures. This phase is called the the P-phase.

At high temperatures in steam atmosphere, the zircaloy cladding will oxidize. Furthermore, oxygen will

diffuse into the zircaloy material. The zirconium oxide is brittle and may crack, especially if the cladding
tube is strained. Oxygen that diffuses into the zircaloy will be present as interstitial defects. The effect of
this is called an oxidation hardening, i.e., the cladding will be less prone to creep deformation. Diffusion

of oxygen into the zircaloy will also cause a stabilization of the a-phase, i.e., it will exist even at
temperatures higher than the aforementioned transformation temperature.

The model in POLCA-T for cladding burst gives a burst stress as a function of material properties and

temperature. The influence of surface oxide and oxygen that has diffused into the zircaloy is accounted
for. The burst stress is compared to the true actual stress to detect a rupture. The true actual stress is
calculated as a function of the pressures inside and outside of the rod and the strained dimensions of the
rod.

A comprehensive background to the area of high temperature deformation and failure of zircaloy tubes is
given in Reference 14.5. There the evolution from methods based on correlations for engineering burst

stress or burst strains to more mechanistic models are described.

The validation of the cladding strain model and comparison with the numerous experimental data can be
found in Reference 14.4.

14.5.1.1 Basic Creep Model

The original formulation of the creep law in Reference 14.6 reads:

n
§c = Aa exp(-QfRT) (14-83)
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where:

ýC = tangential strain rate = dEc idt

o = true tangential stress (based on actual dimensions)

A,n,Q = correlation parameters according to Reference 17.7

T = absolute cladding temperature (K)

R = general gas constant (8.31441 JtmolK)

The values of the correlation parameters (A, n and Q) depends on the structural phase of the zircaloy. The
structure or phase can be a, a+13, or P depending on the temperature. The transition temperature between
a and a + 03 is:

T, = 1085.15 + 14.28 (dT/dt)° 28  (K) (14-84)

and the transition temperature between a +P and P3 is:

Tp = 1248.15 (K) (14-85)

In the a-phase (i.e. for T< Ta), the material is anisotropic and the following parameter values are used in

equation (14-89):

A= 11616 MPa-5 8 9/s
n =5.89 (14-86)
Q = 321000 + 24.69 (T-923.15) J/mol

In the 0 -phase (i.e. for T>Tp), the material is isotropic and the following parameter values are used in

equation (14-89):

A= 8.719 MIPa-3 7 8/s

n =3.78 (14-87)
Q = 141919 J/mol

In the a +03 region (i.e. Ta _<T_<TTp), two different methods of interpolation are used to calculate A, n, and

Q depending on a formal strain rate:

d~o/dt = 0.24-0.6194-&233-exp(-102366/(RT)) (14-88)

If deo/dt< 0.003, then a two-region linear interpolation is made for In (A), n, and Q from Ta to Tap and
from Tap to Tp where Tap is:

Tap = 1/2"(Ta+Tp) (14-89)
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and at Tap:

A = 0.24.0.6194 MPa-233.s-I

n = 2.33 (14-90)
Q = 102366 J/mol

If deo/dt> 0.003,-then a two-region linear interpolation is made for ln(A) whereas n and Q are calculated
through linear interpolation from Ta to Tp. At Tap:

A = 29.2-1.2497 MPa-2. 33 s-1 (14-91)

14.5.1.2 Calculation of True Stress

The true stress used in equation (14-89) is based on the actual strained dimensions of the cladding taking
into account both creep and thermal deformation. Given the creep and thermal strains and also the
thickness of the oxide scale (Ec, Et and 6 ox), the cladding inside radius, cladding thickness and cladding

outside radius are calculated from:

rco= (1 + Fc + Et)'rcio (14-92)

(14-93)

rco = rci + 8 (14-94)

where:

rcio = nominal cladding inside radius, and

8o = nominal cladding wall thickness.

The true tangential stress is obtained from a force balance on half of the cladding tube:

a = (Pi'rci - Po-rco) / 8 (14-95)

or more exact by equation (14-78).

14.5.1.3 Modified Creep Law

The creep law just described has been modified to account for the effect of oxidation that is apparent
when the model is compared to data from high temperature creep tests in steam atmosphere. When
zircaloy comes into contact with steam at high temperature (above 800-900'C), a scale of zirconium
oxide is formed on the surface and also a layer of oxygen-rich a -phase metal is formed beneath the oxide.
This layer does not change the crystallic structure when it is heated above Ta but, instead, it retains the

a-phase structure at all temperatures. The a -phase is said to be oxygen stabilized. Some oxygen will
also be dissolved in the main metal body beneath the stabilized layer.
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The presence of oxygen in the material markedly reduces the creep rate. To account for this, it has been
assumed that both the thickness of the double layer of oxide and stabilized a-phase and the oxygen
concentration in the main metal affects the rate of strain. The double layer is assumed to have a
hardening effect only for a combined thickness greater than 15 urn in accordance with experimental
observations in Reference 14.8 of the crack pattern. The concentration of oxygen in the main metal is
assumed to influence the creep rate at all levels of concentration.

The modification of the equation (14-88) is made by substituting the true stress with an effective stress,
which is equal the true stress divided by a correction factor:

C"

o-L0= 
(14-96)

I+ C ,X ", +.cX ')

where

X
Cc=

6 xa
6 xa
Ca
n,=

= mass concentration of oxygen in the cladding.
temperature dependent coefficient.
temperature dependent exponent.

= thickness of the double layer (oxygen stabilized plus oxide) minus 15 gam i.e.:

=max (ox + 6 a -15 im, 0).
= hardening coefficient (temperature dependent).

temperature dependent exponent.

The following relations are used for the parameters in equation (14-102):

X=9•--•. - 0_0012 (14-97)

where:

Gtot - total oxygen uptake (kgm-2 ),

Pzr - zirconium density (6490 kgm-3), and

6 - actual cladding thickness (in).

3 4 T•-Ta

34 + (145-34)'(T-Ta):(Tp-Tu_)TaS:'TT
1 145 

+

390 / (1+4(T;Tp-l) 0 -5)Tp•_T--

(14-98)
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r 085 / (1 + 6-XlTT))'T<•
0.85 + 0. 15"(T-Tn}(TI-Ta)Ta<T<T_-

I Tý<T

(14-99)

f 25T<-TV
Ct = ý

t 25 + (TIýTp-l.( -69.2308+(T!,Tp-l)-133. 136 )Tr~r

(14-10 0)

f~ O.5T<Tp

~0.5 + (T/T3-l)-3Tps-T
(14-10 1)

The functional relations for Cc and nc has been determined from data in Reference 14.7 up to the

0-transition. Above that temperature, some data from internal overpressure transients in Reference 14.8
have been used in the development.

14.5.1.4 Steam - Metal Reaction Kinetics

Calculation of the cladding creep strain and the rupture stress require the calculation of oxygen uptake by
the zircaloy both by oxidation and by diffusion (see Sections 14.5.1 and 14.5 about cladding creep and the

cladding rupture model).

The growth of the oxide-layer, the growth of the oxygen stabilized a-layer and the rate of total oxygen
uptake are all calculated using parabolic rate laws:

vrdt= C 1 exp(-C2/T)-(l ± C3-cc)2 (14-102)

Here T represents any of the quantities in Table 14.5-1 which also specifies the numerical values of the
constants C 1, C2, and C3. They are taken from Reference 14.3.

Table 14.5-1. Table of Constants for the Parabolic Rate Law, Equation 14-108

Quantity C 1 C2 C3
T

Oxygen uptake (kgm- 2) 26.21 kg2 m-4 s-1  20962 K 1.208
(Gtot)

Oxide layer (in) 3.92-10-6 m2 s-1  20214 K 0
(8ox)

Oxygen stabilized a-layer 25.4-10-6 m2 s-1  21922 K 0
(M) (6a) I I I
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15 SPECIAL PROCESS MODELS

15.1 CRITICAL FLOW MODEL

The POLCA-T code is based on the Moody critical flow model for two-phase break flow with frozen
mixture between phases and homogenus flow conditions. The slip between phases is equal to unity.

The break mass flow rate is calculated for a given coolant state (pressure, po, enthalpy, h0, and if
applicable, water level) at the break, receiver (downstream) pressure, break area, and flow loss
coefficient. For guillotine pipe breaks, the two break locations are specified and the flow path connecting
the two pipe sections is closed off.

Critical flow checks may also be specified for any flow path. For a flow path being checked, the
evaluated mass flow rate is compared to the mass flow rate calculated by the critical flow model and
limited to this value if warranted.

Critical Flow

This model is described in References 15.1 and 15.2.

The assumptions used in the model, which includes friction in the pipe, are:

1. Straight pipe with constant flow area and adiabatic walls

2. Steady flow, isentropic flow

3. Annular flow without entrainment and liquid in contact with the wall

4. Liquid and vapor in thermodynamic equilibrium at any section, homogenus flow conditions for
the two-phase flow

5. Uniform and linear velocities of each phase

6. No phase transfer, frozen flow

Subcritical Flow

For receiver pressures, PB, greater than the pipe exit pressure base on critical flow, P2, the mass flow rate

is calculated from:

2(o - PB) po(po.ho)
G(15-1)
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where ý is the flow resistance of the pipe (i.e., the subcritical flow is calculated by the regular momentum
equation between volume cells.) If the vessel pressure is less than the receiver pressure, PB, it is assumed

than saturated steam is entering the vessel from the surroundings.

15.2 PRESSURE RELIEF VALVE SYSTEM

A series of relief, safety, and controlled depressurization valves can be located on the steam lines of a
BWR. Several of these valves may be associated with the ADS. All these valves can be simulated in
POLCA-T (together with SAFIR), or by the built-in control functions in POLCA-T, the PM09xx models.
The valve model includes the capability to simulate delay times in opening and closing, force open and

force close signals, low-power close interlocks, and a programmed controlled opening, as in the control
depressurization valves.

15.3 REFERENCES

15.1 F. S. Moody, "Maximum Flow Rate of a Single Component, Two-Phase Mixture" ASME
Paper 64-HT-35, August, 1964.

15.2 F. J. Moody, "Introduction to Unsteady Thermofluid Mechanincs" Wily-Interscience,
ISBN-0-471-85705-X, 1990.
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16 CONTROL SYSTEM MODEL

In POLCA-T, there are different ways to add and use a control system to a computational model.
Essentially, one can distinguish between explicit control system and implicit control system functions.

16.1 DIGITAL CONTROL SYSTEM SIMULATION PACKAGE

Digital control system simulation is available with POLCA-T. The package SAFIR simulates a digital
control system and is implemented in POLCA-T for explicit control system evaluation. The overall
control logic, algorithms, structure of control blocks, and logic, etc. in SAFIR is similar to most industrial
digital control systems. That means that control systems buildup in the plants can be well simulated with
the code package.

16.2 IMPLICIT CONTROL SYSTEM

The implicit control system in POLCA-T is mainly used to simulate minor control system and a system
that is used to create steady state. In that case, the controllers are automatically discarded after steady
state has been reached, if the user opts for it.

The term implicit control system implies that the control equation used is a part of the entire equation
system and is solved simultaneously together with the state vectors for the computational problem.

The building blocks for control are limited to the following functions:

* Proportional integrator (PI) controller
* Mathematical measurement of state variables

PI Controller

3 = (SETPNT - y) . G "y (16-1)

where:

SETPNT

y
G

is the setpoint value output signal,
is the in signal,
is the gain factor, and
is time constant

in addition, the derivatives of each signal with respect to its dependency, (i.e., the Jacobian) is required.
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17 SUPPORTING METHODS

17.1 TIME STEP CONTROL AND ACCURACY

A variety of checks on solution acceptability are used to control the time step. These include material
Courant limit checks, material properties out of defined ranges, and water steam gas property error and
ranges. Checks are also made for very fast disturbances so the code is able to-follow the disturbance.

Time Step

The time steps in a transient are calculated by the code and set within the bounds specified by the user.
Start time step is also specified by the user as well as final time of the simulation.

In some cases, it can be useful to have the time step selected so it follows a disturbance exactly. The user
can opt for this automatic adjustment to disturbance knots. The time step decreases if the accuracy within
a specified number of allowed iterations are not fulfilled for each state variable.

Accuracy

]a,c

Time Integration Method

By default, the time integration method for the state variables is fully implicit, theta factor equal to unity,
which is a first order method to integrate in time. However, the practice in using the code is to use second
order time integration by specifying the theta factor close to 0.5 (References 17.1 and 17.2).

17.2 REFERENCES

17.1 D. A. Anderson, John C. Tannehill, Richard H Pletcher, "Computional Fluid Mechanics and Heat
Transfer," Mc Graw-Hill Book Company, 1984.

17.2 U. Bredolt, On the Time Integration Method an Its Impact on Prediction of Hydraulic Stability by
the POLCA-T Code," International Conference on Nuclear Engineering, ICONE 15, 2007
(to be published).
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18 COMPONENT MODELS

This chapter describes the models of different plant components.

18.1 PUMPS

18.1.1 Turbo Pumps

The behavior of the main recirculation line reactor coolant pumps is modeled for single- and two-phase
flow conditions under normal operation and coastdown conditions.

Pump Speed and Torque

The behavior of the main recirculation pump is modeled by the conservation of angular momentum

dai

dt (18-1)

where:

o) = angular velocity,
t = time,
T = net torque on the shaft, and
I = mass momentum of inertia.

The difference formulation of equation (18-1) is:

(.Qn+I _ 0 )f Tnil

At - 0 (18-2)

The pump equation is solved at every time step simultaneously with the basic conservation equations.

The net torque, T, is calculated as,:

T = Tm - Thyd + Tfric (18-3)

The torque T represents the net torque on the pump impeller. It consists of three components:

* The hydraulic component of torque, Thyd, due to the interaction between the fluid and the pump

impeller

* The friction component of the torque, Tfric, due to friction losses in the bearing and rotating

machinery

* The third component, the pump motor torque or drive torque, Tm
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The pump motor torque is evaluated at the initial time, when the pump speed is constant and there is no
net torque on the pump impeller (See equation (18-1)). Thus:

Tm(t) = Thyd(t = 0) - Tfric(t = 0) (18-4)

This value for Tm(t) is maintained until the pumps are disturrbed at a time specified by the user.

The user inputs homologous curves for hydraulic torque as four tables of dimensionless hydraulic torque
versus the ratio between dimensionless flow and speed (or its reciprocal). The tabulated curves are:

Independent Dependent
Table Variable Variable Usage Criteria

1 v/a p/a
2  11 -> IIvIc - 0

2 a/v p/v2  I•1 < IVI, v < 0

3 v/a• I/cC2  uIl IvI, c < 0

4 a/v p/v 2  lc1 < IvI, v 0

where

3 = Thyd / Thydref (torque ratio)

Thydref is the hydraulic reference torque.

V = Q / Qref (flow ratio)

Qref is the volumetric flow reference.

cc = 0) / COref (speed ratio)

(oref is the speed reference value.

For a specified volume flow, Q, through the pump and a specified pump speed, (o, the dimensionless
hydraulic torque is calculated by quadratic interpolation from the appropriate table.

The absolute hydraulic torque is then calculated from:

Thyd = P*Thydrefr P (18-4)

where

p = density of fluid in the pump, and
Pref = reference pump fluid density.
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The friction torque, Tfic, is calculated by:

Tfiic= HC 2 .(on+l ) 2.for] IOn+I 1> HC3 (18-5)
HC 4 -yfor I on+l 1= HC 3

where

= If = (18-6)
~-I for w"nŽ

The constants HC2 , HC 3 , HC4 , and HC 5 are user-specified constants and represent the friction torque
coefficient (HC2) at angular speeds greater than HC 3 and the friction torque (HC4) when the angular
speed is less than HC 3 . The constant HC5 is the friction torque that must be overcome to start the pump

from zero speed, as shown in Figure 18.1-1.

Frictional Torque
TMrC A

-HC 5

Stopped pump

HC 4 -

HC5

Shaft
Speed co

Min. revolution rate

Figure 18.1-1. Frictional Torque Versus Shaft Speed

If the pump speed at the earlier time step ((on) was less than a user-specified value (Coo), the pump will
stop. Only if the hydraulic torque is greater than the maximum friction torque at rest (HC 5 ), will the

pump start running again.

The friction torque as a function of the pump speed is shown in the Figure 18.1-1.
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Pump Hydraulic Head

The momentum equation of the control volume containing the pump includes a term for the pump head
(see equation (7-56)). The user inputs homologous curves for head as four tables of dimensionless pump
head versus ratio between dimensionless flow and speed (or its reciprocal). The tabulated curves are:

Independent Dependent

Table Variable Variable Usage Criteria

1 v/ct h/ i2 I1-> IvI, C > 0

2 a/v h/ v 2al1 < IvI, v < 0

3 v/ak h/ c2 Ial- ŽIv ja < o

4 a/v h/ v2 Il < IvI, v > 0

where:

h = H/Href(head ratio)

Href is the hydraulic reference head.

V = Q/Qref(flow
c c ) / O3ref (speed

ratio)

ratio)

For a specified volume flow, Q, and pump speed, o, the dimensionless hydraulic head is calculated by
quadratic interpolation from the appropriate table.

The absolute pump head is then calculated from:

Appump = g" Ppump " (h Href- HCI"o Q "IQI) (18-7)

where HCIO is the pump diffuser head loss coefficient.

Two-Phase Pump Behavior

A user-specified set of homologous differential head curves and a two-phase multiplier determine the
pump head under two-phase flow conditions, which is a function of void fraction. The two-phase
dimensionless head is then calculated from:

h2y = hlI( - M(a)- hD (18-8)

where M(cc) is the tabulated multiplier and hD is the difference between the single and two-phase pump
head at a reference void fraction. The single-phase head, hl• is calculated as described in the previous

section. This formulation is adapted from Reference 18.1.

The two-phase pump head is then calculated from equation (18-8).
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18.1.1.1 Simplified Turbo Pump Model

A simplified turbo pump model is available in the POLCA-T code. The simplification is mainly the input
to the model. Instead of providing a full set of homologous data, a set of data for the first quadrant of

pump characteristics is enough. The pump performance, flow rate, pump head and torque for the other
quadrants are calculated by the model (Reference 18.2).

18.1.2 Jet Pumps

Figure 18.1-2 is an outline of a jet pump where a definition of the main parts are made.

*Mix
*PIa

ing
ne

Suct
Dz-r

ion

Throat

AT WT

Figure 18.1-2. Outline of a Jet Pump

The main parts are:

* Drive is the nozzle where the drive mass flow rate, WD, is injected from the drive pumps, and can
be characterized by an area AD.

* In the mixing plane where the recirculation mass flow rate, Ws starts to mix with the drive flow,
an area is defined with an area As.

* The suction part of the pump is defined by its length, DZT.

• The throat of the pump where a pressure recovery is made is defined by the area AT and the mass

flow rate WT.

The momentum equation for the jet pump drive and suction flow paths are modified to account for the
momentum exchange between the two flow paths (Reference 18.1), as shown in Figure 18.1-2.
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The temporal acceleration term in equation (7-37) for the drive flow path is:

XT

' A dt

XD

XM

it - fADN

XD

XM XTC l dW C 1 dwV
dx= Jf.--d dx + J[I-d- dx (18-9)

XD XM

XT XT
dWD 1 D + dWs .C

dx + it ADx + dt- dx

XM XM

MWD
=I dt

dWs (18-10)
dt

II

I a,c

For the drive and suction flows, the spatial acceleration term, equation (7-48), is also modified to account
for the increased mixing losses in the throat region when a density difference exists between the drive and
suction fluids. The spatial acceleration term for the drive flow is:

XT XM XT

I a (W _ _ _X I d ( 1w12ý ?~A d AxpA) JA -Xp) dx

XD XD XM

PD A 1 AD1 i A T- T - "fi fl (18-13)
PD ~~D2 A42) AT !,PTAT PSSPDAD I
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where

1WD > 0
fl = (18-14)

OWD < 0

and the factor f2 accounts for the additional mixing losses due to the density difference between the
suction and drive flow. The factor f2 has been calculated by solving the momentum equation in the jet

pump throat for two adjacent streams of differing density. This analytical result has been correlated, for a
range or jet pump flow and density differences, by

al (14a2) (PD/PS)f pD/PS > 1{ a, + P/S
f2 (18-15)

aI (1+a2) (sg/PD)

a2 + (PS/PD) or PD1 PS <1

where al = 0.933 and a2 = 0.78.

The spatial acceleration for the suction flow path is analogous to equation (18-16).

18.2 STEAM SEPARATOR

Figure 18.2-1 shows an outline of a steam-water separator.

18.2.1 Definition of Carryover and Carryunder

For a known inlet steam and water flow rates and user-specified water carryover, CO, and steam
carryunder, CU, fractions, the phase separation can be calculated.

The carryover and carryunder are defined as:

The carryover

CO = Wliq's = water flow / total upward steam flow (18-16)Wgas,s

The carryunder

CU - Wgasp = steam flow / total downward water flow (18-17)Wliq,p

where the subscript s is secondary flow path and p is primary flow path, as shown in Figure 18.2-1.
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Uliq, Wliq,s I Ugas, Wgas, s

Secondary flow path

I e

Uliq, Wfiq. p Uga, Wgs, p

Primary flow
path

ine

U,I,, W, in Ugas, Wgas, in

Figure 18.2-1. Principles of Steam Separation in a BWR

18.2.2 Mechanistic Separator Model

[

a.c
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]a,c

a,b,c
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pac

18.3 DRIVE DEVICE

18.3.1 Asynchronous Motor

Figures 18.3-1 and 18.3-2 show the characteristic view of an asynchronous electrical motor torque versus
frequency or revolution rate.

Close to zero slip, the drive torque is almost linear. For a large asynchronous motor, a good
approximation of the drive torque is equal to (Reference 18.2):

T=T (18-21)
max s2 +s2

where:

s = slip,

s, = motor constant, small for large motors < 0.1,
R 2  R 2S =- CC

m X20 f

T = torque, and
T., = maximal torque.

Grid
0-

Pump
Frequency /4synchronou

0 converter 1
S

SatMotor

0-

Figure 18.3-1. Principal Drive Equipment for a Pump
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Torque
T/Tmax'

U/f = konst

Drive Torque

~Load
• • ~ ~Torq ue""-.

f frequency
n rev rate

Figure 18.3-2. Torque Versus Rev Rate for Asynchronous Motor

T = k (18-22)
max f

U grid voltage
X20  reactance for the core bobbin at frequency f
R2 rotor resistance for each phase

Within the normal operational area for the motor is the slip s small compared to motor constant si,
2 2

S «<S F1

The slip dependency on the controlling frequency can be written as:

S = I - -0- f(18-23)
(o f

T=C U 2  2 ssm C U 2

f 2 S2 +s2 motor f s(18-24)
m
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where:

Cmotor

f
U
T

is a constant for each motor type and size,
is the converter frequency,
is the voltage from converter, and
is the torque from the motor.

18.4 REFERENCES

18.1 "Water Reactor Emergency Core Cooling System Evaluation Model: Code Description and
Qualification RPB 90-93-P-A (Proprietary), October, 1991."

18.2 D. Babala, "A Fast Semi-Implicit Integration Method for Thermohydraulic Networks." Trans.
Am. Soc., 47, 295-7, 1984."
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19 SOLUTION METHOD

The mass, momentum, energy, and state equations along with the pump speed equations are solved
simultaneously using Newton's method. The Jacobian matrix includes all derivatives and is inverted
using a sparse matrix technique (Reference 19.1).

The rod and slab conduction equations are solved by Gaussian elimination and back substitution. The
conduction equation and the surface heat transfer are solved iteratively for the surface temperature. The
kinetics model is solved using a second order integration method.

The hydraulic model is solved at different grades of implicitness, ranging from 1,0 to 0,5, defined by the
user, with time. Thermal conduction and heat transfer models are also solved implicitly with time. The
hydraulic and conduction solutions are coupled through the surface heat transfer. The hydraulic fluid
conditions are treated implicitly in the heat conduction and heat transfer solution. The surface heat
transfer, however, is treated explicitly in the hydraulic solution.

19.1 NUMERICAL SOLUTION

Several numerical methods are employed in POLCA-T to solve the power generation, hydraulic, and heat
conduction/transfer models. A simplified flow chart of the calculation sequence is shown in
Figure 19.1-1.

After initialization of the problem, the first quantities evaluated for each calculation time step are the
boundary conditions (e.g., ECCS flow rates) and power generation. The reactor kinetics model, used in
evaluating the power generation, is solved by an improved Gauss-Seidel iteration method, NEU3.

Next the hydraulic model is solved iteratively for the primary variables. The hydraulic problem is solved
by a simultaneous solution of the conservation equations and pump speed equations using methods
described in Sections 7 and 6.

The primary variables are pressure, p, void, (t, temperatures, Tgas, Tliq, of the phases, gas and liquid
velocities, Ugas, Uliq, boron concentration, Cbor, and partial pressure pnc of the non-condensable gases, if
any. Secondary variables are calculated from supporting expression where the primary variables can be a
part of, which is normally made after each completed and accepted time step. Variable transient time step
logic based on the transient hydraulics is used to optimize the computational time. If the hydraulic
problem does not converge the time step is reduced and the calculation restart from the last accepted time
step.

The heat transfer is solved together with the linearized heat conduction. Once the hydraulic problem is
solved, the coolant state is used in finding the solution of the rod and the heat structure heat conduction
problems. The convective and radiate heat fluxes are then calculated from the known temperatures and
heat transfer coefficient.

The calculation procedure is outlined in Figure 19.1-1.
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Input reading

Figure 19.1-1. Simplified Flow Chart of the Calculation Sequence
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19.2 REACTOR KINETICS SOLUTION

The numerical solution of the two-group kinetic model in POLCA7 is well described in Reference 19.2.

19.3 HYDRAULIC MODEL SOLUTION

[

]a~c
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19.4 HEAT CONDUCTION AND TRANSFER SOLUTION

The heat conduction equations (as described in Section 3) are solved with the boundary condition for

surface heat flux q:

qsurf = qi + qv (19-18)

where:

ql = heat flux to water, and

qv = heat flux to steam.

When setting up and solving heat conduction equations for heat structures the derivatives in the form
dTsurf.dqsurf are calculated. These derivatives are used subsequently in linearization of conduction

problem when solving hydraulic equations.

19.4.1 Coupling between Rod Heat Transfer and Hydraulic

The heat conduction equation can be looked upon as a linear relation between surface heat flux and
surface temperature:

qsurf = (A + Tsurf) / k (19-19)

c-'Tsurf
where k = -Cqsll-f

The convective heat fluxes can be expressed as:

ql = al + bl(Tsurf - TI) (19-20)

qv =av + bv(Tsurf - Tv) (19-21)

Finding surface temperature Tsurf from equation (19-20) and substituting to (19-20 and 19-21), one

obtains:

ql (1-k bl)..- qv k bi = alj - (A+ TI) (19-22)
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ql k bv + qv (1-k by) = av - by" (A + Tv)

The convective heat fluxes ql and qv can now be determined from equation (19-22).

(1 - k by) (al - bl (A+T1)) + k bl (a, - b, (A+Tv.)) (19-23a)

k bv (a1 - bI (A-+-TI)) + (1 - k bl) (a, - bv (A+T,7)) (22-23 b)
Iv -lk(bi bv7)

The constant A is calculated after the solution of heat conduction equation is found:

A = (q01 + qov) k - Tosurf

Coupling between slab heat transfer and the hydraulic.

The convective heat transfer at the slab surfaces is (see Figure 19.4-1):

QLI = AL hL (TL - TL) (19-24)

QLv = AL hLv (TL- TLv) (19-25)

QRI = AR hRl (TR - TRI) (19-26)

QRv = AR hRv (TR - TRv) (19-27)

where subscripts L and R refer to the left and right side respectively and subscripts 1 and v refer to water
and gas phase, respectively.

Left Right
Side Side
(L) (R)

QL= QLI + QLv -'--- -- >----QR= QRI + QRv

TLI, hLI TR, hRI

TLv, hLv T hTRv' hRv

Figure 19.4-1. Slab Heat Transfer to Hydraulics

On the other hand, the conductive heat fluxes can be expressed in linearized form as,

QL = Q + -L "(TL-TLO) + Q "(TR -TRO) (19-28)
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_TRO) (19-29)
QR = QRO - £ "(TL-TLo) + TR(TR-TRO)

where the subscript 0 denotes instant when conduction equation is solved.

Equations (22-24) through (22-29) can be solved together to give:

TL = (CL SR + CR I - (19-30)
CTR

TR = (CR"SL + CL' j (19-3 1)
CFTL

where:

SL = (hILI hLv)'AL - ?TL

FQR
SR = (hpj + hRv)'AR - FTR

'QL -QL
CL = QLO - TL0'T - TRO"T + AL(hLTU + hLvTLr)

4QR LQR
CR = QRO - TLOTL TRO0T AR'(hIRpjTRI - hRv'TRv)

cQL '?QR
J = SL'SR -> TR .TL

The derivatives:

eTL .•--TL CTR adTR

CýQL L QR' &QL aQR

are calculated by simultaneous solution of the equation system with the right hand sides with boundary

conditions undisturbed and disturbed on the left and right sides.

One can say that surfaces temperatures are the function of the surface heat fluxes:

TL = TL(QL, QR)

TR = TR(QL, QR)
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and the reverse derivatives can be expressed as:

,QL 1 c.-TR
c-aTL E c'QR

OQR 1 eTR
cTL E 4QL

OQL 1 eTL

aTR E aQR

-QR
C TR

1 CTL
E L(QL

where

E LTL jTR jTL OTR
JQL(FQ (QR CQL

19.5 REFERENCES

19.1 "Water Reactor Emergency Core Cooling System Evaluation Model: Code Description and
Qualification," RPB 90-93-P-A (Proprietary), October, 1991.

19.2 "The Advanced PHOENIX and POLCA Codes for Nuclear Design of Boiling Water Reactors,"
CENPD-390-P-A, December 2000.

WCAP-16747-NP-A September 2010
Revision 0



20-1

20 MATERIAL PROPERTIES

This section presents methods for calculating the material properties.

Section 20.1 describes the calculation of steam-water data used in evaluation of thermal-hydraulic
models.

Sections 20.2 and 20.3 describe calculation of properties such as thermal conductivity, heat capacity, and
density of solids. This data are applied in solving heat conduction problems.

Section 20.3 also provides tables with correlations for properties of gases used in modeling of gas gap.

20.1 STEAM-WATER PROPERTIES

Steam-water data are calculated using an interpolation method with bicubic B-splines in rectangular
temperature-pressure mesh. Mesh data have been generated from a formulation presented in
Reference 20.1.

The critical point data resulting from this formulation are:

Temperature T

Pressure P

Density

Free enthalpy

Entropy s

crit = 373.976 'C = 647.126 K

crit = 22.055 MPa

Pcrit = 322 kg/m3 (20-1)

gcrit =-767.44 kJi/kg

crit = 4.409 kJ/kg K

The saturation line position psat = p(T) has been determined from base equation of formulation by stating

the Gibbs conditions:

Tliquid = Tvapor

Pliquid = Pvapor (20-2)

gliquid = gvapor

The spinodal limits (border of the metastable state) for water Tml(p) and steam Pmv(T) have been found
from base equation of the formulation.
The evaluation of the steam-water data is performed by the set of FORTRAN 95 routines. The data base
consists of the eight tables stored in rectangular (t, p) mesh. From this data base, all thermodynamic
parameters and derivatives can be calculated.

The water mesh data cover a range of pressure from p=psat(0 °C)=6 l2 Pa up to a critical pressure Pcrit and
the temperature range from 00C up to min(Tcrit,TmI(p)), where TmI(p) is the temperature of the spinodal

(metastable) limit for a given pressure.
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The steam mesh data cover a range of temperature from 0 up to 2000'C and a range of pressure from
200 Pa up to min (Pcrit, Pmv(T)), where Pmv(T) is the pressure of the spinodal limit for a given

temperature.

Figure 20.1-1 shows the saturation line and spinodal limit lines for water and steam.

108
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0 100 200 300 400

Temperature (°C)

500 600

Figure 20.1-1. Saturation Line and Metastable Lines for Water

20.2 PROPERTIES OF SOLIDS

Only a few material property equations, as a function of temperature, are incorporated into POLCA-T.

The material properties of most interest are thermal conductivity, heat capacity, and density. The user
must provide the data as tables to POLCA-T. The values in tables are linearly interpolated and integrated
by the trapezoid rule from the first pair of data.

Temperature
Conductivity k
Heat capacity
Density

T in 'C.
in W/m,K.

c in J/kg,K.
p in kg/m3.

20.3 PROPERTIES OF GASES

Evaluation of some properties of gases is necessary in POLCA-T. It concerns only gases that are treated
as non-condensable species in the gas phase during thermal-hydraulic simulations.
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Thermal conductivity of pure gases is approximated with the formula:

k = a T b (20-3)

where coefficients a and b are shown in Table 20-1.

The effective thermal conductivity of a single pure gas in a gas mixture is calculated, based on the
thermal conductivity of pure gases making up the mixture, according to the following equation:

ki 7,

11

j= I

(20-4)

where:

ki =
xi =

Aij =
n =

thermal conductivity of pure gas i, W m-1 K-1 ,
mole fraction of gas i in the mixture,

Sutherland weighting factor for the gas species i, in the gas mixture, and

number of gas constituents in the mixture.

The Sutherland weighting factor can be obtained from the following equation:

1 1 - + u i-' I34 T+- Sili2• T,,•I,- (20-5)

NIL t II T S 1 j T + S

where:

ýI
M
T
S

= viscosity of pure gas,
- molecular weight,
= temperature in degree Kelvin, and
= Sutherland constants for gas species.

Molecular weights and Sutherland constants for some common gases are shown in Table 20-2. Viscosity
of pure gases is approximated with [t = a-T b where coefficients a and b are given in Table 20-3.
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Table 20-1 Thermal Conductivity of Gases: k = a • T b

Gas a b

Nitrogen 5 .314-10-40 .6898

Hydrogen 1 .6355-10-' 0 .8213

Oxygen 1 .853"10-4 0 .8729

CO 1 .403-10-40 .9090

C02 9 .460-10-61 .3120

Table 20-2 Molecular Weights and Sutherland Constants for Gases

Gas Molecular Weight Sutherland Constant

Nitrogen 2 8.060 110.6

Hydrogen 2. 016 93.4

Oxygen 3 2.000 127.0

CO 2 8.010 118.0

CO 2 4 4.010 274.0

Table 20-3 Viscosity of Pure Gases: p = a -T b

Gas a b

Nitrogen 0 .46667-10-6 0 .64550

Hydrogen 0 .16851"10-6 0 .69647

Oxygen 0 .51638-10-60 .65601

CO 0 .44641-10.6 0 .65304

CO 2 0 .23544-10-6 1 .74008
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20.4 PROPERTIES OF GASES IN THE GAS GAP

The properties of gases in the gas gap are evaluated in POLCA-T in accordance with Reference 20.2.

Thermal conductivity of pure gases is approximated with the formula:

k* = aTb (20.6)

where coefficients a and b are shown in Table 20-4.

ki* is the effective thermal gas conductivity of species i in the mixture. ki* can be calculated using the
method which provides an averaging technique for calculating thermal conductivity of monoatomic and
polyatomic gas mixtures, namely:

kk* - ki (20.7)
1 + v/( 1)

j-I

where ki is the thermal conductivity of constituent gas, x the mole fraction, and Vii the weighting factor
which is a function of molecular weights, temperature and viscosities. The weighting factor Vi appearing
in eq. (20.7) is calculated by

F (Mi -Mj)(M,- 0.142Mj)0

. = 1+ 2.41 i+M-. 1 (20.8)

where

ou = i M 1/2 (20.9)

23/2j1 + Mi

and

n = number of components in mixture
M = molecular weight of the chemical species i
K i= thermal conductivity of the chemical species i
x; = mole fraction of the chemical species, i
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The coefficients a and b in thermal conductivity of pure gases in Eq. (20.6) are shown in Table 20-4. The
molecular weights for these gases are shown in Table 20-5. The coefficients a and b in viscosity of pure
gases approximated with [t = a-T b are given in Table 20-6.

Table 20-4 Thermal Conductivity of Gases: k=-a7b

Gas a b

Helium 3 .366x10-3 0. 668

Argon 3.421 x 104 0.701

Xenon 4.0288xl× 5  0.872

Krypton 4.726xl× 5  0.923

Hydrogen 1.6355x10 3 0.8213

Table 20-5 Molecular Weights for Gases

Gas Molecular Weight

Helium 4 .003

Argon 3 9.994

Xenon 1 31.300

Krypton 8 3.700

Hydrogen 2. 016

a,c

The accommodation coefficients for fuel and cladding surfaces (a) are shown in Table 20-7
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ac
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21 MODELING CAPABILITY

This section discusses the valid formulation range of the basic equations, the applicability of the
correlations and finally the range of the steam water tables used in POLCA-T.

The code it self can be used to model a BWR at system level down to component level or specific parts of
such a nuclear power plant.

The POLCA-T code can also be used as a pure thermal-hydraulic tool to simulate non-nuclear plants or
phenomena in single-to two-phase flow conditions.

21.1 VALIDITY RANGE OF EQUATION FORMULATION

The basic I -D thermal-hydraulic conservation equation, mass balances (4 equations) energy equations
(2 equations), and mixture momentum equation (I equation) are general and cover the flow range from
stagnant flow/gravity driven flow up to supersonic flow via forced flow, in arbitrary flow direction and
can handle reverse flow situations with counter current flow situations.

However, stratified flow in horizontal pipes with a free surface is not within the range for the code for
now.

Validity for form losses, friction coefficients, etc, is method/user dependent.

The heat conduction is limited to one direction heat flow both in general heat structures and in fuel rod
heat structures. Valid thermal properties data for heats structures, both general and fuel rod structures, are
method/user dependent.

21.2 VALIDITY OF CORRELATIONS

21.2.1 [ I a'o

I

]a,c
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a,b,c

21.2.2 Heat Transfer Correlations

The heat transfer correlation package validity range and usage can be found in Section 9.4 heat transfer

between phases and Section II for convective heat transfer and references to the correlations.

21.3 EQUATION OF STATE

See Section 20.1 regarding the validity range of steam water properties. Non-condensable gases are
treated as ideal gases.

21.4 REFERENCES

21.1 "Water Reactor Emergency Core Cooling System Evaluation Model: Code Description and
Qualification" RPB 90-93-P-A (Proprietary), October, 1991.
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22 THE POTENTIAL ENERGY AND DISSIPATION TERMS

During a typical transient, the maximum values of epot are:

epot = g - z = 9 .8 1 m/s2 - 10 m z 100 J/kg (22-1)

One hundred J/kg corresponds to a change in water temperature of about 0.02'C. Hence, these terms are
clearly negligible compared to the fluid internal energy.

In order to justify omission of dissipation effects, the dominating terms of V • (_-T u), the dissipation term,
must be examined.

a

a - c'Ux
- x . (22-2)

_ ux
::r'yx -y

where x is the main flow direction and y is perpendicular to x. The term 'ryx can be estimated by an

equation for pressure drop due to friction.

Twall - Pw = Apfric / Ax • A (22-3)

which for a typical rod bundle is:

Apfijc A 1 APfiic
twall - Ax Pw 4 Ax Dh

(22-4)

1/4-5000-0.01 = lON/m2

Furthermore:

D1 0.1- 1500 s'1 (22-5)SDh - 0.01

substituting into equation (2) the dissipation term gives:

V (z- u)z 10- 1500 Nm/m3 s = 0.015 MW/m 3  (22-6)
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When compared to the power density of the core (per cubic meter coolant)

qv z (3000 - 106 W) / 24 m 3 z 100 MW/m 3

the dissipation term is clearly negligible.

(22-7)
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23 NOMENCLATURE, SUBSCRIPTS AND SUPERSCRIPTS, AND
DIMENSIONLESS GROUPS

The following is a compilation of used nomenclature for different quantities, superscripts, and subscripts.

A list of the most common used dimensionless groups can be found in the end of the section.

23.1 NOMENCLATURE

Quantity Symbol Coherent SI Unit

Absorptivity (radiation) a

Absorption Coefficient (radiation) K m_-

Activation Energy of a Reaction

Angle

pl ane a, A y, 0, p rad

so lid 0 sr

of contact rad

Area

cross -sectional A_, S m2

surface A, A, m2

Coefficient of Volume Expansion /} =(]/v) (Oo/aT)p K4

Compressibility Factor (= pv / R T) Z

Density

m ass (=M/V) p kg/rn 3

Coordinates

Cartesian x, y, z m, m, m

cylindrical r, (0, z m, rad, m

spherical r, Oq, m, rad, rad

Diffusion Coefficient D m 2/s

Diffusivity, Thermal (= k/pcp) a m 2/s

Dryness Fraction (quality) of flow x
X*

Emissive Power (radiation) E W/m 2

Emissivity (radiation) C -

Energy E J=Nm

ki netic Ek J=Nm

p otential Ep J=Nm

transfer per unit time (power) W W=Nm/s=kg m2/s 3

Enthalpy (= U + pV) H J

specific h, i J/kg

Entropy S J/K

specific s J/kg
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Quantity Symbol Coherent SI Unit

Force F N=kg m/s2

weight (force of gravity) Mg N=kg m/s 2

Fraction

mass, of species i Xi, Yi

voi d

gas volume a

I iquid volume f8
Frequency v, f Hz=s-1

circular co rad/s

Gas Constant

m olar (universal) R J/kmol K

specific, of species i R, J/kg K

Gibbs Function (= H - TS) G J
specific (= h - Ts) g J/kg

Gravitational Acceleration g mn/s2

Heat

q uantity of Q J

r ate (power) Q W=J/s

flu x (O/ A) q, q" W/m 2

rate per unit volume S, q"' W/m 3

Heat Capacity C J/K

specific (constant v orp) c, ,Cp J/kg K

ratio Cp/Cp Y

Heat Transfer Coefficient h, hic W/m 2K

Helmholtz Function (= U - TS) F J
specific (= u - Ts) f J/kg

Intensity (radiation) I W/m 2sr

Internal Energy U J
specific u J/kg

Length L m

width W m

hei ght H m

diam eter D m

radi us R m

di stance along path s m

fil m thickness (5 m

th ickness 6, m

Mass M, m kg

flo w rate M/, th, w kg/s

velocity of flux (flowrate per unit area M IA.) G, pu kg/m2/s

Mass Transfer Coefficient h,,, km m/s
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Quantity Symbol Coherent SI Unit

Mass Transfer Rate F kg/s

Mean Free Path A, I m

Pressure p Pa=N/m2

d rop zAp Pa

p artial A Pa

Reflectivity (radiation) p -

Scattering Coefficient radiation) aq, m-

Shear Stress r Pa=N/m2=kg/m s2

Surface Tension a N/m=kg/s2

Temperature t C

Temperature

ab solute T K

Thermal Conductivity k W/mK

Time I s

Velocity u m/s

components in Cartesian coordinates x, y, z it, v, w m/s

View Factor (geometric or configuration factor) F# -

Viscosity

dy namic (absolute) Pa s=N s/m 2=kg/m s

kinematic (= [t/p) v m2/s

Volume V m3

flo w rate V m3/s

Work W J =Nm

r ate (power) W W = J/s=Nm/s

23.2 SUBSCRIPTS AND SUPERSCRIPTS

Quantity Symbol

Bulk b

Critical State c

Fluid f

Gas g, gas

Liquid 1, liq

Hydraulic h yd

Change of Phase

ev aporation ig

Mass transfer quantity m

Solid or Saturated Solid s

Saturated conditions sat

Wall w
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Quantity Symbol

Free-stream 00

Inlet in ,1

Outlet o ut, 2

At Constant Value of Property P, v, T, etc

Stagnation (subscript) 0

Interface i

Water film film

Water drops drop

Gas bubble bub

23.3 DIMENSIONLESS GROUPS14)

Quantity Symbol

Biot Number Bi=hLik

Eckert Number Ec = u 2/Clp T

Euler Number Eu = Ap / (½/2pu2)

Fourier Number Fo = a 11L 2

Fricton Factor, Darchy f = rw,, /(!1pu 2)

Froude Number Fr = u2/gl

Grashof Number Gr = T3gL3z / v2

Graetz Number Gz = (Re)(Pr)D/L

Knudsen Number (X = mean free path) Kn = ), / L

Mach Number M = U / uI sound

= U /(y RT / M)YJbr peifec gs

Nusselt Number Nu = hL/kj

Pdclet Number Pe = (Re)(Pr)

Prandtl Number Pr =cppk

Rayleigh Number Ra = (Gr)(Pr)

Reynolds Number Re uL / v = puL /yi = mL I/i

Stanton Number St=-(Nu)/(Re)(Pr)=h/pcpu

Strouhal Number Sr = vL/u

Weber Number We=u2pL/u

4. The symbol L in the dimensionless groups stands for a generic length, and is defined according to the particular
geometry being described; i.e., it may be diameter, hydraulic diameter, plate length, etc.
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ABSTRACT

This appendix describes the Westinghouse boiling water reactor (BWR) control rod drop accident

(CRDA) methodology and provides qualification information demonstrating that the methodology is
adequate for ensuring compliance to General Design Criterion (GDC) 28 and the Standard Review Plan
(SRP) NUREG-800. The purpose of this appendix is to present an advanced CDRA methodology for use
in performing BWR licensing analysis that is based on the three-dimensional (3-D) dynamic code

POLCA-T instead of the RAMONA-3 code.

A complete cycle-specific analysis is fundamentally a two-step approach. The first step involves

determination of possible candidates for the control rod that would cause the most severe consequences
resulting from a CRDA. The second step is simulation of the dynamic response to the identified worst

dropped control rod(s) and the subsequent consequences to the fuel. This evaluation is performed with
the coupled 3-D neutron kinetics and thermal-hydraulics system transient code POLCA-T.

The Westinghouse strategy for a cycle-specific evaluation includes systematic review of existing results
and the use of bounding calculations to envelope worst-case consequences of the CRDA for the subject

cycle.

The examples of the Westinghouse CRDA methodology are provided in this appendix. It is demonstrated
that the methodology described and justified in this report is practical and can be conveniently and

accurately utilized for the CRDA evaluation on a cycle-specific or generic basis.
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A.1 SUMMARY AND CONCLUSIONS

A.I.1 Scope

This appendix describes the Westinghouse boiling water reactor (BWR) control rod drop accident
(CRDA) methodology and provides qualification information demonstrating that the methodology is
adequate for ensuring compliance to General Design Criterion (GDC) 28, "Reactivity Limits," of
Appendix A to 10 CFR Part 50 (Reference 1) and the Standard Review Plan (SRP) NUREG-800
(Reference 2). The current Westinghouse analysis methodology for the CRDA is based upon the use of
the RAMONA-3 code is described in the Nuclear Regulatory Commission (NRC) approved Topical
Report CENPD-284-P-A (Reference 3). The purpose of this report is to present an advanced CRDA
methodology for use in performing BWR licensing analysis that is based on the three-dimensional (3-D)
dynamic code POLCA-T instead of the RAMONA-3 code.

The Westinghouse methodology for performing CRDA analyses and the systematic cycle-specific strategy
utilized by Westinghouse are described in this report.

A complete cycle-specific analysis is fundamentally a two-step approach. The first step involves
determination of possible candidates for the control rod that would cause the most severe consequences
resulting from a CRDA.

]a.C The three dimensional steady-state nodal code POLCA7, in

conjunction with the lattice physics code PHOENIX4, are utilized for this evaluation. The codes are
described in the NRC-approved Topical Report CENPD-390-P-A (Reference 4).

The second step is the simulation of the dynamic response to the identified worst dropped control rod(s)
and the subsequent consequences to the fuel. This evaluation is performed with the coupled 3-D neutron
kinetics and thermal-hydraulics systems code POLCA-T. The candidates for the worst-case condition
established in the first step are simulated in the POLCA-T core model for the dynamic evaluation. The
POLCA-T methodology utilizes state-of-the-art phenomenological models, including moderator
feedback, to describe the overall transient response of the plant and core in conjunction with the local
thermal behavior of the fuel.

The Westinghouse strategy for a cycle-specific evaluation includes systematic review of existing results
and the use of bounding calculations to envelope worst-case consequences of the CRDA for the subject
cycle.

The qualification basis of the Westinghouse CRDA methodology is described in this report. It is shown
that the PHOENIX4/POLCA7 system of codes is qualified for providing adequate local pin power
distributions, cross-sections, burnup and void histories, and steady-state control rod worth determinations
by reference to the Westinghouse Nuclear Design Methodology in Reference 4. The methodology for
steady-state and dynamic evaluation using POLCA-T is applied to the NEACRP-L-335 benchmark
(References 5 through 7). The validation presented in Section A.3 of this Appendix demonstrates the
adequacy of the methodology for establishing the reactivity and power response resulting from an ejected
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control rod and capability in predicting the local power that is crucial for determining the correct fuel
enthalpy. In addition, the validation against integral tests such as the Peach Bottom end-of-cycle (EOC)
2 turbine trip (TT) tests (Reference 8) and the SPERT-III-E power excursion tests (Reference 9)
demonstrates the POLCA-T capability for the simulation of very fast transients resulting from pressure
increase or a dropped control rod. Finally, the comparison of the POLCA-T with the RAMONA-3 code
for commercial BWR CRDA analyses illustrates the similarity of the results obtained by tools previously
used and the ones presented in this report.

The examples of the Westinghouse CRDA methodology are provided in this appendix. It is demonstrated
that the methodology described and justified in this appendix is practical and can be conveniently and
accurately utilized for the CRDA evaluation on a cycle-specific or generic basis.

A.1.2 Objectives

The main objective of this appendix is to identify the specific design bases which, if satisfied, assure that
all requirements specified in GDC 28 and NUREG-0800 applicable to the CRDA are satisfied. Other
objectives of CRDA analysis methodology applying POLCA-T code are:

* Use up-to-date comprehensive methods and models for fuel, core, and plant analyses

* Perform consistent core design and plant safety analyses, that is, steady-state and transient
calculations

* Integrate the methods and codes

0 Converge to a common methodology for European and U.S. applications

The above objectives also contribute to reducing the risk of human errors in applying the methodology in
plant applications.

A.1.3 Not Used

A.1.4 Conclusions

Based on the evaluation in this appendix, it can be concluded that:

1. The design bases and acceptance criteria identified are sufficient to assure that all requirements
and guidelines identified in the applicable GDCs and NUREG-0800 for the CRDA will be
satisfied.

2. The methodology and strategies described are acceptable for design and licensing purposes.
Specifically, they are acceptable for identifying the limiting event and evaluating BWR plant
response and subsequent consequences to the fuel systems resulting from a postulated CRDA
relative to the design bases acceptance criteria for design and licensing purposes.

3. The methodology described in this appendix can be used to analyze CRDAs for current BWR
plant designs and control rod designs.
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A.2 CRDA MODEL REQUIREMENTS

A.2.1 Accident Description

The CRDA assumes the decoupling of an inserted rod drive from the control blade. It is postulated that
the drive mechanism is withdrawn while the control blade sticks in position and that the blade
subsequently falls at its maximum speed to the position of the drive. Since it is assumed that the event
can occur in any reactor operating state, consideration must be given to all the control rod configurations
that can occur in normal operation as well as those that can occur as a result of equipment malfunction or
operator error (such as, the most severe single operator selection of an out-of-sequence control rod).

The accident is most severe when it is assumed to occur at low- or zero-power conditions when the
control rod patterns required to establish criticality provide the highest values of incremental (dropped)
single control rod worth. Furthermore, the presence of voids in the core at any significant power level
will decrease the consequences of the accident through the negative moderator density reactivity (void)
coefficient and the enhanced heat transfer to the coolant relative to the cold case. Consequently, large
subcooled conditions (such as a startup from cold shutdown) that do not result in significant boiling
usually provide the most severe initial states for the event.

For a particular plant, consideration must be given to the hardware employed for rod sequence control and
the Technical Specifications concerning inoperable rods in order to determine the limiting incremental rod
worth.

For some banked position withdrawal sequence (BPWS) plants, the rod worth minimizer (RWM) is used
below a specified power (typically 5 to 20 percent) to enforce the rod withdrawal sequence. To limit the
worth of the rod that could be dropped in the group notch class of plants, a group notch rod sequence

control system (RSCS) is installed to control the sequence of rod withdrawal. In General Electric (GE)
built BWR/6 plants, a rod pattern control system (RPCS) is used to enforce BPWS rules.

The sequence of the accident is as follows:

1. At some time, a fully inserted rod becomes decoupled from its drive and sticks in the fully
inserted position.

2. During the startup sequence, rod patterns are employed that are permitted by the constraints on
rod movement imposed by the plant Technical Specifications and hardware including the
maximum allowable number of bypassed rods. At some time, under critical reactor conditions, a
rod pattern exists for which the decoupled rod has the maximum incremental worth from fully
inserted to the position of its drive. The rod is assumed to drop at this time.

3. The reactor goes on a positive period, and the initial power burst is terminated by the fuel
temperature reactivity feedback.
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4. The 120-percent average power range monitor (APRM) power signal scram occurs (no credit is
taken for the intermediate range monitor or setdown APRM scram).

5. All withdrawn rods, except the decoupled rod, scram at the Technical Specifications rate.

6. A scram terminates the accident.

A.2.2 Current Analysis Method

The current CRDA analysis method is described in Reference 3 and employs PHOENIX4/POLCA7
(Reference 4) and RAMONA-3 codes. As described in this report, the POLCA-T code replaces
RAMONA-3 code. Thus, the steady-state methods are the same as the ones employed in the current
CRDA methodology. The code replacement affects only the transient method applied in the dynamic
evaluation of CRDA consequences. In general, the POLCA-T code utilizes the same approach as
RAMONA-3. However, POLCA-T incorporates advanced neutron kinetics and thermal-hydraulics
models and integrates the Westinghouse core design and thermal mechanics methods in its applications.

A.2.3 Design Basis

The licensing requirements for the consequences of the CRDA are established in GDC 28 (Reference 1).
According to GDC 28, the effects of postulated reactivity accidents should neither result in damage to the
reactor coolant pressure boundary greater than limited local yielding, nor cause sufficient damage to the
core, its support structures, or other reactor pressure vessel internals to impair significantly the capacity to
cool the core.

In addition, the offsite radiological consequences resulting from the predicted fuel failures during the

postulated CRDA should be within the requirements of 10 CFR Part 100, Reactor Site Criteria.

A.2.4 Design Basis Acceptance Criteria

The Westinghouse design bases for the CRDA have been selected to be in compliance with the
requirements in subsection A.2.3.

The design basis acceptance criteria against which the consequences of the CRDA are evaluated are given
in Reference 2 (NUREG-0800, SRP Section A. 15.4.9). The current SRP acceptance criteria are:

I. Reactivity excursions should not result in a radially averaged fuel rod enthalpy greater than
280 calories/gram at any axial location in any fuel rod.

2. The maximum reactor pressure during any portion of the assumed excursion should be less than
the value that will cause stresses to exceed the "Service Limit C" as defined in the American
Society of Mechanical Engineers (ASME) Code.
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3. The number of fuel rods predicted to reach assumed thresholds and associated parameters, such
as the mass of fuel reaching melting conditions, will be input to a radiological evaluation. The

assumed failure thresholds are a radially averaged fuel rod enthalpy greater than
170 calories/gram at any axial location for zero- or low-power initial conditions, and fuel

cladding dryout for rated power initial conditions.

4. The above, under point 3., discussed threshold failure value is not entirely applicable for new
reactors. For new reactors the threshold values are [20]:
- 150 calories/gram if the internal rod pressures exceed the system pressure
- 170 calories/gram if the internal rod pressures is below the system pressure

Recent tests of rapid (prompt-critical) reactivity insertion events with highly irradiated fuel have indicated
that the current NRC peak fuel enthalpy criterion may not be conservative. Therefore, various new
criteria are being proposed by the industry through the Electric Power Research Institute (EPRI)
(Reference 11) for the allowable fuel enthalpy increase as a function of the fuel burnup or cladding
oxidation. The revised criteria are expected to apply only to the zero- or very-low-power prompt-critical
case, and may affect the fuel failure limit as well as the coolability limit.

Revised SRP design basis acceptance criteria are not currently available, but will be adopted by
Westinghouse when they become finalized and endorsed by the NRC.

A.2.5 Parameter Sensitivities and PIRT Tables

All processes and phenomena that occur during a CRDA do not equally influence the plant behavior.
Phenomena Identification and Ranking Tables (PIRTs) are developed to reduce all candidate phenomena
to a sufficient manageable set by identifying and ranking the phenomena with respect to their influence on
the critical safety parameters. The ranking is based on the perceived impact of the phenomena on
specified critical parameters and the critical parameters depend on the accident scenario.

The CRDA licensing analysis must demonstrate that the design acceptance criteria for the accident as

established in subsection A.2.4 have been satisfied. The critical safety parameters will be those that have
a strong impact on the radially averaged fuel rod enthalpy and reactor pressure.

The phenomena that are of importance in determining the consequences of a rod ejection accident in a
pressurized water reactor (PWR), particularly in high bumup fuel cores, have been identified in the

NRC's PIRTs for this accident as described in Reference 12 (NUREG/CR-6742). The phenomena
identification and ranking tables presented in this document are based on References 12 through 14, and

on the work previously performed and documented in Reference 3 (CENPD-284-P-A).

The PIRTs have also the additional purpose of determining the scope of uncertainty analyses.

Uncertainties in the modeling of highly ranked phenomena are carefully evaluated and then combined to
determine the total model uncertainty. Sensitivity analyses are used to quantify how individual
uncertainties influence the total uncertainty so that the greatest effort can be focused on establishing the
uncertainties of those phenomena that have the greatest impact on the critical safety parameters.
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A.2.5.1 Rankings

The ranking of the phenomena is done on a scale of "not applicable" to "high importance" using the
following categories:

High importance (H):

Medium importance (M):

Low importance (L):

Not applicable (NA)

The phenomenon has a significant impact on the critical safety parameter
and should be included in the overall uncertainty evaluation.

The phenomenon has a moderate impact on the critical safety parameter
and may be excluded in the overall uncertainty evaluation.

The phenomenon has no impact on the critical safety parameter and does
not need to be considered in the overall uncertainty evaluation.

The phenomenon is not applicable to the CRDA event.

A.2.5.2 Critical/Key parameters

The critical/key parameters for the CRDA analyses focus on characterizing the power history during the
reactivity pulse and the fuel enthalpy increase during the pulse including the temperature distribution in
the fuel rod (pellet, gap, and cladding). The high and medium importance phenomena are shown in
Table A.2-1 and have been ranked relative to how they impact these critical parameters for the system
analyses.
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Table A.2-1. Control Rod Drop Accident Analysis PIRT

Subcategory Phenomenon Importance Affected(" Rationale

Control rod worth High Yes Determines the amount of reactivity insertion.

Rate of reactivity Medium No Within limits, the accident outcome is insensitive
insertion to the rate of reactivity insertion.

While the moderator coefficient can be up to

Moderator feedback Medium Yes 30 times larger than the Doppler temperature
coefficient, the moderator temperature rise is

Calculation small. The effect is small, but not negligible.
of Power The fuel temperature feedback causes the powerHistory Fuel temperature High Yes excursion to turn around and essentially limits the
During Pulse feedback
(including energy deposition.
pulse width) Delayed neutron High Yes Determines when prompt criticality is reached.

fraction
Reactor trip (scram) Low No It is important to terminate the accident, but the
reactivity effect is minor relative to the pulse.

Determines the total control rod worth, and it may
Fuel Cycle design High Yes also affect the high burnup fuel assemblies

adjacent to fresh fuel assemblies.

Heat resistance in Per Reference 12, at maximum, 25% of the
high burnup fuel, Medium Yes deposited energy is conducted out and does not
gap, and cladding contribute to the fuel enthalpy increase.

Transient Per Reference 12, at maximum, 25% of the
Calculation cladding-to-coolant Medium No deposited energy is conducted out and does not
of Pin Fuel heat transfer contribute to the fuel enthalpy increase.
Enthalpy coefficient

Increase Fuel aThe enthalpy is the integral of heat capacity and
increase beand cladding High No temperature. Enthalpy and enthalpy increase areDuring Pulse heat capacities bt ihyiprat

(including both highly important.
cladding Fractional energy Low No The fraction of the total power deposited in the
temperature) deposition in pellet coolant is small.

Pellet radial power Medium No This element is rated lower because it is only one
distribution part of the total heat transfer audit.

Determines how much energy is directed to the
Pin-peaking factors High Yes pa oainpeak location.

Initial power level High No Affects the inlet subcooling, initial axial power
shape, and moderator density feedback.

Feedwater High No Affects the inlet subcooling, initial axial power
Initial temperature shape, and moderator density feedback.
Conditions Total core flow Medium No Fuel enthalpy is relatively insensitive to core flow.

Steam dome pressure Medium No Affects the moderator properties (assuming
constant inlet temperature).

Notes:
t. Affected refers to whether or not the phenomenon can be affected by core design, fuel type or plant type.
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A.2.5.2.1 Control Rod Worth

The control rod worth determines the amount of reactivity insertion. The peak fuel enthalpy increases
rapidly with increasing total reactivity worth. [

]ax

The sensitivity of peak fuel enthalpy to total reactivity worth and the clear correlation between the two
parameters confirm the usefulness of the total reactivity worth as an indicator of CRDA severity. This
sensitivity also illustrates the importance of identifying the startup configurations with the highest total
reactivity worth for a specific CRDA evaluation. Therefore, the sensitivity of the peak fuel enthalpy

during a CRDA to total reactivity worth and the strong correlation between the two parameters provide
both motivation and justification for the Westinghouse two-step process for evaluating the CRDA. The
speed and convenience of the 3-D nodal simulator calculations allow a sufficiently broad survey of the
startup control rod sequences during the cycle to confidently identify a relatively small number of
candidates for the limiting configuration. These candidates then can be evaluated with the POLCA-T
dynamic calculations.

A.2.5.2.2 Fuel Temperature Feedback

The Doppler effect is treated by assuming that the nodal fast absorption, removal, and fission

cross-sections vary as the square root of the fuel temperature in the POLCA-T calculations. The Doppler
effect is, therefore, provided to POLCA-T on a nodal basis and handled as part of the cross-section
treatment. The Doppler effect terminates and reverses the initial power excursion. Therefore, the peak
fuel enthalpy is generally quite sensitive to the magnitude of the Doppler feedback.

Since the effects of fuel temperature and burnup are accounted for by the cross-section dependence, the
impact of these variables on the Doppler feedback is automatically accounted for with the Westinghouse
methodology. As discussed in Section A.4, candidates for the most limiting dropped rod are evaluated at

a sufficient number of state points throughout the cycle to assure that the most reactive configuration is
identified. POLCA-T dynamic calculations are performed with the cross-section, burmup, and void

history information from the appropriate state point for which a given candidate was identified. The same
nuclear data base that was used for the static 3-D nodal simulator calculations, (that is, core design
calculations) is used for the dynamic POLCA-T calculations. Furthermore, the fuel temperature is
updated at each time step in the POLCA-T calculations. Therefore, the effects of burnup and fuel
temperature are explicitly accounted for.

A.2.5.2.3 Delayed Neutron Fraction

POLCA-T uses the nodal effective delayed neutron fractions obtained by POLCA7, thus their historical
and spectral dependencies are accounted for. They are treated in a similar way to the cross-sections (XS)
and are updated each time step during the transient simulation to account for their dependence on the
instantaneous density, the control rod (CR) presence in the node, and the nodal neutron flux changes.
Despite their small impact on the fuel enthalpy, the delayed neutrons precursors constants and neutron
velocities are treated in the same way as the delayed neutron fractions.
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A.2.5.2.4 Fuel Cycle design

This phenomenon with a high importance ranking is addressed in the first step of methodology selection

of the candidates for the limiting CR when the cycle-specific calculations are performed. The
methodology is accounting for the core loading pattern and cycle exposure by evaluating the possible CR

sequences and out-of-sequence CR at a sufficient number of state points throughout the cycle from the

beginning to end of cycle (BOC to EOC). Axial and radial power distribution, CR bank positions, and
xenon distribution are also considered in the first step of methodology. POLCA-T dynamic calculations

of CRDA for the selected CRs are performed with the cross-section, bumup, void history, xenon, and
iodine information from the appropriate state point for which a given candidate was identified.

A.2.5.2.5 Fuel and Cladding Properties and Gas Gap Modeling

Fuel and cladding properties (that is, heat capacity and thermal conductivity), and gas gap model of a

licensed fuel performance code (such as, STAV7 of Reference 15) are incorporated into the POLCA-T
code and used in the CRDA analysis. In the transient CRDA simulation, [

]a c The hot fuel rod

temperature and properties are used to calculate the peak nodal enthalpy. Thus, the transient CRDA
methodology using POLCA-T code applies the same methods and models used in the fuel thermal
mechanical design.

A.2.5.2.6 Pin Peaking Factors

The nodal pin peaking factors used in POLCA-T are obtained by incorporated pin power reconstruction
model of the core simulator POLCA7 (Reference 4). The local peaking factors are updated at each time
step of the transient simulations. [

]p c Nodal pin peaking factor is accounted for in the enthalpy

evaluation of the so-called hot fuel rod in each node as described in subsection A.2.5.2.5.

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-10

A.2.5.2.7 Rate of Reactivity Insertion

The rate of reactivity insertion for a given CR worth is determined by the CR drop velocity. The CR drop
velocity has minor effect on the power and fuel enthalpy maximum values. It affects mainly the time
when these maximum values are observed. The CR drop velocity for a GE-built plant is the same

bounding value used in Reference 3 (CENPD-284-P-A) that is, 0.948 m/sec (3.11 ft/sec)('). For licensing
calculations and in the absence of plant data that would justify the use of a less conservative value,-the
control rod is assumed to drop at the maximum drop velocity of 0.948 m/sec (3.11 fi/sec) established in
Reference 3.

A.2.5.3 Initial Conditions

The initial conditions must be assessed to determine how they impact the plant response to the CRDA.
The identified most important initial conditions and their perceived importance ranking on the critical
safety parameters are presented in Table A.2- 1. Sensitivity studies were then performed to confirm the

perceived rankings for these initial conditions. The confirmed ranking was used to select either a
bounding or a characterizing range of those high- or medium-importance ranked conditions.

A.2.5.3.1 Initial Power Level

The initial power affects the peak fuel enthalpy through the heat conductivity, moderator density
feedback, and initial axial power shape. When the initial power increases, the inlet subcooling is reduced.
This, in turn, increases the heat conductivity and moderator density feedback. This results in a reduced
peak fuel enthalpy.

The initial power level at cold-zero-power (CZP) condition at a given subcooling does not affect the
results of the transient significantly. If the initial power, for example, rises from 40 W to 1 kW, it just
implies that the power peak occurs earlier in the transient. The final maximum power level will,

therefore, not change significantly. In both cases, a power excursion is generated due to prompt
reactivity. The power peak, at a strongly subcooled condition, will mainly be interrupted by the negative
reactivity feedback from Doppler. The amount of negative reactivity from Doppler is caused by the same
fuel temperature rise in both cases, which implies that the maximum enthalpy is essentially the same.

A.2.5.3.2 Feedwater Temperature

The feedwater temperature determines the core inlet temperature/subcooling. The moderator temperature

affects the fuel enthalpy both through the heat conductivity from the fuel rod to the coolant and the
moderator density feedback to the core power. For a given reactivity insertion by the dropped control rod,

the initial moderator subcooling is an important factor in determining the fluid properties of the moderator
during the transient. [

]a•c

1. According to Reference 3, this velocity is justified in the NEDO-10527 report as the maximum rod drop speed
that could be achieved allowing for tolerances in physical dimensions at the 3 0 level.
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A.2.5.3.3 Steam Dome Pressure

]ac

A.2.5.3.4 Total Core Flow

The peak fuel enthalpy is relatively insensitive to core flow within the range expected during startup.

Therefore, the minimum allowed core flow rate is used in present analyses at limiting CZP conditions.

Sensitivities have established that the accident is most severe when it is assumed to occur at low- or
zero-power conditions when the CR patterns required to establish criticality provide the highest values of
incremental (dropped) single CR worth. Furthermore, the presence of voids in the core at any significant
power level will decrease the consequences of the accident through the negative moderator density

reactivity (void) coefficient and the relatively low heat conductivity associated with subcooled conditions.
Consequently, the evaluation of the accident usually can be limited to highly subcooled conditions and
dropped control rod configurations providing relatively large integrated reactivity and high final nodal
peaking.

A.3 ASSESSMENT DATA BASE

The validation matrix of POLCA-T ranges from simple available analytical solutions, over small-scale
basic and component tests known also as separate effects tests, to full-scale BWR bundle tests, to integral

thermal-hydraulic tests, to well accepted international/Organization for Economic Co-operation and
Development (OECD) benchmarks, and finally to recorded reactor plant events and transients.

This section contains information to validate that the Westinghouse methodology described in Section A.4

for evaluation of the CRDA is sufficiently accurate and conservative for licensing applications. The
validation is provided by systematically addressing the significant components of the methodology that
affect the predicted peak fuel enthalpy, which is compared to the design bases. The qualification work is
divided in two parts: the first part considers the single parameter confirmation and separate effects, and

the second considers the validation against integral effects. Specifically, the following areas are
addressed:

1. The capability of the supporting PHOENIX4/POLCA7 system of codes to provide adequate local

pin power distributions, cross-sections, burnup, and void histories for POLCA-T is discussed in
subsection A.3.1.1.

pac
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2. The capability of the POLCA-T code to predict physical phenomena important for the
determination of peak fuel enthalpies is addressed in subsection A.3.1.2. Specifically, the
adequacy of the methodology for establishing the Doppler temperature feedback, reactivity, and
power response resulting from an ejected CR and capability in predicting the local power that is
crucial for determining the correct fuel enthalpy are discussed in POLCA-T qualification against
the NEACRP-L-335 3-D LWR Core Transient benchmark.

3. The capability of POLCA-T to simulate very fast integral events such as the Turbine Trip event
(TT). Specifically, simulations of the Peach Bottom EOC 2 TT tests are provided in
subsection A.3.2. 1. To our knowledge, these tests provide the best data for directly testing the
POLCA-T neutronic (the moderator density feedback), thermal-hydraulic (heat transfer from the
fuel rod to the coolant, void fraction formation, and collapse), and fuel rod thermal-mechanic
models (fuel, cladding, and gas gap properties) capability to simulate a very fast transient with the
same time scale as a CRDA.

4. The capability of POLCA-T to simulate integral tests of a CRDA. Specifically, the results of the
simulations of three of the SPERT-III-E power excursion tests are provided in subsection A.3.2.2.
These SPERT tests provide the data for directly testing the POLCA-T capability to describe a

CRDA.

5. Finally, the comparison of the POLCA-T with the RAMONA-3 code for commercial BWR
CRDA analyses illustrating the similarity of the results obtained by previously used tools and the
ones described in this report is presented in subsection A.3.2.3.

A.3.1 Single Parameter Confirmation And Separate Effects

A.3.1.1 PHOENIX4 and POLCA7 Qualification

The PHOENIX4 code provides cross-section data to POLCA7 as well as local (pin) power distributions
and kinetics parameters, such as delayed neutron fractions and inverse velocities, for the CRDA
calculations (see Section A.4). POLCA7 provides burnup and void history distributions and is used to
identify candidates for the POLCA-T control rod drop analyses primarily based on calculated total control
rod reactivity worths. [

ac

Confirmation of the capability of PHOENIX4 and POLCA7 to calculate these quantities with sufficient
accuracy to support demonstration by POLCA-T that the CRDA design bases are satisfied is provided in
Reference 4. The mentioned reference contains detailed qualification bases for the use of the
PHOENIX4/POLCA7 code system for steady-state nuclear design and analyses of BWR cores and was
accepted by the NRC for BWR reload design and analysis applications in 2000.

The qualification of POLCA7 is described in details in Reference 4 (Topical Report CENPD-390-P-A),
Section A.4. Qualification activities are divided into two categories referred to as verification and
validation. Verification involves the testing of individual models or combinations of models to verify that
they perform as intended. Validation involves the comparison of POLCA7 predictions with measured
data to establish the accuracy of the system operating as a whole.
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The POLCA7 verification was performed by comparison with computational benchmarks generated by
means of reference calculations as well as by comparison with experimental data suitable for evaluating
the individual model being verified. Specifically, the POLCA7 verification effort covers the three areas
listed below:

The neutronics model is verified by comparison with established 2-D analytical benchmarks.
Three of the analytical benchmarks involve power calculations without depletion for both PWR
and BWR cores. The fourth benchmark provides verification of the POLCA7 depletion models.

Verification of the thermal-hydraulic model by comparisons with test loop pressure drop
measurements and individual channel flow measurements in a Nordic BWR.

The POLCA7 pin power reconstruction model is verified by comparison with a pin power
distribution benchmark. Furthermore, the capability of POLCA7 to predict relative nodal fuel pin
and fuel rod power distributions is verified by comparisons with fuel rod gamma scan data.

The POLCA7 validation involves the evaluation of core follow predictions for four reactors as well as
comparisons with gamma scan measurements. Specifically, klffective values at hot and cold conditions
calculated by POLCA7 are evaluated, and measured in-core detector responses and measured gamma
scan data are compared with POLCA7 predictions. The gamma scan, reactivity, and traveling in-core
probe (TIP) data were obtained from four BWRs; two Westinghouse-built internal pump reactor and
two GE-built plants (a BWR/4 and a BWR/6). For more details see Reference 4.

A.3.1.2 OECD NEACRP 3-D LWR Core Transient Benchmark

The Nuclear Science Committee (NSC) of the Nuclear Energy Agency (NEA)/OECD has released a set of
computational benchmark problems for the calculation of reactivity transients in PWRs and BWRs
(Reference 5). These benchmark problems verify data exchange in a coupled code system and test the
neutronics coupling to fuel transient conduction methodology. Among the benchmark BWR problems,
there is none involving fast reactivity initiated transient. Thus, the validation against the PWR rod
ejection accidents (REAs) benchmark is aimed at validating the code for the BWR CRDA, as the analyses
of both transients require identical phenomena to be modeled.

All six cases of the NEACRP PWR rod ejection transients benchmark have been analyzed by the
POLCA-T code. The hot-zero-power (HZP) and full-power realistic problems with symmetrical and
asymmetrical rod ejection cover a variety of reactivity excursions from 0.1 $ to 1.26$. The obtained
results were compared with the reference PANTHER(2 ) solutions and the published results of
RAMONA/POLCA/RIGEL, CORETRAN, RETRAN-3-D, and TRAC-BFl/NEM codes.

2. The Nuclear Energy PANTHER code solves two-group homogeneous neutron diffusion equations in both
steady-state and transient form using an analytical nodal method and generalized thermal-hydraulics feedback
model for a PWR.
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Of the six, problem Cl, the HZP full-core asymmetrical case, is the most severe and relevant to the
CRDA case. The POLCA-T results of C l case are summarized and compared to the PANTHER 4x4
reference solution (Reference 7) and the results of Westinghouse PWR 3-D kinetic tools SPNOVA/VIPRE
(Reference 14) in Table A.3-1. a,b,c

Figure A.3-1 presents the core average axial power distributions predicted by POLCA-T code and their
comparison with reference solutions and POLCA7 results for benchmark case C 1. POLCA-T and
POLCA7 results and reference solutions have been normalized before the comparison. Mean absolute
Deviations (MD) and root mean square (RMS) errors have also been calculated and provided in

(3)Table A.3-2 for all six benchmark cases

3. The reference axial and radial power distributions are available only from the original 2x2 solution
(Reference 6). Thus the comparison is performed against this solution.

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-15

a,b,c

Figure A.3-1. POLCA-T Case C1 Core Axial Power Distribution and Comparison with the
Reference Solution (Reference 6) and POLCA7 Code

MD and RMS error (standard deviation) were defined by the following formulas

I N
N__1 'andMD =- xi-Yil,

RMS =J 1x N -YJi

a,b,c

(3.1)

(3.2)
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where xi is the core average axial nodal power calculated by POLCA-T (or POLCA7) code, Yi is the

reference core average axial nodal power obtained by PANTHER code, N is the number of axial nodes.

II

]a,c

Figure A.3-2 presents the comparison of POLCA-T predicted power time history for benchmark Cl case
with reference PANTHER solutions (References 6 and 7). [

]a,c a

Figure A.3-2. POLCA-T Case C1 Power Time History and Comparison with PANTHER Reference
Solutions (References 6 and 7)

Figure A.3-3 presents local power at axial layer 13 radial power distributions at initial state and at power
peak. The comparison of POLCA-T and reference PANTHER solution radial power distribution at initial
state, at power peak, and at final state 5 s are summarized in Table A.3-3. Absolute deviations and RMS
errors defined by equations (3.1) and (3.2) are [ ]a,c percent and [ ]a,, percent for assembly
average power and less than [ ]a,, percent and [ ]ax percent for local power.

,b,c
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NEACRP case Cl initial state
Axial Layer 13

Relative power 5.0

4.5

m 4.5000-5.0000 4.0

n 4.0000-4.5000 3.5

m 3.5000-4.0000 3.0

m 3.0000-3.5000 2.5
2.0-
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a)

NEACRP case Cl at power peak
Axial Layer 135.0-1

Relative power 4.5

m 4.5000-5.0000 3.5

m 4.0000-4.5000
N 3.5000-4.0000 2.5

m 3.0000-3.5000 2.0
m 2.5000-3.0000 1.5
o 2.0000-2.5000 1.0
o] 1.5000-2.0000 0.5
n 1.0000-1.5000 0.0
m 0.5000-1.0000 1

* 0.0000-0.5000 7
13 15

b)

Figure A.3-3. POLCA-T Case C1 Radial Power Distribution at Axial Layer 13: a) at Initial State
and b) atPower Peak

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-18

a,b,c

7

Summarizing the POLCA-T results and comparison with the reference solution allows the following
observations to be made:

[ ]a"C The deviation is small and of the

same range as other codes.

POLCA-T predicts the initial power distribution well.

[ ]"' The deviation is

small and conservative.

POLCA-T [ ]aC the fuel temperature increase and the core exit temperature
increase.
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The following conclusions had to be drawn:

1. POLCA-T initial steady-state results demonstrated excellent agreement in critical boron, CR
reactivity worth, and 3-D power distributions with both the reference solution (PANTHER) and
the POLCA7 results.

2. POLCA-T transient results are within the spread of the PANTHER reference solution and other
state-of art codes for predicted power peak and energy contents. The observed deviations are
small for the most severe, and most CRDA relevant, case Cl. The POLCA-T transient results
demonstrated:

- Good agreement in transient 3-D power shape with reference PANTHER solution, axially
and radially, at time of power peak and in final transient state

- Good agreement in core average fuel temperature increase and in core outlet coolant
temperature

3. POLCA-T gives similar agreements as the NRC-approved Westinghouse PWR transient code
SPNOVA/VIPRE.

4. Overall, the above conclusions show that POLCA-T is a state-of-art tool to accurately predict:

- Inserted reactivity at design basis control rod/assembly initiated accidents
- Core response to the reactivity insertion
- The resulting global and local core power transients

Since the local transient power is accurately predicted, the resulting fuel enthalpy increase will also be
adequate. Thus the NEA REA benchmark supports that POLCA-T is a state-of-art tool also for BWR
CRDA analysis.

A.3.2 Integral Effects

The validation of POLCA-T against integral tests such as the Peach Bottom EOC 2 TT tests (Reference 8)
and the SPERT-HI-E power excursion tests (Reference 9) and the comparison with the RAMONA-3 code
for commercial BWR CRDA analyses are presented in this section.

A.3.2.1 OECD/NRC BWR Turbine Trip Benchmark and Peach Bottom 2 EOC 2 TT
Tests

The Peach Bottom 2 (PB2) three TT tests conducted at the EOC 2 has been widely used for validation of
system thermal-hydraulic codes. Despite the fact that the turbine trip event is mainly driven by void
feedback, the Doppler feedback contributes up to 20 percent of the total reactivity. Turbine trip tests
conducted at PB2 at the EOC 2 are of the same time scale as the CRDA, that is, the sharp power increase
is observed in the very first second of the transient. Thus, turbine trip tests play an important role in the
validation of fuel and core models of coupled codes. In this report, the tests are used to assess the
capabilities of the neutron kinetics and thermal-hydraulic code models to correctly predict the plant
behavior in a very fast transient.
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The first step of POLCA-T validation against PB2 EOC 2 TTs was performed in the frame of
OECD/NRC BWR turbine trip benchmark. POLCA-T results had been submitted for all three phases of
the benchmark including the extreme scenarios. The code results of exercises 1 and 2 have been
published also in the OECD benchmark summary reports References 16 and 17. A summary report on
exercise 3, including the extreme scenarios, will be issued by OECD in the near future. However, the
benchmark was limited to only one of the turbine trip tests - TT2, although it also required the analyses of
challenging extreme cases without scram or/and steam bypass activation, and even without safety/relief
valves (SRVs) available. Moreover, some limitations in the benchmark specifications such as using
Pennsylvania State University (PSU) cross-section data in specific format, specified fuel properties and
models, did not allow the utilization of all POLCA-T features and the validation of Westinghouse BWR
methodology for transient analyses. Consequently, additional validation was conducted against two of the
performed turbine tests, TTl and TT2.. The work consisted of cross-section data generation using the
PHOENIX4 code, core follow calculations for PB2 Cycles 1 and 2 by the POLCA7 code and POLCA-T
simulations of TT I and the TT2 tests. The POLCA-T code is, thus, not validated against the TT3 turbine
test result. The steady-state results of TT3 are, however, evaluated - see Figure A.3-5b.

The accuracy of the PHOENIX4 XS data and core follow calculations was confirmed by good agreement
with available TIP measurements at the EOC 2 prior to the conduction of the TT and stability tests.

The comparison of results obtained from steady-state calculations by both the POLCA7 and POLCA-T
codes for the state prior to TT2 demonstrated that use of Westinghouse's multi-table cross-section data
gives much better agreement with plant data ("P 1 edit" in Figure A.3-5) for axial power distribution that
the previous results reported in the frame of the benchmark (see Figure A.3-4). This demonstrates the
effect of using the PHOENIX4 multiple cross-section table and accounting for historical effects in BWR
modeling.

Figure A.3-4. POLCA-T Core Average Axial Power Profile Obtained by Different Cross-Section
Data at EOC2 State Prior to TT2. (Comparison versus plant data (P1 edit Reference 8))
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POLCA7 and POLCA-T: PB2 EOC2 TT1 Steady state
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a) TTM test

POLCA7 and POLCA-T: PB2 EOC2 TT3 Steady state
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b) TT3 test

Figure A.3-5. POLCA7 and POLCA-T Core Average Axial Power Profile for State Prior to TT1

(a) and TT3 (b) tests. (Comparison versus Plant Data (P1 edit Reference 8))

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-22

The 3-D core model was qualified by comparison of core axial power profile with plant data ("P 1 edit")

for each state prior to TT tests (see Figure A.3-5a for TT1 and Figure A.3-5b for TT3). POLCA-T

simulation is performed with PHOENIX4 cross-section data only. POLCA-T local power distributions

were compared with available local power range monitor (LPRM) records for all three TT tests. [

]a,c

Two different POLCA-T simulations of the TT2 test have been performed using both sets of cross-section

data, that is, the one distributed in the benchmark and the other generated by PHOENIX4. [

]a c The results with PHOENIX4 cross-section data (both with and without spectral
interaction model) showed better agreement with the measured power than the results obtained with the
PSU cross-section data. The power peak is slightly underestimated by POLCA-T when using
PHOENIX4 cross-section data, and overestimated when using PSU cross-section data (see Table A.3-4).
PHOENIX4 XS data improved the agreement to the measured time of the power peak. The results of the
POLCA-T TT 2 transient simulations are in good agreement also with measured data for steam dome,
core exit, main steam line and turbine inlet pressures, and reactor pressure vessel (RPV) level. albc

The sequence of events and peak power values for TTI and TT2 tests are presented in Table A.3-5.
Figure A.3-6 presents the TT2 fission power time history. Figure A.3-7 illustrates POLCA-T predicted
fission power time history in the first 5 seconds of the TTI transient and its zoom 0.5 - 1.0 seconds.
Results show that POLCA-T slightly overestimates the power. Comparison of POLCA-T predicted time
histories and measured data for integral parameters, (that is, steam dome and core exit pressures, main
steam line and turbine inlet pressures, and RPV water level) are in good agreement also.

4. Spectral interaction model is a part of POLCA7 cross-section model incorporated in POLCA-T. It corrects the
cross-section for the spectral index, that is, the ratio of the epithermal to thermal neutron fluxes.
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ab4

Comparison between measured and calculated transient responses of three selected(5) LPRM strings are

shown in Figures A.3-8 and A.3-9 for TTl and TT2 tests. It is shown that POLCA-T predicts the local
power well.

5. Strings 5 (08-49) and 13 (24-41) are selected to represent the core periphery and the core central zone.
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a,b,c

Figure A.3-6. Comparison of POLCA-T TT2 Fission Power Time History Obtained by Different XS

Data Versus PB2 Measured Data

a,b,c

Figure A.3-7. Comparison of POLCA-T TT1 Fission Power Time History vs. PB2 Measured Data
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a,b,c

Figure A.3-8. TT1 Transient LPRM Response for String 5
a,b,c

Figure A.3-9. TT1 Transient LPRM Response for String 13
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The validation of POLCA-T against PB2 TT2 tests proved the code capabilities to correctly simulate
pressurization transients with very fast power increases. The results obtained for the extreme cases
demonstrate the POLCA-T code wide-range capabilities to simulate transients with failure of the scram,
steam bypass, and SRV at extremely high reactor pressure and core power. The results of the validation
work can be summarized as follow:

1. POLCA-T steady-state results agree well with the measured PB2 steady-state data: TIP, P1 edit,
and LPRM.

2. POLCA-T transient simulations of PB2 EOC2 TT tests are in good agreement with
measurements: both for integral and local parameters.

3. The results for TT2 that showed better agreement with the measured data where obtained with
PHOENIX4 generated cross-section data. This is observed both in the steady-state and transient
simulations. [

]a,c

4. The power peaks are in good agreement with measured data for TTI and TT2. [

ac

5. The predicted pressures for the turbine inlet, main steam line, and steam dome are in good
agreement with measurements.

6. Comparison of calculated and measured LPRM signals demonstrated the code capability for both
steady-state and transient local power simulation.

The POLCA-T neutronic (the moderator density feedback), thermal-hydraulic (heat transfer from the fuel
rod to the coolant, void fraction formation and collapse), and fuel rod thermal-mechanic models (fuel,
cladding, and gas gap properties) were validated and qualified for the simulation of a very fast
pressurization transients with the same time scale as a control rod accident.

A.3.2.2 SPERT-III-E RIA Experiments

This section presents the results of POLCA-T analyses performed for the code validation against the
Special Power Excursion Tests (SPERTs) performed in the 1960s in the SPERT-II E-core (Reference 9).
The analyses demonstrate the POLCA-T system code capability to accurately simulate reactivity insertion
accidents at CZP conditions. HZP conditions are considered in subsection A.3.1.2.

The SPERT-III-E-core reactor was set up using the IDO-reports that describe the SPERT-III-E-core and
the experiments performed. Cross-sections generation, steady-state, and transient analyses have been
performed with the PHOENIX4/POLCA-T package. To validate the POLCA-T code against the
SPERT-III-E-core experiments, three cold startup tests were selected - Cases 18, 43, and 49.
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The SPERT-III-E-core was an experimental facility and is somewhere in between a PWR and a BWR in
design. This type of experimental reactors is very different from the commercial reactors normally
simulated with the PHOENIX4/POLCA-T code package. It is a very small reactor, approximately I by I
by 1 meter, and it consists of only fresh fuel, which causes a huge leakage compared to commercial
reactors. Another difference from commercial reactors is the fuel followers, or the so-called control rods.
They contain fuel in the lower section and poison material, borated stainless steel, in the upper section.
-Additional difficulties in the simulation were caused by the lack of some initial data. For example, the
position of control rods of follower types is known for critical conditions with the transient control rod
withdrawn, but not at the states prior to the tests. The reactivity inserted is known, but not the position of
the control rod that corresponds to that reactivity value. Moreover, the initial power level is known to be

somewhere in between 0 and 50W. The reported uncertainties in the SPERT data are 15 percent for
reactor power, 4 percent for reactivity insertion, and 17 percent for energy release to time of peak power
(Reference 9).

The positions of the fuel followers were, therefore, adjusted to match the peak power value. Then, the
time of peak power, inserted reactivity, and energy release were compared to the experimental values.

Only the steady-state conditions were adjusted to match the measured peak value, and no adjustments of
the transient calculations have been performed.

Table A.3-6 summarizes POLCA-T results and presents the comparison with experimental data
(Reference 9). The comparison shows that, with a little less inserted reactivity, POLCA-T predicts a
higher than measured peak power and fuel enthalpy. The peak power time predicted by POLCA-T is
close to the measured data. Figure A.3-10 presents the comparison of POLCA-T predicted and measured
fission power for cold cases 43 and 49 and Figure A.3-11 shows the measured and predicted fission power
in test case 18. It has to be noted that quite better agreement between POLCA-T predictions and
measured data is observed for the prompt critical Case 43 with $1.21 inserted reactivity than in Case 49
with corresponding inserted reactivity of $1.00.
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a,b,c

a,b,c

Figure A.3-10. Comparison of POLCA-T Predicted and Measured Fission Power for Cold
Cases 43 and 49.
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SPERT case 18
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Figure A.3-11. Comparison of POLCA-T Predicted and Measured Fission Power for Cold Case 18.

To demonstrate the sensitivity of the Doppler coefficient to the results two POLCA-T calculations have
been performed and the result is presented in figure A.3-12 - [

]a". The Doppler coefficient increase [ ]a c reduces
the peak power by [ ]ac.
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SPERT case 43
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Figure A.3-12. Comparison of POLCA-T Predicted and Measured Fission Power for Cold Case 43
including predictions with I I"'c of the Doppler coefficient.

The comparison of POLCA-T simulation predictions with SPERT-III-E power excursion test results

demonstrate that, for a peak power consistent with the experimental data, the Westinghouse methodology
using POLCA-T predicts resulting values of inserted reactivity, power shape, integrated energy, and
time-to-peak power which agree with the experimental values within the experimental uncertainties.
Therefore, it is concluded that the Westinghouse methodology predicts the results of the SPERT-III
E-Core tests for which the comparisons were made within the uncertainties in the tests and the
uncertainties associated with the information available regarding those tests.

A.3.2.3 POLCA-T Comparison with RAMONA-3

This section presents the results of POLCA-T CRDA comparison with RAMONA-3 for two CZP cases
and one hot case at 1 percent initial power(6). The comparison has been performed for a Westinghouse
(former ASEA-ATOM) designed BWR intemal pump plant. The considered core is loaded with
SVEA-96 Optima2 fuel in an equilibrium cycle.

The analyses were aimed to compare the results of POLCA-T and RAMONA-3 codes application for the
CRDA analysis of a commercial BWR. Each code has been run with the normally used CRDA analysis
options and models. RAMONA-3 control rod input data were adjusted in order to match the POLCA7
predicted neutron multiplication factor and total incremental steady-state CR worth(7). The analyzed

6. The initial power is defined as 1% of rated reactor power

7. The CR cross-sections manipulation by a multiplayer is normally used in CRDA analyses performed by
RAMONA-3 to match POLCA7 CR worth. This adjustment is not needed in POLCA-T applications as
POLCA7 is fully integrated into POLCA-T and both codes steady-state results are consistent.
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initial conditions were identical in order to fairly compare the results. Hereafter, the RAMONA-3 and
POLCA-T case runs, results, and observations are described.

Table A.3-7 summarizes the initial conditions for the two CZP cases and one hot case at 1 percent of rated
initial power. a,1

The dropped CRs have been defined together with CR checkerboard (black and white) pattern as the ones
with the maximum worth rod. The subcooling in the analyzed CZP was selected to make the CRDA more
severe and to compare the codes results for prompt critical transients.

The full core is modeled in RAMONA-3 and POLCA-T with one-to-one mapping between
thermal-hydraulic channels and neutronic modeling of fuel assemblies.

The selected control rods in all three cases are dropped from fully inserted to fully withdrawn position
with a constant acceleration of 7.4 M/s 2 in CZP and 8.0 m/s2 in the hot case. Positions of dropped CR
during the transient are presented in Figure A.3-11 and Figure A.3-13. The dropped control rods are
highlighted in the figures.

This section describes and discusses the RAMONA-3 and POLCA-T results for the evaluated CRDA
cases. Table A.3-8 presents the summary of the main steady-state and transient parameters.

b,c
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a,b,c

The adjustment of CR cross-sections in RAMONA-3 is done with certain conservatism and RAMONA-3
over predicts the CR worth by about 40 pcm in CZP cases compared to POLCA-T (see Table A.3-8).

Figures A.3-11 and A.3-13 present a comparison of POLCA-T and RAMONA-3 predicted core power
time history for the three analyzed CRDA cases. [

]a,c

Figures A.3-12 and A.3-14 present a comparison of POLCA-T and RAMONA-3 predicted time history of
maximum fuel enthalpy. [

]a c These POLCA-T
fuel enthalpy maximum values are observed later than in RAMONA-3 for CZP cases and practically at
the same time in the hot case.

The following observations are made from the performed POLCA-T and RAMONA-3 CRDA analyses at
CZP and hot conditions:

1. POLCA-T predicted peak power is higher than RAMONA-3 at CZP and lower at hot conditions.
POLCA-T predicted time of peak power is later than the one observed in RAMONA-3 results in
CZP cases and almost the same as RAMONA-3 at the hot case. [

]a,c

2. POLCA-T predicts quit similar maximum fuel enthalpy compared to RAMONA-3 in both cold
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cases. In the hot case POLCA-T predicts lower maximum enthalpy compared to RAMONA-3.

3. POLCA-T predicts similar maximum fuel temperature (radial average) to RAMONA-3 in the
cold cases, while the RAMONA-3 shows higher temperature in the hot case.

The analyses show that while the trends are very similar, POLCA-T predicts lower maximum fuel
enthalpy values in the hot case than RAMONA-3. The differences between the two codes are not
unexpected, taking into consideration the large differences that exist in models, data, and methodology.

A.3.3 Conclusions

The results in subsections A.3.1 and A.3.2 support the following conclusions:

1. The qualification of the PHOENIX4/POLCA7 system of codes in Reference 4 is sufficient to
support their application in the Westinghouse CRDA methodology described in Section A.4.
Specifically, the local pin power distributions, cross-sections, bumup, and void histories provided
for POLCA-T are calculated with sufficient accuracy to support demonstration by POLCA-T that
the CRDA design bases are satisfied. Furthermore, power distributions and void distributions are
predicted by POLCA7 with sufficient accuracy to provide an adequate reference point for the
corresponding power and void distributions predicted by POLCA-T just prior to the control rod
drop.

]a C Finally, the
control rod worths calculated by POLCA7 are sufficiently accurate to assure that the most
limiting configurations are identified and that subsequent evaluation of these configurations by
POLCA-T will assure that the CRDA design bases are satisfied.

It is concluded that the available benchmark data base for the PHOENIX4/POLCA7 code system
fully qualifies it for the manner in which it is applied in the Westinghouse CRDA methodology
described in Section A.4.
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a,b,c

Figure A.3-13. Comparison of POLCA-T and RAMONA-3 Predicted Core Power for CZP Case 1

a,b,c

Figure A.3-14. Comparison of POLCA-T and RAMONA-3 Predicted Maximum Fuel Enthalpy for

CZP Case 1
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a,b,c

Figure A.3-15. Comparison of POLCA-T and RAMONA-3 Predicted Core Power for Hot Case alb,c

Figure A.3-16. Comparison of POLCA-T and RAMONA-3 Predicted Maximum Fuel Enthalpy for
Hot Case
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2. The POLCA-T neutron kinetic, thermal-hydraulic, and fuel rod performance models predict the
time variation of core power, Doppler temperature feedback, moderator density feedback, heat
transfer from the pellet to the coolant, and fuel pellet enthalpy with sufficient accuracy to provide
reliable predictions of peak fuel enthalpy during the CRDA to confidently demonstrate that the
CRDA design bases are satisfied using the Westinghouse methodology described in Section A.4.

3. Comparison of POLCA-T predictions with the PANTHER reference solution for the
NEACRP-L-335 3-D LWR Core Transient benchmark show good agreement in transient
3-D power shape, axially and radially, at the time of power peak and the final transient state.
Thus it is confirmed that POLCA-T is a state-of-the art tool to accurately predict the inserted
reactivity at design basis control rod/assembly initiated accidents, the core response to the
reactivity insertion, and the resulting global and local core transient power. Since the local
transient power is accurately predicted, the resulting fuel enthalpy increase will also be adequate.

4. Comparison between POLCA-T simulations and PB EOC 2 turbine trip tests recorded data
showed good agreement for both integral and local parameters. Thus, POLCA-T neutronic (the
moderator density feedback), thermal-hydraulic (heat transfer from the fuel rod to the coolant,
void fraction formation and collapse), and fuel rod thermal-mechanic models (fuel, cladding, and
gas gap properties) capability to accurately simulate a very fast transient with the same time scale
as CRDA was demonstrated.

5. Comparison of POLCA-T predictions with SPERT-III-E power excursion test results shows that
the POLCA-T simulations using the Westinghouse CRDA methodology show good agreement
with the tests for which the nominal initial conditions quoted appear to reflect the actual situation.
The comparisons demonstrate that for a peak power consistent with the experimental data, the
Westinghouse methodology using POLCA-T predicts resulting values of the inserted reactivity,
power shape, integrated energy, and time-to-peak power that agree with the experimental values
within the experimental uncertainties. Therefore, it is concluded that the Westinghouse
methodology predicts the results of the SPERT-I1I E-Core tests for which the comparisons were
made within the uncertainties in the tests and the uncertainties associated with the information
available regarding those tests.

6. Comparison of the POLCA-T with the RAMONA-3 code for commercial BWR CRDA analyses
show that the results of both codes, in general, agree within the code uncertainty established in
Reference 3. POLCA-T predicts maximum fuel enthalpy values higher than RAMONA-3.

In summary, the Westinghouse methodology described in Section A.4 for evaluating the CRDA using
POLCA-T simulations can predict peak pellet enthalpies during a postulated CRDA, which are
sufficiently accurate to demonstrate that the design bases provided in subsection A.2.4 are satisfied.
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A.4 WESTINGHOUSE BWR CONTROL ROD DROP ACCIDENT ANALYSIS
METHODOLOGY

A.4.1 Introduction

The CRDA is analyzed for commercial BWRs as a design basis accident, which is bounding for all
postulated accidents involving additions of prompt reactivity. The method of analysis chosen must be
capable of treating the effects of rapidly changing power distributions which are caused by the rapid
control rod movement.

This section describes the methodology used by Westinghouse to determine the most limiting dropped
control rod configuration and to evaluate the consequences of a CRDA in BWRs of any design,
containing fuel and control rods of Westinghouse or other vendors' designs. The methodology is
illustrated with typical results including uncertainty treatment described in Section A.5.

A.4.2 Overview

The results of a CRDA are highly dependent of the control rod worth of the dropped rod, which in turn,
are dependent on the core loading and fuel design (see Section A.2). This implies that the consequences
of the CRDA may be addressed on a cycle-specific basis or in a generic, bounding analysis. The strategy
for the cycle-specific evaluation is provided in Section 4.6. The PHOENIX4, POLCA7, and POLCA-T
computer codes are used to evaluate the CRDA. The Westinghouse methodology for a CRDA evaluation
is discussed in Sections 4.3 through 4.6.

The consequences of the accident relative to the design bases are evaluated for the most limiting time in
the cycle and the most limiting reactor conditions.

Any control rod in the startup sequence may be subjected to a CRDA at any time in the cycle. Thus, the
CRDA must be analyzed for the most limiting control rod at the most limiting time in cycle.
Furthermore, the analyses must be bounding for the most limiting reactor condition defined in
subsection A.4.4.2.

The Westinghouse methodology for a complete analysis of the CRDA is fundamentally a two-step
approach and is briefly described hereafter.

A.4.2.1 Methodology Step 1 - Steady-State Evaluations

The aim of step 1 is to find the most limiting control rods in the core with respect to CRDA with a
steady-state method. The analyses are performed for CZP condition at the most limiting reactor
conditions defined in subsection A.4.4.2. The primary parameter that is utilized to determine the most
limiting rod drop positions or candidates is the dropped control rod incremental reactivity worth. [

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-38

]a*c An NRC-approved three-dimensional static nodal code, such as

POLCA7, in conjunction with the cross-section generator code PHOENIX4, is utilized for this evaluation.
The screening of the core is as follows:

1. [I

a,c

2. [

ac

3. The analyzed cases encompass a sufficient number of state points during the cycle.

In reality, a control rod cannot drop longer than to the position of its drive. [

pc Several candidates with the highest incremental

reactivity are selected for the further transient analyses in step 2 of the methodology, and are described in
following section.

A.4.2.2 Methodology Step 2 - Dynamic Evaluations

Having established the potential candidates for the most limiting dropped control rods within the cycle,
the second step is analysis of the dynamic response to those dropped control rods and the subsequent
consequences to the fuel. This evaluation is performed with POLCA-T. [

dynamic calculations are as follows: 
]a'C The

I. I
pac

2. The rod is assumed to drop from a fully inserted position to a banked position giving the highest
incremental reactivity.
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3.

]a,c

4. The dynamic analyses are performed taking into account the uncertainty treatment-described in
Section A.5.

5. The maximum local enthalpies are compared to the acceptance criteria.

The two steps of the methodology are described in detail in subsections A.4.3 and A.4.4.

A.4.3 Determination of Candidates for the Limiting Control Rod

A.4.3.1 Analysis Methodology

I

]a,c The total reactivity worth of a given rod is defined for this
application as:

k077' -kill
Total Reactivity Worth, CR, or.h- ff -

k[$" *k',

where:

k in

elf

Core keffective with the control rod is fully inserted, and

Core keffective with the control rod withdrawn to its final position.

II

]a,c
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Discussion:

The incremental reactivity insertion as a function of position as the control rod drops is referred to as "the
reactivity shape function." [

a,c

Since it must be assumed that the reactor can be shut down and restarted at any time during the cycle, the
possibility of a control rod drop in this operating range must be considered throughout the cycle. The
parameters to which the severity of the accident is sensitive can change throughout the cycle. For
example, the Doppler coefficient typically tends to get somewhat more negative with the exposure, while
the delayed neutron fraction typically tends to decrease with increasing exposure, which tends to make the
accident more severe.

The 3-D core simulator POLCA7 is used to simulate the control rod withdrawals observing the
restrictions imposed by the plant Technical Specifications. The two most common rod withdrawal
sequences specified for U.S. Plants are the BPWS and the group notch sequence. These control rod
programs are used to withdraw the control rods in a manner which will mitigate the severity of the
CRDA.
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]a,c

A.4.3.2 Example of a Scoping Calculation

This section provides an illustration of the Westinghouse methodology for establishing candidates for the
core conditions and dropped control rods that will result in the most limiting control rod worths for a
given cycle.

The illustrative calculations were performed for a 648 fuel assemblies BWR/6 core. The rated core
thermal power and flow rate are 3,600 MWt and 11,511 kg/s, respectively. An equilibrium, reload core of
Westinghouse SVEA-96 Optima 2 assemblies designed for 12-month cycle application was utilized for
this illustration. The most limiting reactor condition according to subsection A.4.4.2 is selected for the
evaluations. Three cycle exposures are analyzed; BOC, middle-of-cycle (MOC), and EOC. Initial
operating conditions are specified in Table A.4-1.

The control rod patterns are defined by adherence to the startup sequence A. The locations of the
different control rod groups are shown in Figure A.4- 1. All control rod patterns from cold global
criticality to 97 percent of all control rods withdrawn are covered by the analysis. At each step in the
startup sequence, all withdrawn control rods are analyzed with respect to rod drop, the rod drops from a
fully inserted to a fully withdrawn position.

Table A.4-1. Operating Conditions Used In Step 1

Parameter Value

Core Power, relative to rated 10.8

Core Flow, kg/s 3,112

Reactor Pressure, MPa 1.0

Inlet Temperature, 'C 100

Inlet Subcooling, 'C 80
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Rod Groups in the Start-up Sequence

rdI45 ý4 15hn
r ... .. .. . .....4- - I-

I- 9 2 101 2 9 1-

3 8 4 1 13 1 41 3
~1 ~r+ + - + + + -~ 4- 4- 4

1 9 2 10 1 1 9 1 10 2 9~ 1
+t>8 4 7 3 8 4 8 3 7 4 8
1--9 2 10 9 2 I11 2 9 1 1ot 2• 9 -1

S4 7ii 3 •!8 4 7 3 7 4 8 3
2~ ~ I •0 1 9 11 219 1
4* 8 7 3 7 4 8 3745

H- 9 2 10~ 1 9 2 101 2 V9 1 1 h10t 2 9 -t
-H8 4 7 3 8 4 1 8! 3 7 41 4

8 3I ~ + + - + - + - + -,-- + + -4- "~-~ 4-, 4 -~-~- 4

I 9 2 10o 1 1 9 1 1 1 10 2 19 I
L 3 8 4 3 1714 8 13

-j

3 8 9 12 1 11 2 9
4- -I- + -,-~- + ~ + + ~1-~ 4

-v >5 14 L 52
N Group 1-4, From ARI to B&W pattern

I Group 5-10, From B&W pattern to ARO

Figure A.4-1. Group Assignment for the A Sequence

Groups 1-4 are withdrawn in the consecutive order Group 1(5 steps) => Group 2 (33 steps) => Group 3
(32 steps) => Group 4 (36 steps). Groups 5-10 are withdrawn in 135 steps in non-consecutive order.

The obtained incremental reactivity versus the sum of the total withdrawn control rods in percent is
provided in Figure A.4-2. Figure A.4-3 displays the relation between the maximum nodal power and the
incremental reactivity. Eight control rods have an incremental worth at the EOC that is at least 400 pcm
higher than the corresponding worth of the each of remaining rods at BOC and MOC states. [

]ac
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a,b,c

Figure A.4-2. Total Reactivity Worths for Sample BWR/6 Withdrawal Sequence A

Figure A.4-3. Relative Maximum Nodal Peak Power as a Function of the Dropped CR Worth

a,b,c
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a,b,c

a,b,c

Figure A.4-4. Control Rods Patterns at Steps 113 and 114 with Selected Candidates for the
Limiting Control Rod
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In this example, in order to include total reactivity worths which would envelope those which we expect
for a typical plant and cycle specific-evaluation, the 3-D nodal simulator calculations to determine
possible candidates for the control rod(s) which would cause the most severe consequences from a CRDA
were performed assuming worst-case conditions.

pac

[

]ac

In the dynamic analyses, a realistic drop of the control rod is considered. Table A.4-3 presents the control
rod worth and [ ]ac of the selected candidates for the limiting rod at a realistic 8 notches drop. In the
limiting case a drop of the control rod from a fully inserted position to a banked position of 8 notches
gives in this case a highest incremental reactivity of [ ]apc pcm for CR number 85. The other control
rods in the same group as the dropped rod belongs, are withdrawn to the banked position 4 notches, a,

The determination of the actual cases to simulate in the transient calculations is done on a [

,b,c

]ac
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]a~c

The selected candidates are utilized in Section A.4.4 in order to define the limiting control rod.

A.4.4 Dynamic Analysis To Determine Energy Deposition in Fuel

A.4.4.1 Analysis Methodology

The dynamic analysis is performed with the POLCA-T code for each of the CR candidates identified in
the three-dimensional nodal simulator scoping evaluation as described in subsection A.4.3. The
calculations are performed at the limiting reactor initial conditions.

]a,c

The initial conditions, such as core power, flow rate, inlet temperature, control rod pattern, and RPV
pressure are the same as the conditions in the corresponding three-dimensional nodal simulator scoping
evaluation.

The data required for CR drop and reactor trip simulation are taken from plant Technical Specifications.
In the absence of plant-specific data, the control rod is assumed to drop at the maximum drop velocity of
0.948 m/sec (3.11 ft/second) established in Reference 3.

]a,c

Discussion:

The core nodalization is exactly the same as in the steady-state evaluations performed with the POLCA7
three-dimensional nuclear simulator code. Full-core calculations are performed with one-to-one
neutronics to the thermal-hydraulic mapping scheme. Thus the possible asymmetric effects in the single
control rod drop simulation are accounted for. The two-group cross-sections, kinetics data (delayed
neutron fractions, precursor's constants, and inverse velocities), and local pin peaking factors are
generated by PHOENIX4 for each fuel composition and saved in a standard POLCA7 representation form
(Reference 4). They are treated on nodal base by the POLCA7 standard cross-sections and
homogenization models. The nodal burnup and void history for each specific case are provided by the
POLCA7 code. The instantaneous moderator density, fuel temperature, and control rod dependences at
discrete burnup, and density history state points are accounted by the POLCA7 standard cross-sections
model. The cross-sections, kinetics data, and local pin peaking factors are updated at each time step
during the POLCA-T transient simulations using standard POLCA7 models.

The fuel peak enthalpies are calculated in each node using the nodal powers from the dynamic POLCA-T
calculation and the local pin peaking factor calculated for that node. [

]a,c
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]a,c

Uncertainty treatment and conservatisms included by assuming bounding input parameters are described
in Section A.5.3.

A.4.4.2 Example of a Determination of the Limiting Initial Conditions

In this section, the limiting reactor condition to be utilized in the upcoming CDRA analyses is
determined. This determination is generic and does not have to be carried out cycle-specific since it is
related to the reactor startup procedures.

The following section illustrates the procedure and provides an example of the limiting reactor initial
conditions determination as a still conservative base case for POLCA-T CRDA applications.

A.4.4.2.1 I I a,c

I

]a,c

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-48

a,b,c

Figure A.4-5. [
I a,c a,b,c
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A.4.4.2.2

]a,c

Table A.4-5. Input Data for the Limiting Initial Condition Cases

Parameter Value

Initial Power, relative to rated 10-1

Cycle Exposure EOC

CR Step 113 and 114

Dropped CR # 85 and # 14

Dropped CR Speed, m/s 0.948

Dropped CR Speed, ft/sec 3.111

Scram delay from 120% trip, s [ ]a.b.c

The dropped control rod was assumed to drop from the fully inserted to the position of its drive by
8 notches.

A scram is activated with [ ]aC The scram insertion
position is specified according to the typical BWR/6 plant Technical Specifications and is provided in
Table A.4-6. Technical Specifications place limits on the scram rate in the form of maximum times for
control rods reaching 5, 20, 50, and 90 percent of insertion. Therefore, the effectiveness of the scram is
conservatively underestimated.

k•abc
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The results are summarized in Table A.4-7. For CRs number 14 and number 85 that have the highest and
the lowest reactivity worth, the case at [ ]a,c inlet temperature provides the
limiting initial conditions for cases with a realistic inlet sub-cooling, that lead to highest peak enthalpy. It
has to be noted that these conditions and the ones at [ ]aC inlet temperature
produce both closer values to the values obtained at 1 bar or 70 bar pressure and 20'C inlet temperature.
The latter case has somewhat higher maximum enthalpy that the limiting case but the inlet sub-cooling is
not realistic. The results obtained for CR number 85 confirm the same trends as the ones observed in CR
number 14 results.

Figures A.4-6 and A.4-7 illustrate the POLCA-T predicted reactor power and peak fuel enthalpy time
histories for the CRDA limiting initial conditions cases for both CR number 14 and number 85.

pac

a,b,c
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A.4.4.3 Example of a Dynamic Calculation to Determine the Energy Deposition in the
Fuel at Limiting Reactor Initial Conditions

This section illustrates the Westinghouse methodology for performing the dynamic CRDA evaluation.
The results are shown for the same BWR/6 equilibrium SVEA-96 Optima2 core for which the
steady-state evaluation was presented insubsection A.4.3.2. The example dynamic evaluation of CRDA
is performed at the limiting initial conditions of [ ] which in subsection A.4.3.2 was
found to lead to the highest peak enthalpy.

The very same plant model and input data described in subsection A.4.4.2 are used in the dynamic

calculations presented in this section. The dropped control rod was assumed to drop from fully inserted to
the position of its drive by 8 notches. Table A.4-8 presents the summary of the obtained results for the
peak power, maximum energy deposited in the fuel and maximum hot rod fuel temperature as well as the
timing of observed peak values for all selected CR candidates. [

]a C Thus the CR number 85 is determined to be the limiting control rod for the considered

BWR/6 plant loaded with SVEA-96 Optima2 equilibrium core.
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a,b,c

Figure A.4-6. POLCA-T Predicted Reactor Power Time Histories for CRDA Limiting Initial
Conditions Cases
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a,b,c

Figure A.4-7. POLCA-T Predicted Peak Fuel Enthalpy Time Histories for CRDA Limiting Initial

Conditions Cases
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a.bhc

Figure A.4-8. [
]a,c a,bc
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Insight into the transient is provided by examining the core power response, reactivity, power shapes, fuel
enthalpy, and temperature as a function of time for limiting case calculation summarized in Table A.4-8.
Figure A.4-9 shows the core power as a function of time for all candidate control rods. Figure A.4-10 and
Figure A.4-11 present the POLCA-T predicted peak fuel enthalpy time histories for the candidate limiting
control rods in the sequence steps 113 and 114, respectively.

BWR/6 Plant SVEA-96 Optima2 Equilibrium core CRDA
Transient Evaluation of Candidate CRs

1~

0
0~
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-.-.- CR #12
-CR14

CR #55
--- CR #65
-CR 85
--- CR #95

CR # 136
- CR# 138

0 ý-
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Time, s
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Figure A.4-9. POLCA-T Predicted Reactor Power Time Histories for the Candidate Limiting CRs

I

]a,c
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a.bhc

Figure A.4-10. POLCA-T Predicted Peak Fuel Enthalpy Time Histories for the Candidate Limiting
CRs in Step 113

a.b.c

Figure A.4-11. POLCA-T Predicted Peak Fuel Enthalpy Time Histories for the Candidate Limiting

CRs in Step 114
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A.4.4.4 Summary and Conclusions

Summary and conclusions from the limiting case determination and transient evaluation evaluations can
be summarized as follows:

1. I

]a~c

A.4.5 Evaluation of Peak System Pressure During the Transient Methodology

]a,c

Discussion:

The system pressure increase during a CRDA analyses is calculated by the POLCA-T code. As an
example, the selected base case, with a maximum enthalpy of [ ]"'c calories/gram, resulted in a
pressure increase of only [ ]a,, MPa, which must be considered as an insignificant pressure increase.
The system pressure is not expected to increase significantly higher even if the cladding failure limit is
reached.

Ia
]a~c

II

]a,c

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-58

A.4.6 Cycle-Specific Evaluations Methodology

Sections 4.3 and 4.4, respectively, described the Westinghouse methodology for performing CRDA
analyses and provided an application example of those methods to a BWR/6 reactor. This section
describes the type of strategy which Westinghouse intends to use for applying these methods to
cycle-specific licensing evaluations of the CRDA.

[

a,c

Figure A.4-12 illustrates the procedure followed for the cycle-specific CRDA evaluations.

A.4.7 Comparison of Analysis Results with Evaluation Criteria

A reload design is acceptable only if it conforms to the design criteria in Section A.2.4.

]a,c

Peak fuel enthalpies are confirmed to be less than the peak enthalpy limit for fuel dispersal.
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If the peak enthalpy exceeds the limit for fuel failure, the number of rods exceeding this value at any axial
level is calculated from the pin power distributions. The radiological consequences of the number of
failed rods is demonstrated to be bounded by the Final Safety Analysis Report (FSAR) radiological
evaluation or new values are established and confirmed to be below the acceptance criteria specified in
Section 2.4.

Step 1
Stationary Calculations

CR Worth < CR Worth max

a,c

0
z

=Yes >• No Further
Yes Calculations

=Yes• No Further
Calculations

Step 2
Dynamic 3-D Evaluations
Section A.2.4 acceptance

criteria met?

0

z

Step 3
Redesign of Fuel and/or

Loading Scheme

Go to Step 1

Figure A.4-12. Strategy for Cycle-Specific Evaluations
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A.5 EVALUATION MODEL ASSESSMENT

This section describes the assessment of the adequacy of the Westinghouse CRDA evaluation model that
utilizes PHOENTX4/POLCA7/POLCA-T code system. Based on the PIRT of Section 2.5, the assessment
of the POLCA-T code sensitivities have been investigated and the results are presented. Uncertainties in
the parameters with high ranked importance for the fuel enthalpy evaluation are established as a part of
Westinghouse CRDA-methodology.

A.5.1 POLCA-T Sensitivity Studies

POLCA-T code sensitivity studies are based on the CRDA PIRT described in Section A.2.5. Many
reports and papers are available in the literature, which contain discussion of the mechanics of the
accident, and parametric studies of the consequences as function of control rod patterns, fuel type, and
exposure. These reports and papers are generically applicable and cover a large number of input variables
including different fuel types and core designs at different exposures and initial conditions. We have
augmented these existing sensitivity studies with our own calculations of BWR/6 and ASEA-ATOM
designed BWRs utilizing the POLCA-T code. The critical/key parameters for the CRDA analyses focus
on characterizing the power history during the reactivity pulse and the fuel enthalpy increase during the
pulse including the temperature distribution in the fuel rod (pellet, gap, and cladding). The phenomena in
Table A.2-1 have been ranked relative to how they impact these critical parameters for the system
analyses. Hereafter, the sensitivities on the key parameters are presented and discussed.

Sensitivities of the peak fuel enthalpy reached during the accident to the following parameters are
discussed in this section:

* 1

]a,C

A.5.1.1 Total Control Rod Worth

I

]ac
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II

]a,c
a,b,c

Figure A.5-1. POLCA-T Predicted Peak Fuel Enthalpy Versus Total CR Reactivity Worth

A.5.1.2 Doppler Temperature Feedback

The Doppler effect is treated in the POLCA7 calculations by assuming that the nodal cross-sections vary
as the square root of the average nodal fuel temperature. The Doppler effect is, therefore, provided to
POLCA-T on a nodal basis and handled as part of the cross-section treatment. The Doppler effect
terminates and reverses the initial power excursion. Therefore, the peak fuel enthalpy is generally quite
sensitive to the magnitude of the Doppler feedback.

II

]a,c
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The effect of Doppler feedback when the fuel temperature change from TI to T, can be evaluated by the
Doppler coefficient CD defined as

where the k,. values are the nodal eigenvalues calculated by PHOENIX4 code.

The Doppler coefficient also varies with nodal exposure, typically, for example, decreasing with
increasing exposure for low exposures.

II

]a,c
ahb-c
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a,b,c

Figure A.5-2. POLCA-T Predicted Peak Fuel Enthalpy Versus Doppler Coefficient Multiplier

A.5.1.3 Delayed Neutron Fraction

POLCA-T treats the effective delayed neutron fractions on a nodal basis similar to the way of treatment of
the cross-section data.

]aC Linear Least Square Fit provided in

Figure A.5-2a will be later used to derive the POLCA-T peak fuel enthalpy uncertainty due to delayed
neutron fraction variations.
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a,c

Note: () Delayed neutron fractions in POLCA-T are updated every time step. Total point kinetics

delayed neutron fractions provided here are at a time equal to 0 seconds.
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BWRI6 plant SVEA-96 Optima2 Equilibrium core
POLCA-T predicted Peak Fuel Enthalpy vs. Delayed Neutron Fraction
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Figure A.5-2a. POLCA-T Predicted Peak Fuel Enthalpy and Linear Least Square Fit versus Delayed
Neutron Fraction Multiplier

Figures A.5-2b through A.5-2e present the POLCA-T predicted fission power, total reactivity, peak fuel
enthalpy and maximum hot rod fuel centerline temperature time histories at different delayed neutron

fraction multipliers. I

SC
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a,c

Figure A.5-2b. POLCA-T Predicted Fission Power Time Histories at Different Delayed Neutron Fraction
Multipliers
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a,c

Figure A.5-2c. POLCA-T Predicted Total Reactivity Time Histories at Different Delayed Neutron
Fraction Multipliers

FigureA.5-2d. POLCA-T Predicted Peak Fuel Enthalpy Time Histories at Different Delayed Neutron
Fraction Multipliers

a,c
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a,c

Figure A.5-2e. POLCA-T Predicted Maximum Hot Fuel Rod Centerline Temperature Time Histories at
Different Delayed Neutron Fraction Multipliers

Figure A.5-2f provides the comparison of POLCA-T and RAMONA-3B
sensitivities to delayed neutron firaction variations. The figure produced in
(page 145) has been used for RAMONA-3B SCP2 sensitivity. [

SCP2 peak fuel enthalpy
A.3-1 of CENPD-284-P-A

I aC.
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Figure A.5-2f. POLCA-T and RAMONA3B Peak Fuel Enthalpy sensitivity to Delayed Neutron
Fraction s

Figure A.5-2g shows the POLCA-T peak fuel enthalpy sensitivity to delayed neutron fraction versus
control rod worth. This comparison is similar to those provided in Figures 2 of BNL-NUREG-66230
(Reference 1) and BNL-NUREG-67430 (Reference 2). The data points on the graph represent POLCA-T
results for energy deposited during the power pulse. POLCA-T results provided in Figure A.5-2g
demonstrate

a,c.

The curve in the figure is calculated using a simplified expression for the sensitivity
S=- 1/(R- 1) derived from the point kinetics model and Nordheim-Fuchs approximation. It is also shown in
References 1 and 2. The figure shows that the results for the power pulse are

]a,c

8[
1a,C
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I
a,c

a,b,c

Figure A.5-2g. POLCA-T Peak Fuel Enthalpy sensitivity to Delayed Neutron Fraction versus

Control Rod Worth

A.5.1.4 Pin Peaking Factors

In this study, the nodal pin peaking factors were varied by 5 percent or 10 percent using a multiplayer
option built into the POLCA-T code. The option allows one to multiply the pin peaking factor in every
fuel node by the user-specified input number. In order to investigate the effect and fairly compare the
peak enthalpy, however, a constant in time pin power peaking factor was used in the calculations
presented in this section. These nodal peaking factors had been obtained by POLCA7 calculations of the
steady-state with dropped control rod. The calculations were performed for given core loading at certain
state of the fuel cycle and starting from the very same initial condition in all four simulations which
results are provided in Table A.5-3 and Figure A.5-3. [

ac
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a.b.c

a,b,c

Figure A.5-3. POLCA-T Predicted Peak Fuel Enthalpy Versus Pin Peaking Factor

A.5.1.5 Initial Power Level

The impact of the core power from which the CRDA is initiated was investigated for ASEA-ATOM
designed BWRs utilizing the POLCA-T code. [

]a,c The amount of negative reactivity from

Doppler is caused by the same fuel temperature rise in both cases, which imply that the maximum
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enthalpy practically will be the same.

A.5.1.6 Feedwater Temperature (Core Inlet Temperature/Subcooling)

The moderator temperature affects the fuel enthalpy both through the heat transfer from the fuel rod to the
coolant and the moderator density feedback to the core power. For a given reactivity insertion by the
dropped control rod, the initial moderator subcooling is an important factor in determining the fluid
properties of the moderator during the transient.

The effect of the moderator subcooling on peak fuel enthalpy was evaluated by running both CZP and
HZP sets of the dropped control rod cases. The results are summarized in Table A.5-4. [

a.b.c

The effect of the moderator subcooling on peak fuel enthalpy at a constant core inlet temperature was
evaluated in separate study at low-pressure cases presented in Table A.5-5. The results show that the
moderator subcooling increase leads to increased peak fuel enthalpy.

]a,c
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ab.c

A.5.1.7 Rate of Reactivity Insertion

The effect of accident reactivity insertion rate was examined in this study by control rod drop calculations
in which the dropped control rod velocity was varied. The CR drop velocity of 0.948 rn/sec (3.11 ft/sec)
is justified in Reference 3 as the maximum rod drop speed that could be achieved allowing for tolerances
in physical dimensions at the 3 Y level. This is the licensing basis for this accident in many BWR plants
and is utilized as the base case velocity in the referenced work. The same velocity is used in the current
study. The effect of dropped control rod velocity for a given total reactivity worth was investigated by
repeating the calculations for control rod drop velocities of 0.57 m/sec and 1.53 m/sec (1.86 ft/s and
5.00 ft/s), and constant acceleration of 7.4 m/s2. Table A.5-6 shows the summary of obtained results.
[

]a c Figures A.5-4 through A.5-7 present the fission power,
peak fuel enthalpy, maximum hot rod fuel temperature and maximum fuel centerline temperature time
histories. [

]a,c ahbc
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a,b,c

Figure A.5-4. POLCA-T Predicted Fission Power Time Histories at Different Reactivity Insertion
Rates

a,b,c

Figure A.5-5. POLCA-T Predicted Peak Fuel Enthalpy Time Histories at Different Reactivity
Insertion Rates
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a,b,c

Figure A.5-6. POLCA-T Predicted Maximum Hot Fuel Rod Temperature Time Histories at
Different Reactivity Insertion Rates

a,]

Figure A.5-7. POLCA-T Predicted Maximum Fuel Centerline Rod Temperature Time Histories at
Different Reactivity Insertion Rates

b,c
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A.5.1.8 Moderator Density and Void Fraction Feedback

The fact that the moderator feedback to the power does not contribute substantially to the reversal of the
initial power burst at CZP is widely described in the literature. Evidently, the Doppler reactivity feedback
provides the large initial negative reactivity component that terminates and reverses the initial steep
power burst. The moderator density and void fraction feedbacks come into the picture later in the
transient when the coolant approaches the saturation conditions. Even at CZP cases with high initial
subcooling of about 80'C, some local voiding occurs in the nodes with highest energy release. [

]a~c a,b,c

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-77

A.5.1.9 Steam Dome Pressure

The effect of the RPV pressure on peak fuel enthalpy at constant core inlet temperature was evaluated in a

separate study at low pressure cases presented above in Table A.5-5.

]a,c

A.5.1.10 Total Core Mass Flow

The effect on the peak fuel enthalpy of the core mass flow was investigated at CZP conditions and is
illustrated in Table A.5-8 and Figure A.5-8.

]ac

a.b-c
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a,b,c

Figure A.5-8. POLCA-T Predicted Peak Fuel Enthalpy Time Histories at Different Core Mass
Flows

A.5.1.11 Fraction of the Energy Deposited in the Fuel

Direct energy deposition in the moderator due to neutrons slowing down and gamma radiation reduces the
fraction of the energy deposited in the fuel. The time constant of this phenomena is very short and it has a
potential to affect the peak fuel enthalpy observed during the CRDA. [

]a,c

A.5.1.12 Summary on the Sensitivities Studies

The results of performed sensitivity evaluations using POLCA-T code can be summarized as follows:

1. The POLCA-T results presented in Section A.4.4 are consistent with conclusions and sensitivities
provided in this section and previous POLCA-T and RAMONA-3 works. The sensitivities
observed utilizing POLCA-T code for CRDA analysis agrees with the reported in the literature
sensitivities of the peak fuel enthalpy to the considered parameters.

2. [

]a,c

3. [ ]a,c
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a,c

A.5.2 Peak Fuel Enthalpy

Based on the present and previous sensitivity evaluations performed by POLCA-T code, the following

parameters have the greatest impact on peak fuel enthalpy in the fuel rods:

a,c

These parameters depend on such variables as the control rod pattern, the core hydraulic conditions, the
core burnup and burnup distribution, and type of fuel in the core. Therefore, analysis of a cycle for the
most limiting situation requires, in principle, a large matrix of core conditions and burnups. However, as
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noted above, the range of evaluation of the accident can usually be limited to a range from cold critical to
hot standby. Furthermore, as described in Section A.4.6, the cycle-specific strategy utilizes a systematic
approach based on existing sensitivities to reduce the scope of repetitive cycle-specific evaluation, which
can increase error-like situations.

A.5.3 Establishment of the POLCA-T Uncertainty

This section describes the treatment of bounding values and uncertainties in the POLCA-T CRDA
analysis. Uncertainties in the modeling of highly ranked phenomena are carefully evaluated and then
combined to determine the total model uncertainty. Sensitivity analyses are used to quantify how
individual uncertainties influence the total uncertainty so that the greatest effort can be focused on

establishing the uncertainties of those phenomena that have the greatest impact on the critical safety
parameters.

]a,c

An uncertainty analysis is used to address the effect on peak fuel enthalpy of the variation in parameters
relative to their nominal values for which bounding values have not been utilized in the nominal
POLCA-T calculations. Bounding values are typically used for parameters for which the assignment of a
bounding value is practical. For example, utilization of a bounding value of the velocity with which the
dropped control rod exits the core is usually practical.

II

ac
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]a,c

An example of the application of this uncertainty analysis approach to the corresponding limiting

CR number 85 case described in subsection A.4.4.3 and Table A.4-8 of Section A.4 is provided in this

section. In this case the uncertainty, , is intended to provide an upper limit for the 95 percent

confidence level.

II

]a,c
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A.5.3.1 Total Control Rod Worth

I

]a~c
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a,b,c

Figure A.5-9.

A.5.3.2 l

Linear Least Square Fit of POLCA-T Predicted Peak Fuel Enthalpy Versus Total

CR Reactivity Worth

I a,c

II

]a,c
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A-8

]a,c

A.5.3.3 I I a,c

I

ac

A.5.3.4 I2,C

I

]ac
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a,b,c

A.5.3.5 Fuel and Cladding Heat Capacities and Thermal Conductivity

I

]a,c

A.5.3.6 Gas Gap Heat Transfer Coefficient

II

]a,c

A.5.3.7 Ia,C

[
Ai

]ac

WCAP-16747-NP-A
Appendix A

September 2010
Revision 0



A-86

a,b,

a,b,c
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A.5.4 Conservatism in POLCA-T CRDA Methodology

Conservative assumptions in POLCA-T CRDA methodology are summarized as follow:

I. Initial conditions for the CRDA analysis: [

a,c

2. Scram set point: [

Pc

3. Scram time delay and speed: The value of [ ]aC seconds delay is based on a specific BWR/6
plant Technical specifications, that is, from input data for safety analyses that are conservative.
The specific plant data will be used whenever available. The assumed scram speed is based also

on typical Technical Specifications that place limits on scram rate in the form of maximum times
from de-energization of the scram solenoid valve for control rods reaching 5, 20, 50, and
90 percent of insertion. Therefore, the effectiveness of the scram is conservatively
underestimated.

4. Scram reactivity insertion: [

pac

5. Fuel and cladding heat capacities and thermal conductivity: [

]a,c

6. Gas gap heat transfer coefficient: [

]a,c
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A.5.5 I
a~c

II

ac
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ABSTRACT

This appendix summarizes the work done to validate POLCA-T as a tool for stability applications. The
report is based on validations against [ ]"' stability

tests. It also discusses uncertainties in both measured and calculated decay ratios. A sensitivity study is
included in order to investigate limitations and to support the uncertainty analysis. Stability methodology

is discussed only briefly since it is essentially the same as the earlier approved methodology for
RAMONA-3.
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I

B.1 INTRODUCTION

The purpose of this appendix is to describe the validation of POLCA-T as a tool for reactor stability
analysis. The code qualification against plant stability measurement demonstrates the capability of
performing stability analyses in support of plant-specific applications, such as reload licensing
evaluations.

The Westinghouse methodology for performing reload stability analyses using the POLCA-T code is
essentially the same compared to the earlier approved methodology using the RAMONA-3 code
(Reference 1). Additional features compared to the RAMONA-3 methodology are presented in
Section B.9.

B.2 SUMMARY AND CONCLUSIONS

This report demonstrates the ability of the POLCA-T code to predict the margin to the plant instability
limit.

The features of the POLCA-T code that make it an excellent tool for stability calculations include:

1. The ability to represent the entire core configuration. This allows explicit modeling of the
thermal-hydraulic, neutronic, and fuel thermo-dynamic behavior for each fuel assembly.

2. The ability to describe in detail the entire reactor and plant, including all relevant systems,
components, and controllers.

3. The ability to perform a fully coupled three-dimensional transient thermal-hydraulics and
neutronics calculation.

Based on the information contained in this report, specific conclusions that can be made regarding the use
of the POLCA-T stability methods are:

1. POLCA-T can accurately predict the onset of global (core-wide) and azimuthal (regional) limit
cycle oscillations.

2. POLCA-T can accurately predict global decay ratios for damped oscillations.

3. POLCA-T can accurately predict oscillation frequencies for damped oscillations.

4. Mixed core configurations can be explicitly simulated, eliminating modeling uncertainties due to
grouping of fuel types and averaging of the three-dimensional power distribution.

5. POLCA-T comparisons with 70 plant data measurements of global oscillations show full
consistency by applying the evaluated simulation uncertainty.
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Therefore, the overall conclusion is that POLCA-T as described in this report can be used to reliably

predict the margin to the plant instability limit. Furthermore, the thorough benchmarking of the code
provides good definition of the code uncertainties. The methodology for applying the code and the
application of the code uncertainties for reload applications is further discussed in Section B.9.

[
]a~C Thus, POLCA-T is applicable to existing reactors and fuel designs.

Dependencies on core state variables are consistent with earlier approved codes and no additional
limitations on POLCA-T applicability exists.

B.3 STABILITY ANALYSIS PROCESS

This section describes the general Westinghouse process for performing a stability calculation with
POLCA-T. The general process is used in the plant measurement qualification calculations presented in
Sections 13.4 and 13.5, and is provided primarily to clarify the discussion in those sections. As discussed
in Section B.9, a similar process is used for reload design and licensing analyses.

The general steps for performing a stability calculation with POLCA-T can be summarized as follows:

Set up a plant vessel model:

1. [
]a,c

* Set up the core configuration:

3. [

]a,c

Set up the core statepoint:

7. [

]a,c
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Establish the initial conditions for the reactor state of interest:

8. [

]a,c

Perform the reactor stability evaluation:

12. [

]a,c

The general layout of the flow-loop model is similar to those of standard one-dimensional system analysis
models (such as, RETRAN, BISON, GOBLIN). The number of nodes in each section is, however,
normally higher and the description is more detailed. Channel geometry, core layout, and control rod
pattern are generally based on three-dimensional steady-state simulator models (such as POLCA7).
Steam lines, pressure controller, or feedwater flow controller models are generally not included because
of their limited impact on the stability margin evaluation.

The nuclear data library is based on data generated with a two-dimensional lattice physics code (such as,
PHOENIX, CASMO, or PARAGON). These data are used in exactly the same way as in POLCA7.

Historical data (such as, burnup, density history, etc), xenon and iodine distributions are read directly
from the three-dimensional steady-state core simulator distribution file.

As discussed above, steady-state results are used to confirm that the POLCA-T model is consistent with
three-dimensional steady-state simulator results and plant core supervision recordings.

The dynamic behavior of the reactor is simulated by POLCA-T starting from the appropriate initial
conditions. The response of the system is evaluated by imposing a suitable perturbation (typically control
rod movement) and observing the evolution in time, after the effect of the initial perturbation has died out.
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This evolution determines the rate at which oscillations will decay or grow, thereby determining the decay
ratio. The perturbation is typically imposed for a period of about one second.

The perturbation should be chosen so that it has no influence on the asymptotic behavior of the system.
That is, after the effects of the perturbation have disappeared, the system will oscillate at its own
characteristic frequency and will exhibit decaying oscillations if the system is damped or growing
oscillations if the system is undamped. Controlled perturbations are preferable also for unstable systems
since it helps to identify the limiting oscillation mode (global/regional) and to create proper oscillation
amplitudes for the evaluation purposes. In such cases, oscillations will grow even in the absence of an
initial perturbation. However, the evaluation might become more difficult and calculation time will be
longer.

B.4 POLCA-T CORE STABILITY QUALIFICATION - GLOBAL MODE
OSCILLATIONS

To date, a large database has been assembled for qualification of POLCA-T for stability evaluations. The
core stability measurement database includes numerous tests conducted in European plants. The data
cover a large range of flow and power conditions, and a variety of fuel designs and power distributions.

The POLCA-T qualification effort against core stability measurements is an ongoing process as new data
become available. This section provides an assessment of the reliability of POLCA-T to simulate boiling
water reactor (BWR) instabilities based on comparisons of code predictions against data from stability
tests using the Westinghouse stability analysis process described in Section B.3. The qualification cases
presented here are:

0 [ ]a.C Cycles 7, 10, 13, and 19 stability tests
* [ ]aC Cycles 14, 15, 16, and 17 stability tests
• [ ]a.c Cycles 19 and 20 stability tests

These qualification cases comprise 70 individual POLCA-T simulations of measured stability data.

B.4.1 I ] "'C CYCLE 7,10,13, AND 19 STABILITY TESTS

B.4.1.1 Plant Description

The [ ]ac nuclear power plant is a General Electric (GE)
designed BWR located in the [ ]ac. The principal plant characteristics are
listed in Table B.4-1.

Core stability tests were conducted at pc ]a' in the beginning of the seventh, tenth, thirteenth, and
nineteenth cycles of operation. The core composition for Cycle 7 is shown in Table B.4-2. The core
consisted primarily of GE 8x8 open lattice fuel. The core composition for Cycle 10 is shown in
Table B.4-3. The core dominant fuel was SVEA-96 (1OxlO) water-cross fuel with the remainder

consisting of GE 8x8 fuel. The core composition in Cycle 13 is shown in Table B.4-4, the core is almost
entirely SVEA-96. In Cycle 19, a large fraction of the core consisted of fuel with part length rods. The
composition is shown in Table B.4-5.
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Table B.4-1 [ ]a~c Plant Characteristics

Parameter Value
(Original) (Uprate 1) (Uprate2)

Plant Manufacturer General Electric
Product Line BWR/6
Commercial Operation Date 1984 1996 2002
Rated Thermal Power 3,138 MWth 3, 515 MWh 3, 600 MWth
Nominal Core Flow (100 percent) 11,151 kg/sec

(88.5 Mlb/hr)
Number Fuel Assemblies 648
Recirculation System 20 Jet Pumps
Core Power Density 54.7 kW/liter 61.3 kW/liter 62.8 kwl~iter

Table B.4-2 I ]3"C Cycle 7 Core Composition

Bundle Type Assembly Description Number of Assemblies

1 G E8x8-2 532

2 G E8x8-4 108

3 KW U 9x9-LTA 4

4 SV EA-64-LTA 4

Total 648

Table B.4-3 1 ]a1C Cycle 10 Core Composition

Bundle Type Assembly Description Number of Assemblies

1 G E8x8-2 170

2 G E8x8-4 144

3 SV EA-96 330

4 G E11-LTA 4

Total 648

Table B.4-4 1 1]ac Cycle 13 Core Composition

Bundle Type Assembly Description Number of Assemblies

I SV EA-96 414

2 SV EA-96+ 232

3 G E11-LTA 2

Total 648
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C

B.4.1.2 [ ]a~c Cycle 7 Tests

B.4.1.2.1 Cycle 7 Description

A core stability test was conducted at [ ]a in the beginning of the seventh operating season during
the power ascension phase (Reference 2). The test served three purposes, namely:

* Investigate the stability characteristics of the core in various regions of the power/flow map, with
special emphasis on the low-flow region

* Qualify the core on-line stability monitoring system (COSMOS)

* Collect a database for future reactor operations

B.4.1.2.1.1 Testing Sequence

After an initial recording (Record 1) at 61.4-percent power and 76.1-percent flow (performed primarily to
check that the recording system was functioning properly and that the recording procedures were
satisfactory), the recirculation pumps were switched from high to low speed and the drive flow control
valves were opened fully. The core power was about 34 percent. About an hour later, withdrawal of
control rods commenced.

A second recording (Record 2) was initiated shortly after completion of a control rod withdrawal
campaign. The core power was 55.2 percent and core coolant flow was 36.5 percent.

The power increase was completed by withdrawing peripheral control rods, which resulted in a
bowl-shaped radial power distribution, with high power in the peripheral region and low power in the
central region. Also, the peripheral region experienced a gradual downward tilt of its axial power shape
throughout the power ascension. High-power, bottom-peaked peripheral regions were created to promote
the occurrence of out-of-phase oscillations.

The third recording (Record 3) was conducted while a control rod withdrawal campaign was in progress.
During the recording, the core power rose from about 53 percent to 56.9 percent for a core flow of
36.6 percent flow.
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The next core performance log printout showed a core power of 58.6 percent and a core flow of
36.7 percent. The fourth signal recording (Record 4) was initiated shortly after this core performance log.
Minor control rod withdrawals of the central rods were effected on two occasions while this recording
was in progress. These rod withdrawals caused a gradual increase of the LPRM signal oscillation
amplitudes - which continued until an alarm was triggered and the operator promptly reinserted some
control rods. By the time the recording was completed, the power had dropped to 55.9 percent and the
core flow to 36.6 percent, according to the next core performance log.

A final recording session (Record 5) was conducted during which the core power was raised fairly rapidly
from about 48 percent to the vicinity of the stability limit that had been established during the previous
recording. The core power was then 58 percent and the coolant flow was 36.4 percent. The reactor was
left for a few minutes at this operating condition and then control rods were inserted to reduce power.
The stability test was then terminated.

B.4.1.2.1.2 Test Data

Only Record 2 was used in the comparison with POLCA-T calculations for the global mode evaluation.
Conditions for the measurement point that was used in the simulations are given in Table B.4-6. The
analysis times correspond to the time on the P-1 performance log printouts (see Figure B.4-1). Values for
power, coolant flow, and steam pressure were taken from the P-1 logs. Feed water temperature was
derived from subcooling data using POLCA7 calculations.

The evaluation of the collected data was made using noise analysis techniques. Results from the
evaluation are given in Table B.4-7.

Table B.4-6 I ]",' Cycle 7 Test Conditions

Case Power Core Flow Feedwater Temperature Steam Dome
(%) (kg/sec) (0C) Press (bar)

Record 2 (21:35) 55.2 4,071 186.9 69.65

Table B.4-7 [ Ia"c Cycle 7 Measurement Results

Case Decay Frequency Mode Comments
Ratio (Hz)

Record 2 0.65 0.49 Global Based on APRM. Control rod
movement during measurement
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a,b,c

Figure B.4-1. [ ]a~c Core Power Transient During Cycle 7 Stability Measurements.
(The symbols 0 marks the times when P-I cor e performance maps were printed, and the corresponding
powers. Time periods covered by recordings 2 through 5 are indicated).

B.4.1.2.2 Cycle 7 Model Description

A POLCA-T model was developed for
described in this section.

]a,c. Both plant-specific data and Cycle 7 specific data are

The 648-bundle core is represented in full-core geometry, with each bundle represented as a hydraulic
channel and 25 axial nodes. An extra hydraulic channel models all internal and common bypass flows.
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The geometry of the loop outside the core is modeled according to a detailed description provided by [
]a'. The two recirculation loops are lumped into one, and the 20 jet pumps are represented by

one pump. One short steam line is modeled and used for applying boundary condition. The pressure
controller is not modeled. A simple feedwater controller that only affects the steady-state calculation is
used.

LPRM assignments are explicitly represented in accordance with their location in the core. The total
number of LPRMs is 35. The LPRM signals are calculated according to POLCA7.

The nuclear data input to POLCA-T includes cross-sections and kinetics parameters. Cross-section data
and kinetics parameters are the same as used in the POLCA7 core follow calculations for Cycle 7.

B.4.1.2.3 Cy cle 7 Test Simulations

Before the dynamic simulations were started, static calculations were made to assure that the dynamic

simulations started from the proper operating point. Results from the steady-state runs were compared to
corresponding results from POLCA7. Axial and radial power distributions, core inlet subcooling, k•,,f and
bypass flow fraction were included in the comparison.

The transient calculation was started by introducing a triangular control rod position disturbance.
Typically, the stability characteristics of the in-phase oscillation mode were determined from the first
15 to 20 simulation seconds. Decay ratio and resonance frequency were determined based on the

calculated power trace.

The results of the calculations are summarized in Table B.4-8 and Figure B.4-2. The measured and
calculated stability parameters for the record have large uncertainties associated with them. The transient
state of the reactor prior to the measurement period resulted in: (1) larger than the normal uncertainties in
the deduced decay ratio and frequency, and; (2) large uncertainty in the state parameters recorded at the
plant. a-b.c

The uncertainties in input for this record are large and the results are therefore acceptable.

B.4.1.3 I Ia,c Cycle 10 Tests

B.4.1.3.1 Cycle 10 Test Description

A core stability test was conducted at [ ]a"c in the beginning of its tenth operating cycle. When the
test was performed, the reactor had been operating at full power for a few days (after a restart upon

completion of its annual refueling and maintenance shutdown period). The core composition for Cycle 10
was shown in Table B.4-3.
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There are two regions in the [ ]ac power flow map in which stability related operating
restrictions apply. These two regions are referred to as "Exclusion Region 1" and "Exclusion Region 2"
and are characterized as follows:

Exclusion Region 1: no operation is allowed above the 80-percent load line with coolant flows
below 40 percent. The region may be entered temporarily only with permission from the Safety
Authorities.

* Exclusion Region 2: the region between 40-percent and 45-percent flow and above the
80-percent load line may not be entered, unless there is active surveillance based on
APRM/LPRM signals or the on-line stability monitoring system COSMOS, and the operator
takes appropriate action if the core stability limit is approached.

The objectives of the Cycle 10 stability test was to evaluate core stability performance for a number of
low-flow conditions, investigate the characteristics of a mixed core of GE 8x8-4 and SVEA-96 (lOx 10-4),
and to study the onset of power oscillations and their suppression with a manual select rod insertion
(SRI). All test points were performed with both recirculation pumps running at:

* The upper flow border of Exclusion Region 2

* The flow border between Exclusion Region I and Exclusion Region 2

The highest and lowest coolant flows with recirculation pumps running at minimum speed, within
Exclusion Region I

B.4.1.3.1.1 Testing Sequence

The test procedure for this cycle differed significantly from that of the previous stability test at [ ]a,c,

which was conducted during Cycle 7. The Cycle 10 test was initiated after the plant had been running at
full power for a sufficiently long time for xenon equilibrium conditions to be established. The
power/flow areas of interest for stability testing were then approached using controlled reduction of core
coolant flow in combination with power increases via control rod withdrawals. Throughout the test, the
decay ratio was monitored by COSMOS and LPRM recordings were conducted by GETARS (a [ pac

data acquisition system). A total of 10 signal recordings were made during the test. A description of the
test recordings is given below.

The power was reduced by the combined effect of control rod insertion to the 100-percent rod line and

recirculation flow rundown to 45-percent core coolant flow. At the constant core flow of 45 percent, the
power was increased by careful control rod withdrawal until the minimum critical power ratio (MCPR)
operating limit was reached. At this point recording number 4 was taken at 67.8-percent power. The
axial power shape was bottom peaked and the radial power distribution was flat.

WCAP-16747-NP-A September 2010
Appendix B Revision 0



11

From the previous test point, the thermal power was reduced by control rod insertion to the 100-percent
rod line and recirculation flow reduction to 40 percent core flow. The core flow was then kept constant at
40 percent and the power was increased by careful rod withdrawal to 61 percent, until the MCPR
operating limit was reached (Record 6).

The thermal power was then reduced by control rod insertion to the 80-percent rod line. A core flow of
35 percent was established by switching the pump speed from high to low and by fully opening the flow
control valves. When steady conditions were obtained a recording was performed (Record 8). With
constant core flow of 35 percent, power was increased by rod withdrawal until the MCPR operating limit
was again reached. The power at this point was 59 percent (Record 9). The thermal power was reduced
by control rod insertion to 80-percent rod line. The pump speed was kept low and both flow control
valves were fully closed. The core flow reached was 27 percent. The power was then increased and at
43.5-percent power oscillations in the LPRMs appeared (Record 10). After a period the oscillations
amplitude reached about 4-percent peak-to-average.

The SRI was triggered when the oscillations reached the amplitude of 4 percent. The SRI promptly
reduced the core thermal power by about 9 percent and the power oscillations were successfully
suppressed.

The test demonstrated that the Cycle 10 core design had excellent stability performance and that the use
of SRI effectively suppressed power oscillations.

B.4.1.3.1.2 Test Data

During the stability measurements, only global oscillations were present. No regional oscillations were
observed. Table B.4-9 shows the plant conditions for Recordings 4, 6, 8, 9, and 10. Table B.4-10 shows
results from the noise analysis of these five measurements.

Table B.4-9 [ ]"' Cycle 10 Test Conditions
Case Power Core Flow Feedwater Temperature Steam Dome

(%) (kg/sec) (0C) Press. (bar)

Record 4 (15:36) 67.7 5,064 196.5 70.35
Record 6 (17:19) 61.3 4,462 191.9 69.99
Record 8 (19:12) 51.6 3,999 183.5 69.42
Record 9 (19:47) 58.6 4,007 188.9 69.81
Record 10 (21:07) 43.0 3,161 175.7 68.98

Table B.4-10 1 ]"C Cycle 10 Measurement Results

Case Decay Ratio Frequency (Hz) Mode Comments

Record 4 0.44 0. 60 Global
Record 6 0.53 0.54 Global
Record 8 0.45 0.48 Global
Record 9 0.65 0.50 Global
Record 10 0.97 0.47 Global natural circulation
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B.4.1.3.2 Cycle 10 Model Description

The plant-specific [ ]ac model is identical to that used for Cycle 7 (see subsection B.4.1.2.2). The
core model was in the same way as for Cycle 7 extracted from the CM2 database.

B.4.1.3.3 Cycle 10 Test Simulation

During the test, 10 recordings of selected signals were made. Each recording lasted 10 minutes.
Qualification of POLCA-T code was performed for five of the [ ]a,c Cycle 10 tests. Table B.4-9
shows the conditions for the selected measurement points. The time chosen for the analyses is three
minutes after recording initiation. The values for power, core coolant flow, steam Dome Pressure, reactor
water level, and feedwater temperature are taken from CM-PRESTO, the three-dimensional core
supervision code used at [ ]ac.

Steady-state POLCA-T calculations were first performed and the results compared to results from
POLCA7. This was done to assure that the dynamic simulations start from the proper operating point.
Axial and radial power distributions, bypass flow fraction and k,.1 were compared.

The transient calculations were initiated by introducing a control rod disturbance. From about 8 to
20 seconds after the initial disturbance, decay constants and resonance frequencies were determined based
on the oscillation time plots. The results of the analyses are given with comparisons to measured data in
Table B.4-11 and in Figure B.4-2. a,b,c

As can be seen from the table there is good agreement between the measured and calculated decay ratios

and frequencies.

B.4.1.4 I Ia"c Cycle 13 Tests

B.4.1.4.1 Cycle 13 Test Description

A core stability test was conducted at [ ]c in the beginning of its thirteenth operating Cycle. When
the test was performed, the reactor had been operating at full power for a number of days, after a restart
upon completion of its annual refueling and maintenance shutdown period. The core composition for
Cycle 13 is shown in Table B.4-4. The core consisted of about 64-percent SVEA-96 fuel and 36-percent
SVEA-96+ fuel.
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The objectives of the Cycle 13 stability test were to evaluate core stability performance for a number of
low-flow conditions, and to investigate the characteristics of the core after the introduction of SVEA-96+
fuel. The tests were a part of a program that aimed to increase the core power to 112 percent. All tests

were performed with both recirculation pumps running at:

* Above the upper flow border of Exclusion Region 2
* -- At the upper flow border of Exclusion Region 2

B.4.1.4.1.1 Testing Sequence

The test procedure for this cycle was rather similar to the stability test at [ ]a~c during Cycle 10. The
Cycle 13 test was initiated after the plant had been running at full power for a sufficiently long time for
xenon equilibrium conditions to be established. The power/flow areas of interest for stability testing were
then approached using controlled reduction of core coolant flow in combination with power increases via
control rod withdrawals. Throughout the test, the decay ratio was monitored by COSMOS and LPRM
recordings were conducted by GETARS. A total of eight signal recordings were made during the test. A
description of the test recordings conducted following rod withdrawal campaigns is given below.

The power was reduced by the combined effect of control rod insertion to the 100-percent rod line and
recirculation flow rundown to 55-percent core coolant flow. At the constant core flow of 55 percent, the

power was increased by careful control rod withdrawal until the 3,138 MWth maximum extended
operating domain (MEOD) operating limit was reached. At this point recording number 2 was performed
at 79.7-percent power. The axial power shape was bottom peaked and the radial power distribution was
flat.

From the previous test point, the thermal power was reduced by control rod insertion to 100 percent rod
line and recirculation flow reduction to 50-percent core flow. The core flow was then kept constant at
50 percent and the power was increased by careful rod withdrawal to 74.0 percent, until the 3,138 MWth
MEOD operating limit was reached (Record 4).

The thermal power was then reduced by control rod insertion to 100-percent rod line. A core flow of

45 percent was established. When steady conditions were obtained a recording was performed
(Record 5). With a constant core flow of 45 percent, power was increased by rod withdrawal approaching
the 3,138 MWh MEOD operating limit. Three recordings (6a, 6b, and 7) were performed at power
levels 66.0, 66.8, and 68.2 percent.

B.4.1.4.1.2 Test Data

During the stability measurements, only global oscillations were present. No regional oscillations were
observed. Table B.4-12 shows the plant conditions for Recordings 2, 4, 6a, 6b, and 7. Table B.4-13
shows results from the noise analysis of these five measurements.
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Table B.4-12 [ ]aC Cycle 13 Test Conditions
Case Power Core Flow Feedwater Steam Dome

(%) (kg/sec) Temperature (IC) Press. (bar)

Record 2 (19:10) 79.7 6,077 205.9 72.94
Record 4 (20:07) 74.0 5,539 202.4 72.69
Record 6a (20:58) 66.0 5,002 197.3 72.36
Record 6b (21:08) 64.8 4,982 198.0 72.32
Record 7 (21:34) 68.2 4,990 198.8 72.47

Table B.4-13 [ ]aC Cycle 13 Measurement Results

Case Decay Ratio Frequency (Hz) Mode

Record 2 0.34 0.61 Global
Record 3 0.45 0.58 Global
Record 6a 0.44 0.51 Global
Record 6b 0.46 0.55 Global
Record 7 0.46 0.55 Global

B.4.1.4.1.3 Cycle 13 Model Description

The plant-specific [ ],c model is identical to that used for Cycle 7 (see subsection B.4.1.2.2) and
Cycle 10. The core model was in the same way as for Cycles 7 and 10 extracted from the CM2 database.

B.4.1.4.1.4 Cycle 13 Test Simulation

During the test, 8 recordings of selected signals were made. Each recording lasted 10 minutes.
Qualification of the POLCA-T code was performed for five of the [ ]aC Cycle 13 tests. Table B.4-12
shows the conditions for the selected measurement points. The time chosen for the simulation is the
starting time for the recording. The values for power, core coolant flow, steam dome pressure, reactor
water level and feedwater temperature are taken from CM-PRESTO registrations approximately at the
starting time for the recording. CM-PRESTO is the three-dimensional core supervision code used at
[ ]ac

Steady-state POLCA-T calculations were first performed and the results compared to results from
POLCA7. This was done to assure that the dynamic simulations start from the proper operating point.
Axial and radial power distributions, bypass flow fraction and keff were compared.
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The transient calculations were initiated by introducing a control rod disturbance. From about 8 to

20 seconds after the initial disturbance, decay constants and resonance frequencies were determined based
on the oscillation time plots. The results of the analyses are given with comparisons to measured data in
Table B.4-14 and in Figure B.4-2. As can be seen from the table and figure, there is good agreement
between the measured and calculated decay ratios and frequencies. a,b,c

I

B.4.1.5 Ia"c Cycle 19 Tests

B.4.1.5.1.1 Cycle 19 Test Description

A core stability test was conducted at [ ]ac in the beginning of its nineteenth operating Cycle. When

the test was performed, the reactor had been operating at full power for a number of days, after a restart
upon completion of its annual refueling and maintenance shutdown period. The core composition for
Cycle 19 is shown in Table B.4-5.

ac

The objective of the Cycle 19 stability test was to evaluate core stability performance for a number of

low-flow conditions and to investigate the characteristics of the core. The tests were the last part of a

program that aimed to increase the core power to 115 percent of the original design. The nominal power
had already before the cycle start been redefined such that 3,600MWth was 100 percent. The exclusion
regions had already from the previous power upgrade been extended. A second region consisting of the

flow regime between 45 and 50 percent, and power above the 3,138 MWth MEOD line had been added to
exclusion region 2. Exclusion region 1 had been extended with the region below 45 percent and power
above the 3,138 MWth MEOD line.

All test points were performed with both recirculation pumps running at:

* Above the upper flow border of Exclusion Region 2

* Different flows within both Exclusion Regions 1 and 2, with the recirculation pumps running at
high speed

0
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B.4.1.5.1.2 Testing Sequence

The test procedure for this cycle was similar to the stability test in [ ]a"C during Cycles 10 and 13.
The Cycle 19 test was initiated after the plant had been running at full power for a sufficiently long time
for xenon equilibrium conditions to be established. The power/flow areas of interest for stability testing
were then approached using controlled reduction of core coolant flow in combination with power
increases via control rod withdrawals. Throughout the test, the decay ratio was monitored by COSMOS
and LPRM recordings were conducted by GETARS. A total of eleven signal recordings were made
during the test. Description of the test recordings conducted following a rod withdrawal campaign is
given below.

All data except Record 2 are of good quality and could be useful for comparison with calculations. There
were some problems with the data collection system during the second recording and the collected data
are, therefore, not useful for validation purposes.

ac
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B.4.1.5.1.3 Test Data

During the stability measurements, only global oscillations were present. No regional oscillations were
observed. Table B.4-15 shows the plant conditions for Recordings 1 and 3 through 11. Table B.4-16
shows results from the noise analysis of these ten measurements.

B.4.1.5.2 Cycle 19 Model Description

The plant-specific [ ]a.c model is identical to that used for the other cycles (see subsection B.4.1.2.2).
The core model was in the same way as for the previous cycles extracted from the CM2 database.

B.4.1.5.3 Cycle 19 Test Simulation

During the test, 11 recordings of selected signals were made. Each recording lasted 10 minutes.
Qualification of POLCA-T code was performed for ten of the [ ]axC Cycle 19 tests. Table B.4-15
shows the conditions for the selected measurement points. The time chosen for the simulation is the

a,b,c
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starting time for the recording. The values for power, core coolant flow, steam dome pressure, reactor
water level, and feedwater temperature are the average values obtained from the GETARS data.

Steady-state POLCA-T calculations were first performed and the results compared to results from
POLCA7. This was done to assure that the dynamic simulations start from the proper operating point.
Axial and radial power distributions, bypass flow fraction and keff were compared.

The transient calculations were initiated by introducing a control rod disturbance. From about 8 to
20 seconds after the initial disturbance, decay constants and resonance frequencies were determined based
on the oscillation time plots. The results of the analyses are given with comparisons to measured data in
Table B.4-17 and in Figure B.4-2. As can be seen from the table and figure, there is acceptable agreement

between the measured and calculated decay ratios and frequencies. a,1b,c
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Figure B.4-2. Comparison of [ Ia"c Cycles 7 10, 13, and 19 POLCA-T Calculations with
Global Mode Oscillation Measurements

B.4.2 I J 3"C CYCLE 14, 15, 16, AND 17 STABILITY TESTS

B.4.2.1 Plant Description

I ]"*' is an ASEA-ATOM designed BWR located on the [ ]a,c.

]ac is an external recirculation loop design BWR that went into commercial operation in 1977. In 1989,

the plant was uprated from its original rated power of 2,270 MWth to 2,500 MWth. Plant characteristics
for [ ]" are summarized in Table B.4-18.
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Table B.4-18 I ]"~C Plant Characteristics

Parameter Value

(Original) I (Uprate)

Plant Manufacturer ASEA-ATOM

Product Line External Pump Design

Commercial Operation Date 1977 1 989

Rated Thermal Power 2,270 MWh 2, 500 MWh

Rated Core Flow 9,400 kg/seconds
(74.6 Mlb/hr)

Number Fuel Assemblies 648

Recirculation System 6 External Pumps

Core Power Density 40.8 kW/liter 1 44.9 kW/liter

I ]ac plant utility, performed extensive stability measurements during Cycles

14, 15, 16, and 17. For all these cycles, the core was comprised almost exclusively of the ABB SVEA-64
water-cross fuel. The core compositions for these four cycles are shown in Table B.4-19 through
Table B.4-22.

Table B.4-19 I Ia~C Cycle 14 Core Composition

Bundle Type Assembly Description Number of Assemblies
1 A SEA-ATOM 8x8-1 145

2 A SEA-ATOM SVEA-64-1 183

3 A SEA-ATOM SVEA-64 320

Total 648

Table B.4-20 [ Ia"' Cycle 15 Core Composition

Bundle Type Assembly Description Number of Assemblies

I A SEA-ATOM 8x8-1 126

2 A SEA-ATOM SVEA-64-l 124

3 A SEA-ATOM SVEA-64 398

Total 648
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Table B.4-21 [ ]a~c Cycle 16 Core Composition

Bundle Type Assembly Description Number of Assemblies

I A SEA-ATOM 8x8-1 112

2 A SEA-ATOM SVEA-64-1 74

3 A SEA-ATOM SVEA-64 458

4 A SEA-ATOM SVEA-100 - 4

Total 648

Table B.4-22 [ ]Ic Cycle 17 Core Composition

Bundle Type Assembly Description Number of Assemblies

I A SEA-ATOM 8x8-1 76

2 A SEA-ATOM SVEA-64-1 40

3 A SEA-ATOM SVEA-64 528

4 A SEA-ATOM SVEA-100 4

Total 648

The [ c tests for these Cycles have earlier been selected by the nuclear committee of the

OECD/NEA to provide a benchmark problem for stability calculations (Reference 3). Because of this

benchmark, it is relevant to include these data in a validation even if the core content is not representative

for a modem core.

B.4.2.2 [ ]",c Cycle 14 Tests

B.4.2.2.1.1 Cycle 14 Test Description

Noise measurements were performed by [ ]aC plant personnel at the beginning of Cycle 14

during power ascension after refueling in September 1990. The recordings were made at points arranged
in a grid layout in the high power/low-flow region of the operating range.

The most important process parameters (APRM, LPRM on Levels 2 and 4 from the top, core flow, steam
flow, feedwater flow and temperature, reactor pressure, reactor water level) were measured with a data
scanner at ten operating states, as described in Table B.4-23.
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Table B.4-23 1 1"C Cycle 14 Test Conditions

Case Power Core Flow Feedwater
(%) (kg/sec) Temperature (C)

1 (A) 65.0 4,105 157.7

3 (C) 65.0 3,666 157.6

4 (D) 70.0 3,657 160.3

5 (E) 70.0 3,868 160.3

6 (F) 70.2 4,126 160.4

8 (H) 75.1 3,884 162.0

9 (G) 72.6 3,694 161.2

10 (1) 77 .74, 104 162.8

The recording order follows the alphabetic identifiers shown in Table B.4-23. No oscillations were
observed in the readings for the operational points 1 to 6. After measurement 6, the core flow was
reduced to minimum flow and control rods were withdrawn. At about 72-percent power (Record 9), the
LPRM instruments started to oscillate. Oscillations were suppressed by gradual insertion of control rods.
The oscillations stopped after two steps in the control rod insertion sequence. The flow was then slightly
increased from the flow limit line, and the last two points (Records 8 and 10) were measured under stable
conditions.

The recorded data were analyzed several times by [ ]a,c and ASEA-ATOM (today
Westinghouse) to evaluate the quality of the measured signals, resonance frequencies, decay ratios and
phase shift between LPRM detector signals (see Section B.7.1). The result of the latest data analyses are

shown in Table B.4-24.

Table B.4-24 [ ] Cycle 14 Measurement Results

Case Decay Frequency Mode Comments
Ratio (Hz)

I (A) 0.30 0.43 global

3 (C) 0.69 0.43 global

4 (D) 0.79 0.55 global

5 (E) 0.67 0.51 global

6 (F) 0.64 0.52 global

8 (H) 0.78 0.52 global

9 (G) 0.80 0.56 global APRM signal measurement
10 (1) 0.71 0.50 global
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B.4.2.2.1.2 Cycle 14 Model Description

The reactor core was modeled in full symmetry. This avoids any symmetry assumption and is necessary
when regional oscillations are to be studied. The core consists of 648 channels. All channels have been
treated explicitly in the neutronic and hydraulic calculations. An independent hydraulic channel
represents common bypass and leakage flows. The total size of the model is:

0

0

0

Number of neutronic channels:
Number of hydraulic channels:
Number of axial nodes:

648
649

25

A new model for the recirculation flow loop was developed. The model follows the outline used for the

BISON model of [ ]a,c. All data used for the BISON model have been reviewed against

original drawings. The steam lines were not modeled. A simple control system for the feedwater flow
has been applied.

Cross-section data were extracted from the CM2 system. The CM2 system has also been used for core
follow (burnup) calculations and detailed xenon tracking.

B.4.2.2.1.3 Cycle 14 Test Simulation

The analysis procedure is the same as that outlined for the [
POLCA-T calculations for Cycle 14 are shown in Table B.4-25.

]a,c simulations. Results from the

a,b,c

Figure B.4-3 shows measured and calculated decay ratios for all the analyzed Cycle 14 tests. The
agreement is acceptable even if there is a systematic under prediction.
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a,b,c

Figure B.4-3. Comparison of I ",c Cycle 14 POLCA-T Calculations with Measurements

B.4.2.3 [ Ia,c Cycle 15 Tests

B.4.2.3.1.1 Cycle Test Description

Stability measurements were made at the beginning of Cycle 15 (September 10-11, 1991) following a
procedure similar to that performed for Cycle 14 (see subsection B.4.2.2. 1.1). The test state points used
for stability evaluation are shown in Table B.4-26. The deduced stability parameters for each test point
are given in Table B.4-27. In all measurements, the in-phase (global) oscillation mode dominated.
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Table B.4-26 [ ],c Cycle 15 Test Conditions

Case Power Core Flow Feedwater

(%) (kg/sec) Temperature (OC)

1 64 .7 4,138 159.2

265 .2 3,881 159.2

365 .1 3,649 158.8

470 .1 4,165 161.4

570 .1 3,945 161.4

670 .3 3,775 161.3

875 .2 3,994 163.5

971 .1 3,633 162.0

1077 .3 4,216 163.4

Table B.4-27 ]a~C Cycle 15 Measurement Results

Case Decay Ratio Frequency (Hz) Mode Comments
1 0. 23 0.44 global -

2 0. 24 0.42 global -

3 0. 21 0.43 global

40. 33 0.44 global -

5 0. 43 0.44 global -

6 0. 59 0.47 global -

8 0. 77 0.55 global -

9 0. 67 0.53 global -

100. 60 0.54 global -

B.4.2.3.1.2 Cycle 15 Model Description

The POLCA-T (plant) model developed for [ ]a.c Cycle 14 was used. Cross-section data and

historical data including xenon were extracted from the CM2 system using the same procedure as for

Cycle 14.

B.4.2.3.1.3 Cycle 15 Test Simulation

As with the Cycle 14 tests, POLCA-T simulations were performed for each measurement point in

Table B.4-26. Results from the POLCA-T calculations for Cycle 15 are shown in Table B.4-28.
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a,b,c

Figure B.4-4 also shows measured and calculated decay ratios for all the analyzed Cycle 15 tests. The
agreement is fairly good.

a,b,c

Figure B.4-4. Comparison of [ ",C Cycle 15 POLCA-T Calculations with Measurements
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B.4.2.4 [ Ia"c Cycle 16 Tests

B.4.2.4. 1.1 Cycle 16 Test Description

Stability measurements again were made at the beginning of Cycle 16 (February 11-27, 1993) and also
about six months later (July 24, 1993) during Cycle operation. The measurements followed the same
procedure as that performed for Cycles 14 and 15 (see subsection B.4.2.2.1.1). The test state points used
for stability evaluation are shown in Table B.4-29. The deduced stability parameters for each test point
are given in Table B.4-30. In all measurements, the in-phase (global) oscillation mode dominated.

Table B.4-29 [ ]a~C Cycle 16 Test Conditions

Case Power Core flow (kg/seconds) Feedwater
(%) temp (C)

1 64 .3 4,112 157.6
264 .6 3,925 157.4
3 64 .6 3,698 157.6
470 .2 4,165 159.6
569 .9 3,932 159.5
6 69 .5 3,673 159.5
7 74 .4 4,081 162.0
874 .9 3,907 162.0
9 74 .6 3,678 162.2
1076 .0 4,217 162.7
1166 .1 3,653 158.3

mocl 77 .4 6,588 163.6
moc2 75 .6 6,034 162.4
moc4 57 .5 3,815 155.0

Table B.4-30 ] 'c Cycle 16 Measurement Results

Case Decay Ratio Frequency Mode Comments
(Hz)

1 0.54 0.48 global measurement at beginning of cycle
2 0.54 0.48 global measurement at beginning of cycle
3 0.69 0.47 global measurement at beginning of cycle
4 0.71 0.52 global measurement at beginning of cycle
5 0.67 0.49 global measurement at beginning of cycle

6 0.79 0.49 global measurement at beginning of cycle
7 0.72 0.50 global measurement at beginning of cycle

8 0.82 0.49 global measurement at beginning of cycle
9 0.87 0.48 global measurement at beginning of cycle
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Table B.4-30 ] lC Cycle 16 Measurement Results
(cont.)

Case Decay Ratio Frequency Mode Comments
15gm e t nf(Hz)
10 0.65 0.50 global measurement at beginning of cycle
11 0.66 0.48 global measurement at beginning of cycle

moc 0. 35 0.68 global measurement during cycle
moc2 0. 33 0.61 global measurement during cycle

L moc4 0. 73 0.51 _J global measurement during cycle

B.4.2.4.1.2 Cycle 16 Model Description

The POLCA-T (plant) model developed for [ ]apc Cycle 14 was used. Cross-section data and
historical data including xenon were extracted from the CM2 system using the same procedure as for
Cycles 14 and 15.

B.4.2.4.1.2 Cycle 16 Test Simulations

As with the Cycles 14 and 15 tests, POLCA-T simulations were performed for each measurement point in
Table B.4-29. Results from the POLCA-T calculations for Cycle 16 are shown in Table B.4-3 1.

Figure B.4-5 also shows measured and calculated decay ratios for all the analyzed Cycle 16 tests. Better
agreement was obtained for the beginning-of-cycle tests compared to Cycles 14 and 15. The
middle-of-cycle tests showed similar agreement as the previous cycles.

b,c
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a,b,c

Ia,c Cycle 16 POLCA-T Calculations with MeasurementsFigure B.4-5. Comparison of [

B.4.2.5 ]",c Cycle 17 Tests

B.4.2.5.1 Cycle 17 Tests Description

Stability measurements again were made at the beginning of Cycle 17 (November 17, 1993). The
measurements followed the same procedure as that performed for Cycles 14, 15, and 16
(see subsection B.4.2.2.1.1). The test state points used for stability evaluation are shown in Table B.4-32.
The deduced stability parameters for each test point are given in Table B.4-33. In all measurements, the
in-phase (global) oscillation mode dominated.

Table B.4-32 [ ].C Cycle 17 Test Conditions

Case Power Core Flow Feedwater
(%) (kg/sec) Temperature (°C)

2 65 .6 3,954 158.6
3 65 .6 3,680 158.6

469 .5 4,166 160.3
5 69 .9 4,015 159.8
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Table B.4-32 [ ]", Cycle 17 Test Conditions
(cont.)

Case Power Core flow (kg/seconds) Feedwater
(%) Temperature (°C)

6 69 .7 3,758 156.4

774 .9 4,140 162.6

875 .1 4,020 162.5

9 75 .4 3,739 162.5

1078 .1 4,058 163.8

Table B.4-33 ]•,C Cycle 17 Measurement Results

Case Decay Frequency Mode Comments
Ratio (Hz)

2 0. 24 0.46 global -

3 0. 22 0.44 global -

4 0. 32 0.46 global -

5 0. 28 0.42 global -

6 0. 34 0.46 global -

7 0. 33 0.46 global -

8 0. 41 0.48 global -

9 0. 57 0.47 global -

10 0. 49 0.49 global

B.4.2.5.2 Cycle 17 Model Description

The POLCA-T (plant) model developed for [ ]apc Cycle 14 was used. Cross-section data and

historical data including xenon were extracted from the CM2 system using the same procedure as for the

previous cycles.

B.4.2.5.2 Cycle 17 Test Simulation

As with the previous Cycle tests, POLCA-T simulations were performed for each measurement point in
Table B.4-32. Results from the POLCA-T calculations for Cycle 17 are shown in Table B.4-34. a,b,c
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a,b,c

Figure B.4-6 also shows measured and calculated decay ratios for all the analyzed Cycle 17 tests. The
agreement for these tests was good, even if the decay ratios are slightly over estimated.

a,b,c

Figure B.4-6. Comparison of [ I" Cycle 17 POLCA-T Calculations with Measurements
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B.4.3 [ Ia c CYCLES 19 AND 20 STABILITY TESTS

B.4.3.1 Plant Description

[ ~ ]a is an ASEA-ATOM designed BWR located on the [
]a,c. [ ]a,, went into commercial operation in 1981. The original rated core thermal

power was 2,711 MWth. In 1987 it was uprated to operate at 108.0 percent of rated power (2,928 MWth).
The original rating of 2,711 MWth maintained as 100-percent nominal power following the uprate. Plant
characteristics for []a, are summarized in Table B.4-35.

Table B.4-35 1 ]•,C Plant Characteristics

Parameter Value

(Original) (Uprate)

Plant Manufacturer ASEA-ATOM
Product Line BWR 75
Commercial Operation Date 1981 1987
Rated Thermal Power 2,711 MW,, 2, 928 MWth

Rated Core Flow 11,000 kg/seconds
(87.3 Mlb/hr)

Number Fuel Assemblies 676

Recirculation System 8 internal pumps
Core Power Density 46.1 kW/liter 49.8 kW/liter

Stability tests are performed every cycle at [ ]a. Traditionally, one measurement has been
performed at beginning of cycle and one at middle of cycle. The main purpose of the tests is to verify
prior calculations and to confirm the exclusion region. During Cycles 19 and 20, a larger number of
measurements have been performed to investigate the sensitivity to different state points (power and
recirculation flow).

Cycle 19 is divided into the subcycles 19a and 19b (and 19c) due to a short outage to remove a leaking
assembly (and the symmetry assembly). The leaking assembly and the symmetry assembly were replaced
with assemblies of the same type. The core composition for Cycles 19 and 20 are shown in Tables B.4-36
and B.4-37, respectively. The core content is dominated by SVEA-100 and SVEA-96 assemblies. A
small number of SVEA96 Optima2 lead test assemblies with part length rods are also present in the two
cycles.

Table B.4-36 | ]a~c Cycle 19 Core Composition

Bundle Type Assembly Description Number of Assemblies

I A BB SVEA-100 524

2 A BB SVEA-96 146
3 A BB SVEA-96 Optima2 6

Total 676
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Table B.4-37 [ ]a~c Cycle 20 Core Composition

Bundle Type Assembly Description Number of Assemblies

I A BB SVEA-100 392

2 A 13BB SVEA-96 278

3 A 13BB SVEA-96 Optima2 6

Total 676

B.4.3.2 [ Ia"c Cycle 19a Tests

B.4.3.2.1 Cycle 19a Test Description

During Cycle 19a in [ ]a,,, four stability measurements were conducted three at the beginning
of the Cycle and one in the middle. The three measurements performed at beginning of cycle (BOC)
were performed during power ascension. The fourth recording was carried out in connection with the
periodic main steam isolation valve test on October 31, 2000 (see Table B.4-38).

Table B.4-38 I I"aC Cycle 19 Test Conditions

Case Power Core Flow Core Inlet
(%) (kg/sec) Temperature ('C)

Cl9a-1 59 .2 3,783 263.1
Cl9a-2 64 .9 4,139 263.8
C19a-3 69 .9 4,940 266.4

C19a-4 65 .0 4,491 265.2
C19b-5 61 .5 4,901 267.9
C19b-6 65 .5 5,304 268.3

The recording of measured parameters during each state point was done after steady-state conditions were
obtained. Each recording took approximately 10 minutes. The decay ratio and core resonance frequency
were determined using parametric identification methods (see subsection B.7. 1.1). The deduced decay
ratios and core resonance frequencies are shown in Table B.4-39. The in-phase (global) oscillation mode
dominated for all measurements.

Table B.4-39 [ I"~C Cycle 19 Measurement Results

Case Decay Frequency Mode Comments
Ratio (Hz)

Cl9a-1 0.76 0.46 Global Beginning of Cycle measurement

C 19a-2 0.75 0.50 Global Beginning of Cycle measurement

Cl9a-3 0.59 0.54 Global Beginning of Cycle measurement

C19a-4 0.78 0.54 Global Middle of Cycle measurement

Cl9b-5 0.77 0.55 Global Middle of Cycle measurement

C 19b-6 0.50 0.55 Global Middle of Cycle measurement

WCAP-16747-NP-A
Appendix B

September 2010
Revision 0



34

B.4.3.2.2 Cycle 19a Model Description

The full reactor core was modeled. This avoids any symmetry assumption and is necessary if regional
oscillations are to be studied. The core consists of 676 channels. All channels have been treated
explicitly in the neutronic and hydraulic calculations. An independent hydraulic channel represents
common bypass and leakage flows. The total size of the model is:

* Number of neutronic channels: 676
* Number of hydraulic channels: 677
* Number of axial nodes: 25

A new POLCA-T model for the recirculation flow loop was developed. The model follows the outline
used for the BISON model of [ ac. All data used for the BISON model have been reviewed
against original drawings. The steam lines were not modeled. A simple control system for the feedwater
flow has been applied. The internal recirculation pumps are lumped into one equivalent pump.

Cross-section data and historical data (burnup, etc.) were extracted from the CM2 system. The CM2
system has also been used for core follow (burnup) calculations and the detailed xenon tracking
calculations were performed with "stand-alone" POLCA7.

B.4.3.2.3 Cycle 19a Test Simulation

Before the dynamic simulations were started, static calculations were made to assure that the dynamic
simulations started from the proper operating point. Results from the static runs were compared to
corresponding results from POLCA7. Axial power distributions, core inlet subcooling, core average void
and kg- were included in the comparison.

The transient calculation was started by introducing a triangular control rod disturbance. Typically, the
stability characteristics of the in-phase oscillation mode were determined from the first 8 to 15 simulation
seconds. Decay ratio and resonance frequency were determined based on the calculated power trace.

The results of the calculations are summarized in Table B.4-40 and in Figure B.4-7. The frequencies
calculated with POLCA-T are slightly over predicted while the decay ratios agree well with measured
data.

a,b,c
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B.4.3.3 [ Ia"c Cycle 19b Tests

B.4.3.3.1 Cycle 19b Test Description

During Cycle 19b in [ ]aC two stability measurements were conducted. Both were conducted
during the power ascension after the short outage to remove a leaking assembly. Two different state
points were analyzed (Table B.4-38).

The recordings were conducted in the same way as in Cycle 19a. The deduced decay ratio and core
resonance frequency are shown in Table B.4-39. The in-phase (global) oscillation mode dominated both
measurements.

B.4.3.3.2 Cycle 19b Model Description

The plant-specific [ ]a,c model is identical to that used for Cycle 19a (see
subsection B.4.3.2.2). The core model was also identical to Cycle 19a with exception of four assemblies
due to the removal of a leaking assembly. Historical data were extracted from CM2 according to the
standard technique.

B.4.3.3.3 Cycle 19b Test Simulation

The simulations were performed in exactly the same way as for Cycle 19a. The results of the calculations
are summarized in Table B.4-40 and in Figure B.4-7. The frequencies calculated with POLCA-T are
slightly over predicted while the decay ratio does not show any trend.

B.4.3.4 [ Ia"c Cycle 20 Tests

B.4.3.3.3 Cycle 20 Test Description

During Cycle 20 in [ ]a,, three stability measurements were conducted. One measurement
was conducted during power ascension after the outage and the other two at different state points in the
middle of the cycle. The latter two were conducted in connection with the periodic main steam isolation
valve test on January 11, 2002 (see Table B.4-4 1).

Table B.4-41 [ ]a~c Cycle 20 Test Conditions
Case Power Core Flow Core Inlet

(%) (kg/seconds) Temperature (IC)

C20-1 64 .8 4,333 262.8

C20-2 64 .2 4,444 264.9

C20-3 64 .4 4,618 265.7

The recordings were performed the same way as in Cycle 19. That is, performed under steady-state
conditions and data were recorded for approximately 10 minutes. The decay ratio and core resonance
frequency were determined using parametric identification methods. The deduced decay ratios and core
resonance frequencies are shown in Table B.4-42.

WCAP-16747-NP-A
Appendix B

September 2010
Revision 0



36

Table B.4-42 [ ]aC Cycle 20 Measurement Results

Case Decay Frequency Mode Comments
Ratio (Hz)

C20-1 0. 72 0.55 Global Beginning of cycle measurement

C20-2 0.72 0.48 Global Middle of cycle measurement

C20-3 0.66 0.49 Global Middle of cycle measurement

B.4.3.4.2 Cycle 20 Model Description

The POLCA-T plant model developed for [ ]a,c Cycle 19 was also used for Cycle 20. The

cycle-specific core model for Cycle 20 was obtained by extracting data from CM2. The core composition
is given in Table B.4-37. The nuclear cross-section data were extracted from CM2 using the standard
technique. Detailed xenon-tracking calculations were used to obtain the correct xenon and iodine
concentrations at the different state points.

B.4.3.4.3 Cycle 20 Test Simulation

For Cycle 20, the transient calculation was started by introducing a triangular control rod disturbance.
Decay ratio and resonance frequency were determined based on the extremes of the calculated power
trace.

The results of the calculations are summarized in Table B.4-43 and in Figure B.4-7. The decay ratios for
the MOC recordings are in excellent agreement with the measurement. For the BOC recording, the decay
ratio is under predicted. The frequencies for the two middle-of-cycle (MOC) recordings are slightly over

predicted, while the BOC recording shows excellent agreement. a,b,c
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a,b,c

Figure B.4-7. Comparison of
Measurements

Ia,c Cycles 19 and 20 POLCA-T Calculations with
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B.5 POLCA-T CORE STABILITY QUALIFICATION - REGIONAL MODE
OSCILLATONS

To date, only a limited number of measurements of regional mode oscillations exist for qualification of
POLCA-T for stability evaluations. The qualification will be based on the [ ]aC Cycle 7
measurements, where recording 5 showed the typical signs of a regional mode oscillation.

The general description of the reactor (see subsection B.4. 1.1) the core loading (see subsection B.4. 1.1)
and the testing sequence (see subsection B.4.1.2.1.1) are given above.

B.5.1 TEST DATA

Record 2 has been used for the validation of the global oscillation mode calculations
(see subsection 13.4.1.2.3). Record 5 is analyzed in this section for the qualification of the regional mode
calculations with POLCA-T.

Conditions for the measurement point that was used in the simulations are given in Table B.5-1. The
analysis time corresponds to the time on the performance log printout (see Figure 13.4-1). Values for
power, coolant flow and steam pressure were taken from the log. Feedwater temperature was derived
from subcooling data using POLCA7 calculations.

The evaluation of the collected data was made using noise analysis techniques. Results from the noise
evaluation of Record 5 are given in Table B.5-2. Recording 5 exhibited out-of-phase (regional)
oscillations during portions of the measurement, with the boundary between the oscillating regions
rotating with time.
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a,b,c

There are large uncertainties in the definition of the operating conditions during the Cycle 7 recordings.

The measurements were conducted in transitory conditions (xenon buildup, control rod movements,

power level changes, and changes in the recirculation loop and feedwater conditions). The POLCA-T

evaluation did not account for these phenomena, and therefore could not reproduce all the transitions

between modes and variations observed. [

]a,c

The results are shown in Table B.5-3. The simulation shows that limit cycle out-of-phase oscillations

were obtained for Record 5. A comparison of three different LPRMs is shown in Figure B.5-1. The

oscillation amplitudes are in good agreement with what was observed during the test. The phase shift

between LPRM 16-41 A and 40-17 A in the two opposite halves of the core can clearly be seen in Figure

B.5-1, confirming that it is an out-of-phase oscillation. The positions of the detectors in the core are

shown in Figure B.5-2. The global mode may disturb both the calculation and the analysis of the
measurement. However, the analysis of LPRM 16-17 A shows that the impact in the simulation is very

limited (see Figure B.5-1).

a,b,c
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Figure B.5-1.Selected LPRM Signals from the Simulation of Record 5 Cycle 7.
(The LPRMs are normalized against core power, which is different from the plant normalization).

Figure B.5-2. Inserted Control Rods (+) and Detectors (o) Recorded During Record 5.
(Eight shallow controls rods are marked with thinner lines than the deeply inserted control rods. An
approximate position of the symmetry line is shown by the dashed line (--).)
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B.6 POLCA-T CORE STABILITY QUALIFICATION - CHANNEL MODE
OSCILLATONS

Qualification against plant measurements provides a measure of the code capability to capture the effects
of density wave oscillations combined with the effect of power feedback and fuel thermodynamics. This
is discussed in Sections B.4 and B.5. Qualification against thermal-hydraulic loop test data measures the
capability to predict the onset of density-wave oscillations for a single channel (that is, fuel assembly)
operating at constant power. These comparisons, therefore, represent a separate effects test in the sense
that the nuclear feedback is not included.

Measurements of thermal-hydraulic oscillations have been performed on a variety of assembly designs at
the Westinghouse's test loop FRIGG. This section provides a demonstration of POLCA-T calculations for
the SVEA-96 Optima2 design. Description of the SVEA-96 Optima2 fuel design is provided in Section 2
of Reference 4.

The general purpose of the FRIGG stability tests is to demonstrate and evaluate the stability properties of

a new fuel design. The measurements also provide data for code validation.

The FRIGG loop test vessel (Figure B.6-1) consists of an electrically heated test section and lower and
upper plenum. The two-phase flow enters through the riser section up to the part-wise perforated
chimney, that is, the steam separator. The steam is transported to the condenser, the condenser hot water
is cooled in the heat exchangers, and fed back to the test loop. The condenser and heat exchange system
are not shown in Figure B.6-1. Saturated water, from the steam separator, and subcooled feedwater is
mixed in the downcomer before the main circulation pump. The subcooling of the feedwater controls the
test section inlet temperature. The water level is controlled by a spray system within the bulk water
volume.

Stability tests are performed by establishing the desired hydraulic conditions, at constant pump speed, and
increasing the bundle power step-wise until flow oscillations occur.

Due to the thermal-hydraulic stability properties of the SVEA-96 Optima2 design and the test loop
characteristics, it is not possible to reach instability at 70 bars pressure without first getting dryout in the
test assembly. Therefore the pressure was decreased, and the power-step-procedure was repeated, until
instability occurred. For the SVEA-96 Optima2 measurements, instabilities were reached at about
[ ]ao.c

a,c
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8105

1694 H 1542

1364

Figure B.6-1. Flow Diagram of the FRIGG-Loop
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B.6.1 SVEA-96 OPTIMA2 STABILITY TESTS

The SVEA-96 Optima2 sub-bundle used in the FRIGG loop test consists of 24 electrically heated rods of
three different types: [

]aC. The flow area and hydraulic diameter thus vary along the sub-bundle.

Nominal dimension heater rods, fuel channel, and spacers were used to create correct flow conditions in
the test assembly.

The selected measurements are performed at [
]a' in the SVEA-96 Optima2 test series. In Table B.6-1, the measured

and calculated steady-state values are compared. a

Pump speed, axial power distribution, bundle power, inlet temperature and inlet pressure are boundary
conditions in the calculations. The pressure drops and inlet flow are calculated values.

1b,c

Table B.6-1 shows that the

predict the instability onset [
]a~c It can thus be expected that POLCA-T would

]a,c

II

la,c
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a,b,c

Figure B.6-2. Developing Channel Instability POLCA-T Calculation

II

]a~c
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B.7 POLCA-T CORE STABILITY UNCERTAINTY

To estimate the uncertainty associated with determining the accuracy of decay ratio predictions using
POLCA-T, two sources of uncertainty must be considered in examining the benchmark results:

* Measured decay ratio uncertainties
* Simulation- uncertainties

Measurement uncertainties are associated with the accuracy to which a decay ratio can be deduced from
the APRM or LPRM signals. Contributing factors are:

* Sample rate and length of the recording

* Relative magnitude of the signal to background noise

Accuracy of the method used to transform time signals into decay ratios and oscillation

frequencies

The POLCA-T simulation uncertainties can be attributed to the following:"a a,c

The above uncertainty elements are discussed in more detail below. Section B.7.1 discusses measurement
uncertainty. Section B.7.2 discusses simulation uncertainties and associated studies performed to
understand specific stability predictions.

B.7.1 MEASUREMENT UNCERTAINTY

B.7.1.1 Data Evaluation

The concept of the decay ratio is often used to measure the stability of BWRs. The decay ratio is the ratio
between two consecutive maxima of the impulse response. For a second order system, this ratio is
constant for any two consecutive maxima. For higher order systems, the impulse response is formed by
contributions of all the poles and the ratio between consecutive peaks is not constant, but it converges to
an asymptotic value associated with the least stable pair of poles (Reference 5).

In the data reduction of the plant measurements, two methods have been commonly used:

* The autocovariance function (Reference 5)

Parameter identification methods based on auto-regressive (AR) or auto-regressive moving
average (ARMA) modeling of the neutron noise (Reference 6).
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The autocovariance function of a signal from an oscillatory system has similar properties regarding decay
ratio and resonance frequency as the impulse response. That is, the "asymptotic" "decay ratio from the
autocovariance function is used to quantify the stability of the system, and the "apparent" decay ratio is
not a good indicator of the system's stability margin. Parameter identification methods applied to the
neutron detector signals have been used exclusively for the measurements described in this report.

The neutron flux signal is-modeled as an ARMA process:

y(t) + aly(t-1) + a2y(t-2) +....+ anay(t-na) =

coe(t) + cle(t-1) +. . .+ cnce(t-nc) (7-1)

where:

y is the measured output signal,
e is the white noise, and
t is the discrete time values from the measurement.

The identification process consists of determining the coefficients a and c given a selected model order.
Once the coefficients are determined, the stability characteristics of the system can be readily derived,
either from the impulse response of the model or preferably, from the model coefficients directly. The
model given above is the ARMA model.

B.7.1.2 Evaluation Method Uncertainties

The uncertainty associated with the measured decay ratio depends on the sampling time, the
signal-to-noise ratio, and the stability margin of the system. For a given recording quality, the uncertainty
in deducing a decay ratio value from Equation 7-1 contains:

I
a,c

I
The uncertainty due to model order is larger for low decay ratios because of the low signal-to-noise ratio.

a,c

II ]ac (7-2)

II
]ac

a~c
The param eters of [ ] ,which are used to esti mate the decay ratio from noise
measurements, are calculated by minimizing the following loss function:
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I I a,c

where:
[

a,c

The covariance matrix of 0 is theft calculated, and using the Gauss approximation formula, the decay ratioa,¢

variance is estimated from the uncertainty of the [ ].The
representative uncertainty used in WCAP- 16747-P is calculat ed from [

a'c
I .

The one sigma decay ratio uncertainty is then vei fled with the OECD-bench mark, shown in Figure B.7-
1.

B.7.1.3 Evaluation Differences

Evaluation uncertainties have also been the subject for an Organization for Economic

Co-Operation/Nuclear Energy Agency (OECD/NE) benchmark (Reference 8). About 10 different
institutes and companies contributed and in total 15 different evaluations for each record were performed.
One of the test cases consisted of 14 different noise recordings from [ ]a,c from
dedicated stability tests performed under controlled conditions. The decay ratios varied between about
0.4 and 0.8.

In Figure B.7-1, selected data from the benchmark study are shown. The base for the selection of data is
to include methods similar to those applied for the measured data referenced in this reportV). This means
that AR and ARMA methods deducing the decay ratio from the dominating poles of the identified model
have been included. The figure also shows the one sigma uncertainty band according to Equation 7-2(2).
A comparison of the data sample in Figure B.7-1 with the uncertainty band shows that they are fully
consistent.

1. Westinghouse/ABB Atom [( ],C, [
] have used the ARMA method in the evaluations.

] a, and [

2. The samples in the OECD benchmark contained only 4,000 samples and scaling factor 1/'12 have been applied
to Equation 7-2.
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a,b,c

Figure B.7-1. Variation in Deduced Measured Decay Ratio - Different Methods (MI) According to
the OECD Benchmark (Reference 8)

B.7.2 SIMULATION UNCERTAINTY

Simulation uncertainty includes:
a,c

The simulation uncertainty has been estimated to be [ ]a~b~c This uncertainty includes

I ] , which is appropriate for a validation. For a predictive calculation, the
plant state data are [ ]apc therefore
conservative for predictive calculations.

Figure B.7-2 shows the complete qualification database and the combined evaluation and simulation
uncertainty band (one sigma).

a,c
The one sigma lines are constructed as [ ] That means
that for each value along the [ ] scosrctdb

a,c

independently applying two uncertainties, [ . The band is then formed as

a'c This is a standard technique to be applied when analyzing data with independent
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uncertainties in measured and calculated values, as can be seen in 'Probability and Statistics in Particle
Physics' by A.G. Frodesen, 0. Skjeggestad and H. Tofte (ISBN 82-00-01906-3).

The figure shows that the data are fully consistent with the applied uncertainties.

Figure B.7-2. Overall Comparison of POLCA-T Simulation Decay Ratio with Plant Measurement
Database

a,b,c
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Measured versus calculated core resonance frequencies are shown in Figure B.7-3. POLCA-T predicts
the resonance frequencies for all plant measurements quite well. [

]a,c Some characteristics of the POLCA-T simulation database are

discussed in the following subsections. The data set gives an overall uncertainty of [ ]a,bc Hz with a
bias of [ ]a~bc' Hz (calculated minus measured).

a,bc

Figure B.7-3. Overall Comparison of POLCA-T Simulation Core Resonance Frequency with
Plant Measurement Database

B.7.2.1 Qualification Database Studies

The stability database used in qualification of POLCA-T spans a wide range of conditions:

* Core power (- 1,300 to 2,700 MWth)

* Core flows (- 3,200 to 6,100 kg/s)

0 Fuel designs (e.g., open lattice 8x8, water rod 8x8, water-cross 8x8, water-cross 10x10,

water-cross 1 Ox 10 with part length rods)

0 Combinations between fuel designs (see fuel composition tables in Section B.4)
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* Core power distributions

However, the POLCA-T code and methodology instability analysis could be applied to other core power
and core flow ranges provided appropriate benchmarks are performed to demonstrate their acceptability.

B.7.2.2 Cycle-to Cycle-Data Studies

The POLCA-T qualification database contains a number of data measurements following similar test
procedures in consecutive cycles, but performed for different core fuel compositions and configurations.

Specifically, POLCA-T simulations have been made for:

S [
[

]ac _ Cycles 14, 15, 16, and 17
]a,, - Cycles 19 and 20.

Examination of the POLCA-T predictions of these cycle-to-cycle tests shows fully consistent results for
] a,c (see Figure B.4-7). For [ ]c, a trend in the data comparison can be observed

(compare Figure B.4-3 through Figure B.4-6). In Cycle 14, [
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B.8 SENSITIVITY STUDIES

The sensitivity analysis intends to cover both uncertainties related to the state parameters as well as more
general dependencies. The state parameters included in the analysis are the core power, the core coolant
flow, and the core inlet temperature. The choice of state parameters follows the standard PIRT table
concept (see for example Reference 9). The more general dependencies include reactor type, fuel design,
cycle bumup, and stability characteristics (that is, nominal decay ratio)-

Record 9 from [ ]a Cycle 10 has been chosen as a reference case. The decay ratio is relatively high,
that is, it is of about the same magnitude as would be expected for limiting cases in a core design analysis.
Further, the calculated decay ratio shows good agreement with the measured one. Because of the content

of the database, it is possible to perform studies of general parameters. This is possible since
measurements with varying conditions have been performed at the same reactor with different core
compositions. The core composition is also similar to the cycles analyzed for [ ]a", which
makes reactor type dependent studies possible. The state parameters have been varied [

]ac. The
nominal results are summarized in Table B.8-1 together with the results from the following sensitivity
analysis. [

ac It should be kept in mind the
variations applied in this section are examples, and the magnitude of the variations in a reload analysis
must be based on plant-specific data. a,1

In order to investigate if the response is dependent on the magnitude of the decay ratio Record 4 from

1 ]a, Cycle 10 was chosen. The nominal decay ratio is 0.44 and is significantly lower than for the

reference case. [

] a, c

bLc

3. [
]a,c
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To investigate the dependence on fuel design Record 10 from

I
] a,c Cycle 19 was chosen.

]a"c

Record I from Cycle 20 at [ ] " illustrates the dependency on reactor type, an ASEA-ATOM
internal pump design compared to the GE BWR/6 in the reference case. [ -

]a,c

Finally, the effect on cycle burnup is investigated by comparing Record 2 with Record 1 for [
]a"c Cycle 20. The former measurement is performed at 4,534 effective full-power hours (EFPH) (MOC)

and the latter at BOC in a 12-month cycle (9,097 EFPH). The comparison of the two [ ]a,c

cases shows that the responses are very similar.

In Figure 13.8-1, the results of the sensitivity study is summarized. The relative change in decay ratio is
plotted for the five different cases. From the figure, the above conclusions are obvious, (that is, that the
responses in respective variable are comparable for the five cases with the [

ac

] a,c The dependencies on core state

variables are consistent with earlier approved code and impose no additional limitations on POLCA-T
applicability.
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a,b,c

Figure B.8-1. Results of Input Sensitivity Study
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B.9 STABILITY METHODOLOGY

The proposed stability methodology using POLCA-T as a tool is essentially the same as the
RAMONA-methodology earlier licensed (Reference 1). As RAMONA, POLCA-T is a three-dimensional
coupled neutronic-thermal-hydraulic time domain code.

The Westinghouse core stability methodology can be summarized as follows:

1. Establishes acceptance limits for demonstrating acceptable stability performance

2. Identifies the stability analysis methods that are used to demonstrate compliance with the

acceptance limits

3. Establishes the process for identifying the limiting plant conditions to be evaluated

4. Identifies the process of relating the calculated limits of acceptable stability performance to a
domain of acceptable plant operation

Westinghouse stability analysis methodology for licensing safety evaluation, reload fuel applications, or
plant operation modifications falls within the already accepted non-vendor specific U.S. Boiling Water
Reactor Owners Group (BWROG) methodologies (Reference 10).

The stability solutions were developed to comply with the requirements of 10 CFR 50 Appendix A,
"General Design Criteria for Nuclear Power Plant". The Appendix A criteria related to stability are:

Criterion 10: The reactor core and associated coolant, control and protection systems shall be designed
with appropriate margin to ensure that specific acceptable fuel design limits are not
exceeded during any conditions of normal operation, including the effects of anticipated
occurrences.

Criterion 12: The reactor core and associated coolant, control and protection systems shall be designed
to ensure that power oscillations which can result in conditions exceeding specified
acceptable fuel design limits are not possible or can be reliably and readily detected and
suppressed.

These criteria form the design basis and are implemented in different ways for different utilities. The
Westinghouse stability safety analysis process is performed as required by the plant specific stability
licensing basis, either it follows the Option 1, 11, or III solutions (References 10 and 11).

The fundamental approaches to provide protection against reactor power-flow oscillations are:

I. An acceptable approach is to reduce the operating domain by defining an exclusion region where
the reactor is not allowed to operate. The exclusion region, defined by the area in the operating
map where stability criteria are not met, should be enforced automatically. In addition to the
exclusion region, this approach defines a larger buffer region, which is enforced with
administrative controls. The buffer region minimizes challenges to the reactor protection system.
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2. An alternative acceptable approach is to readily detect and suppress unstable power oscillations
by scramming the reactor before specified acceptable fuel design limits (SAFDLs) are violated.
An approved detect and suppress solution, which relies on calculations of the reduction in critical
power ratio margin for oscillations of a given magnitude, should be implemented. The approach
defined in Reference 11 is an approved-detect-and suppress methodology.

All stability solutions should have backup options in case the licensing solution is declared inoperable.
Backup options in effect for short periods may rely on administrative controls and manual operator
actions only if operator actions required to prevent violation of the SAFDLs can be reasonably prompt.
Backup solution exclusion regions should be confirmed for specific Cycles.

As indicated above, the second approach requires coupling of power-flow oscillations to limiting fuel
design criteria such as the minimum critical power ratio (MCPR). The approved methodology for
performing these calculations is prescribed in Reference 11 and is not covered in this document.

The anticipated power-flow (also called density waves) oscillatory modes in a BWR are:

I. Global (core-wide), when the power and flow of all core channels oscillate in phase

2. Regional, when the power and flow of half the core channels oscillate out-of-phase with the other
half, and neutron kinetics excite the first azimuthal neutron flux mode resulting in fuel channels
in one region oscillating out-of-phase with fuel channels in another region in the core. The
regional mode symmetry line4 (or plane) separates the core regions oscillating out-of-phase.

3. Single channel, when the flow in a single channel oscillates accompanied by small power
oscillations.

Decay ratios and oscillation frequencies, describing the stability properties of the power-flow oscillations,
are evaluated from plant stability measurements in order to validate the method and evaluate the
associated uncertainties.

The decay ratio is defined as the ratio between consecutive oscillation amplitudes. The value of decay
ratio is 1.0 at the instability boundary. The decay ratio for increasing amplitudes (unstable system) is
higher than 1.0 and for decreasing amplitudes (stable system) less than 1.0.

Oscillation frequency is characteristic for the system and set mainly by the thermal-mechanical and
hydraulic properties of the fuel and core. Oscillation frequency is an important parameter for stability
monitoring and detection but of limited importance with regard to fuel integrity.

For global (core-wide) oscillations, the decay ratio is calculated using the transient reactor power
oscillations, or APRM signal. For regional oscillations, the decay ratio is calculated using the transient
local power, or LPRM signal. For channel oscillations, the channel inlet flow is used to determine the
decay ratio.

4 The symmetry plane may also rotate due to simultaneous excitation of two neutron flux azimuthal harmonics.
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A limitation of time domain codes is that they can only predict the decay ratio of the dominating
oscillation mode, that is, the global or the regional but not both at the same time. A symmetric control rod
perturbation is introduced to excite the global mode. An asymmetric control rod perturbation is
introduced to excite the regional mode. However, one must search for the phase shift and the core
symmetry line to ensure that the regional mode has been excited. A perturbation in for example channel
power is used to excite the channel instability mode.

The reactor is considered stable if the calculated decay ratio (DR) for all three common stability modes
(global, regional, and channel) satisfies the criterion:

I
apc]

The prediction uncertainty is tool specific and evaluated from the validation against actual plant
measurements. In a best-estimate methodology, a common way to define prediction uncertainty is by
using the simulation uncertainty. The evaluated simulation uncertainty for POLCA-T is

]a.bc (see Section B.7.2).

]a,c

The decay ratio (DR) acceptance criterion consists of two components, i.e., the prediction uncertainty
(Y ) and the design margin,

pr

I
a,c
I ,

where the prediction uncertainty, based on POLCA-T validation, is [
a'c

I .

The prediction uncertainty is a bivariate distribution including uncertainties in both measurement
evaluation as well as uncertainties in modeling and input data for the validation database (Section B.7 of
WCAP- 1 6747-P).

The design margin is applied to cover changes in cycle design or in cycle operation. That is, it also
includes input data uncertainties (as the prediction uncertainty). In CENPD-295-P-A, it was shown that a

ac
typical design margin is [ (depending on cycle design and customer requirements on cycle
flexibility). A typical stability acceptance criterion is therefore,

I
ac

I .

That is, an acceptance criteria which consists of both prediction uncertainty and design margin, will cover
a,c

Iof prediction uncertainty if:

I
arcI

The acceptance criteria therefore becomes

I
ac

I
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which is considered to adequately assure protection against exceeding SAFDLs.
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W estinghouse Westinghouse Electric Company
Nuclear Services

P.O. Box 355
Pittsburgh. Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-07-53
October 9, 2007

Subject: Response to NRC's Request for Additional Information by the Office of Nuclear Reactor Regulation for
Topical Report (TR) WCAP-1 6747-P, "POLCA-T: System Analysis Code with Three-Dimensional
Core Model" (TAC No. MD5258) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary responses to NRC's Request for Additional Information by
the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, "POLCA-T: System Analysis
Code with Three-Dimensional Core Model."

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-07-2336 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-07-2336 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

/ J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: J. Thompson. NRR

P. Yarsky, NRR
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Westinghouse w ~0oW estin houseWestinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-07-2336
October 9, 2007

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-07-53 P-Enclosure, "Response to NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP- 16747-P, 'POLCA-T: System Analysis Code
with Three-Dimensional Core Model' "(TAC No. MD5258) (Proprietary)

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (bX1) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-07-2336 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-07-
2336 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

.•r ly yo~s

J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
R. Lobel, NRR
J. Thompson, NRR
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

A J. A. Gresham, Manager.2/

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this / day

of 2007.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
t4ot,-ial Sea!

Sharon L. Maide, Notary Public
Monroeville Bou, Allegheny County

My Commission Exoires Jan. 29,2011
e Pennsy vania A•-so'iation of Notaries
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(1) 1 am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-07-53 P-Enclosure, "Response to NRC's Request for Additional Information by

the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, 'POLCA-T:

System Analysis Code with Three-Dimensional Core Model"' (TAC No. MD5258) (Proprietary),

for submittal to the Commission, being transmitted by Westinghouse letter (LTR-NRC-07-53) and

Application for Withholding Proprietary Information from Public Disclosure, to the Document

Control Desk. The proprietary information as submitted by Westinghouse Electric Company is

responses to NRC's Request for Additional Information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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Responses to NRC RAI's Regarding

WCAP-16747-P Rev 0

RAI 1 Lon2 Cycle Cores:

The staff has several questions regarding the application of POLCA-T to transients initiated from
conditions typical of BWRs operating with long cycle durations (i.e. 24 month cycles). Please address the
following items.
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NRC RAI 1-1

Long duration cycle core designs substantial quantities of burnable poisons tend to be loaded in the fuel.
In many cases these loadings may exceed 7 w/o Gd203 in a large number of pins for modern fuel
designs. Provide a quantification of biases and uncertainties in pin power peaking, infinite eigenvalue,
and gadolinia loaded pin power as a function of exposure for typical modern fuel designs using the
PHOENIX code.

Westinghouse Response to RAI 1-1

Modern, more aggressive, BWR operation strategies such as long cycles result in the extended use of
burnable absorbers (BA), mainly Gd2O3. This concerns both the number of BA-rods per bundle as well as
the BA contents in those rods. Well aware of this, Westinghouse has paid special attention to the proper
modeling of modem bundle designs as well as to the validation of these models.

The specific use of high BA-content rods has been considered in PHOENIX/POLCA topical report, as
reflected in the SER of CENPD-390-P-A, "PHOENIX/POLCA are approved for analysis of ABB/CE fuel
types up to and including I Oxl O lattices with a maximum enrichment of 5 w/o UO. Non-ABB/CE fuel
types may be analyzed assuming that analyses are performed consistent with (a) above. The code is
approved for application to fuel with burnable absorbers composed of a mixture of U02 and Gd2 O3 with
concentrations up to 9 w/o GdO 3. Application of the code to non-U02 fuel or the fuel using burnable
poisons other than Gadolinia will need to bejustified". The basis for this decision can be found, among
others, in fig 5.12, page 103, of that report where a comparison against fuel rod gamma-scan
measurements is shown. In that particular case, the bundle includes several measured [

]a,b,c deviation at a highly challenging point in time (at end of first cycle, when the shelf-shielding

weakens leading to a steep gradient in pin power over time).

An additional, highly relevant, source of information that helps to quantify the accuracy of the pin power
evaluation in modern fuel is provided by a series of comparisons against gamma-scan measurements at
individual rod level in well-characterized conditions. The most recent exercise involved comparisons
against highly accurate measurements in the LWR-PROTEUS critical facility at Paul Scherer Institute
(PSI) in Switzerland as part of a cooperation between Westinghouse, PSI and Swiss utilities. These
experiments consisted in several measurements on a critical configuration of [

]a,c with measurements of over [ •C in each case. Details of these critical
experiments are provided in "Accurate Tools to Model Advanced SVEA Fuel Designs" (J. Casal et. al.,
Nuclear Technology, Vol. 151, July 2005, pages 51-59). From that reference, the following results (also
presented at a meeting with the NRC staff in 2004, ref. LTR-NRC-04-70, Dec. 16, 2004) are shown. The
deviations map presented here corresponds to an extreme case where this modern fuel design (with [

]ac of the same kind as those loaded in a high power density GE-built BWR-6) is [

],b,c of
the average power. 1 ,a,b," as highlighted in the
lower right corner of this figure. Moreover, several [ a"c were measured (grey-marked), showing
a prediction accuracy well within the accuracy of the [ ]a,c
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As described in the referenced document, within the LWR-PROTEUS phase 1 experiments, several
critical configurations of relevance were measured including:

1a3C

The following figure shows the overall statistics of these configurations for both total fission rate
(representative of thermal power) and U-238 capture rate (representative of epithermal conditions) for
more than 60 fuel rods belonging to the bundle in the central position. In most cases more than one
enrichment/burnable absorber design were measured (configurations A/B) and even more than one
control rod type (with either I ]a,c

a, b, c
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-, a, b, c

The [ ]a,b,c observed in the extreme cases of voided and controlled + voided
conditions are mainly due to, as [

I 2,c

In the same source ("Accurate tools..."), a brief description of another example of Westinghouse
qualification effort can be found. In this case, it involves a comparison against a gamma-scan campaign at
fuel rod level performed at a Swedish plant less than 3 months after the beginning of its last cycle of
operation. These measurements included I

I",C As described there, no significant trends are observed in
the I ]•'c

An additional source of information is the comparison against higher order methods. As an example,
comparisons of PHOENIX4 predictions for a SVEA96-Optima2 bundle against both the

I"a and the [ a, are presented here.
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a. b.c

a. b. c

- a, b, c
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a, b, c

-a, b, c

Based on these and similar results Westinghouse concludes that all the evidence obtained so far, both
from core follow and specific validation activities, support the assessment that the current, more
advanced, fuel designs are handled by PHOENIX4/POLCA7 I
]ac compared to what was assessed in CENPD-390-P-A.
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NRC RAI 1-2

For long duration cycle core designs, black and white control rod patterns may not be representative of
the reactor core as operated for modem designs. Demonstrate the uncertainties established for nodal and
global core nuclear parameters established in the approved PHOENIX/POLCA methodology remain
applicable to cores with potentially more limiting control rod patterns in a statistically significant manner.
Provide specific comparisons and discussion of control blade history effects. Where applicable provide
comparisons to extended cycle plant data. If possible, quantify the uncertainties associated with the
control blade history modeling techniques by comparison to TIP measurements for bundles where the
power is suppressed for significant periods of operation (i.e. for leaking fuel bundles).

Westinghouse Response to RAI 1-2

Clarification: in addition to RAI 1-2, a number of RAIs (3-1, 3-3, 3-8, 3-9, among others) address, in
different ways, NRC's concerns about the ability of Westinghouse nuclear design package
(PHOENIX4/POLCA7) to model current bundle designs and operation conditions (long cycles, extended
power uprates, etc). The text below is intended to both answer this specific question as well as to provide
the basis to the answers to the other RAIs.

The ability to cope with different core conditions resides in the robustness and applicability of the
methods implemented in the physics codes. Westinghouse aims to utilize methods that reliably perform
over a wide range of conditions. For that purpose, ad-hoc solutions or bundle-specific, plant-specific or
operation-specific assumptions are consistently avoided.

The qualification of Westinghouse nuclear design code package (PHOENIX4/POLCA7), in particular
concerning the evaluation of safety-relevant parameters, described in
CENPD-390-P-A, is based on a combination of analyses of core predictions against measurements, both
from I Ia"c as well as j

]a'c comparisons. The extensive qualification effort during the development of these codes has
been continued afterwards with additional core follow activities as well as additional gamma-scan
campaigns. These activities lead us to conclude that the advanced models in these codes can
accommodate the different core conditions resulting from e.g. long-cycle operation and/or power up-rates
without any significant degradation of their predictive accuracy.

As an example, in addition to the two nodal/bundle gamma-scan campaigns reported in CENPD-390-P-A,
Westinghouse described three additional campaigns at meetings with the NRC staff during 2005. The
following is part of the material presented at those meetings.

Latest gamma-scan campaigns particularly interesting

Ja~c
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a~c

a. b.c

a,b,c

-- a, b,c
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_ a,b,c

-- a, b, c

As can be observed, albeit significant differences in core conditions at these two plants (power up-rates,
cycle lengths, core compositions, etc) these validation exercises do not show any observable degradation
of the nodal and bundle power predictions. Moreover, these observations are in [

I"•c At this point, it might be worth to point out that gamma-scan
comparisons in most cases are only possible during planned outages, resulting in measurements of the
conditions existing at EOC, so their results cannot be directly applied to the rest of the cycle.
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a,c The answer to RAI 1-4 discusses this subject

in more detail.

An additional observation from these qualification exercises, and also one of the main drivers behind
some of these measurements, is that [ I" has been observed regarding
the power distribution around the TIP strings which contribute to their signals (a concern raised in RAI 3-
10 and 3-11). The reason for this is that PHOENIX/POLCA has clearly shown its ability to predict power
levels in bundles over a wide range of exposures [ ]•' Thus, each
of the surrounding bundles being predicted with the same level of precision, I

Ia"' in the TIP comparisons. With this in mind, the fact that continued core follow activities (e.g.
TIP comparisons) have shown that changes in core conditions [ ]a": in
predictive TIP-signal accuracy can reliably be extended to the nodal and bundle power predictions.

The use of TIP comparisons to evaluate the impact of the presence of control rods on the internal fuel rod
power distributions is IaI' the gamma (or neutron) flux
generated by the four surrounding bundles to the TIP-string. Regarding the influence of control rods, the
fuel rods most affected by the presence of a control rod are the ones most distant to the TIP-detector,

]Ic in the prediction of the internal pin power distribution.
Therefore, a more valuable source of information is a gamma-scan comparison, at fuel rod level, of a
controlled bundle. Such a comparison for a modem I Ox 10 bundle has been presented in the answer to
RAI 1-1.

Additional information about the potential impact of the presence of control rods in long cycles on the
accuracy in the prediction of the core power distribution as well as the ability of the TIP-system to detect
those impacts are provided in the answer to RAI 3-11.

Concerning the so-called control blade history effect, a Control Rod History model is available in
POLCA7. This model is utilized to [

]a'c as described as follows.

In the so-called control rod history branch cases a

a. C
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where the [ acc

The tables for the [

ac[
where

lac

I

a~c

a,c

where [
a~c
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NRC RAI 1-3

Quantify any uncertainties in the exposure dependent fuel rod models in a statistically significant manner
in terms of conductivity or gap conductance that are influenced by burnable poison loading. Quantify this
uncertainty based on analyses that include only medium to high gadolinia loadings that are representative
of modem fuel designs.

Westinghouse Response to RAI 1-3

Over the years Westinghouse has utilized gadolinia as a burnable absorber (BA) in standard fuel
assemblies for the design of reload cores for both BWR and PWRs. Gadolinia is mixed homogeneously in
U02 with typical gadolinia contents in the range of 2 to 8 wt%. One of the impacts of introduction of Gd
in U02 on the fuel pellet characteristics is the reduction of the thermal conductivity of the pellet, due to
the scattering of phonons with Gd atoms.

The thermal conductivity of U02 fuel pellet consists of two contributions: conduction through lattice
vibration (phonons), and conduction by electronic processes. The phonon component of the thermal
conductivity may be written as:

]a~c The impurity increases if gadolinia is present in the U02 fuel pellet.

Therefore for low gadolinia concentration, x (< 10 wt%), one may write:

]a~c as shown in equation A. 1-6 of the Topical

Report WCAP-15836-P-A, "Fuel Rod Design Methods for Boiling Water Reactor - Supplement I".

The contributions of doped gadolinia on the thermal conductivity for different concentrations are shown
in Fig. 1-3-1 below. The measured data from L.W. Newman, DOE/ET/34212-36 (BAW-1681-2) (1982)
are also compared with calculation results. As can be seen, the calculated thermal conductivities match
the measurement data satisfactorily for different levels of gadolinia concentrations without significant
scattering.

The fuel thermal conductivity correlation used in Westinghouse codes, such an in STAV7 and POLCA-T
is implemented in [

]3,c
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Sa, b, c

-Figure 1-3-1. Comparison between calculated and measured thermal conduct4',
function of temperature for different gadolinia concentrations.

ity of (U, Gd)02 as a
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NRC RAI 1-4

Determine the impact of long cycle exposure (24 months) on the calculational efficacy of the code to
predict hot and cold eigenvalues. Perform a statistically significant assessment of any uncertainties or
biases and describe any design or administrative margin that assures adequate shutdown margin
throughout the cycle

Westinghouse Response to RAI 1-4

The impact of different cycle lengths on the calculation efficacy of the code to predict reactivity levels
can be shown by the following comparison of two different strategies. The cases selected include, in
addition, a transition to higher power levels and a transition to different fuel designs (fuel with part-length
rods (PLR) and/or from different vendors). In addition to the reactivity levels, information is provided
about the accuracy in the power predictions (from TIP comparisons), to demonstrate that the behavior is

a~c

In the first case, the [a~c which operates on [ ],, is shown over
several cycles through its EPU.

, a, b,c
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a,b,c

Both the reactivity levels (cold/hot cycle average keff) and the TIP comparisons (cycle average RMS
errors) are [

I3~C It is important to point out that this particular plant is one of the [

In the next case, the same information is provided in the following two charts regarding another high
power density plant, [ J•, undergoing simultaneously

]a,c This very significant change of core conditions over

very few cycles is considered as one of the most challenging for the physics codes possible.
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a, b, c

a, b, c

These plots show [ ]a~c behavior regarding the prediction of [ over
a number of cycles even under significant changes in the core. Based on the comparisons against cold
critical measurements, [ a,c has been
considered necessary for the calculation of [ Iac.
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Responses to NRC RAI's Regarding

WCAP-16747-P Rev 0

RAI 2 Mixed cores

The staff has several questions regarding the application of POLCA-T to transient analysis for mixed fuel
vendor cores or cores with modem fuel designs. Please address the following items.
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NRC RAI 2-1

Justify the application of the void-quality correlations to modem fuel designs. Consider the range of void
fraction and quality where core designs are operated, as in the case of expanded operating domains. The
justification should specifically address the applicability of these correlations at high void fraction, to fuel
designs with 10 x 10 arrays that include geometric features such as water crosses, boxes, or rods. It
should address applicability to radial power shapes representative of heavily burnable poison loaded
lattices ( > 7 w/o Gd203 in several rods) under control states typical of operation for long cycle durations

Westinghouse Response to RAI 2-1

The drift flux correlation DF02 based on void measurement data from tests performed at Westinghouse's
FRIGG Test Loop is used for modem fuel designs. The void data base includes void fractions for [

]1"C fuel, test series [ ]ac and for [ ]I"C fuel designs with [ ]a,, test

series [ a,c

Predicted versus measured void fractions calculated by POLCA-T for all simulated tests are plotted in the
figure below:

a,b, c

A summary of the statistics: number of test (N), mean average difference (m), and standard deviation (s)
is shown below:
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The following material provides a description of the experimental basis for the development of
Westinghouse void correlation, as presented to the NRC staff in 2004 (ref. LTR-NRC-04-70, Dec. 16,
2004):

Void content predictions
The program included:

I

a, b, c

Sa,c
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Void measurements at FRIGG (equipment)

- a, b, c

j
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In conclusion, accurate measurements of realistic thermal-hydraulic conditions over a wide range have
been performed at the Westinghouse FRIGG facility. These measurements confirmed [

]ac. [ ]1'a in the ability to
predict void content [ Moreover, as discussed in the answer to RAI
3-1, power uprate programs [ ]a,c void levels than at pre-uprate
conditions. Thus, the FRIGG-measurements data base [ ]•'c for these
applications.

See answer to RAI 1-2 for a discussion about the reactor physics predictions at high void.
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NRC RAI 2-2

As discussed in the staff s SER for CENPD-390-P-A when applying PHOENIX/POLCA to transition
cores, CENP should use fuel specific data to model the thermal and hydraulic behavior of the non-
ABB/CE fuel and confirm that the uncertainties derived for ABB fuel are applicable to the non-ABB/CE
fuel. Provide this information for current fuel designs and for any ABB/CE fuel as operated in modem
core designs.

Westing!house Response to RAI 2-2

Westinghouse uses fuel specific data to model the thermal and hydraulic behavior of the non-ABB/CE
fuel. This is accomplished by obtaining detailed pressure drop and flow split data for each legacy fuel
design from the utility as part of the transition process. These data are typically obtained for several core
power and flow combinations and a range of relative assembly powers. In conjunction with the detailed
core heat balance data for the plant and the detailed mechanical design data for each legacy fuel design
obtained from the utility, these data allow us to establish accurate thermal and hydraulic models in
POLCA7 and other codes supporting the Westinghouse BWR reload licensing analyses. These data (i.e.
pressure drops and flow splits) are physical quantities which allow us to tune the Westinghouse models in
our codes to match these data without requiring any information regarding the Legacy fuel vendor's
calculational models.

Uncertainties are typically required to assure that thermal limits are satisfied. Westinghouse has found
that I

]a~c Therefore Westinghouse applies [
Iac. Consequently, the Legacy Fuel thermal limit

which is calculated by Westinghouse [
",c. This calculation is performed using the conservative Westinghouse

methodology described in CENPD-300-P-A. As discussed in CENPD-300-P-A., the methodology used
for establishing conservative OLMCPR's for Westinghouse fuel in conjunction with the hydraulic models
established as discussed above, and a CPR correlation for the Legacy fuel established in accordance with
CENPD-300-P-A, are used to evaluate the impact of potentially limiting AOO's (Anticipated Operational
Occurrences) on the Legacy fuel. Then a bounding factor is applied to the resulting OLMCPR for the
Legacy Fuel to assure it is conservative with 95% probability at the 95 % confidence limit.
Consequently, the potential for increased uncertainties in the thermal analysis of the Legacy fuel is
resolved by utilizing thermal limits for the Legacy fuel that are non cycle-dependent limits established by
the Legacy Fuel vendor or conservatively bounding limits. Uncertainties associated with in-core
monitoring of the fuel are depend on the Core Monitoring System, and Westinghouse uses sufficiently
conservative uncertainties depending on the monitoring system and, in the case of Core Monitoring
Systems not provided by Westinghouse, the information available.
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NRC RAI 2-3

Provide the critical heat flux or critical power correlations used for each fuel design for which approval is
sought. Also provide the basis for these correlations for other vendors fuel designs

Westinghouse Response to RAI 2-3

Any CPR correlation to be incorporated in POLCA-T for any fuel design has to be reviewed by the NRC
separately. WCAP-16081 -P-A provides an example of NRC licensed CPR correlation for SVEA-96
Optima2 fuel. It means that for each fuel design for which approval is sought a CPR correlation will be
submitted for approval. Chapter 12 "DROYUT and DNB CORRELATIONS" in WCAP-16747-P
mentions in general that each licensed CPR correlation is linked to the POLCA-T code via a common
library. However, dry-out evaluations are not currently part of the scope of this particular Topical
Report, thus no qualification efforts are pursued here. A more comprehensive discussion about the
usage of appropriate CPR correlations will be made in the coming Appendix C of WCAP-16747-P about
Transients Applications.
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NRC RAI 2-4

Does the POLCA7 capability to model SVEA fuel as [[
]] extend to design features common in other vendors fuel designs?

Westin2house Response to RAI 2-4

The [ ]C option in POLCA7 applies only to SVEA type fuel (four sub-bundles). [
]3'C are modeled in POLCA7 for all fuel

types that have such features.
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NRC RAT 2-5

Describe the pin power reconstruction model as it is applied to other vendors fuel designs, addressing
lattice features such as water rods or boxes and gadolinia loading patterns.

Westinghouse Response to RAI 2-5

The pin power reconstruction methodology in POLCA7 is j ]a~c and applies [
a"c. The only [ ]a~c comes in the form oft ]•C that are supplied

as input to POLCA7. [
]a• and, thus, they require no special treatment in

POLCA7.
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NRC RAI 2-6

What, if any, inconsistencies in the transient response are attributed to core cycle analyses performed on a
core using a core monitoring system that is designed by another vendor, for instance: 3DMONICORE?

Westinghouse Response to RAI 2-6

The evaluation of transient responses are purely based on [ ]a,cIn
other words, the monitoring of the core with Westinghouse or any other core monitoring system does not
impact the transient evaluations in any way. In the particular case of Westinghouse Core Monitoring
System, the thermal margins evaluated are based on nodal power distributions corrected to accommodate
for the differences [ I",c However, this [

I" in any way the core parameters defining the initial conditions of the evaluated
transients.
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Responses to NRC RAI's Regarding

WCAP-16747-P Rev 0

RAI 3 Expanded Operating Domains

The staff has several questions regarding the application of POLCA-T to transient analysis for expanded
operating domain BWRs. Please address the following items.
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NRC RAI 3-1

For modem BWR core designs, the core power and flow maps may be extended to include an expanded
operating domain, for example extended power uprates (EPU). Modem core designs with higher numbers
of higher power bundles at potentially higher bundle power to flow ratios warrants investigation of the
nuclear methods applicability to these domains. Provide a statistically significant assessment of the
nuclear design method uncertainties in regards to pin power, bundle power, hot eigenvalue, and void
reactivity feedback for expanded operating domain BWR applications. The assessment should include
plants operating at SPU/ICF, EPU, MELLLA, MELLLA+, or very high power density conditions. This
assessment should address any heretofore unquantified uncertainties in regards to void fraction, burnable
poison depletion, hard spectrum exposure accounting, plutonium buildup, and any exposure biases.

Westinghouse Response to RAI 3-1

The answer to RAI 1-2 includes detailed information of the modeling of two different power uprate
strategies (the so-called MELLLA and MELLLA+ conditions) at two of the BWR plants with the [

Ia"c A more detailed description of the

"bounding" characteristics of the operating conditions of these plants can be found in the answer to RAI
11 to WCAP-1 5942-P-A. As observed there, all the available information, based on extensive core follow
over many cycles before and after the power uprates, points clearly to an unchanged level of accuracy of
the safety-relevant parameters.

The wide range of conditions covered by these plants and the limited practical impact of the power
uprates on those conditions are illustrated in a series of 6 figures below. They show, for both plants

d) the bundle power/bundle flow conditions for all bundles at all calculated, during core follow,
points during a whole cycle

e) the statistical distribution, for the same population (i.e. all channels, over the whole cycle), of the
average channel void content

f) the statistical distribution, for the same population, of the outlet (i.e. maximum) channel void
content.
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As can be seen in these figures:

ac

Consequently, Westinghouse experience covers among the most challenging operating conditions at the
present including significant power uprates at those plants. Moreover, those power uprates do not impact,
as shown, significantly the range at which key parameters operate.

I ]Ic is not individually considered in Westinghouse core analysis methodology.

Westinghouse strategy, instead, is to evaluate
]ax, which are directly affected by [

",c. Nevertheless, its basic components [
a]c are evaluated as

part of the qualification effort.

The accuracy of the void predictions was discussed in 2-1. The accuracy of the cell data as a function of
void content has been the subject of several studies, among them the already mentioned LWR-PROTEUS
experiment comparisons. Even comparisons against higher order methods have been performed. [

Sa,b,c
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NRC RAT 3-2

Operation in expanded operating domains may include flatter radial power shapes in conjunction with
higher powered bundles and lower bundle flows than those included in the qualification of the nuclear
design methods in 1999, as documented in CENPD-390-P-A. Quantify any potential for excessive
bypass void formation as a result of direct moderator heating, or heating of the bypass due to heat
released from structures such as the channels or control blades. In light of the quantification, provide
justification of the modeling of the bypass flow paths in the methods described in the Appendices to
WCAP-16747-P. Justify the applicability of nuclear instrumentation models based on the potential for
increased bypass voiding relative to the original qualification under steady state or transient conditions.

Westinghouse Response to RAI 3-2

As discussed in Section 5 of CENPD-300-P-A, an important feature of the Westinghouse methodology to
assure that its reload fuel is compatible with the plant and Legacy fuel for a given reload application is to
maintain 1a c within the same range as the original plant design or, if
different, within the same range provided by the current Legacy fuel. This goal is achieved by [

I ac

These design features have enabled Westinghouse to [ ]a'c in the interassembly
by-pass and the SVEA fuel central channel and the water cross wings. As discussed in the Response to
RAI 11 of WCAP-15942-P-A, the Westinghouse reload fuel experience has included two of the world's
highest power density BWR plants:

The applicability of nuclear instrumentation models to high power density applications is reflected by the
I Ia," in the response to RAI 1-4. The average power density [ I"a during
these measurements was [ 1a`c which represents one of the highest power density BWRs
in the world. The relative assembly nodal and assembly average standard deviations in the I

]",b,c respectively, clearly demonstrate the capability of POLCA7 to capture the
LPRM/TIP response in a very high power density environment.
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NRC RAI 3-3

Quantify uncertainties in nodal parameters and nodal reactivity feedback coefficients as a result of long
exposure under hard spectrum conditions. These hard spectrum conditions may arise due to depletion
under controlled conditions or depletion under high void conditions that may be a result of operation in an
extended-operating domain or as a result of depletion with unique control rod patterns or burnable poison
loadings to extend cycle length. Compare these uncertainties to the uncertainties established in the
original qualification basis.

Westinghouse Response to RAI 3-3

As explained in the answer to RAI 3-1, the practical consequences of different core power levels on the
conditions to be modeled are quite limited. A similar situation can be observed regarding long cycles. In
the following figures the spectrum index (the thermal-to-epithermal flux ratio) in all the calculational
nodes of two different reactors [ ]•c over a whole cycle are presented. The plots
cover BOC, MOC and EOFP (end of full power) conditions and the histograms show the number of
calculation nodes [ ja'c at the different spectrum index levels. As observed,

]"' However, the extensive core follow and gamma-scan experience on a
variety of reactors and cycle lengths, some of them presented in the answers to RAI 1-2, 1-4, and 3-1,
does not [ a"'. Moreover, such IaI' should not
be expected since most of the nodes experiencing the hardest spectrum are found in the top of the core,
due to the high void contents, regardless the length of the cycle. Consequently, frequently used spectral-
shift operating strategies, where an initial top-peaked axial power profile is induced or reinforced in order
to build up plutonium to be burned later on towards the end of the cycle, require trustworthy methods as
well as for the reasons mentioned above. The accuracy estimates provided by TIP comparisons and
gamma-scan comparisons I 1a"' these core conditions.
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NRC RAI 3-4

Provide justification of the continued use of the pin and bundle power uncertainties provided in CENPD-
390-P-A by providing comparative results of analyses using PHOENIX and/or POLCA with comparison
to recent gamma scan data for modem fuel designs operated under expanded operating domain
conditions.

Westinmhouse Response to RAI 3-4

The qualification basis for the pin power predictions in PHOENIX/POLCA are based on 2D comparisons
against critical experiments (KRITZ reported in CENPD-390-P-A section 2.2, LWR-PROTEUS
experiments in "Accurate Tools to Model Advanced SVEA Fuel Designs", J. Casal et. al., Nuclear
Technology, Vol. 151, July 2005, pages 51-59) as well as gamma-scan comparisons at fuel rod level (8x8
and lOx 10 bundles in CENPD-390-P-A section 5.3, additional measurements reported in the same paper
mentioned above). These comparisons include highly actual bundles, as in the case of SVEA-96 Optima
from operation in high density cores. All the information obtained so far clearly indicates that the new
fuel designs are properly handled by PHOENIX/POLCA. The following summary was presented at the
NRC on May 2005.

Power Uncertainties - PHOENIX4/POLCA 7
a, b, c

Ja~c
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NRC RAI 3-6

Include a demonstrate analysis for EPU applications. Provide the results of the analysis in the form of
several figures that plot the following bundle operating conditions as a function of exposure for the EPU
maximum bundle operating conditions: maximum bundle power, maximum bundle power/flow ratio, exit
void fraction of the maximum power bundle, maximum channel exit void fraction, peak LHGR, and peak
end-of-cycle nodal exposure. Provide quarter core map (assuming core symmetry) showing the bundle
operating linear heat generation rate (i.e., maximum LHGR) and the MCPR for beginning-of-cycle,
middle-of-cycle, and end-of-cycle. Similarly, show the associated bundle powers. When POLCA-T is
applied for plant-specific analyses include this information as a supplement to the plant-specific
application.

Westinghouse Response to RAI 3-6

In the answer to RAI 3-1, as well as in 3-8, most of the information requested here has been provided for
two plants prior and after a power uprate over several cycles.

Additionally, the following core maps, based on POLCA7 results, show typical BOC, MOC and EOFP
(End of Full Power) conditions at [ I". The MCPR results are limited
to Westinghouse fuel bundles since the CPR correlations for non-Westinghouse bundles are not available.

Page 41 of 96



WCAP-16747-NP-A

a, b,
LTR-NRC.-07-53 NP-Enclosure c

Page 42 of 96



WCAP-16747-NP-A

a, b,
LTR-NRC-07-53 NP-Enclosure • c

Page 43 of 96



WCAP-16747-NP-A

LTR-NRC-07-53 NP-Enclosure a, b,

-7c

Page 44 of 96



WCAP-16747-NP-A

a, b,
LTR-NRC-07-53 NP-Enclosure • c

Page 45 of 96



WCAP-16747-NP-A

a, b,
LTR-NRC-07-53 NP-Enclosure -- c

Page 46 of 96



WCAP-16747-NP-A

LTR-NRC-07-53 NP-Enclosure
a, b,

--ic

Page 47 of 96



WCAP-16747-NP-A

LTR-NRC-07-53 NP-Enclosure
NRC RAI 3-7

Provide a discussion of how the core follow data is used to benchmark the analytical methods. Explain the
important plant instrumentation readings that are obtained from the plants to simulate the core response
using "offline" calculations. Discuss how the data is compared to the core monitoring system predictions.
Provide tabulated data, comparing the calculations and the plant's core monitoring system calculational
results (e.g., core thermal power, exposure, core flow, thermal limits calculations) for the given cycle data
points. Use core follow data from a high density BWR plant operating with the highest core void
conditions. Include core follow data for operation in the high power/low flow off-rated conditions for a
high power density plant. This is of interest in order to assess the code system=s accuracy under high void
off-rated conditions close to the EPU/MELLLA+ conditions.

Westinghouse Response to RAI 3-7

In the answers to RAI 3-1 and 3-3, a thorough description of the core conditions resulting of an EPU
(MELLLA or MELLLA+) has been presented. As shown there, the differences in relevant parameters to
prior-to-EPU conditions are quite limited and those conclusions are based on Westinghouse significant
experience from both types of power uprates at two of the highest-density power plants in the world.

The use of core follow data to benchmark the analytical methods has not been modified in recent years,
i.e. two different sets of data are required: a) input data describing the conditions of the plant at a given
point and b) properly formatted (to meet the calculation code needs) data from the in-core instrumentation
for the comparison against predicted signals.

Regarding the balance of plant data required as input to the codes, the main are the core thermal power,
the core flow, inlet coolant conditions (temperature or enthalpy), control rod positions and time.

Regarding the in-core measurements required for validation of predictions, those normally used are
provided by the traversing in-core probes (TIP) performed monthly for the calibration of the local power
range monitors (LPRM). The TIP-detectors utilized for this purpose are either neutron-sensitive or
gamma-sensitive. For validation purposes, gamma-sensitive detectors are preferred for being less
sensitive to noise. These signals are normally [ a"c by
hardware/software associated to the core monitoring system.

The validation is centered on a comparison between gamma (or neutron) calculated TIP signals against
the corresponding measured TIP signals (at LPRM calibration points) and normal statistics are employed,
i.e. separate analysis of each TIP-channel as well as overall statistics: I

I"~c In other words, no direct comparisons of results from the core monitoring

system against off-line measurements are considered for the validation of the analytical methods.
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As an example of the ability of PHOENIX4/POLCA7 to predict the power distribution on a high power
density plant, nodal and radial (bundle) TIP comparisons are provided for two consecutive cycles

]ac in the figure below.
-a,b,c
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NRC RAI 3-8

The objective of this review is to determine the accuracy of PHOENIX/POLCA for the current operating
strategies (expanded operating domain applications). Select plants with challenging core designs (e.g.,
uprated plants and high power density plants with extended cycles) to benchmark the codes. The data
from the plants should be statistically significant to current BWR operating strategies and fuel designs.
The core tracking cycle exposure should extend to the number of cycles a fuel bundle may remain loaded
in a core. Provide plant-specific information for each set of core follow data (the plant type, whether the
power level has been uprated, power density, operating domain, fuel type, cycle length, etc.). For each
TIP reading, give the cycle state point, the operating power/flow state point, and the corresponding
calculated thermal margin available. Evaluate the plant-specific data, including whether the core follow
data indicates that the code is less accurate for higher in-channel void conditions. Explain any trends in
the data in terms of operation at higher operating domains, cycle length, uprated and high power density
plants. Demonstrate that the current uncertainties and biases used in the analytical method remain valid
and applicable.

Westinghouse Response to RAI 3-8

The following tables summarize the most relevant core follow data over several cycles for the [
a"c, operating, as already mentioned, at the highest power density in the world. These cycles

start at the transition to the new power level (MELLLA+). As already discussed in 3-1, [

Jabc

-- -- 1, b, C
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I 2,C
-1 a, b, c

Ia~c

a, b, c
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NRC RAI 3-9

Several BWRs currently operate with lower core flow ranges at rated power. However, the general
practice is to benchmark the codes for plant operation at rated conditions on the assumption that plants do
not routinely operate at the lower flow conditions. The low-flow conditions can be limiting for the
thermal-hydraulic conditions (e.g., higher void conditions, axial and radial power peaking and
distribution) that adversely affect the performance of the core and the fuel (critical power ratio response).
As far as the available data allows, provide a statistically significant assessment of the POLCA-T code
suite to model reactor behavior at low core flow off-rated conditions.

Westinghouse Response to RAI 3-9

The operation conditions of plants undergoing EPU programs (both of MELLLA and MELLLA+ type)
have been illustrated in the answer to RAI 3-1. There, all the calculation points from core follow over a
whole cycle, i.e. all the conditions those cores experience during its operation, were considered when
gathering the data presented there. As shown there, the range of conditions or parameters does not deviate
significantly from the conditions or parameter values found prior to the power uprate.

As discussed in the answer to RAI 1-1, both TIP comparisons and gamma-scan comparisons support the
conclusion that no significant changes have been observed in the prediction capabilities of Westinghouse
physics codes. It is worth to note that in particular the TIP measurements are performed (and compared)
over the whole cycle, which means that they cover the whole core flow range utilized during operation.
As an additional example, the following table summarizes a number of TIP comparisons performed
during the start-up, over several cycles, at a [ ]ac operating after a

Ia" For each cycle, two different conditions are shown: a TIP measurement
performed at off-rated conditions (low power/low flow) together with the first TIP measurement at rated
conditions. As shown there, the resulting RMS-errors are well within the levels reported in CENPD-390-
P-A.

-- a, b, c
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Regarding the specific accuracy of POLCA-T at off-rated conditions, beyond the conditions presented
here above, the lack of extensive measurements at such conditions is somehow compensated by the fact
that the impact of potential inaccuracies in those predictions on the relevant-to-safety results of POLCA-T
are already factored in the validation exercises against plant measurements included in the qualification
suite. Examples of this are the comparisons against core stability measurements or recorded transient
events. In other words, the resulting accuracy of those predictions already account for the accuracy of the
modeling of the initial conditions.
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NRC RAI 3-10

Core follow data is based on statistically averaged values that may not reflect how well the codes predict
the conditions in the high-powered bundles. In addition, the core follow TIP readings average out the
four-bundle TIP readings axially within the bundle, along with all the TIP readings for a given cycle state
point. In some cases, the TIP readings for different cycle points and different sets of core follow data are
statistically averaged to determine the uncertainties of the core simulator codes. This approach tends to
mask the accuracy of the codes in predicting hot bundle radial and axial power distribution. Using a
limiting loading pattern (two or three hot bundles around an instrument string), benchmark the accuracy
of codes in predicting the radial and axial power distribution for these four bundles. Include challenging
core designs in the hot channel data. Provide the corresponding calculated void distribution for the hot
channels.

Westinghouse Response to RAI 3-10

The intrinsic limitations of the TIP measurements have been a matter of specific attention at
Westinghouse and its Customers. This has been one of the key motivations behind the decision of
performing extensive whole-bundle [ ]",c measurements at their plants. These
measurements, which provide reliable information of the power conditions over the previous few weeks
of operation, both quantified the accuracy of the nodal and bundle power predictions as well as confirmed
the suitability of the TIP-measurements as a source of data describing the power distribution in the core,
both before and after the power uprates. This is evident, for example, in the predictions at [ ja,c

(see answers to RAI 1-2 and 3-8), where the [

Jac In

this way, the information collected becomes insensitive to the specific loading pattern.

During those measurement campaigns, specific attention was paid to scan the four bundles surrounding
some of the TIP-positions as in the example shown below where the differences between calculated and
measured gamma scans over the four bundles around the TIP were evaluated.

Nevertheless, the most reliable and comprehensive source of data for the quantification of the accuracy of
the power predictions obtained with PHOENIX4/POLCA7 are the gamma-scan measurements presented
in the answer to RAI 1-2, which are not affected by the intrinsic limitations of the TIP-measurements. The
availability of these, highly relevant measurements, render less critical the use of TIP-comparisons for
validation purposes.
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a, b, c

As observed in this case, the [
Ia'c

Additional information about the potential masking of power sharing errors on TIP signals is provided in
the answer to RAI 3-11.
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NRC RAI 3-11

The objective of this RAI is to determine whether the statistical combination and normalization of the
measured and the calculated TIP data comparisons show the axial and nodal differences between the
calculated and the measured data for a radial TIP cell. Using a limiting four-bundle TIP cell (limiting
number of hot bundles in a control cell, limiting enrichment, limiting cycle exposure point), tabulate the
TIP calculated and measured data. Show how the axial, radial, and overall TIP difference, uncertainty,
and/or bias is calculated from the TIP readings. For the same four-bundle TIP data, compare the absolute
calculated and measured values for each TIP element reading and provide a tabulation of the
corresponding bundle axial void profiles and the absolute difference in TIP data. Evaluate the absolute
difference in TIP readings and determine whether the fidelity of the TIP readings varies axially with void.
Compare the TIP data with core follow TIP readings for less challenging core and lattice designs and
determine whether the bundle power uncertainties increase. Since the four-bundle instrumented cell can
contain bundles at different exposures, explain how the accuracy of the methods can be benchmarked for
depletion under high-void conditions by using the core follow data. Use gamma scan data, if available, for
bundles and peak pins at different exposures (e.g., fresh, once-burned, twice- burned). As an interim
measure, select four-bundle TIP readings and cycle state points to assess the fidelity of
PHOENIX/POLCA for depletion at high-void conditions. State whether the accuracy of the code for the
hot bundle changes with exposure at core conditions as close to EPU or MELLLA+ conditions as
possible.

Westinghouse Response to RAI 3-11

As part of the answers to RAIs 1-2, 1-4, 3-4 and 3-6, the issue of the code accuracy at more challenging
operation strategies has been discussed to some extent. Regarding the specific aspect of the [

IaC of local differences (axial and nodal) during the normalization and

combination of data during the TIP comparisons, gamma-scan comparisons have added highly relevant
information by [ ]a,c as already mentioned in the answer to RAI 3-11.

Additionally, the following example is provided here. In this case, TIP comparisons from a TIP-location
clearly affected by the presence of different control rods at different times over a cycle at ac are
presented. In this case, with the plant already at the highest power level [ ]a'c,
the measured (TIPMEA) and calculated (TIPGAM) nodal values are presented at several points over the
cycle. At each point, the core conditions, the location of the neighboring control rods around the TIP trace
and the accuracy of the TIP predictions (expressed as the standard deviation of the relative errors,
normalized over that particular TIP trace at that point in the cycle) are provided. The figures show the
ability of the code package to predict quite different conditions with a very consistent accuracy level. The
values obtained are fully in line with the values reported in CENPD-390-P-A.
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At this point it is worth to note that any significant [ aC distribution
ought to have resulted in an [ ]1" when data are analyzed in this way. This is due to
the fact that the conditions evaluated here cover a wide range of controlled/uncontrolled configurations
over time and significant changes in axial power distribution are obtained due to both the depletion of the
core and those control rod movements. This should have resulted in I

I"', which would have made these comparisons [ ]C with
each other. Nevertheless, these statements are not as conclusive as the evidence provided by the gamma-

a, b, c
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Responses to NRC RAI's Regarding

WCAP-16747-P Rev 0
RAI 4 Code Leigacy

The staff has several questions regarding the legacy of the constitutive codes that form the basis for
POLCA-T. These questions are in regard to clarification of historical information, code usage, and
changes that may have been made since the last NRC review. Please address the following items.
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NRC RAI 4- 2

List all modeling assumptions in the development of the formulae in PHOENIX and POLCA that were
not explicitly stated in CENPD-390-P-A. If code-to-code comparisons were used to normalize or adjust
models in an empirical manner, provide the details.

Westinghouse Response to RAI 4-2

No empirical adjustments to models were made and no essential assumptions other than those listed in
CENPD-390 are relevant.
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NRC RAI 4- 3

Describe the base case and branch case analyses that are performed with PHOENIX to develop the cross
section input models to POLCA for standard licensing analyses. In cases where these branch cases do not
encompass operational parameters provide justification of the extrapolation of nuclear parameters to these
values, for example extrapolation in POLCA to [[ ]] not analyzed explicitly by
PHOENIX. If this is a standard process include this in an update to topical report WCAP-16747-P,
otherwise provide the guidance as stated in internal procedures or manuals for determining the base and
branch cases in the update.

Westinghouse Response to RAI 4-3

In order to support the cross section (XS) data generation for the POLCA7 cross section model given by
eq. (4.1) in CENPD-390-P-A, a calculation matrix of the kind supplied here below is applied in the lattice
calculations. In Westinghouse methodology there is [

Ia"c which are periodically revised to guarantee the adequate modeling of different
applications. An example of such revision is the addition of [ ]aC

for an improved modeling of isothermal temperature coefficients. Any revision of the values
recommended for the different state parameters in the cross section model of POLCA-7 is properly
qualified (verified and validated) and documented prior its implementation for production applications.
The new recommended [ ]a,c is communicated to the code users according to current
practices, i.e. by a revision of the Reload Design Procedure.

2i'C
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All branch cases with
]•c are performed for all instantaneous coolant conditions (i.e.

the dependence on coolant density is built [ Ia"C) whereas
]a,c cases are only performed for HFP sub-cooled and HZP - CC conditions.

Coolant density history conditions: The HFP coolant conditions specified above.

Instantaneous coolant density branch cases, [ I"' , as well as the one for [ a'c are performed for
all [ I"'a whereas all other instantaneous branch cases are performed for the
reference 1 ]a'c only.

Of all these parameters, the one leading to extrapolations is [ ]*' Regardless of the fact
that any potential impact on this extrapolation is already factored in the comparisons utilized to
characterize the accuracy of Westinghouse code package I

a1c , this has been the matter of special attention as reported to NRC during the 2005
meeting. Among the information presented at that meeting was an exercise presented here below, where a
single channel at conditions representative for the average and hot channel in a high density power plant
was analyzed. For this purpose, cross sections generated with PHOENIX at the standard [
]a' and equivalent cross sections generated with a [ I c at the
exact [ I"c of each calculational node were utilized in a I-D version of POLCA without
thermal-hydraulic feedback [ 1]". This comparison
demonstrated that both the interpolation and extrapolation of [ •' performed was [

]a,c assumed in CENPD-390-P-A.

Verification - ID Comparisons

ac
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Verification - Summary

I a~c
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NRC RAI 4- 4

Explain how uncertainties in the POLCA-T methodology are combined to determine safety limits.
Include this information in an update to topical report WCAP- 16747-P.

Westinghouse Response to RAI 4-4

The POLCA-T code supports the steady-state, transient, and accident analyses comprising the
Westinghouse reload fuel methodology. The Westinghouse reload fuel methodology either utilizes well
characterized uncertainties or clearly conservative assumptions which bound the application of realistic
uncertainties. The general treatment of the various analyses with regard to the use of conservative
assumptions or the use of uncertainties is discussed in CENPD-300-P-A. The magnitudes of specific
uncertainties are addressed in the methodology documents describing the specific applications.

I J],c are specific to the
PHOENIX4/POLCA7 code system and are described in CENPD-390-P-A. Further justification and the
continued applicability of the magnitudes of these uncertainties are discussed in items 3-3 and 3-4 of this
document. The [ ]ac is used to establish [

ac. [ ]ac are used to
support the establishment of relative assembly power and flow uncertainties to be used for applications of
the Westinghouse Plant Core Monitoring systems.

In addition, while not used directly in the establishing of the [
Ia"' using the Westinghouse methodology described in WCAP-15942-P-A, relative uncertainties in

I I"'c established for the PHOENIX4/POLCA7 system of codes were used in the
evaluation of data used to support the fuel rod performance analysis methodology development described
in WCAP-15836-P-A.

Responses to NRC Requests for Additional Information are included in the release of the approved
version of the topical in question.
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NRC RAI 4- 5

Explain how a bundle specific R-factor is determined.

Westinghouse Response to RAI 4-5

The bundle R-factor distribution is provided by POLCA7 to establish CPR using appropriate licensed
CPR correlation. This [ Ia"C for the entire core is used in POLCA-T for
calculating the CPR values during transients. The R-factor is a part of a specific CPR correlation and is
licensed together with the correlation (see also the answer to RAI 2-3).
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NRC RAI 4- 6

How is direct moderator heat assigned to internal liquid flow paths (i.e. water cross), internal two phase
flows, or external flows in the bypass?

Westinghouse Response to RAI 4-6

The direct energy deposited into the moderator is a fraction of the prompt fission power in the active
coolant and in the bypass (external and internal). This fraction of the power is calculated using a user
input and consists of a 1a,c The direct
heat dependency on density is derived from the lattice code calculations. Thus the density, I

I", is accounted for during the transient simulation. The code assumes the
] 'C on density for both bypass flows, external and internal.
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NRC RAI 4- 7

Provide additional information on the procedures for selecting the pump homologous curve input.

Westinghouse Response to RAI 4-7

The pump curves are user input and can be given in two different ways: Homologous curves for each
unique pump in the model describing the pump head and hydraulic torque as a function of pump speed,
volumetric flow rate and void fraction. This pump description is made up of four ratios for head, flow,
speed and torque for each quadrant with its reference values. The second way to specify a pump curve is
to provide performance input data for pump head and hydraulic torque as a function of flow rate for the
first quadrant for each pump.

The pump performance data is normally based on data provided by the pump manufactures or in some
cases based on additional test data for some Westinghouse BWR plants.
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NRC RAI 4- 8

Please provide a greater level of detail in the description of the time step size control algorithm(s).

Westinghouse Response to RAI 4-8

The time step size algorithm takes into account:

" Sets upper and lower limit of time step which can be altered during the simulation by the user
defined table.

* Time step allowed by the shape of the disturbance, so that at least each knot in the disturbance is
simulated.

* Time step allowed by the neutron kinetics. The kinetic time step limitations are based on allowed
neutron flux change over a time step, both a maximum and minimum relative change during one
time step.

* Time step allowed by hydraulics. The hydraulic time step is determined from the convergence
criteria for the state variables, pressure, void, liquid and gas temperatures, liquid and gas
velocities, boron concentration and partial pressure of non-condensable gases.

" In addition to the above time step criteria a Courant number step criterion can be opted, where a
selected Courant number is used to determine a candidate for time step.

The used time step is [ Iac
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NRC RAI 4- 9

In reactivity transients such as a rod drop the key parameters that should control time step size are the rate
of control rod reactivity insertion and the rate of change in fuel temperatures. What steps does
Westinghouse take to insure that they get numerically converged results for rod drop transients in light of
the fact that the time step control algorithm does not monitor the rate of change in the key controlling
parameters in the event?

Westinghouse Response to RAI 4-9

As it was mentioned in the answer to the RAI 4-8 the neutron kinetics time step limitations are based on
allowed neutron flux change over a time step, both a maximum and minimum relative change during one
time step. In our methodology for RIA we often use [a'c that
leads to an almost I

]Ic Due to the very high neutron flux changes that take place in the RIA
the upper limitation of the time step is set normally to [ I"'C For a given set of analysis
the user is also required to investigate the time step effect on the peak power value, [

I" The time step limit obtained
in such a sensitivity study is used in further analyses.
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Responses to NRC RAI's Regarding

WCAP-16747-P Rev 0

RAI 5 Individual Models and Separate Effects Qualification

The staff has questions regarding specific models, sensitivities, and separate effects qualifications. Please
address the following items.
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NRC RAI 5- 2

Verify whether PHOENIX is exercised with a 34 group or 89 group neutron cross section library and the
ENDF basis for these collapsed libraries. If the 34 group library is used justify the application of the
[[ ] for non-ABB/CE fuels and modem fuel designs.

Westinghouse Response to RAI 5-2

The PHOENIX library used in production is the [ ]a~c generated and
validated as described in CENPD-390-P-A. The I "a~c has been based
on observed biases in the so-called TRX criticals and the correction introduced is aimed to reduce the
biases on these experiments while keeping a good agreement with the more relevant [

I" which cover a broader and more relevant range. This has been reported in B. Fredin et.
al. "Processing and Application of ENDF/B-VI in LWRs: Critical Experiments '" Trans. Am. Nucl Soc.,
Vol 73, p. 419, 1995. Thus, this correction is considered relevant to LWR-systems in general and not
vendor specific bundles. The extensive validation effort discussed in answer to RAI 1-1 on modem fuel
designs has confirmed that the accuracy obtained with that library is fully in line with the accuracy
estimates provided in CENPD-390-P-A.
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NRC RAI 5- 3

If approval is sought for application of POLCA-T to MOX fueled cores, provide qualification of
plutonium depletion effects against a sophisticated Monte Carlo or advanced deterministic transport
approach with independent isotopic tracking capabilities for a range of void fraction, loading, and
temperatures consistent with modem core designs.

Westinghouse Response to RAI 5-3

[ a'c PHOENIX4/POLCA7 nor POLCA-T is intended to be used for [ ]a3c at
this time. Thus, I ]I"C has been pursued to demonstrate the abilities of these codes
for that kind of applications.
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NRC RAI 5- 4

Please evaluate the sensitivity of burnup predictions on minimum critical power ratio (MCPR) for the
transients of interest.

Westinghouse Response to RAI 5-4

This topic is not currently part of the scope of this particular Topical Report, thus no qualification
efforts are pursued here. Required burnup determination frequency to establish representative isotope,
power and flow distributions during an operating cycle is part of the transient methodology and will be
treated in Appendix C of WCAP-16747-P about Transients Applications.
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NRC RAI 5-5

Please evaluate the effects of power distribution uncertainty on MCPR for the transients of interest.

Westinghouse Response to RAI 5-5

This topic is not currently part of the scope of this particular Topical Report, thus no qualification
efforts are pursued here. The evaluation of the effects of power distribution uncertainty on MCPR for
the transients of interest is part of the transient methodology and will be treated in Appendix C of WCAP-
16747-P about Transients Applications.
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NRC RAI 5-6

Please discuss the methods, using equations where applicable, that are used to determine the gamma
smeared pin power distribution

Westinghouse Response to RAI 5-6

Gamma-smearing of pin powers is done in the [ ],C in three basic steps. First, the
gamma energy deposition rates in the fuel pellet and cladding

]a'C and the ratio of [
I"' produced by the lattice code to obtain

]a¢ In the second step, the pin-wise gamma energy deposition rates in the fuel pellet and cladding are
]a'c to obtain [ I aC

In the final step the Ja]c are normalized such that they add up to the total
number of fuel pins. This yields the [ ]•C that are passed on to
POLCA7.
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NRC RAI 5-7

Please describe the benchmarks, biases, and uncertainties in the void reactivity coefficient. How are these
determined? Once they are determined how are they implemented in evaluating safety or operational
margins?

Westinghouse Response to RAI 5-7

See answers to RAIs 1-1 and 2-1 for a discussion about the modeling accuracy of voided conditions.

As discussed there, the individual contribution of the accuracy of the void reactivity coefficient is
I"' The resulting

uncertainty in (nodal, bundle, rod) power predictions are 2a,C
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NRC RAI 5-8

Please describe the methods used to calculate the non-condensable gas mass, volume, and partial pressure
in any node in POLCA-T. Update WCAP-16747-P to include this information.

Westinghouse Response to RAI 5-8

The partial pressure of non-condensable gases (called nc) (p,,) is one of the eight state variables in
POLCA-T for a volume cell as stated in WCAP-16747-P.

1aC

The conservation of non-condensable gases is controlled by a balance equation in each volume cell for the
mass of non-condensables (m,,,).

Ia,":, where Wliq , Wgas

are the mass flow rates for each phase, C,,, is the fraction of non-condensable species in the actual phase
in the donor cell and Fj is a source/sink term to take into account production or consumption of non-
condensable due to chemical reactions. The sum goes over all flow paths directed into the volume cell and
all flow paths directed out of the volume cell.

L

Ja~c

ja'c

The mass flow rates of liquid and gas in one flow path are
Wiiq = Uliq - Pliq - A -(1 - a)
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WgassýUa Pgas *A *a

The densities and void fractions are taken from the donor cell.

Where
w is the mass flow rate
u is the velocity of the phase
A is flow area
a is the void content
p is the density

The conserved quantity i.e the mass of non-condensable (m,,) is a function of volume, void, phase
densities and concentrations of non-condensable
I ]a,c

here:

Pgas =P,,g + Psr ...

Pliq = P -X,,cI + X, --I
Mwitter

with

P,,,er = P.,•,,. (T;iq, P) from steam tables

The liquid density is based on the assumption that each molecule of non-condensable occupies the same
space as one molecule of water which is reasonable considering the low concentrations of dissolved non-
condensable that can occur.

]a'c The equation for each volume cell

is entered into the complete set of thermo-hydraulic equations that are solved and integrated in time using
the numerical method described in WCAP 16747-P.
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NRC RAT 5-10

Please fully describe the nuclear instrumentation models in POLCA-T. These descriptions should include
equations, references to other codes by name and version, and should include separate discussions for
gamma and neutron sensitive instruments. Update WCAP-16747-P to include this information.

Westin2house Response to RAI 5-10

POLCA-T makes use of TIP and LPRM detector models of the licensed POLCA7. Models for both
gamma and neutron sensitive instruments are described in the approved topical report CENPD-390-P-A
"The Advanced PHOENIX and POLCA Codes for Nuclear Design of Boiling Water Reactors".
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Responses to NRC RAI's Regarding

WCAP-16747-P Rev 0

RAI 6 Stability Evaluation

The staff has several questions regarding the stability evaluation. Please address the following items in
regards to Appendix B of the submittal.
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NRC RAI 6-1

Determination of a decay ratio requires accurate prediction of a steady state initial condition from which a
perturbation allows a trace of transient dynamic behavior. The use of a stability methodology predicated
on the decay ratio must reliably predict steady state conditions for reactor operating states that are limiting
from a reactor stability stand point. Provide statistically significant qualification of the nuclear design
codes against data under limiting conditions of operation from a stability standpoint for high power
density plants under SLO, RPT, startup, and LOFWH conditions.

Westinghouse Response to RAI 6-1

The qualification of Westinghouse nuclear design codes, PHOENIX4/POLCA7, is extensively addressed
in CENPD-390-P-A. The validation covers normal operating conditions including low flows on reactor
power-flow maps, which is of interest in stability analyses. Moreover, as described in the answer to
question 1-2, a continued qualification effort after the submittal of CENPD-390-P-A based on gamma-
scan comparisons of modem fuel bundles has confirmed the reliability of these tools. The specific
quantification of the accuracy of the stability predictions, based on the initial conditions calculated with
these tools, is also performed by comparisons against a wide range of measurements at realistic core
conditions. Consequently, any impact of the steady state initial conditions on the stability predictions is
accounted for in those comparisons.
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NRC RAI 6-2

Reactor dynamic behavior is a strong function of the void reactivity dynamic feedback. Provide an
estimate of the sensitivity of the void reactivity coefficient bias or uncertainty to the exposure history in
terms of spectrum hardness. Specifically, provide an estimate of the void reactivity coefficient bias and
uncertainty predicated on nuclear parameter determinations under conditions typical of plants operating at
OLTP conditions and re-perform this estimation for conditions at high control fractions and void
fractions. Based on this assessment update Appendix B of the topical report to include provisions for use
of the methodology for different operating domains or plant conditions.

Westinghouse Response to RAI 6-2

The accuracy and reliability of the void and void reactivity coefficient predictions are discussed in more
detail in the answers to questions 2-1 and 3-1. As explained there, in Westinghouse methodology the
accuracy of individual models [ Ia"c On the
other hand, [ ]3'C under realistic, relevant conditions are utilized to quantify the [

]aC utilized in the code package under qualification. Regarding the
specific case of interest here, i.e. stability predictions, Westinghouse has access to a wide data base of
stability measurements in Europe, covering real plants of different design from different plant vendors
loaded with fuel of different design in cores with different mix levels. Therefore, the validation of
POLCA-T for stability applications is mainly made on [

ac
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NRC RAI 6-3

Describe the process for generating an appropriate nodalization for models used in stability analysis.
Provide demonstration analyses that indicate the nodalization procedure, time step control, and numerical
integration scheme do not adversely impact the numerical results of transient reactor behavior predictions.
Provide a plot of the node-by-node Courant number for the hot channel for a plant included in the stability
qualification based on the model used in the qualification.

Westinghouse Response to RAI 6-3

The time integration method and its impact on the prediction of the hydraulic stability are discussed in a
paper presented at ICONE 15. (ICONEl 5-10033). In the paper results for different time integration
methods, different time steps and different number of volume cells are compared. As reference an "exact"
numerical solution of an oscillating liquid in a U-tube is used. The outcome of this study is that semi
implicit time integration method is a must, the time step and number of volume cells has not so big
impact on the result, if it is a moderate change. A moderate change is considered up to a factor of five in
the number of cells and a factor of ten in the number of time steps.

The figures below show the effect of time step and effect of number of volume cells. In the responses to
the RAIs 6-19 and 6-24 the effect of numerical time integration method will be demonstrated.

Exact
0 1 S

--0.01 S
- 0.2 0.01

of tim ste (10 voue, 4HT=

Time (s)
Effect of time step choice for 10 cells model with 0 0.55
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For core calculations the core model is normally inherited from a POLCA7 core model. The axial
nodalization in POLCA7 is arbitrary and is user specified. Normally the fuel assembly is divided I

Ia"" For the neutronics calculation it is desirable that the nodes are
]aic The

TH-nodalization (volume cells) of the core in POLCA-T is normally taken to be [
I"C For the nodalization of the reactor pressure vessel outside the core the length of the nodes

should be of the same order of magnitude as in the core.
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NRC RAI 6-6

Explain the process for determining the nodal reactivity response to bypass or internal water channel
voiding. If the effect of bypass or internal water channel voiding on nodal reactivity has been assessed
compare this effect to established uncertainties in nodal parameters. Quantify expected bypass void
fractions for transient conditions or expanded operating domains.

Westinghouse Response to RAI 6-6

Nodal reactivity response to bypass or internal water channel voiding is handled by
Ia"c The user has the opportunity to specify in the

input data whether to account for [ Ia"c or not. The input is given for each fuel
assembly type separately.

POLCA-T uses the POLCA7 model to account for bypass density changes. The code calculates the

effective nodal moderator density pf, as a function of[

Ja~c

where C0i, C1 i, and C2 j are density coefficients derived from the lattice code calculations,

Acoo and Abpi are respective flow areas of the moderator in the bundle and in the bypasses,
lOaptrice
lbi is bypass coolant density assumed in the lattice code cross section generation and i is an index

running over the bypass 'channels'.

The density coefficients above must be computed with a lattice code [
]ac Alternatively, a widely used model based on

]a,c can be used by specifying Cli, and C2 j above as [ a,c, and C0i as [
Ia"c This gives

la~c

If all density coefficients (C1 i 2i3i) are set to zero the density changes in the bypass during the transient are
not accounted for which is a conservative assumption in the transient simulations.
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NRC RAI 6-7

Verify that POLCA-T can predict the onset of an instability by providing an analysis whereby increasing
the reactor power or reactivity in a representative core model results in observed oscillations in the
predicted transient traces.

Westinghouse Response to RAI 6-7

A demonstration to verify the capability has been performed for [

1ab,c

The reactor power responses in these cases are shown in the following plot.

a, b, c
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NRC RAI 6-8

Provide additional details regarding the capabilities of POLCA-T to predict decay ratios for reactor cores
that are highly stable (DR between 0.1 and 0.2).

Westinghouse Response to RAI 6-8

The DR regime below [ I",c is in general difficult to evaluate for several reasons. The most significant
is that the measurements uncertainties are of the same magnitude as the values themselves. Also, it is very
difficult to deduce a DR from the power trace since the oscillations dies out very fast. An additional issue
is that the initial perturbation influence may become significant on the deduced DR.

The hypothetical test case [ IaC shows that nothing is 'destroyed' be the perturbation. The
conclusion based of such a test is that the code predicts [ ]a,c correctly, and must
therefore perform correctly on the interval [ I"C (the physics processes are the same and no
discontinuities are expected). However, the uncertainty on the interval can not accurately be quantified.
Therefore, attempts to accurately calculate DR in the interval [ Ia"c is not performed since the
accuracy is not possible to verify. Also, from the safety point of view such low DR's are of no interest to
analyze independently of the accuracy of the calculation.
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NRC RAI 6-11

For each modem fuel design for which approval is sought for the stability methodology, provide the
uncertainty for the local friction loss coefficients (i.e. for spacers and orifices). To the maximum extent
possible justify the values for these coefficients and their uncertainties using data.

Westinghouse Response to RAI 6-11

The approval of each fuel design is subject for a fuel specific topical report. Uncertainties related to the
fuel specific data are verified and documented in that process. Data for fuel from other vendors',
including uncertainty of these data, must be supplied by the utility. The local friction loss and flow
restriction coefficients are based on pressure drop measurements for the components in each fuel type and
cover the conditions for stability analysis.

To demonstrate the impact of the uncertainties two runs based on the [ ]a,c cl9a case 3 have
been performed. The applied uncertainty of I ja,c is larger than the ones obtained from the pressure
drop measurements.

12,C

Both studied cases have uncertainties larger than the evaluated values from pressure drop measurements.
The DR calculation validation against plant measurements includes the uncertainties in the restriction and
friction coefficients. Thereby, the method uncertainty and the design margin cover the uncertainties in the
pressure loss coefficients.
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NRC RAI 6-12

For each plant considered in the stability qualification provide additional descriptive details of the
operating conditions, namely the thermal power (absolute and fraction of OLTP), core flow (absolute and
fraction of nominal), core size, and the radial and axial power shapes either measured by TIPs or
predicted by the core monitoring system at the exposure point where the evaluations were performed.

Westinghouse Response to RAI 6-12

The absolute power, the nodal (F nod), axial (Fax)) and radial (F rad) peaking factors are given in the
table below. So is the relative core flow for the [ a,c. For the [ ]a'c reactors
nominal core flow is not defined, and a relative core flow can therefore not be calculated. The peaking
factors are obtained from the steady state calculations with POLCA-T.

a, b, c
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A, b, c
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L a, b, c

The core size in terms of number of assemblies is already specified in the topical report. All three reactors
are built with a 30 by 30 grid.
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NRC RAI 6-14

For a sample of the cases considered in the qualification perform a separate perturbation to initiate an
oscillation. The results should be provided and the sensitivity of the decay ratio to the perturbation
technique should be quantified.

Westinghouse Response to RAI 6-14

A demonstration study using different types of perturbations has been performed. The [
cI 9a case 3 measurement has been used as a reference (case 0 below) for the tests. The following
perturbations were performed;
I

I a'c

I a~c

a, c

The spread in DR is [ ]ac (standard deviation) and in frequency [ ]3 'C Hz. It is worth noticing
that even the cases that can be expected to be most challenging, [ ",C do not deviate
significantly from the rest of the cases. The conclusion is that there is no dependency on the perturbation
technique as long as it is reasonable.
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NRC RAI 6-16

Typically, safety limit minimum critical power ratios are established to ensure that 99.9% of fuel rods
avoid boiling transition. Explain how applying a prediction uncertainty of [[ ] to
the acceptance criterion adequately assures the same degree of protection against exceeding SAFDLs.

Westinghouse Response to RAI 6-16

The stability methods and methodology presented in this Topical report covers the basic stability
evaluation, i e calculation of decay ratio and resonance frequency at different operating conditions. That
is, decay ratios below and up to the stability limit. Under these conditions any disturbances will 'die out'
and the SAFDLs are fulfilled as long as the static SAFDLs are fulfilled. High amplitude power
oscillations on the other hand, limit cycle or increasing amplitudes, could cause dry out. The DIVOM
methodology is applied for such scenarios to calculate set points to the detect and suppress algorithms.
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NRC RAI 6-17

Separately determine the uncertainty for each oscillation mode and justify the use of a single value for the
acceptance criterion. The staff notes that many more core wide or global oscillations were considered
than channel or regional oscillations.

Westinghouse Response to RAI 6-17

The fundamental physics (the TH-neutronics-TM coupling) on the local (nodal) level is the same
independent of type of oscillation and the code can therefore be expected to be able to handle all
oscillation modes, with the same accuracy, if it can handle one of them. It is therefore feasible to apply
the same uncertainty and acceptance criteria for all oscillation modes. The number of recorded
measurements (and incidents) of regional and channel oscillations is very limited. A statistical analysis
for other modes than the global mode is therefore not feasible
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.W estinghouse Westinghouse Electric Company9 Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Comrrmission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-07-62
Dec 12, 2007

Subject: Follow-Up Response to NRC's Request for Additional Information by the Office of Nuclear Reactor
Regulation for Topical Report (TR) WCAP-16747-P, "POLCA-T: System Analysis Code with Three-
Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary follow-up responses to NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-16747-P, "POLCA-T:
System Analysis Code with Three-Dimensional Core Model."

Also enclosed is:

I. One (1) copy of the Application for Withholding, AW-07-2361 (Non-proprietary) with Proprietary
Information Notice.

2. One (I) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-07-2361 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355-

Very truly y€urs,

//J. A. Gresham, Manager
V Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

P. Yarsky, NRR
J. Thompson, NRR
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W estinghouse Westinghouse Electric Company.... Nuclear Services

P.0. Box 355
Pittsburgh. Pennsylvania 1 5230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-07-2361
Dec 12, 2007

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-07-62 P-Enclosure, "Follow-Up Response to NRC's Request for Additional Information by the
Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP- I 6747-P, 'POLCA-T: System
Analysis Code with Three-Dimensional Core Model' "(TAC No. MD5258) (Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-07-62, dated Dec 12, 2007

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(l) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-07-2361 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-07-
2361 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Yxrvy trufly yourS

V y'ou

./J. A. Gresham, Manager
/ Regulatory Compliance and Plant Licensing

Cc: J. Thompson, NRR
P. Yarsky, NRR
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AW-07-2361

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

A. Gresham, Manager
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(1) I am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-07-62 P-Enclosure, "Follow-Up Response to NRC's Request for Proprietary

Review of Request for Additional Information by the Office of Nuclear Reactor Regulation for

Topical Report (TR) WCAP-16747-P, 'POLCA-T: System Analysis Code with Three-Dimensional

Core Model"' (TAC No. MD5258) (Proprietary), for submittal to the Commission, being transmitted

by Westinghouse letter (LTR-NRC-07-62) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is follow-up responses to NRC's Request for Proprietary Review of

Request for Additional Information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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NRC RAI 3-5

Provide the staff with qualification of the extension of the constitutive models (i.e. closure relationships)
and heat transfer correlations to bundle power and flow conditions that bound those experienced in
expanded operating domains. These bounding values should consider exit quality, mass flux, boiling
length, exit and average void fraction, and axial power shapes. Confirm that historically reported -
uncertainties are valid using a statistically significant sample of the population of data used to generate
the constitutive correlations.

Westinghouse Response to RAI 3-5

The valid range of the basic equations, the applicability of the correlations and the range of the steam
water tables used in POLCA-T are described in the Topical WCAP-16747-P. The validity range and
usage as well as references to the heat and mass transfer correlation package can be found in Section 9.4,
Heat and Mass Transfer Between Phases, and Section 11, Convective Heat Transfer Models, of the
topical WCAP-16747-P.

Different drift flux correlations, [ ]a~c, are available depending on the
method or application. The [ I"' is used in the LOCA code GOBLIN-EM (RPB
90-93-P-A) with the same validity range. The [ Ia"' is based on a number of tests with a
measurement range in pressure between I ]a,bI and a mass flux range of [ ]j,bc

kg/sm 2. Table 1 shows further details about the FRIGG data base for the drift flux correlation and
associated pressure drop model. b,
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The robustness and applicability of the methods implemented in POLCA-T resides in the ability to cope
with different core conditions over a wide range. Accurate measurements of realistic thermal-hydraulic
conditions over a wide range have been performed at the Westinghouse FRIGG facility.

Power uprate programs do not necessarily lead to [ ]a,c.
Thus, the FRIGG-measurements data base remains fully appropriate for these applications. Westinghouse
experience with POLCA-T as shown in results presented in WCAP- 16747-P covers among the most
challenging operating conditions at the present including significant

1a2c

Correlations and models used in POLCA-T are implemented [ ]ac meaning that
1 ]a1c are considered individually. In the Westinghouse methodology the benchmarks
under relevant conditions are utilized to [

]ac . In fact the validation of POLCA-T modes and correlations for the applications

included in WCAP-16747 is mainly made on an integral basis by [
]a,c and not on the validation of [ ] affecting a certain prediction or

result.

The general treatment of the various analyses with regard to the use of conservative assumptions or the
use of uncertainties is discussed in CENPD-300-P-A.
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NRC RAI 4- 1

Provide documentation of all code changes made since PHOENIXiPOLCA was submitted to the NRC for
review and approval (1999) and the Q/A review of those changes. Provide a core follow reanalysis of a
case contained in the original submittal to demonstrate that changes made since the original review have
not resulted in code drift over time.

Westinghouse Response to RAI 4-1

Westinghouse has [ I" which would
I ]aIc submitted to US NRC in Topical Report CENPD-390-P-

A. Changes and releases of PHOEND(/POLCA are performed according to Westinghouse Nuclear Fuel
Product Management and Engineering Procedure which, among other requirements, requires evaluation
and compliance with USNRC approved methods.

For NRC information Westinghouse provides a IaI' performed with the version of
the PHOENIX/POLCA code [ I"'c for core analysis.

The examples below demonstrate the key core follow parameters for Plant B (according to CENPD-390-
P-A notation) I "a'c calculated with I

]3'C the submittal of the Topical Report. This comparison includes:

I a'c
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a, b, c

a, b, c

ac

I 2"c

I

The trend of [ 1a"c within and between the cycles is
versions. The difference between [
indicates that code reactivity prediction capability has [

I 'c for the two code
ja,c with the present version which

ac
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-- a, b, c

I I a,(!

a, b, c

-I
ac

For plant B the average [ ]ab,c and the average [a,b,c which is
practically [ I ac as the results presented in Table 5.7 in CENPD-390-P-A. The nodal I

]a,c within the bounds of the [ ]a'c stated in CENPD-390-
P-A.

The conclusion from the analysis is that the present production version
]a¢ from the results originally submitted in CENPD-390-P-A, with [
]a,c documented there. Consequently, the code is in compliance with NRC approved Topical

Report CENPD-390-P-A.
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NRC RAI 5- 1
Provide additional descriptive details of the database used to develop the void-quality correlations.
Specifically provide as a separate table the nature of any transient tests performed, the range of pressures,
mass flow rates, and heat fluxes tested.

Westinghouse Response to RAI 5-1

Table 21-1 in WCAP-16747-P shows the parameter range of the database of the
Iac . Further details about the test conditions in terms of average heat flux and axial power

profiles are shown in Table I below. The [ I" has the same parameter range as
in the GOBLIN code, Topical Report "Water Reactor Emergency Core Cooling System Evaluation
Model: Code Description and Qualification", RPB-90-93-P-A.

-a, b, c
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NRC RAI 5-9

Please provide assessment information on the ability of POLCA-T to predict pressure drops for different
flow rates, inlet subcoolings, powers, and different fuel bundle designs than in the test facility(ies) used
for critical power testing.

Westinghouse Response to RAI 5-9

The experimental basis for validation of the pressure drop correlation in POLCA-T is the single- and two-
phase pressure drop measurements in I
]a,c The test conditions for the two-phase pressure drop measurements cover a mass flux from

I ,b,c and system pressure from [ ]ab,c. Further details are provided in the last

row of Table 1 in RAI 3-5.

The predicted versus measured two-phase pressure drop for the [
shown in the figure below:

a,c sub-bundle is

a, b, c

2,' sub-Figure 1 Predicted versus measured two-phase pressure drop for the [
bundle test.
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The pressure drop correlation in POLCA-T has also been verified against two additional fuel geometries:

1a,c .

The predicted versus measured two-phase pressure drop for the
sub-bundles are shown in the figures below:

Ia~c

a, b, c

Figure 2 I
section

Ia,c , calculated versus measured two-phase pressure drop over the heated
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- a,b,c

Figure 3 [
section

Figure 4
pressure

]a,c, calculated versus measured two-phase pressure drop over the heated

a, b, c

]a,c, two-phase pressure drop difference over the heated section grouped by
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-a, b, c

Figure 5
by pressure

two-phase pressure drop difference over the heated section grouped
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NRC RAI 6-4

Describe how the results of the stability analyses are used in current operating BWR plants in terms of
their implications to mitigating measures. For example, if a stability analysis is used to determine an
exclusion zone, describe that process. If the stability analyses provide input to DSS (Detect and Suppress
System) set points provide these details.

Westinehouse Response to RAI 6-4

The application of the stability analyses is reactor specific, and described in the plant specific procedures
for each utility. An example of a general approach to the [

I"c is given below.

The I Ia"c are defined based on the more limiting of the following two conditions:

1. The base minimal scram and controlled entry regions are defined by the shape function
1[]' where the functions and the end point values [

]ac are provided by the utility. There are a •c of points provided -[
2a,C

2. The region established is based on a [a]c using an approved stability criterion
with [ ]aC
search for the limiting time in the cycle is performed yielding the highest decay ratio. At that exposure
point, several power/ flow statepoints are evaluated to determine the stability boundary based on the
approved stability criterion for the limiting stability mode (i.e., global, regional or channel) mode are
more limiting. A feedwater temperature sensitivity calculation is also performed to cover the range of
feedwater conditions that are permissible during normal operation.

The[

by the NRC, utilizes
determine [

a•' is defined by BWROG. The current implementation at Westinghouse, audited
]3,C to calculate [ ]a• curves and

] set points.
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NRC RAI 6-5

Figure B.7-2 shows uncertainty bands that are reportedly one standard deviation. These bands do not
appear to be [[ ]] away from the 45-degree line. Clarify what the bands represent
and bring the figure and text into agreement in the next revision to the topical report.

Westinghouse Response to RAI 6-5

The one sigma lines are constructed as [ . That means
that for each value along the [ ]a,c is constructed by
applying the two uncertainties [' t independently. The band is then formed as [

I'c". This is a standard technique to be applied when analyzing data with independent
uncertainties in measured and calculated values, see for example 'Probability and Statistics in Particle
Physics' by A.G. Frodesen, 0. Skjeggestad and H. Tofte (ISBN 82-00-01906-3).
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NRC RAI 6-10

Based on FRIGG comparisons the topical report indicates that POLCA-T [[
]]. The staff does not agree that [[

]] necessarily demonstrates conservatism. Density wave limit cycle oscillations for reactors
are driven by the combined dynamics of the void reactivity, heat flux, and void propagation time through
the core. Quantify based on available FRIGG data any uncertainty in the interfacial shear that may result
in over or under predicting slip. Estimate the effect of this uncertainty on the magnitude of limit cycle
oscillations based on representative void reactivity coefficients, fuel thermal time constants and core flow
rates.

Westinghouse Response to RAI 6-10

POLCA-T uses a two fluid model, liquid and gas, but instead of having

From these equations the unknown velocities of the phases are solved. With this approach
it is [ ]a"c for the momentum transfer between the phases.
Instead we have the possibility to I Ia"' that affect the slip
ratio between the phases, which gives [ ]ac on the velocity distribution of the phases.

The parameters of the drift flux correlation are J ', using pressure drop and void
measurements.

The uncertainty relevant for stability applications for this specific model is therefore covered within the
validated model and code uncertainty. For limit cycle and diverging oscillations an Option III solution
(DIVOM) is implemented using RAMONA3 and BISON SLAVE. An Option III solution using POLCA-
T is not included in the scope of this topical (Appendix B).
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NRC RAI 6-13

For limit cycle oscillations with high decay ratios estimate the effects of potential feedback mechanisms
from the BOP (i.e. feedwater heating) that are not explicitly modeled.

Westinghouse Resuonse to RAI 6-13

The plant [
time scales. The impact of
regarding [

]ac dynamics and [

2ac

]a,c dynamics operate on quite different
]a,c can be considered as a stationary parameter

The [ a1c is not accounted for I I ac

of such events. Sufficient [ Ia'c range, resulting from anticipated (or bounding)
plant behavior, is analyzed with regards to the core stability characteristics. See also RAI 6-20.
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NRC RAI 6-15

Justify the extension of the decay ratio acceptance criterion to plants with other vendors fuel, expanded
operating domains, or other core and plant design features that are not enveloped by qualification. If this
is captured in the plant specific design margin, provide in this topical report the means for determining the
plant specific design margin.

Westinjghouse Response to RAT 6-15

The validation data base covers a large variation of different fuel types,
These different fuel

types have been modeled in the validation without [ ]a'c, but only
supplying the code with descriptive input data. Any new fuel design feature in flow channels, spacer
grids, etc. is expected to be captured by the code as long as it can be supplied with descriptive input data.
In the validation database [ I", have been covered: [

I•• . The different [ ]ac designs have different dynamic
characteristics depending on [

I". All [ 1a,c types show satisfactory results and new designs are expected to
be captured by the code, even if an [ Ia' might have to be added.
Additional [ ]Ic models are of course needed to be verified against data.

The database covers a wide range of power densities. From the very low power density in the [
]3 'C data to the high power density in the [ i"' data. In fact the nominal power density in

I" is comparable to any power uprate program considered today. The wide range of power

densities in the data has been captured by the code in the stability validation, and any currently foreseen
uprates are expected to be captured satisfactorily.

The validation database covers a large variation in

]a'C with large variations in dynamic properties. Since the dynamics models are based on

fundamental physical differential equations it is reasonable to assume that also [ Ia,c

other than those [ ]•'C will be captured by the code. Since thermal hydraulic
compatibility is required in reload design, the foreseen changes in [ ]ac

are rather limited on a cycle to cycle basis.
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NRC RAI 6-18

Describe the process by which the regional symmetry plane is determined in greater detail.

Westinghouse Response to RAI 6-18

Different methods to identify the symmetry plane exist. [ ]a~c are used by Westinghouse:
]ac, which can be applied to any simulation, and

]•c, which requires extra

dedicated calculations. Both methods have advantages and draw backs, and they will be used as
Ia"' depending on the situation.

[ ]a,, method:
For cores that are loaded according to [

1a' can be separated by [ ]ac. The relevant

quantities to study are obtained by [
I 'c nodes. When [ I" , the contributions from the [ ]a'c

since the nodal amplitude of the [ ]ax. The
resulting quantity is therefore [

I"'. In the [ ]a'c the steady state value and the
nodal amplitude of the [ ]ac and the resulting quantity is I

Ia"c. By using [ I ac enough information is
obtained to decide if a regional mode is present and roughly determine its position. A detailed
determination of the position would require that a larger [ I"c. The [

I ac should be chosen such that the amplitudes of the oscillations are large enough and not too close
to the center since the amplitude of the [ ,C

I[ ]a'C method:
If the a ],', is limiting, the symmetry plane can be found by [

]a,c are reached. Comparing time traces over the
core clearly [ ]2'C. If the I I"'c is limiting, the [
]a'c symmetry line can be found in the same way as explained, by suppressing the

]a,c°
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NRC RAI 6-19

Verify the numerical solution efficacy for stability analyses by performing a simple analysis whereby [[
]]. Provide the results of the

analysis indicating that the numerical solution technique does not damp the oscillation at the outlet of the
channel.

Westinghouse Response to RAI 6-19

The requested calculation with I
]I,' was performed. There is an I la, of the outlet temperature when the sinusoidal

temperature wave travels through the unheated channel. The result is [ the number of
nodes in the channel. - -- ,a,b, c
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NRC RAI 6-20

Describe how the DR acceptance criterion provides adequate protection against exceeding SAFDLs when
transient conditions may excite an instability at more limiting conditions than the steady state operating
point, for example during a LOFW event.

Westinghouse Response to RAI 6-20

The reload stability analysis verifies the core stability covering normal operation within the allowed
operating range, including anticipated feed water conditions. Uncertainties in reload stability analysis are
I •I"c. Fulfillment of the decay ratio acceptance criteria

ensure that the core is stable and thereby protects against exceeding the SAFDLs during normal operation.

Outside the conditions for Backup Stability Protection (BSP) stability verification,
ja'C.
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NRC RAI 6-21- SEP

During the initial part of a transient response to a perturbation the dynamic behavior may be driven in part
by several oscillatory modes (some above the limit cycle depending on the size of the perturbation).
Describe any controls on the determination of the decay ratio that ensure only the limit cycle oscillatory
mode is-considered in the determination of the decay ratio, update the topical to include this information.

Westinghouse Response to RAI 6-21

To verify that the most undamped mode is the only remaining in the time response, several [
] ,C are analyzed to check that the I ]a,c constant. A measure of how good the

fit is, e.g. uncertainty in the [ ]a~c, shall also be evaluated for all [ ]2'C.
The wide range of different initial perturbations, exiting different higher order modes, analyzed in RAI 6-
14 confirms the methodology.
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NRC RAI 6-22- SEP

Provide an assessment of POLCA-T and associated nuclear design codes to predict the radial power shape
observed in the [[ ]. When performing plant and cycle specific
evaluations for Option III plants describe how the analysis is performed, specifically address the
determination of the symmetry plane for the oscillation.

Westinghouse Response to RAI 6-22

A comparison of the radial power distribution has been performed based on measured and calculated
LPRM-signals. The 'measured' radial power peaking factor is I ,b,c and both POLCA7 and
POLCA-T give [ ]a,b,c. The deviation between the measured and the POLCA-T calculated radial
LPRM distributions is [ ]ab,c (RMS), the [ Ia"c is also obtained by comparing
measurements with POLCA7 calculations. The difference between POLCA-T and POLCA7 calculations
is [ I1,bc (RMS).

For Option III plants the current implementation of DIVOM utilizes I

]ac to calculate DIVOM curves and OPRM setpoints. [

lac
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NRC RAI 6-23

Please evaluate the effect of the update interval for the spatial solution of the kinetics solver on the MCPR
for the range of transients being considered for POLCA-T. Does solving this equation every
amplitude/reactivity time step effect the results?

Westinghouse Response to RAI 6-23

The very same [ I"'. The
time step is either constant or can vary within a user specified range versus time. See also the answer to
RAI 4-8, about time step selection. [

]ale
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NRC RAI 6-24

Please evaluate the impact of using the implicit vs. semi-implicit thermal hydraulic solver on the MCPR
for the range of transients being considered for POLCA-T. What user guidance exists to help choosing
which solver to use and when? What are the effects of using the semi-implicit method in a component
connected to a component using the implicit method?

Westinghouse Response to RAI 6-24

The effect of implicit versus explicit time integration methods are discussed and a comparison is made in
paper ICONE 15-10033. Figures below show a co-plot implicit [ 1,,b,,, different grade of implicitness
integration [ ]a,b,c and the "exact" solution with a constant time step of 100 ms for the mass
flow rate variable.

a, b, c
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The figure below shows the [
Sa,b,c

a, b, c

As mentioned in the answer to the RAI 6-23, [

I a,C

The standard time integration method is currently [

But depending on the application the user can alter it by changing the local theta parameter. Maec

Mixing of time-integration methods for different cells and fluid paths are allowed but have never been
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The computational work is I"'ac, so running with
second order time integration method is not a matter of computational speed, it is a selection to run with
highest accuracy.
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W estinghouse Westinghouse Electric Company~Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-08-8
February 7, 2008

Subject: Follow-Up Response to Question 6-9 of the NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP- 16747-P, "POLCA-T: System Analysis
Code with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary follow-up response to question 6-9 of the NRC's Request
for Additional Information by the Office of Nuclear Reactor Regulation for Topical Rcport (TR) WCAP-16747-P,
"POLCA-T: System Analysis Code with Three-Dimensional Core Model-"

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-08-2379 (Non-proprictary) with Proprietary
Information Notice.

2. One (I) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-08-2379 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly you)Y,

)J.A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

P. Yarsky, NRR
J. Thompson, NRR
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( )We, stinghouse Westinghouse Electric CompanyNuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-08-2379
February 7, 2008

APPLICATION FOR WITHHOLDING PROPRIETARY

INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-08-8 P-Enclosure, "Follow-Up Response to Question 6-9 of the NRC's Request for Additional

Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP- I 6747-P,

'POLCA-T: System Analysis Code with Three-Dimensional Core Model'" (TAC No. MD5258)

(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-08-8, dated February 7, 2008

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(i) of Section 2.390 of the Commission's regulations. It contains commercial strategic

information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-08-2379 accompanies this application for withholding,

setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-08-
2379 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse

Electric Company LLC, P. O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
P. Yarsky, NRR
J. Thompson, NRR
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AW-08-2379

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed
before nre this day

If-d 2008.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notarial Seal

Sharon L Marlde, Notary PublicMonrOevilS Boro, Allegheny County

My Cormission Ei;res Jan. 29,2011
Member, Pennsylvania Association of. Notaries
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(1) 1 am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of thi Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-08-8 P-Enclosure, "Follow-Up Response to Question 6-9 of the NRC's Request

for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)

WCAP-1 6747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC

No. MD5258) (Proprietary)," for submittal to the Commission, being transmitted by Westinghouse

letter (LTR-NRC-08-8) and Application for Withholding Proprietary Information from Public

Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is that associated with the follow-up response to question 6-9 of

the NRC's Request for Additional Information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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LTR-NRC-08-8 NP-Enclosure

Follow-Up Response to Question 6-9 of the NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report

(TR) WCAP-16747-P, "POLCA-T: System Analysis Code with Three-
Dimensional Core Model" (TAC No. M1D5258) (Non-Proprietary)

February 2008

Westinghouse Electric Company
P.O. Box 355

Pittsburgh, Pennsylvania 15230-0355

© 2008 Westinghouse Electric Company LLC
All Rights Reserved
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RAI 6 Stability Evaluation

NRC RAI 6-9

Qualify the thermal hydraulic model for the stability evaluation separately by providing an analysis of
type 1, type 2, and loop oscillations for a non-nuclear experiment such as FRIGG.

Westinghouse Response to RAI 6-9

The current stability validation database for POLCA-T includes reactor and loop measurements in a wide
parameter range regarding reactor types and fuel designs as well as burnup, power, flow and subcooling.

Core stability is a coupled thermal hydraulic and neutronic phenomenon in the low-frequency range of the
process dynamics. The loop and reactor signal measurement database covers the frequency range up to
about 25 Hz at a maximum.

Stability measurements are performed during reactor start-up after refueling, or during periodic testing,
i.e. they are integral tests, consisting of superimposed physical processes. Therefore, the stability
validation is not a validation of separate effects but rather a validation of the combined physical processes
within the frequency range. Due to the parameter variation, mentioned above, the separate effects of
different physical processes are weighted differently within the superimposed process (actual reactor
measurement), so that the validation inherently covers several thermal hydraulic processes, such as flow
excursion, density wave oscillations and pressure drop oscillations. Since fluctuation in pressure is an
important noise source, the dynamic properties of pressure propagation, within the frequency range, is
also inherently validated.

Geysering and chugging are mainly containment phenomena outside the parameter range within which
core stability and power oscillations are analyzed. Westinghouse does not have the intention to analyze
geysering and chugging within the standard core stability analysis.

At rare occasions, pressure control system induced oscillations have occurred in reactor operation, due to
wear in components or incorrectly tuned control parameters. This type of instability may occur anywhere
in the operating domain, depending on the control system properties (mainly through the total gain). Even
though the control system might be unstable, the power oscillations are limited (due to the damped core
dynamic properties), unless the core dynamics are close to the instability limit. That is, if the core is close
to the instability limit, the standard stability analysis will reveal this, and depending on the current
methodology proper actions can be taken. Diverging oscillations are taken care of by the applied detect
and suppress methodology, which does not consider the origin of the oscillations. Therefore, safety
concerns regarding control system instabilities are taken into account by the current validation and
applied methodology. Outside the dynamic range of the core (above 1 Hz), the spectral gain is very small,
and control system induced power oscillations in that range will be strongly damped and have no safety
impact.

Control system instability may induce limited power oscillations or reinforce inherent core power
oscillations. The impact from control system instabilities might be analyzed as imposed oscillations. In
operation, control system induced oscillations, if inducing high amplitude power oscillations, will be
detected by the DSS.

Page 1 of 2
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Below is the validation of POLCA-T using FRIGG measurements for an Optima2 sub-channel. An
instability limit in power and flow is fitted to the measurements results (linear fit), and the uncertainty
band is estimated based on the flow measurement uncertainty (which is estimated to [ I a,b,c at this
flow) and the estimate of power oscillation threshold uncertainty (estimated from measurements to

I ,C).

The thermal hydraulic stability limit for two different axial power distributions is calculated adequately
with POLCA-T. The results are shown in the Figure below.

.a, b, c

Page 2 of 2
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Wes in ouse Westinghouse Electric Company
Nuclear Services
P-0. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-08-27
June 25, 2008

Subject: Response to the Second Round of NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP- 16747-P, "POLCA-T: System Analysis Code
with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietaryand Non-Proprietary versions of the " Response to the Second Round
of NRC's Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical
Report (TR) WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model"
(TAC No. MD5258) (Proprietary/Non-proprietary)

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-08-2432 (Non-proprietary) with Proprietary
Information Notice.

2_ One (1) copy of Affidavit (Nori-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance
with the requirements of 10 CFR Section 2-390, as amended, of the Commission's regulations, we are
enclosing with this submittal an Application for Withholding from Public Disclosure and an affidavit. The
affidavit sets forth the basis on which the information identified as proprietary may be withheld from public
disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-08-27
and should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing,
Westinghouse Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

J. Thompson, NRR
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W estinghouse Westinghouse Electric Company
W estingNuclear Services

P.O. Box 355

Pittsburgh. Pennsylvania 15230-0355
USA

U.S- Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011

Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-08- 2432
June 25, 2008

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-08-27 P-Enclosure, Response to the Second Round of NRC's Request for

Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)
WCAP-16747-P,. "POLCA-T: System Analysis Code with Three-Dimensional Core Model"

(TAC No. MD5258) (Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-08-27, dated June 25,

2008

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse)

pursuant to the provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains

commercial strategic information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of
the subject report. In conformance with 10 CFR Section 2-390, Affidavit AW-08-2432 accompanies this

application for withholding, setting forth the basis on which the identified proprietary information may be

withheld from public disclosure-

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be
withheld from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should

reference AW-08-2432 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and

Plant Licensing, Westinghouse Electric Company LLC, P. O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

1. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
J. Thompson, NRR
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AW-08-2432

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared T. Rodack, who, being by me duly sworn

according to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse

Electric Company LLC (Westinghouse) and that the averments of fact set forth in this Affidavit are true and

correct to the best of his knowledge, infomlation, and belief:

T. Rodack, Director

Quality Licensing Programs

Sworn to and subscribed.

before me this c$ day

of ,2008.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notar SealI Sharn L Maude, Notay PuI

Mmer, ensan An.co Coun t
Memb~er, Pennsylvania Association of Nowares
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(1) 1 am Director, Quality Licensing Programs, in Nuclear Fuel, Westinghouse Electric Company LLC

(Westinghouse) and as such, I have been specifically delegated the function of reviewing the proprietary

information sought to be withheld from public disclosure in connection with nuclear power plant licensing

and rulemaking proceedings, and am authorized to apply for its withholding on behalf of Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-08-27 P-Enclosure, "Response to NRC's Request for Additional Information by

the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP- 1 6747-P, 'POLCA-T:

System Analysis Code with Three-Dimensional Core Model"' (TAC No MD5258)(Proprietary), for

submittal to the Commission, being transmitted by Westinghouse letter (LTR-NRC-08-27) and

Application for Withholding Proprietary Information from Public Disclosure, to the Document

Control Desk. The proprietary information as submitted by Westinghouse Electric Company is

responses to NRC's Request for Additional Information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.
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NRC RAI 3-5

Provide the staff with qualification of the extension of the constitutive models (i.e. closure
relationships) and heat transfer correlations to bundle power and flow conditions that bound
those experienced in expanded operating domains. These bounding values should consider exit
quality, mass flux, boiling length, exit and average void fraction, and axial power shapes.
Confirm that historically reported uncertainties are valid using a statistically significant sample
of the population of data used to generate the constitutive correlations.

Westinghouse Response to NRC RAI 3-5

POLCA-T constitutive models and heat transfer correlations have been validated to the [
]a,' The heat transfer regions that have been verified cover heat transfer regimes from single

phase liquid, nucleate boiling, two-phase forced convection to boiling transition with rewetting.
The comparison also validates the momentum equation, pressure drop calculation and the drift
flux correlation for different flow regimes spanning from single phase flow to the different types
of two phase flow. An illustration of the POLCA-T test section model is provided in Figure 1.
The model consists of four main parts:

* Upper plenum: sets the boundary conditions for the outlet pressure versus time.

* Test section (fuel bundle): nodalized into [a,c boundary conditions are used to
describe the bundle power versus time.

* Lower plenum: connected by a flow path to the bottom of the test section. This flow path
is then used to describe the inlet mass flow rate versus time as a boundary condition.

* Bottom of test section: sets the boundary conditions for the inlet pressure, inlet liquid
temperature versus time and is only used to calculate the enthalpy of the inlet water.
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a,b,c

Figure 1: POLCA-T test section model

The results of POLCA-T simulations are shown below. These results compare measured steady
state cladding temperatures along the fuel rods (pink dots) with the average rod temperatures
simulated by POLCA-T (blue dots).
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a,b,c

Figure 2: Steady state cladding temperature along the test section

The results in Figure 2 demonstrate that POLCA-T predicts [
I",c It is a challenging task to measure the surface

temperature using thermocouples; therefore, the agreement is good considering the I
]IC and the fact that an [ I"c one thermal-

hydraulic environment is simulated. It can be concluded that the heat transfer coefficients can be
predicted well along the bundle using the heat transfer map in POLCA-T when the heat transfer
regime changes from single phase liquid via nucleate boiling to two phase forced convection.

The comparison of POLCA-T predicted cladding temperatures with measured data is shown for a

I I"c in the following.

Figure 3 shows the cladding temperature at cells eight, thirteen and fourteen, which are located
around the middle of the test section.

Figure 4 shows the cladding temperature in the upper quarter of the test section (i.e. nodes
eighteen, nineteen and twenty).
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a,b,c

Figure 3: Cladding temperature versus time, comparisons test data with POLCA-T predictions
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a,b,c

Figure 4: Cladding temperature versus time, comparisons test data with POLCA-T predictions
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Ia" it can be observed thatFrom [
I

]a,c are well predicted:

It can be also observed that the [
axial location. The I
middle of the bundle.

]I"• is well predicted independently of the
]a'c is better predicted in the upper quarter than in the
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NRC RAI 5-1

Provide additional descriptive details of the database used to develop the void-quality
correlations. Specifically provide as a separate table the nature of any transient tests performed,
the range ofpressures, mass flow rates, and heat fluxes tested

Westinghouse Response to NRC RAI 5-1

The behavior of the void -quality correlation via the drift flux correlation can be shown by
different comparisons of POLCA-T results against the test data.

For example the drift flux correlation has been verified as a part of the simulation of the
]ac experiments (see the answer to RAI 3-5).

A second case where the result from the drift flux correlation has been checked and validated is
from the Pump trip test 406 (Ref.1).

The predicted results obtained with the POLCA-T code are compared to measurement data from
an all recirculation pump trip test performed at the Nuclear Power Plant Olkiluoto 1 during its
commissioning in 1978. The plant is owned and operated by the electrical power company
Teollisuuden Voima OY, TVO, in Finland.

Other cases when the drift flux correlation has been validated are all cases of POLCA-T stability
and transients validation.

Pumptrip test 406

The bundle flow is measured and compared for the following assemblies shown in Figure 3
below.

Eight individual channel flows are reconstructed using the pressure drop measurements over the
bundle inlet orifice. The bundles are evenly distributed in the central throttling zone. The
throttling map and the positions of the pressure drop measurement for the individual channel flow
are shown in Figure 1. The flow measurement positions are named 211K301 through 211 K304
and 21 1K311 through 21 1K314, and are in green colour, and flows predicted by POLCA-T are
named FLOW ch xxx, and are in red colour in Figures 2 and 3.
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Figure 3: Core outline showing location of bundle flow measurement
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a,b,c

Figure 2: Channel Mass Flow Rates, predicted and measured, channel 211 K301-21 1K304
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,b,c

Figure 3. Channel Mass Flow Rates, predicted and measured, channel 211 K311-21 IK314
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The following conclusions are made based on the simulations with POLCA-T of the Olkiluoto I
commissioning test of tripping all recirculation pumps :

* POLCA-T predicts the event accurately, the flow coast down and the power decay is in
good agreement with measured data.

* The drift flux correlation does a good job during the pump coast down, from forced
circulation down to natural circulation.

* The accuracy of the predicted channel flow is independent of its location in the core.

Reference:

1) U. Bredolt, POLCA-T - Validation of transient bundle flow predictions during an all
recirculation pumptrip in a BWR Proceedings of ICONE 14 International Conference on
Nuclear Engineering, paper ICONE 14-89134, July 17-20, 2006, Miami, Florida, USA
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NRC RAI 7-1

Provide specific details regarding the qualification of PHOENIX4 in regards to determining the
Doppler worth attributed to plutonium absorption during CRDA at the EOC. First, describe
specific qualifications of the PHOENIX4/POLCA 7 code suite to determine the buildup of
plutonium under voided depletion in the upper regions of a B WR code. Provide any sensitivity in
the code's capability to conditions affecting spectrum hardness (control state, bypass voiding,
high power density operation, and low flow conditions). Provide comparisons of the plutonium
Doppler worth contribution against benchmarks or more sophisticated transport methods to
demonstrate adequate cross section collapsing.

Westinehouse Response to NRC RAI 7-1

In its depletion calculations, PHOENIX4 applies a relatively detailed representation of the
isotopic transformations occurring during fuel burnup. The bumup chains of heavy metals include

I I",c isotopes, among them five [ ]Ic. The depletion
calculations are done in the library group structure [

]a,c using the predictor-corrector method [
]a,c No condensation is involved and the local neutron spectrum is applied for each burnable

region. Thus, individual conditions in fuel pins are accounted for depending on the fuel state
parameters (burnup, channel/bypass void, burnable absorber remaining fraction, control rod
insertion, etc.).

In PHOENIX4 the ability to predict the evolution of the isotopic composition over time has been
qualified in the OECD/NEA Isotopic Depletion Benchmark (References [1], [2]) placing the code
in-between the 21 codes participating in the benchmark. The following are the results for Pu
isotopes which are generally in good agreement with the benchmark average. a,b'c
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Only the concentration of [ ], by an amount that is noticeably outside
the standard deviation of the benchmark average. The [ 1a"c is mostly
attributed to the neglecting of [ Ia", and as it is proved by a
distinctively higher standard deviation of the NEA average for the isotope, the uncertainty for

I 'C was generally much higher among the participating codes. This higher uncertainty of
calculated [ ]a,c concentration has no larger practical implication in reactor calculations
because of its small reactivity contribution I I,.

PHOENIX4 results of a typical BWR pin cell calculations were validated against the more
advanced HELIOS code to further qualify the capability of PHOENIX4 to predict build-up of Pu
isotopes in various core conditions. The validation was performed over a wide range of
(increasingly harder) neutron spectrum conditions, achieved by modeling:

a,c

Observe that a 40% void in the pin cell calculations corresponds to much higher void, in the range
of 70-80 %, in a BAWR assembly where channel bypass remains essentially non-boiling.
The summary of the observed deviations [%], presented below, confirms the capability of
PHOENIX4 in determining Pu build-up over the whole neutron spectrum variation of a LWR
reactor.

The temperature dependence of nuclear data is an inherent feature of the PHOENIX4 cross
section library. Fuel isotopes have their nuclear data (both cross sections and resonance integrals)
tabulated for several temperatures covering the range from [ Ia,c so PHOENIX4

a,b,c
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can interpolate for the actual temperature. Only less important isotopes [
I",c have data for a single temperature.

The ability of PHOENIX4 to handle the temperature effects for plutonium has been verified
against HELIOS by comparing Pu reactivity worth and its change with the temperature (the Pu
Doppler effect) at several burnups in pin cell calculations. The table below shows the results for a
pin cell with [ Iac. The Pu reactivity worth is defined here as the
difference in the infinite multiplication factor with and without the plutonium isotopesYFor the
temperature change of the Pu reactivity worth, both codes agree within [ ]a,c

Another proof that PHOENIX4 and its cross section library are capable tools to accurately
compute plutonium reactivity worth is comparison against the MCNP5 results for a I

]I"¢ to assess PHOENIX4 performance for application in criticality analyses.

In this exercise, where the purpose was to verify the PHOENIX4 library data rather than burnup,
the PHOENIX4 computed [ I', since MCNP5 cannot
perform burnup calculations. As shown in the following table with the results for a fuel pin cell [

]a,, there is very good agreement between the two codes.

The cross-section representation model utilized by POLCA-7 incorporates Doppler corrections in
both macroscopic and microscopic (for all actinides of importance) cross sections. These
correction terms employ PHEOENIX4-calculated cross-section Doppler coefficients tabulated as
a function of [ ]a,c.

REFERENCES

1) M. C. Brady, "Burnup Credit Criticality Benchmark, Part I-B. Isotopic Prediction (Problem
Specification)", Sandia National Laboratories, NEA/NSC/DOC(92) 1O/REV (1992)

2) M. D. DeHart, M. C. Brady, C. V. Parks, "OECD/NEA Bumup Credit Calculational
Benchmark Phase I-B Results", NEA/NSC/DOC(96)-06, ORNL-6901 (1996)

a,b,c

a,b,c
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NRC RAI 7-3

Towards the EOC some B WRs have a positive moderator temperature coefficient at cold zero
power conditions. Does the POLCA-T method account for this effect?

Westing~house Response to RAI 7-3:

The existence of less negative or even positive moderator temperature coefficients at zero power
conditions during the cycle is a well-known fact in cores loaded with modem fuel due to the
presence of part-length rods. In order to properly deal with this effect, which is strongly
dependent on the core loading and the core conditions (xenon state, control rod sequence, etc.),
the standard nuclear data tables include cross sections at

]a,c As seen from Table 1,
these 'C cover the whole range from [

Ia"' providing, together with the data at
conditions, full coverage for the whole start-up process of the plant. It should also be noted that
these [ ]ac have been specifically chosen to minimize
the error in reactivity prediction and, thereby in computing the isothermal temperature coefficient
(ITC) by comparing POLCA7 predictions against corresponding PHOENIX4 reference results for
simple single-assembly test cases representing core conditions encountered during reactor startup.

Table 1: Recommended nuclear heating state points below rated power for cell data generation
a,b,c
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NRC RAI 7-5

Considering that a reactor may experience an unplanned shutdown and subsequent startup from
a mid-cycle core exposure condition, describe those aspects of the determination of the limiting
initial conditions and candidate limiting control rods that accounts for core cycle exposure.

Westimnhouse Response to RAI 7-5:

In the first step of the methodology we do select the control rod (CR) candidates at several core
cycle exposures [ Ia , so if the CR has a high reactivity worth
it will be selected as a potential candidate for transient evaluation. In the provided demonstration
of step 1 in the topical report it was observed that both the CR worth and power peaking factor
(PPF) at MOC are [ ]a1c those obtained at EOC conditions (see
Figures A.4-2 and A.4-3). Given the sensitivity of the peak fuel enthalpy to the CR worth (see
Figure A.5-1) the control rod worth will dominate and MOC exposures will not result in more
limiting conditions. The choice of limiting initial conditions considers only instantaneous effects,
consistent with the separation of historical and instantaneous effects in steps 1 and 2 of the
methodology.

If the [ ]I"C in the cycle were to provide CR candidates with highest
reactivity worth or PPF (for example because of fuel design), both the choice of limiting initial
conditions and transient evaluation will be performed according to the methodology steps I
through 3 described in section A.4.6 Cycle-Specific Evaluation Methodology.
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NRC RAI 7-6

CENPD-390-P-A includes several cold critical eigenvalue calculations for various plants over
several cycles. Using the cold critical eigenvalues and associated plant data, quantitatively
justify the use of a 5% uncertainty value (at the 95% confidence level)for the control rod worth
uncertainty in the subject uncertainty analysis.

Westinghouse Response to NRC RAI 7-6

The following table shows a summary of the (local) cold critical eigenvalue evaluations over 16
cycles for one of the plants included in CENPD-390-P-A. These evaluations are performed by
taking a sub-critical reactor at cold conditions with all of its control rods inserted to a critical
level by fully withdrawing a control rod and partially withdrawing a neighboring control rod at
different locations in the core. The following table contains the average calculated cold reference
level (based on 5 to 10 individual measurements) and its associated standard deviation for every
cycle. In addition, the average cold reference level and the total standard deviation (of all the
individual measurements performed over those 16 cycles) around this average level are provided.

a,b,c

As shown above, the cold critical level is predicted with an uncertainty of [
]I,". Assuming this value is representative of the ability of

PHOENIX/POLCA to predict core eigenvalues (keff) and the control rod reactivity worth is
expressed as a relative difference between eigenvalues (before and after the control rod
withdrawal/insertion), the following uncertainty propagation can be performed in the case of a
rod withdrawal.

a.c

I I
Where k is the multiplication factor of the reactor after the rod withdrawal.
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The associated uncertainty to the control rod reactivity worth estimate will be:

[ I a, c

Since the core after the rod withdrawal will be very close to critical (1/k 2 ; 1), the uncertainty in
control rod worth will basically be equivalent to I

I". The estimated uncertainty of I Ia"c would lead to about a
]a'c eigenvalue uncertainty with 95% confidence, which is clearly lower than [
Ja•€
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NRC RAI 7-7

Specify those aspects of the POLCA-T methodology that conservatively account for the negative
reactivity during a SCRAM Specifically address any assumptions regarding the rate of negative
reactivity insertion. If a linear approximation is used, justify the use of this approximation.

Westinghouse Response to RAI 7-7:

The SCRAM insertion positions used in the POLCA-T Control Rod Drop Accident (CRDA)
analyses are taken from the plant technical specifications which place limits on the scram
insertion rate in the form of maximum times for control rods reaching [

I". This is as discussed on page A-47 of the topical report. These plant SCRAM
specifications are conservative and are used as input to the safety analyses performed for example
by BISON or RAMONA3 codes. POLCA-T utilizes this SCRAM data in the CRDA analyses and
thus the same SCRAM conservatism is assumed as well.
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NRC RAI 7-8

It is the staff's understanding that the PHOENIX4/POLCA 7 cross section library is based on
ENDF/B-VI. How does the value of the delayed neutron fraction for the principle nuclides
compare with what used in RAMONA-3B SCP2?

Westinghouse Response to RAI 7-8:

The delayed neutron data in the PHOENIX4 library is currently based on a compilation of [
Ia". The ENDF/B-VI delayed

neutron data is known to be erroneous and is not recommended for general use and, [
a"c. The RAMONA-3B SCP2 delayed neutron data was based on the

PHOENIX2 data set. These two data sets are provided in the following tables. As seen, these two
data sets show ac.

a.b.c
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NRC RAI 7-11

As part of the screening for potentially limiting control rods for CRDA does the methodology
allow for analyzing an off-center control rod as a representative central control rod?

Westing~house Response to RAI 7-11:

The methodology [
representative central control rod. [

]a,c the consideration of an off-center control rod as a

1arc .
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NRC RAI 7-15

Provide additional descriptive details regarding the determination of the initial conditions.
Specifically address what process is used to determine the worst single operator failure or which
rods are bypassed.

Westinghouse Response to NRC RAI 7-15

Westinghouse methodology for a complete analysis of CRDA is fundamentally a two-step
approach.

The first step involves the
]a,c resulting from CRDA. These candidates are selected

based on the [ Ia"c with the following
assumptions: the dropped control rod in the final withdrawn position within the constraints of [

I 'C and the plant licensing basis [
Ia". As required in the actual application, calculations may be

needed for both cold and hot standby conditions to determine the [
Iac.

An NRC approved three-dimensional static nodal code, such as POLCA7, in conjunction with the
cross-section generator code PHOENIX4, are utilized for this evaluation.

The second step is the analysis of the [ ]a," to the dropped control rods and the
subsequent consequences to the fuel. This evaluation is performed with POLCA-T. The dynamic
evaluation is performed to calculate [

apc

For a particular plant, consideration must be given to the [ ]ax for rod
sequence control and the Technical Specifications concerning inoperable rods.The maximum
number of inoperable rods allowed by the plant Technical Specifications is assumed [

Iac.
These [ are assumed to be [ ]a'c for the three- dimensional nodal
simulator calculations utilized to select candidates for the most limiting control rod configuration.
They are [ ] 2C assumed to be [ ]I"c for POLCA-T calculations used to evaluate the
dynamic response resulting from dropping the control rods and the subsequent consequences for
the fuel.

The existing plant-specific [ ]a~C and [
]axC are utilized by Westinghouse in the

CRDA evaluation. Since these limiting assumptions are [ ]a, substantial
revisions are Iarc for most applications when Westinghouse reload fuel is
installed in a particular plant.

In fact, the utilization of POLCA-T code, which allows [

Ia,c, may allow a more precise description of [ ].C than the plant's

licensed existing analysis.
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The assumed [
control rod withdrawal system utilized for a given plant. For example, [

1],c are assumed to be
dropped control rod; thus, [

The following text will be added after the first paragraph on page A-43:

[

]"c will depend on the

1"'a of the
I a,c.

Ia~c
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NRC RAI 7-16

Explain the differences between a power and flux SCRAM Specifically explain what calculation
in POLCA-T yields the core power. Is the power based on the integrated total of the rod heat
fluxes? Does power refer to simulated thermal power?

Westinghouse Response to NRC RAI 7-16

"Power SCRAM" generally assumes that the process to initiate a SCRAM is started when the
core thermal power reaches a certain level. "Flux SCRAM" assumes that the process to initiate a
SCRAM is started when the core neutron flux reaches a certain level.

The same conservative delays between the time when the process to initiate a SCRAM is started
and the time when the SCRAM actually begins are assumed in both cases. The same conservative
SCRAM speed is also assumed in both cases.

The thermal power transient lags the flux transient due to the delay in the heat transfer to the
coolant through the gas gap and cladding. Hence, the initiation of the SCRAM process based on
thermal power will lead to a slightly later SCRAM; therefore, tending to cause more conservative
results than the initiation of the SCRAM process based on flux.

In POLCA-T, as described in section 3.4 of WCAP-16747-P, the total power generation is

]sC because the CRDA has a very fast and short time scale with a significant prompt

fission power peak.

Thus the total power is equal to [

1a"c. The POLCA-T calculated power is

1a2c

In the case of neglected decay power, the SCRAM activation by power means an activation by
fission power and thus by either neutron flux or APRM. Thus there is [

1a'c described above. It has to be noted that the delay time of the

SCRAM activation, after its initiation at a 120% power level, is conservatively determined as
provided in the answer to RAI 7-7.

Thus the use of term "power" SCRAM has
]J', the possible "flux" SCRAM provided in Appendix A of WCAP-16747. Moreover the

inclusion of a "conservative" scram on 120 percent power in section A.4.4.1 in the 2 nd from the
top paragraph on page A45 is [ I". For these reasons the text of WCAP-16747-P
A.4.4.1 in the 2 nd from the top paragraph on page A-45 will [

jaxc
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NRC RA" 7-17

Please clarify the footnote in Table A.3-6. Does the measured peak power in the footnote refer to
the time at which the peak power was measured during the experiment? Is the integrated energy
based on the integral of the POLCA-Tpredicted power up until the time that was measured?

Westinmhouse Response to RAI 7-17:

The correct text of the footnote should be as follow:
"Upper value shows the POLCA-T calculated integrated energy released up to the POLCA-T
calculated time of peak power, while the lower value is the POLCA-T calculated integrated
energy released up to the time at which the peak power was measured during the experiment".
Thus the answer to both questions is "yes", as can be seen in the following table.

Measured integrated energy released up to the time at which the peak power was measured during
the experiment is provided given the column labeled "SPERT".

The restructured table below contains the same results. The restructured table below contains the
same results.
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a,b,c
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NRC RAI 7-20

In step 1 of the CRDA analysis methodology have different screening criteria been selected for
the POLCA-T method, relative to the RAMONA-3B SCP2 method, for concluding that dynamic
analyses are not necessary? If so, provide the POLCA-T criteria.

Westinghouse Response to NRC RAI 7-20

There is [ I•C in the screening criteria selected in step 1 of the CRDA methodology
for the POLCA-T method from the criteria used in the RAMONA-3B SCP2 method. The text
provided in section A.4.6 of the topical report for step 1 of the POLCA-T method is I

]I"C in the RAMONA-3B SCP2 method.

]ac. [ ]•'C the text of WCAP-
16747-P section A.4.6 will be corrected as follows.

The current text of step 1 will be replaced by the following text: a c
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NRC RAI 7-23

Section A.3 2.1 paragraph 2 states that POLCA-T simulations were performed for the TT3 test.
Please provide the results of this simulation.

Westinghouse Response to RAI 7-23:

Steady-state simulations have been performed for all three Peach Bottom 2 EOC 2 turbine trip
tests. The transient simulations are so far performed only for tests TTl and TT2; only steady-state
simulations have been performed for the TT3 test. Transient analysis of the TT3 test is planned
and the results will be included in the Appendix C of the topical. This text corrects the text of the
topical report section A.3.2.1 paragraph 2.
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NRC RAI 7-25

Please describe the methods that are used to evaluate the radiological consequences resulting
from fuel failure during control rod drop accidents.

Westinghouse Response to NRC RAI 7-25

If the evaluation of radiological consequences is required as a result of a POLCA-T CRDA
analysis predicting fuel melting, an analysis will be performed based on the plant licensing basis;
i.e., applying NRC Regulatory Guide RG 1.183 for alternate source term, or RG 1.195 using the
traditional method. In both cases an approved method to evaluate the radiological consequences
will be used.

R ac.
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NRC RAI 8-2

The staff requires additional information regarding the HI and H6 heat transfer coefficient
correlations. The film temperature is determined using a different method. Please comment on
the different implementation of these models for POLCA-T relative to GOBLIN.

Westinghouse Response to NRC RAI 8-2

The film temperature model in POLCA-T for the correlations in the heat transfer regime of HiI
and H6 are:

[ ]a,c

where the subscripts c or g represent liquid and gas respectively in the bulk temperature of fluid.

The film temperature in GOBLIN is limited by [ ]a,c

Unlike POLCA-T which calculates temperatures above [
]a,c therefore removing the limitations on evaluating the

film temperature.
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NRC RAI 8-3

Please provide a more detailed heat transfer regime map. In general, the flow regime changes
within each temperature range will dictate the heat transfer characteristics, please provide a
more detailed figure, or series offigures, that in each temperature range shows the applicable
heat transfer coefficient correlation as a function of the Reynold's number as well as void
fraction. Specify the applicable range for each correlation and mark where interpolation is
performed between different Reynold's numbers.

Westinghouse Response to NRC RAI 8-3

The figure below shows how the heat transfer coefficients are calculated on the "void - surface
temperature plane " as described in the WCAP-16747 topical report.

_a,c

Figure 1: Heat transfer map, void versus surface temperature.
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In addition, the figure below shows how the heat transfer coefficient, htc, is calculated in the
"Reynolds number - void plane" for different surface temperatures, below and above the critical
temperature Tcit.

a,c

Figure 2: Heat transfer map, Reynolds number vs. void, non-dryout condition. Tsface < Tcrit
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a,c

Figure 3: Heat transfer map, Reynolds number vs. void, stable post-dryout condition Tsurface>
Tleid

The heat transfer coefficients are interpolated in the region between a, and a2 and between 8, and
82. The heat transfer coefficient htc in the transition becomes equal for the two flow regimes due
to Reynolds number.

The applicable range of the correlations is listed below.
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Pre-dryout Heat Transfer (Tsurf > Tsat, Boiling or Steam cooling)

a,c

Pre-dryout Heat Transfer (Tsurf < Tsat, Single-phase Water or Steam)

- a,c
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-1 ac

Post-Dryout Heat Transfer

a,c
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Steam Condensation

a.c
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NRC RAI 8-4

The staff does not find that the current countercurrent flow limitation correlation adequately
bounds the available data tojustify use of the correlation for SVEA-96 Optima 2fuel designs.
Please refer to WCAP-16078-P-A. The hydraulic diameter definition in POLCA-T is consistent
with earlier versions of GOBLIN, but is not consistent with the conservative approach proposed
in the most recent application. Please revise this model to be consistent with the staff's most
recently approved model.

Westinghouse Response to RAI 8-4

The countercurrent flow limiting (CCFL) condition is [ ]a~C The POLCA-
T calculation will be updated to the effective diameter in a flow channel as required for use in the
CCFL correlation together with modem fuels as SVEA-96 Optima2 for Transient and ATWS
applications which will be detailed in Appendices C & D.
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NRC RAI 8-6a

Please provide additional details regarding the formulation of the momentum conservation
equation.

(a) Describe the momentum conservation equation, as formulated, when calculating pressure
losses along aflow direction that is not vertical.

Westinghouse Response to NRC RAI 8-6a

Chapter 7.2 of WCAP-16747-P describes how the momentum equation and its terms are adjusted
for a vertical flow. The formulation is similar to the horizontal flow formula, but the gravity,
Apgv, term is set to zero. If the direction is an incline, the cosine of the angle is multiplied to the
gravity term with its sign dependant on the defined positive direction of the flow.

The momentum equation reads:

8W
=p• = Pi - P i+ - Ap fc-A c Ap 10 c - Apgrav - APflux + Appum

NRC RAI 8-6b

(b) Describe the models in POLCA-T that calculate the pressure drop across a volume cell
representing an elbow in a pipe

Westinghouse Response to NRC RAI 8-6b

To take into account the pressure losses through a bend, the user has to provide the appropriate
loss coefficient for the bend and the roughness value for friction in order to calculate the terms,
Aploc and Apfic, in the equation above.

If the entire bend is divided into several volume cells the loss coefficient is distributed equally
over the flow junctions that connect the volume cells.

The figure below shows a horizontal bend, divided into a number of volume cells. At the flow
junction the state vector is the liquid and gas velocities indicated by an arrow and calculated at
the surface of the volume cell. In each volume cell the state vector at the dot is the pressure, void,
liquid and gas temperatures and average liquid and gas velocities. The liquid and gas velocities
are solved by iteration of the momentum equation and the drift flux correlation.
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NRC RAI 8-6c

(c) Describe the models in POLCA-T that calculate pressure drops and flow fractions for
volume cells that are attached to more than two neighboring cells, specifically explain
these models in terms of linked volume cells where flow exiting the volume cell may be
either vertical through one exit path or horizontal through another exit path (i.e. a tee).

Westinghouse Response to NRC RAI 8-6c

Below a sketch of a tee-junction is shown:

A
a

pie
PA!

S

-4-

I:- ?iJ

Assuming no gravitation the momentum equation for the flow mixture from the junction to the
branch would be:

ii t -pi - AppfrC, - A - ApIoc- AP l- I
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The term Apflux is multiplied by a factor from I ]",C in order to
simulate the amount of downstream momentum that would be transferred to the branch. The
friction and form loss for the branch is also set by the user.

In the case of a vertical branch, the sketch is shown below:

The momentum equation in the flow junction to the branch now reads:

J j = pi -- Pipl - Ap./ri, - Ap1 oc - APgrav - Apf,,.,.

The difference being the inclusion of a term for gravitational pressure drop.

NRC RAI 8-6d

(d) Describe the application of the momentum equation for mixing volumes, such as a lower
plenum with potentially many connecting parallel volume cells.

Westinghouse Response to NRC RAI 8-6d

The sketch below shows a volume cell, connected to a number of branches.

Brandi
Branch 2

,ranchd 3

For each of the flow junctions, the arrows, the momentum equation reads;

Ii aW = A - Pill - APfric - Ap1oc - APgrav - AP,1x

at

where each equation set up takes into account the downstream conditions in the common volume
cell, manifold.
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NRC RAI 8-6e

(e) Please describe how the single fluid formulation of the momentum equation captures the
virtual mass effect

Westinghouse Response to NRC RAI 8-6e

The virtual mass effect is [ ]ac In two-phase flows this phenomenon is
]a,c which is a correlation derived

from measurements.

NRC RAI 8-6f

(I) Please rewrite the momentum equation in terms of the two phases, explain how the
equation is solved based on volume cell state parameters (such as void fraction, pressure,
and phase velocities). It is not clear to the staff how the single fluid properties are
determined

Westinghouse Response to NRC RAI 8-6f

The unknown quantities in the flow junctions are the state vector velocities Uiiq and uga. From the
momentum equation and the drift flux correlation the velocities can be determined by iteration for
each time step.

ii - = PA - Pi,1 - APfti, - AP~oc - APgrov - APfis

at
The mass flow rate, mixture, is calculated from:

I I2,
and from the very simple drift flux equation below:

I I]a,c

where S is equal to the slip ratio.

The single fluid properties are taken from the neighbor volume cells where p, void, tliq, tgas, Uliqm,

ugasm, are calculated and from those the steam-water properties can be found out (such as,
densities, derivatives and transport properties for water and steam and gas in the case of non-
condensable gases.

The entire systems of equations are solved simultaneously by iteration and for each iteration a
linear equation system is solved.

When convergence is achieved all secondary variables are calculated and the state vectors are
updated, ready for the next time step.
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NRC RAI 8-6g

(g) Please describe how interfacial shear is treated

Westinghouse Response to NRC RAI 8-62

POLCA-T uses [ Ia" instead of a [ Ia,c
system with extra constitutive correlations for momentum transfer between the phases.
The interfacial shear between the phases, water and gas is implicitly taken into account in the
drift flux correlation which is based on measurements.

NRC RAI 8-6h

(h) Please describe how the momentum equation is solved when counter current flow is
predicted

Westin2house Response to NRC RAI 8-6h

The sketch below shows two vertical cells, if the void content in cell 2 is lower than the void
content in cell 1 a counter current flow situation has occurred.

Cell 2

Ug
9Ul

Uh

0

Cell 1

When counter current flow conditions are detected, as above, the momentum equation is solved
for the mixture of liquid and gas

Instead of the [
gas velocity

I " is solved for the

The unknown quantities in the flow junction are the uiiq and ug state vector velocities.
From the momentum equation and the drift flux correlation the velocities can be determined by
iteration for each time step.
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at p - p,- AP ic - Aploc - APgrav - Apflux

The mass flow rate, mixture, is calculated from

S= Mliq + ragas = U liqAtiqtoliq - gas gas ,gas A((1 - a)ul.,qliq + -ugasogas )

and the gas velocity from the CCFL equation.

NRC RAI 8-6i

(i) Under countercurrent flow conditions the staff does not understand how the one fluid
momentum equation allows for accurate convection of momentum and energy between
fluid volumes, please provide additional details regarding the momentum and energy
associated with each phase and how it is convected.

Westinghouse Response to NRC RAI 8-6i

The momentum equation is set up and solved for as described in the above response to paragraph
h. The energy and mass conservation equations are set up for each phase and each volume cell
with its flow directions of the phases.

NRC RAI 8-6i

6) Please explain how the wetted perimeter fractions are determined

Westinghouse Response to NRC RAI 8-6i

The wetted perimeter is determined in each volume cell as:
ý a,c
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-- ac

Parameter cx is set to a constant equal to [ •C The basis for this number is as follows. The
ramp in void fraction is chosen to give a reasonably smooth transition from two-phase to steam.
The data base for the friction pressure drop covers void fractions as high as [ ]ac At
100% void fraction i.e. for pure steam the ramp ensures that a correct single phase expression is
used.

NRC RAI 8-6k

(k) Please explain the basis, qualification, and coefficient values for the velocity distribution
correction factor based on void fraction.

Westinehouse Response to NRC RAI 8-6k

The void correction factor is used to take into account the velocity distribution in the channel
when void occurs. It is a correction factor, [
]" drift flux correlation.

The form of the correction factor is:

I I a,c

The basis for this correlation is the pressure drop rod bundle data. The factor represents the
difference between [ Ia'c or
in other words the effect of the two-phase flow on the velocity distribution in water near the wall.

NRC RAI 8-61

(7) Please provide validation of the single fluid momentum formulation for cases where a
large sudden pressure drop results in void formation downstream of the local loss.

Westinghouse Response to NRC RAI 8-61

An application of POLCA-T for a fast flashing event demonstrates that the current formulation of
the momentum equation is sufficient to predict this type of events. POLCA-T has been compared
to the Edwards Experiment (Edwards, A. R., and T. P. O'Brien, " Studies of Phenomena
Connected with the Depressurization of Water Reactors!", J. Brit. Nuclear Energy Soc. 9 (1970)).
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The figure below shows the comparison:

a,b,c
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NRC RAI 8-7

The staff has several questions regarding the momentum equation (see NRC RAI 8-6). To assist
the staff in understanding the momentum equation and solution technique please provide a
sensitivity analysis that will help the staff to determine whether the model potentially results in
momentum errors. This analysis should take a complex model, as included in the qualification
studies in the Appendices. Please initialize this model such that there are no energy sources (set
core power to zero, set all boundary conditions to no flow boundary conditions, and remove all
pump work), additionally please set the initialfluid conditions to purely liquid at uniform
pressure with a relatively high degree of subcooling with zero initial velocity. Under these
conditions there should not be a drivingforceforfluidflow. Please run a transient calculation.
Verify that there are no residual momentum sources by checking the mass flow rate. If there is a

feature in POLCA-T that would allow a similar calculation to address the staff's concern, it is
acceptable to provide the results of this alternative analysis.

Westinghouse Response to NRC RAI 8-7

As a demonstration of the behavior of the momentum equation, a closed circulation loop with a
pump was set up with POLCA-T. [

Ia'C

The momentum equation for each flow path reads:

IC- = pi - pij1 - Ap fic - Ap 1 c' - APgTav - Apflux + Appup
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Figure 1: POLCA-T results for mass flow rate (kg/s) versus time (s) for a pump with homologous

pump curves.

a,b,c
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Figure 2: POLCA-T results for mass flow rates (kg/s) versus time (s) for pump with non-
homologous pump curves.

a,b,c

From the Figures above it can be concluded that the [
]a,c as it should when there are no artificial momentum

sources.
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NRC RAI 8-8

The staff has several questions regarding the use of the component models that were previously
reviewed and approved as part of the BISON methodology.

With use of the PARA steam line model, the user has the flexibility of modeling valves and control
system functions through the use of user supplied tables and control systems. Modeling of these
systems greatly affects the amount of conservatism in the transient outcome for certain event
analysis. Providejustification for these user controlled items to assure conservatism in licensing
applications.

Westing~house Response to RAI 8-8(1)

The PARA model from BISON is used to provide flexibility so that exisiting steam line models
can be used. When new models are created, the plan is to use POLCA-T thermal-hydraulics for
the entire model.

NRC RAI 8-8(2)

In regards to the recirculation pump model, provide verification that all previously imposed
conditions, limitations, and restrictions are maintained for its use in POLCA-T.

Westinghouse Response to RAI 8-8(2)

POLCA-T does not use any part of the BISON pump model.

NRC RAI 8-8(3)

In regards to the steam separator, please compare the POLCA-T model to the BISON model with
increased L/A or previously referenced qualification data, such as the 1985 TVOI rapid
pressurization event.

Westinehouse Response to RAI 8-8(3)

A comparison of the steam separator model with test data for the carry under is shown below for
the old ASEA Atom separator AS 16 and for the new steam separator ASO 1 developed and tested
in the late 90's.
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Carry under fraction AS 16 steam separator: Calculated versus measured a,b,c

Carry under fraction ASO I steam separator Calculated versus measured a,b, C
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NRC RAI 9-1

Please provide additional descriptive details of the power generation model. Following a reactor
SCRAM the power generation includes sources from transient fission power (during the rod
insertion and from delayed neutrons), fission product decay, actinide decay, decay of structural
activation products, heat transfer from vessel internals, and exothermic energy release from
metal-water reactions. Please discuss the models and capabilities of POLCA-T in regards to
each of these heat sources.

Westinghouse Resoonse to RAI 9-1:

The prompt fission power is calculated by POLCA7 from the thermal-hydraulic conditions
calculated in POLCA-T.
The POLCA7 part of POLCA-T solves the two-group diffusion equations with a number of
delayed neutron families determined by the code user.
The figure below shows the interaction between POLCA7, neutron kinetics, and RIGEL, (the
thermal-hydraulic portion.) The quantities that are transferred between the modules are listed on
the figure.

-- a.c

Data communication between POLCA7 and RIGEL takes place through a few arrays stored in a
data structure for communication between the two codes:

ac
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The fission power generation is divided in two parts: power generation in the fuel plus direct
power generation in the coolant. The fission power contains the prompt and delayed powers
generated in the core.

The decay power is calculated from [ ]a,c, the
number of decay groups is user defined. Standardized included files simulating ANS decay
power curves are available with [ ]a,c or other decay power
data depending on the purpose of the simulation.

The stored energy in the user defined heat structures is released/stored according to the
solution of the transient heat conduction equation for each heat structure, with its thermal
properties temperature integrated, if it has such dependency, and appropriate boundary
condition. The number of heat structures and their material properties have virtually no limit
in the code.

In case of simulating metal-water reactions an internal heat generation source in the heat
structures containing Zircaloy is added based on a power generation model, Baker-Just for
conservative estimation and Cathcart-Pawel for best estimate simulation.
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NRC RAI 11-1

Section 14. (First paragraph)

The introductory paragraph states: "This simulation only uses the thermal hydraulic environment
for the average rod to calculate maximum temperatures when an internal peaking factor is set for
this hot rod. "

Please clarify use of average environment for maximum temperature. Is it not possible for the
local "hottest rod" environment to be hotter than the average environment?

Westinehouse Response to RAI 11-1:

POLCA-T code models as minimum two fuel rods for each fuel assembly - one average rod and
one hot rod. Both rods are axially nodalized consistent with the coolant channel nodalization.
The steady state and transient heat conduction equation is solved in both rods to determine the
radial temperature distribution for each axial location. The solution for the average rod is used as
S1a`c in the coupled neutronics- thermal-hydraulics, while the hot rod solution

is only used for [
Iac. The coolant boundary conditions for both the

average and the hot rods are assumed to [ ]a,. This is true when the coolant is at [
]ax. In the cases when the coolant is at [ ]a'c the hot rod

"environment" could be [ ]2~c however,
]a1c conditions do not challenge the cladding and fuel integrity. Thus the model is adequate at the
conditions when the extreme fuel and cladding temperatures might occur.
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NRC RAI 11-2(1)

Section 14. 1.1

(1) Please verify if surface temperature of the cladding (T,) refers only to the surface in contact
with the fuel (i.e. the inner surface of the cladding), or if the temperature is modeled as a
constant across the cladding thickness.

Westinghouse Response to RAI 11-2(1)

T, refers to the inner surface of the cladding. POLCA-T code calculates at least three
temperatures of the cladding: Temperature on the inner surface, temperature on the outer surface
and an average cladding temperature, when there are two rings of cladding.

NRC RAI 11-2(2a)

(2) Equation 14.2 is incorrect.

(a) Please demonstrate that this is, or is not, a typographical error.

Westinghouse Response to RAI 11-2(2a)

Equation 14.2 has a typographical error. It should be + ( plus sign ) instead of- ( minus sign).
The correct Equation 14-2 shall be:

Because:

Ia'c

NRC RAI 11-2(2b)

(h) Provide documentation that the error does not exist anywhere in the source code.
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Westinghouse Response to RAI 11-2(2b):

The typo "-" in Eq. (14-2) has only appeared in the topical report (WCAP-16747-P), not in
POLCA-T source code as can be seen in the extracted part of the source code for that equation:

F- ] axc

NRC RAI 11-2

Please present calculations and corresponding test data for comparison.

Westinghouse Response to RAI 11-2

Since it was a typographical error only in topical report, not in source code, no calculation is
needed for verification of the correction.
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NRC RAI 11-3(l)

Section 14.1.3 and 14.2 states POLCA-T can be applied to either U02 or (UGd) 02.

(1) For (UGd)2O, please present relevant fuel cracking data inputs to the code to demonstrate
that POLCA-T predicts correct results for this fjel.

Westinghouse Response to RAI 11-3(1)

Two parameters, F and 91 , as shown in Eq. (14-24), are used to calibrate model results against
the measured fuel pellet temperatures, as described in section 3.2 of Topical Report WCAP-
15836-P-A. 91 is the []c and F is the

Iac which
controls the mean gap heat transfer, as shown in Figure 1 below.

The maximum radial displacement of the I ]" and the fractional contact of the [
I"' with cladding for U02 and (U, Gd)0 2 are treated in the [

I"C However the pellet [ are different for U0 2 and (U,Gd)0 2 , as seen in

Eq. (14-32) & (14-37).

The implementation of the mean heat transfer coefficient of the gap containing the
]','was described as follows in Topical Report WCAP-15836-P-A:

Generalized Mean Values of Cracked Pellet Gap Conductance

Mathematical statistics formalism is used to calculate the gap conductance for a cracked fuel
pellet.

- Definition

For any monotonic continuous functionf an expectation value of any stochastic variable X can be
defined as:

El(X) =f (EX)I)

E (X) = f-'(f f(u)W (u)du) (A-1)

wheref1 is the inverse function off and W(u) is the weighting function.

Iff is a linear function, the arithmetic mean value is obtained, and ifj(x)1l/x, the so called
harmonic mean value is obtained by the above definition.

- Application

A combination of arithmetic and harmonic mean values is used to treat the gap heat conductance,
thus the following function is selected:

1
f (x) - x(A-2)x+k

where kis a constant. Note that for small k, Ax) gives a harmonic mean value, while for large k,
fix) reduces to a function for arithmetic mean value. For the weighting function, a simple
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exponential distribution function is chosen, namely:

[ I a,c (A-3)

where Req and GT are defined in (14-24).

The stochastic variable is the local heat transfer coefficient, x=hgIC.
Consequently (A-2) will be,

II I aC (A-4)

where Ki is the fuel pellet conductivity, a is the pellet radius and C (=1 5.0) is an empirical
constant. The mean heat transfer coefficient of the gap with the fragmented pellet is obtained by
employing Eqs. (A-3) and (A-4) in (A-i) and carrying out the integration. The integration is
performed numerically with the aid of the Gauss-Laguerre integration method.

Figure 1: Model representation of pellet relocation.

NRC RAI 11-3(2)

(2) If the code is intended for MOXor any other fuel, please present similar information.

Westinghouse Response to RAI 11-3(2)

The code will [ I a'c
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NRC RAI 11-3(3)

(3) Please justify why pellet cracking is important to section 14.1.3,
"Pellet cracking is not considered explicitly."

Westinghouse Response to RAI 11-3(3)

yet in section 14.2,

The text in the second paragraph shall read as follows:
I

I ac

NRC RAI 11-3(4)

(4) Please explain how the effect of pellet cracking is taken into account. Be specific for each

fuel, U0 2 and (U, Gd)02.

Westinghouse ResDonse to RAI 11-3(4)

Please see the answer to RAI 11-3 part (1).

NRC RAI 11-3(5)

(5) Please enumerate code limitations due to the non-consideration offuel restructuring.

Westinghouse Response to RAI 11-3(5)

The sentence "Fuel restructuring is not presently treated in the code" on page 14-9 of the Topical
Report shall be removed.

In the athermal model of the Westinghouse fuel performance code the fuel restructuring in the
pellet rim at high burnup has to some extent been taken into account in order to model high
burnup enhanced fission gas release, see WCAP 15836-P-A, section 2.1.5-3.
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NRC RAI 11-4(1)

Section 14.2.3

(1) Will the POLCA-T code be applied to UGd >12% 02?

Westinighouse Response to RAI 11-4(1)

The pellet thermal expansion formulation shown in 14.2.3 can be applied to [ I,C

NRC RAI 11-4(2)

(2) If so, please present the justification including the correct use of the coefficient of thermal
expansion at transient temperatures.

Westinghouse Response to RAI 11-4(2)

POLCA-T code is currently applied to the same level of burnable poison of Gd203 as in Topical
Report WCAP-1 5836-P-A, [ Ia"c However, regarding thermal expansion behavior,
it was shown in Ref. 1 that the thermal expansion coefficient of the U02-Gd2O3 solid solution
could be regarded as [ ]"', of pure U02 in the relatively wide composition
range of GD203, [ ]'C see Figure 11-4-1.

XC 10-5

I ?L

0.-.

-~1.0

E 0.9

I--
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GdrZ03 (wt%

30 40

Figure 11-4-1, Gd fuel thermal expansion data up to temperature 1233 0 C (Ref. 1 below)
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Reference:

1) T. Wada, K. Noro, and K. Tsukui, Behavior of U0 2-Gd 2O 3 Fuel Proceedings of the
International Conference on Fuel Performance, British Nuclear Energy Society, 15-19
October 1973, London, England
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NRC RAI 11-5(1)

Section 14.2.4

(1) Please identify where the degree of pellet cracking is applied in the calculation offission gas
release from the pellet.

Westinehouse Response to RAI 11-5(1)

The effects of pellet cracking on the fission gas release are a,c

Instead the effects of pellet cracking on the [ Ia"c that impacts the fuel
temperature and in turn the fission gas release, were taken into account by Eq. (14-24) and (14-
26) when the fission gas release formulation Eq. (14-49) was developed based on the calculations
from the NRC licensed Westinghouse fuel performance code, (WCAP-1 5836-P-A).

NRC RAI 11-5(2)

(2) If it is not considered, please justify the reasoning.

Westinghouse Response to RAI 11-5(2)

See the answer to RAI 11-5 part (1).
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NRC RAI 11-6(1)

Section 14.3

(1) The material is stated to be zircalloy. Please identify all specific alloys to which POLCA-T
will be applied.

Westinghouse Response to RAI 11-6(1)

POLCA-T code models at.least one average fuel rod per fuel assembly. Thus any fuel design
including any cladding material is modeled explicitly with its properties. Whatever the material is
the code has the flexibility to model it as far as appropriate models are available and implemented
into the code. [

I",C We utilize the fuel behavior models developed for fuel thermal mechanical
design. In case that those models are too detailed and could became a CPU burden for transient
POLCA-T code

Jac

NRC RAI 11-6(2a)

(2) If Zirlo, Optimized Zirlo, or any alloys other than Zircaloy-2 and Zircaloy-4:
(a) Please explain hydrogen pick-up in cladding as modeled in POLCA-T

Westinghouse Response to RAI 11-6(2a)

The answer to RAI 11-6 part (1) is also valid here.
(a) At the present we [ac the hydrogen pick-up in cladding in POLCA-T. If such a
model is [ ]I"c from our thermal mechanical design tools and
validate it against test data.

NRC RAI 11-6(2b)

(b) Present test data to verify code predictions.

Westinehouse Response to RAI 11-6(2b)

Please see the answer to RAI 11-6 part (2) (a)

NRC RAT 11-6(2c)

(c) Please show test data to explain any hydrogen pick-up data differences between
Westinghouse results and similar tests performed at Argonne National Laboratory.

Westinghouse Response to RAI 11-6(2c)

Please see the answer to RAI 11-6 part (2) (a)
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NRC RAI 11-6(3)

(3) Please explain why thermal expansion is anisotropic, while elasticity, plasticity, creep and
growth are all isotropic.

Westinghouse Response to RAI 11-6(3)

LWR Zircaloy cladding, in principle, is anisotropic, however the macro-behavior of thermal
expansion data from MATPRO (Ref. I below) shows that the texture effects are negligible
compared to temperature impact.

Nevertheless, we have decided to eliminate the following sentence, "The material is considered to
be isotropic except for the thermal expansion, which is taken to be different in the radial and axial
direction." Since isotropic means a micro property here, differential thermal expansion strains in
axial and diametric direction are the macro properties. Eliminating the above statement does not
affect the rest of the text in WCAP-16747-P.

Reference:

1) D.L. Hagrman and G.A. Reymann, MATPRO-version 11- A handbook of materials
properties for use in the analysis of light water reactor fuel behavior, NUREG/CR-0497,
1979.
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NRC RAI 11-7(1)

Section 14.3.1

(1) An equation (14.60) is given for the "alpha phase. "Please identify if the alpha phase is for
zirconium, zircalloy-4 or something else.

Westinghouse Response to RAI 11-7(1)

The Eq. (14.60) is the MATPRO correlation that was developed mainly based on Bunnell et al.
data for Zircaloy-4 at alpha phase in which the temperature a ]ac

It was justified (Ref. 1 below) that it also shows good agreement for [c

NRC RAI 11-7(2)

(2) Are there no other phases or metastable phases present in any materials to which POLCA-T
will be applied?

Westinghouse Response to RAI 11-7(2)

For temperatures higher than [ ]a,c the cladding is so soft that typical in-reactor stress
caused 1 1a'c The thermal
expansion involved in the transition phase (1073K-1244K) and the beta phase (>1244 K) is
considerably [a~c for cases in which cladding temperature is
higher than 2 ].,C

NRC RAI 11-7(3)

(3) If other phases are present, then please explain why this single equation is sufficient to
properly calculate thermal expansion.

Westinighouse Response to RAI 11-7(3)

See the answer to RAI 11-7 part (2)

NRC RAI 11-7(4)

(4) Equation 14.60 is stated to be valid from room temperature to 1073K. Please verify that
POLCA-T will not be used to predict phenomenon above 1073K. If it is used higher
temperatures, pleasejustify its use.

Westinghouse Response to RAT 11-7(4)

See the answer to RAI 11-7 part (2)
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Reference:
1) D.L. Hagrman and G.A. Reymann

MATPRO-version 11- A handbook of materials properties for use in the analysis of light
water reactor fuel behavior, NUREG/CR-0497, 1979.
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NRC RAI 11-8(1)

Section 14.3.2

(1) Please explain the cold work parameter, C3.

Westin2house Response to RAI 11-8()

C3 is a constant accounting for the effects of cold work on Young and Shear moduli, which is
taken from Eq. (4-74) in MATPRO (Ref. 1). LWR cladding elastic moduli are affected primarily
by temperature and oxygen content. Cold work effects are much less important. The effects of
cold work on Young and Shear moduli are shown to be small in the Table 4-15 -"Young's
Modulus measurements by Busby" in MATPRO.

In applications, if the degree of cold work is not available, the use of the default, zero, will not
result in an error which is larger than the standard model uncertainty.

NRC RAI 11-8(2)

(2) C3 appears to be a constant value, not a variable. Please explain if it is constant or variable,
andjustify its use as such especially in reference to time-temperature annealing of cold work.

Westinghouse Response to RAI 11-8(2)

See the answer to RAI 11-8 part (1).

NRC RAI 11-8(3)

(3) Please state why cold work has a default value of zero.

Westinehouse Response to RAI 11-8(3)

See the answer to RAI 11-8 part (1).

NRC RAI 11-8(4)

(4) After equation (14.68), to what does the term "(3.23)" refer? Please explain.

Westinghouse Response to RAI 11-8(4)

The term "(3.23)" is a typo and should be removed from the text.

NRC RAI 11-8(5)

(5) Again, please explicitly identify "zircaloy" in these equations.
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Westinghouse Response to RAI 11-8(5)

The model was developed based on a large variety of Zircaloy data published by Bunnel et al
(4.6-1 in Ref.1), Fisher and Renken (4.6-2 in Ref.1 below), Armstrong and Brwn (4.6-3 in Ref.1
below) and Padel and Groff (4.64 in Ref.l below). Data from other sources (4.6-5 to 4.6-11 in
Ref. 1 below) were used to evaluate the expected standard error of the model. The data used for
model development and evaluation includes Zirconium, Zircaloy-2 and Zircaloy-4.

NRC RAI 11-8(6)

(6) Please provide test data to compare with calculations.

Westinghouse Response to RAI 11-8(6)

A part of the datasets used to develop and evaluate the Young's Modulus model are shown in the
following Figure:

a,b,c

Reference:
1) D.L. Hagrman and G.A. Reymann

MATPRO-version 11- A handbook of materials properties for use in the analysis of light
water reactor fuel behavior, NUREG/CR-0497, 1979.
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NRC RAI 11-9(1)

Section 14.3.3: Poisson's ratio for isotropic materials is employed for cladding.

(1) If this equation is employed in the code, demonstrate (provide metallographic and/or
directional mechanical properties test data) that POLCA-T modeled claddings are isotropic
(i.e. any forming processes such as rolling, extrusion, pilgering, or others do not introduce
any anisotropic properties, such as, in particular, texture).

Westingihouse Response to RAI 11-9(1)

Poisson's ratio used in POLCA-T has the same formulation as in the NRC licensed Westinghouse
fuel performance code (WCAP-15836-P-A), which was based on the MATPRO model (Ref. 1
below). More specifically, the Poisson's ratio is a function of [

Ia'c

As stated (Ref. I below) the cladding elastic moduli are affected primarily by temperature and
oxygen content. Other conditions, such as 1a,c are not as important as I

]Ic Therefore, to reduce the complexity of the calculation, the

r,c is applied in both the Westinghouse fuel performance code and in
POLCA-T.

NRC RAI 11-9(2)

(2) Please compare code calculations to experimental data..

Westinighouse Response to RAI 11-9(2)

A comparison between the model calculations to experiment data is provided in the answer to
RAI 11-8 part (6).

Reference:
1) D.L. Hagrman and G.A. Reymann

MATPRO-version 11- A handbook of materials properties for use in the analysis of light
water reactor fuel behavior, NUREG/CR-0497, 1979.
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NRC RAI 11-10

Section 14.3.4:

Pleasejustify why equation (14.70), even ifpreviously approved, is valid.

Westinghouse Response to RAI 11-10

Cladding creep is important in modeling the size of the fuel cladding gap, gap heat transfer and
initial stored energy at the start of transients. Eq. (14.70) describes the contribution of tangential
clad deformation due to creep and elastic strains to gap size change. It is a correlation verified
against the Westinghouse fuel performance code results which are validated against the test data
(WCAP-15836-P-A).
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NRC RAI 11-11(1)

Section 14.3.5:

(1) The subscript, qo, is not clearly defined. Please explain what it represents.

Westin2house Response to RAI 11-11(l)

The subscript, (p, means tangential direction.

NRC RAI 11-11(2)

(2) Since POLCA-T is a 3-D code, please explain why cladding elastic deformation is modeled in
only two dimensions.

Westinghouse Response to RAI 11-11(2)

Within each axial node, the cladding tube is an asymmetric object, thus the model is applied to
each node in two dimensions. The axial dimension is covered by the fuel rod axial nodalization,
in which the loadings are different between nodes, especially during pellet-clad interaction.
Therefore, POLCA-T models cladding thermal mechanical behavior in 3 dimensions.
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S ~Westinghouse.s oooW estin houseWestinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct ter- (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-08-36
August 22, 2008

Subject: Follow-Up Response to the Second Round of NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP- I 6747-P, "POLCA-T: System Analysis Code with
Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-Proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary versions of the Follow-Up Response to the Second Round
of NRC's Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)
WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model" (TAC No. MD5258)
(Proprietary/Non-Proprietary)

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-08-2461 (Non-proprietary) with Proprietary
Information Notice.

2. One (I) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding firom Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-08-2461 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

J J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

P. Yarsky, NRR
G. Bacuta, NRR
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* Westinghouse Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Direct tel:
Direct fax:

e-mail:

412/374-4643
412/374-4011
greshaja@westinghouse.com

Our ref: AW-08-2461
August 22, 2008

APPLICATION FOR WITHHOLDING PROPRIETARY

INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-08-36 P-Enclosure, Follow-Up Response to the Second Round of NRC's Request for

Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-

16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model" (TAC No. MD5258)

(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-08-36, dated August 22, 2008

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(l) of Section 2.390 of the Commission's regulations. It contains commercial strategic

information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-08-2461 accompanies this application for withholding,

setting forth the basis on which the identified proprietary infornation may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld

from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-08-
2461 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse

Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very tr Ily yo.rtirs,

A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
G. Bacuta, NRR
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AW-08-2461

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and conect to the best of his knowledge,

information, and belief:

J. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

.before methis •2• day

2008.

• .Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notarial SealI Margaret L Gonano, Ntary Public

Monroevile Boro, Alleghe y C ",U
My Commission b-.iree j 's nla.n 2Nt0

•Member, Pennsylvenis Aesoltlon of Notartas
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(1) 1 am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-08-36 P-Enclosure, Follow-Up Response to the Second Round of NRC's

Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical

Report (TR) WCAP-1 6747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core

Model" (TAC No. MD5258) (Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter (LTR-NRC-08-36) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is responses to NRC's Request for Additional Information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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NRC RAI 6-5

Figure B.7-2 shows uncertainty bands that are reportedly one standard deviation. These bands do not
appear to be [[ ] away from the 45-degree line. Clarify what the bands represent
and bring the figure and text into agreement in the next revision to the topical report.

Westinghouse Response to NRC RAI 6-5

The one sigma lines are constructed as [ ]ac. That means
that for each value along the [ ]ac is constructed by
independently applying two uncertainties, [ . The band is then formed as [

ac . This is a standard technique to be applied when analyzing data with independent
uncertainties in measured and calculated values, as can be seen in 'Probability and Statistics in Particle
Physics' by A.G. Frodesen, 0. Skjeggestad and H. Tofie (ISBN 82-00-01906-3).

With respect to the additional question posed during the POLCA-T NRC Audit the parameters of [
",, which are used to estimate the decay ratio from noise measurements, are calculated by

minimizing the following loss function:

f'C
[ II

where:

a,c.

The covariance matrix of 0 is then calculated, and using the Gauss approximation formula, the decay ratio
variance is estimated from the uncertainty of the [ Iax. The
representative uncertainty used in WCAP-16747-P is calculated from

a~c.

The one sigma decay ratio uncertainty is then verified with the OECD-benchmark, shown in Figure B.7-1
in the Topical Report.
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RAI 6-17

Separately determine the uncertainty for each oscillation mode and justify the use of a single value for the
acceptance criterion. The staff notes that many more core wide or global oscillations were considered than
channel or regional oscillations.

Westinghouse Response to NRC RAI 6-17

In standard stability analysis such as backup stability protection, the decay ratio is used as the stability
measure. That is, the relation between consecutive maxima in an impulse response is estimated. Stability
regions for decay ratios below 1.0 are searched, for both the global and the regional modes. That is, the
behavior of the core is expected to be linear in amplitudes for both modes of oscillations. Since the
database covers global decay ratios up to the stability limit (1.0) and a regional case at the stability limit
using the same fundamental physics, the code can handle both modes [

Ia"c can be used. Above the stability limit, when amplitudes
may become large, detect and suppress systems are used for stability protection. The detect and suppress
system relies on the correlation between oscillation amplitude and dry out (DIVOM), which is a different
phenomenon I I'.
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NRC RAI 6-35

In response to RAI 6-12 the fraction of nominal flow rate was provided for KKL, however, the staff
requested that the absolute flow rate also be provided. See NRC RAI 6-12. Please supplement the
response to RAI 6-12 with the requested information in cases where it is available.

Westinghouse Response to NRC RAI 6-35

The nominal flow in KKL is [ ],b,c kg/s. This is an absolute value, the definition has not been
changed in connection with power up-rates etc., and is therefore applicable for all measurements.
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RAI 7: Control Rod Drop Accident (CRDA)

The staff has several questions regarding Appendix A of the topical report, which discusses the
application of POLCA-T to CRDA analysis.

NRC RAI 7-4

The sensitivity study in A.5.1.3 concludes that the peak fuel enthalpy is insensitive to the delayed neutron
fraction within 20%. The LTR states that this is consistent with the previously approved method
(RAMONA-3B SCP2). Please reconcile the statement in the subject LTR with the figure produced in
A.3-1 of CENPD-284-P-A. Refer to BNL-NUREG-66230 and BNL-NUREG-67430, describe those
aspects of the POLCA-T methodology that result in an insensitivity to delayed neutron fraction while
previous sensitivity studies indicate a large sensitivity to delayed neutron fraction.

Westinghouse Response to NRC RAI 7-4

In order to perform the sensitivity study a delayed neutron fraction multiplier has been implemented. The
incorrect implementation of this multiplier resulted in POLCA-T insensitivity to the delayed neutron
fraction. Delayed neutron fractions have been multiplied only once at the initial steady-state; however, the
POLCA-T code updates the kinetics data at each time step to account for state parameters change
(including control rod position). Thus when used in the transient simulations, delayed neutron fractions
have not been multiplied and the code was insensitive to them. The issue has been resolved.

Hereafter, the results obtained with the correctly implemented delayed neutron fraction multiplier will be
provided and discussed with corresponding corrections in Appendix A of the Topical report.

The text of section A.5.1.3 on pages A-60 to A-61 (including Table A.5-2) will be replaced by the
following:

A. 5.1.3 Delayed Neutron Fraction

POLCA-T treats the effective delayed neutron fractions on a nodal basis similar to the way of treatment
of the cross-section data. J

f Linear Least Square Fit provided in
Figure A.5-2a will be later used to derive the POLCA-T peak fuel enthalpy uncertainty due to delayed
neutron fraction variations.
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a,c

a,c

Figure A.5-2a. POLCA-T Predicted Peak Fuel Enthalpy and Linear Least Square Fit versus Delayed
Neutron Fraction Multiplier
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Figures A.5-2b through A.5-2e present the POLCA-Tpredicted fission power, total reactivity, peak fuel
enthalpy and maximum hot rod fuel centerline temperature time histories at different delayed neutron
fraction multipliers. [

JaIc

Figure A.5-2b. POLCA-T Predicted Fission Power Time Histories at Different Delayed Neutron Fraction
Multipliers

a,c
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Figure A.5-2c. POLCA-T Predicted Total Reactivity Time Histories at Different Delayed Neutron
Fraction Multipliers a~c

FigureA.5-2d. POLCA-T Predicted Peak Fuel Enthalpy Time Histories at Different Delayed Neutron
Fraction Multipliers
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- Figure A.5-2e. POLCA-T Predicted Maximum Hot Fuel Rod Centerline Temperature Time Histories at-
Different Delayed Neutron Fraction Multipliers

Figure A.5-2f provides the comparison of POLCA-T and RAMONA-3B SCP2 peak fuel enthalpy
sensitivities to delayed neutron fraction variations. The figure produced in A.3-1 of CENPD-284-P-A
(page 145) has been used for RAMONA-3B SCP2 sensitivity. [

"PC.
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aC

Figure A.5-2f. POLCA-T and RAMONA3B Peak Fuel Enthalpy sensitivity to Delayed Neutron Fraction'

Figure A.5-2g shows the POLCA-T peak fuel enthalpy sensitivity to delayed neutron fraction versus
control rod worth. This comparison is similar to those provided in Figures 2 of BNL-NUREG-66230
(Reference 1) and BNL-NUREG-67430 (Reference 2). The data points on the graph represent POLCA-T
results for energy deposited during the power pulse. POLCA-T results provided in Figure A.5-2g
demonstrate J

The curve in the figure is calculated using a simplified expression for the sensitivity
S=-I/(R-1) derived from the point kinetics model and Nordheim-Fuchs approximation. It is also shown in
References I and 2. The figure shows that the results for the power pulse are [

[C.
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a,c

Figure A.5-2g. POLCA-T Peak Fuel Enthalpy sensitivity to Delayed Neutron Fraction versus Control
Rod Worth

Item 7 in section A.5.1.12, "Summary on the Sensitivities Studies," on page A-70 will be replaced by
following:

Section A.5.3.3 on page A-74 will be replaced by following

A.5.3.31 Ja'c

I

LI
a,c

PC
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Ja,c.

Section A.5.3.7 [ ]a~c on page A-75 and Table A.5-10 on page A-76 will also be
corrected to include the above uncertainty of peak enthalpy due to the delayed neutron fraction.

References:

[1 ]. D. J. Diamond, Ch-Y. Yang, A. L. Aronson, Estimating the Uncertainty in Reactivity Accident
Neutronic Calculations, BNL-NUREG-66230.

[2]. D. J. Diamond, A. L. Aronson, Ch-Y. Yang, A Qualitative Approach to Uncertainty Analysis for the
PWR Rod Ejection Accident, BNL-NUREG-67430.

[3]. Control Rod Drop Accident Analysis for Boiling Water Reactors: Summary and Qualification, ABB
CE Topical Report CENPD-284-P-A (Proprietary), July 1996.
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NRC RAI 7-9

Describe any controls on the time step or other controls in the iterative solution technique that ensure
sufficient nuclear power distribution iterations between thermal hydraulic iterations to ensure that the
transient pin power distribution is adequately characterized to determine the integrated hot pin energy
deposition during CRDAs.

Westinghouse Response to NRC RAI 7-9

Details about POLCA-T time size control algorithm are provided in the answer to
RAI 4-8. The time step size control approach that is specific for reactivity transients is discussed in the
answer to RAI 4-9. It was mentioned that a sensitivity study is performed in order to determine the
suitable upper limitation of the time step which is normally set to a few milliseconds. Example analyses
indicating that the time step control does not adversely impact the numerical results of the transient
reactor behavior predicted by POLCA-T were provided in the answer to RAI 6-3 (see also Reference 2).

The above mentioned information provides a background to the RAI response provided hereafter.

- Kinetics - thermal-hydraulics iteration scheme

The 3-D-kinetics model is solved using an iterative method and is then iterated in an outer loop including
the thermal-hydraulic equations until convergence is reached during transients. If the solution does not
converge, [ Ia,c is made until convergence is reached. If no convergence is achieved
and 1 ]a1c is at its lowest allowed size the code stops, with an alarm message. This procedure
leads to a consistent solution of power generation and thermal-hydraulics, i.e. consistent solution between
power and reactivity feedback. Thereafter the enthalpy can be evaluated by I

I"' for each fuel rod at different axial elevations. Figure
I shows the outline of the computational procedure in POLCA-T.

- POLCA-T CRDA sensitivity to time step size

In order to investigate the sensitivity to time step size of POLCA-T results on nodal and pin level during
CRDA simulation a set of calculations had been performed with increasing time step upper limit. The
simulation with [ Ia"' provides a reference case with constant time
step, i.e. no effect of the time step size algorithm on the results is assumed in this case. The other time
step upper limits selected were [],c A summary of the obtained results is
presented in Table 1.
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ac

Figure 1. Time integration of the power - thermal hydraulic interaction
a,c

As show in Table 1 the variation of the time step upper limit between [ ]a~c only
slightly affects the timing of [ ]a~c Their
variation is limited to [ I"' While the peak power value changed by roughly [ ]ac
the value of the maximum fuel enthalpy variation is limited to [ ]a,c.

The deviations of the values of peak power, maximum fuel enthalpy, maximum hot rod node average and
centerline fuel temperatures to the ones observed in the reference case with constant time step of [

]ax are provided in Table 2. It is observed that while the predicted [
]I" is affected by the time step variation, the [

Ia" only show insignificant variations.
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ac

Figures 2 through 4, show POLCA-T predicted time histories for fission power, hot rod peak fuel
enthalpy and the maximum hot rod fuel centerline temperature at different time step upper limits.

Iac 3
a,c

Figure 2. POLCA-T predicted Fission Power Time Histories at different time step upper limits
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ac

Figure 3. POLCA-T predicted Peak Fuel Enthalpy Time Histories at different time step upper limits
arc

Figure 4. POLCA-T predicted Maximum Hot Fuel Rod Centerline Temperature Time
different time step upper limits

Histories at
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Figure 5 illustrates the actual time step produced by the POLCA-T time step algorithm at different time
step upper limits.

a'C.

As it was mentioned in the answer to RAI 4-9, the POLCA-T CRDA methodology states that the code
user should specify the time step upper limit that leads to an almost [

a,c to make it sure that the neutron kinetics converges. Due to the very high neutron flux
changes that take place in the RIA the upper limitation of the time step is set normally to [

]",c For a given set of analysis the user is also required to investigate the time step effect on

the peak power value, [
I",c The time step limit obtained in such a sensitivity study is used in further analyses. Thus it

is assured also that the transient pin power distribution is adequately characterized to determine the
integrated hot pin energy deposition during CRDA.

ac

Figure 5. POLCA-T actual time step produced at different time step upper limits
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NRC RAI 7-14

Does the POLCA-T methodology account for changes in the pellet dimensions when determining the
reactivity worth of Doppler feedback? Specifically, are radial and axial thermal expansion considered? If
not, estimate the uncertainty associated with fuel pellet expansion on the predicted peak fuel enthalpy.
This estimate may be based on an analysis using PHOENIX to determine a bias in the Doppler
coefficient. Additionally, when evaluating the negative Doppler feedback, does POLCA account for
increased resonance absorption in all nuclides? If so, are there any volatile nuclides in the fuel that
contribute significantly to the negative reactivity feedback? If so are the release mechanisms for these
volatile nuclides considered?

Westinghouse Response to NRC RAI 7-14

The POLCA-T methodology [ 1',' when
determining the fuel temperature reactivity feedback. This is mainly because the currently implemented
models [ I]ac changes in the core dimensions. In particular, this
1 ]a, that the modeling of axial fuel expansion must be consistent with the used core
dimensions in the 2-dimensional calculations of cross sections for POLCA-T. Since the principal output
of 2D calculations are macroscopic cross sections, applying the [ ]a,c of fuel in 2D
models with the correspondingly reduced [ I"'c while neglecting the [ ]'C changes
of core [ a in 3D calculations, would account for the part of the [ ]ac that
goes outside the [ ]ac of the 3D model. The radial expansion of pellets could be added to
the calculations using current models, [ 1",c due to its rather small effect (cf. Reference
[I]) which does not justify the complications that would have to be introduced in the computational
scheme for I I .

For RIA transients that are essentially [ ]3'C the uncertainty in peak fuel
temperature and enthalpy associated with [ ]•c can be estimated
applying the simplified Nordheim-Fuchs model (References [2, 3, 4]). As an example, Table 1 below
shows the calculations of the peak fuel temperature rise after a step reactivity insertion of a ]3,c

performed for a BWR assembly at a ]c' void and operational conditions I
I"'. In this example, the largest error caused by

j"c amounts to approximately [ ]a• when fuel is depleted to

about[ 1"3. It can be seen that the current practice of [ ]a'c
is conservative for fresh fuel.

Table 2 shows the maximum peak enthalpy rise for step reactivity insertion in the range of [
]"'. Maximum temperature errors due to [ ]•'C at different inserted

reactivity are obtained by repeating the calculations provided in Table 1. Then the corresponding
maximum peak enthalpy rise has been calculated. The maximum peak enthalpy rise both absolute and
relative [ j"a of inserted reactivity however the ratio of enthalpy rise to
inserted reactivity is [ ]a'c This has been used to derive a following least square fit for peak
enthalpy correction AH in percentage

[ I a,c
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Where R is the reactivity inserted in $. ac

The peak enthalpy correction AH obtained from equation (1) will be used to correct the POLCA-T
calculated peak enthalpy. It will be included in the code uncertainty evaluation and at the end of section
A.5.3.2 on page A-74 the following text will be added.

I

J1C
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Section A.5.3.7 [ ]a~c on page A-75 and Table A.5-10 on page A-76 will also be
corrected to include this uncertainty in peak enthalpy due to the Doppler coefficient sensitivity to thermal
expansion.

As mentioned in the answer to RAI 7-1, the PHOENIX4 cross section library contains temperature
dependent nuclear data for all important isotopes. Temperature dependent data is available for both basic
cross sections, including scattering matrices, and resonance integrals. [

]a'. In particular, the library has temperature dependent scattering data for oxygen. The

temperature range of the tabulations varies, but for the isotopes that may occur in fuel it is from [
]a,c. These extended tabulations guarantee proper treatment of Doppler and other effects in the

calculation of fuel temperature feedback.

Concerning the calculation of Doppler coefficients, the PHOENIX4/POLCA-T methodology does
]a'c special treatment of I "3'C in the fuel. The basic assumption is that [

]ac The background of this is twofold:

- in modem BWR fuel, less than I ]",C diffuse out of fuel in the practical bumup
range, up to about [ ],x (Reference [5])

- volatile fission products that are long-lived enough to significantly diffuse out of fuel generally have
too [ I"'¢ to significantly influence the calculations. Additionally, in transient
calculations, the time scale is [ ]•c any noticeable diffusion.
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NRC RAI 8-1

Verify that the critical power correlations included in the POLCA-T dryout correlation library are based
on experimental data and not simulated results. Verify that the uncertainties in these correlations are
determined from experimental data. The staff will not accept the use of critical power correlations that
are not based on experimental data collected from an appropriate full scale test facility. If correlations
that are not approved by the NRC exist in the dryout correlation library what controls exist to ensure
these correlations are not used in licensing calculations? Please provide a table which contains (1) the
dryout correlations in the library, (2) the fuel design that the correlation is applicable to, (3) whether this
correlation has been reviewed and approved by the NRC, and (4) the source of the experimental data
used to determine the correlation.

Westinghouse Response to NRC RAI 8-1

CPR correlations for Westinghouse BWR fuel used for U.S. Licensing Analyses are based on critical
power test data and are reviewed by the NRC. The Critical Power uncertainties for these correlations are
determined from the same experimental data used to establish the correlation. CPR data for Westinghouse
BWR fuel are obtained in the FRIGG Loop in Sweden which is a full scale facility.

The process for establishing CPR correlations for non-Westinghouse Legacy fuel is described in Section
5.3.2.5 of Reference 8-1. In accordance with Restriction 7 of the NRC Safety evaluation for Reference 1,
the value of the conservative adder to the OLMCPR for each application is provided to the NRC.

Internal Westinghouse requirements assure the use of NRC-approved correlations for Licensing Analyses
in the U.S. Documentation of Licensing Analyses include identification of any CPR correlations(s) used,
refer to the NRC-approved correlation documentation, and explain the manner in which NRC Safety
Evaluation restrictions or limitations on the correlation used are accommodated.

Westinghouse BWR fuel designs currently operating in U.S. plants are identified in Table 8-1 along with
supporting CPR documentation.

Table 8-1

Correlation Fuel Type Reference
D4. 1.1 SVEA-96 Optima2 8-2
ABBD1.0 SVEA-96 8-3
ABBD2.0 SVEA-96+ 8-4

Proposed improvements to D4.1.1 in References 8-5 and 8-6 are currently under NRC review. In the
future as new or improved correlations receive approval from the NRC they will be utilized by POLCA-T
and other licensed codes.
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NRC RAI 8-5

Please compare the DFO1 and DF02 void quality correlations to the AA78 void quality correlation, please
compare the extent of the database in terms of void fraction, pressure, and mass flux used in the
development of each correlation. Please refer to WCAP-16606-P. Using the same SVEA-96 test data
quantify the uncertainty in the DFO1 and DF02 void quality correlations and provide tables substantially
similar to Table 3-3. Please also comment on the expected range of pressures that these correlations are
applicable to. Justify the future application of the DF01 and DF02 void quality correlations to void
fractions above 90% and to pressures above 9MPa.

Westinghouse Response to NRC RAI 8-5

In the DFOl and DF02 correlations the relationship between the phases is given by a constitutive model
called drift flux equation. This drift flux equation for the relative motion between the two phases replace
the momentum equation for the gas phase, together with a momentum equation for the total mass flow.

The DFO1 and DF02 correlations will be compared to AA78 and EPRI void quality correlations. The
AA78 slip correlation is described in the BISON Topical Report, Reference 1. This correlation is
basically a bubble flow correlation modified to cover annular flow as well as in BWR fuel bundles. It is a
best fit to void from the full scale void measurements [ ]ac

performed at the Westinghouse FRIGG test loop, and it was verified to also predict the results from the
measurements performed for I

Ia"c Both the DF01 and the DF02 correlations were optimized to fit the [
]a'c measurements, and validated against the [

a~c

The parameter ranges in the FRIGG void measurements were:

Table 1. Covered Ranges in the DFOI and DF02 Data Base
a,c

The error distributions and standard deviations for the AA78 slip correlation, DFO0 and DF02 void
correlations for different void ranges are shown in Table 2 and the comparison against each measurement
series in Table 3.
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Table 2. Error Distribution as a function of predicted void

ac

a,c

ac
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Table 3. Mean error and standard deviation of predicted void compared to the measured void for the
different Series

Mean Error and Standard Deviation of the AA78 Void predictions for the Different Series
I1

Mean Error and Standard Deviation of the DF01 Void predictions for the Different Series

a,b,c

a,b,c

a,b,cMean Error and Standard Deviation of the DF02 Void predictions for the Different Series

As stated in Reference 2, the verified range for pressure and void may be exceeded in some extreme
cases. The extrapolation beyond the test conditions is justified by the following facts:
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8.

Ja~c

9.

jr~c

10. I

Ja~c

The verified data range covers most BWR applications. However, in some extreme cases, such as design

basis pressurization transients (MSIV closure without position scram) or trip of all recirculation pumps,

the limits of the above data range may be exceeded. However, the dependencies in pressure and mass

flux [ Ia,c and the correlation prediction [

The DF01 and DF02 correlations are, as shown above, verified against measured data for pressures up to
[ a~c . The RMS error of the DF01 and DF02 correlations as implemented in POLCA-T are

[ ],, respectively by direct comparisons to measurement data. The corresponding mean

errors are [ ]a"c respectively. When extrapolating further, [ ]a,c a

comparison with the EPRI correlation is used.

The EPRI void correlation (equivalent to the Chexal-Lellouche drift flux correlation) is based on a larger

data base which includes not only rod bundle measurements but also measurements from heated

rectangular channels and round tubes. The description of the correlation is given in Reference 1 and 3. In

Reference 3, void fraction results were compared to a wide range of experimental data with various

geometry, inlet subcooling, power distribution, and pressure values [ ]a,c

including measurement in rectangular channel experiments at[

a,2,.

Comparisons of void difference to results [ alto for different pressures at otherwise constant

parameters are shown in Figures 10 - 12 for the EPRI, DFa1 and DF02 correlations. The comparison of

these figures indicates that the change of void fraction with pressure over the range [

The conclusion of the comparison against experimental data demonstrates that there is [

]aer Therefore there is [ calc due

to extrapolation of the correlation to pressures higher than those included in the data base i

J3,C This is confirmed by comparing the DF01 and DF02 void to the EPRI void correlation based

on experimental data for a wider range of pressures, b . The comparison between the

DF0 1 and DFr2 void correlations to other methods as shown in Figures 10 to 12, indicates that the

change in void fraction with pressure predicted over the range [

]c'i at qualities higher than [ ]pina
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a,b,c

Figure 1. DFOI prediction errors for all [

Figure 2. DF02 prediction errors for all [

]a,b,c data points versus pressure

]a,b,c data points versus pressure
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Figure 3. DFO I prediction errors for the OF-64B data versus measured void

Figure 4. DF02 prediction errors for the OF-64B data versus measured void

a,b,c

_a,b,c
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.a,b,c

Figure 5. DFOI void as a function of steam quality at

Figure 6. DF02 void as a function of steam quality at [

I a,c

a,b,c

I a,c
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a,b,c

Figure 7. DFOl void as a function of pressure at a mass flux of [
qualities

Figure 8. DF02 void as a function of pressure at a mass flux of [
qualities

a,c and different steam

.a,b,c

a,c and different steam
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Figure 9. Calculated void differences between DFOI and DF02 respectively and the EPRI correlation
at a ].c and a steam quality of I ac

-Tigure 10. Comparisons of Void Changes as a Function of Steam Quality at Different Pressures for the
EPRI void correlation

a,c

a,c

Figure 11. Comparisons of Void Changes as a Function of Steam Quality at Different Pressures for
DFOI
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a,C

Figure 12. Comparisons of Void Changes as a Function of Steam Quality at Different Pressures for
DF02
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Request for Additional Information 10: Control Systems

The staff has questions in regards to the POLCA-T models for control systems.

NRC RAI 10-1

Please provide additional details regarding the modeling of control systems. In particular please describe
how POLCA-T models control systems with proportional integral derivative (PID) controllers.

Westinghouse Response to NRC RAI 10-1

There is [ 1a"c controller (PID) in POLCA-T. However a [
I ac are available instead. In addition there exists a [ ]a,c for comparing

signals starting up a function generator that can control other boundary conditions to the model, such as
mass flows. If further functionality is needed, the SAFIR package for control systems can be used.

A [] block with built in function generator are shown below:

a'c

The input consists of I
a,c. The output can be one signal or several signals.

The I ]a• with built in function generator is schematically shown below:
n a~c

The input to this block consists of one or two input signals. The input signal is either compared with the
set point value or the two signals are compared to each other.

Page 34 of 42



WCAP-16747-NP-A

LTR-NRC-07-36 NP-Enclosure

The operator can be "less than", "greater than", "logical and" or "logical or". The number of output
signals is user-defined.

The comparator function can calculate the out signal from the user provided time function, or from a user
provided function of any variable in POLCA-T (i.e., the pressure in some volume cell in the model).

Page 35 of 42



WCAP-16747-NP-A

LTR-NRC-07-36 NP-Enclosure

NRC RAI 10-2

For most BWR designs, the feed water control system has an option for three element control, how are
similar control systems (with more than one input signal) modeled in POLCA-T?

Westing~house Response to NRC RAI 10-2

A three element controller can be simulated in many different ways by POLCA-T, as shown below:

1) As [ Ja~c several input signals according to the Figure below:

a'c

2) As several [ ]"' with the output from the controller [
block according to the Figure below:

I 2,C

a,c

3) Using the [ I"' system simulation.
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NRC RAI 11-12

Section 14.4:

(1) Again, cladding reaction with coolant is alloy specific. Please appropriately identify any and all
alloys.

(2) For each alloy identified in (1) immediately above, please verify the validity of this section's
equations versus experimental data.

(3) Please justify why the Baker-Just model is adequate for POLCA-T.

(4) Is the Cathcart-Pawel model not applicable or necessary?

(5) The first sentence of this section refers to Baker-Just; the second to last sentence of this section refers
to Cathcart-Pawel for values of constants. Please clarify.

(6) Please explain why cladding thermal properties do not change as oxide layers develop.

Westinehouse Response to NRC RAI 11-2

1) POLCA-T has the flexibility to model any type of cladding material as long as the appropriate
material property correlation is available and implemented. Current code applications mainly utilizeI Ja'c

Using the code's input data the user has the freedom to describe the fuel rod design and to separately
provide the material type for each fuel assembly loaded in the core. POLCA-T utilizes the same
models and data already developed and validated in existing Westinghouse fuel rod design methods
and codes. [

1a~c

2) The plot in Figure 1 from Reference I shows that the reaction rate for total oxygen uptake is clearly
higher for Baker-Just than for other expressions all of which are in good agreement with data.

It can be noted that the oxidation kinetics at high temperatures (more than 900'C) are barely
dependent on the alloy type. For operating temperatures (about 300'C) the oxidation rate varies
considerably depending on alloy type and on water-chemical conditions; however, these differences
are only important if they alter the initial conditions for transients. For high temperature transients
only the high temperature oxidation kinetics are of interest.
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Figure 1, Comparison of Zirconium Metal-Water Oxidation Kinetics

3) In current POLCA-T applications the Baker-Just model I
calculation of power generation in the cladding due to metal vapor steam reaction.

I2C

4) The Cathcart-Pawel model is available as
Iac

5) The Baker-Just correlation is the [
the Cathcart-Pawel model can be used.

I"'. For [ Sac

6) The thermal properties change because of the formation of Zirconium oxide and the metal thickness
decrease of the cladding.

This will affect the overall thermal conductance and the heat capacity of the cladding. However [
ac as the cladding oxidation is affected by many factors

and most of them are plant specific. As briefly mentioned in 1) the user may supply the code with

Thus the use of cladding oxide thickness and oxidation dependent material properties is
ac of their availability and correctness.
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Reference

[1] ORNL/NUREG-17, "Zirconium Metal-Water Oxidation Kinetics IV. Reaction Rate
Studies", J.V. Catcart, R.E. Pawel, et al
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NRC RAI 11-13

Section 14.5:

(1) Please explain the values for "a" and "b" in equation (14-84) which are taken from Reference 14.8.
Why are they appropriate?

(2) Please explain the data fit in the alpha region.

(3) Justify the linear interpolation in ln(a) and b when used in the lower and upper halves of the 6+±
region.

(4) For the sentence, "The burst stress for the double layer has been determined from a data point in
Reference 14.4 that implicitly gives the value 113 MPa at 1170'C and assuming the same decay
constant (b) as for 3-phase zircaloy."

(a) Please identify the data point.

(b) Explain if the data point is justifiably used because it is one point in a well obtained data set.

(c) Since this is a double layer, why is only the 13-phase constant value for "b" assumed?

(d) Does not the constant "b" vary between alloys?

(e) To which alloys is this application of the constant "b" being made?

Westinghouse Response to NRC RAI 11-13

1) The reference identification is misprinted. It should be Reference 14.6 (Erbacher et al.). The
formulation in Reference 14.6 is based on test data and adopted by

a,c. See also the answer to 2) below.

2) The burst stress is compared in Reference 14.6 with data obtained in the REBEKA tests. The Figure
below is taken from Reference 14.6 and the [

Iarc.

The comparison with the REBEKA data is complicated by the influence of oxygen uptake. However
in the low temperature area (alpha-region) the amount of oxygen is small and the formulation in
Reference 14.6 seems to follow the upper bound of the data points [

a~c.

One should bear in mind that rod bursts occur when the true stress equals the burst stress and rod
bursts at these temperatures tend to occur as a result of the deformation leading to increased true
stress when the wall thickness gets thinner with increasing rod diameter.
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3) The interpolation method used is a reasonable way to obtain a smoothly varying burst stress. It is
adopted from Reference 14.6.

4) The reference identification is misprinted. It should be Reference 14.8 (Jonsson et al.).

(a) Please identify the data point.

The data point used is a temperature ramp at a ]3,c overpressure. The ramp was designed
to reach [ ]a'c but ruptured at about [a,b,. The test is numbered 81-11 in Reference
14-8. A repeat test numbered 81-12 with the same conditions did not rupture. The burst stress of the
double layer was determined [ ]a2C with calculated thickness
of the double layer and with calculated burst stress and thickness of the metal.

(b) Explain if the data point isjustifiably used because it is one point in a well obtained data set.

One point was used to set the burst stress of the double layer. All measured points are used to
compare with calculations. Only some tests in Reference 14.8 lead to tube rupture but they are all of
equal value in the comparison of the model with the data.

(c) Since this is a double layer, why is only the beta-phase constant value for "b" assumed?

It was postulated that b = 0.003 could be used for the double layer. Then comparison with all the
data from Reference 14.8 showed that [ 1a"c. The rupture
temperature in the Reference 14.8 data varies from I Jac which gives [

Ia,' value of b for the double layer.
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(d) Does not the constant "b" vary between alloys?

The data used to compare with the model are obtained mainly with Zircaloy-2 and Zircaloy-4
materials. The data does not indicate any noticeable effect of alloy type. The high temperature tests
of Reference 14.8 were made using Zircaloy-2. The oxidation kinetics of various Zirconium alloys
at high temperature are believed to be quite uniform and therefore it is reasonable to assume that
I alc.

(e) To which alloys is this application of the constant "b" being made?

See answer to (d) above.
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Westinghouse Electric CompanyW singhousO Nuclear Services
P.O. Box 355

Pittsburgh, Pennsylvania 1 5230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-3846
Washington, DC 20555-0001 e-mail: greshaja@westinighouse.com

Our ref: LTR-NRC-08-59
December 16, 2008

Subject: Further Responses to the Second Round of NRC's Request for Additional Information by the Office of
Nuclear Reactor Regulation for Topical Report (TR) WCAP- I 6747-P, "POLCA-T: System Analysis
Code with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary versions of the further responses to the second round of
NRC's Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)
WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model."

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-08-2506 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-08-2506 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

X. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

G. Bacuta, NRR
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9 W est.inghouse Westinghouse Electric Company
• . . . ' .. Nuclear Services

...... P.O. Box 35 5

Pittsburgh, Pennsylvania 1 5230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-3846
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-08-2506
December 16, 2008

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-08-59 P-Enclosure, "Further Responses to the Second Round of NRC's Request for Additional
Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P,
"POLCA-T: System Analysis Code with Three-Dimensional Core Model" (TAC No. MD5258)"
(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-08-59, dated December 16, 2008

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-08-2506 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-08-
2506 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly y.qurs,

(J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
G. Bacuta, NRR
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

J/6. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribe,

before me this // day

of -2008.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notual Sea

Sharon L Markle, Notary Public
Monroeville Boro, Allegheny County

My Commission Expires Jan. 29,2011
Member, Pennsylvania Association of Notaries
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(1) I am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-08-59 P-Enclosure, "Further Responses to the Second Round of NRC's Request

for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)

WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model" (TAC

No. MD5258)" (Proprietary), for submittal to the Commission, being transmitted by Westinghouse

letter (LTR-NRC-08-59) and Application for Withholding Proprietary Information from Public

Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is that responses to RAIs.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(l).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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RAI 2-13

The staff is aware that CENPD-300-P-A is to be updated. Please describe how the POLCA-T licensing
topical report (LTR) Appendices are integrated into the mixed core Reload licensing framework.

Westinghouse Response to NRC RAI 2-13

The POLCA-T LTR and its appendices will be added as references to the -revised CENPD-300-P-A
topical report as an optional method for performing mixed core reload licensing. The exact application
will however depend on the US NRC safety evaluation (SE) of the POLCA-T topical reports.

The core stability analysis methodology in CENPD-295-P-A is general and is also valid for POLCA-T.
For a more general description of how the stability analysis methodology with POLCA-T is planned to be
implemented for different approved long term stability options, see the response to RAI 6-25.
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RAI 4-8 Supplement

In the response to RAI 4-8, WEC has provided general information regarding the time step
control algorithm in POLCA-T. However, the staff requires information regarding the controls
that will be in place for POLCA-T stability calculations.

Westinghouse Response to NRC RAI 4-8 Supplement

The WEC methodology for stability analysis with POLCA-T

2C.

Page 3 of 52



WCAP-16747-NP-A

LTR-NRC-08-59 NP-Enclosure

RAI 6-33

Provide a stability phenomena identification and ranking table.

Westinghouse Response to NRC RAI 6-33

The Westinghouse PIRT for the stability analysis of a BWR is summarized below.
Table I presents the ranking of the phenomena including the rationale of the ranking. Table 2
provides the definitions for the included phenomena.

Considered specific phenomena were limited to instability scenarios of interest in BWR plant
stability analysis, i.e. the global, regional and channel stability modes. Dominant phenomena for
individual stability modes are identified and ranked according to their relative influence on the
calculated stability parameters, core power oscillation amplitude, decay ratio and frequency.

The PIRT is not developed for any specific BWR plant type in mind, but within the variation of
different plant features, it is expected that most phenomena and their influence would be similar
for other BWRs.

The PIRT was divided into five subcategories:

]a,c. Each phenomenon
was assigned an importance grade with respect to their influence on the stability parameters.
Importance was given according on a three-level scale: High/Medium/Low. High (H) implies a
dominant impact, medium (M) implies a moderate impact and low (L) implies a minimal or zero
impact on the stability parameters.

The question asked to determine the importance was:

Ia,c
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Table I Westinghouse PIRT for Stability Analyses a,c
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Table 2 Definitions of Phenomenon for Stability Analyses ac
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RAI 7-2

Describe the xenon condition at the start of the CRDA transient analysis. Is the assumed xenon condition
conservative?

Westinghouse Response to NRC RAI 7-2

The Westinghouse approved methodology for CRDA analysis assumes
I"'. This assumption maximizes the positive reactivity inserted by the dropping control

rod. As it is specified in the Westinghouse approved methodology, CENPD-284-P-A, Section 4, the
impact of the dropped rod on the peak fuel enthalpy is strongly dependent on the total reactivity worth of
the dropping control rod. Since the control rod worth is highest at [ ]a', the
maximum reactivity insertion in the core will be at these conditions. Therefore,

I"'C during the CRDA is conservative.
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RAI 7-9 Supplement 1 (followed by initial RAI 7-9)

The staff finds that the results of the sensitivity analysis are expected. This is due to the fact that the time
step size is controlled by the algorithm for every case except for the minimum time step case
(DTMAX=0.001 sec). For all other cases the power pulse is tracked with the same time resolution due to
the time step algorithm and therefore, these are expected to indicate very close agreement.

For the DTMAX=0.001 sec, the case indicates a subtle change in the peak power and the time of the peak
power relative to the other cases. While this is a subtle shift, the staff is concerned that the sensitivity
studies used to establish the appropriate time step may not yield meaningful results if the time step control
algorithm is not tested by reducing the time step to a lower value to ensure convergence. This concern
arises due to what appears to be a change in the physical behavior attributed to increased time step
resolution.

Please demonstrate that the transient power is converged by providing additional sensitivity analyses at
smaller time steps.

Westinghouse Response to NRC RAI 7-9 Supplement

Three additional runs to determine POLCA-T CRDA sensitivity to time step size have been performed as
required with I a"c. The selected time step
upper limits were [a'c The summary of the obtained results is presented in
Table Ia. a,c

As show in Table la the variation of the time step upper limit between [ 1a,, only
slightly affects the timing of [I]'* Their
variation is limited to [ ]I"C. While the peak power value is affected by roughly [
the value of the maximum variation in fuel enthalpy is limited to [ ]2,C.

The deviations in peak power, maximum fuel enthalpy, maximum hot rod node average and centerline
fuel temperatures from those observed in the reference case with a constant time step of [

]ac are provided in Table 2a. It is observed that while the predicted
]a,` is affected by the time step variation, the [

I" show insignificant variations.
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a,c

Figures 2a through 4a show POLCA-T predicted fission power, hot rod peak fuel enthalpy and maximum
hot rod fuel centerline temperature time histories at different time step upper limits. [

J3,c.
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ac

Figure 2a. POLCA-T predicted Fission Power Time Histories at different time step upper limits

ac

I

Figure 3a. POLCA-T predicted Peak Fuel Enthalpy Time Histories at different time step upper limits
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Figure 4a. POLCA-T predicted Maximum Hot Fuel Rod Centerline Temperature Time Histories at
different time step upper limits

Figure 5a illustrates the actual time step produced by POLCA-T time step algorithm at different time step
upper limits.

ac.

As it was mentioned in the answer to RAI 4-9 the POLCA-T CRDA methodology states that the code
user should specify the time step upper limit that leads to an almost [

ja,c to make it sure that the neutron kinetics converge. Due to the very high neutron flux

changes that take place in the RIA the upper limit of the time step is normally set to [
I"'. For a given set of analysis the user is also required to investigate the time step effect on

the peak power value, [
]'c. However, as can be seen in Figure 6.a, the peak power vs. time step converge first when the

time step decreases from 0.05 to 0.002 s. The second convergence occurs when the time step goes from
0.001 to 0.0001 s. The change of time step in the given time intervals affects the enthalpy and the pellet
centerline temperature in a minor way. Therefore, the time step should be reduced until the first
convergence of the power peak occurs. A requirement is, however, that the enthalpy and the centerline
pellet temperature will show stable values. The time step limit obtained in such a sensitivity study is then
used in the later analyses.
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-TFgure 5a. POLCA-T actual time step produced at differing time step upper limits

Figure 6a presents POLCA-T predicted peak power and fuel enthalpy values versus the time step upper
limit. The peak power changes significantly only in the time step upper limit interval between 1 and 2
milliseconds (log(DTMAX) = -3 and -2,7), while in the intervals below 1 and higher than 2 milliseconds
it reaches saturation.

ac
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a2c

Figure 6a. POLCA-T predicted maximum power and fuel enthalpy versus time step upper limit.
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RAI 7-9

Describe any controls on the time step or other controls in the iterative solution technique that ensure
sufficient nuclear power distribution iterations between thermal hydraulic iterations to ensure that the
transient pin power distribution is adequately characterized to determine the integrated hot pin energy
deposition during CRDAs.

Westinghouse Response to NRC RAI 7-9:

Details about POLCA-T time size control algorithm are provided in the answer to RAI 4-8. The time step
size control approach that is specific for reactivity transients is discussed in the answer to RAI 4-9. It was
mentioned that a sensitivity study is performed in order to determine the suitable upper limitation of the
time step which is normally set to a few milliseconds. Example analyses indicating that the time step
control does not adversely impact the numerical results of the transient reactor behavior predicted by
POLCA-T were provided in the answer to RAI 6-3 (see also Reference 2).

The above mentioned information provides a background to the RAI response provided hereafter.

- Kinetics - thermal-hydraulics iteration scheme

The 3-D-kinetics model is solved using an
]3,C If the

solution does not converge, [ ]•C is made until convergence is reached. If no
convergence is achieved and [ ]a,c is at its lowest allowed size the code stops, with an alarm
message. This procedure leads to a consistent solution of power generation and thermal-hydraulics, i.e.
consistent solution between power and reactivity feedback. Thereafter the enthalpy can be evaluated by

I IC for each fuel rod at
different axial elevations. Figure 1 shows the outline of the computational procedure in POLCA-T.

- POLCA-T CRDA sensitivity to time step size

In order to investigate the sensitivity to time step size of POLCA-T results on nodal and pin level during
CRDA simulation a set of calculations had been performed with increasing time step upper limit. The
simulation with I I2,C provides a reference case with constant time
step, i.e. no effect of the time step size algorithm on the results is assumed in this case. The other time
step upper limits selected were ]a'c The summary of the obtained results
is presented in Table 1.
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Figure 1. Time integration of the power - thermal hydraulic interaction
a'c

As shown in Table 1, the variation of the time step upper limit between [ ]"~c only
slightly affects the timing of [ ]•'C. Their
variation is limited to [ Ia". While the peak power value is affected by roughly
the value of the maximum fuel enthalpy variation is limited to [ Ia"c.

I a,C

The deviation in the values of peak power, maximum fuel enthalpy, maximum hot rod node average and
centerline fuel temperature from those observed in the reference case with a constant time step of [

]a " are provided in Table 2. It is observed that while the predicted
]a'c is affected by the time step variation, the [

]a'c only show insignificant variations.
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a,c

Figures 2 through 4, show POLCA-T predicted fission power, hot rod peak fuel enthalpy and maximum
hot rod fuel centerline temperature time histories at different time step upper limits.

'a's

a'C

Figure 2. POLCA-T predicted Fission Power Time Histories at different time step upper limits
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7 ac

Figure 3. POLCA-T predicted Peak Fuel Enthalpy Time Histories at different time step upper limits

ac

Figure 4. POLCA-T predicted Maximum Hot Fuel Rod Centerline Temperature Time Histories at

different time step upper limits
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Figure 5 illustrates the actual time step produced by the POLCA-T time step algorithm at different time
step upper limits.

Jac

As it was mentioned in the answer to RAI 4-9 the POLCA-T CRDA methodology states that the code
user should specify the time step upper limit that leads to an almost [

1a,c to make it sure that the neutron kinetics converge. Due to the very high neutron flux

changes that take place in the RIA, the upper limitation of the time step is normally set to [
a,c. For a given set of analysis the user is also required to investigate the time step effect on

the peak power value, [
a"c. The time step limit obtained in such a sensitivity study is used in further analyses. Thus, it

is assured that the transient pin power distribution is adequately characterized to determine the integrated
hot pin energy deposition during CRDA.

Figure 5. POLCA-T actual time step produced at different time step upper limits

a'c
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RAI 7-10

Provide descriptive details of the qualification of the POLCA-T pin power reconstruction model. For

CRDA high radial peaking across a bundle is expected given the strong local reactivity perturbation as a
result of the dropped rod and the highly decoupled nature of the reactor. Provide a confirmatory
calculation using predicted CRDA transient results for the peak pin power and compare to the equivalent
power predicted by PHOENIX4 using local nodal thermal hydraulic and control conditions.

Westinghouse Response to NRC RAI 7-10

POLCA-T shares [ I ac concerning both the
equations and the numerical implementation. Consequently, the conditions for qualification of POLCA7
are, in this regard, equally applicable to POLCA-T. The essentials of the qualification analysis for
POLCA7 (that is based on the results of the gamma scanning measurements) are given in Reference 1.

For POLCA-T, the qualification is additionally enhanced by the 2-dimensional benchmark calculations
and the comparison of the pin power distributions with reference results from the neutron transport code
PHOENIX4. To simplify the procedures, POLCA7 was used in the benchmark, but the considered core
configurations were selected

a•¢.

Six core configurations were analyzed with a varying number of control rods inserted and different
layouts of bundle exposure. The examined configurations are variants of

],,c Reflective boundary

conditions are applied on the core sides, turning the system infinite. [
]"c and have identical nuclear designs. To further stress the benchmark conditions, the

chosen nuclear design is characterized by a relatively high average U-235 enrichment and high
gadolinium content that is typical for long reactor cycles [

a,c.

Since POLCA7 does not allow positioning of control rods at the external corners of the core, the

equivalent POLCA7 core configuration consists of [
I". For this configuration, periodic boundary conditions are used to

simulate the [ ]ac with reflective boundary conditions modeled in the PHOENIX4
calculations. The figure below shows the basic configuration as used in PHOENIX4 and the fully
equivalent POLCA7 core.
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a,c

The most serious consequences in terms of a local enthalpy increase during a CRDA transient are
expected to occur under cold conditions. Therefore, all examined core configurations have a

a~c.

In the evaluation of the benchmark results, the assembly pin power distributions obtained from both codes
were normalized to the same power level before comparing. To comply with the analysis of the gamma
scanning results used in the qualification of POLCA7 (see Reference 1) the normalization was performed
individually for each assembly in order to give the average pin power of an assembly equal to 1:

N i=1

with N being the number of fuel pins in an assembly.

This type of normalization eliminates possible errors in the total assembly power (nodal power in 3-D
calculations) that is treated separately in the POLCA7/POLCA-T uncertainty analysis and is less relevant
in the intra-nodal reconstruction of pin power distribution.

Based on this normalization, the difference -j in pin power between the two codes is calculated for each
pin as:

P7 PHX

where pi and p[iX are normalized powers of pin i computed respectively by POLCA7 and

PHOENIX4.
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From the ei differences, statistical parameters are derived that characterize uncertainties of POLCA7 pin
power calculations as compared to the reference results from PHOENIX4. These are: the maximum and
minimum (i.e. most negative) pin power difference for each assembly in the considered core
configuration, standard deviations per assembly and the global standard deviation for the whole system.
The applied formula for the standard deviation is given by:

I 
-6

N-I j1

where N is the number of fuel pins either in an assembly or in the whole core.

In the following summary of the benchmark results, each considered core configuration is schematically
presented showing assembly exposures and the positions of inserted control rods.

Core configuration 1
7 a,c
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Core configuration 2

Core configuration 3

- -a,c

-- a,c
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Core configuration 4

Core configuration 5

ac

a~c
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Core configuration 6
la,c

The results of the analysis demonstrate [
Ia"c. Among the investigated core configurations, the highest

assembly standard deviation is [ a'c It corresponds to Core Configuration 4, which has [
I"'. The results

obtained are entirely in parity with [
a~c.

The largest observed pin power difference of a a,,c is also found in the configuration with [
",c. A similar difference although negative in value, [ I ac can be seen in Core

Configuration 3 where I "a'. However, the averaged error distribution in the
[ ]a~c of this configuration is lower than that of configuration 4 and the resulting
standard deviation is I .

I 1a'c as in configurations 5 and 6 does not seem to contribute in any remarkable
way to the magnitude of observed errors or to the standard deviation. They are both at the similar level as
the values of the corresponding configuration 3 with [ I". What can be noticed is a
change in the assembly location where the maximum error occurs.

For the configuration [
pin power distributions between the two codes [

In conclusion, the benchmark results show generally [

]a", the consistency of
ac

a,c
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RAI 7-12

Recognizing that a larger transient increase in fuel temperature results in an increased Doppler feedback,
how is a conservative gap conductance determined for the CRDA? Are the hot and average fuel pins in
any particular node modeled using separate STAV calculations? Specifically, does POLCA-T track the
fuel burnup dependent gap closure and fission gas release for each pin within a node separately?
Comment on the conservatism of the gas gap conductance based on the modeling of the hot pin and the
expected trends in Doppler feedback and heat transfer characteristics. -

Westin2house Response to NRC RAI 7-12

The modeling of fuel rod gas gap in POLCA-T is described in Section 14.1 of WCAP-16747-P. When
utilizing the models of the Westinghouse licensed fuel performance code, POLCA-T, transient
simulations do not require the results of any separate STAV calculations. STAV models are incorporated
into POLCA-T and the values of required parameters are calculated during the transient simulation. The
gas gap heat conductance model considers the heat transfer due to three contributors: thermal radiation,
gas thermal conductance and fuel cladding surface contact.

POLCA-T code as a minimum models [ ]a"c for each fuel assembly -
I•C. This allows the user to specify, if required by the application options, different models

and/or data to be used [ ]3'C Normally the [ ]aC uses
options, models and/or data that are considered to be [ ]a,c while [ ]a'c can
utilize more [ 1a'c For example, this can include the gas gap heat conductance.
I[I a'C are axially nodalized in a way similar to coolant channel nodalization. The steady
state and transient heat conduction equation is solved the same in [ 1a,c determining the
radial temperature distribution for each axial location. Thus for [ ]a'c the properties and
parameters are calculated separately using the same licensed fuel performance code models. In this way,
the actual parameters accounted for in the fuel rod modeling include the fuel rod design, burnup, gas gap
closure/size, fission gas release, fuel, cladding and the actual gap gases properties at actual temperature
and/or pressure. The solution for [ ]I"c is used as I I"' in the coupled
neutronics-thermal-hydraulics, while the [ ]"C is only used to [

Ia.c

It is true that the gas gap heat transfer model plays a contradictory role (e.g., for maximum fuel and
maximum cladding temperature). There are other contradiction/ compensation effects such as the higher
gas gap heat transfer leading to a lower fuel temperature, and Doppler feedback that in turn results in
higher power release increasing the Doppler feedback. Assuming lower gas gap heat transfer leads to
higher fuel temperature and Doppler feedback, in turn resulting in lower power release and decreased
Doppler feedback. Our sensitivity studies performed earlier indicate that, in practice, [

I"' tend to increase the severity of the [
]ac shown to be limiting in the Section A.4.4 of WCAP-16747-P.

As stated on page A-76 of WCAP-16747-P, "[

]a'c" Thus

POLCA-T utilizes the conservatism built into the Westinghouse licensed fuel performance code and used
in the fuel rod design. Moreover, additional conservatism in the modeling of gas gap heat conductance is
introduced by the maximum fuel enthalpy evaluation being based on the II ]c.
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RAI 7-13

Since the Doppler reactivity feedback coefficient decreases in magnitude with increasing fuel
temperature, are there potential conditions of operation where a nominal power level above cold zero
power may potentially result in larger fuel enthalpies assuming a maximum inlet subcooling. If so, how
are these more limiting power levels or conditions established in determining the limiting CRDA
scenario?

Westinghouse Response to NRC RAI 7-13

As it is specified in the Westinghouse-approved methodology, CENPD-284-P-A, Section 4, the control
rod drop accident (CRDA) event is analyzed at cold clean conditions. The initial conditions sensitivity
study documented in CENPD-284-P-A, Figure 4.5.14 shows the highest peak fuel enthalpy occurs when
the CRDA is initiated from cold conditions.

The CRDA analysis is performed for cold conditions to allow an unambiguous determination of the most
limiting control rod configuration. This approach also anticipates the conclusion that the CRDA is most
limiting when initiated from a sufficient subcooled condition to avoid coolant saturation during the
transient. While it is true the Doppler reactivity feedback coefficient decreases in magnitude with
increasing fuel temperature, the Doppler reactivity feedback has lower impact on the fuel peak enthalpy
than the total reactivity worth of the dropped control rod and reactivity feedback from voiding. Therefore
cold conditions, when the control rod drop inserts maximum reactivity in the core, are a conservative
assumption.
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RAI 7-18

The staff requires some more details regarding the POLCA-T qualification against SPERT III E
experiments.

Section A.3.2.2 states that the POLCA-T predicted power shapes agree with the SPERT III E measured
power shapes. Please provide the results of the comparison performed as part of this qualification in
regards to the comparison of SPERT III E power shapes.

Additionally, provide a figure that is substantially similar to the graphs in Figure A.3-10 that show the
transient results for the case 18 test.

Provide a figure similar to Figure 5.3.16 of CENPD-284-P-A with data points predicted using POLCA-T.

Westinghouse Response to NRC RAI 7-18

The statement in Section A.3.2.2 that POLCA-T predicted power shapes agree with SPERT III E
measured power shapes is addressing the comparison with power time shapes, (i.e. power time histories).
No measured data concerning any other power shapes, axial or radial, are provided in the SPERT report
(see Reference 1 below equal to Appendix A Reference 9). The power time histories for SPERT cases 43
and 49 are provided on Appendix A Figure A.3-10. Figure A.3-10a below presents the power time
history: the transient results for the SPERT case 18 test.

_a,c

Figure A.3-10a. Comparison of POLCA-T Predicted and Measured Fission Power for Cold Case 18.
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Figure A.3-1Ob below is similar to Figures 5.3.16 and 5.3.17 of CENPD-284-P-A except for the fact that
the data points are predicted using POLCA-T. Two performed POLCA-T calculations are presented in
the figure- -

]3,C. The
Doppler coefficient increase [ a,c reduces the peak power by [ I ,c.

-- arc

Figure A.3-10b. Comparison of POLCA-T Predicted and Measured Fission Power for Cold Case 43
including predictions with [ Ia'c of the Doppler coefficient.
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1. R. K. McCardell, D. Herbom and J. E. Houghtaling, "Reactivity Accident Test Results and
Analyses for the SPERT-HI E-Core - A Small, Oxide-Fueled, Pressurized-Water Reactor,"
IDO-17281, U.S. Atomic Energy Commission, March 1969.

Page 34 of 52



WCAP-16747-NP-A

LTR-NRC-08-59 NP-Enclosure

RAI 7-19

The staff requires additional clarification in regards to the sensitivity analysis performed on the core mass
flow rate. Specifically, is the base case evaluated for a critical control rod pattern? If so, is the control
rod pattern adjusted to accommodate criticality at the same power level for the increased mass flow rate?
The peak fuel enthalpy is sensitive to the initial power. Provide a sensitivity analysis to mass flow rate
that considers a base case critical rod pattern and nominal flow rate. Without adjusting the rod pattern
determine the sensitivity of the peak fuel enthalpy to a small increase in the core mass flow rate.

Westinghouse Response to NRC RAI 7-19

The base case for the sensitivity analysis performed on the core mass flow rate in WCAP-16747-P was
not evaluated for a critical control rod pattern. This was considered to be unnecessary as the steady-state
core multiplication factor and power at CZP were unaffected by changes in the flow. Thus, the very same
reactivity was inserted in both provided cases, i.e., base case at 3112 kg/sec and flow variation at 8900
kg/sec.

In the following table, the results of a sensitivity study to mass flow rate are given, considering a base
case critical rod pattern and nominal flow rate of [ ]a,c The study was performed at the
same initial conditions reported in WCAP-16747-P of [ ]a'c bar reactor pressure and [ ] I core
inlet temperature. All the cases provided below have been run at the critical rod pattern and the same
static CR worth of I I"C. Table A.5-8a presents the main results for the peak
values of power and the time of that peak, the fuel enthalpy and the temperature observed in the analyses.
The reference case has been run at a core mass flow of I ]I" kg/sec. Without adjusting the rod
pattern, the sensitivity of the peak fuel enthalpy to mass flow has been investigated by different
perturbations in the flow of [ ]ax kg/sec.

a,b,c

The results demonstrate that [ Ja'c is
sensitive to core flow at CZP. This also confirms the observations made from sensitivity studies reported
earlier in WCAP-16747-P for GE reactors and of the sensitivities performed with POLCA-T for a
Westinghouse (ASEA Atom) BWR reactor.
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RAI 7-21

The staff requires clarification of the PB2 EOC2 TT test qualification analysis.

(1) How were the axial power profiles in Figures A.3-4 and A.3-5 generated? Is the P1 edit the adapted
core power shape as determined by the core monitor? Is the PHOENIX XS plot based on a purely
predictive cycle follow calculation using POLCA7?

(2) What is meant by APRM Probes 1 and 2? Does this refer to particular APRM channels?
(3) The staff does not understand table A.3-5 based on the units for each value. Does "m/sec" mean

milliseconds?
(4) What is meant by "measured" in Figure A.3-6?

Westinghouse Response to NRC RAI 7-21

(1) How were the axial powerprofiles in Figures A.3-4 and A.3-5 generated?

The axial power profile using "PSU XS data" in Figure A.3-4 was generated by a simple POLCA-T
run as the exposure was embedded in the XS data and core nodalization provided by the benchmark
team (see Reference 1). Axial power profiles using "PHOENIX4 XS data" in Figures A.3-4 and A.3-
5 are generated after depleting the core through Cycles 1 and 2 by running POLCA7 and then
performing POLCA7 and POLCA-T steady-state simulations for each corresponding state prior to the
turbine trip tests TT1, TT2 and TT3. Thus the comparison provided in Figure A.3-4 is of results
obtained by using the same code with different XS data sets. This highlighted the importance of
properly accounting for historical effects and the detailed nodalization of the core. The results
obtained by PSU XS data are [

",C. More details about the Westinghouse core power distribution results obtained
by POLCA7 and POLCA-T and their comparison with both "P1 edit" and TIP measurements have
been reported in References 2 and 3. Some results and discussion are also provided in the answer to
RAI 7-24.

Is the P1 edit the adapted core power shape as determined by the core monitor?

As explained during the NRC audit in March 2008, the P1 edit is not a measurement (not a TIP trace).
It is the adapted core power shape as determined by the core monitoring system. Thus, the answer to
this question is yes.

Is the PHOENIX XS plot based on a purely predictive cycle follow calculation using POLCA 7?

As stated during the audit and recorded in the Audit summary report, the [

Ia". Thus the answer to this question is also yes.

(2) What is meant by APRMProbes I and 2? Does this refer to particular APRM channels?

APRM Probes I and 2 refer to traversing in-core probes 1 and 2 which were available during the
turbine trip tests TT1, TT2 and TT3. Thus, two separate APRM channels were available as described
in the Reference 4.
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(3) The staff does not understand table A.3-5 based on the units for each value. Does "m/sec'" mean
milliseconds?

Yes, originally the shorter term "msec" has been used. Please find the correct table below. abc

(4) What is meant by "measured" in Figure A.3-6?

"Measured" in Figure A.3-6 means the average of the fission power signals from all 80 LPRM. The
explanation has been provided in Note 4 to Table A.3-5, but missed in the footnotes to the mentioned
figure.

Page 37 of 52



WCAP-16747-NP-A

LTR-NRC-08-59 NP-Enclosure

References

1. J. Solis, et al., "Boiling Water Reactor Turbine Trip (TT) Benchmark Volume I: Final
Specifications". NEAJNSC/DOC(2001) 1, June (2001).

2. Panayotov, D., 2004. OECD/NRC BWR Turbine Trip Benchmark: Simulation by POLCA-T
Code. Nuclear Science and Engineering, 148, 24 7-255

3. D. Panayotov, U. Bredolt, H. Lindgren, "POLCA-T - A Coupled Multi-Physics Tool for Design
and Safety Analyses", Invited paper Mathematics and Computation (M&C 2005) Topical
Meeting: Supercomputing, Reactor Physics and Nuclear and Biological Applications, Technical
Session: "Multi-physics coupled code systems for nuclear reactor design and safety", Avignon,
France, September 12-15, 2005.

4. L. A. Carmichael and R. 0. Niemi, "Transient and Stability Tests at Peach Bottom Atomic Power
Station Unit 2 at End of Cycle 2", EPRI NP-564, Project 1020-1, Topical Report, June (1978).

Page 38 of 52



WCAP-16747-NP-A

LTR-NRC-08-59 NP-Enclosure

RAI 7-22

In order to assist the staff in understanding the dynamic reactivity feedback modeling, please provide
figures that are substantially similar to Figures A.3-6 through A.3-9 except please shift the curves so that
each transient response is plotted according to a time "zero" that is defined as the time of the initial core
exit pressure response.

Westinghouse Response to NRC RAI 7-22

Figures A.3-6a through A.3-9a below are substantially similar to Figures A.3-6 through A.3-9 except that
the curves are shifted so that each transient response is plotted according to a time "zero" (defined as the
time of the initial core exit pressure response). Values used to shift the time coordinate are provided in
Table A.3-5a below and taken from the answer to RAI 7-21 Table A.3-5. The curve of POLCA-T results
obtained with PSU XS provided in Figure A.3-6a, for information only, is shifted by 438 milliseconds.
Note that this value is not available from Tables A.3-5 and A.3-5a.

a,b,c

Note also that the time of the initial core exit pressure response differs for measurements and for each set
of simulations. The corresponding time of the initial core exit pressure response has been used to obtain
the "shifted" curves in the figures.

It is observed that in both the TT2 (see Figure A.3-6a) and the TTI (see Figure A.3-7a) tests the
differences between the predicted and calculated time of peak fission power is about [

]a~C It has to be noted that while the change of time coordinate for the TT2 test resulted in

[ ]a~c in Figure A.3-6a when compared to Figure
A.3-6, for the TT1 test the curve I "ac. This can be explained by noting that the
differences in predicted to measured time of core exit pressure initial responses are [ Iac

in the TT2 test and [ ]a` in the TT1 test (see Table A.3-5a above).
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a,b,c

Figure A.3-6a. I

2a,C
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a,b,c

Figure A.3-7a. I
IC

a,b,c

Figure A.3-8a. I
P.c
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a,b,c

Figure A.3-9a. I
l.c,
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RAI 7-24

Compute the nodal RMS difference in core power between the POLCA-T generated axial power shape
using PHOENX4 cross section with spectral interaction to the P1 edit. Compare this RMS difference to
previously established values for nodal power differences quoted in CENPD-390-P-A.

Westinghouse Response to NRC RAI 7-24

The computed nodal RMS differences in core power, observed between the POLCA-T generated axial
power shape using PHOENX4 cross sections with spectral interaction and the P1 edit, for the state prior
to the transient of Peach Bottom 2 turbine trip test TT2 are provided in Table A.3-3a below. The nodal
RMS differences are calculated for POLCA-T obtained core average axial power profiles provided in
Figure A.3-4 of Appendix A of WCAP-16747-P and published in Reference 1.

a,c

For comparison, the previously established RMS difference value for relative axial power is [ ]a,c

as quoted in CENPD-390-P-A Section 6.2.2.2.

The difference between the POLCA-T demonstrated RMS error for Peach Bottom Unit 2 turbine trip test
TT2 simulation and the error quoted in CENPD-390-P-A is [ ]'. The [

Ia"c could be explained by the fact that while comparisons provided in

CENPD-390-P-A were performed [ Ia"' in this case POLCA-T results are
compared with I ]a'c axial power shape--[

1a'c also

contributed to the observed [ ]a'c in the POLCA-T predicted axial power shape.

A direct comparison of the POLCA7 predicted axial power shape, using a spectral index correction option,
against 43 TIP string measurements collected at Peach Bottom 2 EOC 2 has also been performed and
reported in Reference 1. Figure A.3-4a and Table A.3-3b below present the comparison of POLCA7
calculated versus measured TIP core relative responses and the core average deviation and RMS of TIP
comparison respectively. The comparison is performed for Data set 37 (see Reference 2). Observed
RMS differences for both [ ]a" are [ jac the
respective values of [ ]1"C quoted in CENPD-390-P-A section 6.2.2.2 (Reference 3).

Therefore it can be concluded that [
Iarc.
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Figure A.3-4a.

It should be noted in connection to the audit discussion that the significant improvement seen in

1 ]1," is due to
the better representation of the [a•' and more accurate

]",c utilized in our simulation as compared to the [
]aC The use of [ 1',c has a smaller contribution to

the I ]",c as it is seen on Figure A.3-6. The use of different [ ]a'c has at least
twice the effect on the I Ia"' value as the utilization of the [ ]a1' model.
This conclusion is also supported by the results of a similar study using CASMO prepared multi-table XS
in a TRAC/BF I -ENTREE-NASCA (see Reference 4) coupled code that also pointed out the importance
of proper accounting for historical effects in BWR modeling.
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RAI 8-5 S1

The pressure units listed in Table 3 are in error. The units are 105 Pa (or bars). Please correct this
typographical error in the RAI response to be included in the final LTR revision with the staff's safety
evaluation attached.

Westinghouse Response to NRC RAI 8-5 S1

A decimal point in the column for the pressure in table 3 is missing. An update will be included in the
approved version of the topical report.
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RAI 8-7 Supplement

The response to RAI 8-7 in the letter to the NRC dated June 25, 2008, is insufficient for the staff to
complete its review. The original response requested an analysis using a complex model with features
common in reactor modeling. It is acceptable to provide an analysis with a simple model so long as it
includes the features the staff has previously requested additional information regarding in RAI 8-6. The
staff notes that the current model includes elbows, but lacks other features.

It is acceptable to provide an analysis that is similar to the analysis performed and documented in the
response with the following features: (1) please include a tee junction, this tee junction should not be at a
right angle with the main fluid path and should reconnect to the closed loop, (2) please include plena for
parallel flow paths, (3) please include at least two parallel flow paths in the model with different pressure
drop characteristics, and (4) please include a flow path that is axially slanted.

This revised model should address questions that staff has regarding several features of the momentum
equation described in RAI 8-6, including: flow splitting at tee junctions, flow distribution for parallel flow
paths, and the gravitational term. To assist the staff in understanding the results please provide a
nodalization diagram and provide plots of the flow rate coast down for several nodes in the loop,
particularly near fluid cell junctions for the features described in aforementioned items (1) through (4).

Westinghouse Response to NRC RAI 8-7 Supplement

As a complement to the previous test case; a new test case was set up. The test case consists of lower and
upper plenum, three parallel channels, a main channel connected as T-junction, a bypass channel
connected at the end of the plena and a slanted channel whose size is equal to the main channel
connecting the plena. The pressure drop characteristic differs by about a factor of sixteen between the
main and the bypass channels for the quantity

Z A2 '

where ; is equal to the equivalent loss coefficients and A is the area.

Figure 1 below shows an outline of the model with its main blocks. Each block contains a different
number of volume cells. The channels are divided into 25 axial volume cells as is normally done when
modeling BWR reactors. The sub-cooling is about 180'C, the pressure is 25 bar and the liquid phase
temperature was set to 400C.
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Figure 1. Test model for artificial momentum sources

1ac

Page 48 of 52



WCAP-16747-NP-A

LTR-NRC-08-59 NP-Enclosure
ac

POLCA-T result, mass flow rate (kg/s) versus time (s) at the inlet and outlet of the main

channel

Figure 2.
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POLCA-T result, mass flow rate (kg/s) versus time (s) at the inlet and outlet of the by pass

channel

Figure 3.
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POLCA-T result, mass flow rate (kg/s) versus time (s) at the inlet and outlet of the slanted

channel

Figure 4.
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a,c

Figure 5. Mass flow balance for the lower plenum

From the figures above, it can be concluded that [

I aC
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W estinghouse Westinghouse Electric Company
Nuclear Services
P.O. Box 35 5
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk - Direct fax: (412) 374-3846
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-09-14
March 13, 2009

Subject: Third Set of Responses to the Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, "POLCA-T: System Analysis
Code with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-Proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary versions of the third set of responses to the second round of
NRC's Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR)
WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model."

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-09-2541 (Non-Proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-Proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-09-2541 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very trlyours,

/.A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

G. Bacuta, NRR
H. Cruz, NRR
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We inghouse Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-3846
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-09-2541
March 13, 2009

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-09-14 P-Enclosure, "Third Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model" (TAC No. MD5258)"
(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-09-14, dated March 13, 2009

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(l) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-09-2541 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference
AW-09-2541 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing,
Westinghouse Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

A Gresham, Manager

Regulatory Compliance and Plant Licensing

cc: A. Mendiola, NRR
G. Bacuta, NRR
H. Cruz, NRR
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

-ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this day

of fli,4C-a ,2009.

Notary Public

COMMONWVEALT OW ANIA

?atiriei L. CrC'An, N-a,

Miy Conrnsfe &-PIMS F -b 207,
Member, Pennsylvan~ia Associa ~nof Notaries
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(1) 1 am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-09-14 P-Enclosure, "Third Set of Responses to the Second Round of NRC's

Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report

(TR) WCAP-1 6747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model"

(TAC No. MD5258)" (Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter (LTR-NRC-09-14) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company includes responses to RAIs.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further, this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (t) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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Stability RAI 6-16

Typically, safety limit minimum critical power ratios are established to ensure that 99.9% of fuel rods
avoid boiling transition.

Explain how applying a prediction uncertainty of one standard deviation to the acceptance criterion
adequately assures the same degree of protection against exceeding SAFDLs.

(NRC is not reasonably assured that calculating a decay ratio equal to the acceptance criterion
demonstrates that the reactor is stable.)

Response to RAI 6-16:

The decay ratio (DR) acceptance criterion consists of two components, i.e., the prediction uncertainty
(Gpr) and the design margin (see also the response to RAI 6-28),

I I a ,

where the prediction uncertainty, based on POLCA-T validation, is

The prediction uncertainty is a bivariate distribution including uncertainties in both measurement
evaluation as well as uncertainties in modeling and input data for the validation database
(Section B.7 of WCAP-16747-P).

The design margin is applied to cover changes in cycle design or in cycle operation. That is, it also
includes input data uncertainties (as the prediction uncertainty). In CENPD-295-P-A, it was shown that a
typical design margin is [ ]a"c (depending on cycle design and customer requirements on cycle
flexibility). A typical stability acceptance criterion is therefore,

I Iaxc

That is, an acceptance criteria which consists of both prediction uncertainty and design margin, will cover
[a1c of prediction uncertainty if:

[ aC

The acceptance criteria therefore becomes

I I

which is considered to adequately assure protection against exceeding SAFDLs.
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Stability RAI 6-25

Describe the process by which POLCA-T results are used to implement an approved licensing approach
for long term stability solutions.

If POLCA-T is used to generate, or determine the slope of, a DIVOM curve; then please provide this -
information as well as the response to staff RAI 5-4 and 5-5.

If POLCA-T is used to determine an exclusion region boundary, then how are the analysis points
determined and is a fitting function employed? If so, what is the fitting function? What is the basis for
the function if there is one?

Response to RAI 6-25:

Each U.S. BWR plant has a licensing basis for plant stability performance using NRC-approved code
methods and methodology. A safety evaluation of the plant stability performance is performed for each
reload application following an evaluation process consistent with the plant-specific licensing bases.
Reload safety evaluations performed by Westinghouse shall be consistent with the approved methodology
adopted by Westinghouse and the plant in question, and, as warranted, will use NRC-approved stability
analysis methods.

The following section describes how the Westinghouse stability analysis methods and Westinghouse
general reload analysis methodology are applied to the most common plant-specific stability licensing
basis, or long-term stability solutions.

The following steps are performed in a general reload analysis for core stability:

1. Determine the plant stability licensing design basis.
2. Confirm that the current plant stability limits are applicable for the new cycle, following the

Westinghouse reload design methodology and any plant specific requirements.
3. As required, perform stability analysis for the new cycle in accordance with the plant licensing

basis.

For example:
a) Evaluate the reload core and fuel design cycle-specific instability power-flow boundaries, or
b) Confirm fuel design and/or core design relative to stability performance.

Determining the limiting power-flow instability boundary by calculating the core-wide, regional and
channel stability boundaries is a common requirement in the long-term stability solutions.

The steps in constructing the instability boundary are:
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ac

Plant reload stability evaluations encompass the plant normal and anticipated operating domain. Stability
analyses are performed for a set of conditions that captures all expected and anticipated plant operating
conditions.

The following section describes the most common plant-specific stability licensing bases and how, as
required, the Westinghouse stability analysis methods and Westinghouse general reload analysis
methodology are applied.

Option I-A identifies exclusion regions on the power/flow map where immediate manual protective
actions are taken upon entrance to the exclusion region. This solution has evolved to an "Enhanced
Option I-A" which is described in NEDO-32339. This option uses a layered approach to instability
prevention by relying on three areas of the power/flow map and stability controls that are predefined for
each operating fuel cycle by conservative calculations. The exclusion region is defined as the region in
which power oscillations are considered credible with stability controls in place [

a,c. The restricted region is the region in which power oscillations are possible when
stability controls are not in place [ ]Ic. Finally, the monitored region is the
region in which calculated decay ratios are ]ac.

For plants with the BWR Owner's Group (BWROG) "Enhanced Option I-A" methodology as the stability
licensing basis, the Westinghouse stability analysis methods (e.g., POLCA-T) will be used for
implementation. The analysis conditions are as prescribed in NEDO-32339. The acceptance limits are as
described in the POLCA-T topical report (WCAP-16747-P), and the analysis process will follow the
general reload analysis procedure described above.

Option I-D is intended for small-core plants with tight inlet orifices. These plants have reduced the
likelihood of out-of-phase instabilities. For these plants, the existing unfiltered flow-biased Averaged
Power Range Monitor (APRM) scram provides sufficient protection. In addition, administrative controls
are intended to maintain the reactor outside the exclusion region.
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For plant-specific implementation of Option I-D, typical supporting analyses, include:

-- - a,c

Reload safety evaluations for Option I-D implementation at a specific plant generally will confirm the
supporting licensing analysis and region boundaries remain valid for the new reload application. As
required in the reload evaluation process, stability analyses will be performed using the general reload
analysis methodology described above.

Option U is intended for BWR/2s where the quadrant-based APRM-scram is capable of detecting both
in-phase and out-of-phase oscillations with sufficient sensitivity to initiate automatic protective actions
before safety margins are compromised.

For plant-specific implementation of Option II, typical supporting analyses shall:

The reload safety evaluation for Option II implementation at a specific plant generally will confirm the
supporting licensing analysis and remain valid for the new reload application. A typical analysis
performed is for channel stability performance. As required in the reload evaluation process, a stability
analysis will be performed using the general reload analysis methodology described above.

Option HI is a Local Power Range Monitor (LPRM)-based "detect-and-suppress" solution. Local Power
Range Monitor (LPRM) signals or combinations of a small number of LPRMs are analyzed on-line by
use of three diverse algorithms. If any of the algorithms detects instability, automatic protective action is
taken to suppress the oscillations before safety margins are compromised.

The "detect and suppress" solution consists of a combination of hardware and software that initiates
control rod insertion to terminate power oscillations while they are still small.

The "detect and suppress" solution is performed in two parts. The first part is the analysis that identifies
the exclusion boundaries in the event that the automatic "detect and suppress" hardware becomes
inoperable. The second part is the analysis that determines the setpoint for the Oscillation Power Range
Monitor (OPRM). Currently, the first part, determining the exclusion boundaries, is supported by
POLCA-T. However, the determination of DIVOM curves is not included. The complete DIVOM
methodology will be addressed separately.
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The Westinghouse methodology to develop the BSP (Back-up Stability Protection) exclusion boundaries
is described below:

The regions are defined based on the more limiting of the following conditions:

a,c

A licensee may have a plant-specific licensing basis that augments the general NRC-approved
methodologies discussed above. For example, a licensee may have requirements to also evaluate core
stability performance for each new reload for a specific set of analysis conditions. The Westinghouse
general reload analysis methodology will be used to perform any additional reload-specific stability
evaluations.

Stability RAI 6-26

Previously approved time domain stability methodologies (i.e. RAMONA-3B) are approved with
limitations regarding the axial nodalization. Fully describe methods that are used to determine the
acceptability of the axial nodalization for a plant model to be used in reload licensing analyses.

Response to RAI 6-26:

The reload licensing analysis methodology will prescribe the same nodalization and time-step as were
used in the stability validation database to guarantee the applicability of the decay ratio prediction
uncertainty. Since the stability validation is an integral validation, the axial nodalization and time-step
are included in the prediction uncertainty of the validation database.

The stability validation database is calculated using [
response to RAI 4-8, [ Ia"c. The axial nodalization is

]a~c as described in the
a'c

The thermal-hydraulic dynamic properties regarding nodalization have been examined for U-tube
oscillations, as described in the response to RAI 6-3. The number of nodes was varied, and it was
concluded that [ Ic

The steady-state verification and the integral stability validation constitute the basis, for the acceptability
of using the inherited nodalization in POLCA for stability predictions.
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Stability RAI 6-27

Stability evaluations are highly sensitive to the input specifications for plant models. Describe any
additional uncertainty in the decay ratio determination that may arise from specifying model input using
standard production procedures as opposed to developing models specifically for benchmark analysis.

Response to RAI 6-27:

The proposed decay ratio (DR) acceptance criteria are formulated as

]a,c

The qualification analyses demonstrate the code capability to capture the stability phenomena assuming
best-estimate input data for plant and core modeling. This is referred to as the prediction uncertainty and
includes all model uncertainties such as time-step control and nodalization. The sensitivity analyses
demonstrate the uncertainty of the code for the key plant parameters.

ac.

The general reload methodology and standard production procedures are developed to be consistent with
the qualification and design margin analyses. That is, the qualification analyses represent (together with
the plant key parameter and model parameters that impact design-margin analyses), [

Iac.

The design margin is applied on a plant-specific basis. The intent is to capture the potential impact on
predicted decay ratio caused by deviations from the nominal cycle design and plant key parameter
uncertainty. The variation in nominal cycle design is expected to be covered by [

],. Therefore, the standard production methodology
a,c

Stability RAI 6-28

The decay ratio acceptance criterion is not consistent with the previously approved acceptance criterion
for RAMONA-3B. Specifically, the standard deviation in predicted and measured decay ratio is
approximately the same for these two methodologies; however, the proposed acceptance criterion is
significantly larger. The sensitivity study provided in Appendix B seems to indicate that uncertainties in
key plant parameters may result in changes in the decay ratio on the order of 0.1 - 0.2. If a Monte Carlo
assessment is performed on a cycle specific basis similar to the SLMCPR determination process, provide
descriptive details on how uncertainties in plant parameters are captured in the determination of the decay
ratio acceptance criterion. Are these effects captured in the design margin? If so what is the process for
determining the design margin? To quantify any uncertainty in the decay ratio as a result of uncertainties
in plant parameters perform a sample Monte Carlo analysis using standard uncertainties in plant
parameters for a sample core in the core wide oscillation qualification and determine the resultant
standard deviation.
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Response to RAI 6-28:

The proposed decay ratio (DR) acceptance criteria are formulated as

I j a,c

where the prediction uncertainty, based on the POLCA-T validation, is [ ],. The design
margin is applied on a plant-specific basis with the intent to capture the potential impact on predicted
decay ratio from nominal cycle design. See also the response to RAI 6-16.

The sensitivity study performed for WCAP-16747, Section B.8 is performed to demonstrate the impact on
the decay ratio of different key plant parameters in POLCA-T. The standard deviations chosen for the
study are reasonable, but arbitrary, and should not be considered as standard uncertainties applicable for a
specific plant.

Standard uncertainties (generic or plant-specific) for parameters identified in the stability Phenomenon
Identification and Ranking Table (PIRT) will be applied as part of the reload analysis, and incorporated in
the design margin. Since the design margin is applied on a reactor-specific basis,

] However, a
sample Monte Carlo analysis is given below.

The base case is [
a3,¢C

In the sample case, uncertainties in reactor power, core coolant flow and inlet temperature are used in the
Monte Carlo analysis. The following uncertainties apply for [ a,c[ ]ac
These uncertainties are used to create input data (assuming independent normal distribution and 95 %
confidence) to POLCA-T. [ Ia"c simulations were performed, and the results in decay ratio (DR) and
resonance frequency (FR) are as follows:

I 13aC

Below is an exemplification of a reactor-specific reload procedure:

For Option III, described in NEDO-31960, the general methodology prescribes that the back-up stability
protection region is established based on a best-estimate code calculation using approved stability criteria
with a rated feedwater temperature prior to recirculation pump runback conditions.
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Performed Sensitivity studies have shown that the key plant parameter that has the largest impact on
variations in predicted decay ratio is I a,c. For example, control rods
may be inserted in order to mitigate the impact of fuel leakers; parts of the cycle may be operated with a
reduced power or reduced feedwater temperature, etc. The methodology used to estimate the impact of
cycle uncertainty in current reload analysis procedure, using RAMONA3, which will be applicable for
POLCA-T as well, is as follows: a,c

The impact on decay ratio for this [
which gives the acceptance criteria for the reload analysis.

Ia"c is then the design margin,

The statepoints that produce the so-called SCRAM line conditions for Option III (i.e., where

1 ]"C) are determined for the global mode. This is
normally done to cover two feedwater temperature conditions (nominal and reduced). In some cases, the
utility intends that the nominal feedwater temperature condition actually permits a range in the feedwater
temperature. A matrix of statepoints is evaluated to determine the variation in decay ratio caused by
variations in feedwater temperature.

The design margin variations in cycle design and feedwater temperature variations are

Stability RAI 6-29

Describe the process by which a regional mode oscillation is established in the POLCA-T simulation if
the reactor is highly susceptible to core wide oscillations (in other words, core wide oscillations are the
dominant oscillation mode).

Response to RAI 6-29:

The regional oscillation mode is independent of interactions with the recirculation loop system constituted
of oscillations within the core where the core pressure drop is constant. To establish the regional
oscillation mode when the global mode is dominant, the following procedure will be applied:
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Boundary conditions are imposed on the upper and lower plenum. That is, the pressures in the lower and
upper plenums are prescribed, as well as the temperature in the lower plenum and the core inlet flow. The
boundary conditions are applied according to the steady-state for the global mode.

To find the regional mode, i.e., the symmetry line, several calculations with, in this case, asymmetric
control rod disturbances are performed. But, other initiating disturbances may also be used. The Local
Power Range Monitor (LPRM) detector signals are compared on a pair-wise basis for different parts of
the core. If the regional mode is very stable, it is not possible to establish out-of-phase oscillations for
more than a couple of oscillation periods. This is shown for one case in Figure 1 below (where the LPRM
detector signals are normalized to be comparable).

Instead of calculating the decay ratio, the instability limit for the regional mode can be established by
performing "power search" calculations. i.e., the reactor power is increased until the instability limit is
reached. The onset of regional oscillations is verified by comparing the LPRM detector signals. This is
shown in Figure 2 for diverging regional oscillations, which is the same basic case as Figure 1, but at an
increased reactor power level.

a,c

Figure 1. Stable regional mode.
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a,c

Figure 2. Unstable regional mode, increased reactor power level.

Stability RAI 6-30

Previous sensitivity studies performed following the WNP2 instability event show that the stability
characteristics are sensitive to the fuel and core design, namely when multiple types of fuel are included
in the core design. Studies performed with the NRC LAPUR code and the NRC approved RAMONA-3B
code have illustrated that the WNP2 stability characteristics were sensitive to the mixed nature of the core
design.

The sensitivity is attributed to the relative void reactivity and density wave oscillation stability
characteristics of the two fuel designs that were in WNP2. Demonstrate the capability of POLCA-T to
capture these local effects by performing a similar sensitivity analysis.

Response to RAI 6-30:

Westinghouse does not currently have a POLCA-T model of WNP2. Instead, a similar plant for the
sensitivity analysis has been chosen. The chosen plant is [ I,, and the chosen cycle is

[ ,C The core of [ ]a,c consists of following fuel types:

I ac

[
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In the analysis, Westinghouse has compared the core-wide decay ratio and oscillation frequency of the
mixed core with cores containing only [ ]a~c bundles and [ I",c bundles. In [

I",, there are two different [ ]I," bundles, one with a low pressure drop over the

inlet section and one with a higher pressure drop over the inlet section. For that reason, two I ]a'c

studies were performed, one with a low pressure drop and one with a higher pressure drop over the inlet
section.

In the sensitivity analysis, only the fuel geometry and the spacers were changed. The historical data and
nuclear properties were left unchanged. The bypass flow was also kept at the same value as in the
original mixed core. The results are presented in the table below.

a, b, c

From Table 1 above, Westinghouse can conclude that POLCA-T is able to capture stability effects for
cores containing different fuel bundles types.

Stability RAI 6-31

For the core wide oscillations considered in the POLCA-T qualification provide a plot of the measured
decay ratio versus a dimensionless parameter that is shown below. Determine the slope of the trend line
through these data. Provide a similar plot for the calculated decay ratio and provide the slope of the trend
line through these calculated points. Comment on any differences in this slope. Additionally comment
on the extension of POLCA-T methods to higher vales of the dimensionless parameter

Dimensionless Parameter = (Maximum Nodal Peaking Factor) x (Core Thermal Power) / (Core Flow
Rate) / (Inlet Subcooling)

Response to RAI 6-31:

Provided below is a plot of the measured and calculated decay ratio (DR) versus the dimensionless
parameter defined above, for the core-wide oscillations considered in the POLCA-T qualification.
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The trend lines are given by the equations:

L
a,c

I
The difference between the slopes of the trend lines is
difference is [

Ia c. The

Jac.
a, b, c

Stability RAI 6-32 Part A

The staff requires additional information regarding the calculational efficacy of POLCA-T to determine
regional mode oscillation transient responses. Please provide the transient traces of mass flow rate in the
bundles surrounding the following instrument strings: [[ ]]
regional instability test. Provide specific details regarding the manner in which the model was perturbed
to excite the oscillation if such a perturbation was applied.
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Response to RAI 6-32 Part A:

In the figure below, the average mass flowrates of the bundles surrounding [
]a,c are presented.

- a. c
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3ac

- a,c

Stability RAI 6-32 Part B

RAMONA-3B was previously qualified based on [[ ]] test data, specifically the same
]] reading. Please provide a figure comparing the RAMONA-3B predicted transient LPRM

signal for [[ ]] to that predicted by POLCA-T on the same scale as Figure 6.2-4 in
CENPD-294-P-A.

Response to RAI 6-32 Part B:

RAMONA-3B and POLCA-T are two codes with appreciable differences in terms of the models utilized
and the assumptions/approximations involved. Therefore, comparisons of specific variables between
these codes are often of limited value.
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Nevertheless, as requested, the figures below show the
I" for both POLCA-T and RAMONA-3B. I

lac.

Different methodology that has been used in the calculations with RAMONA-3B and POLCA-T and the
stability methodology in POLCA-T are described in more detail in Section B.9 of WCAP-16747-P and in
the response to RAI 6-29.

1 a,b,c
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a,b,c

Stability RAI 6-32 Part C

Comment on the method for determining the appropriate magnitude of perturbations to excite out-of-
phase oscillations in terms of eigenvalue separation of the yet higher harmonic modes.

Response to RAI 6-32 Part C:

The eigenvalue separation is I ]ac POLCA7 or POLCA-T, (i e., the
relation between eigenvalue separation due to higher harmonics and perturbation magnitude [

]a'c).

If the regional mode is stable, and an asymmetric disturbance as described in the response to RAI 6-29 is
applied, it is theoretically possible that several modes of oscillations are excited. Each mode of
oscillation is associated with a pair of poles in the frequency domain, described by a frequency and a
damping (phase and radius in the unit circle).
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The procedure of evaluating the stability properties (decay ratio and resonance frequency) from a time
domain response in POLCA-T includes [

a,c. The interval for evaluation is chosen so that the

frequency is [ ] If several frequencies are found within the interval, the interval is
[ Iac.

Stability RAI 6-32 Part D

Compare the POLCA-T predicted void propagation time to the oscillation period for the highest
oscillation magnitude bundles. Specify the drift flux correlation used for the [[ ]] analysis.
Compare the drift flux correlation to the slip correlation model that was used in the RAMONA-3B
qualification.

Response to RAI 6-32 Part D:

In [ I", the void propagation time predicted by POLCA-T for a bundle
with the highest oscillation magnitude is [ ]a*. This should be compared to the oscillation period of

In the [ Iac analysis with POLCA-T, the [ ]ac drift flux correlation, which is described in
Section 1 ]a'c of WCAP 16747-P, has been used. In the qualification of RAMONA-3B, the

ac

Stability RAI 6-34

The purpose of this RAI is to determine the efficacy of POLCA-T to model pressure wave phenomena.
Referring to the PB2 EOC2 TT test qualification in Section A.3, is the initial core exit pressure response
time sensitive to the POLCA-T nodalization, time step, or time integration technique? Please support this
response with a sensitivity study comparing the predicted and measured initial core exit pressure response
time based on changes in the nodalization, time step, and time integration method.

Response to RAI 6-34:

The stability validation is an indirect validation of the density wave traversing the fuel bundle, since it is
fundamental to the core stability properties. Since the validation database covers a wide range of
conditions, this indirect validation, through decay ratio and oscillation resonance frequency, of the density
wave phenomena is considered to be sufficient for stability prediction purposes.
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Stability RAI 6-36

The purpose of this RAI is to determine the efficacy of POLCA-T to model transient feedback effects that
are important to modeling instability events. In the event of a 2RPT transient, the core will become
unstable following a reduction in feedwater temperature arising from decreased steam flow. Please
describe the procedure for selecting an appropriate lower plenum nodalization to ensure sufficiently
accurate modeling of mixing and flow distribution to the core.

Response to RAI 6-36:

The stability validation of POLCA-T includes stability measurements performed during steady-state or
quasi-steady-state conditions. The onset of I

]a,, i.e., instability during transient conditions, is not included in the

validation database.

The lower plenum modeling in POLCA-T for stability calculations assumes mixing. It is however,
possible to model the lower plenum in several radial zones to take reduced feedwater temperature
transients into account. This is not usually done for reload stability analyses, which assume steady-state
conditions.

To cover destabilizing transient scenarios like a 2RPT transient and reduced feedwater temperature,
stability calculations are performed conservatively at the steady-state conditions which follow the double
pump trip, at the reduced feedwater temperature.

However, to demonstrate the POLCA-T capability to simulate reduced feedwater temperature transients
introducing uneven inlet temperature in the lower plenum and study the impact on stability, the following
calculations were performed:

Water with reduced temperature was introduced in the lowest node in the fuel channels for an eighth of
the core after one second of simulations. After ten seconds, a pressure disturbance was introduced to
analyze the stability of the core. The results are shown in Figure 1 below for an arbitrary reduction of
inlet temperature (of about 10 'C).

The case with reduced inlet temperature in an eighth of the core shows, as expected, a more unstable
behavior.

In Figure 2, the difference in void distribution for one arbitrary channel is shown. The lower inlet
temperature for a part of the core causes the void and power distributions to change, as well as the inlet
flow distribution, which affects the stability properties of the core.
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a,c

Figure 1. Reactor power.
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-1 a,c

Figure 2. Channel void, Channel 228.

Stability RAI 6-37

The purpose of this RAI is to understand the sensitivity of POLCA-T predicted decay ratios to potential
uncertainty in gas gap properties. Please perform a sensitivity analysis to show the sensitivity of both the
fuel thermal time constant and decay ratio to the gas gap properties.

If the results indicate that the DR is highly sensitive, please provide additional information regarding the
qualification of STAV for high burnup.

Response to RAI 6-37:

The incorporated STAV model in POLCA-T simulates for each individual fuel node an average - and if
required, even a hot rod - geometry, physical and thermal properties required for heat transfer and fuel
rod temperature distribution calculation.

The influence of potential uncertainties in gas gap properties on decay ratio and thermal time constant
calculations can be studied with variation of I

IC. All these parameters may affect the gas gap heat resistance and consequently, the

calculated stability parameters.

A sensitivity study was performed by changing
]a1c from the nominal data by ±10% respectively, and the results are shown in the table below.
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]a,c is used as [

The reference case for the study is the [ Ia"c, which provided
the highest measured decay ratio (DR) for that campaign. The core consisted mainly of modem 1 Ox 10
fuels with various-rod designs.

The results of the study show that [ ]ax has the biggest impact on the decay ratio and
thermal time constant calculations. The influences of [ ],,C are small
compared to [ I .

1 ]1'a is of less importance for core stability. I
significant influence on stability parameters. This is demonstrated with a case where [
was increased by 10% only for the [

]'. The influence of [ 1"a on decay ratio proved to be m

]•"c has the most
Iac

uch stronger than
the influence of [ I aW.

a,b,c

An assumption of equilibrium one-dimensional radial heat transfer was made to simplify the evaluation of
the thermal time constant in this study. Even though this definition does not directly apply for dynamic
heat transfer response, it sufficiently characterizes heat transfer in a fuel rod.

The equilibrium thermal time constant was evaluated for an average powered

a"c. The equilibrium thermal time constant T presented in table above was

calculated as:

rc= CROVERALL (s) Where:

Cs
ROVERALL

is the heat capacity per unit length of a fuel rod
is the fuel rod overall thermal resistance.

The fuel rod heat capacity is calculated as:
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CS - CsPEL + CS,CLAD (J/m,K)

DPELPPELCPEL C(DCD,OUT -DCLAD,IN )PCLADCp,CLAD Where:
4 4

DPEL (in) is the pellet diameter
DCLAD, N (in) is the cladding inner diameter
DCLAD, OUT (in) is the cladding outer (surface) diameter
PPEL (kg/m3) is the pellet density
PCLAD (kg/m3) is the cladding density
Cp, PEL (J/kg,K) is the specific pellet heat capacity as a function of average pellet temperature
Cp, CLAD (J/kg,K) is the specific cladding heat capacity as a function of average cladding

temperature

The concept of thermal circuit was used to calculate the overall heat resistance of a fuel rod.

Heat resistance in the radial direction in the pellet and cladding was calculated from:

AT AT
q=- - Where:

(MR

q' (W/m) is the heat conduction per unit length fuel rod
x (in) is the length of the heat conduction path
k (W/m,K) is the thermal conductivity of the material
A (in2) is the plane area the heat is conducted through
AT (K) is the temperature difference
R (K,m/W) is the thermal resistance

Heat resistance in the radial direction in the gas gap and at the fuel rod surface was calculated
from:

AT AT
q'- - Where:

(hU)

q' (W/m) is the heat convection (per unit length) in the radial direction
h (W/m',K) is the heat transfer coefficient in gas gap or at rod surface (to coolant)
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A (M2) is the surface area the heat is transferred through
AT (K) is the temperature difference in the radial direction
R (K,m/W) is the thermal resistance in the radial direction

The overall thermal resistance is-calculated from:

ROVRALL = RPEL + RGAP + RCLD + RSURF Where:

ROVERALL (K,m/W) is the total thermal resistance in a fuel rod
RPEL (K,m/W) is the thermal resistance in the pellet
RGAP (K,miW) is the thermal resistance in the gas gap
RCLAD (K,m/W) is the thermal resistance in the cladding
RSURF (K,m/W) is the thermal resistance of the cladding surface to coolant heat transfer

RAI 7-12

There are no results regarding sensitive studies of the heat transfer coefficient (HTC) in the fuel gas gap
in the WCAP-16747-P report. It is only stated there that "Bounding gap heat transfer coefficient of
STAV model" is utilized in the evaluations.

Response to RAI 7-12:

In connection with the licensing of RAMONA3, the influence on the transient results of Control Rod
Drop Accident (CRDA), when changing the HTC value in the gas gap, was investigated. In these
calculations, fixed HTC values were used. The results are displayed in the figure below.
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a,c

The maximum enthalpy in the core increases with [ a,". For relatively fresh fuel,
where the maximum enthalpy normally occurs, the HTC for pellet temperatures between [ ]a,C

is around [ la,c In this range, the enthalpy (according to the figure above) is
3a.C

A similar evaluation with POLCA-T would give similar results, i.e., [
ac
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0W estinghouse Westinghouse Electric Company
Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-3846
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-09-21
April 8, 2009

Subject: Fourth Set of Responses to the Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 6747-P, "POLCA-T: System Analysis
Code with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-Proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary versions of responses to requests for additional information
regarding WCAP-16747-P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model."

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-09-2555 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-09-2555 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,
•~rsa~ger

Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

G. Bacuta, NRR
P. Yarsky, NRR
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W estinghouse Westinghouse Electric Company~Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 1I5230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-3846
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-09-2555
April 8, 2009

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-09-21 P-Enclosure, "Fourth Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)"
(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-09-21, dated April 8, 2009

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2390, Affidavit AW-09-2555 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-09-
2555 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

#Ver uy ~jurs'

M.anager
Regulatory Compliance and Plant Licensing

Cc: G. Bacuta, NRR
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AW-09-2555

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

•- A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this _ ' day

of 2009.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notarial SealI Sharon L Markle, Notary Public

Monroeville Boro, Allegheny County
My Commission Expires Jan. 29,2011 I

Member, Pennsylvania Association of Notaries
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(1) 1 am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, 1 have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390-of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is fumished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-09-21 P-Enclosure, "Fourth Set of Responses to the Second Round of NRC's

Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report

(TR) WCAP-1 6747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model'

(TAC No. MD5258)" (Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter (LTR-NRC-09-21) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is that associated with responses to requests for additional

information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.
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POLCA-T Supplemental Stability RAI 6-33S1

The staff requested the stability phenomena identification and ranking table (PIRT) to assist the staff in
reviewing the relevant capabilities of POLCA-T that are required to perform stability evaluations. The
staff requires additional information regarding the stability PIRT provided in response to RAI 6-33.

Part 1- Initial Condition Rankings

Under the subcategory of "Initial Conditions" the PIRT specifies the following phenomena as ranked low:

[[ ]]. This appears to be inconsistent with the rank
of[[ ]] under the subcategory of "Calculation of Fuel Rod Heat Transfer."

The staff considers the [[ ]] as a highly important parameter in the stability
evaluation because it affects the coupling between the neutronic power and the response of the fluid. The
initial conditions specified for the [[ ]I appear to
impact the fuel rod heat transfer characteristics. For instance, during irradiation as fission gas escapes the
pellet the conductivity of the fill gas decreases, thus increasing the total fuel rod heat resistance. This
effect, it would seem to the staff, would be captured through initial conditions specifying the [[

]]. For these phenomena provide a more detailed rationale for the low ranking.

If a ranking is "low" because the results are not sensitive to the analysis input conditions, please
quantitatively justify the rationale.

Westinghouse Response

I Ia]c are ranked low for stability analysis because the

results are not sensitive to these parameters.

The sensitivity of the calculated decay ratio (DR) and fuel thermal time constant to

]a~c has been studied, see also the response to Stability RAI 6-37:

1 a,c
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A similar study was also made concerning the [ J]a,c:

-- a,c

An assumption of I "a'c was made to simplify the
evaluation of the I ]a'c in this study. Even though this definition does not directly
apply for a dynamic heat transfer response, it sufficiently characterizes the heat transfer in a fuel rod.

The results show that the influence of [
to [ Ia"' among other properties, for stability analysis.

Method of calculating! the equilibrium heat transfer time constant:

]', are small compared

The equilibrium thermal time constant was calculated for an average powered [
]"'c as described in the equations contained in the response to RAI 6-37.
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Part 2 - Input Assumptions Affecting Heat Resistance

Based on the PIRT ranking the staff is not certain if the aforementioned phenomena are treated in the W
standard production stability analysis methodology. Please refer to POLCA-T audit open item 8
(referenced in RAI 4-11) in terms of the oxide thickness. Please provide similar information for the fill
gas parameters.

Westinghouse Response

Gas pressure and gas composition and their impact on fuel rod thermal resistance are treated in the
Westinghouse standard production stability analysis.

The fuel rod gas pressure in each axial segment of a fuel rod is calculated dynamically (for each time
step) from the gas gap volume, temperatures of the rod structures and gas composition.

Gas composition (number of moles) is calculated taking into account the initial fill gas (He) and the
fraction of fission gases released from the pellet. The gas gap volume is calculated taking into account the
pellet and cladding displacement.

The cladding oxide layer thickness [
I a,c.

However, [

la~c
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Part 3 - Regional Mode Oscillations and Bypass Boiling

The staff notes the [[ ]] was a highly ranked PIRT for
regional mode instability analyses. The staff notes that if POLCA-T is run with a [[

]] that POLCA-T [[ ]] the capability to model transient changes in [[
]] during regional mode oscillations. Because the total reactor power and pressure drop remain

constant during stable regional oscillations, treating [[ ]] results in no net
change in the [[ ]]. However, for regional oscillations the local heat deposited in
the [[ 33. In order to capture the effect of [[ ]]
during regional mode oscillations the [[ ]] must be treated with [[ ]] (one
on each side of the harmonic symmetry plane). Please clarify how this highly ranked phenomenon is
captured in the POLCA-T simulations.

The staff understands that POLCA-T has the capability to model the [
]] as well as sub-dividing the [[ ]] into several isolated regions. This

degree of modeling resolution is not likely to be necessary in all cases. Please provide a detailed
description of the process by which the potentiality of [[ ]] is assessed.
This process description should consider those reactor conditions typical of decay ratio analysis such as
low flow points in the operating domain and conditions of natural circulation. Please also describe the
process or methodology by which the [[ ]] several parallel channels. This
description should address how hot channel peaking factors and the regional mode flux harmonic shape
are used to determine where greater resolution is required for [[ 3].

Westinghouse Response

Voiding in bypass is expected to influence power and flow oscillations. Voiding in bypass may occur at
very low recirculation flow (some tripped recirculation pumps or at natural circulation conditions) due to
excessive direct heating.

A possible local boiling may not be captured by a single bypass channel model. POLCA-T has capability
to model multiple bypass channels. The number of core bypass channels in simulation of regional mode
oscillations is decided on a case-by-case basis to be able to capture voiding but also to avoid getting into
unnecessary large core bypass models.

Below is attached a description of Westinghouse regional stability analysis process with POLCA-T. The
regional mode simulation in case the reactor is highly susceptible to global (core wide) oscillations is also
discussed in response to RAI 6-29.

•~ a,c

Page 5 of 11



WCAP-16747-NP-A

LTR-NRC-09-21 NP-Enclosure

--- Ia1c

Page 6 of 11



WCAP-16747-NP-A

LTR-NRC-09-21 NP-Enclosure

NRC RAI 7-26

The fuel cladding damage criterion of 170 cal/gm in Section A.2.4 is only applicable to fuel rods that are
below system pressure, please revise the LTR to specify an acceptance criterion of 150 cal/gm for fuel
rods with internal rod pressures that exceed the system pressure. Please refer to SRP 4.2 Appendix B of
revision 3 of NUREG-0800. Provide a description of the aspects of the POLCA-T method that will
ensure that uncertainty in the calculated internal rod pressure is conservatively accounted for when
determining the number of damaged fuel rods.

Westinghouse Response

Westinghouse will use the interim criteria in standard review plan (SRP) 4.2 Appendix B of NUREG-
0800 Rev. 3 for new plant applications as required by the SRP. Once final criteria have been issued by the
NRC, Westinghouse will evaluate the new criteria as required. The LTR will be revised with respect to
the acceptance criteria for new plants where the internal rod pressure exceeds the system pressure.

The number of moles of gas in each fuel rod gas gap is calculated from fission gas release correlations
and the initial number of moles of Helium with which the rods are filled. This fission gas release fraction
is used to determine the moles of fission gas initially present in the fuel rod gas gap. [

1a,c. In this way, the pressure in the fuel rod is conservatively calculated when the number of

damaged fuel rods is determined.
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NRC RAI 11-13S1 (Supplement 1)

Based on the figure provided in response to RAI 11-13, the burst stress model in POLCA-T
appears [[ ]] in the high temperature range
(alpha-beta and beta phases). On this basis the staff cannot conclude that POLCA-T [[

]] the incidence of cladding rupture.

Westinghouse Response

rc

NRC RAI 11-13S1 (1)

Please confirm that the cladding rupture model is fully consistent with the cladding rupture
model approved by the staff in WCAP-15682-P-A.

Westinghouse Response

We have reviewed the cladding rupture model with the model in WCAP-15682-P-A /CENDP-293-P-A
and can confirm that is fully consistent.

NRC RAI 11-13S1 (2)

The staff notes several differences that are likely due to typographical errors in WCAP-
16747P. Please confirm Equation (14-87), (14-97), (14-102) are analogous to Equations (5.6-
24), (5.6-10), and (5.6-15) of CENPD-293-P-A. Please correct any inconsistencies. Please
confirm that the POLCA-T burst stress plotted in the RAI response is consistent with the correct
model.

Westinghouse Response
- a,c
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- We can confirm that the plot in the RAI response is consistent with the corrected equations.

I.C

NRC RAI 11-13S1 (3)

CENPD-293-P-A contains a plot in Figure 7-22 of a comparison of the cladding rupture
model to the measured data provided in NUREG-0630. Please provide a similar confirmation
for the POLCA-T cladding rupture model to ensure consistency with the data.

Westinghouse Response

A confirmatory plot as in Figure 7-22 of CENDP-293-P-A is provided in Figure 1 below:

a, b, c
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A second confirmatory plot as in Figure 7-23 of CENDP-293-P-A is provided in Figure 2 below:

NRC RAI 11-13S1 (4)

If POLCA-T [[ ]] please describe how this
phenomenon is conservatively treated in licensing analysis. Specifically address the core
coolability criteria for ABWR CRDA (see SRP 4.2 Appendix B Item C-3).

Westinghouse Response

The rod-to-rod contact causing increased heat transfer between the pellet and the cladding is taken into
account in POLCA-T.

NRC RAI 11-13S1 (5)

a, b, c

It does not appear that the POLCA-T [[
CHACHA-3D to ensure that [[

]] incorporates the same bias in
]]. Please include the bias.
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Westinghouse Response

I ja~c

NRC RAI 11-13S1 (6)

Please also provide descriptive details of how Equation 14-85 is implemented. The double
layer burst stress modifier depends on the double layer thickness and total oxygen
concentration. How does POLCA-T determine these parameters? Is the total oxygen uptake a
static or dynamic variable? It is not clear from WCAP-16747P. An analogous section of
CENPD-293-P-A refers to Section 4.5.6.4 which does not appear to exist within that LTR.

Westinghouse Response

Equation 14-85 is used in the same way as described in CENDP-293-P-A including the integration in
time, with a local time step with treatment as in CENDP-293-P-A. The total oxygen uptake, oxide layer
and oxygen stabilized layer are integrated in time, evaluated after each time step (equation 14-108) to

obtain the required data for thickness of the double layer, Sx., and the total oxygen uptake G,,1. The total

oxygen uptake is a dynamic variable.

NRC RAI 11-13S1 (7)

The cladding rupture model appears to be best estimate in nature. How are its uncertainties
captured in accident analyses?

Westinghouse Response

[
aC
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en h Westinghouse Electric Company% pt fnhueNuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-3846
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-09-25
May 12, 2009

Subject: Fifth Set of Responses to the Second Round of NRC's Request for Additional Information by the Office
of Nuclear Reactor Regulation for Topical Report (TR) WCAP- 16747-P, "POLCA-T: System Analysis
Code with Three-Dimensional Core Model" (TAC No. MD5258) (Proprietary/Non-Proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary versions of the fifth set of responses to the second round of
NRC's request for additional information by the Office of Nuclear Reactor Regulation for topical report WCAP-16747-
P, "POLCA-T: System Analysis Code with Three-Dimensional Core Model."

Also enclosed is:

I. One (1) copy of the Application for Withholding, AW-09-2575 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-09-2575 and
should be addressed to I A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

)VerY 
~youp

Regulatory Compliance and Plant Licensing

Enclosures
cc: P. Yarsky, NRR

G_ Bacuta, NRR
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* Westinghouse Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Corrunission
ATFN: Document Control Desk
Washington, DC 20555

Direct tel: 412/374-4643
Direct tax: 412/374-3846

e-mail: greshaja@westinghouse.com

Our ref- AW-09-2575
May 12, 2009

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-09-25 P-Enclosure, "Fifth Set of Responses to the Second Round of NRC's Request for
Additional Information by the Office of Nuclear Reactor Regulation for Topical Report (TR) WCAP-
16747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model' (TAC No. MD5258)"
(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-09-25, dated May 12, 2009

The application for withholdmig is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2-390, Affidavit AW-09-2575 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-09-
2575 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Regulatory Compliance and Plant Licensing

Cc: P. Yarsky, NRR
G. Bacuta, NRR
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief:

J. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this ? day

of ,2009.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Nota"M Seal

Sharon L Markde, Notary Publc
Monroeville Boro, Allegheny County

My Commission Epires Jan. 29,2011
Member, Pennsylvania Association of Notaries
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(1) I am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) I1m making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, method, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked LTR-NRC-09-25 P-Enclosure, "Fifth Set of Responses to the Second Round of NRC's

Request for Additional Information by the Office of Nuclear Reactor Regulation for Topical Report

(TR) WCAP-I 6747-P, 'POLCA-T: System Analysis Code with Three-Dimensional Core Model'

(TAC No. MD5258)" (Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter (LTR-NRC-09-25) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is that associated responses to NRC requests for additional

information.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system analysis

code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod Drop

Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the
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NRC RAI 2-12

It is possible in POLCA7 to model fuel with varying axial geometry (e.g. part length fuel rods). POLCA7
includes an axial homogenization feature to treat sub-nodal geometry changes in terms of the nodal cross
sections. However, it is not clear how thermal hydraulic data are treated for sub-nodal geometry changes.
In the zone interface between fully rodded and partially rodded regions the heated perimeter, the wetted
perimeter, heat transfer surface area, and hydraulic diameter change. It is possible for these geometry
changes to occur within a node, as opposed to a node interface. This is likely to occur for core models
where several fuel types are included, such as mixed core applications. Please describe how the hydraulic
data are utilized and/or modified when geometry changes occur axially within a node in POLCA-T. The
response should address:

(5) user guidance for axial nodalization for mixed cores

(6) any axial nodalization requirements in POLCA7

(7) treatment of the geometric hydraulic data in POLCA-T

(8) calculation of sudden pressure losses at a sub-nodal elevation such as expansion above part
length fuel rod plena.

Westinghouse Response to RAI 2-12 (1)

The modeling of the core in POLCA-T, including its axial discretization (nodalization), follows that of
POLCA7 in terms of number of thermal segments, hydraulic loss coefficients, heat transfer areas, etc. for
each bundle type. The transfer of this data to POLCA-T is done automatically. Hence, the user does not
need to take additional actions when importing the core model into POLCA-T, regardless of whether or
not it concerns a homogenous or mixed core. The impact of this is discussed below.

Westinghouse Response to RAI 2-12 (2)

The treatment of the hydraulic data in POLCA7 is described in chapter 4.5, BWR THERMAL-
HYDRAULIC MODEL, of CENPD-390-P-A. This includes how to take into account axial variations in
assembly design. The POLCA7 thermal hydraulic (T/H) model allows for a non-uniform axial mesh,
although it is required to be consistent over the entire core. In practice only equidistant nodal meshes are
used.

Westinghouse Response to RAI 2-12 (3)

As stated for answer 1 above, the geometrical data is transferred to POLCA-T when POLCA7 has read
the input files from POLCA-T (POLCA7 is called from POLCA-T).
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Westinghouse Response to RAI 2-12 (4):

The calculation of sudden pressure losses due to area change when a part length rod has an overshoot to a
volume cell (node) is

Jarc.
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NRC RAI 11-14

The staff requires additional information regarding the gas gap heat conduction model in POLCA-T.

(5) Please describe the relationship between the Sutherland weighting factors and the weighting
factors used in the STAV 7.2 code described in WCAP-1 5836-P-A.

(6) Please explain why heat capacities at constant pressure are used in POLCA-T whereas heat
capacities at constant volume are reported in CENPD-285-P-A.

(7) Equation 14-10 and 14-11 appear to be analogous to Equations 2.3-8 and 2.3-9 of CENPD-
285-P-A, respectively. However, these equations are different. Please explain the
discrepancy.

(8) Please explain why the empirical constant C is given as 114.5 in WCAP-16747-P while the
same constant is given as 114.94 in CENPD-285-P-A.

Westinghouse Response to RAI 11-14 (1)

The properties of gases described in chapter 20.3 of the WCAP 16747-P are used for thermal-hydraulic
simulation when a mix of non-condensable gases occurs in the system simulation as non-condensable
gases. Therefore the sentence "It concerns mainly fission gases ... "has been unintentionally put in
wrong place. The sentence will be changed to "It concerns only gases that are treated as a non-
condensable species in the gas phase during thermal-hydraulic simulations." Therefore, a revision of
chapter 20.3 is needed. An additional chapter, 20.4 "PROPERTIES OF GASES IN THE GAS GAP",
will be also included in the WCAP 16747-P.

The revised chapter 20.3 and the additional chapter 20.4 are suggested as follows.
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20.3 PROPERTIES OF NON-CONDENSABLE GASES

Evaluation of some properties of gases is necessary in POLCA-T. It concerns only gases that are treated
as non-condensable species in the gas phase during thermal-hydraulic simulations.

Thermal conductivity of pure gases is approximated with the formula:

k=a.T b (20-3)

where coefficients a and h are shown in Table 20-1.

The effective thermal conductivity of a single pure gas in a gas mixture is calculated, based on the
thermal conductivity of pure gases making up the mixture, according to the following equation:

Ki
I I

=113

(204)

where:

ki
xi

Anj
n

thermal conductivity of pure gas i, W m-1 K-1,
mole fraction of gas i in the mixture,
Sutherland weighting factor for the gas species i, in the gas mixture, and

number of gas constituents in the mixture.

The Sutherland weighting factor can be obtained from the following equation:

4 t + P~ii. (Xij"314
Mijkvt"

T4 _Si 1l)'1 T+ (20-5)

where:
g = viscosity of pure gas,
M = molecular weight,
T = temperature in degree Kelvin, and
S = Sutherland constants for gas species.

Molecular weights and Sutherland constants for some common gases are shown in Table 20-2. Viscosity
of pure gases is approximated with gt = a-T b where coefficients a and b are given in Table 20-3.
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Table 20-4 Thermal Conductivity of Gases: k = a • T b

Gas a b

Nitrogen 5.314-10-4 - 0.6898

Hydrogen 1.6355-10.3 0.8213

Oxygen 1.853-104 0.8729

CO 1.403-10-4 0.9090

CO2 9.460-10-6 1.3120

Table 20-5 Molecular Weights and Sutherland Constants for Gases

Gas Molecular Weight Sutherland Constant

Nitrogen 28.060 110.6

Hydrogen 2.016 93.4

Oxygen 32.000 127.0

CO 28.010 118.0

CO2 44.010 274.0

Table 20-6 Viscosity of Pure Gases: pt = a -T b

Gas a b

Nitrogen 0.46667" 10-6 0.64550

Hydrogen 0.16851.10-6 0.69647

Oxygen 0.51638- 10-6 0.65601

CO 0.44641-10-6 0.65304

CO2 0.23544-10-6 1.74008
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20.4 PROPERTIES OF GASES IN THE GAS GAP

The properties of gases in the gas gap are evaluated in POLCA-T in accordance with Reference 20.2.

Thermal conductivity of pure gases is approximated with the fornmula:

k*= aTb (20.6)

where coefficients a and b are shown in Table 20-4.

ki* is the effective thermal gas conductivity of species i in the mixture. ki* can be calculated using the
method which provides an averaging technique for calculating thermal conductivity of monoatomic and
polyatomic gas mixtures, namely:

ki (20.7)

i=l

where ki is the thermal conductivity of constituent gas, x the mole fraction, and qij the weighting factor
which is a function of molecular weights, temperature and viscosities. The weighting factor Vi appearing
in eq. (20.7) is calculated by

F (Mi_-M,)(MiO0.142M1 ) 1
Vi1 = 1 ij 1+ 2. 4 1  ( M + -M) 2  1 (20.8)• ~(M, +M)J

where

I+ ki 11/2 M )1/4 12

¢'j = 1/2 (20.9)

2 3/2 1+ I j/2

and

n = number of components in mixture
M = molecular weight of the chemical species i
K i= thermal conductivity of the chemical species i

xi = mole fraction of the chemical species, 1
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The coefficients a and b in thermal conductivity of pure gases in Eq. (20.6) are shown in Table 20-4. The
molecular weights for these gases are shown in Table 20-5. The coefficients a and b in viscosity of pure
gases approximated with Rt = a.T b are given in Table 20-6.

Table 20-4 Thermal Conductivity of Gases: k=--aT"

Gas a b

Helium 3.366x10-3  0.668

Argon 3.421 x 104 0.701

Xenon 4.0288x10 5  0.872

Krypton 4.726x 10-5  0.923

Hydrogen 1.6355x10-3 0.8213

Table 20-5 Molecular Weights for Gases

Gas Molecular Weight

Helium 4.003

Argon 39.994

Xenon 131.300

Krypton 83.700

Hydrogen 2.016

a,c

The accommodation coefficients for fuel and cladding surfaces (a) are shown in Table 20-7
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a,c

20.5 REFERENCES

20.1 L. Haar, J. S. Gallagher, G. S. Kell, "NBS/NRC Steam Tables." Hempshire Publishing
Corporation, 1984.

20.2 "Fuel Rod Design Methods for Boiling Water Reactors," CENPD-285-P-A (proprietary),

CENPD-285-NP-A (non-proprietary), July 1996.

As seen in the chapter above POLCA-T uses an identical set up of weighting factors etc, as in STAV 7.2,
CENPD-285 for gases in the gas gap. All the information stated in chapter 20.4 has been implemented in
POLCA-T from the first release.

This update of chapters 20.3, 20.5 as well as the additional chapter 20.4 will be included in the revision of
the Topical Report WCAP-16747-P.

Westinghouse Response to RAI 11-14 (2)

This is an editorial error. To be consistent with the Topical Report WCAP-15836-P-A, the specific heat
in equations (14-9) and (14-10) should be the specific heat at constant volume. However, the specific heat
is canceled out in (14-13). This editorial error does not affect the temperature jump distance calculation.
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Westinghouse Response to RAI 11-14 (3)

There are editorial errors in equations (14-10) and (14-11). In (14-10), the specific heat should be C,.

Equation (14-11) should read:

Westinghouse Response to RAI 11-14 (4)

The empirical constant C is 114.94 in the POLCA-T code as stated in CENPD-285-P-A. It is a typing
error in the Topical Report WCAP-16747-P and it will be corrected.
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NRC RAI 11-15 (1)

Fuel Thermal Conductivity Model

The POLCA-T fuel thermal conductivity model does not appear to treat the fuel thermal conductivity
degradation effect consistent with the model approved by the staff in STAV7.2. Please refer to WCAP-
15836-P-A, particularly the response to RAI 2. Please revise the POLCA-T fuel thermal conductivity
model to be consistent with the STAV7.2 model.

Westinghouse Response to RAI 11-15 (1)

In POLCA-T there are different models of fuel thermal conductivity depending on which version of
STAV is selected: the currently NRC licensed version of STAV, any other similar thermal mechanical
model approved in other countries or older previous versions of STAV. The model in WCAP-16747-P,
equations 14-32--14-38, is the present default conductivity model for fuel pellets and equations 14-42,14-
43 is the present default relocation model. The equation set presented in WCAP-1 5836-P-A is from
STAV 7.2 and will be used in POLCA-T when performing licensing calculations in the US. If this model
is changed POLCA-T will be also updated with the new approved fuel rod models, The NRC approval of
any new thermal-mechanical model is independent of POLCA-T itself and is licensed separately as
previously seen in WCAP- 15836-P-A.

To be consistent with the WCAP-1 5836-P-A the fuel thermal conductivity model and pellet relocation
model therein are included as a subchapter to 14.2.1 Pellet Conductivity. The following text will be
included:
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14.2.1 Pellet Conductivity

Default model

Text as it is now with typographical correction of 14.37.

Typographical error in equation 14-37.

K 3 IK 4T - > K 3 eK4T

STAV 7.2

The fuel thermal-conductivity models in STAV 7.2 have been improved compared to the default thermal-
conductivity by the introduction of [ ]ac.

The thermal conductivity of UO2 fuel is temperature and burnup dependent with the following form:

k= Ki K 7 e(K8T ) (14-32b)2=3 5z +K K(1-6u)min(r,1 650)7

for 0< T T, (u'wg)(cC)

where

k = thermal conductivity in (W/m 'C)
P = porosity correction factor (see below)
T = temperature (°C)
b(u) = fuel burnup dependent term (see below)
T,(u) = burnup-dependent melting temperature (°C)
u = local bumup, MWd/kgU02
u = local burnup, MWd/kgU

Gadolinium Fuel Thermal Conductivity

I K 2 + K 3u +K 4Wg + K l-K u)min(T,1 6 5 0 )K~e(KT)

for 0<T<T,(u'wg)("C) and 0<wg <0.1

Page 13 of 26



WCAP-16747-NP-A

LTR-NRC-09-25 NP-Enclosure

a,c

Tm according to equation 14-33, P according to equation 14-34.

As a consequence of using the STAV 7.2 option the pellet relocation model is modified, Equation 14-42
and 1443 in WCAP-16747-P and the last sentence in chapter 14.1.3 must be completed with the
following text [ ]aIc .The numbers are
empirical constants.

14.2.2.3 Pellet Relocation Model

Default

Text as in WCAP -16747-P

STAV7.2

The following pellet relocation model is used for the option STAV7.2:

a'c

and

K I
Other quantities in the equations above are according to the definitions described for the default
relocation model.
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NRC RAI 11-15 (2)
Gas Gap Pressure

Please describe how the plena are incorporated in the calculation of the gas gap pressure. It is
not clear from Section 14.1.4.1 how this calculation is performed. Please compare the POLCAT
methodology to the previously approved STAV6.2 method described in Section 2.3.2 of
CENPD-285-P-A. Please comment on any non-conservatism that is introduced by assumptions
regarding the gas temperature.

Westinghouse Response to RAI 11-15 (2)

In the calculation of the gas gap pressure the plena volume, temperature and its molar content of gas are
taken into account. The temperature in the plena is assumed to be the same as the gas gap temperature in
the uppermost fuel rod cell. This calculation is performed for each average fuel rod and possible hot rod
in each time step.

Equation 14-30 then becomes:

n,,,R
Prod •- Vplefla

Tpena k=1

where

ntot total number of moles
R gas constant
Vk volume of gas gap at each elevation k
Tk temperature of gas gap at each elevation k
Vpiena volume of plenum
Tplena temperature of plenum

POLCA-T methodology versus CENPD-285-P-A, Section 2.3.2

In the present version of POLCA-T axial strain of the cladding due to thermal expansion, axial force
balance between the pressure forces and the spring force, which can cause axial strain during
depressurization are [a,. This affects the plenum volume and also the stress in the
cladding.

The assumption that the plenum has the same temperature as the uppermost gas gap temperature is a
deviation from CENPD-285-P-A and is conservative. See STAV7.2 in WCAP-15836-P-A.

The temperature of the dishing volume contribution is assumed to be at the average gas gap temperature.
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NRC RAI 11-15 (3)
Translation of Previously Approved Models

The staff has noted minor differences between the fuel model described in POLCA-T and historically
approved models that may be the result of typographical errors (see parts (1) and (2) of this RAI, RAI 11-
2, RAI 11-13S1, and RAI 11-14).

Please provide a comprehensive listing of the models in Section 14 of the POLCA-T LTR and compare
these models to the previously approved analogous models in either STAV or CHACHA. Please provide
appropriate references. If these models are different due to typographical inconsistencies, please correct
these inconsistencies.

If the models are different because a new model is introduced for review and approval please clearly note
these to assist the staff in its ongoing review. Please provide appropriate qualification of any new models
to assist the staff in its assessment of the POLCA-T capabilities and range of application.

If a model from an earlier approved version of STAV or CHACHA is retained in POLCA-T relative to a
superseding model in the most recently approved versions of STAV or CHACHA, please justify why the
historical model is appropriate.

Westinghouse Response to RAI 11-15 (3)

A list of equations in POLCA-T and its counterpart in STAV, CENPD-285-P-A, WCAP-15836-P-A or
CHACHA are compiled in Table 3.1 below.

-, a,c
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Table 3.1 Cross Reference list of equations used in Chapter 14 of WCAP-16747-P

From the above compilation of equations and their counterparts in other approved LTRs we can see that
all equations have a reference or if not they are of basic nature or part of a derivation.

Equations 14-80 - 14-108, used for power generation due to metal-water reaction and cladding rupture,
are the same as in LTR RPB-90-93-P-A and CENPD-293-P-A (CHACHA-3D). In the answer to RAI 11-
13S 1 we have shown that the models in POLCA-T give the same results as stated in CENPD-293-P-A to
the measured data provided in NUREG-0630.

Most of the equations for gas gap heat transfer and the pellet model in WCAP-15836-P-A refer to
CENPD-285-P-A as shown in table 1 above.

Some of the equations are pure correlations based on STAV simulation with its models for fission gas
release (equations 14-47-14-59), and for swelling, densification and creep deformation (equations 14-
40, 14-41 and 14-70).

a'c
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Deviations from WCAP-15836-P-A include the equation for the pellet conductivity, equation 14-32/14-
37, and the correlation for pellet relocation, equations 14-42 and 1443. See also the answer to part 4 of
this RAI.

As stated in the answer to sub question (1) above the user can opt to use the equations for conductivity
and relocation from WCAP-15836-P-A. In order to be consistent with WCAP-15836-P-A a revision of
chapters 14.2.1 and 14.2.2.3 will be made in the approved version.

Changes due to typographical errors

Equations 14-18 to 14-23 are obsolete, not used and will be removed in the approved version of the
report.
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NRC RAI 11-15 (4)
Historical Limitations and Conditions

In its review of STAV7.2, the staff lists five conditions in its approving SE. Please refer to WCAP-15836-
P-A. Confirm the applicability of these conditions to the current LTR. If it has been determined that a
particular condition is not equally applicable to POLCA-T, please provide a detailed rationale justifying
the position.

Westinghouse Response to RAI 11-15 (4)

The five conditions listed in WCAP-15836-P-A as a result of the NRC review of the Westinghouse
thermal mechanical modeling of BWR fuel performance are acceptable for dynamic analyses with one
exception.

As stated in the SER conditions, STAV 7.2 is considered to be a correlation and no parameter which has
been used to fit data is allowed to be changed without further justification. One of these correlation
constants is a parameter denoted r7, (gamma), in chapter 2.3.1 of WCAP-1 5836-P-A. F is a parameter
accounting for the relocation contribution to the gas gap geometrical change during bumup and heating.
The factor F is defined as an azimuthally "misfitting" fraction in a statistical manner between relocated
(cracked) pellet fragments and clad. This parameter has been used to account for heat transfer
contributions due to partial pellet cladding contact resulting from fuel segment relocation 93. This can
lead to partial pellet-clad contact before full gap closure.

In all STAV versions [ 1a"c except for in STAV7.2 where I
I",C during the model calibration of thermal gap heat transfer to best fit the measured fuel

temperatures. As can be seen in figure 4.1 below, the (partial) contact fraction of relocated cracked pellet
fragments and clad shall always be smaller than ]a,c.

Assume there are N relocated pellet segments that fit the relocated cycle having radius, R,.,1o. Each of the
segments contacts the relocated cycle with peripheral length Si. Then the azimuthal "misfitting" will be:

N

27S,,10 - Si " (4.1)
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As mentioned before [ I"'c has historically had a value close to [ ]1,'. It should be mentioned that a
value close to [ I"' was included in the originally submitted version of STAV 7.2, but the value was
changed to [ ]acas a result of the reviewing process to add conservatism to the steady-state
calculations. At the time of the STAV 7.2 approval no further investigation was performed by
Westinghouse on bow this additional conservatism would affect the dynamic calculations.

In tables 4.2 and 4.3,and figures 4.2 and 4.3, results of stability calculations for Decay Ratio (DR) and
oscillation frequency (Fr) are shown with the pellet heat conductivity and pellet relocation using [

]"'• (as described in WCAP-1 5836-P-A). The calculations were also performed with the POLCA-T
STAV model (including the pellet heat conductivity and pellet relocation model as described for POLCA-
T) using t pe'l . This is thurface te a e contact fraction used in all previous versions
of STAV, including STAV 6.2 as described in CENPD-285-P-A.

r- -- I alb,c
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1 a,b,c

Table 4.2 POLCA-T calculated decay ratios

-a,b,c

Table 4.3 POLCA-T calculated oscillation frequencies
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Figure 4.2 POLCA-T calculated decay ratios

-- a,b,c

Figure 4.3 POLCA-T calculated oscillation frequencies
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As can be observed, the measured decay ratios and oscillation frequencies are in agreement to measured
data using [ a"c. Using [ ]ac , the stability parameters (decay ratio and oscillation
frequency) are over-predicted. The slightly different pellet heat conductivity models as well as the
differences in the relocation models of POLCA-T and STAV 7.2 are not of significant importance.

So, the theoretical discussion is very well supported by stability measurements. It is hence justified that

1 ]a'c for fast dynamic applications like stability and fast transient CPR calculations where
the gas gap dynamic behavior is of importance.

Using I Ia" gives a more physical transient CPR response since, as can be seen in the stability
results above, the fuel time constant is too small using [ ]3,C The underestimation of the fuel time
constant would give a faster surface heat flux increase during e.g. pressurization events in the CPR
limiting bundle(s) and thus a larger overly conservative transient CPR decrease for those transients.

Westinghouse will therefore use [ I"'c for all dynamic applications, e. g. Appendix C and D. The

I ]Ia ' would have little or no impact on the ATWS (App. D) application due to the slow nature
of the complete reactor shutdown process during those accidents.
1 ]"a in steady-state applications since the output parameters of importance for steady-

state applications in STAV is correlated using a [ I ac.
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Westinghouse Response to Open Items from NRC Audit

Open items 6 & 7 from the NRC audit regarding the correction of numerical results for the fuel enthalpy
calculation for control rod drop accident analysis and the stability analysis will be address during the
creation of the Westinghouse approved topical report after receipt of the safety evaluation.

A follow-up letter will be provided to the NRC to resolve open item 9 from the audit regarding the
evaluation of downstream effects on RAMONA and BISON resulting from changes in [ I,.
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Westinghouse Westinghouse Electric Company
Nuclear Services

P-.O Box 355
Pittsburgh, Pennsylvania 152300355

USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct Fax: (412) 374-3846

Washington, DC 20555-0001 e-mail: greshaja@wvestinghouse.com

LTR-NRC- 10-28

April 22, 2010

Subject: Response to POLCA-T Audit Open Item 9 (from NRC Draft Audit Results Summary Report
for the Westinghouse Electric Company Topical Report WCAP-1 6747, "POLCA-T: System
Analysis Code with Three-Dimensional Core Model") (TAC No. MD5258) (Proprietary/Non-
Proprietary)

Enclosed is a copy of the proprietary/non-proprietary versions of Westinghouse's Response to POLCA-T
Audit Open Item 9 (from the NRC's Draft Audit Results Summary Report for the Westinghouse Electric
Company Topical Report WCAP-16747, "POLCA-T: System Analysis Code with Three-Dimensional
Core Model").

Also enclosed is:

1. One (1) copy of the Application for Withholding Proprietary Information from Public Disclosure,
AW-10-2804 (Non-Proprietary), with Proprietary Information Notice and Copyright Notice.

2. One (1) copy of Affidavit (Non-Proprietary).

This submittal contains proprietary information of Westinghouse Electric Company LLC. In
conformance with the requirements of 10 CFR Section 2.390, as amended, of the Commission's
regulations, we are enclosing with this submittal an Application for Withholding Proprietary Information
from Public Disclosure and an Affidavit. The affidavit sets forth the basis on which the information
identified as proprietary may be withheld from public disclosure by the Commission. -

Correspondence with respect to the application for withholding or the Westinghouse affidavit should
reference AW-] 0-2804 and should be addressed to J. A. Gresham, Manager, Regulatory Compliance and
Plant Licensing, Westinghouse Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania
15230-0355.

Very trul jrs,

VAJ. A. Gresham, Manager
Regulatory Compliance and Plant Licensing
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Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-3846
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

AW- 10-2804

April 22, 2010

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-10-28, P-Attachment, Response to POLCA-T Audit Open Item 9 (from NRC
Draft Audit Results Summary Report for the Westinghouse Electric Company Topical
Report WCAP-16747, "POLCA-T: System Analysis Code with Three-Dimensional Core
Model") (TAC No. MD5258) (Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-10-28, dated April 22,
- 2010

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)(1) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version
of the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-10-2804 accompanies
this Application for Withholding Proprietary Information from Public Disclosure, setting forth the basis
on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse
be withheld from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's
regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should
reference AW-1 0-2804 and should be addressed to J. A. Gresham, Manager, Regulatory Compliance and
Plant Licensing, Westinghouse Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania
15230-0355.

Very 
truly ypurs,

)J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly

sworn according to law, deposes and says that he is authorized to execute this Affidavit on behalf of

Westinghouse Electric Company LLC (Westinghouse), and that the averments of fact set forth in this

Affidavit are true and correct to the best of his knowledge, information, and belief:

J. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to apd subscribed before me

this 2 )-rdayof • 2010

Nota Public

COMMONWEALTH.OF PENNSYLVANIA

NOTARIAL SEAL
Renee Giampole, Notary Public

Penn Township. Westmoreland County

My Commission Expires September 25. 2013
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(1) I am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse

Electric Company LLC (Westinghouse), and as such, I have been specifically delegated the

function of reviewing the proprietary information sought to be withheld from public disclosure in

connection with nuclear power plant licensing and rule making proceedings, and am authorized to

apply for its withholding on behalf of Westinghouse.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the

Commission's regulations and in conjunction with the Westinghouse Application for Withholding

Proprietary Information from Public Disclosure accompanying this Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating

information as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations,

the following is furnished for consideration by the Commission in determining whether the

information sought to be withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held

in confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not

customarily disclosed to the public. Westinghouse has a rational basis for determining

the types of information customarily held in confidence by it and, in that connection,

utilizes a system to determine when and whether to hold certain types of information in

confidence. The application of that system and the substance of that system constitutes

Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several

types, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component,

structure, tool, method, etc.) where prevention of its use by any of
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Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

(b) It consists of supporting data, including test data, relative to a process (or

component, structure, tool, method, etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved

marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

(d) It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to

protect the Westinghouse competitive position.

(b) It is information that is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If

competitors acquire components of proprietary information, any one component

may be the key to the entire puzzle, thereby depriving Westinghouse of a

competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of

Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and

development depends upon the success in obtaining and maintaining a

competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the

provisions of 10 CFR Section 2.390, it is to be received in confidence by the

Commission.

(iv) The information sought to be protected is not available in public sources or available

information has not been previously employed in the same original manner or method to

the best of our knowledge and belief.

(v) The proprietary information sought to be withheld in this submittal is that which is

appropriately marked in, LTR-NRC- 10-28, P-Attachment, Response to POLCA-T Audit

Open Item 9 (from NRC Draft Audit Results Summary Report for the Westinghouse

Topical Report WCAP- 16747, "POLCA-T; System Analysis Code with Three-

Dimensional Core Model") (Proprietary), for submittal to the Commission, being

transmitted by Westinghouse letter, LTR-NRC-10-28, and Application for Withholding

Proprietary Information from Public Disclosure, to the Document Control Desk. The

proprietary information as submitted by Westinghouse is that associated with the

POLCA-T Audit and may be used only for that purpose.

This information is part of that which will enable Westinghouse to:



WCAP-16747-NP-A
5 AW-10-2804

(a) Obtain generic NRC licensed approval for use of the advanced dynamic system

analysis code POLCA-T in performing BWR licensing analysis.

(b) Specific applications using the POLCA-T computer code will include Control Rod

Drop Accident (CRDA) analysis and BWR stability analysis.

Further this information has substantial commercial value as follows:

(a) Future applications of the POLCA-T computer code will include BWR Transient

Analysis and Anticipated Transient Without Scram (ATWS) analysis.

(b) Assist customers to obtain license changes.

(c) The information requested to be withheld reveals the distinguishing aspects of a

methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the

competitive position of Westinghouse because it would enhance the ability of

competitors to provide similar fuel design and licensing defense services for commercial

power reactors without commensurate expenses. Also, public disclosure of the

information would enable others to use the information to meet NRC requirements for

licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of

applying the results of many years of experience in an intensive Westinghouse effort and

the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical

programs would have to be performed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.39aof the Commission's regulations concerning the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license,
permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond those necessary for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local public document rooms as may be required by NRC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by the NRC must include
the copyright notice in all instances and the proprietary notice if the original was identified as proprietary.
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Westinghouse Non-Proprietary Class 3
LTR-NRC-10-28 NP-Enclosure

Response to POLCA-T Audit-Open Item 9
(from NRC Draft Audit Results Summary Report for the

Westinghouse Electric Company Topical Report
WCAP-16747, "POLCA-T: System Analysis Code with

Three-Dimensional Core Model")
(TAC No. MD5258) (Non-Proprietary)

Westinghouse Electric Company LLC
P.O. Box 355

Pittsburgh, Pennsylvania 15230-0355
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All Rights Reserved
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LTR-NRC-10-28 NP-Enclosure

Open Audit Item 9

Westinghouse will provide an assessment of the impact of the POLCA7 code changes on the results of
analyses performed using the approved BISON and ROMONA codes to ensure that these codes are not
adversely affected.

Response to Open Audit Item 9:

arc

Page 2 of 2
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UNITED STATES
dp .4 NUCLEAR REGULATORY COMMISSION

C, WASHINGTON, D.C. 20555-0001

9 ,$ May 26, 2010

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-035

SUBJECT: AUDIT RESULTS SUMMARY REPORT FOR THE WCAP-16747-P, "POLCA-T:
SYSTEM ANALYSIS CODE WITH THREE-DIMENSIONAL CORE MODEL"
TOPICAL REPORT (TAC No. MD5258)

Dear Mr. Gresham:

By letter dated April 26, 2007, Westinghouse Electric Company (Westinghouse) submitted
Topical Report (TR) WCAP-16747-P, "POLCA-T: System Analysis Code with
Three-Dimensional Core Model," to the U.S. Nuclear Regulatory Commission (NRC) staff.
From March 17, 2008 to March 20, 2008, the NRC staff conducted an audit related to the review
of the WCAP-16747-P TR methodology. The audit summary and audit results summary report
are enclosed.

If you have any questions, please contact me at 301-415-3151 or by e-mail at
Ekaterina. Lenningonrc.gov.

Sincerely,

Ekaterina Lenning, Prject Manager
Licensing Processes Branch
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulations

Project No. 700

Enclosures:
Enclosure 1: Audit Results Summary Report for the WCAP-16747-P TR (Non-Proprietary).
Enclosure 2: Audit Results Summary Report for the WCAP-16747-P TR (Proprietary).
Enclosure 3: Audit Summary for the WCAP-16747-P TR (Non-Proprietary).
Enclosure 4: Audit Summary for the WCAP-16747-P TR (Proprietary).
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AUDIT RESULTS SUMMARY REPORT

WCAP-1 6747-P "POLCA-T: SYSTEM ANALYSIS CODE WITH

THREE-DIMENSIONAL CORE MODEL"

WESTINGHOUSE ELECTRIC COMPANY

The Nuclear Performance and Code Review Branch staff has conducted an audit related to the
review of the Westinghouse (Westinghouse) POLCA-T methodology described in licensing
topical report WCAP-16747-P "POLCA-T System Analysis Code with Three-Dimensional Code
Model." This audit was conducted at the Westinghouse Energy Center in Monroeville, PA
between March 17, 2008 and March 20, 2008.

ENCLOSURE1



-2- WCAJ-16747-NP-A

Table of Contents

Table of Contents...................................................................................... 2
Abbreviations and Acronyms ......................................................................... 6

1 Scope and Summary ............................................................................. 8
2 Audit Participants................................................................................ 10
3 Quality Assurance Program .................................................................... 11

3.1 Procedures for Design and Document Control .......................................... 11
3.1.1 Documented Internal Procedures ..................................................... 11
3.1.2 UNITS................................................................................... 12
3.1.3 10 CFR 50.59 Evaluation Process..................................................... 13

3.2 Corrective Actions ..................................... ................................... 14
3.2.1 .................................................. 14
3.2.2 1 1................................16

3.3 Software Testing: POLCA-T Test Matrix................................................. 17
3.3.1 Set A: Basic Models .................................................................... 17
3.3.2 Set B: Component Models ................ ......................... ... ............18

3.3.2.1 Jet Pump .......................................................................... 18
3.3.2.2 Boron Transport................................................................... 18
3.3.2.3 Steam Separator Model .......................................................... 18

3.3.3 Set C: Minor Integrated Problems ..................................................... 18
3.3.3.1 Pumps ............................................................................. 18
3.3.3.2 Slave Channel Model ............................................................. 18

3.3.4 Set D: Restart of the Computation..................................................... 18
3.3.5 Set E: Stability of Zero Transient Calculations........................................ 19
3.3.6 Set F: Steady State Calculations ...................................................... 19
3.3.7 Set G: Coupled Thermal Hydraulics with Neutron Kinetics .......................... 19
3.3.8' Set H: Thermal Hydraulics with Control Systems without Kinetics .................. 19
3.3.9 Set I: Thermal Hydraulics with Control Systems with Kinetics ....................... 19
3.3.10 Set J: Control System with Restart ............................................ ...... 19
3.3.11 Set K: Break Flow and Rapid Depressurization ............................... 20
3.3.12 Set L: Highly Compressible Flow ................................................... 20
3.3.13 Set M: Secondary Variables......................................................... 20

3.3.13.1 Total Reactivity................................................................. 20
3.3.13.2 Fuel Rod Quantities............................................................ 20
3.3.13.3 Metal Water Reaction .......................................................... 20

3.3.14 Revision 3 to the Test Matrix ........................................................ 20
4 User Guidance................................................................................... 21

4.1 BWR Reload Design Procedure.......................................................... 21
4.2 POLCA-T User Guide ..................................................................... 22

4.2.1 Basic Input Structure................................................................... 23
4.2.2 Modeling Options and Constraints..................................................... 23

4.2.2.1 Balance of Plant................................................................... 23
4.2.2.2 Intra-assembly Bypass Flow .................................................... -24
4.2.2.3 NTYPE............................................................................. 24
4.2.2.4 Boundary Conditions.............................................................. 24
4.2.2.5 Level Tracking .................................................................... 25
4.2.2.6 Interfacial Heat Transfer .......................................................... 25
4.2.2.7 Reactivity Feedback............................................................... 25
4.2.2.8 Limiting Cell Determination....................................................... 25
4.2.2.9 Error Checking .................................................................... 25
4.2.2.10 Channel Lumping............................................................... 26



-3- WCAP-16747-NP-A

4.2.3 Steady State Calculations ................................................................................. 26
4.2.4 Transient Sim ulations ....................................................................................... 26

4.3 Calculational Controls .......................................................................................... 26
4.3.1 Convergence Criteria ....................................................................................... 26
4.3.2 Disturbances ......................................................................................................... 27

5 PO LCA-T M odeling Features ....................................................................................... 27
5.1 Bypass Void M odel ............................................................................................... 27

5.1.1 Detailed M odel ................................................................................................. 28
5.1.2 Sim ple M odel ......................................................................................................... 28

5.2 Oxide Layer M odel ............................................................................................... 29
5.3 M om entum Equation ............................................................................................. 29
5.4 Decay Heat M odel ............................................................................................... 30
5.5 Delayed Neutron M odel ......................................................................................... 30

6 Round 1 RAI Responses ............................................................................................... 31
6.1 RAI 2-2 ...................................................................................................................... 31
6.2 RAI 2-3 ..................................................................................................................... 32
6.3 RAI 3-2 ...................................................................................................................... 32
6.4 RAI 3-5 ...................................................................................................................... 33
6.5 RAI 4-1 ...................................................................................................................... 33
6.6 RA I 4-3 ...................................................................................................................... 34
6.7 RAI 4-5 ...................................................................................................................... 35
6.8 RAI 4-8, RAI 6-3 and RAI 6-20 ............................................................................ 35
6.9 RAI 5-1 ....................................................................... 36
6.10 RAI 5-3 ................................................ ......... 36
6.11 RAI 5-4 and RAl 5-5 .......... ..................... ........... 37
6.12 RAI 6-4 and RAI 6-22 ................................ 37
6.13 RAI 6-5 38............................................ ............. 38
6.14 RAI 6-16 ....................................... ...... ........... 38
6.15 RAI 6-17 ........................................................ 39

7 Round 2 RAI Discussion .................................... . ........... 40
7.1 Request for Additional Inform ation 6: Stability ..................................................... 41

7.1.1 RAI 6-25 ................................................................................................................ 41
7.1.2 RA I 6-26 ................................................................................................................ 41
7.1.3 RAI 6-27 ............................................................................... ........ 42
7.1.4 RAI 6-28 ................................................................................................................ 42
7.1.5 PA I 6-29 ............................................................................................................... 43
7.1.6 RA I 6-30 ................................................................................................................ 43
7.1.7 PA I 6-31 ............................................................................................................... 44
7.1.8 RA I 6 32 ................................................................................................................ 44
7.1.9 RAI 6-33 ................................................................................................................ 45
7.1.10 RA I 6-34 .................................................... ........................................................ 45
7.1.11 RA I 6-35 ............................................................................................................ 46
7.1.12 RAI 6-36 ............................................................................................................ 46
7.1.13 RA I 6-37 ............................................................................................................ 47

7.2 Request for Additional Information 7: Control Rod Drop Accident (CRDA) ................ 47
7.2.1 RAI 7-1 .................................................................................................................. 47
7.2.2 RAI 7-2 .................................................................................................................. 47
7.2.3 RAI 7-3 .................................................................................................................. 48
7.2.4 RAI 7-4 .................................................................................................................. 48
7.2.5 RAI 7-5 .................................................................................................................. 49
7.2.6 RAI 7-6 .................................................................................................................. 49
7.2.7 RA I 7-7 .................................................................................................................. 49



_4_ WCAP-16747-NP-A

7 .2 .8 R A I 7 -8 .................................................................................................................. 5 0
7 .2 .9 R A I 7 -9 ................................................................................................................. 5 0
7 .2 .10 R A I 7 -10 ............................................................................................................ 5 0
7 .2 .1 1 R A I 7 -1 1 ........................................................................................................... 5 1
7 .2 .12 R A I 7-12 ............................................................................................................ 5 1
7 .2 .13 R A I 7 -13 ............................................................................................................ 5 1
7 .2 .14 R A I 7 -14 ............................................................................................................ 5 2
7 .2 .15 R A I 7-15 ............................................................................................................ 5 2
7 .2 .16 R A I 7 -16 ............................................................................................................ 5 3
7 .2 .17 R A I 7-17 ............................................................................................................ 5 3
7 .2 .18 R A I 7 -18 ............................................................................................................ 5 3
7.2.19 RAI 7-19 ........................................................................................................... 54
7.2.20 RAI 7-20 ............................................................................................................ 54
7 .2.2 1 R A I 7 -2 1 ........................................................................................................... 5 4
7.2.22 RAI 7-22 ....................................................................................................... 56
7.2.23 RAI 7-23 ........................................................................................................... 56
7.2.24 RAI 7-24 ............................................................................................................ 56
7 .2 .2 5 R A I 7-2 5 ............................................................................................................ 5 7
7.2.26 RAI 7-26 ............................................................................................................ 57

7.3 Request for Additional Information 8: Thermal Hydraulics (T/H) ............................ 57
7.3.1 RAI 8-1 ................................................ ................................. ..... 57
7 .3 .2 R A I 8 -2 ...................................................... .......... ............................................... 5 8
7 .3 .3 R A 8 8 -3 .................................................................................................................. 5 8
7 .3 .4 R A 8 8 -4 .................................................................................................................. 5 9
7 .3 .5 R A I 8 -5 ................................................................................................................. 5 9
7 .3 .6 -RA I 8 -6 .................................................................................................................. 6 0
7 .3 .7 R A I 8 -7 ................................. ................................................................................ 6 0
7 .3 .8 R A I 8 -8 ................................................................................................................ 6 1

7.4 Request for Additional Information 9: Power .......................................................... 62
7 .4 .1 R A I 9 -1 .................................................................................................................. 6 2

7.5 Request for Additional Information 10: Control Systems ........................................... 62
7 .5 .1 R A I 10 -1 ................................................................................................................ 6 2
7 .5 .2 R A I 10 -2 ................................................................................................................ 6 2

7.6 Request for Additional Information 11: Fuel Rod Model ......................................... 63
7 .6.1 R A I 1 1-1 ............................................................................................................... 6 3
7 .6 .2 R A I 1 1-2 ................................................................................................................ 6 3
7 .6 .3 R A l 1 1-3 ............................................................................................................... 6 4
7 .6 .4 R A 1 1 1-4 ................................................................................................................ 6 4
7 .6 .5 R A 1 1 1-5 ................................................................................................................ 6 5
7 .6 .6 R A I 1 1-6 ................................................................................................................ 6 5
7.6.7 RAI 11-7 ................. ........................................................................................... 65
7 .6 .8 R A I 1 1-8 ................................................................................................................ 6 6
7 .6 .9 R A I 1 1-9 ................................................................................................................ 6 6
7.6.10 RAI 11-10 ......................................................................... . .................. 67
7.6.11 RAI 11-11 ..................................................................................................... 67
7.6.12 RAI 11-12 ..................................................................................................... 67
7.6.13 RAI 11-13 ............. ..... .............................................. 68

8 F in d in g s ............................................................................................................................. 6 9
8.1 Deferred Reviews ..................................................................................................... 69

8 .1 .1 R A I 2 -3 ............................................................................................................. .... 6 9
8 .1 .2 R A I 3 -2 .................................................................................................................. 6 9
8.1.3 RAI 5-4 and RAI 5-5 ......................................................................................... 69



WCAP-16747-NP-A

8.1.4 RAI 8-1 ........................................................................................................... 69
8.1.5 RAI 9-1 .......................................................................................................... 70

8.2 Topical Report Revisions ....................................................................................... 70
8.2.1 Stability Applicability .......................................................................... ............ 70
8.2.2 Control Rod Drop Fuel Enthalpy Calculation ........................ .. 70
8.2.3 Decay Ratio Acceptance Criterion ......................................... . ............. 70
8.2.4 Peach Bottom Turbine Trip Test 3 .................................................... . ...... 70
8.2.5 Fuel Damage Criteria ........................................................................................ 71
8.2.6 Hydraulic Diameter Calculation ......................................................................... 71
8.2.7 Radiation Heat Transfer .................................................................................... 71

8.3 Open Items and Request for Additional Information ............................................. 71
8.3.1 Stability Applicability (Open Item 7 listed in Section 1) ...................................... 71
8.3.2 POLCA7 Code Changes (Open Item 9 listed in Section 1) ............................... 71
8.3.3 Control Rod Drop Fuel Enthalpy (Open Item 6 listed in Section 1) .................... 71
8.3.4 POLCA-T Oxide Layer Thickness (Open Item 8 listed in Section 1) .................. 72
8.3.5 RAI 3-5 (Open Item 1 listed in Section 1) ........................................................... 72
8.3.6 RAI 4-8, RAI 6-3, and RAI 6-20 (Open Item 2 listed in Section 1) ...................... 72
8.3.7 RAI 5-1 (Open Item 3 listed in Section 1) ........................................................... 72
8.3.8 RAI 6-5 (Open Item 4 listed in Section 1) ........................................................ 72
8.3.9 RAI 6-16 (Open Item 5 listed in Section 1) ......................................................... 72
8.3.10 RAI 4-11 ....................................................................................................... 72

8.4 Review Results of the Quality Assurance Program ................................................ 73
9 R e fe re n ce s ........................................................................................................................ 7 3
Appendix A : Audit Documents ............................................................................................ 77



-6- WCAP-16747-NP-A

Abbreviations and Acronyms
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POLCA-T Kinetics
PROTEUS PSI Critical Assembly Test Facility
PSI Paul Scherrer Institute
.PSU Penn State University
Q/A Quality Assurance
RADDA Postulated Transient Without SCRAM or Boration



-7- WCAP-16747-NP-A

Acronym Definition
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SRV a Safety Relief Valve
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TS Technical Specifications
TT Turbine Trip

XS Cross Section
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1 SCOPE AND SUMMARY

The NRC staff has conducted an audit related to the review of the Westinghouse POLCA-T
methodology described in topical report (TR) WCAP-16747-P "POLCA-T: System Analysis
Code with Three-Dimensional Code Model." This audit was conducted at the Westinghouse
Energy Center in Monroeville, PA between March 17, 2008 and March 20, 2008.

Review of the POLCA-T systems analysis code is being conducted in accordance with
Section 15.0.2, "Review of Transient and Accident Analysis Methods," of NUREG-0800,
"Standard Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants"
(SRP 15.0.2). The NUREG-0800, "Standard Review Plan for the Review of Safety Analysis
Reports for Nuclear Power Plants," directs the NRC staff to review the complete code
documentation including, but not limited to: (a) the evaluation model, (b) the accident scenario
identification process, (c) the code assessment, (d) the uncertainty analysis, (e) a theory
manual, (f) a user manual, and (g) the quality assurance program.

SRP 15.0.2 Section 111.3.d:

The reviewers should ensure that all code closure relationships based in part on
experimental data or more detailed calculations have been assessed over the full range
of conditions encountered in the accident scenario.

SRP 15.0.2 Section 111.3.f:

The reviewers should confirm that the evaluation model is maintained under a quality
assurance program that meets the requirements of Appendix B to Title 10 of the Code of
Federal Regulations Part 50 (10 CFR 50). As a minimum, the program must address
design control, document control, software configuration control and testing, and
corrective actions. The reviewers should confirm that the quality assurance program
documentation includes procedures that address all of these areas. The reviewers may
conduct an audit of the implementation of the code developer's quality assurance
program.

The audit included:

" Review of the code documentation
" Review of the quality assurance program documentation and procedures
" Review of the code change procedures and requirements
" Review of the code assessment database and analyses
" Review of the analysis method as coded
" Discussion of neutronic and thermal hydraulic code assessment
" Discussion of fuel performance and fuel models
* Discussion of staff requests for additional information (RAls)

The NRC staff reviewed the information provided during the audit against applicable criteria
specified in the SRP 15.0.2. The staff identified nine open items during the course of the audit.
These open items were communicated at the exit meeting with Westinghouse representatives
and the NRC staff via teleconference. To complete its review the NRC staff has issued
RAI 4-11 requesting that each of these open items be resolved. The NRC staff review of the
subject TR is ongoing.
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The NRC staff and Westinghouse have agreed to take the following actions:

1. The NRC staff review of RAls 2-3 and 3-2 will be deferred to the review of either the
transient application of POLCA-T or application of POLCA-T to generate a [

]

2. The NRC staff review of the subject matter of RAls 5-4 and 5-5 will be deferred to review
of the transient application of POLCA-T or application of POLCA-T to generate a
[ ] Westinghouse has provided a commitment to provide responses to
these RAIs at that time.

3. Prior to submitting the response to RAI 7-26 the NRC staff and Westinghouse will have a
teleconference.

The nine identified open items are as follows:

1. Open item regarding RAI 3-5. Westinghouse will provide qualification data for the heat
transfer correlations as a supplemental response.

2. Open item regarding RAI 4-8. Westinghouse will provide an integrated response
regarding time step, node size, and time integration technique requirements for stability
analysis in their response to RAI 6-26.

3. Open item regarding RAI 5-1. Westinghouse will provide qualification data for the
transient application of the void-quality correlation as a supplemental response.

4. Open item regarding RAI 6-5. Westinghouse will provide a supplemental response
clarifying the determination of the measurement uncertainty.

5. Open item regarding RAI 6-16. Westinghouse will provide a supplemental response
specifying an acceptance criterion that includes a margin of [ ]

6. Open item regarding calculation of the fuel enthalpy for control rod drop accident
(CRDA) analysis. Westinghouse will provide an update to the TR with corrected
numerical results.

7. Open item regarding stability analysis. Westinghouse will provide an update to the TR
with corrected numerical results, and address the methodology.

8. Open item regarding clad oxide thickness. Westinghouse will provide additional
information regarding the means by which the oxide thickness is determined and input to
POLCA-T.

9. Open Item regarding the evaluation of [ ] on transient
analyses performed with RAMONA or BISON. Westinghouse will provide the
documentation of this evaluation. This is a generic item, but does not affect POLCA-T.



-10O- WCAP-16747-NP-A

2 AUDIT PARTICIPANTS

The audit team consisted of the NRC staff Peter Yarsky and Charles Harris. Jon Thompson
was the cognizant project manager for the WCAP-1 6747-P review.

The participation in the audit is summarized in the following table. The attendance of each
participant at the Opening meeting on March 17, 2008, or the Exit meeting on March 20, 2008,
has been indicated..

Table 2-1: Audit Participants

Name Affiliation Opening Exit
Anthony Mendiola NRC x
Charles Harris NRC x x
Jon Thompson NRC x
Peter Yarsky NRC x x
George Roberts USBWR x
Anne Leidich Westinghouse x
Arnaldo Mingo Westinghouse x x
Camilla Rotander Westinghouse x
Dobromir Panayotov Westinghouse x x
Ken Beatty Westinghouse
Michael Riggs Westinghouse x x
Paul Schueren Westinghouse
Robert Sisk Westinghouse x x
Thomas Rodack Westinghouse x x
UIf Bredolt Westinghouse x
William Harris Westinghouse x x
William Slagle Westinghouse x
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3 QUALITY ASSURANCE PROGRAM

Section 111.3.f of SRP 15.0.2 directs the NRC reviewers to confirm that the evaluation model is
maintained under a quality assurance program that meets the requirements of Appendix B to
Title 10 of the Code of Federal Regulations Part 50 (10 CFR 50). As a minimum, the program
must address design control, document control, corrective actions, and software configuration
control and testing. The purpose of the NRC staffs audit includes confirmation that the quality
assurance program documentation includes procedures that address all of these areas. The
NRC staff has conducted an audit of the implementation of Westinghouse quality assurance
program.

3.1 Procedures for Design and Document Control

3.1.1 Documented Internal Procedures

Design and document control are addressed by internal Westinghouse procedures for quality
assurance. The Westinghouse quality assurance program for the POLCA-T code is described
by the following procedures:

I
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The NRC staff conducted a detailed review of these procedures and found that the procedures
meet the 10 CFR 50 Appendix B requirements for quality assurance, including meeting the
minimum requirements for design and document control, software configuration control and
testing, and corrective actions.

The NRC staff reviewed specific details of the corrective action plan tracking system, examples
of corrective actions for the POLCA-T code, and the specific requirements for POLCA-T
software testing. The results of the NRC staffs review of this information are detailed in the
following sections.

3.1.2 UNITS

I
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3.1.3 10 CFR 50.59 Evaluation Process

The NRC staff performed a review of the procedures governing 10 CFR 50.59 evaluations.
Particularly the NRC staff reviewed this element of the quality assurance program for code
revisions and error corrections to ensure that Westinghouse did not perform self-evaluation
against the 10 CFR 50.59 criteria and that the procedures direct Westinghouse staff to provide
sufficient information to customers for them to provide a rigorous and independent evaluation
against the applicable criteria.

[

I



-14- WCAP-16747-NP-A

3.2 Corrective Actions

The NRC staff reviewed specific examples of corrective actions being performed currently for

I

I
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Open Item

I
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Open Item

[

I
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Open Item

Westinghouse will revise the TR documentation. Westinghouse will provide a description of the
[

] It is acceptable for Westinghouse to respond to this open item by
providing revised pages of the TR prior to final issuance of the revision with the NRC staffs SE
attached.

3.3 Software Testinq: POLCA-T Test Matrix

I

3.3.1 Set A: Basic Models

I

I
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3.3.2 Set B: Component Models

3.3.2.1 Jet Pump

I

3.3.2.2 Boron Transport

I
I

3.3.2.3 Steam Separator Model

I

I

3.3.3 Set C: Minor Integrated Problems

[

3.3.3.1 Pumps

I

I

3.3.3.2 Slave Channel Model

3.3.4 Set D: Restart of the Computation

I

I
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3.3.5 Set E: Stability of Zero Transient Calculations

[

I

3.3.6 Set F: Steady State Calculations

[

I

3.3.7 Set G: Coupled Thermal Hydraulics with Neutron Kinetics

I

I
3.3.8 Set H: Thermal Hydraulics with Control Systems without Kinetics

3i
3.3.9 Set I: Thermal Hydraulics with Control Systems with Kinetics

[ I
3.3.10 Set J: Control System with Restart

[

I
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3.3.11 Set K: Break Flow and Rapid Depressurization

[:

I

3.3.12 Set L: Highly Compressible Flow

I

3.3.13 Set M: Secondary Variables

3.3.13.1 Total Reactivity

[

I

3.3.13.2 Fuel Rod Quantities

[

3.3.13.3 Metal Water Reaction

I

I

3.3.14 Revision 3 to the Test Matrix

I

I
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4 USER GUIDANCE

Manuals provide the necessary guidance to code users to implement the codes to perform
licensing calculations. The guidance conferred through user manuals is considered part of the
complete code documentation. It is audited by the NRC staff to ensure that the guidance is
sufficiently thorough, ensuring that code users execute the code consistent with the options and
limitations on the code.

The NRC staff reviewed documentation regarding the boiling-water reactor (BWR) reload design
procedure to determine user guidance for the use of PHOENIX4 as an upstream analysis code
in the POLCA-T code stream. The NRC staff reviewed this documentation as a follow-up to RAI
4-3 (see Section 6.6). The NRC staff also reviewed the user guide for POLCA-T. During the
audit the NRC staff examined code input for full core and plant models and executed the code
to ensure that the user guidance was sufficient in detail to describe the input, available
execution options, and output.

In addition to the general user guide, which provides direction on how to activate particular code
options or input, for specific analyses additional controls are required to ensure accuracy of the
solution. In the particular area of stability, the calculational output of POLCA-T for stability
evaluations is sensitive to: (1) time step, (2) node size, (3) time integration technique, (4)
activation of higher harmonics, and (5) signal to noise ratio. The NRC staff also considered the
stability methodology guidelines in its review of the POLCA-T application to stability analysis.

4.1 Boilinq-Water Reactor Reload Desiqn Procedure

The USBWR reload design procedure is described in the BWR - reload design procedure
manual (Reference 11, Appendix A). The manual provides the procedure for developing
POLCA7 input using the PHOENIX4 lattice physics code.

I
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]

4.2 POLCA-T User Guide

The NRC staff reviewed the POLCA-T User Guide (Reference 10, Appendix A) as directed in
SRP 15.0.2 as part of the NRC staff's review of the complete code documentation. The NRC
staff performed its review by comparing the user guide document against POLCA-T input decks
and also exercised the POLCA-T code in order to understand the means for specifying
particular analysis options. Westinghouse provided the NRC staff access to the C3 customer
computing cluster in Vasteras, Sweden through a network connection to run the code.
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4.2.1 Basic Input Structure

[

4.2.2 Modeling Options and Constraints

4.2.2.1 Balance of Plant

I

I
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4.2.2.2 Intra-assembly Bypass Flow

[

I

4.2.2.3 NTYPE

I

I

4.2.2.4 Boundary Conditions

[

I
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4.2.2.5 Level Tracking

[i

4.2.2.6 Interfacial Heat Transfer

[
I

4.2.2.7 Reactivity Feedback

I

4.2.2.8 Limiting Cell Determination

]

4.2.2.9 Error Checking

I

I
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4.2.2.10 Channel Lumping

[

]

4.2.3 Steady State Calculations

The steady state calculation is performed in POLCA-T prior to any transient evaluations. The
steady state solution is required as the thermal hydraulic models in POLCA7 and POLCA-T are
different. The POLCA7 solver is incorporated directly; however, POLCA-T solves the thermal-
hydraulic condition based on RIGEL models.

]

4.2.4 Transient Simulations

[

I

4.3 Calculational Controls

4.3.1 Convergence Criteria

The NRC staff reviewed the POLCA-T numerical solution convergence criteria. The NRC staff
found two criteria and discussed these criteria with Westinghouse during the audit. The first
criterion is the change in nodal power criterion. [

] Another criterion is applied for the core
eigenvalue. The eigenvalue convergence criterion is typically [ I
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4.3.2 Disturbances

Disturbances are included at the end of a POLCA-T input file. Disturbances allow the code user
to change any user input parameter during the course of a transient simulation. Disturbances
do not allow the user to perturb state parameters that are calculated by POLCA-T.
Disturbances allow for changes to parameters such as flow area, control rod position, or
controller states for boundary conditions. Disturbances can also be used to control the time
step size or convergence criteria to optimize code run time performance.

[I ]
The NRC staff reviewed an example disturbance for the trip of the recirculation pumps for an
input deck to model [ ]

5 POLCA-T MODELING FEATURES

The NRC staff reviewed additional modeling features of POLCA-T relevant to the application of
methodology to CRDA and stability analyses.

5.1 Bypass Void Model

The NRC staff requested information regarding the modeling of the neutronic effects of bypass
voiding in RAI 6-6. Westinghouse provided a brief description of the available options for
bypass void nuclear modeling in the response. During the course of the audit the NRC staff
reviewed the POLCA-T User Guide (Reference 5, Appendix A) for information regarding these
bypass void models.

II

I
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5.1.1 Detailed Model

[

I

5.1.2 Simple Model

[

I
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II

I

5.2 Oxide Layer Model

[I

Open Item

Westinghouse will provide the NRC staff additional information detailing how the initial oxide
layer thickness is determined. Westinghouse will also provide the staff with the details of the
method for inputting the oxide layer thickness into the POLCA-T input.

5.3 Momentum Equation

The NRC staff requested additional information regarding the momentum equation in RAI 8-6
and RAI 8-7. During the audit, the NRC staff reviewed documentation regarding the momentum
equation and had several discussions with Westinghouse regarding the single fluid momentum
equation in POLCA-T.

I
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The NRC staff examined portions of the source code to verify that the momentum conservation
equations were represented in the code consistent with the methodology as described in the
TR. The NRC staff confirmed that momentum is appropriately conserved for cells with multiple
flow connections.

5.4 Decay Heat Model

The decay heat model is described in the POLCA-T user guide (Reference 5, Appendix A). The
POLCA-T decay heat model is based [

] is widely applied for this purpose, and the NRC staff finds that [
] is acceptable for decay heat modeling.

5.5 Delayed Neutron Model

The delayed neutron model is described in the POLCA-T user guide (Reference 5, Appendix A).
The NRC staff reviewed the documentation and found that the POLCA-T neutron kinetics solver
is based [ ] are
widely used and have previously been approved by the NRC staff in similar applications. The
NRC staff finds this model to also be acceptable.
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6 ROUND 1 RAI RESPONSES

During the NRC staff acceptance review of the subject TR, the NRC staff identified several
requests for information regarding the POLCA-T code. The NRC staff s acceptance review
specified that two rounds of RAIs Would be necessary for the NRC staff to complete its detailed
technical review. The acceptance was transmitted with the first round of RAls. Westinghouse
provided responses to the first round of RAIs in References 19, 20, and 21. The NRC staff
required clarification of a subset of these responses and discussed these RAI responses with
Westinghouse during the audit.

The NRC staff issued several RAls, that were divided into topical areas based on the precursory
acceptance review. These areas were: (1) long cycle cores, (2) mixed cores, (3) expanded
operating domains, (4) code legacy, (5) individual models and separate effects qualification, and
(6) stability.

6.1 RAI 2-2

The NRC staff requested information regarding the uncertainty analysis for transition cores.
The RAI was prompted by a condition in the NRC staff's approving SE for POLCA7
(Reference 9). The response states that "The potential for increased uncertainties in the
thermal analysis of the Legacy fuel is resolved by utilizing thermal limits for the Legacy fuel that
are non cycle-dependent limits established by the legacy fuel vendor or conservatively bounding
limits." (Reference 19).

The POLCA-T application is intended for generic application for all forced recirculation
boiling-water reactors. The applicable safety limits for a given plant application may include: the
safety limit minimum critical power ratio (SLMCPR), the maximum linear heat generation rate
(MLHGR) limit, or maximum average planar linear heat generation rate (MAPLHGR) limit, or
any combination of the aforementioned limits.

The NRC staff agrees that [
] However, the NRC staff did not review the methodology for adopting these limits

as part of the current TR review. MLHGR limits are generally determined according to
deterministic fuel thermal mechanical performance codes which use bounding assumptions
regarding key uncertainties to calculate conservative limits. The NRC staff did not perform a
review to ensure that the MLHGR limits are conservatively adopted, particularly in light of the
potential for increased nodal power uncertainties in the core monitoring software for legacy fuel
designs.

The NRC staff discussed the reload licensing methodology presented in Reference 8 in regards
to the application to legacy fuel. The methodology requires a conservative adder for the
operating limit minimum CPR (OLMCPR) for transition cores; however, the NRC staff did not
revisit the reload licensing methodology as part of the current review of POLCA-T.

Furthermore, the MAPLHGR safety limit is based on Loss-of-Coolant Accident (LOCA)
phenomena, which is not within the scope of the POLCA-T application.

The response states that an approved methodology is used to include any legacy fuel
associated uncertainties in the applicable safety limits.
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The NRC Staff Action for Resolution

The NRC staff found that review of the reload licensing methodology was outside the scope of
the subject TR and, therefore, will include a statement in the SE to this effect. The NRC staff
recommends that the NRC staff review the safety limit determination for specific mixed core
applications referencing the subject TR to ensure compliance with the approved methodology.

6.2 RAI 2-3

In RAI 2-3 the NRC staff requested additional information regarding the critical power ratio
(CPR) correlations used in POLCA-T. The responses states that "Any CPR correlation to be
incorporated in POLCA-T for any fuel design has to be reviewed by the NRC separately... for
each fuel design for which approval is sought a CPR correlation will be submitted for approval."

The calculation of CPR is [

The capability of POLCA-T to calculate CPR is [
] These applications

are outside the scope of the current review for CRDA and stability.

The NRC Staff Action for Resolution

The NRC staff will defer the review of the response to RAI 2-3 to the review of POLCA-T for
either application to [ ] The NRC staff's SE
will include specific language to this effect. Approval of POLCA-T for CRDA analysis or stability
analysis will not constitute NRC acceptance of the response to RAI 2-3.

6.3 RAI 3-2

In RAI 3-2, The NRC staff requests that Westinghouse provide additional information regarding
the effects of bypass void formation. Operation in expanded operating domains may include
flatter radial power shapes in conjunction with higher powered bundles and lower bundle flows
than those included in the qualification of the nuclear design methods in 1999, as documented
in CENPD-390-P-A (Reference 10). Specifically, the NRC staff asks that Westinghouse:
(1) quantify any potential for excessive bypass void formation as a result of direct moderator
heating, or heating of the bypass due to heat released from structures such as the channels or
control blades, (2) in light of the quantification, provide justification of the modeling of the bypass
flow paths in the methods described in the Appendices to WCAP-16747-P, and (3) justify the
applicability of nuclear instrumentation models based on the potential for increased bypass
voiding relative to the original qualification under steady state or transient conditions.

The response [ ] the NRC staff's concerns. The [
] at off normal conditions for [ I

The local power range monitors (LPRMs) are neutron sensitive devices and their response may
be affected by the formation of voids in the bypass inter-assembly area. The average power
range monitor (APRM) and oscillation power range monitor (OPRM) may be adversely affected
by the presence of bypass voiding, or the transient variation in the bypass void fraction near
LPRM locations during transients.
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The modeling of [ ] is relevant to transient evaluations and to
Option III stability licensing. CPR evaluations are not part of the current TR review. [

] is therefore outside the scope of the current TR review.

Staff Action for Resolution

The NRC staff will defer the review of the response to RAI 3-2 to the review of POLCA-T for
either application to [ ] The NRC staffs SE will
include specific language to this effect. Approval of POLCA-T for CRDA analysis or stability
analysis will not constitute NRC acceptance of the response to RAI 3-2.

6.4 RAI 3-5

RAI 3-5 requested that Westinghouse provide the NRC staff with qualification of the extension
of the constitutive models (i.e. closure relationships) and heat transfer correlations to bundle
power and flow conditions that bound those experienced in expanded operating domains.

The response does not fully answer the NRC staff's question. The response contains
qualification data for the void-quality correlation only. The NRC staff requested qualification of
the heat transfer correlations as well.

The NRC staff discussed the [ ] The [
were not provided to the NRC staff during the audit, [

]

Open Item

Westinghouse will provide comparisons of the [ ] with POLCA-T calculations
to qualify the heat transfer correlations as a supplemental response to RAI 3-5.

6.5 RAI 4-1

RAI 4-1 requested that Westinghouse provide a core follow reanalysis of a case contained in
the original submittal of POLCA7 to demonstrate that changes made since the original review
have not resUlted in code drift over time. Code drift is a term referring to several code changes
within a given code change acceptance criterion that, over time, result in incremental changes
whose net effect is significant relative to the code qualification reviewed and approved by the
NRC.

In the original response, the [ ] provided for Plant B appear to exhibit a
consistently [ ] The code
version originally used in the qualification analyses and the current production version were
compared, the current production version resulted in [ ] differences of
approximately [ ] for the code version used in the qualification
submitted with the POLCA7 methodology TR.

To address NRC staff's [ ] Westinghouse provided
Audit Reference 12 (contained in Appendix A: Audit documents of this report) for NRC review
during the audit. The qualification studies of the PHOENIX4/POLCA7 codes against recent data
collected in modern cores and critical experiments are contained in Reference 12.
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Based on Reference 12, the [
] is suspected to be the cause for

[

The [

The NRC staff notes that the POLCA7 accuracy has been quantified using full scale data in a
recent production method. The NRC staff, furthermore, notes that the POLCA-T test matrix has
been expanded to ensure that its integration in POLCA-T does not adversely affect either
stability analyses or complex transients (see Section 3.3.14).

The NRC staff also notes that a revision will be made to the final TR to update the numerical
results to be consistent with the most recent release version of POLCA7, and that the POLCA-T
release consistent with the updated POLCA7 code will be maintained under the updated
POLCA-T Test Matrix. Therefore, the NRC staff finds that the release version described in the
final revision to the TR will be adequately controlled by the quality control process as described
in Section 3. Therefore, future improvements or changes to the POLCA7 or upstream codes will
not adversely affect the reliability of the POLCA-T methodology.

The NRC staff considers the qualification of POLCA7 to adequately provide reasonable
assurance that the extension of the neutronic methodology to [

] does not result in an adverse increase in code uncertainty. Therefore, the NRC
staff similarly concludes that the POLCA-T kinetics solver's efficacy is likewise unaffected at
these conditions.

The NRC staff does not require additional information provided under a separate open item to
address the technical concerns associated with RAI 4-1. However, the NRC staff notes that
closure of RAI 4-1 relies on information to be provided under separately specified open items,
namely the update to the TR numerical results to reflect the most recent POLCA-T production
code (see Sections 3.2.1 and 3.2.2).

6.6 RAI 4-3

In RAI 4-3 the NRC staff requested information regarding the standard void and branch cases
that are used to develop the cross section libraries using PHOENIX4. The upstream analyses
to determine the cross sections affect the downstream efficacy of the transient analysis code to
accurately determine neutron kinetics parameters.

Westinghouse responded to RAI 4-3 and provided details regarding the depletion steps and
other information regarding the branch cases. In this response Westinghouse provided a
reference to an internal Westinghouse guidance document. The response indicates that this
guidance document is the basis for the selection of the void depletion cases that are used in
production analyses.

Westinghouse provided a copy of the relevant guidance document to the NRC for review during
the audit (Reference 4). The NRC staff reviewed the guidance document and documented its
review in Section 4.1. The NRC staff has determined that no further additional information is
required to resolve RAI 4-3.
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6.7 RAI 4-5

RAI 4-5 requested additional information on how a bundle specific R-factor is determined. The
response states that a specific R-factor is developed for each fuel product line. This response
implies that all SVEA-96 Optima2 bundles would have the same R-factor. The NRC staff does
not find this to be consistent with the Assembly R-factor calculation which is [

] See CENPD-392-P-A as an example.

Westinghouse provided a sample R-factor method in WCAP-16081-P-A (Reference 39). The
R-factor is calculated by [

] Westinghouse confirmed that the bundle R-factor is calculated [
] and is consistent, generally, with the technique described in

Reference 39 for SVEA-96 Optima2 fuel bundles.

The NRC staff finds that the clarification and reference provided were sufficient to resolve
RAI 4-5.

6.8 RAI 4-8, RAI 6-3 and RAI 6-20

RAI 4-8 requested additional information regarding the time step control algorithm. The NRC
staff requested this information as time domain stability analyses are highly sensitive to node
size, time step, and time integration technique.

In its discussion with Westinghouse, the NRC staff found that the POLCA-T time step control
algorithm includes [ ] However,
Westinghouse also discussed their methodology for selecting a [

] to ensure
adequate time step size.

The NRC staff has requested additional information separately for time step size control,
nodalization, and time integration technique for stability; however, finds that these features of a
time domain stability model must be controlled in tandem to ensure accuracy in the
determination of the DR.

RAI 6-3 and RAI 6-20 deal with the areas of time step size, node size, and time integration
technique. The NRC staff considers the means for time step size control to be integral to the
overall performance of a time domain stability code, and therefore, requires additional
information regarding the Westinghouse approach for adequate time step size control.

The NRC staff cannot complete its review of the POLCA-T application for stability analyses until
appropriate controls are specified to ensure that the time step size, node size, and time
integration techniques are acceptable for analyzing thermal hydraulic instabilities without
resulting in numerical damping.

Open Item

In the response to RAI 4-8, Westinghouse has provided general information regarding the time
step control algorithm in POLCA-T. However, the NRC staff requires information regarding the
controls that will be in place for POLCA-T stability calculations.
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In response to RAI 6-26, Westinghouse will provide an integrated response to address not only
the axial nodalization controls, but also those controls that are required in addition to
nodalization controls, that ensure accurate density wave oscillation modeling without numerical
damping. The integrated response will address concerns expressed in RAI 4-8, RAI 6-3,
RAI 6-20, and RAI 6-26, which each deal with separate elements of the overall numerical
solution technique as applied for time domain stability analyses.

6.9 RAI 5-1

The NRC staff requested additional details of the qualification of the void-quality correlation to
transient conditions. The NRC staff and Westinghouse discussed those tests performed during
critical power testing that could be used to qualify the transient application of the void-quality
correlation; however, Westinghouse explained that [

The NRC staff requested this information as transient application of the void-quality correlation
affects the prediction of the void propagation time in stability analyses. The NRC staff and
Westinghouse discussed the applicability of the [ I
and qualification provided in Appendix A to the TR for CRDA analysis. The [

] Westinghouse and the NRC staff discussed the possibility of supplementing the
original response with [ ] to provide a high degree of
confidence in the accuracy of the transient void calculation by [

Open Item

Westinghouse will supplement the response to RAI 5-1 with additional qualification information.
This qualification information will contain additional details of [ ] The
qualification analyses and discussion will be sufficient in scope and detail to indirectly provide
qualification of the separate effect of transient void prediction using the void-quality correlation.

6.10 RAI 5-3

RAI 5-3 requests information regarding the qualification of POLCA-T and upstream neutronic
codes for application to mixed oxide (MOX) fuel analyses. The original response specifies that
[I ]

Staff Action for Resolution

The NRC staff will include a restriction in the conditions, limitations, and restrictions section of
final SE regarding MOX. The statement will specify that POLCA-T is not approved for
application to MOX fuel.
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6.11 RAI 5-4 and RAI 5-5

RAIs 5-4 and 5-5 request information regarding the critical power calculations. The current
application of POLCA-T for stability does not include calculation of the [ ] and
therefore, critical power calculations are not required in the scope of the current application.
The original Westinghouse responses specify that the information requested will be provided
with Appendix C (application of POLCA-T to transients).

Staff Action for Resolution

The NRC staff interprets these responses as a commitment to provide the requested
information with Appendix C of the TR. The NRC staff will include a statement in the SE to this
effect.

The NRC staff will defer review of the subject matter of RAls 5-4 and 5-5 until the NRC staff
reviews the application of POLCA-T to [ ]
Approval of POLCA-T for CRDA or stability does not constitute NRC acceptance of the
responses to RAIs 5-4 or 5-5.

6.12 RAI 6-4 and RAI 6-22

RAI 6-4 requests that Westinghouse describe how the results of the stability analyses are used
in current operating BWR plants in terms of their implications to mitigating measures

RAI 6-22 requests that Westinghouse describe how plant and cycle specific analyses are
performed for Option III plants.

The response to RAI 6-4 states that stability solutions are implemented using plant specific
procedures. The response to RAI 6-22 states that the Option III solution relies on analyses
[ I

The responses indicate that the scope of the current application is the approval of POLCA-T to
predict the DR. The response to RAI 6-22 indicates that a future submittal will detail the
application of POLCA-T to [ ] and that approval of POLCA-T for this
purpose is not being pursued as part of the current application.

However, the response to RAI 6-4 indicates that [
] rely only on the calculation of the DR at particular

state points in the power to flow map.

The NRC staff and Westinghouse discussed the intent of the current application. Westinghouse
is not seeking the NRC staff approval in the subject TR for the use of POLCA-T in all stability
licensing calculations. In RAI 6-25 the NRC staff requested that Westinghouse describe the
licensing analyses that would be performed by POLCA-T and specify the method by which the
DR results are used in licensing.

The NRC staff has found that the response to RAI 6-22 is sufficient in that previously approved
methods are referenced for [

I licensing evaluations. The NRC staff does not require additional information in
response to RAI 6-4 as the response to RAI 6-25 will provide descriptive details of how the DR
calculations are used in other [ ] licensing frameworks.
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6.13 RAI 6-5

RAI 6-5 requested clarification of the uncertainty bands in Figure B.7-2 of Reference 41. The
original response states that the uncertainty bands represent a two-dimensional combination of
both the measurement and calculational uncertainty.

The calculational uncertainty is based on uncertainty in [
] noise measurements used to determine the DR. Westinghouse clarified that the

bands appear larger than [ ] based on the calculational uncertainty
because the bands extend by the [ ]

The NRC staff requested that Westinghouse describe how the measurement uncertainty was
determined, as the NRC staff cannot determine the acceptability of the calculational uncertainty
determination without understanding the acceptability of the process used to determine the
measurement uncertainty.

Open Item

Westinghouse will supplement the response to RAI 6-5 with additional details describing the
means by which the [ ] measurement uncertainty is determined.

6.14 RAI 6-16

RAI 6-16 requests that Westinghouse describe how applying a prediction uncertainty of [

I

The response states that predicting DR less than unity ensures that power oscillations will be
damped. Under conditions where the reactor is stable and the power oscillations "die out," the
specified acceptable fuel design limits (SAFDLs) are not exceeded so long as the static SAFDLs
are met.

The NRC staff has reviewed this response and agrees that if power oscillations are damped that
SAFDLs are not exceeded so long as static SAFDLs are met. The NRC staff, however, is not
reasonably assured that the reactor is stable if the predicted DR is [

]
The NRC staff requires a margin of [ ]to be reasonably assured

that calculating DR equal to the acceptance criterion demonstrates that the reactor is stable.

Open Item

Westinghouse will provide a supplemental response to RAI 6-16 specifying an acceptance
criterion for the DR that is [ ] less than unity. The final revision
of the TR will revise the DR acceptance criterion to reflect a margin of [

I
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6.15 RAI 6-17

The NRC staff notes that the qualification studies, contained in the Appendix B of the TR, for the
POLCA-T application to stability include many more core wide oscillation tests than regional
mode oscillation test. The primary qualification for regional mode oscillations is [

]

RAI 6-17 requests that Westinghouse separately evaluate the uncertainty for each instability
mode. The original response states that the driving physical phenomena for regional and core
wide oscillations are the same, and therefore the uncertainty in the calculated DR is not
expected to vary between the two modes.

In its review of the response, the NRC staff notes that the regional mode oscillations require
modeling of density wave oscillations, similar to core wide oscillations, in one dimensional
components, and therefore, agrees that the thermal-hydraulic modeling uncertainties are not
expected to vary between the two modes.

However, the NRC staff notes that core wide power oscillations occur with a radial flux shape
that is essentially the same as the fundamental radial flux shape. The regional mode
oscillations result in power tilts along the next highest radial flux harmonic, and therefore,
necessarily result in greater local radial flux gradients.

The higher flux gradients may result in errors in the prediction of peak bundle or nodal powers
due to the constraints of the diffusion theory solution for large regional power oscillations or
radial power shape perturbations.

The NRC staff requested that Westinghouse address the potentially increased uncertainty using
the POLCA-T kinetics methods for high radial flux tilts. Westinghouse provided additional
qualification information in Reference 5. Part of the qualification studies presented included
direct comparisons of the PHOENIX4/POLCA7 methods to the LWR-PROTEUS experiment.
A subset of these comparisons was also provided in response to RAI 1-1 (Reference 21).

The POLCA-T kinetics solver [ ] and therefore,
demonstrated .eficacy of the [ 3 provides reasonable assurance that the
POLCA-T kinetics solver provides accurate radial flux calculations.

The [ ] includes many gamma scan campaigns. Gamma scans provide
the most accurate radial power distribution benchmarks by allowing comparison of the
calculated bundle and sub bundle power distributions (as opposed to TIP measurements which
do not provide measurement of the bundle powers in an instrument four bundle set).

Reference 5 provides specific qualification of the lattice physics methods and core simulator
methods against detailed radial power distribution and axial power distribution measurements.
The NRC staff reviewed the results of LWR-PROTEUS qualification of the lattice pin power
calculations, as well as qualification of [ I

Several measurements were performed at the LWR-PROTEUS test facility at the Paul Scherrer
Institute on a 3x3 critical area of full scale SVEA-96 fuel bundles. The critical measurements
included pin power measurements for the central fuel bundle. The central fuel bundle pin
powers were compared to the PHOENIX4 infinite lattice calculated power distribution with



-40- WCAP-16747-NP-A

good agreement. The alternative fuel configurations, including the insertion of several control
rods to suppress power on two sides of the central fuel bundle, were also taken into account
and reflected in the results. In these tests, the comparison of PHOENIX4 calculations to the
measurements indicate only a small increase in the pin power distribution [

] for a very steep radial flux tilt across the bundle.

The LWR-PROTEUS tests confirm that the PHOENIX4 lattice parameters are accurately
predicted for even large radial power tilts. The PHOENIX4 lattice parameters input to
[ ], however, are based on infinite calculations and provides the basis for the pin
power reconstruction model. The [ ] corrects the
radial pin power distribution according to the calculated bundle flux tilt.

Gamma scan measurements performed at the [
] were performed to qualify the [ ]

According to Reference12 of Appendix A, some radial tilts were observed for a fresh fuel bundle
in the gamma scan campaign. The measurements indicated a tilt relative to the calculation
across the sub bundle as [ ] for one quadrant of the bundle. While this tilt
was observed by the gamma scan measurement, the cause of the tilt has not been fully
diagnosed, but could be due to [ ] that was not
explicitly measured or modeled.

The qualification of the [ ] provides indirect
qualification of the intranodal cross section model. The LWR-PROTEUS experiments
demonstrated the accuracy of the PHOENIX4 infinite lattice solution, the [

3 provide qualification of the [

] to characterize the variation in neutron flux across
a node, and, therefore, to model steep radial flux gradients as may be present during regional
mode oscillations.

The results for a once burnt fuel assembly indicate excellent. agreement between pin gamma
scans and the ] However, for the fresh fuel assembly, [

During regional mode oscillations, the radial power peaking is a combination of peaking due to
both the fundamental and first harmonic flux shapes. The gradient in the first harmonic will be
slightly greater than the fundamental mode. Qualification of the pin power reconstruction model
with a high degree of accuracy for several gamma scans (excluding the fresh bundle scan) as
well as accurate representation of the [

This is further supported by the comparison of the [ ] recorded during
the regional mode instability test as well as the calculation of the SPERT Ill E transient power
as presented in the rod drop qualification, which is highly, radially peaked (Reference 41).

Therefore, the NRC staff has found that POLCA-T includes sufficiently sophisticated radial flux.
modeling capabilities that the NRC staff is reasonably assured that the degree of radial neutron
flux peaking during regional mode oscillations will not be sufficiently egregious to invalidate the
uncertainty analysis.
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7 ROUND 2 RAI DISCUSSION

The NRC staff had extensive discussions with Westinghouse regarding the second round of
RAIs. The intent of these discussions was to clarify the RAIs and to discuss Westinghouse
approach for providing responses. This section provides the NRC staff's RAIs as well as a
summary of the discussions with Westinghouse. The NRC staffs second round of RAIs builds
from the first round (Section 6 of this report) and includes six topical areas: (6) stability, (7)
control rod drop accident, (8) thermal hydraulics, (9) power calculations, (10) control systems,
and (11)fuel rod modeling.

7.1 Request for Additional Information 6: Stability

7.1.1 RAI 6-25

RAI Text

Describe the process by which POLCA-T results are used to implement an approved licensing
approach for long term stability solutions.

If POLCA-T is used to generate, or determine the [ ] then please
provide this information as well as the response to staff RAI 5-4 and 5-5.

If POLCA-T is used to determine an exclusion region boundary, then how are the analysis
points determined and is a fitting function employed? If so, what is the fitting function? What is
the basis for the function if there is one?

Discussion Summary

Westinghouse stated that RAMONA-3B is currently used for [ ] and approval
is not being sought for POLCA-T for this purpose currently. The POLCA-T methodology
described in the TR is employed to calculate the DR. The DR calculations are used in the
determination of exclusion regions. Westinghouse will describe how exclusion regions are
determined for the relevant [ ]

7.1.2 RAI 6-26

RAI Text

Previously approved time domain stability methodologies (i.e. RAMONA-3B) are approved with
limitations regarding the axial nodalization. Fully describe methods that are used to determine
the acceptability of the axial nodalization for a plant model to be used in reload licensing
analyses.

Discussion Summary

The intent of the RAI is to address modeling requirements for stability analyses regarding the
nodalization. Time domain stability analyses are highly sensitive to the node size, time step
size, and time integration technique. Inappropriate controls on the node size and time step may
result in numerical damping of the transient response following excitations in the current
methodology.
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The NRC staff requested related information regarding the time step and time integration
technique as well as time step controls in RAIs 4-8, 6-3, and 6-20. Westinghouse has agreed to
address these three items in one integrated response to RAI 6-26. The NRC staff has
documented this response as an open item, because it relates to RAI responses that have been
previously submitted (see Section 6.8).

7.1.3 RAI 6-27

RAI Text

Stability evaluations are highly sensitive to the input specifications for plant models. Describe
any additional uncertainty in the DR determination that may arise from specifying model input
using standard production procedures as opposed to developing models specifically for
benchmark analysis.

Discussion Summary

The intent of the RAI was to ensure that the uncertainties, determined for the DR quoted in
Appendix B of the TR, are representative of the uncertainties for standard production analyses.
Particularly, the NRC staff is concerned that additional care is taken in the accurate modeling of
stability phenomena for the purpose of qualification, but may not be employed during licensing
evaluations. The additional care may be revised nodalization, sensitivity studies, or additional
controls on the time step size that were included in the qualification analyses, but are not
required by procedure for standard production calculations.

In response to this RAI, Westinghouse will clarify that the qualification analyses and standard
production analyses have the same pedigree, and therefore, the uncertainty determination is
applicable to future standard production licensing. evaluations.

7.1.4 RAI 6-28

RAI Text

The DR acceptance criterion is not consistent with the previously approved acceptance criterion
for RAMONA-3B. Specifically, the standard deviation in predicted and measured DR is
approximately the same for these two methodologies; however, the proposed acceptance
criterion is significantly larger. The sensitivity study, provided in Appendix B, seems to indicate
that uncertainties in key plant parameters may result in changes in the DR on the order of [

] If a Monte Carlo assessment is performed on a cycle specific basis similar to the
SLMCPR determination process, provide descriptive details on how uncertainties in plant
parameters are captured in the determination of the decay ratio acceptance criterion. Are these
effects captured in the design margin? If so, what is the process for determining the design
margin? To quantify any uncertainty in the DR as a result of uncertainties in plant parameters,
perform a sample Monte Carlo analysis using standard uncertainties in plant parameters for a
sample core in the core wide oscillation qualification and determine the resultant standard
deviation.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or a proposed response. It is the NRC staffs understanding that the
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information supplied to respond to this RAI will be adequate. Westinghouse will provide a
response to this RAI that describes how plant specific uncertainties are captured.

7.1.5 RAI 6-29

RAI Text

Describe the process by which a regional mode oscillation is established in the POLCA-T
simulation if the reactor is highly susceptible to core wide oscillations (in other words, core wide
oscillations are the dominant oscillation mode)?

Discussion Summary

When a disturbance is imposed on the POLCA-T plant model to initiate an oscillation for DR
calculations many higher oscillatory modes are excited. These higher modes respond to the
disturbance and rapidly decay during the early part of the transient response. Westinghouse
stated that in its determination of the DR [

I The response to this RAI
will include specific details of the [ ] used to infer the DR.

The NRC staff understands that the disturbance may simultaneously excite a core wide and a
regional oscillatory mode during the transient evaluations. Westinghouse stated that there is a
[ ] transient responses for core wide and regional
oscillations. Once the core symmetry plane is determined, [

] and provides a transient response for the core wide mode only. Similarly,
[ ] removes the core wide oscillation component and
provides a transient response for the regional mode only.

The NRC staff asked how Westinghouse determines the [
] Westinghouse stated that the [ ] may be determined by increasing

the [ ] in the POLCA-T model until [ ] Once
the [oscillations ] are observed the [ symmetry plane can be visually inferred ] from the
transient response. . w: ...

Westinghouse will provide these details in response to RAI 6-29 including the methods for
determining the [ ] techniques, and
determining the [ ] for the DR determination.

7.1.6 RAI 6-30

RAI Text

Previous sensitivity studies performed following the Washington Nuclear Project 2 (WNP2)
instability event show that the stability characteristics are sensitive to the fuel and core design,
namely when multiple types of fuel are included in the core design. Studies performed with the
NRC LAPUR code and the NRC approved RAMONA-3B codes have illustrated that the WNP2
stability characteristics were sensitive to the mixed nature of the core design.
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The sensitivity is attributed to the relative void reactivity and density wave oscillation stability
characteristics of the two fuel designs that were in WNP2. Demonstrate the capability of
POLCA-T to capture these local effects by performing a similar sensitivity analysis.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. The NRC staff refers to Section 7.2.2 of
CENPD-294-P-A (Reference 6). The previously approved RAMONA-3B based stability
methodology included qualification against the WNP2 mixed core analysis. Westinghouse
[ ] readily provide a reanalysis
using POLCA-T. The NRC staff requested that a similar sensitivity analysis be performed.
Therefore, an analysis of an alternative plant would be acceptable to the NRC staff.
Westinghouse will perform a sensitivity analysis that is substantially similar to the WNP2
qualification study for another reactor plant and provide the results to the NRC in response to
RAI 6-30.

7.1.7 RAI 6-31

RAI Text

For the core wide oscillations considered in the POLCA-T qualification provide a plot of the
measured DR versus a dimensionless parameter that is shown below. Determine the slope of
the trend line through these data. Provide a similar plot for the calculated DR and provide the
slope of the trend line through these calculated points. Comment on any differences in this
slope. Additionally comment on the extension of POLCA-T methods to higher values of the
dimensionless parameter

Dimensionless Parameter (Maximum Nodal Peaking Factor) x (Core Thermal Power) / (Core

Flow Rate) / (Inlet Subcooling)

Discussion Summary

The NRC staff and Westinghouse discussed the intent of RAI 6-31. The NRC staff is concerned
about gross trending in measured and predicted DR with parameters that are known to
influence the reactor stability. Westinghouse specified that boiling length, orifice loss coefficient,
and pressure drop also affect stability performance. For several core measurements and
calculations these other parameters will vary and result in data scatter. The NRC staff
understands that this scatter is expected due to the other factors affecting stability, however, still
requires demonstration that POLCA-T predicts, in at least a gross sense, the expected trends in
DR with first order factors impacting DR: power level, core flow, subcooling, and power peaking.
Westinghouse will provide a response and comment on the indication of trends.

7.1.8 RAI 6-32

RAI Text

The NRC staff requires additional information regarding the calculational efficacy of POLCA-T to
determine regional mode oscillation transient responses. Please provide the transient traces of
mass flow rate in the bundles surrounding the following instrument strings: 40-17 and 16-41 of
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the [ ] Cycle 7 regional instability test. Provide specific details regarding the manner in
which the model was perturbed to excite the oscillation if such a perturbation was applied.

RAMONA-313 was previously qualified based on [ ] Cycle 7 test data, specifically the same
Record 5 reading. Please provide a figure comparing the RAMONA-3B predicted transient
LPRM signal for LPRM 16-41A to that predicted by POLCA-T on the same scale as Figure 6.2-4
in CENPD-294-P-A (Reference 6).

Comment on the method for determining the appropriate magnitude of perturbations to excite
out-of-phase oscillations in terms of eigenvalue separation of the yet higher harmonic modes.
Compare the POLCA-T predicted void propagation time to the oscillation period for the highest
oscillation magnitude bundles. Specify the drift flux correlation used for the [ ] analysis.
Compare the drift flux correlation to the slip correlation model that was used in the RAMONA-3B
qualification.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. In regards to the LPRM string 40-17 and 16-41
measurements, the NRC staff requested that Westinghouse provide the transient mass flow
rates in the surrounding bundles. The NRC staff requires additional information to understand
the coupling between the neutronic and thermal hydraulic response during the transient. The
NRC staff also requested that Westinghouse verify if a disturbance was imposed to excite a
regional mode oscillation or if POLCA-T predicted the onset of a regional mode oscillation under
the conditions specified in the POLCA-T input without specific excitation. Westinghouse will
provide this information in response to RAI 6-32.

7.1.9 RAI 6-33

RAI Text

Provide a stability phenomena identification and ranking table (PIRT).

Discussion Summary .

Westinghouse will provide PIRT for stability for the NRC staff review.

7.1.10 RAI 6-34

RAI Text

The purpose of this RAI is to determine the efficacy of POLCA-T to model pressure wave
phenomena. Referring to the Peach Bottom Unit 2 Turbine Trip (PB2 EOC2 TT) test
qualification in Section A.3, is the initial core exit pressure response time sensitive to the
POLCA-T nodalization, time step, or time integration technique? Please support this response
with a sensitivity study comparing the predicted and measured initial core exit pressure
response time based on changes in the nodalization, time step, and time integration method.
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Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. The NRC staff understands that the accurate
modeling of time domain oscillations requires precise tracking of density waves. The NRC staff
is requesting that Westinghouse use data available from the PB2 EOC2 TT tests to provide
qualification of the wave front tracking capability of POLCA-T for a pressure wave traveling
through the steam line. While the qualification is not for a density wave traversing a fuel bundle,
it provides indirect qualification of the code's ability to track wave fronts. Westinghouse will
provide results of the requested analyses in response to RAI 6-34.

7.1.11 RAI 6-35

RAI Text

In response to RAI 6-12 the fraction of nominal flow rate was provided for [ ] however,
the NRC staff requested that the absolute flow rate also be provided. See RAI 6-12. Please
supplement the response to RAI 6-12 with the requested information in cases where it is
available.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.1.12 RAI 6-36

RAI Text

The purpose of this RAI is to determine the efficacy of POLCA-T to model transient feedback
effects that are important to modeling instability events. In the event of a dual recirculation
pump trip transient, the core will become unstable following a reduction in feedwater
temperature arising from decreased steam flow. Please describe the procedure for selecting an
appropriate lower plenum nodalization to ensure sufficiently accurate modeling of mixing and
flow distribution to the core.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. The NRC staff is requesting that Westinghouse
evaluate if the DR is sensitive to the distribution of enthalpy (individual bundle inlet subcooling),
considering flow effects in the lower plenum that may result in an uneven radial distribution of
enthalpy. It is the NRC staff's understanding that the information supplied to respond to this RAI
will be adequate.
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7.1.13 RAI 6-37

RAI Text

The purpose of this RAI is to understand the sensitivity of POLCA-T predicted DRs to potential
uncertainty in gas gap properties. Please perform a sensitivity analysis to show the sensitivity
of both the fuel thermal time constant and DR to the gas gap properties. If the results indicate
that the DR is highly sensitive, please provide additional information regarding the qualification.
of STAV for high bumup.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. The gas gap properties are an important factor in the
fuel thermal time constant, and is therefore a factor affecting the coupling between the neutron
power and the fluid conditions. The coupling between the neutron power and fluid conditions
has a direct impact on the determination of the DR.

7.2 Request for Additional Information 7: Control Rod Drop Accident

7.2.1 RAI 7-1

RAI Text

Provide specific details regarding the qualification of PHOENIX4 in regards to determining the
Doppler worth attributed to plutonium absorption during CRDA at the end of cycle (EOC). First,
describe specific qualifications of the PHOENIX4/POLCA7 code suite to determine the buildup
of plutonium under voided depletion in the upper regions of a BWR code. Provide any
sensitivity in the code's capability to conditions affecting spectrum hardness (control state,
bypass voiding, high power density operation, and low flow conditions). Provide comparisons of
the plutonium Doppler worth contribution against benchmarks or more sophisticated transport
methods to demonstrate adequate cross section collapsing.

Discussion. Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staff's understanding that the
information supplied to respond to this RAI will be adequate.

7.2.2 RAI 7-2

RAI Text

Describe the xenon condition at the start of the CRDA transient analysis. Is the assumed xenon
condition conservative?

Discussion Summary

Westinghouse described the control rod candidate selection process for determining limiting
control blades. The screening criteria are based on the [

] The [ ] are included to account for effects from limiting [
] The [ ] in the bounding analyses are conservative.
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Westinghouse will perform sensitivity calculations to demonstrate that the [

] Westinghouse will transmit the results of these analyses with the response to
RAI 7-2.

7.2.3 RAI 7-3

RAI Text

Towards the EOC some BWRs have a positive moderator temperature coefficient at cold zero
power conditions. Does the POLCA-T method account for this effect?

Discussion Summary

No modifications are made to the POLCA-T kinetics solver or conditions imposed on the fluid
conditions during CRDA analyses. Therefore, the POLCA-T kinetics solver will explicitly track
all reactivity feedback mechanisms and the POLCA-T thermal-hydraulic solver will calculate the
change in moderator temperature during the transient simulation. [

I Therefore, any impact
on the transient response from positive moderator temperature reactivity is explicitly calculated
by POLCA-T during CRDA analyses. Westinghouse will provide a response to this effect.

7.2.4 RAI 7-4

RAI Text

The sensitivity study in A.5.1.3 concludes that the peak fuel enthalpy is insensitive to the
delayed neutron fraction within 20 percent. The TR states that this is consistent with the
previously approved method (RAMONA-3B SCP2). Please reconcile the statement in the
subject TR with the figure produced in A.3-1 of CENPD-284-P-A (Reference 5). Refer to
BNL-NUREG-66230 and BNL-NUREG-67430, describe those aspects of the POLCA-T
methodology that result in insensitivity to delayed neutron fraction while previous sensitivity
studies indicate a large sensitivity to delayed neutron fraction.

Discussion Summary

The NRC staff and Westinghouse had extensive conversations regarding the sensitivity of the
dynamic response to the delayed neutron fraction. The Appendix B sensitivity study indicates
that the POLCA-T dynamic response is insensitive to the delayed neutron fraction. In the NRC
staff's opinion, the delayed neutron fraction is a measure of the responsiveness of the reactor
power to changes in reactivity, a larger delayed neutron fraction results in power changes to
reactivity changes that are milder than for cases with smaller delayed neutron fractions.
Regarding CRDA and delayed neutron fraction, the NRC staff requires Westinghouse's
clarification. For example, the NRC staff expects an increase in the delayed neutron fraction for
a given control blade worth would result in a milder transient increase in local power during a
CRDA, and subsequently lower fuel enthalpy.

Westinghouse attributes the difference in the sensitivity between POLCA-T and RAMONA to the
RAMONA modeling of the delayed groups and nodal cross sections based on
POLCA4/PHOENIX2 methods. Westinghouse stated that the delayed neutrons may be higher
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or lower in worth at cold conditions based on the spectrum. The NRC staff notes that the
delayed neutron first flight spectrum is softer than the fission spectrum, however, finds that the
predominance of the delayed neutrons are still very high in energy when released and that there
is a significant slowing down source in-core during CRDA since the coolant is purely liquid.
Based on the conditions - which minimize epithermal capture - the NRC staff requires additional
explanation from Westinghouse.

Westinghouse will provide a detailed response to RAI 7-4 addressing the calculational results

and including a discussion of the basic kinetic phenomena.

7.2.5 RAI 7-5

RAI Text

Considering that a reactor may experience an unplanned shutdown and subsequent startup
from a mid-cycle core exposure condition, describe those aspects of the determination of the
limiting initial conditions and candidate limiting control rods that accounts for core cycle
exposure.

Discussion Summary

Westinghouse explained that the candidate selection process, provided as an example in the
Appendix A of the TR, is the methodology for determining the limiting initial conditions and
control blades. The selection process explicitly considers cycle exposure according to Section
A.4.3.2 of the TR. Westinghouse will provide this clarification as a response to RAI 7-5.

7.2.6 RAI 7-6

RAI Text

CENPD-390-P-A (Reference 9) includes several cold critical eigenvalue calculations for various
plants over several cycles. Using the cold critical eigenvalues and associated plant data,
quantitatively justify the use of a 5 percent uncertainty value (at the 95 percent confidence level)
for the control rod worth uncertainty in the subject uncertainty analysis.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. The NRC staff cannot find a technical basis to justify
the control blade worth uncertainty of 5 percent used in the uncertainty analysis. The NRC staff
requested that Westinghouse use available cold critical data to quantify the uncertainty in the
worth calculation. Westinghouse did not provide the NRC staff additional information at the
audit, however, indicated that local critical measurements are made at several European
reactors and Westinghouse has access to some local cold critical experimental results.

7.2.7 RAI 7-7

RAI Text

Specify those aspects of the POLCA-T methodology that conservatively account for the
negative reactivity during a SCRAM. Specifically address any assumptions regarding the rate of
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negative reactivity insertion. If a linear approximation is used, justify the use of this
approximation.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. Westinghouse specified that SCRAM times are taken
for plant specific applications from the plant specific maximum insertion times allowed by
Technical Specifications. It is the NRC staffs understanding that the information supplied to
respond to this RAI will be adequate.

7.2.8 RAI 7-8

RAI Text

It is the NRC staff's understanding that the PHOENIX4/POLCA7 cross section library is based
on ENDF/B-VI. How does the value of the delayed neutron fraction for the principle nuclides
compare with what used in RAMONA-3B SCP2?

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.2.9 RAI 7-9

RAI Text

Describe any controls on the time step or other controls in the iterative solution technique that
ensure sufficient nuclear power distribution iterations between thermal hydraulic iterations to
ensure that the transient pin power distribution is adequately characterized to determine the
integrated hot pin energy deposition during CRDAs.

Discussion Summary

Westinghouse explained that the flux and thermal hydraulic solutions are both [
] Westinghouse will respond with additional information regarding the time step

selection.

7.2.10 RAI 7-10

RAI Text

Provide descriptive details of the qualification of the POLCA-T pin power reconstruction model.
For CRDA high radial peaking across a bundle is expected given the strong local reactivity
perturbation as a result of the dropped rod and the highly decoupled nature of the reactor.
Provide a confirmatory calculation using predicted CRDA transient results for the peak pin
power and compare to the equivalent power predicted by PHOENIX4 using local nodal thermal-
hydraulic and control conditions.
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Discussion Summary

During a CRDA, the radial flux is expected to be sharply tilted in the bundles surrounding the
dropped blade. Westinghouse will perform a color set analysis using PHOENIX4 and compare
the results for POLCA-T calculations using pin power reconstruction to qualify the pin power
reconstruction model for flux tilts typical of CRDAs. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.2.11 RAI 7-11

RAI Text

As part of the screening for potentially limiting control rods for CRDA does the methodology
allow for analyzing an off-center control rod as a representative central control rod?

Discussion Summary

Westinghouse explained that the control blade worth for each rod is [

7.2.12 RAI 7-12

RAI Text

Recognizing that a larger transient increase in fuel temperature results in an increased Doppler
feedback, how is a conservative gap conductance determined for the CRDA? Are the hot and
average fuel pins in any particular node modeled using separate STAV calculations?
Specifically, does POLCA-T track the fuel burnup dependent gap closure and fission gas
release for each pin within a node separately? Comment on the conservatism of the gas gap
conductance based on the modeling of the hot pin and the expected trends in Doppler feedback
and heat transfer characteristics.

Discussion Summary

Westinghouse explained that POLCA-T includes a [
J The nodal reactivity feedback, however, is based on the POLCA7

calculated nodal eigenvalue response surface, which is calculated according to average nodal
fuel temperature. In response to RAI 7-12 Westinghouse will provide details regarding the use
of the POLCA-T hot rod model for CRDA analysis.

7.2.13 RAI 7-13

RAI Text

Since the Doppler reactivity feedback coefficient decreases in magnitude with increasing fuel
temperature, are there potential conditions of operation where a nominal power level above cold
zero power may potentially result in larger fuel enthalpies assuming a maximum inlet
subcooling. If so, how are these more limiting power levels or conditions established in
determining the limiting CRDA scenario?
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Discussion Summary

Westinghouse and the NRC staff discussed possible approaches for resolving the RAI 7-13.
Westinghouse may respond by providing sensitivity analyses to the initial conditions or by
performing an analysis of the maximum change in Doppler coefficient based on a change in
coolant temperature up to the point of saturation. The NRC staff finds both approaches to be
acceptable.

7.2.14 RAI 7-14

RAI Text

Does the POLCA-T methodology account for changes in the pellet dimensions when
determining the reactivity worth of Doppler feedback? Specifically, are radial and axial thermal
expansion considered? If not, estimate the uncertainty associated with fuel pellet expansion on
the predicted peak fuel enthalpy. This estimate may be based on an analysis using PHOENIX
to determine a bias in the Doppler coefficient. Additionally, when evaluating the negative
Doppler feedback, does POLCA account for increased resonance absorption in all nuclides? If
so, are there any volatile nuclides in the fuel that contribute significantly to the negative
reactivity feedback? If so are the release mechanisms for these volatile nuclides considered?

Discussion Summary

7.2.15 RAI 7-15

RAI Text

Provide additional descriptive details regarding the determination of the initial conditions.
Specifically address what process is used to determine the worst single operator failure or which
rods are bypassed.

Discussion Summary

During startup, deviations from the banked position withdrawal sequence (BPWS) are allowed.
These deviations may be performed by the operator, including the potential to bypass certain
blocks in the startup. The approved RAMONA-3B methodology assumes that [

] Section 4.4.2 of Reference 5 describes the method for accounting for
bypassed rods. The methodology generally [

] Westinghouse
stated that the same method will be adopted for POLCA-T CRDA analyses. Westinghouse will
provide a response to RAI 7-15 that describes the method for conservatively capturing the
effects of operator actions on CRDAs.



53- WCAP-16747-NP-A

7.2.16 RAI 7-16

RAI Text

Explain the differences between a power and flux SCRAM. Specifically explain what calculation
in POLCA-T yields the core power. Is the power based on the integrated total of the rod heat
fluxes? Does power refer to simulated thermal power?

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. Westinghouse will provide a response to RAI 7-16
clarifying the definition of these terms.

7.2.17 RAI 7-17

RAI Text

Please clarify the footnote in Table A.3-6. Does the measured peak power in the footnote refer
to the time at which the peak power was measured during the experiment? Is the integrated
energy based on the integral of the POLCA-T predicted power up until the time that was
measured?

Discussion Summary

The fuel enthalpy is calculated based on the integrated power during the transient. The
calculated time of peak and the measured time of peak is the time after the drop at which the
peak reactor power occurs. For the values in the table, the upper value is the integrated
POLCA-T calculated power up until the time when POLCA-T predicts peak power and the lower
value is the integrated measured power up until the time when the measured power is highest.
Westinghouse will provide this description as a response to RAI 7-17.

7.2.18 RAI 7-18

RAI Text

The NRC staff requires some more details regarding the POLCA-T qualification against
SPERT(Special Power Excursion Test)-III-E-core experiments.

Section A.3.2.2 states that the POLCA-T predicted power shapes agree with the
SPERT-III-E-core measured power shapes. Please provide the results of the comparison
performed as part of this qualification in regards to the comparison of SPERT-III-E-core power
shapes.

Additionally, provide a figure that is substantially similar to the graphs in Figure A.3-10 that show
the transient results for the case 18 test.

Provide a figure similar to Figure 5.3.16 of CENPD-284-P-A (Reference 5) with data points
predicted using POLCA-T.
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Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. Westinghouse will provide the requested figures as a
response to RAI 7-18.

7.2.19 RAI 7-19

RAI Text

The NRC staff requires additional clarification in regards to the sensitivity analysis performed on
the core mass flow rate. Specifically, is the base case evaluated for a critical control rod
pattern? If so, is the control rod pattern adjusted to accommodate criticality at the same power
level for the increased mass flow rate? The peak fuel enthalpy is sensitive to the initial power.

Provide a sensitivity analysis to mass flow rate that considers a base case critical rod pattern
and nominal flow rate. Without adjusting the rod pattern determine the sensitivity of the peak
fuel enthalpy to a small increase in the core mass flow rate.

Discussion Summary

Westinghouse stated that the evaluations were performed at CZP. The core is sufficiently
subcritical at the initial conditions that the reactor power does not respond to changes in the
core mass flow rate. Westinghouse will provide this clarification as a response to RAI 7-19.

7.2.20 RAI 7-20

RAI Text

In step 1 of the CRDA analysis methodology have different screening criteria been selected for
the POLCA-T method, relative to the RAMONA-3B SCP2 method, for concluding that dynamic
analyses are not necessary? If so, provide the POLCA-T criteria.

Discussion Summary

Westinghouse stated that the approach for POLCA-T will [ ] the RAMONA-3B
approach. [

] Westinghouse provides description of the
methodology as an example in Appendix A of the TR. Westinghouse will clarify the criteria for
dynamic evaluations in response to RAI 7-20.

7.2.21 RAI 7-21

RAI Text

The NRC staff requires clarification of the PB2 EOC2 TT test qualification analysis.

(1) How were the axial power profiles in Figures A.3-4 and A.3-5 generated? Is the P1 edit
the adapted core power shape as determined by the core monitor? Is the PHOENIX XS
plot based on a purely predictive cycle follow calculation using POLCA7?



WCAP-16747-NP-A-55-

(2) What is meant by APRM Probes 1 and 2? Does this refer to particular APRM channels?

(3) The NRC staff does not understand table A.3-5 based on the units for each value. Does
"m/sec" mean milliseconds?

(4) What is meant by "measured" in Figure A.3-6?

Discussion Summary

For item (1) Westinghouse explained that the [

The PHOENIX4 cross section data are more accurate than the Penn State University (PSU) XS
data because the cross sections incorporate the [ ] The PSU XS cross sections
were generated for the Organisation for Economic Co-operation and Development (OECD)
benchmark analysis. They were developed as a basis for the code validation database. For the
benchmark comparisons all participants used the same PSU cross sections. Because of
restrictions that universities have regarding the use of CASMO, PSU mapped the core with 38
channels and nodalized the core axially in 24 nodes. The PSU cross sections are not directly
generated by CASMO but are instead determined as a response surface based on SIMULATE
calculations to capture the effects of depletion. The PSU cross sections were not depleted with
explicit modeling of each node, after the first calculations the cross sections were grouped by
depletion. The set included results generated for 435 compositions. For more advanced core
simulators, depletion is tracked in the 764x24 nodes to model the entire core. The PSU XS
case has been presented for "information only."

The PHOENIX4 cases presented are intended to demonstrate the efficacy of the Westinghouse
methodology using the upstream cross section generation and POLCA7 full core models. In the
analysis Westinghouse started with Cycle 1 and depleted both cycles, so the axial power profile
in the figure is based purely on Westinghouse calculational methods.

PHOENIX4/POLCA7 calculations were performed in a purely predictive fashion. Westinghouse
examined the code performance against Traversing In-core Probe (TIP) data. The TIP data
comparisons were considered as TIP measurements are performed when the reactor power is
held at a steady state for a considerable duration. Westinghouse did not use the TIP data to
improve the accuracy of the predicted power shapes presented in the TR.

Westinghouse will provide a discussion to this effect as a response to RAI 7-21 item (1).

For item (2) Westinghouse explained that the TR uses language directly the Electric Power
Research Institute (EPRI) report on the PB2 EOC2 TT tests. In response to the RAI item,
Westinghouse will define these terms.

For item (3) Westinghouse confirmed that m/sec is milliseconds. Westinghouse will provide a
response to this effect for RAI 7-21 item (3).

For item (4) Westinghouse will provide a response stating which results are presented based on
LPRM measurements.
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7.2.22 RAI 7-22

RAI Text

In order to assist the NRC staff in understanding the dynamic reactivity feedback modeling,
please provide figures that are substantially similar to Figures A.3-6 through A.3-9 except
please shift the curves, so that each transient response is plotted according to a time "zero" that
is defined as the time of the initial core exit pressure response.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. Westinghouse will provide the requested figure as a
response to RAI 7-22.

7.2.23 RAI 7-23

RAI Text

Section A.3 2.1 paragraph 2 states that POLCA-T simulations were performed for the third
turbine test (TT3) test. Please provide the results of this simulation.

Discussion Summary

Westinghouse will revise the statement in paragraph two of the Section A.3.2.1 to state that
transient simulations of the TT3 test were not performed. It is acceptable for Westinghouse to
provide the revised pages in response to RAI 7-23 prior to issuance of the final revision of the
TR. Westinghouse intends to provide results of the TT3 test simulation for the Appendix C
transient application.

7.2.24 RAI 7-24

RAI Text

Compute the nodal root-mean-squared (RMS) difference in core power between the POLCA-T
generated axial power shape using PHOENX4 cross section with spectral interaction to the P1
edit. Compare this RMS difference to previously established values for nodal power differences
quoted in CENPD-390-P-A (Reference 9).

Discussion Summary

In the discussion regarding RAI 7-21, Westinghouse explained that the [
] The P1 edit, therefore, is

expected to include some uncertainty associated with the calculational methods employed by
the core monitoring software. The intent of the NRC staff's RAI is to determine whether the
inclusion of the [ ] adversely affects the uncertainty determination
provided in CENPD-390-P-A (Reference 9). In response to RAI 7-24, Westinghouse will verify
that the established uncertainties were either (1) determined using the [

], or (2) remain applicable when the [ ]
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7.2.25 RAI 7-25

RAI Text

Please describe the methods that are used to evaluate the radiological consequences resulting
from fuel failure during CRDAs.

Discussion Summary

The intent of RAI 7-25 is to establish the method by which acceptable radiological
consequences are determined. The NRC staff does not intend to review previously approved
approaches for determining radiological consequences. The NRC staff understands that the
POLCA-T methodology for CRDA analysis calculates the number of damaged fuel rods.
Westinghouse will explain in the response to RAI 7-25 how the number of damaged fuel rods as
calculated by POLCA-T is used to make a determination regarding the acceptability of the
radiological consequences.

7.2.26 RAI 7-26

RAI Text

The fuel cladding damage criterion of 170 cal/gm in Section A.2.4 is applicable only to fuel rods
that are below system pressure, please revise the TR to specify an acceptance criterion of 150
cal/gm for fuel rods with internal rod pressures that exceed the system pressure. Please refer
to the Appendix B of SRP 4.2 (Reference 31). Provide a description of the aspects of the
POLCA-T method that will ensure that uncertainty in the calculated internal rod pressure is
conservatively accounted for when determining the number of damaged fuel rods.

Discussion Summary

Westinghouse will revise the TR to include cladding damage criteria that are consistent with the
most recent revision of the SRP 4.2. It is acceptable for Westinghouse to provide the revised
pages prior to issuance of the final TR revision. The NRC staff discussed the calculation of the
rod internal pressure and the comparison of the rod pressure to the system pressure. The NRC
staff requested that Westinghouse discuss the draft response with the NRC staff prior to
formally submitting a response to RAI 7-26. Particularly, the NRC staff and Westinghouse
discussed the uncertainties in the calculation of the rod pressure and the response will address
how the criterion for cladding damage is selected based on calculated pressure.

7.3 Request for Additional Information 8: Thermal Hydraulics (T/H)

7.3.1 RAI 8-1

RAI Text

Verify that the critical power correlations included in the POLCA-T dryout correlation library are
based on experimental data and not simulated results. Verify that the uncertainties in these
correlations are determined from experimental data. The NRC staff will not accept the use of
critical power correlations that are not based on experimental data collected from an appropriate
full scale test facility. If correlations that are not approved by the NRC exist in the dryout
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correlation library, what controls exist to ensure these correlations are not used in licensing
calculations? Please provide a table which contains (1) the dryout correlations in the library,
(2) the fuel design that the correlation is applicable to, (3) whether this correlation has been
reviewed and approved by the NRC, and (4) the source of the experimental data used to
determine the correlation.

Discussion Summary

The NRC staff's RAI 8-1 is related to the calculation of the CPR.-As the current application of
POLCA-T does not extend to transients or [ ] the NRC staff does not
require the requested information to complete its review of the application of POLCA-T to CRDA
or stability analyses. Westinghouse will provide a commitment to address RAI 8-1 in the
Appendix C transient submittal or the POLCA-T TR [ ]

7.3.2 RAI 8-2

RAI Text

The NRC staff requires additional information regarding the H1 and H6 heat transfer coefficient
correlations. The film temperature is determined using a different method. Please comment on
the different implementation of these models for POLCA-T relative to GOBLIN.

Discussion Summary

Westinghouse explained that the film temperature calculation in POLCA-T is based on the
[ ] whereas the GOLBIN calculated film temperature is based on the
[ ] The GOBLIN code constrained the vapor temperature at [

] and did not allow calculation of superheated vapor. The POLCA-T
model is more flexible in its [

] Therefore, the update is required to account for cases where the POLCA-T
predicted [ ] Westinghouse will provide a response to
this effect to resolve RAI 8-2.

7.3.3- RAI 8-3

RAI Text

Please provide a more detailed heat transfer regime map. In general, the flow regime changes
within each temperature range will dictate the heat transfer characteristics, please provide a
more detailed figure, or series of figures, that in each temperature range shows the applicable
heat transfer coefficient correlation as a function of the Reynolds number as well as void
fraction. Specify the applicable range for each correlation and mark where interpolation is
performed between different Reynolds numbers.

Discussion Summary

Westinghouse and the NRC staff discussed the heat transfer regime map currently provided in
the TR Figure 11.1-1. The NRC staff requires more detail to understand the execution of the
POLCA-T methodology. Particularly, certain areas of the current map state that several heat
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transfer correlations are used. [
] but the

map does not describe how these correlations are selected or if they are ever interpolated.
Westinghouse will provide a more detailed description of the heat transfer correlation use in
POLCA-T as a response to RAI 8-3.

7.3.4 RAI 8-4

RAI Text

The NRC staff does not find that the current countercurrent flow limitation correlation adequately
bounds the available data to justify use of the correlation for SVEA-96 Optima2 fuel designs.
Please refer to WCAP-16078-P-A (Reference 39). The hydraulic diameter definition in
POLCA-T is consistent with earlier versions of GOBLIN, but is not consistent with the
conservative approach proposed in the most recent application. Please revise this model to be
consistent with the NRC staff's most recently approved model.

Discussion Summary

Westinghouse agrees that the [

] Westinghouse will revise the TR to include the hydraulic diameter model
approved in WCAP-16078-P-A (Reference 39). It is acceptable for Westinghouse to provide the
revised pages prior to issuance of the final revision.

7.3.5 RAI 8-5

RAI Text

Please compare the DF01 and DF02 void quality correlations to the AA78 void quality
correlation, please compare the extent of the database in terms of void fraction, pressure, and
mass flux used in the development of each correlation. Please refer to WCAP-1 6606-P-A
(Reference 40). Using the same SVEA-96 test data quantify the uncertainty in the DF01 and
DF02 void quality correlations and provide tables substantially similar to Table 3-3. Please also
comment on the expected range of pressures that these correlations are applicable to. Justify
the future application of the DF01 and DF02 void quality correlations to void fractions above 90
percent and to pressures above 9MPa.

Discussion Summary

The NRC staff and Westinghouse discussed the intent of RAI 8-5. The NRC staff is concerned
that extrapolation of the DF01 and DF02 correlations to higher void fractions and pressure may
result in an increased error in the predicted void fraction relative to the established uncertainty
values. In its review of WCAP-16606-P-A (Reference 40), the NRC staff approved a method for
evaluating the extension of the AA78 void quality correlation in BISON. Westinghouse will
provide a response to RAI 8-5 adopting the same approach to likewise justify the extension of
the DF01 and DF02 void quality correlations.
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7.3.6 RAI 8-6

RAI Text

Please provide additional details regarding the formulation of the momentum conservation
equation.

(a) Describe the momentum conservation equation, as formulated, when calculating
pressure losses along a flow direction that is not vertical.

(b) Describe the models in POLCA-T that calculate the pressure drop across a volume cell
representing an elbow in a pipe.

(c) Describe the models in POLCA-T that calculate pressure drops and flow fractions for
volume cells that are attached to more than two neighboring cells, specifically explain
these models in terms of linked volume cells where flow exiting the volume cell may be
either vertical through one exit path or horizontal through another exit path (i.e. a tee).

(d) Describe the application of the momentum equation for mixing volumes, such as a lower
plenum with potentially many connecting parallel volume cells.

(e) Please describe how the single fluid formulation of the momentum equation captures the
virtual mass effect.

(f) Please rewrite the momentum equation in terms of the two phases, explain how the
equation is solved based on volume cell state parameters (such as void fraction,
pressure, and phase velocities). It is not clear to the NRC staff how the single fluid
properties are determined.

(g) Please describe how interfacial shear is treated.
(h) Please describe how the momentum equation is solved when counter current flow is

predicted.
(i) Under countercurrent flow conditions the NRC staff does not understand how the one

fluid momentum equation allows for accurate convection of momentum and energy
between fluid volumes, please provide additional details regarding the momentum and
energy associated with each phase and how it is convected.

() Please explain how the wetted perimeter fractions are determined.
(k) Please explain the basis, qualification, and coefficient values for the velocity distribution

correction factor based on void fraction.
(I) Please provide validation of the single fluid momentum formulation for cases where a

large sudden pressure drop results in void formation downstream of the local loss.

Discussion Summary

The NRC staff had several detailed discussions regarding the momentum equation in POLCA-T
with Westinghouse. These are summarized in Section 5.3. Westinghouse will provide
responses to items (a) through (I).

7.3.7 RAI 8-7

RAI Text

The NRC staff has several questions regarding the momentum equation (see RAI 8-6). To
assist the NRC staff in understanding the momentum equation and solution technique please
provide a sensitivity analysis that will help the NRC staff to determine whether the model
potentially results in momentum errors. This analysis should take a complex model, as included
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in the qualification studies in the Appendices. Please initialize this model such that there are no
energy sources (set core power to zero, set all boundary conditions to no flow boundary
conditions, and remove all pump work), additionally please set the initial fluid conditions to
purely liquid at uniform pressure with a relatively high degree of subcooling with zero initial
velocity. Under these conditions there should not be a driving force for fluid flow. Please run a
transient calculation. Verify that there are no residual momentum sources by checking the
mass flow rate. If there is a feature in POLCA-T that would allow a similar calculation to
address the NRC staffs concern, it is acceptable to provide the results of this alternative
analysis.

Discussion Summary

Westinghouse stated that several calculational cases were compared to analytical results during
POLCA-T testing. Westinghouse stated that several of these cases may be provided in the
response to RAI 8-7 as verification that residual momentum sources do not appear in the
POLCA-T models. The NRC staff specifically requested that a complex model be evaluated -
such as a full plant model. Westinghouse agreed that the calculation requested in RAI 8-7
would serve to demonstrate that the momentum equation did not produce residual momentum
sources. Westinghouse will evaluate potential means for addressing the NRC staff concern and
supply a response to RAI 8-7.

7.3.8 RAI 8-8

RAI Text

The NRC staff has several questions regarding the use of the component models that were
previously reviewed and approved as part of the BISON methodology.

With use of the PARA steamline model, the user has the flexibility of modeling valves and
control system functions through the use of user supplied tables and control systems. Modeling
of these systems greatly affects the amount of conservatism in the transient outcome for certain
event analysis. Provide justification for these user controlled items to assure conservatism in
licensing applications.

In regards to the recirculation pump model, provide verification that all previously imposed
conditions, limitations, and restrictions are maintained for its use in POLCA-T.

In regards to the steam separator, please compare the POLCA-T model to the BISON model
with increased L/A or previously referenced qualification data, such as [

]

Discussion Summary

Westinghouse will provide additional details regarding the use of historical models in response
to RAI 8-8. Westinghouse will also provide the results of full scale testing performed on steam
separators to qualify the POLCA-T model.
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7.4 Request for Additional Information 9: Power

7.4.1 RAI 9-1

RAI Text

Please provide additional descriptive details of the power generation model. Following a reactor
SCRAM the power generation includes sources from transient fission power (during the rod
insertion and from delayed neutrons), fission product decay, actinide decay, decay of structural
activation products, heat transfer from vessel internals, and exothermic energy release from
metal-water reactions. Please discuss the models and capabilities of POLCA-T in regards to
each of these heat sources.

Discussion Summary

Westinghouse provided documentation of the implementation of the [
] in POLCA-T (see Section 5.4). Westinghouse will provide a response to RAI 9-1,

describing the heat capacity models for structural components. The NRC staff will defer to the
review of the metal water reaction calculations to the Appendix D ATWS review.

7.5 Request for Additional Information 10: Control Systems

7.5.1 RAI 10-1

RAI Text

Please provide additional details regarding the modeling of control systems. In particular please
describe how POLCA-T models control systems with proportional integral derivative controllers.

Discussion Summary

Westinghouse will provide additional descriptive details in response to RAI 10-1. The details will
also describe how mathematical manipulations are performed on signals in the control system
model.

7.5.2 RAI 10-2

RAI Text

For most BWR designs, the feedwater control system has an option for three element control,
how are similar control systems (with more than one input signal) modeled in POLCA-T?

Discussion Summary

Westinghouse will provide a discussion of the control system model equations in response to
RAI 10-2 and will in particular describe the means for modeling three element control systems
for feedwater control.
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7.6 Request for Additional Information 11: Fuel Rod Model

7.6.1 RAI 11-1

RAI Text

Section 14. (First paragraph)

The introductory paragraph states: "This simulation only uses the thermal hydraulic environment
for the average rod to calculate maximum temperatures when an internal peaking factor is set
for this hot rod."

Please clarify use of average environment for maximum temperature. Is it not possible for the
local "hottest rod" environment to be hotter than the average environment?

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.6.2 RAI 11-2

RAI Text

Section 14.1.1

1. Please verify if surface temperature of the cladding (Tc) refers only to the surface in
contact with the fuel (i.e. the inner surface of the cladding), or if the temperature is
modeled as a constant across the cladding thickness.

2. Equation 14.2 is incorrect.

(a) Please demonstrate that this is, or is not, a typographical error.

(b) Provide documentation that the error does not exist anywhere in the source
code.

Please present calculations and corresponding test data for comparison

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response.

Westinghouse performed a preliminary investigation of this issue during the audit. They
determined that there is a typographical error in equation 14.2 in the TR. Therefore, if this
information is provided as the response to this RAI, the remedy will require a submission or a
revised TR to correct the error. It is the NRC staffs understanding that the information supplied
to respond to this RAI will be adequate if it is accompanied by submission of a TR revision to
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correct any typographical errors in equation 14.2. It is acceptable for Westinghouse to respond
to this RAI by providing revised pages of the TR prior to final issuance of the revision with the
NRC staff's SE attached.

7.6.3 RAI 11-3

RAI Text

Section 14.1.3 and 14.2 states POLCA-T can be applied to either U0 2 or (U,Gd) 02.

1. For (U,Gd)0 2, please present relevant fuel cracking data inputs to the code to
demonstrate that POLCA-T predicts correct results for this fuel.

2. If the code is intended for MOX or any other fuel, please present similar
information.

3. Please justify why pellet cracking is important to section 14.1.3, yet in section
14.2," Pellet cracking is not considered explicitly."

4. Please explain how the effect of pellet cracking is taken into account. Be specific
for each fuel, U0 2 and (U,Gd)0 2 .

5. Please enumerate code limitations due to the non-consideration of fuel
restructuring.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

There was some clarification provided by the NRC staff that question 11-3• (5) is similar to the
preceding question 11-3 (4) and the responses may be similar in content.

7.6.4 RAI 11-4

RAI Text

Section 14.2.3

1. Will the POLCA-T code be applied to UGd>12%0 2 ?
2. If so, please present the justification including the correct use of the coefficient of

thermal expansion at transient temperatures.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staff's understanding that the
information supplied to respond to this RAI will be adequate.
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7.6.5 RAI 11-5

RAI Text

Section 14.2.4

1. Please identify where the degree of pellet cracking is applied in the calculation of
fission gas release from the pellet.

2. If it is not considered, please justify the reasoning.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.6.6 RAI 11-6

RAI Text

Section 14.3

1. The material is stated to be zircalloy. Please identify all specific alloys to which
POLCA-T will be applied.

2. If Zirlo, Optimized Zirlo, or any alloys other than Zircaloy-2 and Zircaloy-4:
(a) Please explain hydrogen pick-up in cladding as modeled in POLCA-T.
(b) Present test data to verify code predictions.
(c) Please show test data to explain any hydrogen pick-up data differences

between Westinghouse results and similar tests performed at Argonne
National Laboratory.

3. Please explain why thermal expansion is anisotropic, while elasticity, plasticity,
creep and growth are all isotropic.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.6.7 RAI 11-7

RAI Text

Section 14.3.1

1. An equation (14.60) is given for the "alpha phase." Please identify if the alpha
phase is for zirconium, zircalloy-4 or something else.

2. Are there no other phases or metastable phases present in any materials to
which POLCA-T will be applied?
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3. If other phases are present, then please explain why this single equation is
sufficient to properly calculate thermal expansion.

4. Equation 14.60 is stated to be valid from room temperature to 1073K. Please
verify that POLCA-T will not be used to predict phenomenon above 1073K. If it is
used higher temperatures, please justify its use.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staff's understanding that the
information supplied to respond to this RAI will be adequate.

7.6.8 RAI 11-8

RAI Text

Section 14.3.2

1. Please explain the cold work parameter, C3.

2. C3 appears to be a constant value, not a variable. Please explain if it is constant

3.
4.
5.
6.

or variable, and justify its use as such especially in reference to time-temperature
annealing of cold work.
Please state why cold work has a default value of zero.
After equation (14.68), to what does the term "(3.23)" refer? Please explain.
Again, please explicitly identify "zircaloy" in these, equations.
Please provide test data to compare with calculations.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.6.9 RAI 11-9

RAI Text

Section 14.3.3: Poisson's ratio for isotropic materials is employed for cladding.

1. If this equation is employed in the code, demonstrate (provide metallographic
and/or directional mechanical properties test data) that POLCA-T modeled
claddings are isotropic (i.e. any forming processes such as rolling, extrusion,
pilgering, or others do not introduce any anisotropic properties, such as, in
particular, texture).

2. Please compare code calculations to experimental data.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staff's understanding that the
information supplied to respond to this RAI will be adequate.
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7.6.10 RAI 11-10

RAI Text

Section 14.3.4:

Please justify the three dimensional validity of equation (14.70), especially in regard to
the statement that thermal expansion is anisotropic, while all other properties are not.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response.

In light of the physical properties issues raised in RAI 11-6 (3), the NRC staff has determined

] It is the NRC
staffs understanding that the information supplied to respond to this RAI will be adequate.

7.6.11 RAI 11-11

RA! Text

Section 14.3.5:

1. The subscript, T., is not clearly defined. Please explain what it represents.

2. Since POLCA-T is a 3-D code, please explain why cladding elastic deformation is
modeled in only two dimensions.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response.

Westinghouse provided a satisfactory, verbal explanation of this question, and it is the NRC
staff's understanding that the information supplied to respond to this RAI will be adequate.

7.6.12 RAI 11-12

PAl Text

Section 14.4:

1. Cladding reaction with coolant is alloy-specific. Please appropriately identify any
and all alloys.

2. For each alloy identified in (1) immediately above, please verify the validity of this
section's equations versus experimental data.

3. Please justify why the Baker-Just model is adequate for POLCA-T.
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4. Is the Cathcart-Pawel model not applicable or necessary?
5. The first sentence of this section refers to Baker-Just; the second to last

sentence of this section refers to Cathcart-Pawel for values of constants. Please
clarify.

6. Please explain why cladding thermal properties do not change as oxide layers
develop.

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staffs understanding that the
information supplied to respond to this RAI will be adequate.

7.6.13 RAI 11-13

RAI Text

Section 14.5:

1. Please explain the values for "a" and "b" in equation 14-84, which are taken from
Reference 14.8. Why are they appropriate?

2. Please explain the data fit in the alpha region.
3. Justify the linear interpolation in "a" and "b" when used in the lower and upper

halves of the d+P3 region.
4. For the sentence, "The burst stress for the double layer has been determined

from a data point in Reference 14.4 that implicitly gives the value 113 MPa at
1170 'C and assuming the same decay constant "b" as for 3-phase zircaloy."
(a) Please identify the data point.
(b) Explain if the data point is justifiably used because it is one point in a well

obtained data set.
(c) Since this is a double layer, why is only the P3-phase constant value for "b"

assumed?
(d) Does not the constant "b" vary between alloys?
(e) To which alloys is this application of the constant "b" being made?

Discussion Summary

Westinghouse had discussions with the NRC staff to ensure that there were no unclear issues
with this question, or proposed response. It is the NRC staff's understanding that the
information supplied to respond to this RAI will be adequate.
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8 FINDINGS

The NRC staff has documented several findings in this audit results summary report. This
section provides a summary of those findings. The NRC staff s findings are organized
according to: (1) deferred review items, (2) TR revisions, (3) open items and request for
additional information, and (4) quality assurance.

8.1 Deferred Reviews

Deferred review refers to information that the NRC staff has requested that was found to be
irrelevant to the scope of the current review. In many cases the NRC staff requested
information regarding items involving the determination of the CPR. During the audit,
Westinghouse clarified that the scope of the current TR application of POLCA-T for stability
does not extend to [ ] and therefore, the calculation of the CPR is peripheral to
the current application.

Therefore, the NRC staff defers the review of responses to RAls regarding critical power to
review of either the Appendix C transient application or to review of the application of POLCA-T
to [ ] The NRC staff review and approval of the TR will not
constitute NRC staff acceptance of the responses provided to the RAls listed in this section.

8.1.1 RAI 2-3

RAI 2-3 is in regards to the CPR correlations. The basis for the NRC staff deferral of review is
documented in Section 6.2.

8.1.2 RAI 3-2

RAI 3-2 is in regards to the APRM and OPRM response under bypass void conditions. The
basis for the NRC staff deferral of review is documented in Section 6.3.

8.1.3 RAI 5-4 and RAI 5-5

RAI 5-4 and RAI 5-5 are in regards to burnup and power distribution sensitivities of the minimum
critical power ratio. The basis for the NRC staff deferral of review is documented in
Section 6.11.

8.1.4 RAI 8-1

RAI 8-1 is in regards to the dryout correlation library in POLCA-T. The response to RAI 8-1 is
not required for the staff to complete its detailed technical review considering the scope of
application of POLCA-T for stability analysis. Westinghouse will address the NRC staffs RAI in
the application to transients in Appendix C or to the application of POLCA-T for [

] The basis for the NRC staff deferral of review is documented in Section 7.3.1.
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8.1.5 RAI 9-1

RAI 9-1 is in regards to the models for predicting the transient power. Several sources of heat
are present during transient evaluations. In the scope of the current review for CRDA analyses
and for stability evaluation, significant fuel heat up resulting in exothermic metal water reactions
does not occur. Therefore, the NRC staff does not require the specific model details for the
metal water reaction to complete its detailed technical review of POLCA-T application for CRDA
analyses or stability evaluations. The NRC staff does require, however, that all other heat
sources be addressed in response to RAI 9-1. Therefore, the NRC staff partially defers review
of the metal water reaction portion of RAI 9-1 to the review of POLCA-T for ATWS in
Appendix D. The basis for the NRC staff deferral of review is documented in Section 7.4.1.

8.2 TR Revisions

The NRC staff identified several errors in the TR documentation during the course of its audit.
In some cases, the errors were in the representation of mathematical descriptions of the
physical models. In other cases, the numerical results of the calculations performed in the
qualification of the POLCA-T code were found to be in error. These items must be revised for
the TR to be consistent with the methodology and qualification under review by the NRC staff.

In all cases, the revisions to the TR may be provided as RAI responses indicating the revision
on selected pages of the TR. The final revision may be issued with the NRC staffs SE
attached.

8.2.1 Stability Applicability

[

Section 3.2.1 provides the basis for the TR revision.

8.2.2 Control Rod Drop Fuel Enthalpy Calculation

] Section 3.2.2 provides the basis for the TR revision.

8.2.3 Decay Ratio Acceptance Criterion

Westinghouse will provide a supplemental response to RAI 6-16 specifying an acceptance
criterion for the DR that is at least [ ] less than unity. The final revision
of the TR will revise the DR acceptance criterion to reflect a margin of at least [

] Section 66.14 provides the basis for the TR revision.

8.2.4 Peach Bottom Turbine Trip Test 3

The TR contains a misleading statement regarding the Peach Bottom qualification in
Appendix A. The statement will be revised in the updated TR. Section 7.2.23 provides the
basis for the TR revision.
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8.2.5 Fuel Damage Criteria

The fuel damage criteria in the TR Appendix A are not consistent with the criteria specified in
SRP 4.2. The TR revision will specify consistent criteria. Section 7.2.26 provides the basis for
the TR revision.

8.2.6 Hydraulic Diameter Calculation

During its review the NRC staff identified an [
] Section 7.3.4 provides the basis for the TR revision.

8.2.7 Radiation Heat Transfer

During its review the NRC staff identified an error in Equation 14.2 describing radiation heat
transfer. Correction of this error will require revision to the TR. Section 7.6.2 provides the basis
for the TR revision.

8.3 Open Items and RAIs

The NRC staff has marked the open items identified during the course of its audit in the body of
this report. This section provides a summary of those open items. The NRC staff has identified
a total of nine open items. The NRC staff has issued RAI 4-11 requesting that Westinghouse
address these open items. The open items are presented in this section in the order they are
documented in this report. The open items were assigned numbers based on the order they
were discussed at the audit exit meeting held on March 20, 2008.

8.3.1 Stability Applicability (Open Item 7 listed in Section 1)

Open Item from Section 3.2.1: Westinghouse will revise Appendix B of the TR to [

] The update to the TR will also address the precise time domain stability
methodology in greater detail due to the sensitivity of the analyses to particular modeling
options and inputs. It is acceptable for Westinghouse to respond to this open item by providing
-revised pages of the TR prior to final issuance of the revision with the NRC staff's SE attached.

8.3.2 POLCA7 Code Changes (Open Item 9 listed in Section 1)

Open Item from Section 3.2.1: Westinghouse will provide an assessment of the impact of the
POLCA7 code changes on the results of analyses performed using the approved BISON and
RAMONA codes to ensure that these codes are not adversely affected.

8.3.3 Control Rod Drop Fuel Enthalpy (Open Item 6 listed in Section 1)

Open Item from Section 3.2.2: Westinghouse will revise the TR documentation. Westinghouse
will provide a description of the [

] It is acceptable for Westinghouse to
respond to this open item by providing revised pages of the TR prior to final issuance of the
revision with the NRC staff's SE attached.
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8.3.4 POLCA-T Oxide Layer Thickness (Open Item 8 listed in Section 1)

Open Item from Section 5.2: Westinghouse will provide the NRC staff additional information
detailing how the initial oxide layer thickness is determined. Westinghouse will also provide the
NRC staff with the details of the method for inputting the oxide layer thickness into the POLCA-T
input.

8.3.5 RAI 3-5 (Open Item 1 listed in Section 1)

Open Item from Section 6.4: Westinghouse will provide comparisons of the [
with POLCA-T calculations to qualify the heat transfer correlations as a supplemental response
to RAI 3-5.

8.3.6 RAI 4-8, RAI 6-3, and RAI 6-20 (Open Item 2 listed in Section 1)

Open Item from Section 6.8: In the response to RAI 4-8, Westinghouse has provided general
information regarding the time step control algorithm in POLCA-T. However, the NRC staff
requires information regarding the controls that will be in place for POLCA-T stability
calculations.

In response to RAI 6-26, Westinghouse will provide an integrated response to address not only
the axial nodalization controls, but also those controls that are required in addition to
nodalization controls, that ensure accurate density wave oscillation modeling without numerical
damping. The integrated response will address concerns expressed in RAI 4-8, RAI 6-3,
RAI 6-20, and RAI 6-26 which each deal with separate elements of the overall numerical
solution technique as applied for time domain stability analyses.

8.3.7 RAI 5-1 (Open Item 3 listed in Section 1)

Open Item from Section 6.9: Westinghouse will supplement the response to RAI 5-1 with
additional qualification information. This qualification information will contain additional details
of integral test qualifications. The qualification analyses and discussion will be sufficient in
scope and detail to indirectly provide qualification of the separate effect of transient void
prediction using the void-q-qoality correlation.

8.3.8 RAI 6-5 (Open Item 4 listed in Section 1)

Open Item from Section 6.13: Westinghouse will supplement the response to RAI 6-5 with
additional details describing the means by which the [ is
determined.

8.3.9 RAI 6-16 (Open Item 5 listed in Section 1)

Open Item from Section 6.14: Westinghouse will provide a supplemental response to RAI 6-16
specifying an acceptance criterion for the DR that is at least [ ] less
than unity. The final revision of the TR will revise the DR acceptance criterion to reflect a
margin of at least [ I



-73- WCAP-16747-NP-A

RAI 4-11

The staff has issued RAI 4-11. The RAI text is provided for completeness below.

RAI Text

Please address all open items listed in the summary of the POLCA-T audit conducted by NRC
between March 17, 2008 and March 20, 2008.

8.4 Review Results of the Quality Assurance Proqram

[

The NRC staff conducted a detailed review of these procedures and found that the procedures
meet the 10 CFR 50 Appendix B requirements for quality assurance, including meeting the
minimum requirements for design control, document control, software configuration control and
testing, and corrective actions.
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AUDIT SUMMARY

WCAP-16747-P"POLCA-T: SYSTEM ANALYSIS CODE WITH

THREE-DIMENSIONAL CORE MODEl'

WESTINGHOUSE ELECTRIC COMPANY

The Nuclear Performance and Code Review Branch (SNPB) has conducted an audit related to
the review of the Westinghouse Electric Company (Westinghouse) POLCA-T methodology
described in licensing topical report WCAP-1 6747P "POLCA-T System Analysis Code With
Three Dimensional Code Model" This audit was conducted at the Westinghouse Energy Center
in Monroeville, PA between March 17, 2008 and March 20, 2008.

Scope and Purpose

Review of the POLCA-T systems analysis code is being conducted in accordance with Standard
Review Plan (SRP) Section 15.0.2"Review of Transient and Accident Analysis Methodd' (SRP
15.0.2). The SRP directs the NRC staff to review the complete code documentation including,
but not limited to: (a) the evaluation model, (b) the accident scenario identification process, (c)
the code assessment, (d) the uncertainty analysis, (e) a theory manual, (f) a user manual, and
(g) the quality assurance program.

SRP 15.0.2 Section 111.3.d:

The reviewers should ensure that all code closure relationships based in part on
experimental data or more detailed calculations have been assessed over the full range
of conditions encountered in the accident scenario.

SRP 15.0.2 Section 111.3.f:

The reviewers should confirm that the evaluation model is maintained under a quality
assurance program that meets the requirements of Appendix B to 10 CFR 50. As a
minimum, the program must address design control, document control, software
configuration control and testing, and corrective actions. The reviewers should confirm
that the quality assurance program documentation includes procedures that address all
of these areas. The reviewers may conduct an audit of the implementation of the code
developers quality assurance program.

Audit Agenda

The audit included:

Review of the code documentation
Review of the quality assurance program documentation and procedures
Review of the code change procedures and requirements
Review of the code assessment database and analyses
Review of the analysis method as coded
Discussion of neutronic and thermal hydraulic code assessment
Discussion of fuel performance and fuel models
Discussion of the NRC staff Requests for Additional Information (RAIs)

ENCLOSURE 3
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Audit Participants

The participation in the audit is summarized in the following table. The attendance of each
participant at the Opening meeting on March 17, 2008, or the Exit meeting on March 20, 2008,
has been indicated.

Table: Audit Participants
Name Affiliation Opening Exit
Anthony Mendiola NRC x
Charles Harris NRC x x
Jon Thompson NRC x
Peter Yarsky NRC x x
George Roberts USBWR x
Anne Leidich Westinghouse x
Arnaldo Mingo Westinghouse x x
Camilla Rotander Westinghouse x
Dobromir Panayotov Westinghouse x x
Ken Beatty Westinghouse
Michael Riggs Westinghouse x x
Paul Schueren Westinghouse
Robert Sisk Westinghouse x x
Thomas Rodack Westinghouse x x
Ulf Bredolt Westinghouse
William Harris Westinghouse x x
William Slagle Westinghouse x

Summary of Outcome

The NRC staff reviewed the information provided during the audit against applicable criteria
specified in the SRP Section 15.0.2. The NRC staff identified nine open items during the course
of the audit. These open items were communicated at the exit meeting with Westinghouse
representatives and NRC staff via teleconference. To complete its review the NRC staff intends
to issue an RAI requesting that each of these open items is resolved. The NRC staff review of
the subject topical report is ongoing.

The NRC staff and Westinghouse representatives have agreed to take the following actions:

1. The NRC staff review of RAIs 2-3 and 3-2 will be deferred to the review of either the
transient application of POLCA-T or application of POLCA-T to [

I

2. The NRC staff review of the subject matter of RAIs 5-4 and 5-5 will be deferred to review
of the transient application of POLCA-T or application of POLCA-T to [

] Westinghouse has provided a commitment to provide responses to
these RAls at that time.

3. Prior to submitting the response to RAI 7-26, the NRC staff and Westinghouse will have
a teleconference.
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The nine identified open items are as follows:

1. Open item regarding RAI 3-5. Westinghouse will provide qualification data for the heat
transfer correlations as a supplemental response.

2. Open item regarding RAI 4-8. Westinghouse will provide an integrated response
regarding time step, node size, and time integration technique requirements for stability
analysis in their response to RAI 6-26.

3. Open item regarding RAI 5-1. Westinghouse will provide qualification data for the
transient application of the void-quality correlation as a supplemental response.

4. Open item regarding RAI 6-5. Westinghouse will provide a supplemental response
clarifying the determination of the measurement uncertainty.

5. Open item regarding RAI 6-16. Westinghouse will provide a supplemental response
specifying an acceptance criterion that includes a margin of [

6. Open item regarding calculation of the fuel enthalpy for control rod drop accident
analysis. Westinghouse will provide an update to the topical report with corrected
numerical results.

7. Open item regarding stability analysis. Westinghouse will provide an update to the
topical report with corrected numerical results, and address the methodology.

8. Open item regarding clad oxide thickness. Westinghouse will provide additional
information regarding the means by which the oxide thickness is determined and input to
POLCA-T.

9. Open Item regarding the evaluation of [ 3 on transient
analyses performed with RAMONA or BISON. Westinghouse will provide the
documentation of this evaluation. This is a generic item but does not affect POLCA-T.

RAI 4-11

Please address all open items listed in the summary of the POLCA-T audit conducted between
March 17, 2008 and March 20, 2008.


