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R REG& UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
0

August 9, 2012

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
1000 Westinghouse Drive
Cranberry Township, PA 16066

SUBJECT: FINAL SAFETY EVALUATION FOR WESTINGHOUSE ELECTRIC
COMPANY (WESTINGHOUSE) TOPICAL REPORT WCAP-12472-P/
WCAP-12472-NP, ADDENDUM 4, "BEACONTM CORE MONITORING AND
OPERATION SUPPORT SYSTEM, ADDENDUM 4" (TAC NO. ME5240)

Dear Mr. Gresharn:

By letter dated December 10, 2010 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML1 035100670), Westinghouse submitted for U.S. Nuclear Regulatory
Commission (NRC) staff review Topical Report (TR) WCAP-12472-PIWCAP-12472-NP,
Addendum 4, "BEACONTM Core Monitoring and Operation Support System."

By letter dated February 13, 2012 (ADAMS Accession No. ML1201901561), an NRC draft safety
evaluation (SE) regarding our approval of TR WCAP-12472-P/WCAP-12472-NP, Addendum 4,
was provided for your review and comments. By letter dated March 26, 2012, Westinghouse
commented on the draft SE. The NRC staffs disposition of Westinghouse's comments on the
draft SE are discussed in the attachment to the final SE enclosed with this letter. In addition, the
NRC staff has made minor editorial changes.

The NRC staff has found that TR WCAP-12472-P/WCAP-12472-NP, Addendum 4, is
acceptable for referencing in licensing applications for use of the updated BEACONTM system
developed by Westinghouse to improve operational support for pressurized-water reactors
subject to the criteria specified in the SE.

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.

NOTICE: Enclosures 2 and 4 transmitted herewith contains proprietary
information. When separated from Enclosures 2 and 4, this document is
decontrolled.
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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 (RAIs) and your responses. The accepted versions shall
include an "-A" (designating accepted) following the TR identification symbol.

As an alternative to including the RAIs 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 RAIs 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,

Sher Bahadur, 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)

cc with encls.1 and 3 only: See next page
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FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT WCAP-12472-P/WCAP-12472-NP, ADDENDUM 4, REVISION 0,

"BEACONTM CORE MONITORING AND OPERATION SUPPORT SYSTEM, ADDENDUM 4"

WESTINGHOUSE ELECTRIC COMPANY

PROJECT NO. 700

1.0 INTRODUCTION

By application dated December 10, 2010 (Reference 1), Westinghouse Electric Company
(Westinghouse) submitted Topical Report (TR) WCAP-12472-P/WCAP-12472-NP,
Addendum 4, Revision 0, "BEACONTM Core Monitoring and Operation Support System,
Addendum 4," for U.S. Nuclear Regulatory Commission (NRC) review and approval.
WCAP-12472-PANCAP-12472-NP, Addendum 4 provides information on an improved analysis
for evaluating thermocouple behavior and uncertainties for the BEACON core monitoring
system.

The BEACON system was developed by Westinghouse to improve operational support for
pressurized water reactors (PWRs) (Reference 2). It is a core monitoring and support package
that uses Westinghouse standard instrumentation in conjunction with an analytical methodology
for online generation of three-dimensional power distributions. The system provides core
monitoring, core measurement reduction, core analysis, and core predictions.

The updated thermocouple uncertainty evaluation method presented in the submitted TR
is based on the licensed methodology in the BEACON TR, but uses the current plant/cycle data
in the evaluation process to generate cycle specific uncertainty constants. There are no new
methods being developed for the BEACON system; this update is a change in the application of
the approved method. Westinghouse stated in the submittal, that this thermocouple uncertainty
methodology is only applied to plants with movable in-core detectors. These plants use
thermocouples to determine the measured power distribution as described in
WCAP-12472-P-A, "BEACON: Core Monitoring and Operations Support System" (Reference 2)
and the request for additional information (RAI) responses provided in Reference 3.

The purpose of the Addendum 4 to WCAP-12472-P/WCAP-12472-NP is to: a) Provide the
information needed to review and approve the updated thermocouple uncertainty analysis
process that will be applied in the BEACON on-line core monitoring system, b) Affirm the
continued use of the NRC approved Westinghouse design model methodology, currently
PHOENIX-P/ANC, PARAGON/ANC, and NEXUS/ANC, in the BEACON system, and c) Affirm

ENCLOSURE 2
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that uncertainties applied to power distribution monitoring using fixed in-core detectors are valid
using higher order polynomial fits of the detector variability and fraction of inoperable detectors
than provided in Reference 4. Westinghouse alluded to in the current submittal that this
methodology can be updated in the future without making a separate BEACON addendum. The
staff requested clarification through the RAI process. Westinghouse responded by stating that
the methodology change specified on page 1-1, last paragraph, refers to the neutronic methods
licensed through the Westinghouse design codes (e.g., NEXUS/ANC, etc) which are used in the
BEACON system. This is the methodology used to generate cross-sections and perform the
core model neutronics solution.

2.0 TECHNICAL EVALUATION

2.1 BEACON Monitoring Methodology

The BEACON core monitoring system was developed by Westinghouse to improve the
operational support for PWRs. It is a core monitoring and support package that uses
Westinghouse standard instrumentation in conjunction with an analytical methodology for
on-line generation of three dimensional power distributions. The system provides core
monitoring, core measurement reduction, core analysis, and core predictions.

The BEACON core monitoring power distribution methodology with movable in-core detectors
consists of three distinct steps.

2.1.1 Step 1: Calibration Factor Update by In-core Flux Map

The BEACON code uses in-core maps to determine calibration factors for the nodal code,
thermocouples, and the excore detectors. The calibration factors are defined as the ratio of
measured to predicted reaction rate in the in-core detector. Then the best estimate power
distribution is determined by multiplying the predicted power distribution by the model calibration
factors. These calibration factors are extended to the non-instrumented assemblies using a
surface spline fit method. The NRC staff requested additional information regarding the "best
estimate" value of the power distribution. Westinghouse responded by stating that what is
referred to as the best estimate is the predicted power distribution corrected by the model
calibration factors which are the ratio of the measured to predicted reaction rates generated
from the flux map. At the time of the flux map calibration the best estimate and the actual
"measured" power distribution are the same. During core operation after the flux map
calibration, if no additional measurement information is provided or used (e.g., excore,
thermocouple), then this would be the "best" expectation of the current measured power
distribution. The product of the predicted power distribution and the model calibration factors
from the flux map would result in a more accurate representation of the current core power
distribution than the predicted power distribution alone.

Next the thermocouple calibration factors (sometimes referred to as mixing factors) are
determined as the ratio of the estimated power to the relative enthalpy rise measured by the
assembly outlet temperature. Finally, the excore detector calibration factors are defined to
relate the axial offset and power level of the assemblies near the excore detectors to the excore.
detector readings. The best estimate core axial behavior is obtained from the calibrated nodal
code calculation.
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2.1.2 Step 2: Nodal Model Update

The 3D nodal model is updated frequently by following the core operation history. The model is
adjusted to reproduce the axial offset measured at this condition. The model calibration factors
determined in Step 1 are then applied to the calculated 3D power distribution. The radial power
distribution is further corrected by core exit thermocouple measurement. The corrections are
extended to non-instrumented assemblies, again using the surface spline fit. This correction is
necessary because the real reactor condition may or may not be the same as the input reactor
condition to the calculation model. This power distribution will serve as a reference for the
frequent power distribution updating in Step 3.

2.1.3 Step 3: Power Distribution Update by Thermocouple and Excore Detector

2.1.3.1 Current Method

The reference power distribution in Step 2 is adjusted to the current reactor condition as
measured by the core exit thermocouples for the radial power distribution adjustment and
excore detectors for the axial power distribution adjustment. The radial power distribution is
adjusted such as to reproduce the assembly-wise enthalpy rise measured by the thermocouple,
assuming the mixing factors retain their same values as under the Step 2 conditions. 'Again an
interpolation process is used to determine the adjustment for the non-instrumented assemblies.
The axial power distribution is adjusted by adding a sinusoidal harmonic term to preserve the
axial offset measured by the excore detectors.

The power distribution monitoring process is depicted in Figure 1 of the submitted TR. In the
BEACON system, the power distribution updating by thermocouples and excore detectors
(Step 3) is performed on a continuous basis without any interruption. Generation of a new
reference power distribution (Step 2) is performed as a parallel operation without hindering
Step 3 operation. As soon as generation of the power shape of Step 2 is completed, the
reference power distribution is replaced.

2.1.3.2 Thermocouple Uncertainty Methodology

As mentioned in the submittal, a key component in the BEACON TR is the methodology to
apply uncertainties to the BEACON measured powers. The measured power uncertainty
methodology for BEACON has been described in Section 5 of Reference 2, for plants using
movable in-core detectors. A component of the measurement uncertainty is the variability of the
thermocouple calibration factors (mixing factors). The components of the thermocouple mixing
factor uncertainty are described in Section 4.3 of Reference 2, and are summarized below.

Thermocouple calibration accounts for the power dependence of the mixing factor standard
deviation. It does so by accounting for two effects independently. These effectsare: (1) the
increased percentage of variability in the thermocouple measured power clue to the decreased
temperature difference at lower powers and (2) the changes in the cross flow patterns as the
power is reduced. This is generically expressed in the equation 4-1 of Section 4.3.1 of
Reference 2 and is reproduced in this submittal.

Westinghouse pointed out, and the NRC staff concurs that the uncertainty methodology
described in Section 4 of the WCAP-12472-P-A TR is based on the average thermocouple
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deviation at hot full power (HFP) which is based on past performance of the thermocouples.
This approach results in some limitations in determining accurate thermocouple uncertainties.
This is because hardware thermocouple connections are disrupted, that is disconnected and
reconnected resulting in a possible loose connection. Any of these possibilities can lead to a
change in the thermocouple response signal and statistical behavior, the overall behavior and
characteristics of the thermocouple set would remain applicable. But, this could lead to
individual thermocouples having changed behavior.

2.2 UPDATED METHOD

To address these issues stated in Section 2.1.3.2 above, Westinghouse updated the
thermocouple evaluation process by having the thermocouple assess temperature and power
data from the current cycle. The data is collected during the initial startup power ascension
following refueling. Any planned or unplanned changes to the characteristics of the
thermocouple behavior are in place and measured during the initial power ascension.

Both the analysis of the thermocouple mixing factors and the use of power dependent mixing
factor data were discussed in the NRC approved WCAP-12472-P-A TR. By collecting and
evaluating power dependent thermocouple mixing factor data from a long power ramp, such as
during startup, the two effects of the power dependence on the mixing factor standard deviation
are captured simultaneously in one function, eliminating the independent treatment. The core
average mixing factor standard deviation is the average value over all of the thermocouples at a
given core power.

Equation 2 in Reference 1 represents the plant/cycle-specific power dependent thermocouple
deviation, while equation 1 represents the plant-specific HFP average thermocouple deviation
with an independent, conservative power dependent cross flow deviation term added.

Both of the thermocouple standard deviation functions (equations 1 and 2) can provide the
same behavior trends, which demonstrate that the components of the thermocouple mixing
factor uncertainty described in Section 4.3 of WCAP-12472-P-A and generically expressed in
equation 4-1 in Reference 2 are also reproduced as equation 2 in the submitted TR.

The uncertainty on radial assembly power is discussed in Section 5.3.4 of WCAP-12472-P-A
and is calculated using equation 5-7 of WCAP- 12472-P-A which includes the power dependent
thermocouple deviation function defined in equation 1 as shown below.

In the updated thermocouple evaluation process, equation 2 is used in the equation 3 instead of
equation 1, and the radial assembly uncertainty function is a function of the average
thermocouple deviation which is a function [ ]

In this form the radial assembly uncertainty is a function of the plant/cycle-specific power
dependent thermocouple deviation. At full power conditions the average thermocouple
deviation will be equal to the average deviation for the thermocouples, if it were calculated from
multiple flux maps near HFP conditions at the start of the current cycle.

Hence, if assuming only full power conditions, equations 3 and 4 of the current submittal would
be equivalent. Al reduced power levels the trends of the thermocouple mixing factor standard
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deviations and the radial assembly uncertainties will be different [

2.3 APPLICATION OF THE UPDATED METHOD

The updated BEACON method of analyzing the thermocouple mixing factor data is unchanged
from the licensed method described in the approved WCAP-12472-P-A TR. What has changed
in the update is the use of current plant/cycle thermocouple data in the analysis to generate a
plant/cycle specific power dependent thermocouple deviation function that replaces the function
defined in equation 4-4 of WCAP-12472-P-A.

Westinghouse has provided a methodology for implementing an updated thermocouple
uncertainty analysis process in the submitted TR. [

Westinghouse also provided an example of the results of implementing the updated
methodology in Table 1 from Plant X. These results are from a Westinghouse 4 loop plant with
193 fuel assemblies and 57 thermocouples.

The average thermocouple mixing factor standard deviation at HFP conditions was determined
and indicated a very good thermocouple behavior at full power conditions. The fitting
coefficients determined for the thermocouple deviation function, equation 2, were also
determined.

Table 1 also provides a comparison of the thermocouple power dependent deviations and
uncertainties using the original method of WCAP-12472-P-A and the updated method discussed
above. Columns 2 and 3 of the table show the power dependent average thermocouple
deviation results using equation 1 (equation 4-4 of Reference 2 and results from the analysis
based on using equation 2 to determine the deviation for each thermocouple then averaging for
the core value. The radial assembly uncertainty results from using equation 3 and using the
updated equation 4 are also shown in the table in columns 5 and 6. The difference between the
original method and the updated method for the average standard deviation and assembly
uncertainty is shown in columns 4 and 7, respectively. [

A second example of results from an on-line analysis is shown in Table 2 for Plant Y, with
greater variability in the thermocouple behavior. These results are from a Westinghouse four
loop plant with 193 fuel assemblies with 65 thermocouples. The average thermocouple mixing
factor standard deviation at HFP conditions was determined to be [ ,] which is
larger than plant X, indicating greater variability in the thermocouple behavior at full power
conditions. The fitting coefficients determined for the thermocouple deviation function (equation
2) were determined to be satisfactory. Equation 2 in the submittal is a second order (degree)
polynomial. The NRC staff asked Westinghouse why a second degree polynomial was
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adequate. Westinghouse responded by stating that the [

] Second, evaluation of the mixing factor behavior in
Chapter 6 of WCAP-1 2472-P-A demonstrated that the quadratic function shown in equation 1 of
the Addendum 4 appropriately represents the physical behavior of the power dependent
thermocouple data. This quadratic function can nearly be exactly reproduced with the second
order polynomial. Going beyond a second order polynomial would introduce a significant risk
that in some cases the fit could bend to non-physical or non-conservative directions at lower
power levels. The resulting function would then not be representative or consistent with
equation 1. To avoid this risk the fit is limited to a second order polynomial.

Table 2 also provides the same comparison of the thermocouple power dependent deviations
and uncertainties using the original method of WCAP-12472-P-A and the updated method
discussed above. Columns 2 and 3 of the table show the power dependent average
thermocouple deviation results using equation 1 (equation 4-4 of WCAP-12472-P-A) and results
from the analysis based on using equation 2 to determine the deviation for each thermocouple
then averaging for the core value. The radial assembly uncertainty results from using equation
3 and using the updated equation 4 are also shown in the table in columns 5 and 6. The
difference between the original method and the updated method for the average standard
deviation and assembly uncertainty is shown in columns 4 and 7, respectively.

These results clearly show that the benefit from the updated analysis process is plant/cycle
specific and can be relatively small depending on the cycle specific thermocouple behavior.
The total peaking factor uncertainty values resulting from using either equation 3 or 4 of the
updated method does not impact the reload safety analysis because valid ranges of the on-line
surveillance uncertainties are considered in the plant specific safety analysis using approved
methodologies.

3.0 CONCLUSION

The NRC staff has reviewed the Westinghouse submittal TR WCAP-12472-P/WCAP-12472-NP,
Addendum 4, Revision 0, and found the updated thermocouple methodology, the use of
approved Westinghouse design model methodology, and the use of higher order polynomial fits
for FID uncertainties provided in the TR acceptable. The basis for acceptance is due to the
provided qualitative and quantitative technical material contained in the TR.

The NRC staff has concluded, based on the considerations discussed above, that:
(1) there is reasonable assurance that the health and safety of the public will not be endangered
by operation in the proposed manner, (2) such activities will be conducted in compliance with
the Commission's regulations, and (3) the issuance of the amendment will not be inimical to the
common defense and security or to the health and safety of the public.
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RESOLUTION OF WESTINGHOUSE ELECTRIC COMPANY

COMMENTS ON DRAFT SAFETY EVALUATION FOR

TOPICAL REPORT WCAP-1 2472-P/WCAP-1 2472-NP, ADDENDUM 4,

REVISION 0, "BEACONTM CORE MONITORING AND OPERATION

SUPPORT SYSTEM, ADDENDUM 4"

WESTINGHOUSE ELECTRIC COMPANY

PROJECT NO. 700

By letter dated March 13, 2012, Westinghouse Electric Company (Westinghouse) provided
eighteen comments on the draft safety evaluation (SE) for Topical Report (TR)
WCAP-12472-P/WCAP-12472-NP, Addendum 4, Revision 0, "BEACONTM Core Monitoring and
Operation Support System, Addendum 4." Some information in the draft SE for this TR was
identified as proprietary; therefore, the draft of this SE will not be made publicly available. The
following are the NRC staff's resolution of these comments:

Draft SE comments for TR WCAP-1 2472-P/WCAP-1 2472-NP, Addendum 4, Revision 0:

1. The first sentence of Section 1.0, paragraph 4, reads:

The purpose of the Addendum 4 to WCAP-1 2472-P/WCAP-
12472-NP is to: a) Provide the information needed to review and
approve the updated thermocouple uncertainty analysis process
that will be applied in the BEACON on-line core monitoring system
and b) Affirm the continued use of the NRC approved
Westinghouse design model methodology, currently PHOENIX-
P/ANC, PARAGON/ANC, and NEXUS/ANC, in the BEACON
system.

Westinghouse proposed the following change for the first sentence of Section 1.0,
paragraph 4:

The purpose of the Addendum 4 to WCAP-1 2472-PIWCAP-
12472-NP is to: a) Provide the information needed to review and
approve the updated thermocouple uncertainty analysis process
that will be applied in the BEACON on-line core monitoring
system, b) Affirm the continued use of the NRC approved
Westinghouse design model methodology, currently PHOENIX-
P/ANC, PARAGON/ANC, and NEXUS/ANC, in the BEACON

ENCLOSURE 4
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system, and c) Affirm that uncertainties applied to power
distribution monitoring using fixed in-core detectors are valid using
higher order polynomial fits of the detector variability and fraction
of inoperable detectors than provided in Reference 4.

NRC Resolution for Comment 1 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and finds it acceptable,
because the suggested revision clarifies the staff scope and context of the staff review.
The NRC.staff agrees that such a revision is consistent with the staff's review findings
and provides additional clarification.

The first sentence of Section 1.0, paragraph 4, is changed to read:

The purpose of the Addendum 4 to WCAP-1 2472-P/WCAP-
12472-NP is to: a) Provide the information needed to review and
approve the updated thermocouple uncertainty analysis process
that will be applied in the BEACON on-line core monitoring
system, b) Affirm the continued use of the NRC approved
Westinghouse design model methodology, currently PHOENIX-
P/ANC, PARAGON/ANC, and NEXUS/ANC, in the BEACON
system, and c) Affirm that uncertainties applied to power
distribution monitoring using fixed in-core detectors are valid using
higher order polynomial fits of the detector variability and fraction
of inoperable detectors than provided in Reference 4.

2. Westinghouse proposed the following change to the paragraph 6 of Section 2.2:

In the updated thermocouple evaluation process, equation 2 is
used in the equation 3 instead of equation 1, and the radial
assembly uncertainty function is a function of the average
thermocouple deviation which is a function [

]

NRC Resolution for Comment 2 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and finds the proposed
proprietary markings acceptable.

The paragraph 6 of Section 2.2 is changed to read:

In the updated thermocouple evaluation process, equation 2 is
used in the equation 3 instead of equation 1, and the radial
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assembly uncertainty function is a function of the average
thermocouple deviation which is a function [

]

3. Westinghouse proposed the following change to the second and third sentences of the
last paragraph of Section 2.2:

At reduced power levels the trends of the thermocouple mixing
factor standard deviations and the radial assembly uncertainties
will be different

NRC Resolution for Comment 3 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and finds the proposed
revision acceptable.

The second and third sentences., of the last paragraph of Section 2.2 are changed to
read:

I

At reduced power levels the trends of the thermocouple mixing
factor standard deviations and the radial assembly uncertainties
will be different

4. Westinghouse proposed the following change to paragraph 2, Section 2.3:

Westinghouse has provided a methodology for implementing an
updated thermocouple uncertainty analysis process in the
submitted TR.

NRC Resolution for Comment 4 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and found it acceptable,
because the suggested revision clarifies the staff scope and context of the staff review.
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The NRC staff agrees that such a revision is consistent with the staff's review findings
and provides additional clarification.

Paragraph 2, Section 2.3, is changed to read:

Westinghouse has provided a methodology for implementing an
updated thermocouple uncertainty analysis process in the
submitted TR.

5. Westinghouse indicated that there is Westinghouse technical inaccuracy in its original
submittal WCAP-1 2472-PAWCAP-1 2472-NP, Addendum 4, Revision 0. Westinghouse
asked NRC to change "197 fuel assemblies" to "193 fuel assemblies."

NRC Resolution for Comment 5 on Draft SE:

The NRC staff reviewed the Westinghouse request and finds it acceptable. "197 fuel
assemblies" are changed to "193 fuel assemblies" in the staff SE.

6. Westinghouse proposed the following change to the last sentence of paragraph 5,
Section 2.3:

NRC Resolution for Comment 6 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and finds it acceptable.

Last sentence of paragraph 5, Section 2.3, is changed to read:

I
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7. Westinghouse proposed the following proprietary markings for Sentence 3, paragraph 6,
Section 2.3:

The average thermocouple mixing factor standard deviation at
HFP conditions was determined to be [ ] which
is larger than plant X, indicating greater variability in the
thermocouple behavior at full power conditions.

NRC Resolution for Comment 7 on Draft SE:

The NRC staff reviewed the Westinghouse proposed proprietary markings and found it
acceptable.

Portion of the Sentence 3, paragraph 6, Section 2.3, is marked proprietary:

The average thermocouple mixing factor standard deviation at
HFP conditions was determined to be [ I which
is larger than plant X, indicating greater variability in the
thermocouple behavior at full power conditions.

8. Westinghouse proposed the following proprietary markings for the portion of sentence 7,
and sentences 8 and 9 of Paragraph 5, Section 2.3:

Westinghouse responded by stating that the [

NRC Resolution for Comment 8 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and found proprietary
markings acceptable.

The portion of sentence 7, and sentences 8 and 9 of Paragraph 5, Section 2.3 are
marked proprietary:

Westinghouse responded by stating that the [

.1
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9. The first sentence of Section 3.0 of the draft SE states:

The NRC staff has reviewed the Westinghouse submittal TR
WCAP-12472-P/WCAP-12472-NP, Addendum 4, Revision 0, and
finds it acceptable.

Westinghouse proposed the following change to the first sentence of Section 3.0:

The NRC staff has reviewed the Westinghouse submittal TR
WCAP-12472-P/WCAP-12472-NP, Addendum 4, Revision 0, and
found the updated thermocouple methodology, the use of
approved Westinghouse design model methodology and the use
of higher order polynomial fits for FID uncertainties provided in the
TR acceptable.

NRC Resolution for Comment 9 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and finds it acceptable,
because the suggested revision clarifies the scope and context of the staff review. The
NRC staff agrees that such a revision is consistent with the staff's review findings and
provides additional clarification.

The first sentence of Section 3.0 is changed to read:

The NRC staff has reviewed the Westinghouse submittal TR
WCAP-12472-P/WCAP-12472-NP, Addendum 4, Revision 0, and
found the updated thermocouple methodology, the use of
approved Westinghouse design model methodology, and the use
of higher order polynomial fits for FID uncertainties provided in the
TR acceptable.

10. Westinghouse provided six comments related to typographical errors and stylistic

changes.

NRC Resolution for Comment 10 on Draft SE:

The NRC staff reviewed the Westinghouse recommendation and found it acceptable,
because the changes are editorial in nature.
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(u) estinghouse Westinghouse Electric Company

Nuclear Services
1000 Westinghouse Drive
Cranberry Township, Pennsylvania 16066
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (724) 720-0754
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

LTR-NRC- 10-77

December 10, 2010

Subject: Submittal of WCAP- I 2472-P/WCAP- 12472-NP, Addendum 4, "BEACONTM Core
Monitoring and Operation Support System, Addendum 4" (Proprietary/Non-Proprietary)
for Review and Approval

Enclosed are Proprietary and Non-Proprietary copies of WCAP-12472-P and WCAP-12472-NP,
Addendum 4, "BEACONTM Core Monitoring and Operation Support System, Addendum 4," submitted to
the Nuclear Regulatory Commission for review and approval. This licensing topical report addendum
provides information on an improved analysis for evaluating thermocouple behavior and uncertainties for
BEACON core monitoring system. Approval of this addendum is requested by December 2012.

Also enclosed is:

1. One (1) copy of the Application for Withholding Proprietary Information from Public Disclosure,
AW- 10-3050 (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.

In support of NRR's prioritization efforts, the following prioritization scheme matrix was completed and
justification for the points assigned is provided below:
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LTR-NRC- 10-77
December 10, 2010

TR Prioritization Scheme Matrix
*Industry inout on shaded areas was not reauested.

Factors Select the Criteria Points Assigned For Total Points (if
That the TR satisfies Each Criteria points are cumulative, total

them for each
factor in this column)

TR Classification Generic Safety Issue 6 1
(Points are cumulative) Emergent Technical 3

Issue
Standard TR I

Applicability Industry-wide 3
(Points are not Implemcntation
cumulative) Applicable to entire 2

groups of licensees
(BWROG, PWROG,
BWRVIP, etc.)
Applicable only to
partial groups of
licensees

Specialized 0.5
Resource
Availability
(Points are
cumulative)

TR approval is needed 0.5
by a certain date to
support a licensing
activity. Explain when
and why?

Total Points (Add the total points from each factor and total here): 2.5

TR Classification: An improved analysis process for evaluating thermocouple behavior and uncertainties
for the BEACON core monitoring system has been developed to incorporate plant and cycle specific
thermocouple data into the evaluation. The NRC's review and approval of the use of the plant specific
data will provide an update to the application of an already approved method.

Applicability: Addendum 4 to this Topical Report (TR) is applicable to all PWR plants using the
BEACON DMM or TSM core monitoring system.
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December 10, 2010

Specialized Resource Availability: A two year review is adequate for this addendum.

Correspondence with respect to the application for withholding or the Westinghouse affidavit should
reference AW- I0-3050 and should be addressed to J. A. Gresham, Manager, Regulatory Compliance
and Plant Licensing, Westinghouse Electric Company LLC, Suite 428, 1000 Westinghouse Drive,
Cranberry Township, Pennsylvania 16066.

Very truly yours,

J. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Enclosures

cc: E. Lenning
A. Mendiola
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1.0 Introduction and Purpose

Westinghouse has developed an improved analysis process for evaluating thermocouple
behavior and uncertainties for the BEACONTM1 core monitoring system. The new method is
based on the original generic methodology, but uses plant/cycle specific thermocouple data in
the evaluation. The BEACON core monitoring system has been in use for over 20 years by

Westinghouse, and is well known to the USNRC.

The Best Estimate Analyzer for Core Operation - Nuclear (BEACONTM) system(') was
developed to improve the operational support for pressurized water reactors. It is an advanced
core monitoring and support package which uses current instrumentation in conjunction with a
fully analytical methodology for an on-line generation of 3D power distributions. The system
provides core monitoring of the power limits delineated in the Technical Specifications, core
measurement reduction, core follow, core analysis and core predictions. The methodology for

calculating and applying measurement uncertainties was reviewed and approved by the
USNRC in the BEACON topical report(1 ).

The updated thermocouple uncertainty evaluation method presented in this report is based on
the licensed methodology in the BEACON topical report but uses the current plant/cycle data in
the evaluation process to generate cycle specific uncertainty constants. There are no new
methods being developed for the BEACON system; this update is a change in the application of
the approved method. This uncertainty methodology is only applied to plants with movable
incore detectors that are using thermocouples to determine the measured power distribution as

described in WCAP-12472-P-A.

The purpose of this BEACON topical report addendum is the following:

a) Provide the information needed to review and approve the updated thermocouple

uncertainty analysis process that will be applied in the BEACON on-line core monitoring
system. The uncertainty methodology for BEACON was previously documented and
approved. This report will reference the previously approved document and in many

cases the referenced information is reproduced in this report to provide detail for
convenience of review.

b) Affirm the continued use of the USNRC approved Westinghouse design model
methodology, currently PHOENIX-P/ANC, PARAGON/ANC and NEXUS/ANC, in the

BEACON is a trademark of Westinghouse Electric Company LLC, its Affiliates and/or its Subsidiaries in the United
States of America and may be registered in other countries throughout the world. All rights reserved. Unauthorized
use is strictly prohibited. Other names may be trademarks of their respective owners
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BEACON system. This methodology can be updated in the future without making a
separate BEACON addendum.

In 2000, the BEACON system was approved to use the PHOENIX-P/ANC code system in
Addendum 1 to the BEACON topical report(2). In 2004, the PARAGON code was
approved in the PARAGON topical report(3) and was considered by the USNRC to be a
replacement for the PHOENIX-P code. Most recently, in February 2007, the NEXUS/ANC
code system was approved in Addendum 1 to the PARAGON topical report(4) and is
considered to be a replacement for the PARAGON/ANC code system.

c) Establish that the uncertainties applied to power distribution monitoring using fixed incore
self-powered detectors continue to be valid using higher order polynomial fits of the
detector measurement variability and the fraction of inoperable detectors.

The uncertainty methodology is implemented such that the polynomials can have more

terms than those defined in equations (3) and (4) of Addendum 1(2), as described and

shown for equations (7) and (8) of Addendum 3(5), for improved fitting results depending on
the shape and data range needed to bound the uncertainties.

Section 2 will provide background information on the licensing and operational status of the

BEACON system. Section 3 will review the BEACON systems basic core monitoring
methodology. Section 4 will present the updated thermocouple uncertainty analysis process

and the impact on the uncertainty results. Section 5 will provide information on the plant
specific Technical Specification changes needed to implement the updated uncertainty process.
Section 6 will discuss the plant specific application requirements for using the updated
uncertainty process in the BEACON system.

WCAP-12472-NP-A,
Addendum 4 r

September 2012
Revision 0



WCAP-12472-NP-A,
Addendum 4

2-1

2.0 Background

A topical report on the "BEACON TM Core Monitoring and Operations Support System," was

submitted to the USNRC in April 1990 and was approved in February 1994(l). The key aspects

of the report are: 1) the methodology used to obtain the measured power distribution from the

Westinghouse standard instrumentation system, i.e., the movable incore detectors, core exit

thermocouples and excore detectors, and 2) the methodology for assessing uncertainties to be

applied to ithe measured power distribution and Technical Specifications with the BEACON
system as the source of the measured power distribution.

An addendum to the topical report was submitted to the USNRC in May 1996 and was approved
in September 19999(2). The key aspects of this addendum are: 1) the new optional methodology

in BEACON to predict the Rhodium self-powered neutron detector (SPD) responses, 2) the

methodology to assess uncertainties to be applied to the measured power distribution and

Technical Specifications for SPD plants using BEACON as the source of the measured power

distribution, and 3) the use of the PHOENIX-P/ANC methodology including cross-section
generation, NEM solution technique, and pin power reconstruction for the 3D nodal solution.

A second addendum to the topical report was submitted to the USNRC in March 2001 and was

approved in February 2002(6). The key aspect of this addendum is the new optional

methodology in BEACON to predict Platinum or Vanadium SPD responses for application in

obtaining the measured power distribution for SPD plants using BEACON as the source of
measured power distribution.

A third addendum to the topical report was submitted to the USNRC in October 2004 and was

approved in November 2005(5). The key aspects of this addendum are: 1) the new optional
BEACON-COLSS product level for monitoring the PWR core conditions, :2) a new methodology

to assess uncertainties to be applied to the measured power distribution for SPD plants using

BEACON-COLSS as the source of the measured power distribution, and 3) the use of the

CETOP-D code as a DNBR calculator in the BEACON system.

The BEACON system is in operation at approximately 60 plants around the world with movable

and fixed incore detector designs. There are 27 plants in the US using the BEACON system of

which 15 have licensed BEACON for on-line monitoring of the Technical Specification LCOs.
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3.0 BEACONI Monitoring Methodology

The BEACON system has the capability of inferring the measured core power distribution with

the methods defined in Section 3.4 of WCAP-12472-P-A. The BEACON core monitoring power

distribution. methodology with movable incore detectors consists of three distinct steps. A

summary of these steps is provided below.

Step 1: Calibration Factor Update by Incore Flux Map

The incore maps are used to determine calibration factors for the nodal code, thermocouples,

and the excore detectors. The calibration factor associated with the nodal code is defined as
the ratio of the measured to predicted reaction rate in the incore detector. The best estimate

power distribution is obtained by multiplying the predicted power distribution by the model

calibration factors. These calibration factors are extended to the non-instrumented assemblies
using a surface spline fit method.

The thermocouple calibration factors (mixing factors) are defined as the ratio of the best

estimate power to the relative enthalpy rise measured by the assembly outlet temperature.

The excore detector calibration factors are defined to relate the axial offset and power level of

the assemblies near the excore detectors to the excore detector readings. The best estimate

core axial behavior is obtained from the calibrated nodal code calculation.

Step 2: Nodal Model Update

The 3D nodal model is updated frequently by following the core operation history. The model is

adjusted to reproduce the axial offset measured at this condition. The model calibration factors
determined in Step 1 are then applied to the calculated 3D power distribution. The radial power

distribution is further corrected by core exit thermocouple measurement.. The corrections are

extended to non-instrumented assemblies, again using the surface spline fit. This correction is

necessary because the real reactor condition may or may not be the same as the input reactor

condition to the calculational model. This power distribution will serve as a reference for the

frequent power distribution updating in Step 3.

Step 3: Power Distribution Update by Thermocouple and Excore Detector

The reference power distribution in Step 2 is adjusted to the current reactor condition as

measured by the core exit thermocouples for the radial power distribution adjustment and

excore detectors for the axial power distribution adjustment. The radial power distribution is

adjusted such as to reproduce the assembly-wise enthalpy rise measured by the thermocouple,

assuming the mixing factors retain their same values as under the Step 2 conditions. Again an
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interpolation process is used to determine the adjustment for the non-instrumented assemblies.

The axial power distribution is adjusted by adding a sinusoidal harmonic term to preserve the

axial offset measured by the excore detectors.

The power distribution monitoring process is depicted in Figure 1. In the BEACON system, the

power distribution updating by thermocouples and excore detectors (Step 3) is performed on a

continuous basis without any interruption. Generation of a new reference power distribution

(Step 2) is performed as a parallel operation without hindering Step 3 operation. As soon as

generation of the power shape of Step 2 is completed, the reference power distribution is

replaced.
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4.0 Thermocouple Uncertainty Methodology

4.1 Current Method

As mentioned above, a key component in the BEACON topical report is the methodology to
apply uncertainties to the BEACON measured powers. The measured power uncertainty
methodology for BEACON has been described in Section 5 of WCAP-12472-P-A for plants
using movable incore detectors. A component of the measurement uncertainty is the variability
of the thermocouple calibration factors (mixing factors). The components of the thermocouple
mixing factor uncertainty are described in Section 4.3 of WCAP-12472-P-A and are summarized
below.

The method for evaluation of the thermocouple calibration data accounts for the power
dependence of the mixing factor standard deviation by accounting for two effects independently.
These effects are: (1) the increased percentage of variability in the thermocouple measured
power due to the decreased temperature difference at lower powers, and (2) the changes in the
cross flow patterns as the power is reduced. This is generically expressed in equation 4-1 in
Section 4.3.1 of WCAP-12472-P-A.. Evaluation of the plant data documented in the
WCAP-12472-P-A demonstrated that mixing factor variability is [

],C. This

relationship is quantified in equation 4-4 of WCAP-12472-P-A which is shown below.[ jac (,)

where:

TIC average percentage deviation at HFP for the thermocouples

The [

] a, C as discussed in Section 4.3.1 and in

the response to the RAI question 26 in WCAP-12472-P-A.

The uncertainty methodology described in Section 4 of WCAP-12472-P-A is based on the

average thermocouple deviation at HFP (oTI/C), being determined from the past performance of

the thermocouples. This approach results in some limitations in determining accurate
thermocouple uncertainties. When evaluating thermocouple performance from the previous
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cycle, the typical changes to the hardware from a refueling outage to operate in the current
cycle are not considered. These changes include disconnection of the thermocouple electrical

connectors, possible repair or damage to the detectors, re-connection of the thermocouple
electrical connectors - with the possibility of a loose connection or a cross connection. Any of

these possibilities can lead to a change in the thermocouple response signal and statistical
behavior which can cause inaccuracies in the BEACON on-line monitoring of the power

distribution. While the overall behavior and characteristics of the thermocouple set would
remain applicable, some individual thermocouples may have changed behavior.

The approval of WCAP-12472-P-A allowed plants using the BEACON system for on-line

monitoring of LCOs to operate up to six months between taking a flux map for calibration. In

this operating mode, the typical three or four flux maps taken per year would not provide enough

data to determine an accurate HFP thermocouple deviation, consistent with the licensed
methodology, for use in the uncertainty calculation. Even double this number would not be
sufficient, as it would result in an overly conservative thermocouple standard deviation due to

the small sample size.

These limitations in the current thermocouple evaluation process of using previous cycle
behavior can require operable thermocouples to be removed from the core monitoring input

data set because of changes in the signal characteristics caused during the refueling outage.
This can potentially result in an inaccuracy or increase in the average thermocouple uncertainty
deviation used to determine the measured power uncertainties.

4.2 Updated Method

To address these issues the updated thermocouple evaluation process uses thermocouple

temperature and power data from the current cycle collected during the initial startup power

ascension following the refueling. The analysis of the thermocouple mixing factors is performed

as described in Section 4 of WCAP-12472-P-A. Any planned or unplanned changes to the

characteristics of the thermocouple behavior are in place and measured during the initial power
ascension. This process of using power dependent mixing factor data was discussed in
Section 6.2.3 of WCAP-12472-P-A when evaluating the behavior of the thermocouple mixing

factor standard deviation during a load follow maneuver and the results compared with
equation 4-4.

By collecting and evaluating power dependent thermocouple mixing factor data from a long

power ramp, the two effects of the power dependence on the mixing factor standard deviation

are captured simultaneously in one function, eliminating the independent treatment. [

aC.
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The core average mixing factor standard deviation is the average value
thermocouples at a given core power.

over all of the

[ Ia, c
(2)

where:

[
[

I a, c
I a, C

This function represents the plant/cycle specific power dependent thermocouple deviation while

equation (1) represents the plant specific HFP average thermocouple deviation with an

independent, conservative power dependent cross flow deviation term added. Both of the

thermocouple standard deviation functions (equations (1) and (2)) [ ] a, c and can

provide the same behavior trends, which demonstrate that the components of the thermocouple
mixing factor uncertainty described in Section 4.3 of WCAP-12472-P-A and generically

expressed in equation 4-1 are also captured in the form of equation (2).

The uncertainty on radial assembly power is discussed in Section 5.3.4 of WCAP 12472-P-A

and is calculated using equation 5-7 of WCAP 12472-P-A which includes the power dependent
thermocouple deviation function defined in equation (1) as shown below.

-,a, C

(3)

In the updated thermocouple evaluation process, equation (2) is used.in equation (3) instead of
equation (1) and the radial assembly uncertainty function becomes:

[ Ia, c

(4)
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where:

UT/C (AP) the average thermocouple deviation as a function of assembly power at a

given core power level.

In this form the radial assembly uncertainty is a function of the plant/cycle specific power

dependent thermocouple deviation. At full power conditions the average thermocouple

deviation (oTIJc(AP)) will be equal to the average deviation for the thermocouples (Colc) if it

were calculated from multiple flux maps near HFP conditions at the stall of the current cycle.

Hence, if assuming only full power conditions, equations (3) and (4) would be equivalent. At

reduced power levels the trends of the thermocouple mixing factor standard deviations and the

radial assembly uncertainties will be different [

]BIC.

4.3 Application of Updated Method

The updated BEACON method of analyzing the thermocouple mixing factor data is unchanged

from the licensed method in WCAP-12472-P-A. What has changed in the update is the use of

current plant/cycle thermocouple data in the analysis to generate a plant/cycle specific power

dependent thermocouple deviation function that replaces the function defined in equation 4-4 of

WCAP-1 2472-P-A.

This change is implemented with the following process steps:

* [

a a,cf

a , C,

a, c, f

aac,,f.
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a, c, f.

An example of the results from an on-line analysis is shown in Table 1 from Plant X. These

results are from a Westinghouse 4 loop plant with 193 fuel assemblies and 57 thermocouples.

The average thermocouple mixing factor standard deviation at HFP conditions was determined
to be [ ] ", c, indicating very good thermocouple behavior at full power conditions. The

fitting coefficients determined for the thermocouple deviation function, equation (2), were

determined to be [ ],c.

Table 1 also provides a comparison of the thermocouple power dependent deviations and

uncertainties using the original method of WCAP-12472-P-A and the updated method discussed

above. Columns 2 and 3 of the table show the power dependent average thermocouple

deviation results using equation (1) (equation 4-4 of WCAP-1 2472-P-A) with o-,/c = [ j a,

and results from the analysis based on using equation (2) to determine the deviation for each

thermocouple then averaging for the core value. The radial assembly uncertainty (UAs) results

from using equation (3) and using the updated equation (4) are also shown in the table in

columns 5 and 6. The difference between the original method and the updated method for the

average standard deviation and assembly uncertainty is shown in columns 4 and 7,

respectively. As the core average power is [

ca, for this particular plant and cycle.

A second example of results from an on-line analysis is shown in Table 2 for Plant Y, with

greater variability in the thermocouple behavior. These results are from a, Westinghouse 4 loop

plant with 193 fuel assemblies with 65 thermocouples. The average thermocouple mixing factor

standard deviation at HFP conditions was determined to be [ ] ", c, indicating greater

variability in the thermocouple behavior at full power conditions. The fitting coefficients

determined for the thermocouple deviation function (equation (2)) were determined to be
[a, C

Table 2 also provides the same comparison of the thermocouple power dependent deviations

and uncertainties using the original method of WCAP-12472-P-A and the updated method

discussed above. Columns 2 and 3 of the table show the power dependent average

thermocouple deviation results using equation (1) (equation 4-4 of WCAP-12472-P-A) with

o= a, c and results from the analysis based on using equation (2) to determine the

deviation for each thermocouple then averaging for the core value. The radial assembly
uncertainty (UAs) results from using equation (3) and using the updated equation (4) are also
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shown in the table in columns 5 and 6. The difference between the original method and the

updated method for the average standard deviation and assembly uncertainty is shown in

columns 4 and 7, respectively.

These results clearly show that the benefit from the updated analysis process is plant/cycle

specific and can be relatively small depending on the cycle specific thermocouple behavior.

The total peaking factor uncertainty values resulting from using either equation (3) or (4) does

not impact the reload safety analysis because valid ranges of the on-line surveillance

uncertainties are considered in the plant specific safety analysis using approved methodologies.
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5.0 Technical Specification Modifications

The updated thermocouple analysis process will not require any changes in the limits being
monitored. Therefore there are no Technical Specification changes required for plants with the
Westinghouse type movable incore detector system that are currently licensed to use the

BEACON on-line monitoring system for surveillance of Technical Specification LCOs.
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6.0 Plant Specific Applications

The BEACON on-line thermocouple data analysis process is dependent on the BEACON

system being operable with thermocouple data being supplied to the system from the plant

computer during the initial startup power ascension. Plants that use the updated thermocouple

evaluation process will activate the BEACON system data collection option typically before 25%

power to collect data during the entire startup period up to approximately 100% power. The
HFP flux map will be processed with the collected thermocouple data to generate fitting

coefficients for the plant/cycle specific power dependent thermocouple deviation function.

During the initial startup before the new fitting coefficients are applied, the thermocouple

deviation will be determined using equation (1) (equation 4-4 of WCAP-12472-P-A) with the

default for u' set to [ ] a, C or a value determined from the previous cycle.

The plant/cycle specific application eliminates the need for the off-line analysis of previous cycle

data for determination of thermocouple deviation behavior.
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7.0 Conclusion

Westinghouse has updated the thermocouple analysis process to collect and evaluate the

thermocouple mixing factor standard deviation data during the cycle startup power ascension.

Using this process eliminates the need to use previous cycle thermocouple data, which can be
problematic due to insufficient data or changing thermocouple characteristics between refueling.

The updated method evaluates and combines the effects of the temperature dependent
variability and the power dependent cross flow effect on the thermocouple into one function that

replaces the overly conservative function defined in the original BEACON topical report, which

treats these effects independently. This change results in a plant/cycle specific power
dependent thermocouple deviation function that is applied in the uncertainties. The
thermocouple deviation is unchanged at HFP conditions since the power dependence is

removed at HFP conditions. The thermocouple deviation will typically be lower at reduced
powers due to the analysis providing combined power dependent results that are plant/cycle

specific. As a result, the updated method will result in more accurate and reliable thermocouple
uncertainties.
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Table 1
Comparison of Thermocouple

Power Dependent Deviations and Uncertainties
(Plant X)

Core Rel TC Average Updated TC Avg Std. Dev. Diff Assm Uncert Updated Assm UAS Diff

Power Std. Dev. % (1) Std. Dev. % (2) (1) - (2) UAs % (3) Uncert UAS % (4) (3) - (4)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

a, c

Measured thermocouple HFP mixing factor standard deviation = [

1) From equation (1) (equation 4-4 of WCAP-12472-P-A)
2) From equation (2) using plant/cycle specific core power distribution
3) From equation (3) (equation 5-7 of WCAP-12472-P-A)
4) From equation (4)

1 a, C

WCAP-12472-NP-A,
Addendum 4

September 2012
Revision 0



WCAP-12472-NP-A,
Addendum 4

T-2

Table 2
Comparison of Thermocouple

Power Dependent Deviations and Uncertainties
(Plant Y)

Core Rel TC Average Updated TC Avg Std. Dev. Diff Assm Uncert Updated Assm UAS Diff

Power Std. Dev. % (1) Std. Dev. % (2) (1) - (2) UAs % (3) Uncert UAS % (4) (3) - (4)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

a, c

Measured thermocouple HFP mixing factor standard deviation = [

1) From equation (1) (equation 4-4 of WCAP-12472-P-A)
2) From equation (2) using plant/cycle specific core power distribution
3) From equation (3) (equation 5-7 of WCAP-12472-P-A)
4) From equation (4)

I a, c
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Figure 1
BEACON Power Distribution Monitoring Process
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RAI I

On page 1-1 of the submittal, the last sentence at the end of the 3-rd paragraph
states that this amendment pertains only to plants with "movable incore
detectors". However, on the next page, the 2-nd paragraph alludes to "fixed"
incore detector applicability. Please clarify.

Response

Page 1-1, 3rd paragraph does not refer to the entire amendment but only to the
thermocouple uncertainty evaluation method. Although the majority of the
amendment focuses on the thermocouple uncertainty, this amendment covers 3
specific areas; (1) updated thermocouple uncertainty which is only applicable to the
movable incore detector and thermocouple plants, (2) the design model neutronic
methodology used in the BEACONTM Core Monitoring System Software which is
applicable to all plants independent of the instrumentation, and (3) the power
peaking factor on-line monitoring uncertainty which is applicable to the fixed incore
self-powered detector plants.

BEACONTM is a trademark of Westinghouse Electric Company, LLC in the United States and may be
registered in other countries throughout the world. All Rights Reserved. Unauthorized use is strictly
prohibited.
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RAI 2

Page 1-1, last paragraph, last sentence, please provide clarification. The staff is
wondering as to how the applicant change code suits to a methodology without
changing the methodology.

Response

The methodology change specified in Page 1-1 last paragraph refers to the
neutronic methods licensed through the Westinghouse design codes (e.g.
NEXUS/ANC, etc) which are used in the BEACON system. This is the
methodology used to generate cross-sections and perform the core model
neutronics solution. This paragraph is not referring to changes in the licensed
core monitoring methodology approved in WCAP-12472-P-A or its Addendums,
for which we would submit an amendment.

In this amendment as with previous, Westinghouse has informed the USNRC
that the design model methodology used with BEACON have changed. The
intent in this paragraph is to inform the USNRC which design model methodology
will be used as part the latest BEACON system and to get concurrence for the
future that it is acceptable to implement USNRC approved Westinghouse design
model cross section and neutronic methodologies within BEACON without also
requiring a separate BEACON methodology submittal stating a new USNRC
approved design code will be used.



WCAP-12472-NP-A,
Addendum 4

RAI 3

The last paragraph on page 4-4 alludes to taking flux maps at HFP. Are flux maps
taken starting at 25 percent and up as well to enable you to check (obtain mixing
factor fitting coefficients) and make a comparison? Or are you obtaining fitting
coefficients at start up power and comparing to HFP flux maps? This question is
coupled to the final bullet of the section (page 4-5, top of page).

Response

Sa,c
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RAI 4

The second paragraph on page 4-5 states that the data presented in table 1 for 4-
loop plants. (1) What about 2 and 3-loop plants? (2) The same paragraph also
states that there is good agreement at full power. Since the basis of this submittal
is the utilization of current cycle data from start up, what is being done to ensure
that you have very good thermocouple behavior during start up?

Response

The methodology to evaluate the thermocouple uncertainties or variability is not a
function of the number of plant loops, assemblies or the number of thermocouples.
This has been considered in the overall uncertainty method approved in original
report (WCAP-12472-P-A). Although other plant configurations have been
analyzed the plant analyses shown in this addendum were chosen based on the
range of the thermocouple variability they represented. Analysis performed on the
other loop, assembly and thermocouple configurations show results that typically
fall with the range of these two plants.

ac

The BEACON system also continually displays the assembly-wise difference
between the expected power distribution and the measured power distribution. This
difference clearly indicates if there is either a localized anomaly in the core or a
problem with the thermocouple behavior. The BEACON procedures require users
to confirm that the differences in expected and measured assembly powers are as
expected following the application of new calibration coefficients. Any significant
deviations in the thermocouple behavior during the initial power ascension can
readily be seen and evaluated using the BEACON model data and the flux maps
taken during the ascension.
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RAI 5

Page 3-1, 2nd paragraph (Step 1), 3-rd line. "The best estimate of the power
distribution..."

> In what sense is this estimate considered "best"? Are there other
legitimate estimates?

> What is the uncertainty associated with the product of the two
components?

Response

What is referred to as best estimate is the predicted power distribution corrected by
the model calibration factors which are the ratio of the measured to predicted
reaction rates generated from the flux map. At the time of the flux map calibration
the best estimate and the actual "measured" power distribution are the same.
During core operation after the flux map calibration, if no additional measurement
information is provided or used (e.g. excore, thermocouple), then this would be the
"best" expectation of the current measured power distribution.

The product of the predicted power distribution and the model calibration factors
from the! flux map would result in a more accurate representation of the current
core power distribution than the predicted power distribution alone. [

I a,c
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RAI 6

Page 4-1, last paragraph. The uncertainty is based on the average thermocouple
deviation.

; What is the range of such deviation (i.e., min and max)'?

Response

The range of the average thermocouple mixing factor deviation at HFP conditions
is a function of the quality of the thermocouple signals and supporting
electronics. The typical minimum and maximum values over a wide selection of
plants would be approximately [ ]axc. This is why the particular plant
examples were shown in Section 4.3 of this Addendum as they show
thermocouple deviations near the extremes of what is typically seen.
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Page 4-3, Equation (2).
o How was it determined that a 2nd degree polynomial is adequate?

Please provide a graph, plotting crT/c(AP) against AP.

Response

The use of the 2 nd order polynomial fit is set by two criteria. [

1a,c Second, evaluation of the mixing factor

behavior in Chapter 6 of WCAP-1 2472-P-A demonstrated that the quadratic
function shown in equation 1 of Addendum 4 appropriately represents the
physical behavior of the power dependent thermocouple data. This quadratic
function can nearly be exactly reproduced with the 2 nd order polynomial. Going
beyond a 2 nd order polynomial would introduce a significant risk that in some
cases the fit could bend to non-physical or non-conservative directions at lower
power levels. The resulting function would then not be representative or
consistent with equation 1. To avoid this risk the fit is limited to a 2 nd order
polynomial.

The figure below shows the plots of the standard deviation function, oT/c(AP),
against assembly relative power for the Plant X and Plant Y examples in
Addendum 4. At a given core power distribution, O'T/c(AP) would be calculated at
the relative power for each assembly.

a,b,c
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Page 4-4, 3rd bullet.

> How many bins were the data divided into?
> Were the bins of equal width?
> Why discard excessive (but good!) data
> Did you have bins with too few data (say < 5)?

Response

The current default number of power bins used to collect the thermocouple
data is [ ]a,c evenly spaced [ ]a,c power bins. The number of bins can
be changed if needed but the [ ]ac power spacing of the bins has been
found to be appropriate to collect the data at the typical startup rates
currently used by the plants.

rhe maximum number of data sets can be changed but is currently set at

' ]a'c to guard against the possibility of over weighting or biasing any of

the bins if the plant has an excessively long hold time at a particular power
level. This eliminates the possibility of one or two bins having hundreds of
data points while the others have a much smaller number. As a result, the
analysis will only include bins that have from [ ]a,c data points. A
sample of a plant startup data frequency distribution is shown below.

Qqkpm
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Page 4-5, end of 2nd paragraph where a0 = -0.6635, etc.

> Please provide the regression analysis that gave rise to these values.
> Calculate the 95 percent confidence interval for a, and a2 .
> Give the correlation coefficient between the raw and -the predicted

values.

Response

There were [ ]a,c data points used in the regression analysis covering a
1AP range of [ ]a,c or an average relative assembly power
range of [ ] The Gaussian Elimination method was used to
determine the fitting coefficients which resulted in a correlation coefficient of

[ a,c and a mean absolute error of [ ]a'c. The curve fit and the 95%
confidence limits for the mean fit response are shown in the figure below. The
95% confidence intervals calculated for the a0 , a, and a2 fitting coefficient are
[ ],ac. Note that all
of the collected data was used in the analysis without any removal of outliers.

The mean absolute error of the fit drops from [ Iaa by
evaluating the [ ac data points with assembly relative powers between
[ ]a•' using the same correlation fitting coefficients, This shows

that the [
]axc as is expected and where it is

more important for peak power measurements. a,b,c
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Page 4-5, end of 4th paragraph where a0 = -0.7086, etc.

[Please provide the regression analysis that gave rise to these values.
(Calculate the 95 percent confidence interval for a1 and a2.
(Give the correlation coefficient between the raw and Ithe predicted
values.

Response

There were [ ]a,c data points used in the regression analysis covering a
1/AP range of [ac or an average relative assembly power
range of [ ]a~c. The Gaussian Elimination method was used to
determine the fitting coefficients which resulted in a correlation coefficient of
[ ]axc and a mean absolute error of [ ]a,c. The curve fit and the
95% confidence limits for the mean fit response are shown in the figure below.

The 95% confidence intervals calculated for the a0 , a, and a2 fitting coefficient
are 1[ 1a,c. Note
that all of the collected data was used in the analysis without any removal of
outliers. In this case it was clear that there were low power data sets that could
be removed from the analysis because of inconsistent behavior which would
have improved the statistical correlation. If all data is removed for a particular
thermocouple from the analysis then the thermocouple must also be set to
inoperable so that it will not be used in the core monitoring process. Removal
of thermocouples from the monitoring process [

a,cx

The mean absolute error of the fit drops from [ ]a'C by
evaluating the [ ]a,c data points with assembly relative powers between
[ ]a'c using the same correlation fitting coefficients. This is the

assembly power range most important for peak power measurements. This
behavior shows that the [

]axc for this
example and has a very strong power dependence.
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Page 6-1, 3rd line from the bottom.

> Who chooses whether a°T/c is set to [?] or a value from a previous
cycle?

Response

Westinghouse would not recommend decreasing the pre-calibration startup
00 T/C value below the default value of [ a,c. If the utility personnel observed
that the full power thermocouple mixing factor standard deviation is significantly
larger in the previous cycle than the default value in WCAP-1 2472-P-A and
there is no expected change in the number of available thermocouples or the
quality of the detector signals, Westinghouse or the utility personnel would be
able to recommend that the pre-calibration startup uOT/c value be increased
before the startup of the next cycle.
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Page T-1 Table 1.

For one line (say core relative power= 0.5), please provide (show) all
'the calculations across the line.

Response

At a relative power of 0.5 the "TC Average Std. Dev." Value in Table 1 is
calculated using equation (1) in Addendum 4 as shown below.

Iaxc a,b,c
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