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October 28, 2011

Subject: Response to the NRC's Request for Additional Information on WCAP-12472-P/
WCAP-12472-NP, Addendum 4, "BEACON Core Monitoring and Operation Support System
Addendum 4" (TAC No. ME5240) (Proprietary/Non-Proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary versions of the responses to the NRC's Request
for Additional Information on WCAP-1 2472-P/WCAP-1 2472-NP, Addendum 4, "BEACON Core
Monitoring and Operation Support System Addendum 4."

Also enclosed is:

1. One (1) copy of the Application for Withholding Proprietary Information from Public Disclosure,
AW-1 1-3283 (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 proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference AW-1 1-3283 and should be addressed to J. A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company LLC, Suite 428, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.

Ver rl ours,

J A. Gresham, Manager

Regulatory Compliance

Enclosures

cc: E. Lenning
A. Mendiola
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AW-1 1-3283

October 28, 2011

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-1 1-60 P-Enclosure, "Response to the NRC's Request for Additional Information
on WCAP- I2472-P Addendum 4, 'BEACON Core Monitoring and Operation Support
System Addendum 4"' (Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-1 1-60,
dated October 28, 2011

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-1 1-3283 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 the proprietary aspects of this application for withholding or the
accompanying affidavit should reference AW-1 1-3283 and should be addressed to J. A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company LLC, Suite 428, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.

Ver rl urs,

J. A. Gresham, Manager
Regulatory Compliance

Enclosures



AW-I 1-3283

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF BUTLER:

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

Sworn to and subscribed before me

this 28th day of October 2011

Notary Public

iSIAW 6



2 AW-11-3283

(1) 1 am Manager, Regulatory Compliance, 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) I 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) 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
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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- 11-60 P-Enclosure, "Response to the NRC's Request

for Additional Information on WCAP-12472-P, Addendum 4, "BEACON Core Monitoring

and Operation Support System Addendum 4", for submittal to the Commission, being

transmitted by Westinghouse letter, LTR-NRC-I 1-60, and Application for Withholding

Proprietary Information from Public Disclosure, to the Document Control Desk.

This information is part of that which will enable Westinghouse to:

(a) Assist customers in monitoring core conditions and calculation thermocouple

uncertainties.



5 AW-11-3283

Further this information has substantial commercial value as follows:

(a) Assist custorner to obtain license changes.

(b) The information requested to be withheld reveals the distinguishing aspects of a

method and/or 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.



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-I 1-60 NP-Enclosure

RAI 1

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, 3 rd 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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LTR-NRC-1 1-60 NP-Enclosure

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.
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LTR-NRC-I 1-60 NP-Enclosure

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

a,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.

]a,c

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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LTR-NRC-1 1-60 NP-Enclosure

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. [

]a,c
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LTR-NRC-1 1-60 NP-Enclosure

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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LTR-NRC-11-60 NP-Enclosure

RAI 7

Page 4-3, Equation (2).
> How was it determined that a 2nd degree polynomial is adequate?
> Please provide a graph, plotting rT/c(AP) against AP.

Response

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

]a~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, aT1 C(AP),
against assembly relative power for the Plant X and Plant Y examples in
Addendum 4. At a given core power distribution, OT/c(AP) would be calculated at
the relative power for each assembly.

a,b,c
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LTR-NRC-11-60 NP-Enclosure

RAI 8

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 [ ]ax' power bins. The number of bins can
be changed if needed but the [ ]a'c 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.

The 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.

Page 9 of 16



LTR-NRC-I 1-60 NP-Enclosure

RAI 9

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
/AP range of []a,c or an average relative assembly power

range of [ ],c. The Gaussian Elimination method was used to
determine the fitting coefficients which resulted in a correlation coefficient of
I 1ac and a mean absolute error of [ ]ac'. 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
[ ]a'c. 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 [ ]a,c by
evaluating the [ ]ac data points with assembly relative powers between
[ ]ac using the same correlation fitting coefficients. This shows
that the [

]a c as is expected and where it is

more important for peak power measurements. a,b,c
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LTR-NR(:-.1-60 NP-Enclosure

RAI 10

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 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 [ ], 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
I ]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 [ ]a,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•c

The mean absolute error of the fit drops from [ ]a,c by
evaluating the [ ]ac data points with assembly relative powers between

I ]ac using the same correlation fitting coefficients. This is the
assembly power range most important for peak power measurements. This
behavior shows that the [

].,c for this
example and has a very strong power dependence.
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a,b,c
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LTR-NRC-I.I-60 NP-Enclosure

RAI 11

Page 6-1, 3rd line from the bottom.

- Who chooses whether aOT/C is set to [?] or a value from a previous
cycle?

Response

Westinghouse would not recommend decreasing the pre-calibration startup
O0T/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-12472-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 G°T/c value be increased
before the startup of the next cycle.
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LTR-NRC-I 1-60 NP-Enclosure

RAI 12

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.

3

]a,c a,b,c
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a,b,c
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a,b,c

ax

JaC

Page 16 of 16


