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DOMINION ENERGY NUCLEAR CONNECTICUT, INC.

MILLSTONE POWER STATION UNIT3 . = -

LICENSE AMENDMENT REQUEST REGARDING PROPOSED TECHNICAL
SPECIFICATIONS CHANGES FOR SPENT FUEL STORAGE AND NEW FUEL STORAGE

Pursuant to 10 CFR 50.90, Dominion Energy Nuclear Connecticut, Inc. (DENC) is

submitting a license amendment request to revise the foIIowmg Technical Specifications

(TS)

e TS 1.40 “Storage Pattern”

e TS 1.41“3-OUT-OF-4 and 4-OUT-OF-4"

e TS 3/4.9.1.2 “Boron Concentration”

o TS 3/4.9.13 “Spent Fuel Pool — Reactivity”

e TS.3/4.9.14 “Spent Fuel Pool - Storage Pattern”

e Figure 3.9-1 "Minimum Fuel Assembly Burnup Versus Nominal initial Enrichment for

Region 1 4-OUT-OF-4 Fuel Storage Configuration”

Figure 3.9-2 "Region 1 3-OUT-OF-4 Storage Fuel Assembly Loading Schematic”

o Figure 3.9-3 "Minimum Fuel Assembly Burnup and Decay Time Versus Nominal
Initial Enrichment for Region 2 Storage Configuration”

o Figure 3.9-4 *Minimum Fuel Assembly Burnup and Decay Time Versus Nominal

Initial Enrichment for Region 3 Storage Configuration for Assemblies from Pre-
Uprate (3411 MWt) Cores”

o Figure 3.9-5 “Minimum Fuel Assembly Burnup and Decay Tlme Versus Nominal
Initial Enrichment for Region 3 Storage Conflguratlon for Assemblles from Post-
Uprate (3650 MWt), Cores” :

o TS 5.6.1.1 “Criticality.”

Conforming changes to the associated Technical Specifications Bases (TSB) are also
included in this license amendment request for information only.

DENC pen‘ormed a criticality safety evaluation for fuel assembly storage in the Millstone

Power Station Unit 3 (MPS3) Spent Fuel Pool (SFP) storage racks and New Fuel Storage
Racks (NFSR) to support the proposed TS change using a new methodology described in

Attachment 5.
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Attachment 5 contains information that is being withheld from public
disclosure under 10 CFR 2.390. Upon separation from Attachment 5, this
letter is decontrolled.
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This proposed amendment implements the following conditions associated with fuel
assembly storage at MPS3:

e Increase the TS minimum SFP soluble boron concentration.

e Revise allowed storage patterns and initial enrichment/burnup/decay time for fuel
assemblies in the SFP to meet kes requirements under normal and accident
conditions as follows:

o Region 1 will have an updated bonfiguration as follows:

= Each Region 1 fuel storage rack will contain storage locations
designated as Region 1A and Region 1B.

¢ Region 1A — Region 1A can store fresh fuel with an enrichment
< 4.75 wt% U-235 and no integral burnable poison without
restriction.

e Region 1A — Region 1A can store fresh fuel with an enrichment
< 5.0 wt% U-235 and with a minimum of twelve (12) Integral
Fuel Burnable Absorber (IFBA) rods.

e Region 1A — Region 1A can store fuel with an enrichment < 5.0
wt% U-235 and with a minimum of 2.0 GWd/MTU burnup.

o Region 1B — Region 1B can store fresh fuel with an enrichment
< 5.0 wt% U-235 and no integral burnable absorber without
restriction.

o Regions 2 and 3 will have new burnup curves. The Region 3 burnup curve
will include credit for decay time.

e The proposed change will permit the storage of any fuel assembly with an
enrichment < 5.0 wt% U-235 that contains a Rod Cluster Control Assembly (RCCA)
in Region 2 without restriction (e.g., fresh fuel with no integral burnable absorber)

o For consistency, the criticality analysis for the New Fuel Storage Racks is also
being revised using the updated methods for the SFP criticality analysis. This
reanalysis will not require a TS change. ‘

[nformation provided in the attachments to this letter is summarized below:

- Attachment 1 provides an evaluation of the proposed TS changes.

- Attachment 2 provides proposed marked-up TS pages.

- Attachment 3 provides marked-up TS Bases pages (for information only).

- Attachment 4 contains the Criticality Safety Evaluation Checklist.

- Attachment 5 contains the Criticality Safety Evaluation Report (Proprietary).

- Attachment 6 contains the Criticality Safety Evaluation Report (Non-proprietary).
- Attachment 7 contains the MPS3 Boron Dilution Analysis

- Attachment 8 contains the Holtec international, Inc. (Holtec) affidavit for withholding
proprietary information from public disclosure.
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- Attachment 9 contains the Westinghouse Electric Company, LLC (Westinghouse)
application and accompanying affidavit for withholding proprietary information from
public disclosure.

Since Attachment 5 contains information proprietary to Holtec and Westinghouse, it is
supported by affidavits signed by the owners of the information. The affidavits set forth the
basis on which the information may be withheld from public disclosure by the Commission
and addresses with specificity the considerations listed in paragraph (b)(4) of 10 CFR
2.390.

Accordingly, it is respectfully requested that the proprietary information be withheld from
public disclosure in accordance with 10 CFR-2.390.

DENC has evaluated the proposed amendment and determined that it does not involve a
significant hazards consideration as defined in 10 CFR 50.92. The basis for this
determination is included in Attachment 1. DENC has also determined that operation with
the proposed change will not result in any significant increase in the amount of effluents
that may be released offsite or any significant increase in individual or cumulative
occupational radiation exposure. Therefore, the proposed amendment is eligible for
categorical exclusion from an environmental assessment as set forth in
10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b), no environmental impact statement or
environmental assessment is needed in connection with the approval of the proposed
change.

The proposed TS change has been reviewed énd approved by the MPS3 Facility Safety
Review Committee.

DENC requests approval of the proposed amendment by April 30, 2019. DENC plans to
fully implement the revised TS within 90 days after NRC approval of this proposed license
amendment.

Should you have any questions in regard to this submittal, please contact Wanda D. Craft
at (804) 273-4687.

Sincerely,

MQ@@QWQ — VICKI L. HULL

Mark D. Sartain "323“11’43?}5"

Vice President — Nuclear Engineering and Fleet Support COMMONWEALTH OF VIRGINIA

MY COMMISSION EXPIRES 8/31/2022
COMMONWEALTH OF VIRGINIA ) .

)
COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and Commonwealth aforesaid, today by Mark D. Sartain, who
is Vice President — Nuclear Engineering and Fleet Support of Dominion Energy Nuclear Connecticut, Inc. He has affirmed before me that he
is duly authorized to execute and file the foregoing document in behalf of that Company, and that the statements in the document are true to
the best of his knowledge and belief. '
vd
Acknowledged before me thisesd_° _ day of ,2018.
My Commission Expires: 5 - 3' e 9 .

Notary Public
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Commitments made in this letter: None

Attachments:

—

© ® NG A~®®DN

Discussion of Change

Marked-up Technical Specifications Pages

Marked-up Technical Specifications Bases Pages (for information only)
Criticality Analysis Checklist

Criticality Safety Evaluation Report - (Proprietary)

Criticality Safety Evaluation Report - (Non-proprietary)

Spent Fuel Pool Boron Dilution Analysis

Holtec, International Affidavit

Westinghouse Electric Company, LLC Application and Accompanying Affidavit
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U.S. Nuclear Regulatory Commission — Region |
Regional Administrator

2100 Renaissance Blvd.

Suite 100

King of Prussia, PA 19406-2713

Richard V. Guzman

Senior NRC Project Manager

U.S. Nuclear Regulatory Commission
One White Flint North

Mail Stop 08 C2

11555 Rockville Pike

Rockville, MD 20852-2738

NRC Senior Resident Inspector
Millstone Power Station

Director, Radiation Division

Department of Energy and Environmental Protection
79 Elm Street

Hartford, CT 06106-5127
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HOLTEC, INTERNATIONAL AFFIDAVIT

DOMINION ENERGY NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 3



U.S. Nuclear Regulatory Commission
Affidavit Supporting Dominion Energy Nuclear Connecticut
Millstone Power Station Unit 3 License Amendment Request

AFFIDAVIT PURSUANT TO 10 CFR 2.390

I, Kimberly Manzione, bemg duly sworn, depose and state as follows:

(1)

2)

)

I have reviewed the 1nformat10n descrlbed in paragraph (2) which is sought
to be withheld, and am authorized to apply for its withholding.

The information sought to be ‘withheld is information provided in Letter
Serial Number 18-039 from Dominion Energy Nuclear Connecticut, Inc. to
the NRC “Dominion Energy Nuclear Connecticut Inc. Millstone Power
Station Unit 3 License Amendment Request Regarding Proposed Technical
Specifications Changes for Spent Fuel Storage and New Fuel Storage.” This
letter contains Holtec Proprietary information.

In making this application for withholding of proprietary information of
which it is the owner, Holtec International relies upon the exemption from
disclosure set forth in the Freedom of Information Act ("FOIA"), 5 USC
Sec. 552(b)(4) and the Trade Secrets Act, 18 USC Sec. 1905, and NRC
regulations 10CFR Part 9.17(a)(4), 2.390(a)(4), and 2.390(b)(1) for "trade
secrets and commercial or financial information obtained from a person and
privileged or confidential" (Exemption 4). The material for which exemption
from disclosure is here sought is all "confidential commercial information",
and some portions also qualify under the narrower definition of "trade.
secret”, within the meanings assigned to those terms for purposes of FOIA
Exemption 4 in, respectively, Critical Mass Energy Project v. Nuclear
Regulatory ‘Commission, 975F2d871 (DC Cir. 1992), and Public Citizen
Health Research Group v. FDA, 704F2d1280 (DC Cir. 1983).
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U.S. Nuclear Regulatory Commission
Affidavit Supporting Dominion Energy Nuclear Connecticut
Millstone Power Station Unit 3 License Amendment Request

AFFIDAVIT PURSUANT TO 10 CFR 2. 390

(4)

(3)

Some examples of categories of 1nformat10n which fit into the definition of
proprietary information are: -

a. Information that discloses a process, method, or apparatus, including

' supporting data and analyses, where prevention of its use by Holtec's

competitors without license from Holtec International constitutes a
competitive economic advantage over other companies;

b. Information which, if used 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 of a similar product.

C. Information which reveals cost or price information, production,
capacities, budget levels, -or - commercial strategies of Holtec
International, its customers, or its suppliers;

d.  Information which reveals aspects of past, present, or future Holtec
International customer-funded development plans and programs of
potential commercial value to Holtec International,

e.  Information which discloses patentable subject matter for which it
may be desirable to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the
reasons set forth in paragraphs 4.a, 4.b and 4.e above.

The information sought to be withheld is being submitted to the NRC in
confidence. The information (including that compiled from many sources) is
of a sort customarily held in confidence by Holtec International, and is in
fact so held. The information sought to be withheld has, to the best of my
knowledge and belief, consistently been held in confidence by Holtec
International. No public disclosure has been made, and it is not available in
public sources. All disclosures to third parties, including any required
transmittals to the NRC, have been made, or must be made, pursuant to
regulatory provisions or proprietary agreements which provide for
maintenance of the information in confidence.. Its initial designation as

20f5



U.S. Nuclear Reguldtory Commission
Affidavit Supporting Dominion Energy Nuclear Connecticut
Millstone Power Station Unit 3 License Amendment Request

AFFIDAVIT PURSUANT TO 10 CFR 2.390

(6)

(7)

o)

proprietary information, and the subsequent steps taken to prevent its
unauthorized disclosure, are as set forth in paragraphs (6) and (7) following.

Initial approval of proprietary treatment of a document is made by the
manager of the originating component, the person most likely to be
acquainted with the value and sensitivity of the information in relation to
industry knowledge. Access to such documents within Holtec International
is limited on a "need to know" basis. - -

The procedure for approval of external release of such a document typically
requires review by the staff manager, project manager, principal scientist or
other equivalent authority, by the manager of the cognizant marketing
function (or his designee), and by the Legal Operation, for technical content,
competitive effect, and determination of the accuracy of the proprietary
designation. Disclosures outside Holtec International are limited "to
regulatory bodies, customers, and potential customers, and their agents,
suppliers, and licensees, and others with a legitimate need for the
information, and then only in accordance with appropriate regulatory
provisions or proprietary agreements.

The information classified as proprietary was developed and compiled by
Holtec International at a significant cost to Hoitec International. This
information is classified as proprietary because it contains detailed
descriptions of analytical approaches and methodologies not available
elsewhere. This information would provide other parties, including
competitors, with information from Holtec International's technical database
and the results of evaluations performed by Holtec International. A
substantial effort has been expended by Holtec International to develop this
information. Release of this information would improve a competitor's
position because it would enable Holtec’s competitor to copy our technology
and offer it for sale in competmon with our company, causing us financial

injury.
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U.S. Nuclear Regulatory Commission
Affidavit Supporting Dominion Energy Nuclear Connecticut
Millstone Power Station Unit 3 License Amendment Request

AFFIDAVIT PURSUANT TO 10 CFR 2.390

)

Public disclosure of the information sought to be withheld is likely to cause
substantial harm to Holtec International's competitive position and foreclose
or reduce the availability of profit-making opportunities. The information is
part of Holtec International's comprehensive spent fuel storage technology
base, and its commercial value extends beyond the original development
cost. The value of the technology base goes beyond the extensive physical
database and analytical methodology, and includes development of the
expertise to determine and apply the appropriate evaluation process.

The research, development, engineering, and analytical costs comprise a
substantial investment of time and money by Holtec International.

The precise value of the expertise to devise an evaluation process and apply
the correct analytical methodology is difficult to quantify, but it clearly is
substantial.

Holtec International's competitive advantage will be lost if its competitors
are able to use the results of the Holtec International experience to normalize

or verify their own process or if they are able to claim an equivalent

understanding by demonstrating that they can arrive at the same or similar
conclusions.

The value of this information to Holtec International would be lost if the
information were disclosed to the public. Making such information available
to competitors without their having been required to undertake a similar
expenditure of resources would unfairly provide competitors with a windfall,
and deprive Holtec International of the opportunity to exercise its
competitive advantage to seek an adequate return on its large investment in
developing these very valuable analytical tools.
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U.S. Nuclear Regulatory Commission
Affidavit Supporting Dominion Energy Nuclear Connecticut
Millstone Power Station Unit 3 License Amendment Request

AFFIDAVIT PURSUANT TO 10 CFR 2.390

STATE OF NEW JERSEY )
) SS:
COUNTY OF CAMDEN )

Kimberly Manzione, being duly swomn, deposes and says:

That she has read the foregoing affidavit and the matters stated therein are true and
correct to the best of his knowledge, information, and belief.

Executed at Camden, New Jersey, this 30th day of January, 2018.

s WXM

Kimberly Manzione
Licensing Manager
Holtec International

Subscribed and sworn before me this 30th day of January, 2018.

"w\f\

ined oefom me
Jf*‘(\ 20_@@1

CRTEDF IS NN
i 2

S e A,

Erika Grandrimo
NOTARY PUBLIC
STATE OF NEW JERSEY
MY COMMISSION EXPIRES January 17.2022

Sof5
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WESTINGHOUSE ELECTRIC COMPANY, LLC
APPLICATION AND ACCOMPANYING AFFIDAVIT

DOMINION ENERGY NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 3

Serial No. 18-039
Docket No. 50-423



Westinghouse Non-Proprietary Class 3

® ‘ . I
' Westinghouse gt Skt Corar

Cranberry Township, Pennsylvania 16066

USA
U.S. Nuclear Regulatory Commission . Direct tel: (412) 374-4643
Document Control Desk Direct fax: (724) 940-8542
11555 Rockville Pike e-mail: greshaja@westinghouse.com
Rockville, MD 20852
CAW-18-4731

April 4, 2018

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject:  Millstone Unit 3 LAR Proprietary Class 2 Marked Pages (Proprietary)

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 Nuclear Regulatory Commission’s (“Commission’s”) regulations. It contains
commercial strategic information proprietary to Westinghouse and customarily held in confidence.

The proprietary information for which withholding is being requested in the above-referenced report is
further identified in Affidavit CAW-18-4731 signed by the owner of the proprietary information,
Westinghouse. The Affidavit, which accompanies this letter, sets forth the basis on which the information
may be withheld from public disclosure by the Commission and addresses with specificity the
considerations listed in paragraph (b)(4) of 10 CFR Section 2.390 of the Commission’s regulations.

Accordingly, this letter authorizes the utilization of the accompanying Affidavit by Dominion.
Correspondence with respect to the proprietary aspects of the Application for Withholding or the
Westinghouse Affidavit should reference CAW-18-4731, and should be addressed to James A. Gresham,

Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 2, Suite 259, Cranberry Township, Pennsylvania 16066.

fidiah—

James A. Gresham, Manager
Regulatory Compliance

© 2018 Westinghouse Electric Company LLC. All Rights Reserved.



CAW-18-4731
AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:
ss
COUNTY OF BUTLER:
I, James A. Gresham, am authorized to execute this Affidavit on behalf of Westinghouse Electric

Company LLC (“Westinghouse”) and declare that the averments of fact set forth in this Affidavit are true

and correct to the best of my knowledge, information, and belief.

Executed on: %[ ﬁjy /%WM

James A. Gresham, Manager
Regulatory Compliance
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(4)

3 ' CAW-18-4731

I am Manager, Regulatory Compliance, 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.

I'am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the
Nuclear Regulatory Commission’s (“Commission’s”) regulations and in conjunction with the
Westinghouse Application for Withholding Proprietary Information from Public Disclosure
accompanying this Affidavit.

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.

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.

(i1) 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 custornarily 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 constitute

Westinghouse policy and provide 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



(iii)

(b)

©

(d)

(e

®

4 CAW-18-4731

Westinghouse’s competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

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).
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.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

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)

(b)

(©

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.

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.

Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.




(iv)

v)

(vi)

5 : CAW-18-4731

(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.

® The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a
competitive advantage.

C
The information is being transmitted to the Commission in confidence and, under the

provisions of 10 CFR Section 2.390, is to be received in confidence by the Commission.

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.

The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in CE-18-139 Revision 1 —Attachment 1, “Millstone Unit 3 LAR
Proprietary Class 2 Marked Pages” (Proprietary), for submittal to the Commission, being
transmitted by Dominion letter. The proprietary information as submitted by
Westinghouse is that associated spent fuel pool storage information for criticality

analyses, and may be used only for that purpose.

(a) This information is part of that which will enable Westinghouse to perform spent
fuel pool analyses.

(b) Further, this information has substantial commercial value as follows:

(i) Westinghouse plans to sell the use of similar information to its customers

for the purpose of spent fuel pool analysis.
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(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant-specific applications.

(iii) The information requested to be withheld reveals the distinguishing

aspects of a methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar technical evaluation justifications 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 non-proprietary versions of a document, 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.



Dominion

Letter for Transmittal to the NRC

The following paragraphs should be included in your letter to the NRC Document Control Desk:
Enclosed are:

1. “Millstone Unit 3 Spent Fuel Pool Analysis Proprietary Marking Identification” (Proprietary)

2. “Millstone Unit 3 Spent Fuel Pool Analysis Proprietary Marking Identification” (Non-Proprietary)

Also enclosed are the Westinghouse Application for Withholding Proprietary Information from Public
Disclosure CAW-18-4731, accompanying Affidavit, Proprietary Information Notice, and Copyright
Notice.

As Item 1 contains information proprietary to Westinghouse Electric Company LLC (“Westinghouse™), it
is supported by an Affidavit signed by Westinghouse, the owner of the information. The Affidavit sets
forth the basis on which the information may be withheld from public disclosure by the Nuclear
Regulatory Commission (“Commission’) and addresses with specificity the considerations listed in
paragraph (b)(4) of Section 2.390 of the Commission’s regulations.

Accordingly, it is respectfully requested that the 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 copyright or proprietary aspects of the items listed above or the
supporting Westinghouse Affidavit should reference CAW-18-4731 and should be addressed to
James A. Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company,

1000 Westinghouse Drive, Building 2, Suite 259, Cranberry Township, Pennsylvania 16066.
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Attachment 5 contains information that is being withheld from public
disclosure under 10 CFR 2.390. Upon separation from Attachment 5, this
letter is decontrolled.




Serial No. 18-039
Docket No. 50-423
Attachment 1, Page 1 of 20

Discussion of Change
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1.0 Summary Description

Dominion Energy Nuclear Connecticut, Inc. (DENC) hereby proposes to amend Operating
License NPF-49 by incorporating the attached proposed changes into the Technical
Specifications (TS) of the Millstone Power Statlon Unit 3 (MPS3). DENC is proposing to
change the following TS:

TS 1.40 “Storage Pattern”

TS 1.41 “3-OUT-OF 4 and 4-OUT-OF-4"

TS 3/4.9.1.2 “Boron Concentration”

TS 3/4.9.13 “Spent Fuel Pool — Reactivity”

TS 3/4.9.14 “Spent Fuel Pool — Storage Pattern”

Figure 3.9-1 “Minimum Fuel Assembly Burnup Versus Nominal Initial Enrichment for

Region 1 4-OUT-OF-4 Fuel Storage Configuration”

Figure 3.9-2 “Region 1 3-OUT-OF-4 Storage Fuel Assembly Loading Schematic”

e Figure 3.9-3 "Minimum Fuel Assembly Burnup and Decay Time Versus Nominal
Initial Enrichment for Region 2 Storage Configuration”

e Figure 3.9-4 “Minimum Fuel Assembly Burnup and Decay Time Versus Nominal
Initial Enrichment for Region 3 Storage Confrguratlon for Assemblies from Pre-
Uprate (3411 MWt) Cores”

e Figure 3.9-5 “Minimum Fuel Assembly Burnup and Decay Time Versus Nominal
Initial Enrichment for Region 3 Storage Configuration for Assemblies from Post-
Uprate (3650 MWt) Cores”

e TS 5.6.1.1 “Criticality.”

The associated Bases for TS 3/4.9.1.2, 3/4.9.13, and 3/4.9.14 are also being modified to
address the proposed changes and are provided for information only. Changes to the TS
Bases are controlled in accordance with the MPS TS Bases Control Program.

The Region 3 Spent Fuel Pool (SFP) storage racks contain Boraflex which is currently not
credited as a neutron absorber This proposed change will not credit Boraflex. Regions 1
and 2 racks contain BORAL® as a neutron absorber which will continue to be credited.

To meet the SFP criticality requirements, the following changes are being proposed:
e Revise allowed storage patterns for fuel assemblies in the SFP to meet keg
requirements under normat and accident conditions:
o Region 1 will no longer require the use of cell blocking devices.

e Update the surveillance requirements for storing fuel assemblies in Region 1,
Region 2, and Region 3.

e Include new burnup curves for Regions 2 and 3. The Region 3 burnup curve will
include credit for decay time.

The proposed change has been reviewed and confirmed to accommodate all fuel currently
in the SFP and New Fuel Storage Racks (NFSR), and fuel assembly designs anticipated in
the future.
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Detailed Descrlptlon of Change
TS 1.40 - Storage Pattern and TS 1.41 - 3-OUT-OF-4 and 4-OUT-OF-4

These definitions are being deleted. They apply to the required fuel storage configuration
imposed by cell blocking devices in designated Region 1 storage locations. Since the
proposed change will remove the reqwrement for cell blocking devices, these definitions
will no longer apply.

2.2

2.3

TS 3/4.9.1.2 - Boron Concentration

The proposed change to TS 3/4.9.1.2 will increase the licensed minimum SFP boron
concentration from 800 ppm to 2600 ppm.

LCO 3.9.1.2 and Surveillance Requirement 4.9.1.2

LCO 3.9.1.2 is updated to increase the licensed minimum SFP boron concentration
from 800 ppm to 2600 ppm. The updated boron concentration will maintain ke < 0.95
under the bounding postulated accident condltlons including allowance for biases
and uncertainties.

TS 3/4.9.13 — Spent Fuel Pool - Reactivity

The T8 title is being changed to “Spent Fuel Pool — Storage” to address the new SFP
storage configurations and requirements. The criticality safety evaluation
demonstrates that the SFP will maintain ke¢ < 1.0 in an unborated water environment
assuming each SFP rack storage location contains a fuel assembly with the highest
reactivity allowed for that location. Also, the criticality safety evaluation demonstrates
that the SFP will maintain ke < 0.95 at all times if the SFP soluble boron
concentration is > 2600 ppm; thus, existing TS 3.9.13.a, which regards borating the
SFP, will be deleted because the SFP boron concentration requirements will now be
solely governed by TS 3/4.9.1.2.

Existing TS 3.9.13.b refers to four (4) burnup curves. These curves are being
replaced with two (2) burnup curves, one for Region 2 and one for Region 3. The
Region 3 burnup curve includes credit for decay time.

For simplicity, the proposed new burnup curves will now be designated as Figures
3.9-2 and 3.9-3. Figure 3.9-1 will become the new Fuel Assembly Loading Schematic
for Region 1 spent fuel racks (this figure designates which storage locations are
Region 1A and Region 1B). TS 3/4.9.14, which specifies installation and removal of
cell blocking devices, is being deleted since the proposed change will no longer
require usage of cell blocking devices.

Two items need to be defined regarding enrichment and burnup. Initial enrichment,
when used to compare to fuel storage requirements, is the “maximum initial planar
volume averaged as-built U-235 enrichment” in the assembly. If the assembly has
axial blankets the lower enriched fuel is not credited in determining the enrichment.
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Also, fuel burnup when used to compare to fuel storage requirements is the volume
averaged burnup of the assembly as determined using the measured reaction rates
with no reduction for measurement uncertainty.

Each Region 1 rack will designate each storage location as a Region 1A or Region
1B storage location. Region 1B storage locations will be permitted to store fresh fuel
with an initial enrichment < 5.0 wt% U-235 and with no burnable absorber. Region 1B
is defined in the proposed Fuel Assembly Loading Schematic in Figure 3.9-1. In
Region 1, the two rows adjacent to the west SFP wall are designated Region 1B, and
the remaining locations designated as Region 1A.

Fuel may be stored in a Region 1A storage location if it meets one of the following
criteria:

¢ Initial enrichment < 4.75 wt% U-235, or

e [nitial enrichment < 5.0 wt% U-235 and fuel burnup (measured) > 2.0
GWD/MTU, or

e Initial enrichment < 5.0 wt% U 235 and contains a minimum of twelve (12)
~Integral Fuel Burnable Absorber (IFBA) rods.

There will no longer be a burnup curve specifically for pre-uprate fuel assemblies.
The proposed change accommodates a rated thermal power greater than any
historical MPS3 cycle. These changes will also be reflected in the proposed changes
to the TS Surveillance Requirements.

Changes to the TS are as follows:
LCO 3.9.13

Action a. will now only refer to Surveillance Requirement 4.9.13.1.1, Action b. will
refer to Figure 3.9.2 (Region 2 burnup curve), and Action c. will refer to Figure 3.9.3
(Region 3 burnup curve), and will require immediate action if an assembly does not
meet the relevant requirements. In Region 2, this LCO only applies to fuel
assemblies that do not contain a RCCA. Action a. in the existing TS will be deleted
since the proposed change to TS 3/4.9.1.2 will provide the requirement to borate the
SFP should boron concentration fall below 2600 ppm.

Region 1A requirements include:

e Fuel assemblies with enrichment < 4.75 wt% U-235 may be stored in Region
1A.

o A fuel assembly with enrichment > 4.75 wt % and < 5.0 wt% U-235 may be
stored in a Region 1A storage location if fuel burnup is > 2.0 GWD/MTU, or if it
contains at least 12 IFBA rods.

Region 1B requirements include:

o Fuel assemblies with enrichment < 5.0 wt% U-235 may be stored in Region
1B. :
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Region 2 requirements include:

e Fuel assemblies with a combination of initial enrichment and burnup in the
“Acceptable” domain of the new burnup curve (Figure 3.9-2) may be stored in
Region 2. .. ,

o A fuel assembly with enrichment < 5.0 wt% U-235 that contains a RCCA may
be stored in Region 2.

Region 3 requirements include:

¢ Fuel assemblies with a combination of initial enrichment, burnup, and decay
time in the “Acceptable” domain of the new burnup curve (Figure 3.9-3) may
be stored in Region 3. v :

o Decay Time is defined as the time elapsed since a fuel assembly was last
used at power in a reactor core. A burnup curve is applicable to a fuel
assembly if the fuel assembly decay time is greater than or equal to the burnup
curve decay time.

Each burnup curve in Figures 3.9-2 and 3.9-3 is defined by a set of polynomial fit
coefficients with the following format:

BU [GWD/MTU] = a4 * wt%* + az * wt%3 + a, * wt%? + a, * wt%* + a,
wt%: maximum initial planar volume averaged, as-built U-235 enrichment.
SR 4.9.13

Surveillance Requirements (SR) 4.9.13.1.1, 4.9.13.1.2, 4.9.13.1.3, and 4.9.13.1.4 are
updated to instruct personnel to confirm that (1) initial enrichment, burnup, IFBA
loading (Region 1), decay time (Region 3), and location of assemblies are acceptable
based on the requirements in new Figures 3.9.1, 3.9.2, 3.9.3, and the Region 1A
restrictions in Surveillance Requirement 4.9.13.1.1 or (2) that the assembly contains
a RCCA for storage in Region 2.

TS Figure 3.9-1

TS Figure 3.9-1 is replaced. The new figure shows the bounding Region 1 fuel
storage loading schematic, including which storage locations are designated as
Region 1A and 1B.

TS Figure 3.9-2

TS Figure 3.9-2 is replaced. This new figure shows the minimum required fuel
assembly burnup as a function of initial enrichment to permit storage in Region 2 (for
assemblies that do not contain a RCCA).
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TS Figure 3.9-3

TS Figure 3.9-3 is replaced. This new figure shows the minimum required fuel
assembly burnup and decay time as a function of initial enrichment to permit storage
in Region 3.

TS Figure 3.9.4

TS Figure 3.9-4 is deleted.

TS Figure 3.9-5

TS Figure 3.9-5 is deleted.
TS 3/4.9.14

TS 3/4.9.14 is deleted. Cell blocking devices will no longer be required.
1S55.6.1.1

The proposed change to TS 5.6.1.1 will update the summary of the fuel storage
configuration and burnup/decay time requirements for each region consistent with the
proposed TS changes above. This update will also indicate that ke will remain less
than 1.0 with no soluble boron in the SFP water and < 0.95 with credit for soluble
boron. TS 5.6.1.1 currently indicates that keg will remain less than < 0.5 with no
soluble boron in the SFP water. A description of the NFSR will be added to TS
5.6.1.1, including that the NFSR will maintain ke < 0.95 under flooded conditions and
< 0.98 under optimum moderator conditions.



Serial No. 18-039
Docket No.: 50-423
Attachment 1, Page 7 of 20

3.0 Discussion

DENC proposes to amend Operating License NPF-49 by incorporating the attached
proposed changes into the MPS3 TS. A summary of the proposed changes is
provided in Section 1.0 above. The supporting criticality safety evaluation report is
included as Attachment 5 (Proprietary) and Attachment 6 (Non-proprietary).

Three unique regions have been analyzed for the SFP, each with a somewhat
different rack design.

e Region 1 racks have a flux trap design and contain BORAL® neutron absorber
panels. Region 1 racks are sub-divided into Region 1A and Region 1B.
Region 1B occupies two rows of Region 1 rack storage cells adjacent to the
west SFP wall. Region 1B credits neutron leakage at the interface with the
Region 1 wall.

e Region 2 racks contain BORAL® neutron absorber panels, but do not use a
flux trap design. A fuel assembly must meet the requirements of the Region 2
burnup curve to be stored in this region. However, any fuel assembly with
initial enrichment < 5.0 wt% U-235 that contains a RCCA may also be stored in
Region 2 without restriction.

e Region 3 racks have a flux trap design and contain Boraflex neutron absorber
material. Boraflex is not credited in the criticality safety analysis and is
modeled as SFP water. A fuel assembly must meet the requirements of the
Region 3 burnup curve, which credits decay time, to be stored in Region 3.

\

|

The rack design and the modeling of the racks are discussed in the criticality safety
evaluation.

There are 1779 storage locations currently in the MPS3 SFP as follows:
e Region 1 (contains BORAL® as a poison)

o Five 7 x 10 racks

e Region 2 (contains BORAL® as a poison)
o Three 7 x 9 racks

One 7 x 10 rack

One 9 x 10 rack

Four 9 x 9 racks

0 O O O

There is one 9 x 9 rack that is licensed per Reference 1 but has not been
installed. The proposed change continues to also assume that this rack
is installed.

e Region 3 (contains Boraflex, which is not credited)
o Twenty-one 6 x 6 racks.



3.1

Serial No. 18-039
Docket No.: 50-423
Attachment 1, Page 8 of 20

The criticality safety evaluation was performed for each region independently. The
results verified that no adverse boundary effects occur at region interfaces. The
analysis includes soluble boron credit. -The present TS SFP boron concentration
requirement of the SFP is 800 ppm of soluble boron. The proposed change will
increase this requirement to 2600 ppm.

Current MPS3 Spent Fuel Pool Configuration

The MPS3 SFP contains 350 Region 1 storage locations, 673 Region 2 storage
locations, and 756 Region 3 storage locations, for a total of 1779 fuel storage
locations. An additional Region 2 rack with 81 storage locations is licensed to be
placed in the spent fuel pool, if needed. With this additional rack installed, the Region
2 storage capacity is 754 storage locations. The total SFP storage capacity is limited
to no more than 1860 fuel assemblies. The proposed license amendment will not
make any changes to the licensed number of spent fuel racks or storage locations
(1860).

Region 1 storage currently includes a 3-out-of-4 configuration which employs a cell
blocker on the required empty cells. This configuration and the requirement for the
use of cell blockers is eliminated in the proposed configuration.
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4.0 Technical Evaluation Summary
4.1 Introduction

The analysis and results in this section are summarized from the criticality safety
evaluation report (Attachment 5 [Proprietary]/Attachment 6 [Non-proprietary]). The
topics presented here have the most significant impact with regard to the proposed
license amendment.

The proposed license amendment does not result in any equipment modifications to
the plant or any changes regarding how equipment is operated and maintained.
There are no changes in how fuel assemblies are handled and moved, nor are there
any changes in how they are inserted into or removed from a SFP or NFSR storage
location. There are no changes to how RCCAs are handled and moved, nor are
there any changes in how they are inserted into or removed from a fuel assembly.
There is no change to how personnel qualify and verify fuel assembly storage in
either the SFP or the NFSR. The existing four burnup curves are being replaced with
two burnup curves, one for Region 2 and one for Region 3. The Region 3 burnup
curve will credit decay time. The burnup curves no longer distinguish between pre-
uprate and post-uprate fuel and apply to all fuel currently in the SFP and NFSR, as
well as anticipated future fuel designs. The proposed change is analyzed for a
maximum power level of 3725 megawatts thermal.

Each Region 1 rack will have storage locations designated as Region 1A and Region
1B. A proposed new Fuel Assembly Storage Schematic (TS Figure 3.9-1) specifies
which storage locations are Region 1A and which are Region 1B.

The administrative process for verifying proper fuel assembly loading using the new
Region 1 storage configuration and new Region 2 and 3 burnup curves will be the
same as the process used for the present burnup curves and storage configuration.
Also, the response to a fuel assembly misloading event remains the same. There are
no changes regarding how fuel assemblies are handled and moved, or in the
administrative means used to ensure that fuel assemblies are not dropped or
misloaded.

The TS requirement for SFP soluble boron will increase from 800 ppm to 2600 ppm.
The process of controlling and measuring boron concentration, and responding
should the concentration be found to be below the requirement, will remain the same.
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Fuel Storage Criticality Analysis - General

For each normal operational and postulated accident scenario (both in the NFSR and
the SFP) the criticality safety evaluation conservatively assumes that each fuel
assembly is of a design to maximize fuel reactivity. The limiting design is a bounding
composite of current and historical fuel designs that is expected to remain bounding
for future fuel designs. The analyses assume bounding conservative depletion
conditions for depleted fuel and account for biases and uncertainties as described in
the criticality safety evaluation.

New Fuel Storage Racks Criticality Analysis — Normal Storage and Accident
Conditions

Results of the criticality safety evaluation show that the NFSR maintain ke < 0.95
under normal storage conditions, accounting for biases and uncertainties.

The following postulated accident conditions were analyzed:
e NFSR area fully flooded (with water)
e NFSR area with optimum moderation (fully flooded with foam).

The results also show that the NFSR maintain ket < 0.95 for the area fully flooded
scenario, and maintain kex < 0.98 for the optimum moderation scenario.

Spent Fuel Pool Criticality Safety Evaluation - Normal Storage Conditions

Results of the SFP criticality safety evaluation show that the proposed SFP storage
configuration will maintain kes <1.0 with 0 ppm of soluble boron in the SFP water, and
ket < 0.95 with the SFP filled with 600 ppm soluble boron for normal fuel assembly
storage conditions (including biases and uncertainties). Each Region 1 rack has
storage locations designated as Region 1A or Region 1B per the configuration
specified in new Figure 3.9-1.

Fresh fuel with enrichment < 5.0 wt% may be stored in Region 1B. In order to remain
bounded by the criticality safety evaluation, fuel assemblies must meet one of the
following requirements for Region 1A storage:

e Enrichment < 4.75 wt% U-235, or

e Enrichment < 5.0 wt% U-235 with fuel burnup > 2.0 GWD/MTU, or
e Enrichment < 5.0 wt% U-235 with at least 12 IFBA rods

Fuel assemblies may be stored in Region 2 if they are in the acceptable burnup
domain of the initial enrichment/burnup curve in Figure 3.9-2, or contain a RCCA (no
burnup restriction).

Fuel assemblies may be stored in Region 3 if they are in the acceptable
burnup/decay time domain of the initial enrichment/burnup/decay time curve in Figure
3.9-3.



4.5

4.6

Serial No. 18-039
Docket No.: 50-423
Attachment 1, Page 11 of 20

Spent Fuel Pool Criticality Safety Evaluation - Accident Conditions

The SFP criticality safety evaluation has analyzed the following postulated accident
conditions:

e single fuel assembly misload in the spent fuel racks

o multiple fuel assembly misload in the spent fuel racks

e loss of SFP cooling including partial voiding

e dropped assembly into the racks with grid damage (optimum fuel pin pitch)

e misload of an assembly between fuel racks

e fuel handling error (two fresh fuel assemblies out of rack in close proximity)

e seismic event.

The bounding accident is the multiple fuel assembly misload in Region 2 spent fuel
racks. This scenario assumes a 6 x 4 storage array of the limiting fresh fuel
assembly (5.0 wt% U-235 enrichment with no burnable poison) surrounded by fresh
fuel assemblies with 5.0 wt% U-235 enrichment and 32 IFBA rods in a 20x20 storage
cell array.

The criticality safety evaluation shows that 2600 ppm of soluble boron maintains kes <
0.95 for this bounding scenario, accounting for biases and uncertainties.

The proposed change will increase the minimum SFP boron concentration to 2600
ppm.

Boron Dilution

The proposed change will increase the SFP minimum soluble boron concentration
requirement from 800 ppm to 2600 ppm. No equipment that could contribute to or
mitigate a boron dilution event will be changed as part of this proposed change.
Thus, no new avenues for a boron dilution event will be created. There are no
proposed changes regarding boron concentration maintenance or response to a
boron dilution event.

DENC performed a SFP boron dilution analysis that assumes a dilution from 2300
ppm to 700 ppm soluble boron (summarized in Attachment 7). The systems that
could dilute SFP boron, either by direct connection to the spent fuel pool or by a
potential pipe crack/break, were analyzed via a bleed and feed methodology. The
analysis demonstrates that sufficient time is available to detect and mitigate a boron
dilution event prior to reaching a concentration of 700 ppm.
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4.7 Storage of Non-fuel Components and Non-standard Fuel Assemblies

4.8

The criticality safety evaluation concludes that non-fuel components may be placed in
any spent fuel rack storage location since these components are less reactive than
fuel. Non-fuel components can also be placed in the guide tubes of any fuel
assembly because the fuel lattice is under moderated.

The criticality safety evaluation evaluated each existing non-standard fuel assembly
currently stored in the MPS3 SFP using the same methods used for standard fuel.
The reactivity of non-standard fuel assemblies in the SFP is bounded by the limiting
assembly design. The criticality safety evaluation provides a list of the non-standard
fuel assemblies analyzed.

Spent Fuel Pool Storage — Other Items

Seismic Response:

The criticality safety evaluation analyzed the reactivity impact of a postulated seismic
event under the proposed storage requirements, and found that the spent fuel racks
maintain keg < 0.95. The evaluation considered fuel assembly and spent fuel rack
motion during the event. The reactivity impact of the seismic event is bounded by the
multiple fuel misload.

The MPS3 SFP is currently licensed to store 1860 fuel assemblies per MPS3 TS
5.6.3 (this includes the capacity of one Region 2 rack that has not been placed into
the SFP). The proposed change will not change the number of fuel storage locations
or fuel assemblies, or physically change any of the spent fuel racks. Thus, the SFP
seismic/structural loading requirements for the proposed change are bounded by the
existing TS.

Radiological and Thermal Impact:

DENC has considered the impact of the proposed change on the MPS3 licensing
basis fuel handling accident dose consequence assessment and the SFP heat load.
The proposed change does not alter the existing limits on enrichment, burnup limits,
peaking factors, or gap fractions in the MPS3 core. Therefore, there is no impact on
the radiological assessment or the SFP heat load.

Safety Analysis Limits:

Other than the proposed changes to the TS which specify SFP Region 1 storage
configuration, the SFP soluble boron concentration, and the reactivity credit taken for
assemblies containing RCCAs in Region 2, there are no changes to any TS LCO or
operating or safety-related setpoints associated with the proposed change.
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4.9 Implementation Considerations

DENC plans to fully implement the revised TS within 90 days after NRC approval of
this proposed license amendment.

4.10 Conclusions

Implementation of the proposed license amendment is safe and will not negatively
affect plant operation. The proposed change will make no modifications to plant
equipment or how equipment is operated or maintained. In particular, there are no
changes to how fuel is handled, including how fuel is moved, inserted into, and
removed from SFP and NFSR storage locations. There are no changes to how
RCCAs are handled, including how they are moved, inserted into, and removed from
a fuel assembly. There are no changes to qualifying and verifying fuel storage in the
SFP. There are no changes to the required response to a fuel misloading or drop
event. Also, since the proposed license amendment does not modify plant equipment
or its operation and maintenance, including equipment used to maintain SFP soluble
boron levels, the proposed license amendment will not impact a boron dilution event
or plant response to it.

SFP fuel storage requirements will continue to be maintained by administrative
means to ensure compliance with the proposed Region 1 storage configuration and
fresh fuel enrichment requirements, the proposed burnup curves for Regions 2 and 3,
and the allowance to credit RCCAs contained in fuel assemblies for Region 2. The
consequences of, or plant response to, a fuel misload event are not changed.

The criticality safety evaluation shows that the NFSR will maintain ke < 0.95 in the
fully flooded condition and ket < 0.98 in the optimum moderation condition.
Furthermore, the criticality safety evaluation shows that the SFP will maintain keg <
0.95 under normal and postulated accident conditions with credit for soluble boron.
The SFP will also maintain ke < 1.0 with no soluble boron under normal conditions
under the most reactive fuel storage configuration allowed by the proposed change.
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Regulatory Evaluation
Applicable Regulatory Requirements and Criteria

Appendix A to Title 10 of the Code of Federal Regulations, Part 50 (10 CFR 50),
General Design Criterion (GDC) 62, "Prevention of criticality in fuel storage and
handling," states that "criticality in the fuel storage and handling system shall be
prevented by physical systems or processes, preferably by use of geometrically safe
configurations." The NRC has established a 5% subcriticality margin (i.e., k-effective
(ker) less than or equal to 0.95) for nuclear power plant licensees to comply with GDC
62. ‘

10 CFR 50.68 subpart (b), regarding New Fuel Storage Racks, specifies that “(2) The
estimated ratio of neutron production to neutron absorption and leakage (k-effective)
of the fresh fuel in the fresh fuel storage racks shall be calculated assuming the racks
are loaded with fuel of the maximum fuel assembly reactivity and flooded with
unborated water and must not exceed 0.95, at a 95 percent probability, 95 percent
confidence level. This evaluation need not be performed if administrative controls
and/or design features prevent such flooding or if fresh fuel storage racks are not
used.

(3) If optimum moderation of fresh fuel in the fresh fuel storage racks occurs when the
racks are assumed to be loaded with fuel of the maximum fuel assembly reactivity
and filled with low-density hydrogenous fluid, the k-effective corresponding to this
optimum moderation must not exceed 0.98, at a 95 percent probability, 95 percent
confidence level. This evaluation need not be performed if administrative controls
and/or design features prevent such moderation or if fresh fuel storage racks are not
used.”

Also, Subpart (b)(4) of 10 CFR 50.68, "Criticality accident requirements," specifies, "if
credit is taken for soluble boron, the k-effective of the SFP storage racks loaded with
fuel of the maximum fuel assembly reactivity must not exceed 0.95, at a 95 percent
probability, 95 percent confidence level, if flooded with borated water, and the k-
effective must remain below 1.0 (subcritical), at a 95 percent probability, 95 percent
confidence level, if flooded with unborated water."

No Significant Hazards Consideration

DENC has performed the significant hazards consideration for the proposed license
amendment by addressing the three standards set forth in 10 CFR 50.92, “Issuance
of Amendment,” as discussed below:

1. Does the proposed change involve a significant increase in the probability or
consequences of an accident previously evaluated?

Response: No.

The proposed change does not involve a significant increase in the
probability or consequences of an accident previously evaluated.
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The proposed change will not affect plant equipment or structure, including
the SFP, NFSR, or fuel handling equipment, including how the equipment is
operated and maintained. There are no changes to the equipment for fuel
handling or how fuel assemblies are handled, including how fuel assemblies
are inserted into and removed from SFP and NFSR storage locations. There
is no change to administrative means to verify correct fuel assembly storage
in the SFP, or the required response to a fuel assembly misload or drop
event. There are no changes to how RCCAs will be handled, including how
RCCAs are inserted into or removed from a fuel assembly or other [ocation
such as a SFP storage location. Also, since the proposed change does not
modify plant equipment or its operation and maintenance, including
equipment used to maintain SFP soluble boron levels, the proposed change
will not impact a boron dilution event or plant response to it.

The criticality safety evaluation-concluded that the NFSR limiting accident is
the fully flooded condition with each storage location loaded with a maximum
reactivity fuel assembly. The NFSR maintains ke < 0.95 for this postulated
scenario including uncertainties and biases. The NFSR also maintains Keg <
0.98 for the optimum moderation scenario including uncertainties and biases.
Thus, the consequences of a previously evaluated NFSR related accident is
not significantly increased. There is no change to the plant equipment or its
operation and maintenance due to the proposed change. Thus, the
probability of a flooding accident that could impact the NFSR is not
significantly increased.

Regarding the SFP, the Region 1 storage configuration will change. The
Region 2 and 3 burnup curves will be updated and reduced in number. The
process of choosing fuel assembly storage locations will not change, except
that the Region 1 storage configuration and Region 2 and 3 burnup
requirements will be updated, and fuel assemblies containing RCCAs may be
stored in Region 2 without consideration of the burnup curve. The physical
handiing, insertion, removal, and storage of fuel assemblies in SFP racks will
not change. The MPS3 program for choosing fuel assembly storage
locations, for fuel handling, and for assuring that the fuel assemblies are
placed into correct locations will remain in place. Thus, the probability of a
fuel assembly misloading or a fuel assembly drop in the SFP will not
significantly increase due to the proposed change.
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Several postulated accidents for the SFP were reviewed for the proposed
change which included postulated fuel assembly misload and drop scenarios.
The criticality safety evaluation for the SFP concluded that the limiting
accident, which bounds the other scenarios, is a multiple misload of fuel
assemblies into each Region 2 fuel storage location. The criticality safety
evaluation concluded that a SFP soluble boron concentration of 2600 ppm
will maintain kes < 0.95, including uncertainties and biases, for this postulated
scenario. The minimum TS soluble boron concentration will be increased
from 800 ppm to 2600 ppm. MPS3 has maintained SFP soluble boron
concentration greater than 2600 ppm for many years, so the proposed
change will not affect the routine maintaining of the boron concentration.

There are no changes to plant equipment, including its operation and
maintenance, as a result of the proposed change, including equipment
associated with maintaining SFP soluble boron concentration or possible flow
paths that could contribute to a boron dilution event. Thus, no new avenues
for a boron dilution event will be created. There is no change regarding how
the plant maintains boron concentration or responds to a boron dilution
event. The criticality safety evaluation for the postulated boron dilution event
shows the SFP maintains ke < 0.95 at 600 ppm soluble boron. Thus, there
is no significant increase in the probability or consequences of a boron
dilution accident.

The MPS3 SFP is currently licensed to store 1860 fuel assemblies which
include a Region 2 rack that has not been placed in the SFP (TS 5.6.3).
Thus, the SFP seismic/structural loading requirements for the proposed
change are bounded by the existing TS. The criticality safety evaluation
shows that keg will be maintained < 0.95 during a postulated seismic event.
Thus, there is no increase in the consequences of a seismic event.

In each of the above scenarios the proposed change does not significantly
increase the probability of an accident previously evaluated, and maintains
required Keg margin. Therefore, it is concluded that the probability or
consequences of a previously evaluated accident do not significantly
increase.

. Does the proposed change create the possibility of a new or different kind of
accident from any accident previously evaluated?

Response: No.

The proposed change does not create the possibility of a new or different
kind of accident from any accident previously evaluated.

There is no change to any plant equipment, including how equipment is
operated and maintained. There will be no changes to equipment used to
handle fuel assemblies (or any heavy load) over the NFSR or the SFP.
There is no change regarding how the fuel assemblies are stored, inserted
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into, and removed from fuel storage locations. There is no change to how
RCCAs will be inserted into or removed from a fuel assembly or other
location, or otherwise how RCCAs are handled. Thus, there are no new
accidents created over and above the existing postulated accidents of a fuel
misload or a fuel assembly drop in the SFP or a flooding event in the NFSR
area. ,

Also, since there is no change to the plant equipment or how equipment is
operated and maintained, the probability of a new type of accident that could
impact the SFP or NFSR is not significantly increased.

The criticality safety evaluation for the first time at MPS3 specifically
analyzes a boron dilution event. However, the overall accident analyzed is
the potential for a SFP criticality, and the boron dilution event is another
potential initiator of the postulated SFP criticality accident. Also, the
possibility of a SFP boron dilution event has always existed at MPS3 and the
proposed change does not newly create or change the possibility of such an
event occurring.

The criticality safety evaluation for the first time at MPS3 specifically
analyzes a multiple fuel misioad event. As with the postulated boron dilution
event, the possibility of a multiple fuel assembly misload has always existed
at MPS3 and the proposed change does not newly create or change the
possibility of such an event occurring. Also, this postulated event was
analyzed for the MPS2 spent fuel pool criticality LAR which the NRC
approved in June 2016 (Reference 3).

Since the proposed change will not change fuel/RCCA handling equipment
or how fuel assemblies and RCCAs are handled and stored, nor will it
change any other plant equipment, there is no mechanism for creating a new
or different kind of accident not previously evaluated. Therefore, the
proposed change does not create the possibility of a new or different kind of
accident from any accident previously evaluated.

. Does the proposed change involve a significant reduction in a margin of

safety?
Response: No.

The proposed change does not involve a significant reduction in a margin of
safety.

The licensing requirement for the SFP is that ke remain < 0.95 under normal
and postulated accident conditions with credit for soluble boron. The
criticality safety evaluation concluded that this requirement is met for the
bounding postulated accident of a multiple misload of fuel assemblies into
each Region 2 fuel storage location. The analyses apply to all of the fuel
assemblies currently stored in the MPS3 SFP and to future anticipated fuel
designs.
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In addition, the criticality safety evaluation concludes that the SFP will
maintain ke < 1.0 with 0 ppm soluble boron in the SFP under normal
conditions with the maximum allowed reactivity fuel assembly stored in each
fuel storage location.

The criticality safety evaludtion also allows the following storage
configurations. In each case the storage configuration does not increase
reactivity assuring that ke margin is maintained:

e Storing non-fuel components in any spent fuel rack storage location
where fuel assemblies are allowed
¢ Storing non-fuel components in the guide tubes of any fuel assembly.

The criticality safety evaluation evaluated non-standard fuel stored in the
MPS3 to determine where they can be stored in the SFP. This information is
used to maintain ke margin when storing non-standard fuel assemblies.

The licensing requirement for the NFSR is that ke remain < 0.95 for the fully
flooded scenario, and < 0.98 for the optimum moderation scenario. The
criticality safety evaluation concludes that these requirements are met
assuming each fuel storage location is loaded with a maximum reactivity fuel
assembly (5.0 wt% U-235 enrichment with no burnable poisons).

Therefore, ail the margins of safety- are maintained, and the proposed
change does not involve a significant reduction in a margin of safety

Based on the above information, DENC concludes that the proposed license
amendment involves no significant hazards consideration under the criteria set forth
in 10 CFR 50.92(c) and, accordingly, a finding of no significant hazards consideration
is justified.

Precedents

The proposed changes to the MPS3 technical specifications are similar in
fundamental aspects to those referenced in this NRC Safety Evaluation Report:

1. NRC License Amendment and associated SER under cover letter “Millstone
Power Station, Unit No. 2 - Issuance of Amendment Re: Technical Specification
Changes for Spent Fuel Storage (TAC NO. MF0435),” from R. V. Guzman (NRC)
to D. A. Heacock (Dominion Nuclear Connecticut, Inc.), June 23, 2016.
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The current MPS3 application includes unique aspects that reflect DENC’s
understanding of NRC staff expectations for the content and supporting analyses of
spent fuel criticality submittals. The enclosed submittal content was developed based
on insights and discussion between DENC and NRC staff which occurred during a
pre-submittal meeting:

1. Summary of April 26, 2016, Pre-Application Teleconference with Virginia Electric
and Power Company for Increase in Maximum Fuel Enrichment for New Fuel
Storage Racks and Spent Fuel Pool (CAC Nos. MF7432 and MF7433).

Conclusion

Based on the considerations discussed above, there is reasonable assurance that (1)
the health and safety of the public will not be endangered by the proposed changes,
(2) such activities will be conducted in compliance with the Commission’s regulations,
and (3) the issuance of the requested license amendments will not be inimical to the
common defense and security or to the health and safety of the public.
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6.0 Environmental Considerations

DENC has reviewed the proposed license amendment for environmental considerations.
The proposed license amendment does not involve (i) a significant hazards consideration,
(i) a significant change in the types or significant increase in the amounts of any effluent
that may be released offsite, or (iii) a significant increase in individual or cumulative
occupational radiation exposure. Accordingly, the proposed amendment meets the
eligibility criterion for categorical exclusion from an environmental assessment as set forth
in 10 CFR 51.22(c)(9). Therefore, pursuant to 10 CFR 51.22(b), no environmental impact
statement or environmental assessment need be prepared in connection with the
proposed amendment.

7.0 References

1. NRC Amendment and associated SER under cover letter “Millstone Nuclear
Power Station, Unit No. 3 — Issuance of Amendment Re: Increasing Spent Fuel
Storage Capacity (TAC No. MA5137),” letter from V. Nerses (NRC) to R. G.
Lizotte (Northeast Nuclear Energy Co.), November 28, 2000.

2. NRC Amendment and associated SER under cover letter “Millstone Power
Station, Unit No.3 - Issuance of Amendment Re: Spent Fuel Pool Criticality (TAC
NO. MD8251),” letter from C. J. Sanders (NRC) to D. A. Heacock (Dominion
Nuclear Connecticut, Inc.), March 26, 2010.

3. NRC Amendment and associated SER under cover letter “Millstone Power
Station, Unit No. 2 - Issuance of Amendment Re: Technical Specification Changes
for Spent Fuel Storage (TAC NO. MF0435),” from R. V. Guzman (NRC) to D. A.
Heacock (Dominion Nuclear Connecticut, Inc.), June 23, 2016.
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DEFINITIONS

1.40 Deleted
VENTING 1.41 Deleted

1.39 VENTING shall be the controlled process of discharging air or gas from g/confinement to
maintain temperature, pressure, humidity, concentration, or other operating condition, in such a
manner that replacement air or gas is not provided or required during VENTIKG. Vent, used in
system names, does not imply a VENTING process.

“SRENT FUEL POOL STORAGE PATTERNS:

STORAG TTERN

1.40 STORAGE PATYERN refers to the blocked location in a Region 1
adjacent and diagonal Regidon] (or Region 2) cell locations surroundi

Storage rack and all
e blocked location. The

1 storage area. A STORAGE PATTERN is a subset of the 3-OUT-OF-4 Repi
storage area.

CORE OPERATING LIMITS REPORT (COLR)

1.42 The CORE OPERATING LIMITS REPORT (COLR) is the unit-specific document that
provides core operating limits for the current operating reload cycle. These cycle-specific core
operating limits shall be determined for each reload cycle in accordance with Specification
6.9.1.6. Unit Operation within these operating limits is addressed in individual specifications.

1.43 Deleted
1.4 Deleted /‘/

MILLSTONE - UNIT 3 1-7 Amendment No. 39, 58, 60, 72, 160,
189, 26% l




REFUELING OPERATIONS

BORON CONCENTRATION

LIMITING CONDITION FOR OPERATION

3.9.12  The soluble boron concentration of the Spent Fuel Pool shall be greater than or equal

obtgum.
‘ 2600

APPLICABILITY:

Whenever fuel assemblies are in the spent fuel pool.

ACTION;: 2600

a. ~ With the boron concentration less than 860 ppr
concentration in the fuel pool to at least 860 ppm wj

t0n to bring the byron
fi 72 hours, and

b. With the boron concentration less than Ppm, suspend the movement of all fjel |
assemblies within the spent fuel pool and loads over the spent fuel racks.

SURVEILLANCE REQUIREMENTS

49.1.2 Verify that the boron concentration in the fuel pool is greater than or equal to 860 ppm |
at the frequency specified in the Surveillance Frequency Control Program. P

MILLSTONE - UNIT 3 3/49-1a Amendment No. 12, 158, 189, 263,
258
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STORAGE
REFUELING OPERATIONS /
3/4.9.13 SPENT FUEL POQL - REACTFHFY inseri® lon
next page
LIMITING CONDITION FOR OPERATION

9.13 The Reactivity Condition of the Spent Fuel Pool shall be such that k. is less than
eque] to 0.95 at all times. :

APPLICABILITY:  Whenever fue] assemblies are in the spent fuel pool.

ACTION: ith kg greater than 0.95:
a. BorateYhe Spent Fuel Pool until k. is less than or equal #6 0.95, and
b. Initiate immedidate action to move any fuel assembly which does not meet the

requirements of Ngures 3.9-1, 3.9-3, 3.9-4, or 3/9-5 to a location for which that

2 fuel storage are within the
Q-3 by checking the fuel

49.13.1.2.

4.9.13.1.3. 11 Mwt) conditions

and burn-up documentation. Ensure that all fuel assemblies used in post-
(3650 Mwt) conditions which are to be placed in Region 3 fuel storage are
enrichment, decay time, and burn-up limits of Figure 3.9-5 by checking the fue
assembly’s design, decay time, and burn-up documentation.

MILLSTONE - UNIT 3 3/49-16 Amendment No. 39, 158, 189, 248




Insert # 1 to TS 3.9.13 Spent Fuel Pool — Storage Limiting Condition for Operation

3.9.13 The spent fuel storage requirements necessary to maintain ke within limits shall
be met.

APPLICABILITY: Whenever fuel assemblies are in the spent fuel pool.

ACTION:

a. For a fuel assembly stored in Region 1A - initiate immediate action to move
any assembly which does not meet Surveillance Requirement 4.9.13.1.1. to
Region 1B.

b. For a fuel assembly stored in Region 2 that does not contain a Rod Cluster
Control Assembly - initiate immediate action to move any assembly which
does not meet the requirements of Figure 3.9-2 to a location for which that
fuel assembly is allowed.

c. For afuel assembly stored in Region 3 - initiate immediate action to move
any assembly which does not meet the requirements of Figure 3.9-3 to a
location for which that fuel assembly is allowed.

SURVEILLANCE REQUIREMENTS

NOTE

The Region 1 Fuel Storage Loading Schematic (Figure 3.9-1) designates each storage
location as either Region 1A or Region 1B.

Regarding fuel assemblies that contain a Rod Cluster Control Assembly for storage in
Region 2 - if the enrichment and burnup of a given assembly is not in the “Acceptable”
domain of Figure 3.9-2 (e.g., the assembly requires a Rod Cluster Control Assembly to
be stored in Region 2), then the assembly must be located in an acceptable Region 1
storage location before its Rod Cluster Control Assembly can be inserted or removed.

[nitial enrichment is the maximum initial planar volume averaged as-built U-235
enrichment in the assembly. If the assembly has axial blankets the lower enriched fuel
is not credited in determining the enrichment. Also, fuel burnup is the volume averaged
burnup of the assembly as determined using the measured reaction rates.




Insert # 1 to TS 3/4.9.13 Spent Fuel Pool —~ Storage Limiting Condition for Operation

and Surveillance Requirements (continued)

4.9.13.1.1.

4.9.13.1.2.

4.9.13.1.3.

49.13.1.4.

Ensure that all fuel assemblies to be placed into a Region 1A storage
location, with an initial enrichment greater than 4.75 w/o U-235, have
achieved a fuel burnup greater than or equal to 2.0 GWD/MTU or contain a
minimum of twelve (12) Integral Fuel Burnable Absorber (IFBA) Rods by
checking the fuel assembly’s location, design, and burnup documentation.
Fuel assemblies with an initial enrichment less than or equal to 4.75 w/o U-
235 may be stored in Region 1A without restriction.

Ensure that all fuel assemblies to be placed into Region 1B are stored
consistent with the Fuel Storage Loading Schematic specified in Figure 3.9-
1 by checking the fuel assembly’s storage location. All fuel assemblies with
an initial enrichment less than or equal to 5.0 w/o U-235 may be stored in
Region 1B without restriction.

Ensure that all fuel assemblies to be stored in Region 2 - that do not contain
a Rod Cluster Control Assembly - are within the enrichment and burnup
limits of Figure 3.9-2 by checking the fuel assembly’s design and burnup
documentation. A fuel assembly that contains a Rod Cluster Control
Assembly may be stored in Region 2 without restriction.

Ensure that all fuel assemblies to be stored in Region 3 are within the
enrichment, burnup, and decay time limits of Figure 3.9-3 by checking the
fuel assembly’s design, burnup, and decay time documentation.



REFUELING OPERATIONS

SPENT FUEL POOL - ;STORAGE PATTERN

LIMITING CONDITION FOR OPERATION

'Each STORAGE PATTERN of the Region 1 spent fuel pool racks shall require that:

Prior to storing fuel assemblies in the STORAGE PATTERN per Figurg.39-2, the
cetqlocking device for the cell location must be installed.
b. Prior to remo f a cell blocking device from the ce

Ocation pér Figure 3.9-2,
the STORAGE PA must be vacant of a

ored fuel assemblies

APPLICABILITY:  Whenever fuel assemblr in the spent fuel pool.

ACTION: Take immediate action teComply with 3.9.

SURVEILLANCE REQU
-

49.14 erify that 3.9.14 is satisfied with no fuel assemblies stored in the STORA

RN prior to installing and removing a cell blocking device in the spent fuel racks.

TS 3.9.14 is DELETED

MILLSTONE - UNIT 3 3/4 9-17 Amendment No. 36,489 |




November28, 2000

Figure 3.9-1 Minimum Fuel Assembly Burnup Versus Nominal Initial Enrichment
for Region 1 4-OUT-OF-4 Fuel Storage Configuration
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Figure 3.9-1 Region 1 Fuel Storage Loading Schematic
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This face must be along
the wall of the spent fuel
pool, or other Region 1
3-OUT-OF-4 storage

Figure 3.9-2 Region 1 3-OUT-OF-4 Storage Fuel Assembly Loading Schematic

Region 2 or Region 1 4-OUT-OF-4
may be placed along this face

Cell Blocker location

November 28, 2000

Region 2 or Region 1
4-OUT-OF-4 may be
placed along this face

sembly Storage
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FIGURE 3.9-2 Minimum Fuel Assembly Burnup versus Initial Enrichment for Region 2
Storage Configuration
(Fuel Assemblies without Rod Cluster Control Assemblies)
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March 26, 2010

Figure 3.9-3 Minimum Fuel Assembly Burnup and Decay Time Versus Nominal Initial
Enrichment for Region 2 Storage Configuration
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. For assemblies from Post-Uprate (3650 Mwt) Cores, the nominal fuel enrichment of
blankets must be < 2.6 w/o U-235, and nominal blanket length must be at least 6 inches
on both ends of the fuel. Fuel batches A, B, C, and D may not be stored in Region 2.

MILLSTONE - UNIT 3 3/4 9-20 Amendment No.489, 248

Replace with new Region 3 burnup curve (next page)




FIGURE 3.9-3 Minimum Fuel Assembly Burnup and Decay Time versus
Initial Enrichment for Region 3 Storage Configuration
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The burnup curve equations have the following polynomial format (bounding):

BU [GWD/MTU] = a4 * wt%* + as * wt%? + a, * wt%? + a; * wt%! + a,

Burnup Credit Curve Polynomial Coefficients

Region | Decay Time
(Years) a 43 42 G %o
3 No Credit -0.2459 4.208 -26.80 88.70 -92.00
3 3 Years -0.2338 4.001 -25.48 84.34 -87.47
3 9 Years -0.2153 3.684 -23.46 77.66 -80.54
3 18 Years -0.2020 3.458 -22.02 72.88 -75.59
3 25 Years -0.1964 3.361 -21.40 70.84 -713.47
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Figure 3.9-4 Minimum Fuel Assembly Burnup and Decay Time Versus Nominal

Initial Enrichment for Region 3 Storage Configuration for Assemblies from
Pre-Uprate (3411 Mwt) Cores
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FIGURE 3.9-4 is DELETED




March 26, 2010

Figure 3.9-5 Minimum Fuel Assembly Burnup and Decay Time Versus Nominal Initial

Enrichment for Region 3 Storage Configuration for Assemblies from Post-
Uprate (3650 Mwt) Cores
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DESIGN FEATURES

5.6 _FUEL STORAGE

| ) Iﬁsert #2 on next pag?l
CRITICALITY | - | /

5.6.1.1 The spent fuel storage racks are made up of 3 Regions which are designed and
shall be maintained to ensure a K ¢ less than orequal to 0.95 when flooded with

unborated water. The storage rack Regions are:

a. R egion 1, a nominal 10.0 inch (North/South) and a nominal 10.455 i
(EasyWest) center to center distance, credits a fixed neutron absogk€r (BORAL)
within ke rack, and can store fuel in 2 storage configurations;

(D With credit for fuel burnup as shown in Figure 279-1, fuel may be stored in
' a “4-OUT-O¥-4” storage configuration.

2) With credit for every)kdth location ptocked and empty of fuel, fuel up to 5
weight percent nominalsgrichafent, regardless of fuel burnup, may be
stored in a “3-OUT-OF-4" 2fqrage configuration. Fuel storage in this
configuration is subjectfo the itgrface restrictions specified in Figure
3.9-2. '

b. Region 2, a nominat9.017 inch center to center didtance, credits a fixed neutron
absorber (BORAL) within the rack, and with credit forgel burnup and fuel decay
time as shown in Figure 3.9-3, fuel may be stored in all avaiable Region 2 storage
locatigas.

C. Region 3, a nominal 10.35 inch center to center distance, with credit Tog fuel
burnup and fuel decay time as shown in Figure 3.9-4 for assemblies used
exclusively in pre-uprate (3411 Mwt) cores or Figure 3.9-5 for assemblies usédn
post-uprate (3650 Mwt) cores, fuel may be stored in all available Region 3 storage
locations. The Boraflex contained inside these storage racks is not credited.

DRAINAGE

5.6.2 The spent fuel storage pool is designed and shall be maintained to prevent inadvertent
draining of the pool below elevation 45 feet. ‘

MILLSTONE - UNIT3 - . 5-6 | ~ Amendment No. 39, 60, 189, 243




insert # 2 to TS 5.6.1.1 Fuel Storage — Criticality

5.6.1.1 The New Fuel Storage Racks, a nominal 22.125 inch center to center
distance, credit a fixed neutron absorber (BORAL) within the rack and are
designed and shall be maintained with:
a. Keg less than or equal to 0.95 with the storage racks fully loaded with the
highest reactivity fuel and flooded with potential moderators,
b. Kes less than or equal to 0.98 with the storage racks fully loaded with the
highest reactivity fuel and optimum moderation of the racks.

The spent fuel storage racks are made up of 3 Regions which are designed

and shall be maintained to ensure a Ker less than 1.0 when flooded with

unborated water, and Kef less than or equal to 0.95 with 600 ppm soluble

boron in the spent fuel pool water. The storage rack regions are as follows:

a. Region 1, a nominal 10.0 inch (North/South) and a nominal 10.455 inch
(East/West) center to center distance, credits a fixed neutron absorber
(BORAL) within the rack. Each Region 1 fuel storage rack contains two
storage sub-regions - Region 1A and Region 1B:

(1) Region 1A — Fuel assemblies meeting one of the following three
criteria may be stored in Region 1A storage locations:

i. initial enrichment less than or equal to 4.75 w/o U-235, or

ii. initial enrichment less than or equal to 5.0 w/o U-235 with a
fuel burnup greater than or equal to 2.0 GWD/MTU, or

ii. initial enrichment less than or equal to 5.0 w/o U-235 that
contain a minimum of 12 Integral Fuel Burnable Absorber
(IFBA) rods.

(2) Region 1B — Fuel assemblies with an initial enrichment less than
or equal to 5.0 w/o U-235 shall be stored per the Fuel Storage
Loading Schematic shown in Figure 3.9-1 (the two rows against
the spent fuel pool west wall are designated Region 1B).

b. Region 2, a nominal 9.017 inch center to center distance, credits a fixed,
neutron absorber (BORAL) within the rack and either fuel burnup as
shown in Figure 3.9-2 or takes credit for containing a Rod Cluster
Control Assembly.

c. Region 3, a nominal 10.35 inch center to center distance, credits fuel
burnup and decay time as shown in Figure 3.9-3. These racks contain
Borafiex which is not credited.
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3/4.9 REFUELING OPERATIONS and the use of Rod Cluster Control

Assemblies for certain assemblies in
BASES Region 2.

3/4.9.1.2 BORON CONCENTRATION IN SPENT FUEL POOL
1.0
During normal Spent Fuﬁ/l{ool operation, the spent fuel racks are capable of maintaining
K at less than erequal-te-0-95 in an unborated water environment. This is accomplished in
Region 1, 2, and 3 storage racks by the combination of geometry of the rack spacing, the use of
fixed neutron absorbers in some fuel storage reglons the 11m1ts on fuel burnup, fuel enrlchme
and minimum fuel decay time, a e-use -eert :

The boron requxrement m the spent fuel pool spec:1ﬁed in3.9.1.2 ensures that in the event
of a fuel assembly-handing - ; a1

assembly, the K g of the spen

3/4.92 INSTRUMENTATION misload accident, which involves the misloading of
= multiple fuel assemblies,

torage racks will remain less than or equal to 0.95.

The source range neutron flux monitors are used during refueling operations to monitor
the core reactivity condition. The installed source range-neutron flux monitors are part of the
Nuclear Instrumentation System (NIS). These detectors are located external to the reactor vessel
and detect neutrons leaking from the core.

There are two sets of source range neutron flux monitors:

(1) Westinghouse source range neutron flux monitors, and
(2) Gamma-Metrics source range neutron flux monitors.

The Westinghouse monitors are the normal source range monitors used during refueling
activities. Gamma-Metrics source range neutron flux monitors are an acceptable equivalent /
control room indication for the Westinghouse source range neutron flux Monitors in MODE 6,
including CORE Alterations, as follows:

with the core in place within the reactor vessel or,

with the Gamma Metrics source range neutron flux monitor(s) coupled to the core.
Reactor Engineering shall determine whether each monitor is coupled to the core.

This limiting condition for operation requires two source range neutron flux monitors be
OPERABLE to ensure that redundant monitoring capability is available to detect changes in core
reactivity. To be OPERABLE, each monitor must provide visual indication in the control room. In
addition, at least one of the two monitors must provide an OPERABLE audible count rate
function in the control room and containment.

MILLSTONE - UNIT 3 B 3/4 9-1a Amendment No. 12, 66, 158, 203, 219,
230
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3/4.9.13 SPENT FUEL POOL - REACTIFEY [Insert # BT on next page

During normal spent fuel pool operation, the spent fuel racks are capable of maintaming
at less than or equal to 0.95 in an unborated water environment.

aintaining K. at less than or equal to 0.95 is accomplished in Region 1 3-OUT-QF*4
storage rackg by the combination of geometry of the rack spacing, the use of fixed neutg
absorbers in theyacks, a maximum nominal 5 weight percent fuel enrichment, and the“use of
blocking devices Mcertain fuel storage locations, as specified by the interface regdirements
shown in Figure 3.9-2»

Maintaining K¢ at Tsgs than or equal to 0.95 is accomplished ipRegion 1 4-OUT-OF-4
storage racks by the combinationof geometry of the rack spacing, i€ use of fixed neutron
absorbers in the racks, and the limits\on fuel enrichment/fuel byerfup specified in Figure 3.9-1.

Maintaining K¢ at less than or eqix] to 0.95 is acgeinplished in Region 2 storage racks by
the combination of geometry of the rack spacing, the pse of fixed neutron absorbers in the racks,
and the limits on fuel enrichment/fuel burnup andyfdel decay time specified in Figure 3.9-3.

Maintaining K¢ at less than or equalto 0.95 is Bsgomplished in Region 3 storage racks by
the combination of geometry of the rackspacing, and the Iimits on fuel enrichment/fuel burnup
and fuel decay time specified in Figy#€ 3.9-4 for assemblies uded exclusively in the pre-uprate
(3411 Mwt) cores and Figure 3.9-8 for assemblies used in the postypdate (3650 Mwt) cores.
Fixed neutron absorbers are credited in the Region 3 fuel storage Tagks.

The limitations @€scribed by Figures 3.9-1, 3.9-2, 3.9-3, 3.9-4, and Q-5 ensure that the
reactivity of the fuglissemblies stored in the spent fuel pool are conservatively wjthin the
assumptions of the safety analysis.

inistrative controls have been developed and instituted to verify that the fuel
enrichafent, fuel burnup, fuel decay times, and fuel interface restrictions specified in Figures
3.94,3.9-2,3.9-3,3.9-4, and 3.9-5 as well as restrictions specified in the Note on Figures 3.9-3
nd 3.9-5 are complied with.

3/4.9.14 SPENTFOEEPOOE=STORAGEPATTERN <— DELETED

The limitations of this specification ensure that the reactivity conditions of the Region
3-OUT-OK4 storage racks and spent fuel pool keg will remain less than or equal to (.95

The Cell BlockingDevices in the 4th location of the Region 1. 3-©UT-OF-4 storage
racks are designed to prevent iiTadugrtent placement and/or storage of fuel assemblies in the
blocked locations. The blocked locationTemains emp#yTo provide the flux trap to maintain
reactivity control for fuel assemblies in adjacertt and.diagonal locations of the STORAGE
PATTERN.

STORAGERATTERN for the Region 1 storage racks will be established and expanded
from the walts™of the spent fuel pool per Figure 3.9-2 to ensure definition and comtrel.of the
Regront | 3-OUT-OF-4 Boundary to other Storage Regions and minimize the number of
boundaries where a fuel misplacement incident can occur.

MILLSTONE - UNIT 3 B 3/49-9 Amendment No. 39, 105, 107, 158, 189, 203




Insert # B1 to TSB 3/4.9.13 Spent Fuel Pool ~ Storage

During normal spent fuel .pool operation, the spent fuel racks are capable of maintaining
Kesr at less than 1.0 in an unborated water environment, and less than or equal to 0.95
with 600 ppm soluble boron in the spent fuel pool water.

Maintaining Kef less than or equal to 0.95 is accomplished in Region 1A storage rack
locations by the combination of geometry of the rack spacing, the use of fixed neutron
absorbers (BORAL) in the racks, and prohibiting storage of fuel assemblies with an
enrichment greater than 4.75 w/o U-235 unless its fuel burnup is greater than or equal
to 2.0 GWD/MTU or it contains twelve (12) or more IFBA rods.

Maintaining Kef less than or equal to 0.95 is accomplished in Region 1B storage rack
locations by the combination of geometry of the rack spacing, the use of fixed neutron
absorbers (BORAL) in the racks, a maximum 5.0 weight percent initial fuel enrichment,
and specifying which storage locations are designated as Region 1B.

Maintaining Kt less than or equal to 0.95 is accomplished in Region 2 storage racks by
the combination of geometry of the rack spacing, the use of fixed neutron absorbers
(BORAL) in the racks, and the limits on initial fuel enrichment/fuel burnup specified in
Figure 3.9-2. As an alternative, maintaining Keg less than or equal to 0.95 can also
accomplished in Region 2 storage rack locations if the assembly has a maximum initial
enrichment less than or equal to 5.0 weight percent and contains a Rod Cluster Control
Assembly. '

Maintaining Kes less than or equal to 0.95 is accomplished in Region 3 storage racks by
the combination of geometry of the rack spacing and the limits on initial fuel
enrichment/fuel burnup and fuel decay time specified in Figure 3.9-3. Fixed neutron
absorbers are not credited in the Region 3 fuel storage racks

The limitations described by Figures 3.9-1, 3.9-2, 3.9-3, the burnup/IFBA requirement in
Region 1A, and the use of Rod Cluster Control Assemblies in Region 2 ensure that the

reactivity of the fuel assemblies stored in the spent fuel pool is conservatively within the
assumptions of the safety analysis.

Administrative controls have been developed and instituted to verify that the initial fuel
enrichment, fuel burnup, and fuel decay times specified in Figures 3.9-1, 3.9-2, 3.9-3,
the burnup/IFBA requirement in Region 1A, and the presence of a Rod Cluster Control
Assembly (Region 2) are complied with.

Initial enrichment, when used to compare to fuel storage requirements, is the maximum
initial planar volume averaged as-built U-235 enrichment in the assembly. If the

* assembly has axial blankets the lower enriched fuel is not credited in determining the
enrichment. Fuel burnup when used to compare to fuel storage requirements is the
volume averaged burnup of the assembly as determined using the measured reaction
rates with no reduction for measurement uncertainty.
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Purpose of submittal

YES

Identify and add margin, MUR uprate,
boron credit, control rod credit, SFP wall
credit, update methods and codes,
provide more core design flexibility.

Serial No. 18-039
Docket No. 50-423
Attachment 4, Page 2 of 9

License changes requested

YES

Burnup curves, storage pattern,
minimum soluble boron, remove axial
blanket restrictions, remove cell blocker
requirement.

Summary of physical changes

YES

Remove cell blockers.

Summary of analytical scope

YES

SFP and new fuel storage criticality
safety analysis including normal storage
and fuel handling, abnormal conditions,
and boron dilution analysis.

4

Summary of requirements and guidance

YES‘ ....

Requirements documents referenced YES Multiple.
Guidance documents referenced YES DSS-1SG-2010-01, NEI 12-16 draft
Acceptance criteria described YES

Bounds historical and anticipated.

Describe all fuel in pool YES
Geometric dimensions (Nominal and YES
Tolerances)
Schematic of guide tube patterns YES Only one pattern.
Material compositions YES
Describe future fuel to be covered NO None proposed. Composite bounding
design used.
Geometric dimensions (Nominal and NO None proposed.
Tolerances)
Schematic of guide tube patterns NO None proposed.
Material compositions NO None proposed.
Describe all fuel inserts YES
Geometric dimensions (Nominal and YES BPRA, WABA, RCCA, source rods, in-core
Tolerances) thimble (tolerances for in-SFP
components).
Schematic (axial/cross-section) NO Commonly used inserts.
Material compositions YES
Describe non-standard fuel YES




Geometric dimensions

YES
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Fuel rod storage canister and fuel
reconstitution considered.

Describe non-fuel items in fuel cells NO Non-fuel items can only be stored in
cells that are allowed to store fuel
assemblies. Therefore, non-fuel items
displace fuel.

Nominal and tolerance dimensions NO

g€
New fuel vault & Storage rack description YES
Nominal and tolerance dimensions YES
Schematic (axial/cross-section) YES Rack diagrams
Material compositions YES
Spent fuel pool, Storage rack description YES Region 1: BORAL, flux trap
Region 2: BORAL, non-flux trap
Region 3: Boraflex (not credited), flux
trap
Nominal and tolerance dimensions YES
Schematic (axial/cross-section) YES Rack diagrams
Material compositions YES
Other Reactivity Control Devices (Inserts) NO No installed rack inserts (optional RCCA
credit).
Nominal and tolerance dimensions NO
Schematic (axial/cross-section) NO
Material compositions NO

New fuel rack analysis description YES BORAL installed in New Fuel Storage
racks.
Storage geometries NO All cells qualified for new fuel storage.
Bounding assembly design(s) YES
Integral absorber credit NO
Accident analysis YES
Spent fuel storage rack analysis description YES
Storage geometries YES Region 1A has all-cell storage. Region
1B restricted to two rows adjacent to
SFP wall (credits leakage). Regions 2
and 3 have all-cell fuel storage.
Bounding assembly design(s) YES Composite bounding assembly.
Soluble boron credit YES
Boron dilution analysis YES
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Burnup credit YES

Decay time credit YES Region 3.

Integral absorber credit YES Minimum historical integral absorber
loading used for some fuel in the
multiple misload accident analysis
(Region 2 limiting). Optional IFBA credit
in Region 1A.

Other credit YES SFP wall credited for Region 1B, control
rod credit for Region 2, and decay time
credit for Region 3.

Fixed neutron absorbers YES BORAL in Regions 1 and 2, Boraflex in
Region 3 (not credited).

Aging management program YES Coupon monitoring (BORAL).
Accident analysis YES
Temperature increase YES
Assembly drop YES Into racks (broken grids pitch change)
and between racks.
Single assembly misload YES
Multiple misload YES Defines a maximum reactivity batch of
24 un-poisoned fresh 5.0 wt %
assemblies clustered together
surrounded by minimally poisoned fuel.
Boron dilution YES
Other YES Fuel Handling Accident
Fuel out of rack analysis YES
Handling YES
Movement YES
Inspection YES

Overview ...
Code/Modules Used for Calculation of k.

YES

SCALE6.0/CSAS5 — KENO V.a
Cross section library YES ENDF/B-VII 238 Group
List all the isotopes used YES All TRITON isotopes.
Convergence checks YES 1000 generations skipped, specific
convergence checks on key cases.
Code/Module Used for Depletion Calculation YES SCALE6.0/T5-depl — KENO V.a
Cross section library YES ENDF/B-Vil 238 Group
List all the isotopes used YES All SCALE 6.0 (T5-DEPL addnux=3)
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Convergence checks YES Same input (step sizes, neutron
histories) as was confirmed to achieve
convergence in prior LAR with same fuel
design. Additional convergence
demonstration cases provided.

Validation of Code and Library YES

Major Actinides and Structural Materials YES

Minor Actinides and Fission Products YES 1.5% bias (NUREG/CR-7109)

Absorbers Credited YES B (BORAL, IFBA, soluble boron), Cd

(RCCA).

_ cali
Rack model YES Full storage area with structure and
concrete.
Boundary conditions YES Void.
Source distribution NO Uniform in fissile material.
Geometry restrictions NO
Limiting fuel design YES
Fuel density YES Bounding high.
Burnable Poisons NO No credit.
Fuel dimensions YES Composite bounding design.
Axial blankets NO No credit.
Limiting rack model
Storage vault dimensions and materials YES
Temperature YES
Multiple regions/configurations NO
Flooded YES
Low density moderator YES
Eccentric fuel placement YES
Tolerances
Fuel geometry YES
Fuel pin pitch YES
Fuel pellet OD YES
Fuel clad OD YES
Fuel content
Enrichment YES
Density YES
Integral absorber NO No credit.
Rack geometry
Rack pitch YES

Cell wall thickness

YES




Storage vault dimensions / materials

YES

Serial No. 18-039
Docket No. 50-423
Attachment 4, Page 6 of 9

Code uncertainty YES
Biases

Temperature YES

Code bias YES
Moderator Conditions

Fully flooded and optimum density YES

moderator

Depletion Model Considerations

Time step verification YES Verified (similar to prior LARs).

Convergence verification YES Verified (similar to prior LARSs).

Simplifications YES Bounding grid volume homogenized in
fuel lattice water, constant depletion
conditions (except reduced power for
final 40 days).

Non-uniform enrichments NO

Post Depletion Nuclide Adjustment YES Reduced volatile fission product content
(same as prior LARs). Remove very low
concentration isotopes.

Cooling time YES Time of peak reactivity (5 days) except
for decay time credit cases.

Limiting depletion parameters

Burnable Absorbers YES Maximum WABA. IFBA and BPRA have
been used at MP3. Maximum WABA
bounds maximum IFBA and allows for
possible WABA use. Unbounded BPRA
from early cycles dispositioned.

Integral absorbers NO Maximum IFBA plus source rods
bounded by maximum WABA.

Soluble Boron YES Bounding

Fuel and Moderator Temperature YES Calculated using bounding high fuel
assembly power history and bounding
high core moderator exit temperature

Power YES Bounding high power reduced near end
of depletion to maximize depleted fuel
reactivity.

Control rod insertion NO Bounded by WABA depletion, including
maximum IFBA plus control rod
insertion. Unbounded CR insertion from
early cycles are dispositioned

Atypical Cycle Operating History YES Bounded or justified.




Rack rﬁodel —
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YES Three rack models (Regions 1-3), two
configurations in Region 1
Boundary conditions " YES Periodic X-Y.
Source distribution YES Uniform in fissile material
Geometry restrictions YES Region 1B must be 2 rows adjacent to
SFP wall.
Design Basis Fuel Description YES Composite bounding design.
Fuel density YES Bounds all fuel assemblies.
Burnable Poisons YES Optional credit in Region 1A. Minimum
IFBA credit in some fuel in multiple
misload analysis.
Fuel assembly inserts YES Optional control rod credit, evaluation
of depleted BPRA storage.
Fuel dimensions YES Present and past MP3 designs bounded.
Axial blankets NO No credit taken.
Configurations considered YES Evaluated for each rack type, with and
without boron.
Borated YES
Unborated YES
Multiple rack designs YES Three rack types.
Alternate storage geometry YES Region 1B.
Reactivity Control Devices YES
Fuel Assembly Inserts YES Optional RCCA credit in Region 2.
Storage Cell Inserts NO
Storage Cell Blocking Devices NO
Axial burnup shapes
Uniform/Distributed YES NUREG/CR-6801 and uniform, justified
with MP3 shapes.
Nodalization YES NUREG/CR-6801 18 nodes.
Blankets modeled NO No credit except in disposition of
unbounded discharged fuel.
Tolerances/Uncertainties
Fuel geometry
Fuel rod pin pitch YES
Fuel pellet OD YES
Cladding OD YES
Axial fuel position YES

Fuel content

Enrichment

YES
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Density YES
Assembly insert dimensions and materials) NO Conservative RCCA mode! used.
Rack geometry
Flux-trap size (width) YES
Rack cell pitch YES
Rack wall thickness YES
Neutron Absorber Dimensions YES
Rack insert dimensions and materials NO None present.
Code validation uncertainty YES
Criticality case uncertainty YES
Depletion Uncertainty YES Use ISG 2010-01 (5% burnup worth).
Burnup Uncertainty YES 4% of measured burnup (developed
from measurement uncertainty).
Biases
Design Basis Fuel design YES Built into Base Model
Minor actinides and fission product worth YES 1.5% of worth (NUREG/CR-7109).
Code bias YES
Temperature YES Built into Base Model
Eccentric fuel placement YES Built into Base Model
Incore thimble depletion effect YES Incore thimble included in fuel
depletion model.
NRC administrative margin YES
Grid growth YES Fuel clad creep also included.
Modeling simplifications
Identified and described YES

Interface configurations analyzed YES
Between dissimilar racks YES Interface region bias and uncertainty
determined based on major
components.
Between storage configurations within a rack YES Region 1A, 1B.
Interface restrictions NO No restrictions needed.

Fuel hva”hdling equipment

YES Bounding analysis.
Administrative controls YES Described.
Fuel inspection equipment or processes YES Bounding analysis.

Fuel reconstitution

YES

Evaluated with limitations.




| 0 ppm ket < 1.0 'i‘néludlng blasés and »
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uncertainties.

Normal conditions YES kesr < 0.95 with minimum dilution
analysis boron.
Accident conditions YES ket < 0.95 with TS minimum SFP boron.

Single assembly misload YES Bounded by multiple misload.

Fuel assembly misplacement YES Bounded by multiple misload.

Neutron Absorber Insert Misload NO Bounded by multiple misload.

Multiple fuel misload YES Maximum anticipated reactivity full
fresh fuel batch misload.

Dropped assembly YES Between and in racks, bounded by
multiple misload.

Temperature YES Partial voiding due to boiling
considered. Bounded by multiple
misload.

Seismic event/ other natural phenomena NO No interface effect from shifting racks

due to Region design.

Sum
Summary of results YES
Burnup curve interpolation YES Bounding polynomial coefficients.
Intermediate Decay time treatment NO Pass / fail.
New administrative controls NO
Technical Specification markups YES

Apper put idatio
Code validation methodology and bases YES NUREG 6698 Method.
New Fuel YES
Depleted Fuel YES
MOX YES
HTC YES
Convergence YES
Trends YES
Bias and uncertainty YES
Range of applicability YES
Analysis of Area of Applicability coverage YES
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List of Acronyms and Abbreviations

Burnable Poison Rod Assembly is a group of boron containing rodlets held

BPRA together by a plate that rests on the assembly top nozzle.

DOE Department of Energy (USA)

EALF Energy of the Average Lethargy of a neutron causing Fission

EOL End of Life ‘

FA Fuel Assembly

FRSC Fuel Rod Storage Container

FP Fission Product

GWd/MTU Gigawatt*day per Metric Ton (Tonne) of Uranium. A unit of burnup.

. Haut Taux de Combustion. This is a set of critical experiments done in France

HTC that uses fuel that represents the uranium and plutonium content of 4.5 wt% fuel
burned to 37.5 GWd/MTU

ID Inner Diameter

IFBA Integral Fuel Burnable Absorber which is a ZrB, coating placed on the outside of
the fuel pellet. A Westinghouse product.

ISG Interim Staff Guidance from the NRC

MOX Mixed Oxide fuel. Contains both UO, and PuO..

MPS3 Millstone Power Station Unit 3

MW/MTU Megawatt per Metric Ton (Tonne) of Uranium. A unit of specific power.

MWd/MTU Megawatt*day per Metric Ton (Tonne) of Uranium. A unit of burnup.

NCS Nuclear Criticality Safety

NFSA New Fuel Storage Area. F{eferring tq the concrete pit qnd steel racks used to
hold the new fuel. Sometimes used interchangeably with NSFR.

NESR New Fuel Stqrage Rack§. Referring to the_ racks inside the New Fuel Storage
Area. Sometimes used interchangeably with NSFA.

oD Outer Diameter

pcm 0.00001 in k (acronym from percent mille)

ppm Parts per million by weight

PWR Pressurized Water Reactor

RCCA Rod Cluster Control Assembly (control rod)

RCS Reactor Coolant System

RFA Robust Fuel Assembly is a fuel design manufactured by Westinghouse.

RSS square Root of the Sum of the Squares

RTP Rated Thermal Power

SER ‘Safety Evaluation Report

SFP Spent Fuel Pool

SNF Spent Nuclear Fuel

SS Stainless Steel

VF Volume Fraction

WABA Wet Annular Burnable Absorbers. This is a Westinghouse removable burnable

absorber product.
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1 Introduction

A SFP criticality analysis is performed for Millstone Unit 3 (MPS3) to allow for a measurement
uncertainty recapture power uprate, to incorporate spent fuel pool (SFP) soluble boron credit, to
update computer codes and analysis methods, to eliminate the need for empty storage cells and
cell blockers, and to increase identified margin to k-effective (k-eff) limits. A new fuel storage
area (NFSA) criticality analysis is performed for MPS3 to update computer codes and analysis
methods and to increase identified margin to k-eff limits. The current enrichment limit for the
MPS3 NFSA and SFP is 5.0 wt% U-235.

Criticality analysis scope includes normal fuel storage, normal fuel handling, abnormal fuel
storage conditions, abnormal fuel handling events, and storage of non-standard fuel-bearing
components. A boron dilution analysis is provided that identifies potential SFP dilution events,
dilution water source flow rates and volumes, means of detection, time required for detection

and mitigation, and minimum dilution event soluble boron concentration.
Changes to the operation and administration of the SFP are summarized as follows:

¢ Modify storage requirements in Technical Specifications 1.40, 1.41, 3/4.9.13 and
3/4.9.14, including Figures detailing storage patterns and minimum fuel burnup versus
fuel enrichment.

o Eliminate the requirement for cell blockers in Region 1.
e Modify SFP soluble boron requirements in Technical Specifications 3/4.9.1.2.

¢ Modify the description of SFP criticality control in Technical Specification 5.6.1.1.
No changes to the operation and administration of the NFSA are proposed.

Fuel burnup when used to compare to fuel storage requirements is the volume averaged burnup
of the assembly as determined using the measured reaction rates with no reduction for
measurement uncertainty. Enrichment when used to compare to fuel storage requirements is
the maximum planar volume averaged as-built initial enrichment in the assembly. If the
assembly has axial blankets, the lower enriched fuel is not credited in determining the

enrichment.
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2 Acceptance Criteria and Regulatory Guidance

The Code of Federal Regulations Title 10 Part 50 Section 68 (b).4 states:

“If credit is taken for soluble boron, the k-effective of the spent fuel storage racks loaded
with fuel of the maximum fuel assembly reactivity must not exceed 0.95, at a 95 percent
probability, 95 percent confidence level, if flooded with borated water, and the k-effective
must remain below 1.0 (subcritical), at a 95 percent probability, 95 percent confidence level,
if flooded with unborated water.”

This analysis shows at a 95 percent probability and 95 percent confidence level that if the fuel
loaded in the SFP meets the Technical Specification requirement for enrichment, burnup, and
decay time, the SFP k-eff will be less than 0.95 crediting soluble boron and less than 1.0 with
unborated water as specified in 10CFR50.68. [1]

Further, Title 10 Part 50 Section 68 (b) paragraphs 2 and 3 state:

“(2) The estimated ratio of neutron production to neutron absorption and leakage (k-
effective) of the fresh fuel in the fresh fuel storage racks shall be calculated assuming
the racks are loaded with fuel of the maximum fuel assembly reactivity and flooded with
unborated water and must not exceed 0.95, at a 95 percent probability, 95 percent
confidence level. This evaluation need not be performed if administrative controls and/or

design features prevent such flooding or if fresh fuel storage racks are not used.

(3) If optimum moderation of fresh fuel in the fresh fuel storage racks occurs when the
racks are assumed to be loaded with fuel of the maximum fuel assembly reactivity and
filled with low-density hydrogenous fluid, the k-effective corresponding to this optimum
moderation must not exceed 0.98, at a 95 percent probability, 95 percent confidence
level. This evaluation need not be performed if administrative controls and/or design

features prevent such moderation or if fresh fuel storage racks are not used.”

This analysis of the fresh fuel storage racks shows that the storage racks meet the requirements

of paragraphs 2 and 3 when fully loaded with fresh 5.0 wt% U-235 fuel assemblies.

Meeting 10CFR50.68 also satisfies 10CFR50, Appendix A, General Design Criterion 62 [2]
which states:

“Criticality in the fuel storage and handling system shall be prevented by physical systems
or processes, preferably by use of geometrically safe configurations.”
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Guidance for the regulatory review is found in the Standard Review Plan, NUREG-0800 Section
9.1.1, “Criticality Safety of Fresh and Spent Fuel Storage and Handling.” [3] Below are the
eleven specific areas of review from this guidance with where the information is found in this
report. (Note that there are actually 13 areas of review but the last two do not apply to License
Amendment Requests.)

1. Fuel assembly design to verify that appropriate fuel assembly data were used.
Fuel assembly design data is found in Section 3.

2. Fuel storage rack design to verify that appropriate fuel storage rack data were used.
Storage rack design data is found in Section 4.

3. Evaluation of performance effectiveness of the neutron absorbing materials in the
fresh and spent fuel racks.

BORAL is credited in the NFSA and in Region 1 and 2 SFP racks. A BORAL
coupon monitoring program description has been provided to the NRC. [5, 6]

4. Computational methods and related data to verify that acceptable computational
methods and data were used.

Computational methods are described in Sections 5 and 6.

5. Computational method validation to verify that the validation study is thorough and
uses benchmark critical experiments that are similar to the normal-conditions and
abnormal conditions models and to verify that the neutron distribution coefficient (K(eff))
bias and bias uncertainty values are conservatively determined.

Validation is summarized in Section 6 and the details are provided in Appendix A.

6. Identification of normal conditions to verify that the scope of specified normal
conditions is comprehensive.

Range of normal conditions is identified in Section 11

7. Normal-conditions models to verify that normal conditions are modeled conservatively
and that all modeling approximations and assumptions are appropriate.

Normal conditions models and the tolerances and uncertainties in these models
are described in Sections 7 - 11.

8. Identification of abnormal conditions to verify that the scope of considered abnormal
conditions is comprehensive.
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Abnormal conditions are described in Section 7 and 12.

9. Abnormal-conditions models to verify that abnormal conditions are modeled
conservatively and that all modeling approximations and assumptions are appropriate.

Abnormal condition models are described in Section 12.

10. Analysis of normal and credible abnormal conditions to verify that the analysis is
complete and logically sound and that assumptions, limits, and controls are clearly
stated.

The analysis is contained in Sections 7 through 12. The limitations of the
analysis are listed in Section 13.

11. Analysis conclusions to verify the applicant’s conclusions regarding maintaining
subcriticality for all normal and credible abnormal conditions.

The conclusion of the analysis is in Section 13.

Guidance for spent fuel pool criticality analysis is given in DSS-1ISG-2010-01. [4]
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Table 2.1: Use of DSS-ISG-2010-01

1. Fuel Assembly Selection MPS3 fuel designs and variations are described. Sections 3,
The NCS analysis must Variations are bounded by the analysis for both 7.2, 87,
adequately bound all designs depletions and criticality calculations by use of a hybrid 8.9, 8.11,
and variations within a design. assembly design and biases as needed. Zrwas used | g {0 gnd
to conservatively represent all Zr based grid and clad 8 13’
alloys. )
2. Depletion Analysis Used 5% depletion uncertainty only for isotopic Sections
a.i. Depletion uncertainty concentration uncertainty. Code validation covers 6.2, 6.3,
(5%) covers only isotopic major actinide cross section uncertainty. Bias and 9.2.8,
concentration uncertainty. uncertainty in the worth of fission products and minor 9.6.8, and
actinides is covered by bias of 1.5% of the fission 999
production and minor actinides worth.
2. Depletion Analysis Followed. Section 6.2,
a.ii. Reactivity decrement 9.2.7,
should not include the worth of 9.6.8,9.9.9
the burnable absorbers.
2. Depletion Analysis Bounding values are identified and used Section 8
b.i. Bounding values should
be used.
2. Depletion Analysis Fuel and moderator temperatures are maximized Section 8
b.ii. Use the more limiting based on high specific power. Depletion at reduced
bounding parameter when a power is performed near EOL without changing
conflict occurs. moderator and fuel temperatures.
2. Depletion Analysis Bounding values were used for all parameters or Section 8.15
b.iii. Non-bounding values justification provided.
are outside scope of I1SG.
2. Depletion Analysis All removable burnable absorbers are identified and Section 8.7
c.i. All removable burnable the most limiting burnable absorbers are used.
absorbers must be considered. Justification provided for early cycle BPRA.
2. Depletion Analysis “Reference depletions use maximum WABA, which Section 8.7
c.ii. Limiting integral bounds the effect of maximum IFBA. Maximum IFBA
burrcliable absorbers should be plus some WABA is also considered.
used.
2. Depletion Analysis WABA are conservatively modeled in the depletion Section 8.7
c.iii. Model the burnable analysis as full length with no cutback region and
absorbers appropriately. contain the maximum design B-10 loading.
2. Depletion Analysis The depletion model correctly accounts for competing | Section 8.15
c.iv. Consider competing effects.
effects
2. Depletion Analysis Rodded operation is bounded by the standard Sections 8.8
d.i. Spectrum hardening from | depletion. Early cycle exceptions are justified. and 9.9.8
rodded operation should be
considered.
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2. Depletion Analysis NUREG/CR-6801 axial burnup profiles were used, Section 8.6
d.ii. Effect of control rods on | which include rodded operation effects.
the axial burnup profile should
be considered
3. Criticality Analysis NUREG/CR-6801 axial burnup profiles were used and | Section 8.6
a. Axial Burnup Profile justified by comparison to MPS3 profiles. Analysis
was also done with uniform burnup and the most
limiting of the two profiles was used.
3. Criticality Analysis The rack dimensions and materials are taken from the | Section 4
b. Rack Model manufacturer’s drawings.
i. Model inputs should be
traceable.
3. Criticality Analysis BORAL is modeled with minimum certified areal Sections
b. Rack Model density. BORAL coupon program is used to verify 4.2,5.2.6,
ii. Efficiency of the neutron conformity of the rack absorber and the analysis. and 9.6.11
absorber should be established. | RCCA credit assumes maximum anticipated RCCA
depletion over the portion of absorber inserted during
plant operation.
3. Criticality Analysis RCCA credit assumes maximum anticipated RCCA Sections
b. Rack Model depletion over the portion of absorber inserted during 4.2, 5.2.8,
ii. Conservative degradation | plant operation. Conservative (low) BORAL B-10 and 9.6.11
should be used. ‘ content used in analysis is confirmed by coupon
monitoring program.
3. Criticality Analysis Either the maximum uncertainty from either side is Section 10
c. Interfaces - If not used or the biases and uncertainties for the interface
determining interface model model are calculated.
biases and uncertainties, use
the maximum uncertainties from
either side.
3. Criticality Analysis Normal conditions are considered. Section 11
d. Normal Conditions - All
normal conditions such as
movement of fuel and
inspections should be
considered.
3. Criticality Analysis Normal initial conditions are considered as base Section 12
e. Accident Conditions conditions for the accident analysis.
4, Criticality Code Validation NUREG/CR-6698 was followed for the validation. Appendix A
NUREG/CR-6698 endorsed
4. Criticality Code Validation The HTC critical experiments are included in the Appendix A
a. Area of Applicability analysis.
i. Include the HTC criticals
4. Criticality Code Validation Appropriate critical experiments are used. Appendix A
a. Area of Applicability
ii. Use appropriate criticals
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4. Criticality Code Validation A large sample of critical experiments is used. Appendix A
a. Area of Applicability
iii. Sufficient criticals for
analysis and appropriate
grouping.
4. Criticality Code Validation Correlation avoided by use of experiments from Appendix A
a. Area of Applicability multiple critical facilities.
iv. Be sure the set is not
highly correlated.
4. Criticality Code Validation Trend analysis is performed on the major parameters. | Appendix A
b. Trend Analysis The trend analysis finds the best linear fit. No trends
Adequate, appropriate, are rejected to be conservative. The most limiting bias
not rejected. and uncertainty for the area of applicability is applied
assuming both that all trends are real and there are no
trends.
4, Criticality Code Validation The statistical approach recommended in NUREG/CR- | Appendix A
c. Statistical Treatment 6698 is used. The variance of the population about
i. Use the variance of the | the mean rather than the variance of the mean is used.
population about the mean
4. Criticality Code Validation The statistical approach recommended in NUREG/CR- | Appendix A
c. Statistical Treatment 6698 is used. The correct confidence factors were
ii. Use correct confidence | used.
factors.
4. Criticality Code Validation Normality testing was performed and the assumption Appendix A
c. Statistical Treatment of normality justified.
iii. Consider Normality
4. Criticality Code Validation Lumped Fission Products are not used. Section 6.1
d. Lumped Fission Products
4. Criticality Code Validation 5% of the delta k of depletion is used to cover isotopic | Sections
e. Code-to-Code uncertainty. The analysis in the North Anna Power 6.2 & 8.14

Comparisons

Station LAR dated May 2, 2017 confirmed this is
appropriate for SCALE/TRITON by comparisons to
CASMO-4 and 5.

5. Miscellaneous
a. Precedence
b. References
c. Assumptions

Precedence is not quoted as a licensing basis.
References used were carefully chosen to be
applicable to the point being made.
Assumptions are identified and justified.
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3 Reactor and Fuel Design Descriptioh

3.1 Fuel Description

MPS3 uses a 17x17 lattice fuel with a center instrument tube and 24 guide tubes. Four fuel
designs have been used but all the designs are similar for the criticality analysis. The initial fuel
design, which is designated “Standard,” used all Inconel grids. The currently used fuel design is
the Westinghouse RFA-2 design. Table 3.1 provides fuel dimensions.

Table 3.1: Fuel Design Dimensions
(Dimensions in inches)

. .. .. .. |Standard |VS5H - |RFARFA-2 |NGF
Pellet Diameter 0.3225 0.3225 0.3225 0.3225
Clad Inner Diameter 0.329 0.329 0.329 0.329
Clad Outer Diameter 0.374 0.374 0.374 0.374
. ZIRLO
Clad Material Zircaloy-4 | Zirealoy-4 | 5 Opt.
¥ | zIRLO ZI%LO ZIRLO

Rod Pitch 0.496 0.496 0.496 0.496
Guide Tube and Instrument '
Tube

Inner Diameter 0.450 0.442 0.442 0.442

Outer Diameter 0.482 0.474 0.482 0.482
Grid Volume (cubic inches)' |[ P° [ 1 [ P*° [ P

"The grid volume is the volume of the grids plus sleeves in the active fuel ignoring the
bottom grid. The grids are a zirconium alloy except for the Standard fuel which used all
Inconel grids.

The fuel pellet is dished and chamfered. The fuel batch stack density (density of the pellet
reduced by the dishing and chamfering and takes no credit for annular pellet blankets) has
ranged from [ 1*¢ of the UO, theoretical density. Figure 7.4 shows that the
maximum assembly stack density is [ ]*°. Two standard deviation variation of fuel
assembly stack density within a batch is 0.5%. Manufacturing tolerances for the fuel are found
on Table 3.2. MPS3 fuel has had reduced enrichment axial blankets since Cycle 3 and annular
pellet axial blankets since Cycle 5. Axial blanket length is nom'inally 6 inches on each end of the
fuel pins. The annular pellets have the same outer diameter as standard peliets but have a void

center with a diameter of 0.155 inches.

The active length of the fuel is 144 inches [ I*°. The distance from the

bottom of the fuel assembly to the bottom of the active fuel has varied by design from [
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1*°. Axial blanket enrichments of 0.74 wt% (Batches 6 and 7) and 2.6 wt% have been

used. All fuel pins in an assembly have the same central zone enrichment and the same

blanket enrichment.

The assembly pitch in the core is 8.466 inches (21.50 cm). The location of the guide tubes in

the assembly is given on Figure 3.1. Table 3.3 lists the fuel type and enrichment of each fuel

Batch.

Table 3.2: Fuel Design Tolerances

Pellet Diameter

Clad Inner Diameter

Clad Outer Diameter

Rod Pitch

Guide Tube and Instrument Tube Inner Diameter

Guide Tube and Instrument Tube Outer Diameter

Stack Density

(e e e—

Figure 3.1: 17x17 Fuel Design

FIF[F|F|E|F|F|[F|F[F|F[F|F|F|F|F|F
FIF|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
FIF|F|F|F[G|F|F|G|F|F[G|F|F|F|F|F
FIFIFIG|F|F|F|[F|F|F|E|F|FIG]F[F[F
FIE|F|F|F|F|F|E|F|F|F|F|F|F|F|F[F
FIFIG|F|F|G|F| F|G|F|F|G|F|F[G|F|F
FIF|F|F|F|F|F|F|F|F|E|F|F|[F|F|E[F
FIF|F|F|F|F|F|F|F|[F|F|F|F|F|F|F|F
FIFI@|F|FIG|F|FIT|F|FIG|F|F[G|FI[F
FIF(F|F|F|F|F|F|F|F|F|F|F|F|F|FF
FIF|F|F|F|[F|F|F|F|F|F|F|F|F|F|F|F
FIF[G F|F|G|F|F|G|F|F|G|F|FIG|F|F
FIF|F|F|F|F|F[F|F|F|F|F|F|F FIF
FIF|F[G|F|F|F|F|F|F|F|F|F|G|F|F|F
FIF|E|F|F|G|F|F|G|F|F|G|F|F|F|F|F
FIF|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
FIF|F|F|F|F|F|F|F|F|E|F|F|F|F|F|F

(F = Fuel, G = Guide Tube, | = Instrumentation Tube)
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Table 3.3: Feed Fuel Design and Enrichment History for MPS3

1 Standard 242,29, 3.4 N/A
2 Standard 3.5,3.8 N/A
3 Standard 4.1,4.5 0.74
4 V5H 4.2, 4.5 0.74
5 V5H 4.4 0.74
6 V5H 4.6 0.74
7 RFA 4.4, 48 2.6
8 RFA 44,48 2.6
9 RFA 42,47 2.6
10 | RFA-2, NGF 4.7, 4.95 2.6
11 RFA-2 4.0,4.95 2.6
12 RFA-2 4.7,4.95 2.6
13 RFA-2 4.1,4.9 2.6
14 RFA-2 4.1,4.95 2.6
15 RFA-2 4.1,4.95 2.6
16 | RFA2 4.1,4.95 2.6
17 RFA-2 4.1,4.95 2.6
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3.2 Fuel Inserts Description

3.2.1 Burnable Absorbers
Two types of burnable poison have been used at MPS3. Pyrex BP was used in Cycles 1 and 2.
Integral Fuel Burnable Absorber (IFBA) has been used for the remaining cycles. WABA will

also be considered in this analysis to allow possible future use of WABA.

Pyrex burnable absorbers consist of an annulus of borosilicate glass with an air filled central
hole and an inner and outer SS clad. The WABA design is also annular, but has RCS water in
the inner hole and Zircaloy-4 clad. Pyrex and WABA assemblies are composed of rods inserted
in the fuel assembly guide tubes suspended from a baseplate that rests on the fuel assembly
top nozzle. The rods are often referred to as “fingers.” There are up to 24 fingers in a Pyrex or
WABA assembly. Table 3.4 provides the information needed to model Pyrex and WABA
burnable absorbers.

An IFBA rod is a fuel rod with a thin ZrB, coating on the surface of some of the fuel pellets. The
pellets at the top and bottom 6 inches of an IFBA rod are annular. MPS3 fuel assemblies with
IFBA have contained 32 to 128 IFBA rods. Table 3.4 provides IFBA modeling data. BP and
IFBA have not been used in the same fuel assembly at MPS3.
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Table 3.4: Description of Burnable Poisons

Dimension Pyrex BP IFBA WABA
Cycles Used 1&2 3-18 None
Inner Clad ID (cm) 0.428 N/A 0.572
Inner Clad OD (cm) 0.460 N/A 0.6782
BP ID (cm) -0.483 0.8192 0.706
BP OD (cm) 0.853 0.8198 0.808
Outer Clad ID (cm) 0.874 N/A 0.8357
Outer Clad OD (cm) 0.9677 N/A 0.968
Clad Material SS-304 N/A Zirc-4
Poison Loading (mg B-10/cm) [ P> ]lc [ P
BP Material Bzogl';‘s';’yrex 1B, B.C in Al;O;
BP Material Density (g/cc) [ P° [ P [ P
108 (Batch 5)
Poison axial length (in) 144** 120 (Batch 6-16) 144**
122 (Batch 17+)
Poison lower bound axial 18 (Batch 5)
location above bottom of fuel 0** 12 (Batch 6-16) o**
stack (in.) 11 (Batch 17+4)

* Calculated using a B,O3 loading of 12.5 w/o and natural B-10/B isotope abundance.,
**Conservatively assumed to be full length for fuel depletion. WABA has not been used at
MPS3. North Anna WABA has 128 inches of absorber (~8 inches of un-poisoned fuel at top

and bottom)
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3.2.2 Control Rods
There have been three control rod designs used in MPS3. Table 3.5 summarizes the relevant
design features. The first generation of MPS3 control rods were Westinghouse Hf-Zr type. A

transition to the second generation (Westinghouse Ag-In-Cd) began in Cycle 3. A transition to
the third generation of control rods (AREVA Ag-In-Cd) began in Cycle 13.

A control rod assembly has 24 fingers. When fully inserted, the control rod neutron absorber
extends above the top of the active fuel, but can leave a maximum of 5.25 inches of the bottom

of the active fuel un-poisoned. At the bottom of the control rod is a SS end plug.

Table 3.5 Description of Control Rods

Control Rod
Absorber Diameter 0.866 cm
Clad Inner Diameter 0.874 cm
Clad Outer Diameter 0.968 cm _
Absorber Material (Cycles 1-4) Hf (95.3 — 95.4 w/0)-Zr(4.5 w/0)
. i Ag(80 w/0)- In(15 w/0)-
Absorber Material (Cycle 5 - present) Cd(5 w/o)
Maximum Distance from the bottom end of the .
5.25 inches

absorber to the bottom end of the active fuel

"Material and dimensional tolerances are not provided because of excess margin in control rod
credit cases. ,
Lower 12 inches of absorber in the AREVA design has a slightly smaller absorber diameter.
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3.2.3 Sources and Other Inserts
Primary source rods (a single rod displacing a Pyrex BP rod in a 24 BP assembly) and
secondary source rods (4 rod assembly) were used in Cycle 1. Because source rods do not

contain a strong absorber material the impact of a source rod is less than a BPRA rod.

Secondary source assemblies (SSA) have been used throughout MPS3’s history, though not in
every cycle. SSA with 4 pins were used in assemblies concurrently with 6 finger Pyrex BP
assemblies during Cycle 2. SSA with 4 pins and with 6 pins have been used in combination
with IFBA. Secondary source pins consist of SS clad containing Sb-Be source material and inert
spacers and can be modeled during fuel depletion as solid SS rods with an outer diameter of
0.381 inches. SSA are weaker absorbers and displace less water than 24 finger WABA.
Therefore, depletion effects of 24 finger WABA bound those of SSA alone. Depletion effects of
SSA and IFBA in the same fuel assembly are evaluated in the determination of the bounding

fuel assembly depletion conditions.

Prior to operation, thimbles for the in-core flux monitoring are inserted into the instrument tubes
of about one third of the assemblies. Since these thimbles displace water they have a small

effect on fuel depletion. The dimensions of the thimbles are given in Table 3.6.

Table 3.6: Description of In-core Thimble

In-Core Instrument Thimble

Thimble Inner Diameter. 0.51 cm
Thimble Outer Diameter 0.76 cm
Thimble Material Stainless Steel 316

Fraction of assemblies with in-core thimble | 30% (58 of 193)
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3.3 Non-Standard Fuel in the Pool

There are a few items in the spent fuel pool that are not standard fuel assemblies. If the item
does not have fuel in it, it can be placed in any cell that is allowed to have fuel. The following

items in the MPS3 SFP contain fuel but are not standard fuel assemblies:

e Fuel rod storage container (FRSC)
¢ Reconstituted fuel assemblies
o With SS replacement pins
o Without SS replacement pins (MR71 has two open lattice locations)

The key design features of the FRSC are:

Square lattice

0.937 inch storage tube pitch

52 SS fuel rod storage tubes

Storage tube OD 0.625 inch (48 tubes) and 0.750 inch (4 tubes)

Storage tube wall thickness 0.035 inch (48 tubes) and 0.049 inch (4 tubes)

The storage canister currently contains one rod from fuel assembly G81, two from L74, and
three from M71. After reconstitution, assembly M71 was renamed MR71. Removed rods were
replaced with stainless steel pins except in MR71, which has two remaining empty fuel rod
locations. Missing rods in MR71 are locations HO1 and JO1 (peripheral locations near the

middle of one face of the assembly). Figure 3.2 is a schematic view of the FRSC.
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Figure 3.2: Fuel Rod Storage Container Schematic
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Figure 3.2: Fuel Rod Storage Container Schematic
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4 Storage Rack Description

4.1 New Fuel Storage Area

The New Fuel Storage Rack (NFSR) is designed with four 6x4 storage cell rack modules.
BORAL neutron absorber panels are aligned parallel in a south to north orientation and are in
between both the 2nd and 3rd cells and 4th and 5th cells of each rack module. The BORAL has
a minimum B-10 areal density of 0.005 g/cm®*. The X-Y dimensions of the NFSR modules are
shown below in Table 4.1. Figure 4.1 gives an overview of the area. Rack cells are depicted in
the SE corner of the SW module inside the circle.

Figure 4.1: MPS3 New Fuel Storage Area
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Table 4.1: New Fuel Storage Rack Dimensions

Measurement Description Dimension (inches) | Uncertainty (inches)
Cell ID 8 15/16 [ e
Cell Wall Thickness 0.090 [ ™
Cell Pitch, North -South 22 1/8 [ P
Cell Pitch, East-West 24 1/16 [ PP*°
Gap Between Cell Center and Rack 8 14 [ 1*°
Module Edge

Gap Between Rack Modules, North-South 18 [ ™
Gap Between Rack Modules, East-West 8 5/8 [
BORAL Sheet Thickness 0.080 N/A'
BORAL Sheet Width 76 |
SS Wall Liner Thickness 1/4 [

'BORAL thickness is unimportant because it does not affect B-10 areal density. Thickness
variation of the very thin BORAL panels would very slightly change the thickness of the
moderator between the fuel cell and the BORAL. For full flooding, the moderator region
thickness (~ 7 inches on each side) is too large for a slight change to have an impact. For a low
density moderator, the effect of a slight change in moderator thickness would be offset by a
change to the optimum moderator density.

The axial dimensions of the New Fuel Storage Racks are shown below in Table 4.2. Figure 4.2
gives an overview of the area. Figure 4.2 does not show the BORAL sheets positions between
the cells, but it does appear the sheets are centered between the 2" and 3 assembly cell and
between the 4" and 5" assembly cell. A sensitivity case in Section 7.4 (Table 7.8 “BORAL

Radial Position”) with BORAL sheets off center by 1” decreased reactivity. Therefore, centering

the BORAL sheets between storage cells is conservative.

There is no BORAL monitoring program for the NFSR because normal operation of these racks
is dry with no fuel or with fresh fuel. The BORAL is not subjected to radiation, heat, or a
corrosive environment. There is no physical interaction of the BORAL with any other objects

during fuel storage activities or when cells are empty.
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Figure 4.2: Axial Drawing of a MPS3 New FueI Storage Rack Module
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Table 4.2: Axial Heights of the New Fuel Storage Area KENO Model (Inches)

Parameter Height' | Uncertainty
Bottom of SS Pool Floor | -1/4 [
Bottom of Cell Base 0 [ Pe
Plate
Bottom of Fuel /8 N/A
Assembly
Bottom of BORAL 27/8 N/A
Bottom of Active Fuel® 3.278 N/A
Top of Active Fuel 147.278 N/A
Top of BORAL 148 7/8 N/A
Top of Cell 168 1/8 N/A

'All heights are relative to the bottom of the cell base plate.
®Varies from 3.28 to 3.97 inch depending on design.
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4.2 Spent Fuel Pool

There are three rack designs in the MPS3 SFP grouped into three areas designated Region 1,
Region 2, and Region 3. Figure 4.3 shows the location of each Region in the SFP. Region 2
rack module A5 has not been installed but is included in this analysis.

Figure 4.3: MPS3 SFP Rack Orientation
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4.2.1 Region i
Region 1 racks are BORAL flux trap design. Each storage cell consists of a square stainless
steel tube with a BORAL neutron absorber panel enclosed inside a stainless steel wrapper on
the outer side of each of the four faces of the cell. There are 5 Region 1 7x10 racks with 350
total storage cells. Figure 4.4 shows the rack geometry in the X-Y plane. The storage cell pitch
is larger in the Y dimension than the X dimension. Figure 4.5 shows the rack geometry in the X-
Z plane.

The rack design in the X direction (the direction of adjacent Region 1 racks) provides more flux
trap space between adjacent storage cells (1.5 inch) than the nominal interior cell spacing (1.0
inch nominal). This eliminates the need to consider the effect of thicker BORAL wrappers on
the outer cells which could otherwise modestly reduce the flux trap water region b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>