ViroINIA ELEcTRIC AND PowEr COMPANY
Ricamonp, VIROINIA 23261

September 4, 1996

U.S. Nuclear Regulatory Commission Serial No. 96-409
Attention: Document Control Desk NAPS/GSS/ETS RO
Washington, D.C. 20555 Docket Nos. 50-338
50-339
License Nos. NPF-4
NPF.7

Gentlemen:

VIRGINIA ELECTRIC AND POWER COMPANY
NORTH ANNA POWER STATION UNITS 1 AND 2
USE OF LEAD FUEL ASSEMBLIES

WITH ADVANCED CLADDING MATERIAL

Pursuant to 10 CFR 50.12 and 10 CFR 50.90, virginia Electric and Power Company
requests an exemption fiom certain requirements of 10 CFR 50.44. 10 CFR 50.46, and
Appendix K of 10 CFR 50, and changes to the license and Technical Specifications for
Facility Ooerating License Numbers NPF-4 and NPF-7 for North Anna Power Station
Units 1 and 2, respectively. The proposed exemptions, license and Technice'
Specification changes will aliow the use of four lead test assemblies fabricated by
Framatome Cogema Fuels (FCF). NRC permission is also requested to apply Virginia
Electric and Power Company's standard reload design methodology to the North Anna
cores in which these four lead test assemblies are irradiated. Previously application of
Virginia Electric Power Company's standard reload design methodology was limited for
use only with Westinghouse fuel.

implementation of this Technical Specification change requires an exemption from
certain requirements of 10 CFR 50.44, “Standards for combustible gas control system
in light-water-cooled power reactors,” 10 CFR 50.46, “Acceptance criteria for
emergency core cooling systems for light water nuclear power reactors,” and Appendix
K of 10 CFR 50, *ECCS Evaluation Models." The basis for the exemption from the
requirements of 10 CFR 50.44, 10 CFR "1 46 and 10 CFR 50 Appendix K is included in
Attachment 1. These lead test asser s will use two advanced zirconium-based
alloys which do not fit the design speciications for either Zircaloy or ZIRLO for the
fabrication of the structural tubing (guide thimbles and instrumentation tube) and fuel
rod cladding.

A discussion of the proposed Technical Specifications changes, inciuding an evaluation
of the safety significance of imadiating the lead test assemblies, is provided in
Attachment 2. The proposed Technical Specifications changes are provided in
Attachment 3.
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The proposed exemptions and license/Technical Specifications changes have been
reviewed and approved by the Station Nuclear Safety and Operating Committee and
the Management Safety 3eview Committee. It has been determined that the proposed
exemptions, license and Technical Specifications changes, and the use of the lead test
assemblies supported by this change do not involve an unreviewed safety question as
defined in 10 CFR 50.59 or a significant hazards consideration as defined in 10 CFR
50.92. The basis for our determinaiion that the changes do not invoive a significant
hazards consideration is provided in Attachment 4.

The lead test assemblies are currently scheduled to begin operation in North Anna Unit
1 in the spring of 1687. To support the planned operation of these assemblies, we
request approval of the proposed license and Technical Specifications changes and
issuance of the necessary exemptions by February, 1997.

Attachment 2 contains information that is proprietary to Framatome Cogema Fuels.
This is supported by an affidavit (Attachment 5) signed by J. H. Taylor, Manager -
Licensing Services, Framatome Cogema Fuels, Inc. This affidavit sets forth the basis
on which the information may be withheld from public disclosure by the Commission,
and addresses the considerations listed in 10 CFR 2.790. Accordingly, it is requested
that Attachment 2 of this ietter, which contains information proprietary to FCF, be
withheld from public disclosure in accordance with 10 CFR 2.790. In compliance with
the guidelines of NUREG-0390, a copy of Attachment 2 in which the proprietary
information has been identified is also being provided as Attachment 6.

Should you have any questions or require additional information, please contact us.

Very truly yours,

ames P. O'Hanlon

Senior Vice President - Nuclear

Attachments



ccC:

U.S. Nuclear Regulatory Commission
Region I

101 Marietta Street, N.W.

Suite 2900

Atlanta, Georgia 30323

Mr. R. D. McWhorther
NRC Senior Resident Inspector
North Anna Power Station

Commissioner

Department of Radiological Health
Room 104A

1500 East Main Street

Richmond, VA 23219




COMMONWEALTH OF VIRGINIA )
)
COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by J. P. O'Hanlon, who is Senior Vice President -
Nuclear, of Virginia Electric and Power Company. He is duly authorized to execute
and file the foregoing document in behalf of that Company, and the statements in the
document are true to the best of his knowledge and belief.

Acknowledged before me this fﬂl day of m 19% .

My Commission Expires: _;ﬁﬁ?_é’;_ 1995 .

Notary é ublic

(SEAL)
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VIRGINIA ELECTRIC AND POWER COMPANY

BASIS OF EXEMPTION REQUEST
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REGULATORY BASIS FOR SPECIFIC EXEMPTIONS

Virginia Electric and Power Company plans to irradiate four (4) fuel assemblies fabricated by
Framatome Cogema Fuels (FCF) at North Anna. Operation of these lead test assemblies is currently
scheduled to begin in North Anna 1 Cycle 13, in the second quarter of 1997. These fuel assemblies
will be very similar to the FCF Mark-BW fuel assembly design that has previously been irradiated
in other Westinghouse-designed reactors. However, the North Anna fuel assemblies will incorporate
several new features, including use of two advanced zirconium-based alloys, Alloy 4 and Alloy 5,
for the fuel rod cladding. The majority of the fuel rods will have cladding fabricated from Alloy $,
buttwoofthcasscmbliwwil]alsocontainamﬂnumbuofﬁxlmdswithcladdingfabricatedﬁom
Alloy 4. These two alloys have previously been used as cladding materials for limited numbers of
fuel rods in demonstration assemblies in the McGuire Unit 1 and Three Mile Island Unit 1 reactors,
as well as in several European reactors. The North Anna lead test assemblies wiil differ from these
demonstration assemblies in using advanced alloys as the cladding materials for all fuel rods in the
assemblies.

In suppert of the proposed irradiation of these lead test assemblies, exemptions are being requested
io 10 CFR 50.46 and 10 CFR 50.44, which specifically refer to fuel with Zircaloy or ZIRLO
cladding, and Paragraph 1.A.5 of Appendix K to 10 CFR Part 50, which requires use of a specific
model that was originally derived for Zircaloy clad fuel.

10 CFR 50.12 states that the Commission may grant an exemption from requirements contained in
10 CFR 50 provided that: 1) the exemption is authorized by law, 2) the exemption will not result
in an undue risk to the public health and safety, 3) the exemption is consistent with the common
defense and security, and 4) special circumstances, as defined in 10 CFR 50.12(a)(2), are present.
The requested exemptions to allow the use of advanced zirconium based alloys other than Zircaloy
or ZIRLO for the fuel cladding material in four lead test assemblies to be supplied to North Anna
Power Station by Framatome Cogema Fuels satisfy these requirements as described below.

1. The requested exemption is authorized by law.

Lead test assembly programs ezd irradiation of new materials are not precluded by any law.
The FCF lead test assemblies to be irradiated at North Anna incorporate cladding materials
which do not conform to the cladding material designations explicitly defined in 10 CFR
50.44 and 10 CFR 50.46 (i.e., Zircaloy or ZIRLO). However, the criteria of these sections
will continue to be satisfied for North Anna cores incorporating these fuel assemblies.
Similarly, Appendix K of 10 CFR 50 requires use of the Baker-Just equation, which was
developed for use with Zircaloy clad fuel. Although the lead test assemblies at North Anna
will use different zirconium-based alloys for the fuel rod claddi ng, the Baker-Just equation
was determined to be appropriate for evaluation of these materials, and was applied to the
loss of coolant accident (LOCA) analyses of the lead test assemi:ies. Therefore, issuance
of exemptions to allow the use of cladding materials other than Zircaloy or ZIRLO in the
North Anna lead test assemblies will not result in the violation of the criteria of the
applicable sections of 10 CFR 50.



The safety evaluation for the use of the lead test assemblies demonstrated that the margin of
safety as defined in the Bases to any North Anna Technical Specification is not reduced. Use
of the lead test assemblies will not increase the probability of occurrence or the consequences
of an accident at the North Anna Power Station, and will not create the possibility for a new
or different type of accident which could pose a risk to public health and safety. Safety
analyscsMﬁcbmbasedonﬁﬂlcomsofWesﬁngbouscﬁselandwhichmsupponedbythe
applicable North Anna Unit 1 and North Anna Unit 2 Technical Specificatior:s will remain
applicable for cores incorporating the lead test assemblies.

For each applicable reload cycle, the lead test assemblies will be specifically ovaluated using
Virginia Electric and Power Company's standard reload design methods. This will include
consideration of the core physics analysis peaking factors and core average linear heat rate
effects. Cores incorporating the lead test assemblies will be operated in accordance with the
operating conditions identified in the Technical Specifications. In the ur’ -ely event that
cladding failures occur in the lead test assernblies during normal operauon of the core, the
environmental impact will be minimal and bounded by previous environmentz! assessments.

The lead test assemblies are similar to normal reload fuel assemblies, and the special nuclear
material used in these assemblies will be procured, handled and controlled in accordance
with approved procedures. Use of the four FCF lzad test asseinslies will not affect the
operation of the North Anna Power Station or endarger the common defense and security.

Pursuant to 10 CFR 50.12(a)(2), the NRC will not consider granting an exemption to the
regulations unless special circumstances are present. The requested exemptions meet the
special circumstances of paragraph (a)(2)(ii), in that application of these regulations in this
particular circumstance is not necessary to achieve the underlying purpose of the regulations.

® The underlying purpose of 10 CFR 50.46 is to ensure that nuclear power facilities
have adequate acceptance criteria for their ECCS. The effectiveness of the ECCS at
North Anna Units 1 and 2 will not be affected by the insertion of the four lead test
assemblies. Although these assemblies incorporate cladding materials other than
those explicitly defined in 10 CFR 50.46, the criteria of this section will continue to
be satisfied for North Anna cores incorporating the lead test assemblies. Safety
analyses based on the resident fuel design will remain applicable for cores which
incorporate the lead test assemblies. Thus use of the advanced zirconium-based
cladding materials will not have a detrimental impact on the performance of the
North Anna cores under LOCA conditions.



® The intent of 10 CFR 50.44 is to ensure that there is an adequate means of controlling
the hydrogen generated following a LOCA. The post-LOCA hydrogen source which
is relevant to the lead test assemblies is the metal-water reaction between the fuel rod
cladding and the reactor coolant. The Baker-Just equation has been confirmed to
conservatively assess the metal-water reaction rate for the advanced zirconium-based
alloys. Therefore, the amount of hydrogen generated by metal-water reaction in
these materials will be within the design basis for the North Anna units.

® The intent of Paragraph 1.A.5 of Appendix K of 10 CFR Part 50 is to apply an
equation for rates of energy release, hydrogen generation, and cladding oxidation
from a metal-water reaction that conservatively bounds all post-LOCA scenarios.
Application of the Baker-Just correlation will continue to conservatively bound all
post-LOCA scenarios for the use of the lead test assemblies due to the similarities
between the compositions of the advanced zirconium-based alloys and Zircaloy-4.

Therefore, the intent of 10 CFR 50.46, 10 CFR 50.44, and 10 CFR Part 50, Appendix K, will
continue to be satisfied for the planned operation of the lead test assemblies. Issuance of a
temporary exemption from the criteria of these regulations for the irradiation of these four
assemblies ini the North Anna reactors will not compromise the safe operation of the reactors.



ATTACHMENT 2

VIRGINIA ELECTRIC AND POWER COMPANY

~ DISCUSSION OF PROPOSED
TECHNICAL SPECIFICATION CHANGES

NORTH ANNA UNITS 1 AND 2



DISCUSSION OF CHANGES

INTRODUCTION

VWMMPMCmmprwinmfmﬂ)ﬁnlmbﬁaﬁbﬁwedby
Framatome Cogema Fuels (FCF) into the North Anna 1 Cycle 13 core, currently scheduled to begin
operation in the second quarter of 1997. These fuel assemblies will be very similar to the FCF
‘Mark-BW fuel assembly design which has previously been irradiated in other Westinghouse-

Although the lead test assembly program is currently planned for implementation only in North
Anna Unit 1, Virginia Electric and Power Company is requesting NRC approval to irradiate the lead
assemblies in either North Anna Unit 1 or North Anna Unit 2 to maximize program flexibility.
Based on evaluations and analyses, no unreviewed safety questions exist as a result of inserting the
advanced cladding materials or fuel assemblies of the FCF design into the North Anna Units 1 and
2 reactor cores. However, the Technical Specifications for both North Anna Unit 1 and North Anna
Unit 2 define the fuel rod cladding material as either Zircaloy-4 or ZIRLO. Use of a different
cladding material in the lead test assemblies therefore requires changes to the Technical
Specifications and a license condition to permit use of the lead test assemblies. Exemptions are also
required to 10 CFR 50.46 and 10 CFR 50.44, which specifically refer to fuel with Zircaloy or ZIRLO
cladding, and Appendix K of 10 CFR Part 50, which requires use of a specific model originally
derived for Zircaloy clad fuel. In addition, the Safety Evaluation report for our standard reload
nuclear design methodology (VEP-FRD-42 Rev. 1-A) specified that, in its present form, our
methodology was approved only for application to Westinghouse-supplied fuel in Westinghouse-
supplied reactors. Therefore NRC concurrence is also required to apply Virginia Electric and Power
Company's standard reload design methodology to cores containing these lead test assemblies.

:
Framatome began an advanced alloy program in 1987 to develop fuel rod cladding and structural
tube materials for high burnup application. This program has involved extensive testing of several
candidate alloys, with two alloys being selected for further characterization on the basis of their

superior performance in both in-core and out of core testing. Demonstration assemblies which
included both alloys have been irradiated in three European reactors as well as in Duke Power




Company's McGuire Unit 1. Irradiation of these advanced alloys is continuing in additional
European reactors and in Three Mile Island Unit 1 in the United States.

Framatome Cogema Fuels (FCF) and the Virginia Electric and Power Company have entered into
an agreement to irradiate four (4) lead test assemblies with advanced FCF fuel design features. This
program is expected to provide additional information on the behavior of the FCF advanced cladding
materials under commercial operating conditions to a lead rod burnup of approximately 55 to 60
GWD/MTU in three 18-month operating cycles, as well as to demonstrate the performance of the
FCF fuel assembly advanced mechanical design features under in-reactor conditions. Use of the four
lead test assemblies is currently planned to begin at North Anna Unit | starting with Cycle 13, which
is currently scheduled for late spring, 1997.

Post irradiation examinations of the lead test assemblies will be performed during the lead test
assembly program as permitted by the North Anna refueling schedule. In addition to visual
examinations, these examinations may include: measurement of fuel assembly length and bow,
holddown spring compression testing, functional testing of the quick disconnect locking mechanism,
oxide measurements on fuel rods and guide thimbles, and measurements of fuel rod diameter and
length. Depending on the outcome of the current Westinghouse Owners Group evaluation of control
rod insertion in high burnup fuel assemblies, control rod drag testing may also be desirable once the
lead test assemblies reach high burnups.

The current fuel in North Anna Units 1 and 2 is the North Anna Improved Fuel (NAIF) design,
which is a Westinghouse 17x17 VANTAGE-5H design, into which additional debris resistance
features and ZIRLO fuel rod cladding and skeleton components have subsequently been
incorporated. Descriptions of the fuel design can be found in our submittals to the NRC for the
implementation of the NAIF design, dated January 15, 1990 (Reference 1), and for the
implementation of ZIRLO, dated October 4, 1993 (Reference 2).

The North Anna lead test assemblies will be mechanically similar to, and fully compaiible with, the
resident Westinghouse fuel assemblies. The primary differences between the resident Westinghouse
fuel design and the FCF the lead test assemblies include the use of the different zirconium-based
alloys for fuel rod cladding and fuel assembly structural tubing, incorporation of the mid-span
mixing grids into the lead test assemblies, and use of & higher nominal fuel pellet density in the lead
test assemblies, which will result in a higher uranium loading than in the Westinghouse fuel design.
Incorporation of the quick release top nozzle design, the use of the fine mesh debris filter bottom
nozzle, and the use of FCF's axially 'floating' grid design (versus the more rigid attachment of the
Westinghouse grids) are not expected to affect the compatibility of the lead test assemblies with the
resident fuel.

The areas assessed during the safety evaluation process included: chemical/mechanical properties,
neutronic performance, thermal and hydraulic performance, cladding performance under non-LOCA
conditions, and cladding performance under LOCA conditions. These evaluations and analyses have
shown that the present safety related design bases and calculations are applicable for North Anna
cores which incorporate the lead test assemblies.




The use of the FCF lead test assemblies does not alter the models end methods used for analyzing
cycle specific reloads of North Anna fuel (References 3 and 4). Analyses and evaluations performed
by Virginia Electric and Power Company, Framatome Cogema Fuels (FCF), and Framaiome
Technologies Inc. (FT1, the division of Framatome which performed the LOCA analyses) to support
this conclusion are described in the attached Safety Significance evaluation. Plant and cycle specific
evaluations and analyses will continue to be performed for North Anna Units 1 and 2 core designs
todemonsmthnthecmrentdesignbasesandlimitsremainvalidforcomscontainingthei::cdtcst
assemblies.

LICENSE CONDITIONS AND TECHNICAL SPECIFICATIONS CHANGES
Gengeral

Although the FCF lead test assembly program is currently planned for implementation in North
Anna Unit 1, Virginia Electric and Power Company is requesting NRC approval to irradiate the lead
assemblies in either North Anna Unit 1 or North Anna Unit 2. This flexibility will support a more
timely compietion of the program if, for example, after 1 or 2 cycles of irradiation a more extensive
characterization of the assemblies is desired than could be supported by the North Anna 1 refueling
schedule. In such a case, the program could then be expedited by reinserting the lead test assemblies
into Unit 2 after the testing is completed, rather than waiting until the next North Anna 1 refueling
outage. The license and Technical Specification changes described herein therefure apply to both
North Anna Unit 1 and North Anna Unit 2.

Li Conditi

License conditions are being requested to permit use of the FCF lead test assemblies in North Anna
Units 1 and 2. These license conditions will permit the use of up to four (4) assemblies with the
advanced zirconium based alloys. The following license conditions are being proposed for both Unit
1 and Unit 2,

"Virginia Electric and Power Company may use up to four (4) fuel assemblies
containing advanced zirconium based alloys as described in the licensee's submittal
dated September 4, 1996."

For North Anna Unit 1, the proposed license condition replaces existing licensing condition
2.D.3.(d). For North Anna Unit 2, a new license condition, 2.C.(24), is being created.

Technical Specification 5.3.1

The Design Features section on the Fuel Assemblies (Technical Specification 5.3.1) will be changed
to allow use of fuel rods with slightly different nominal dimensions or rods clad with materials other
than Zircaloy-4 or ZIRLO with an approved exemption or license condition. This change
acknowledges that fuel assemblies, such as those specifically approved for use as lead test



assemblies, may sometimes be irradiated that have slightly different features than the resident fuel
(¢.g., the Alloy 4 and Alloy 5 fue! rod cladding in the FCF lead test assemblies).

Technical Specification 6.9.1.7.

Thorough evaluation of the performance of fuel that has features different from the resident fuel
assemblies may require the use of NRC-approved models and methods beyond those normally used
to evaluate North Anna fuel. An example of this is the use of the Framatome Technologies Inc.
(FTT) NRC-approved models to perform the LOCA evaluation of lead test assemblies with Alloy
4 and Alloy 5 fuel rod cladding. Therefore, tne identification of applicable references for the
methods used to determine the North Anna core operating limits (Technical Specification 6.9.1.7.b)
is being modified to note that such additional approved methods may be used with an approved
exemption or license condition. The specific applicable models and methods will be identified in
the documentation supporting the request for the exemption or license condition.

REQUEST FOR EXEMPTIONS
Title 10 CFR 50.46(a)(1)(i) states,

“Each boiling and pressurized lig ht-water nuclear power reactor fueled with uranium
oxide pellets within cylindrical zircaloy or ZIRLO cladding must be provided with
an emergency core cooling system (ECCS) that must be designed so that its
calculated cooling performance following postulated loss-of-coolant accidents
conforms to the criteria set forth in paragraph (b) of this section. ECCS cooling
performance must be calculated in accordance with an acceptable evaluation model
and must be calculated for a number of postulated ioss-of-coolant accidents of
different sizes, locations, and other properties sufficient to provide assurance that the
most sever postulated loss-of-coolant accidents are calculated.” Section 10 CFR
50.46 goes on to delineate specifications for peak cladding temperature, maximum
cladding oxidation maximum hydrogen generation, coolable geometry, and long-
term conling.

In addition, 10 CFR 50.44 (a) states,

"Each boiling or pressurized light-water nuclear power reactor fueled with oxide
pellets with cylindrical zircaloy or ZIRLO cladding, must, as provided in paragraphs
(b) through (d) of this section, include means for control of hydrogen gas that may
be generated, following a postulated loss-of-coolant accident (LOCA)..."

Since 10 CFR 50.46 and 10 CFR 50.44 specifically refer to fuel with Zircaloy or ZIIRLO clad, the
use of fuel clad with zirconium-based alloys that do not conform to either of these twc designations
in the North Anna lead test assemblies requires an exemption from these sections of 10 CFR 50.




Further, 10 CFR Part 50, Appendix K, paragraph 1.A.5 states,

"The rate of energy release, hydrogen generation, and cladding oxidation from the
metal water reaction shall be calculated using the Baker-Just equation.”

Since the Baker-Just equation was originally developed for the use of Zircaloy cladding, the use of
fuel with the advanced zirconium-based alloys also requires an exemption from this section of the
code.

The FCF lead test assemblies to be irradiated at North Anna will use fuel rod cladding fabricated
from two advanced zirconium-based alloys, which do not meet the definition of Zircaloy or ZIRLO.
As a result, a temporary exemption to 10 CFR 50.46, 10 CFR 50.44, and 10 CFR Part 50, Appendix
K, is required for the irradiation of these four lead test assemblies. A safety evaluation has been
performed to demonstrate that the intent of these regulations are satisfied for the lead test assemblies
and to confirm th-( no unreviewed safety question exists. Specifically:

® The underlying intent of 10 CFR 50 46 is to ensure that nuciear power facilities have
adequate acceptance criteria for their ECCS. The effectiveness of the ECCS at North
Anna Units 1 and 2 will not be affected by the insertion of the four lead test
assemblies. Due to similarities in materials properties of the two advanced
zirconium-based alloys to Zircaloy-4, the ECCS performance in the North Anna
reactors will not be adversely affected by the presence of the lead test assemblies.
Thus use of the advanced zirconium-based cladding materials will not have a
detrimental impact on the performance of the North Anna cores under LOCA
conditions.

® The intent of 10 CFR 50.44 is to ensure that there is an adequate means of controlling
generated hydrogen. The post-LOCA hydrogen source which is relevant to the lead
test assemblies is the metal-water reaction between the fuel rod cladding and the
reactor coolant. The Baker-Just equation, which is used to assess the metal-water
reaction rate for Zircaloy-4, has been confirred to conservatively assess the metal-
water reaction rate for the advanced zirconium-based clloys as well. Therefore, the
amount of hydrogen generated by metal-water reaction in these materials will be
within the design basis for the North Anna units, and existing plant specific analyses
for the total hydrogen generation following a LOCA will remain applicable for use
of the lead test assemblies.

® The intent of Paragraph 1.A.5 of Appendix K of 10 CFR Part 50 is to apply an
equation for rates of energy release, hydrogen generation, and cladding oxidation
from a metal-water reaction that conservatively bounds all post-LOCA scenarios.
Application of the Baker-Just correlation will continue to conservatively bound all
post-LOCA scenarios for the use of the lead test assemblies due to the similarities
between the compositions of the advanced zirconium-based alloys and Zircaloy-4.

Therefore, the intent of 10 CFR 50.46, 10 CFR 50.44, and 10 CFR Part 50, Appendix K, will



continue to be satisfied ‘or the planned operation of the lead test assemblies. Issuance of a
temporary exemption froi) the criteria of these regulations for the irradiation of these four
assemblies in the North Anna reactors will not compromise the safe operation of the reactors.

Finally, the NRC Safety Evaluation Report (SER) which approved Virginia Electric and Power
Company's reload nuclear design methodology (VEP-FRD-42 Rev. 1-A) concluded that the report
is "...acceptable for referencing b Virginia Power in licensing Westinghouse supplied reloads of
Westinghouse supplied reactors.” l'ince these lead test assemblies will be supplied by Framatome
Cogema Fuels, NRC permission is vequested to apply the Virginia Electric and Power Company
standard reload design methodology 1> North Anna cores containing the four lead test assemblies.
As documented in the attached Safety Significance evaluation, use of the lead test fuel assemblies
in the North Anna cores has been thoroughly evaluated and will have no discernible impact on the
overall core performance. Incorporation of these assemblies into North Anna cores will not affect
ﬁuubiﬁtyoftbemloadmcthodobgympmdiathempafmncemwoomvelyassesstbe
core response to accident scenarios.

SAFETY SIGNIFICANCE SUMMARY

The FCF lead test assemblies are mechanically and neutronically very similar in design to the
Westinghouse fuel that comprises the remainder of the core. The reload core design for North Anna
cycles which incorporate the lead test assemblies will meet all applicable design criteria, and will
not result in any changes to the North Anna Units 1 and 2 operating and safety analysis limits. The
adsﬁnznfetyannlysabuedonmeruidentWutinghouseﬁneldesignwillnmaintpplicablefor
cores incorporating the FCF lead test assemblies. Analyses or evaluations will be performed each
cycle to confirm that the criteria in 10 CFR 50.46 will be met. Use of the FCF lead test assemblies
will not result in an unreviewed safety question as defined in 10 CFR 50.59, and will not constitute
a significant hazards consideration as defined in 10 CFR 50.92.



TECHNICAI AND SAFETY EVALUATION
1. Lead Test Assembly Design Description

The lead test assemblies to be irradiated at North Anna are very similar to the Mark-BW fuel
assemblies that have been supplied by Framatome Cogema Fuels (FCF) to five other Westinghouse-
designed operating units. The Mark-BW design, which is described in detail in Reference 5, is a
17x17 standard lattice, Zircaloy spacer grid fue! assembly designed specifically for use in
Westinghouse units,

The lead test assemblies for North Anna, which are designated the Mark-BW17 design (Figure 1.1),
also incorporate several advanced components and features, as described below.

1.1 Quick Disconnect Top Nozzle

The Mark-BW17 fuel assembly design incorporates a reconstitutable, quick disconnect top nozzle
assembly. mqtﬁckdiwomfunmpmvidesusymvdmdmmchmtofthewpnome
with no loose parts. The design features a double-spline sleeve attached to the guide thimble and
a locking ring which is contained within the top nozzle. Rotation of this ring by 90° using
reconstitution tooling allows the sleeve splines to be locked or unlocked.

The Mark-BW17 top nozzle also incorporates two additional changes from the standard FCF top
nozzle design. On the Mark-BW design, fuel assembly lift duri operation is precluded by four sets
of 3-leaf springs made of ]~ , ich are fastened to the nozzle

' 4 The top nozzle plate also incorporates a modified flow hole pattern. This flow hole pmem
provides an increased flow area, and thus a lower pressure drop, compared to the traditional FCF
design, while satisfying the same strength requirements.

12[C  ZJGuide Thimble Tubing

The guide thimbles and instrument tube are dimensionally identical for the Mark-BW and Mark-
BW17 designs. However, the Mark-BW fuel design uses guide thimbles and an instrument tube
fabricated fromf ) while in the Mark-BW17 design these components are
fabricated fro The composition of this
material and its physical properties are discussed in more detail in Section 2 of this assessment.

The guide thimbles have a relatively large diameter at the top to permit rapid insertion of the rod
cluster control assembly (RCCA) during a reactor trip, and a reduced diameter at the lower end of
the tube (the dashpot) to decelerate the control rods near the end of the control rod travel. The
diameters of the Mark-BW17 fuel assembly guide thimbles are comparable to those found on older
Westinghouse fuel assemblies used at North Anna (i.e., 17x17 LOPAR assemblies, with Inconel




mid-grids). The Mark-BW17 guide thimbles have four small holes located Just above the dashpot
to allow outflow of the water during RCCA insertion. These holes are identical 10 those on the guide
thimbles of the Mark-BW fuel design.

Thmim«snulquickdimdeewismachedwtheuppaendoftheManWl\g :l
g\ﬂded:imblebyawhnialswageforconmdomothetopnozzle.AsontheMark-B esign.
aZixuloy-4lowerendplugisweldedontotheendoftheguidethimbleduhpotscction. This lower
uﬂﬂuhhnmﬂwammmmm&egnidethimblebomwhichconnectstheguidc
thimble to the bottom nozzle.

The instrumentation tube diameters are comparable to those on the 17x17 LOPAR Westinghouse
fuel assemblies used at North Anna, which helps ensure compatibility of the lead test assemblies
with the in-core instrumentation.

1.3 Spacer Grids

The Mark-BW17 fuel assembly design incorporates a total of 11 grids. As shown in Figure 1.1,
thaeincludc(ﬁ'omthebommoﬁhemblymﬁ:ewp): an Inconel bottom end grid, one vaneless
Zircaloy-4 intermediate grid, five vaned Zircaloy-4 intermediate grids, three Zircaloy-4 mid-span
mixinggridslocnedbetweenthempfomvmimermedimgﬁds,mdanlnmlmpendgﬁd.

1.3.1 Intermediate Grids

The Mark-BW17 intermediate spacer grids are fabricated of Zircaloy-4. These grids are identical
tothosemedontheM-BWdaignwiththeaupﬁonofamaUmodiﬁuﬁonwthemm
The grids are fabricated from strips of Zircaloy-4 which are assembled in an "egg crate” fashion.
A la.serweldisperformednuchsnipmtersectionwiththeoutcrfaceoftbcgﬁdtosecmtbestrips.
The inner strip end tabs are also laser (bead) welded. A combination of springs and dimples act in
two orthogonal planes to support each fuel rod. The standard FCF keyable features are maintained
for the Mark-BW17 intermediate grids to allow scratch free and stress free fuel rod insertion during
fuel assembly fabrication.

As in the Mark-BW fuel design, two types of intermediate spacer grids are beirg used on the lead
test assemblies: vaned and vaneless (see Figure 3.1). The five intermediate grids in the high heat
region of the fuel assembly incorporate vanes to promote mixing of the coolant.




To minimize the overa!l fuel assembly pressure drop. the first intermediate spacer grid (i.e.. the

Zircaloy grid closest to the bottom of the fuel assembly) does not incorporate mixing vanes. With

the exception of the lack of mixing vanes, this grid is identical in design to the intermediate vaned
- grids. The resident Westinghouse fuel designs have a mixing vane grid at this location.

Another Mark-BW fuel assembly design is incorporated into the lead test assemblies, where the
intumdinespnwzﬁdsontheMnt-Bwnddgnmnuowedmmoveaxiauyupward.following
themovemanoftheﬁnlmdsntheymwdlzmimdhﬁon,mﬁlbtnupeﬁ'mhlvesizxﬂﬁmuy
relaxed the Zircaloy spacer grids. Rminingfamlu,whichm:bondeevesmadeofﬁrwoy,
'mMedtoeightnleaedguidethimblunboveuchimamedimzﬁdtolimhtheamomtof
axial movement. Afmukhdnamchedm&emmbebdowthempmdmgﬁdm
belowtheinwunedinemgridsmprmdownwdmoﬁonofthepida The distance that the

The end spacer grids on the Mark-BW17 fuel design are fabricated from Inconel-718, and are
idmﬁcaltothelnconelendspawyidsonﬂwMuk-Bstign. Short stainless steel sleeves are
mchedtoweldnhsonthegtﬂdethhnblelocaﬁomofthuepids. On the upper end grids, these
ubsmonmempofthepidmips.whikonmelowumdgﬁdsmmbsmonﬁnbouomofthe
grid strips. TheMut-BWlhndgﬁds,likzthehumedhugﬁdginwpomekeyingMndows,m
allow deflection of the soft stop springs during fuel rod insertion. This standard FCF feature
minimizes ﬁ.telmdmha,cellhardstopnndsoﬂstop damage, and fuel assembly residual stresses.

As on the Mark-BW fuel assembly, the bottom end grids on the lead test assemblies are connected
to the guide thimbles by mechanically crimping the stainless steel sleeves into grooves in the guide
thimble bottom end plugs. This attachment prevents axial motion of the bottom grids.

Two top end grid restraint designs are being used on the lead test assemblies. Two of the assemblies
will use the same type of restraint as the Mark-BW design, with the top end grid sleeves seated
against the bottom surface of the quick disconnect sleeve. This design prevents axial movement of
the top end grid. The second design, to be used on the remaining two lead test assemblies, is a
floating t grid design. g this case, slightly shorter top end grid sleeves are used, allowing a
small gaﬁ 0 exist between the top of the sleeves and the bottom of the quick
disconnect sleeve at beginning of life. With this design, as the fuel rods grow (due to irradiation)
the top end grid moves upward with the fuel rods until the top grid sleeves contact the. quick
disconnect sleeves By the time the top end grid is in contact with the sleeves, burmup effects will
have significantly r=laxed the force exerted on the fuel rods by the top end grid. The floating top end
grid design has betn shown to result in reduced fuel assembly growth.

E - ]




, Incorporation of the two top end grid restraint designs
into the North Anna lead test assemblies WilPpermit quantificat'on of the relative contributions of
the advanced alloy and the restraint design to the overall reduction in assembly growth,

1.3.3 Handling interfaces

From the perspective of handling interfaces, both the intermediate and nd grid designs on the lead
test assemblies are identical to those on the Mark-BW fuel design. The outer grid straps have
gmlud—invmthnddinmﬁdingthegﬁdsmdfmlassembﬁup‘npmjecﬁngsurflcex,to
facilitate core onload and offload. These lead-in vanes are strengthened by w=lding them to the inner
strip. The grid outer straps also have press-formed stiffening dimples that p1-vide added strength
1o resist tearing. The recess of the stiffening dimple is also used as a weld land for the inner and
outer strip connection, eliminating any exposed edges. The outer strap corner juint is a welded,
lapped joint which is carefully dressed to remove weld buildup and minimize distortio. The outer
grid corner also incorporates & structural support column to increase corner The yrid corner
mmgthisdaignedtomednomalhmdlingeqﬁpmemlimitsbymote In mo:= than
900 handling opportunities, not one Mark-BW fuel assembly incorporating features 1ns
sustained handling damage requiring either discharge or refurtishment.

1.4 Mid-Span Mixing Grids

Te provide additional flow mixing in the high heat flux region of the fuel assembly, each lead test
assembly includes three mid-span mixing grids (MSMGs), located mid-way between the upper fo
intermediate vaned grids (Figure 1.1). These grids are constructed fro: 1';
strips which are assembled and welded in a manner similar to the Zircaloy-2 intermediate _grids.
MSMGs use the same mixing vane pattern as the Mark-BW17 intermediate vaned grid.

very slight difference in the vane profile, as shown in F igure 1.3, but this has a negligible impact on

Stops formed in
of the four cell walls prevent the fuel rods from contacting the mixing vanes without imposing a grip
force (or slip load) on the rods. Therefore, the MSMGs are designated as non-contacting grids.

The outer strip design of the MSMG includes a large lead-in feature to preclude grid hangup or
damage during handling. A wrap-around comner design is also used to improve the handli
interfaces. ﬁ !

:(The resident Westinghouse fuel assemblies

0 not have grids at the MSMG elevations.)




The MSMGs are antached to the corner guide thimble locations (F igure 1.2). Because these are non-
contacting grids (i.e., they exert no load on the fuel rods). the MSMGs are rigidly artached 1o the
guide thimbler. Axial movement is precluded by velding grid slesves /forrules) 1o the top of the
MSMC strips at the comer guide thimnbie iocauons, and then dimpling these sleeves 1o the guide
thimbles inannmerdmﬂumthnundwmxhﬂzmnmg ferrules for the intermediate grids.
To help distribute the hydraulic loads, the MSMGs are anached 1o different guide thimbles than the
floating intermediate grids.

1.5 Advanced Debm Filter Bottom Nozzle

The Mark-BW17 fuel design incorporates a debris filter bottom nozzle consisting of a fine mesh
filter plate supported by a structural frame. mmucnn:lﬁ:meconsimofdeepﬁbsoftype:lm

stainless steel which connect the guide thimble locations, and which are attached to conventional
legs that interface with the reactor internals. [ ‘

The filter plate is attached to the top of the structural frame prior to skeleton fabrication by pins
welded to the nozzle at the four corers. Upon skeleton assembly, the guide thimble bolts extending
through the bottom nozzle into the guide thimble lower end plugs also clamp the filter plate to the
bottom nozzle structural frame at each guide thimble location.

A similar bottom nozzle (with a coarser mesh) has been incorporated into FCF Mark-BW
assemblies supplied to Duke Power's McGuire and Catawba units since February, 1996,



1.6 Fuel Rod

The fuel rod design for the North Anna lead test assemblies is very similar to the fuel rods in both
the resident Westinghouse fuel and the FCF Mark-BW fuel design. The primary difference is the
use of two advanced zirconi alloys, Alloy 4 and Alloy 5, as cladding materials. In two of
thelmltt.zstns:embli?I rods will have cladding fabricated from Alloy 4. These Alloy
4-ciad rods will be uniformly ibuted around the periphery of the two fuel assemblies. as shown
in Figure 1.6. Thedlddingfmthemindaofthemdsinmmﬁa“dllbefabﬁmed&om
Alloy 5. lntheothermludmmblia,:uoftheﬁnelrodswillbefabﬁcuedwithAuoys
cladding. A schematic of the fuel rod design is shown in Figure 1.7, and the composition and
properties of the advanced alloys are discussed in more detail in Section 2. Except for the use of
diﬂ’e:mtcl&ddingmnerids,the.uloydmd.&l]oySmelrodde:ignsmidentiul.

Eachﬁaelmdeonﬁm:»f;! “;naofuo,peumwmmin.m&nmwnmnoy
5 tube, with Zircaloy at each end. A stainless steel spring is located in the upper
plenumoftheﬁglmdtopuventthefmmaﬁmofﬁnelmckppsd:ningshippingmdhmdﬁng,
whileahonﬂawingfmthemﬁmofﬁzﬁzlmckdwingopatﬁm The fuel stack rests on the
lower end cap. Bycompuison.theMuk-BWﬁwlmddesignhasahwospﬁngsmem,whemone
springmiduintheplenumdbowtheﬁxelmckmdthcswondspringmidcsinaplenumspace
below the fuel stack. The spring system design for the fuel rods in the Mark-BW17 lead test
assemblies is similar to that of the resident North Anna fuel. The fuel rod upper end cap has a
grippable'tophn'xhnpethnmmforthemovdoftheﬁnelmdsﬁomﬁwﬁxelusemblyif
necessary. Theuppaendmpdmhuahm-drﬂledholewhichpermitswacuxdonofthcfuclmd
and backfilling with helium gas. mlowuendelpmab\m«--ncndshpeformducedhydrmhc
-mkm,&ndnﬁcﬂhurdmﬁmofﬂumdsimamememblyifmymdsmmovedlﬁu
the assemblies have been irradiated (e.g., during fuel examination programs).

The fuel pellets are a sintered ceramic, high density UO,. Each pellet is cylindrically shaped with
a spherical dish at each end. The corners of the pellets have an outward land taper (chamfer) that
eases the loading of the pellet into the cladding. The dish and taper geometry also reduce the
tendency for the pellets to assume an "hourglass” shape during irradiation. The design density of
the pellet is 96% theoretical density (TD), which is the same as for the Mark-BW fuel but slightly
higher than the nominal density of the UO, in the resident Westinghouse fuel rods. The fuel pellets
ar n diameter. The fuel rod cladding has i::
diameter, with c j This configuration leaves a small clearance

the inside diameter of the cladding and the outside diameter of the fuel pellets. The fuel rods in the
lead test assemblies use a larger pellet diameter and thinner cladding thickness than used on the
Mark-BW fuel rod. However, the clearance between the pellet and the cladding is the same for both
designs. The fuel stack length, pellet diameter, cladding diameter and cladding wall thickness for
the lead test assembly fuel rods are comparable to the dimensions of the resident Westinghouse fuel.
The nominal enrichment of the fuel in the lead test assemblies, 4.2 w/o U-235, is also typical of
reload fuel assemblies for North Anna.




2. Advanced Materials

Numerous componens of the [Vorth Anna lead test assemblies are fabricated from standard materizls
used for FCF 17x17 Mark-BW fuel assemblies. These materials include: fully recrystallized low-tin
Zircaloy-4 (intermediate spacer grids, mid-span mixing grids, fuel rod end caps and guide thimble
end plugs, and guide thimble ferrules), Inconel-718 (end grids, holddown spring leaves. holddown
spring clamp screws, and quick disconnect locking ring), and austenitic stainless steel alloys (top
and bottom nozzles, quick disconnect sleeves, end grid guide thimble sleeves, bottom nozzle filter
plate, guide thimble bolts and fuel rod plenum springs).

mwdethhnhlemheginsmwmhe,mdﬁnlmddlddingmﬁbﬁuwd&omtwomoys
were developed for high bumn-up, low corrosion, and low growth icati

L

Table 2.1 compares the compositions of these alloys with the aominal compositions of Zircaloy-4
and ZIRLO, which have been used for fuel rod and structural tubing in North Anna's resident
Westinghouse fuel assemblies. The mechanical properties of recrystallized Alloy-4 and Alloy 5, at
room tempeature and at various elevated temperatures, are summarized in Table 2.2. The
appropﬁﬂzspeciﬁcaﬁonﬁmitmdwmmﬂedﬂmdmprmidedfm?@lhwonyor
comparison. TheﬁmiusbownforlhuloyAupplywbothﬁwlmdchddingmdmucnm]tubing.

Alloy4xndAlloyShmbothbeenuseduchddingmneridsforlimhednmbmofﬁwlmdsin
dmonmmionmbﬁainuvuﬂEmpmmasweunnMcGuheUnhlmdmmeMﬂe
Island Unit 1 : J;heUnited States. Table 2.3 summarizes the in-reactor irradiation experience
these alloys. . ‘j

e Alloy 4 material irradiated to date has all had the same nominal chemical composition and heat
eatment. The nominal composition of Allﬁs has remained unchanged, but there has been an

During tubing fabrication, the alloy undergoeq{”
annealing processec
- The initial Alloy 5 tubing material, desi
as "5R" in Table 2.3, was fabricated usi emperature “
_a_r;d a lower temperature for the final anneal.

—

JNO differences in the



. 3
(O woseim :

) have shown tha
uniform corrosion rate and irradiation growth for both Alloy 5 and Alloy &7dre approximatel 4
the corresponding rates for low tin Zircaloy-4. iot cell examinations have shown that Alloy

a hydrogen pickup fraction which i of Zircaloy-4. The Alloy 4 hydrogen pick

fraction i ircaloy-4. However, because Alloy 4 . uﬁ
' Zircaloy-F"hydrogen accumulation in the Alloy 4 i isl Ithmm
oy-4.

3. Mechanical Design Evaluations

The mechanical design of theludtestmembliesismpponedbytestpromxs. evaluations and
analyses, Thefoﬂowingdiscusﬁomsmnmﬁntbewnpromthnhvebeencondwedmd
descn'bethea’mlymperfomedbyFCFtompponuseoftbeludtestmemblydesignnNonh
Anna. Theimpamoftheldwmeddedgnfunnu,mhuthemid-spmmixingpidsmdthem
ofndvmednﬂoygmthemechnicddesignofthembﬁaisincomonwdinwmex
evaluations. The physical compatibility of the FCF lead test assemblies with North Anna's resident
Westinghouse fuel and core internals is also addressed.

3.1 Test Programs

memprehmﬁwteﬂpmmhwbeenwndumedby?@whichsupponﬁwNoﬂhAmlad
test assembly design (i.e., the Mark-BW17 design).

3.1.1 Mark-BW Prototype Testing

The first test program was conducted on 2 prototype Mark-BW fuel assembly, which incorporates
several features also found on the Mark-BW17 design. This prototype was fabricated using spacer
grids that had been sized to simulate end of life (EOL) conditions. The assembly was then subjected
to a series of thermal and hydraulic, environmental, and mechanical characterization tests. The
assembly was hydraulically characterized by pressure drop and spacer grid laser Doppler velocimeter
(LDV) tests. The environmental, or “life and wear”, tests consisted of exposing the fuel assembly
to representative reactor temperature, pressure and flow conditions for two 500 hour periods. The
fuel assembly exhibited no significant corrosion or unusual wear. Control rod trip testing was also
performed utilizing a simulated Westinghouse-type control rod drive mechanism to determine the
control rod drop times. Subsequent in reactor testing and operation have confirmed the Mark-BW
fuel assembly operational performance.

The mechanical and structural characterization testing on the Mark-BW prototype included assembly
frequency and damping tests, assembly axial and lateral stiffness testing, spacer grid stiffness and
strength tests, guide tube buckling tests, and force-deflection testing of miscellaneous components.
Additionally, the prototype assembly was exercised in handling and storage equipment at Duke



Power’s Catawba Nuclear Station, Unit 2. demonstrating compatibility with eritical interfaces of a
Westinghouse-designed reactor. This exercise included functional tests with both a control rod
assembly and a thimble plug assembly. Much of the information obtained from these tests is
- considered applicable to the Mark-BW17 design since the spacer grid and guide thimble designs are

13.12 X1 Prototype Testing

For the second test program (the X1 mm).m:ddiﬁomlﬁglmblypmwtypes with mid-
span mixing grids (MSMGs) were fabricated tc bemedinmech:ﬁalmdthemﬂhydmnicmﬁng.
mmmwmﬂymﬂmmummddxmhummmmd

axial drop tests from various heights, and an axial tension test. The results of the X1 prototype
mechnﬂcdtauconﬁxmddumpﬁabiﬁtyoftheﬁmdek-BWmodeh(RefmS)wthz
Mark-BW17 design being used for the North Anna lead test assemblies.

The thermal hydraulic prototype for the X1 program utilized the fine mesh debris filter bottom
nozzle, and had select spacer grid cells sized to EOL conditions. The EOL cell sizes were
conservatively established based on grid relaxation estimaes at 65,000 MWD/MTU burnup. The
thermal hydraulic test scope included pressure drop (AP), life and wear, and flow-induced vibration
(FIV) testing. The life and wear test consisted of RCCA drop tests, RCCA stroking tests and the
1000 hour endurance test in an environment representative of in-reactor conditions. The FIV testing
served to characterize the flow-induced behavior of the prototype fuel assembly adjacent to a Mark-
BW fuel assembly for flow rates representative of reactor startup and normal operation conditions.

3.1.3 Component Testing

In addition to the full-scale prototype testing, various components were also characterized via
testing. The spacer grid design was subjected to static buckling and dynamic crush tests. Static
compression tests were performed on the holddown spring and clamp screw. The debris filter
bottom nozzle assembly was tested individually for debris filtering efficiency and pressure drop
characteristics. The results of all prototype characterization testing have been incorporated into the
various analytical models used to support the Mark-BW17 design.



3.2 Fuel Assembly Compatibility

The Mark-BW17 lead test assemblies are designed for full compatibility with the North Anna
mechanical interfaces including:

compatibility with core internals,
compatibility with control and other insert components,
compatibility with resident fuel, and

FCF uses customer-supplied design information to perform component dimensional analyses which
ensure the functional compatibility of the Mark-BW17 lead test assemblies in the North Anna reactor
environment. Direct measurements of Westinghouse 17x17 standard (LOPAR) and VANTAGE 5H
fuel assemblies made in support of other Mark-BW fuel assembly reload contracts are also used as

input for these compatibility analyses.

Compatibility of FCF-supplied fuel with resident Westinghouse fuel and core components, as well
as Westinghouse-designed core internals, has been demonstrated through successful reload transition
experience at five different Westinghouse-designed reactors. Similar compatibility issues were also
addressed by FCF in providing discrete burnable absorbers for use with Westinghouse-supplied fuel
at Virginia Electric and Power Company's North Anna and Surry units.

3.2.1 Assembly Compatibility with Core Internals

All interfaces between the Mark-BW17 lead test assemblies and the core plates, guide pins, and core
baffles are designed with sufficient clearances for the proper interface and continuous capture of the
Mark-BW17 lead test assemblies. Core internal interface calculations include guide pin-to-top
nozzle clearances, fuel assembly-to-core plate axial gap, minimum guide pin engagement, and
minimum fuel assembly-to-baffle plate clearances.

The Mark-BW17 lead test assembly top and bottom nozzle envelopes are equivalent to those of the
resident North Anna fuel assemblies. To facilitate installation of the fuel assembly and reactor head,
both the top and bottom nozzles on these lead test ussemblies incorporate tightly toleranced core
plate alignment pin holes with generous chamfered surfaces. The top nozzle holddown spring is
designed to properly interface with the upper core plate, providing the necessary holddown force
during both normal operation and accident situations, while still meeting handling and storage
interface requirements. ‘

The axial gap between the lead test assembly top nozzle and the reactor core plate was analyzed to
verify that sufficient margin exists to accommodate fuel assembly growth for the operating life of
the fuel assemblies. This analysis conservatively modeled the expected growth of the North
fuel assemblies with guide thimbles fabricated from Alloy 5 (which exhibitd’

It was determined that solid contact between the fuel assembly top nozzle
and the core plate will not occur during the design life of the lead test assemblies.




A special case was also analyzed 1o consider the possible shrinkage of the fuel assembly early in life.
This possibility was considered because fuel assemblies fabricated by Framatome with zirconium-
niobium guide thimbles similar to Alloy 5 were fo
after two cycles of irradiation at the Ringhals reactor in Sweden.
‘ for a shrinkage ten times that reported for the Framatome assemblies. fuel assembly holddown
will be maintained for the North Anna lead test assemblies.

322 Assembly Compatibility with Control and Insert Components

Evaluations have been performed to address the interfaces between the Mark-BW17 lead test
assemblies and the North Anna control and insert components, such as control rods (RCCAs) and
discrete burnable absorbers (BPRAs). Many dimensions for the lead test assemblies that are critical
toensmingcompm’biﬁtywhhthee:dzﬁngmlcompommhutheguidet.himblepitch.
inner diameters and length, the adapter plate elevation, and the top nozzle height, are similar to the
corresponding dimensions on the resident Westinghouse fuel. The control and insert component
Wmmmummmmmmmwwmuwumm
and diametral clmbetweentheg\ﬁdethimblumdthecomlmdinsenmds,havebem
determined to be satisfactory.

The guide thimble geometry for the Mark-BW17 lead test assemblies is the same as for FCF's
standard Mark-BW fuel product. Onbothﬁ:ldesizns.thegxddethimbledimensionsmduigned
to be similar to the guide thimbles on the Westinghouse 17x17 LOPAR fuel to ensure control rod
drop time compatibility. Control rod drop tests were also performed on both the Mark-BW
prototype assembly and the Mark-BW17 prototype assembly. The results of these tests show that
thecontmlroddroptimsfortheNoﬁhAmludtatmbliesunbeexpectedtobecommble
to those for Westinghouse 17x17 LOPAR fuel assemblies at North Anna.

3.2.3 Fuel Assembly Mechanical Compatibility with Resident Fuel

The Mark-BW17 lead test assemblies have envelope dimensions comparable to those of the resident
Westinghouse fuel at North Anna. The iead test assemblies will therefore have in-reactor lateral
pitch, reactor intemnal axial clearances, and equipment interfaces similar to those of the resident fuel.

The grid and nozzle interfaces represent the primary locations for mechanical interaction between
fuel assemblies. The Mark-BW17 as-built structural grid elevations (Table 3.1) are functionally
equivalent to those of the resident fuel assemblies at North Anna Additionally, worst-case
operational grid elevations (i.¢., including thermal expansion and irradiation effects) have also been
evaluated to susure that grid elevations match those of the resident fuel assemblies sufficiently to
transfer any lateral loads which may occur. It has been confirmed that even for the worst-case
comparison of grid elevations, sufficient overlap will remain to permit load transfer,

3.2.4 Fuel Assembly Shipping and Handling Compatibility

Safe transport of the Mark-BW17 lead test assemblies to North Anna is assured by FCF's shipping
container design. The container supports for the fuel assemblies are adjustable to accommodate



varying fuel assembly designs. These containers have been used to ship other Westinghouse
compatible fuel assemblies (Mark-BW) and are compatible with the Mark-BW 7 design.

The interface compatibility of the lead test assemblies with the North Anna handling and storage
equipment such as the fuel elevator, upender, and fuel pool racks, is ensured by the mechanical and
dimensional similarity of the Mark-BW17 design to Westinghouse (LOPAR. VANTAGE 5H) and
other FCF Westinghouse-compatible (Mark-BW) fuel designs. The Mark-BW17 lead test assembly
envelope dimensions and structural grid elevations are equivalent to those of resident fuel designs
in North Anna (Tables 3.1 and 3.2., providing assurance of the compatibility of the Mark-BW17
assemblies with the North Anna handling equipment. The Mark-BW17 grid design also possesses
mhd-hfmwmhmatheﬁﬂmblyhmdﬁngwcsdtﬁng core onload
and offload. .

AmeciﬁcmﬂyﬁswconductedbyFCFtolddzmtheludtesuncmblyinterfacewithmeﬁ;el
handling tool. msmdyﬁsdetaminedmnthem-BWlﬂudmuamblywpnome (i.e., the
m&ﬁmmmem)nmwmummmmgmmmnmm
Power Station.

3.3 Structural Integrity

hordertoinsmenfemdrelhbleopuaﬁonoftheMuk—BWl?ludtcstmcmblieutNonhAnm.
memmmwwofmemmydedgnhsbenvaiﬁedfwtbelmdmm;wdumhbom
normal operation and faulted conditions. ﬂneulmﬁonspaformedtoverifyﬁxesﬂucnnﬂintepity
oftbeﬁulmemblympommdawmﬂopaﬁngloudsmmzth&ﬁon3J.l.whﬂe
Section 3.3.2 addresses control rod drop times for accident evaluations of the Mark-BW17 design.
The structural integrity of the fuel assembly under faulted conditions (LOCA and seismic) is covered
in Section 3.3.3. '

3.3.1 Normal Operation

The FCF structural design requirements for the Mark-BW17 lead test assemblies are derived from
past experience with the other Westinghouse-designed plants, as well as experience with other FCF
designs, and were verified to conform with North Anna's plant specific design requirements. The
evaluations performed to verify the structural integrity of the fuel assembly components are
presented in the following sections.

3.3.1.1 Fuel Assembly Holddown Springs

Incorporation of the mid-span mixing grids causes the Mark-BW17 fuel assemblies to have a higher
pressure drop than the resident Westinghouse fugl assemblies at North Anna, which do not have

intermediate flow mixing grids. E Pn the Mark-BW17 fuel assembly
are designed to:

. accommodate irradiation growth of the fuel assembly,
. accommodate the differential thermal expansion of the fuel assembly and core internals,



. provide adequate holddown when compared to mechanical design flowrate lift lcads. and
. prevent excessive spring set during pump overspeed conditions.

The springs are designed to provide adequate margin for both the fixed and floating top end grid lead
test assembly designs.

The top nozzle and springs are designed to provide positive retention of the holddown springs in the
unlikely event of spring failure. The clamp screws, which secure the holddown springs to the top
nozzie, are also analyzed to confirm their structural adequacy.

[t has been shown that the North Anna lead test assembly top and bottom nozzles will maintain
engagement with reactor internals for all Condition | - IV events.

3.3.1.2 Spacer Grids

The design bases for the Zircaloy intermediate spacer grids, Zircaloy mid-span mixing grids and
Inconel end grids require that no crushing deformations occur due to normal operation. The Zircaloy
intermediate spacer grids and Inconel end grids must also provide adequate support to maintain the
fuel rods in a coolable configuration under all conditions. The Zircaloy mid-span mixing grid is
designed as a non-contacting grid, but is to provide adequate surface contact to prevent interference
between the vanes and the fuel rods.

The mechanical characteristics of the grids are confirmed through a series of tests, including:

. Dynamic impact tests performed on the spacer grids and mid-span mixing grids to establish
allowable impact loads, to characterize the plastic deformation: of the grids, and to determine
the value of grid deformation at which localized distortion of the guide thimble array would
affect insertion of a rod control cluster assembly.

. Static crush tests of the spacer grids and mid-span mixing grids, to establish allowable grid
clamping loads during shipping.

. Slip load measurements (i.e., the forces requiréd to axially move the Zircaloy spacer grids
and Inconel end grids relative to the fuel rods, guide thimbles, and instrument tube), for use
as input to analytical models of the fuel assembly.

, Grid corner hang up tests, conducted on the Zircaloy intermediate spacer grid design to
determine the elastic load limit and failure mode of the corner cell (simulating grid hang-up).
These tests showed that the failure mode of the corner is through weld fracture, with very
litt!2 outer strip and corner deformation,

» Handling tests, conducted using a full scale Mark-BW prototype, to determine the fuel
assembly insertion and withdrawal loads. These results remain valid for the North Anna lead
test assemblies since the mid-span mixing grids on the Mark-BW17 fuel design have a
reduced envelope to resist interface with adjacent assemblies.



3.3.1.3 Top and Bottom Nozzles

Finite element analyses have been performed to ensure the structural adequacy of the Mark-BW17
top &nd bottor nozzles subjected 1o conservative shipping and handling (4g). and normal operaling
loading conditions. The results of the analyses showed that the nozzles meet all design requirements
under the specified loads.

3.3.1.4 Guide Thimbles

The guide thimbles were analyzed under normal operating conditions (including mechanical design
ﬂmmmpavu:padndmlmds)fmhtkﬁng,pﬁmmbnnemmpﬁmny+
secondary membrane stress.

Loads were determined using a finite element axial model that is representative of both lead test
assembly configurations (fixed and floating top end grids). Both assembly types were analyzed
separately for beginning of life conditions due to their differences. At end of life conditions, the
ﬂoaﬁngtopcndgﬂdisineonncmfiththequickd'momslecvs,sothediﬁ‘erentusemblytypes
are equivalent Severa! normal operating conditions were evaluated (including different
tunpummmdﬁmainﬁfe),mdeﬂ'ecsdmwmﬂdcthimblemaldisﬁbmionmdlsymmeu-iul
hydraulic lift loads were also accounted for in the analyses,

The allowable buckling loads were based on the maximum compressive yield strength and/or the
guide thimble lateral deflection limit. All loadiag conditions at cold conditi those
which included Scram loads are compared to the allowable limits based on yield strength
(because the control components are already fully inserted). For hot conditions[ —Jand those
without S 1
; which ensures that control rod insertion performance is not affected. Primary
rimary-plus-Secondary membrane stresses are compared to allowable limits based on the AS
de, Section IIl (Reference 6). The limiting condition was found to
g Margin to the allowable limits was demonstrated {or
expected normal operating conditions.

3.3.1.5 Connections

Theferruletoguideﬂﬁmbleimafaceistenedwdaunﬁmmcsﬁfﬁ:cssmdmengthofthemwfwe.
The results of this test, coupled with the results of the guide thimble buckiing test, are used to
evaluate the floating intermediate and upper end grid restraint system. Sufficient margin exists for
the ferrule to grid interface under both operating and handling conditions.

The guide thimble upper and lower connections, such as the quick disconnect sleeve-to-end grid
sleeve interface and the bottom end grid sleeve-to-thimble plug crimp, are verified through testing
and/or analysis. Process qualifications are also performed for the weld, swage, and crimp-type
connections to ensure repeatability.



3.3.2 Control Rod Drop Times

The design bases for the fuel assembly states that the fuel assembly shall not experience any

- permanent deformation during either a Condition | or I event that would cause the control
- component drop time 1o increase beyond the allowable limits. The maximum allowable control rod
drop time specified in the North Anna Technical Specifications (References 7 and 8) is 2.7 seconds,
measured from the start of control rod spider movement until the control rod enters the dashpot
region of the guide thimbles.

Excore testing has been conducted by FCF on the Mark-BW and Mark-BW17 prototype assemblies
at temperatures and flow rates that are representative of operating conditions. The maximum

measured control rod drop times in these tests respectively.
lncm&uuqun its using the Mark-BW fuel have typically resulted times that
were abo higher, with no apparent dependence on assembly burnup.

An evaluation based on the resident North Anna control rod assemblies has determined that there
wouldbenomuicﬁonofmdinmﬁonintotheleadteszmembliesmdernormﬂopenﬁng
conditions. Compciwnofﬂ:eglddethhnbkdiammfaﬁzruidmtwmghomﬁnlwthou
of the FCF Mark-BW17 lead test assemblies (refer to Table 3.2) shows that the guide thimble
diameter for the resident NAIF fuel design (with either Zircaloy-4 and ZIRLO guide thimbles) is
smaller than on the FCF lead test assemblies, which are directly comparable to the Westinghouse
LOPAR fuel design. Thus, drop times for the FCF lead test assemblies are expected to be faster than
thoseforthemostreeemreloadﬁselnNonhAnna.mdcompmbletotheNoﬂhAnnadmpﬁma
in the older LOPAR fuel assemblies.

3.3.3 Seismic and LOCA Evaluation

The criteria for the fuel assembly seismic and LOCA analyses are consistent with the acceptance
criteria of the Standard Review Plan (NUREG-0800), Section 4.2. (Reference 9). Specifically:

2. The fuel assembly is designed to ensure safe operation following an Operational Basis
Earthquake (OBE). For the Safe Shutdown Earthquake (SSE), the calculated spacer grid
impact loads are within the elastic load limit. ‘Because the magnitude of the OBE is usually
about half the magnitude of the SSE, these results also satisfy the OBE requirements, that
the assernbly or component not exceed its yield limit. Hence & separate OBE analysis was
not required for the North Anna lead test assemblies.

b.  The fuel assembly is designed to allow control rod insertion and to maintain a coolable
geometry during a Safe Shutdown Earthquake. A separate Safe Shutdown Earthquake
analysis was done to ensure that the fue] assembly does not sustain permanent damage that
will impede control rod insertion and core coolability. For the North Anna lead test
assemblies, there is no permanent deformation. Therefore the requirements of control rod
insertion and coolable geometry are met.



¢ The fuel assembly is designed 1o allow for the safe shutdown of the reactor system following
a Loss of Coolant Accident (LOCA) or combined LOCA/SSE by maintaining the overall
structural integrity and a coolable geometry. This criterion places limits on the permnanent
deformations to which spacer grids may be subjected. For the North Anna lead test assembly
LOCAummdtheeombinedLOCAISSEcases,ﬂwcdcumedspaccrpid loads are less
than the elastic load limit value. Therefore, the grids sustain no permanent deformations and
no further calculation was required to ensure that the coolable geometry requirements were
- met

3.33.1 Mixed Core Horizontal Seismic and LOCA Loads

Abomdingmly:isfwlmbcedmoftheruidemwmgbouwﬂwltndtheFCFMnrk-BWl?
lead test assemblies (LTAs) was performed for the combined seismic and Loss of Coolant cident
(LOCA) events. Core coolable geometry will be maintained for all the faulted loads 11 ractive
spacer grid impact loads were assessed to show the compliance with the core coc geometry
requirement. - .. .

ﬂsesuﬁcanudsﬁﬁnea)mddymmic(mm&eqmymddamping)chlmmmcs of the
Mark-BW17 lead test assemblies and production VANTAGE-SH fuel assemblies were determined
analytically and experimentally. These characteristics were found to be compatible due to
similarities in assembly geometry and construction.






3332 Vertical LOCA Analysis

One design difference between the Westinghouse and the FCF fuel assembly designs is in the
method of restraining the spacer grids, as described in Section 1.3. Although the overall assembly
vertical stiffness and the strength of the two designs should be the same, to confirm that the FCF
guidcmimblawinmwmlmdhwﬁmdmaLOCAamevaﬁwLOCAmm
wupcrfmmedtoconﬁmthemmint:gxityofﬁnFCFguidethimblu. Only the LOCA cases
wercevalmedinthevuﬁcddin:ﬁouutheuppamdlowermpmamoveinphm for the
seismic case and cause no fuel assembly loading. p



* 3.4 Fuel Rod Design

A series of analyses was performed for the lead test assembly fuel rod design to confirm that the fuel
rods with the advanced zirconium-alloy claddings will exhibit satisfactory in-reactor mechanical
performance. These analyses included: cladding stress and strain, cladding fatigue, creep collapse,
fuel rod growth, corrosion, shipping and handling loads, and fretting wear. An evaluation of the end
ofﬁfeﬁzlmdhﬂnﬂmmdnpafamed.ﬂemlyminthuzmmmniuﬂhebw.
dmmmthntheludumblyﬁnlmdswﬂlpafamnﬁwwanupsMg
Virginia Electric and Power Company's NRC-imposed lead rod burnup limit of 60 GWD/MTU.

3.4.1 Fuel Rod Cladding Stress

mopuﬁwh&ndmhhﬁdmmmwdmdm‘mwvﬂwﬁu
physical parameters such as cladding thickness, oxide layer buildup, external pressure, internal fuel
vessel stress intensity limits (Reference 6) are used as guidelines forthisevaluaﬁon.l

The clad stresses for the Alloy 4 and Alloy 5 clad fuel rods in the North Anna lead test assemblies
were evaluated in the same manner as the fuel rods in the previous demonstration programs. This
involves dividing the stresses into compressive and tensile stresses according to criteria given in
Reference 11. The stress level intensities were calculated in accordance with the ASME code, and
include both normal and shear stress etfects. The stress intensities were then compared io the ASME
criteria, as follows:

L Primary general membrane stress intensities (P,) must not exceed S,,,.



IL Local primary membrane stress intensities (P,) must not exceed 1.3*S,,. These
include the contact stresses from spacer grid-fuel rod contact. The total of the local
primary membrane and bending stress intensities (P, + P,) must not exceed 1.5*S,.

Ill.  The sum of the local primary membrane, bending. and secondary stress intensities
(P; + P,+Q) must not exceed 3.0*S,,.

For the beginning of life tensile stresses, S, is defined as 2/3 of the minimum unirradiated yield
strength of the cladding, consistent with the ASME code. The worst case tensile stress condition
occxmlneinthelifeoftheﬁnlmd.mdismvelopedbyt.hemuscalcuhﬁonsforthehardcned
cladding. Forthecompruﬁvems,iuetequdwtheminimmmkndiuedhoopyield
strength of the cladding at operating temperature, consistent with Reference 11. .

ItwudetetminedthnthealcmnedmfortheﬁlelmdsinmeNonhAxmludtestassemblies
will be within the prescribed limits.

3.4.2 Fuel Rod Cladding Strain

m&:lmdwum!ymdmdaumineﬁnmmdmmu:miemtheﬁzlmdwmdapaimbefm
the transient strain limit of 1% is exceeded. ‘I'hetmuimtsu'ainlimitevdmﬁonuseschdding
cimumfmnﬁdcbmgesbeforemdaﬁeuﬁnwhmmemuiemwdauminethem This
mdysisispafomedusingtheTACOBﬁxelmdﬁmmdmalysiscode(Refm 12). Both the
Alloy 4 and Alloy 5 materials have a relativel igh strength compared to Zircaloy-4, and the
creep rates of both materials are less than f Zircaloy-4. It was determined that the
calculated linear heat rates which would result in 1% addingsminforrodswithAlloy4mdAlloy
5claddingmmuchmthanthemmdmmnnnsiemﬁwNonhAmuladtestmblyﬁwlmds
are expected to experience.

3.4.3 Fuel Rod Fatigue Usage

The total fatigue usage factor for the North Anna Alloy 4 and Alloy 5 fuel rods was analyzed using
the ASME pressure vessel code as a guideline. Tesiing conducted by Framatome Fuel Division in
France has ghown the recrystallized claddings to have fatigue endurance performance similar
Zircaloy-4,

The Alloy 4°and Alloy 5 data are well enveloped by the standard Langer-O'Donnell design fatigue
curve for irradiated Zircaloy. All possible Condition 1 and Condition 11 events that would be
experienced by the lead test assembly fuel rods over a (conservative) lifetime of 8 years were
assumed, along with one Condition IIl event. Conservative inputs were also assumed for cladding
thickness, oxide layer buildup, extemal pressure, internal fuel rod pressure and differential pressure
across the cladding. This analysis for the North Anna lead test assembly fuel rod resulted in a
fatigue usage factor o ich is well below the maximum allowable fatigue usage factor of 0.9.

3.4.4 Fuel Rod Cladding Creep Collapse

The fuel rod creep collapse analysis is performed in accordance with the NRC-approved



methodology described in Reference 13. Fuel rod failure due 1o collapse is predicted 10 occur when
either:

1. therate of creep ovalization exceeds 0.1 mil/hr, or
2. the maximum fiber stress exceeds the unirradiated yield strength of the cladding.

The creep rate of Alloy 4 and Alloy 5 is approximatel of Zircaloy-4. Therefore an
appropriate multiplier was used on the creep model in this &nalysis to represent the behavior of the
Alloy 4 and Alloy 5 materials. ltmdemminedMNathAmnludmmblyﬁxelrodcreep
‘collapse lifetime is greater than the expected in-core life of the fuel.

34.5 Fuel Rod Cladding Corrosion

Oneofthemajorpmpomfmdevelopmmofthudmeedzimnimbuedalloyswastoobuin
a reduction in the amount of cladding corrosion relative to Zircaloy-4. Both Alloy 4 and Alloy §
exhibit a strong resistance to i ith irradi ion experience to date showing the corrosion
of these materials to be less corrosion of low-tin Zircaloy-4 claddings. An
evaluation based on FCF database fi oy Alloy 5 predicted an upper limit on
chddingoxidaﬁonot iwhichisless f the limit

The hydrogen pick-up fthe Alloy 4 and Alloy 5 cladding materials have been found to be
approximately ively. Fmthepredictadeomsionlevel,theuppalimitfor
hydrogen content of claddings at the end of the lead test assembly operating lifetime
will be approxxmneltt Ff the FCF upper limit for hydrogen pick-up. ’

This level of oxidation and associated hydriding will not adversely affect the structural integrity of
the North Anna lead test assembly fuel rod during its design lifetime.

3.4.6 Fuel Rod Shipping and Handling Loads

The fuel rods in the North Anna lead test assembiies are designed to withstand a 4g load during
shipment and handling of the fuel assembly without the formation of gaps between pellets in the fuel
stack. This design condition is achieved by using a stainless steei spring in the upper plenum of the
fuel rod. The dimensions of this spring have been specified to ensure that the spring will maintain
a 4g pre-load on the fuel stack, prohibiting the formation of gaps within the fuel stack.

3.4.7 Fuel Rod Fretting Wear

A life and wear test has been conducted at maximum reactor flow conditions for 1000 hours to
evaluate the fretting characteristics of the fuel rods and spacer grids. The preliminary results of this
test showed no indication of fretting wear of the fuel rods. :

Extensive operational experience with the Mark-BW design, using grid designs and fuel rod
dimensions comparable to those of the North Anna lead test assemblies, has shown only one fuel rod
fretting failure. This failure occurred in a corner grid cell of the lower end grid, and was determined



10 be caused by either manufacturing or operational damage 1o the cell. To improve the fretting
performance of the grid. a design change was subsequently implemented to increase the force
exerted on the fuel rod by the comer cell spring stop.

The modification to the mixing vane pattern on the Mark-BW17 vaned grids. described in Section
1.3.1, is very small and will not affect the flow induced vibration performance of the fuel assembly
relative 1o that previously seen with the Mark-BW design. Flow induced vibration testing has also
bempafomedwithmmbﬁswdemm;uthnﬁnlmdﬁmingwwuduwoccm
in Mark-BW17 assemblies incorporating mid-span mixing grids.

Based on previous operating experience and on both life and wear and flow induced vibration
tudng.mﬁnlrodwwdmmﬁminghexpectedintheNoﬁhAmladteﬁmembliu.

3.4.8 Fuel Rod Growth

Thenddppbamtheﬁzlmdsmdtheludwamhlywpmakwmwudwvuifym
mﬁciemmginedmmmmodmﬁnlmdmmhfmﬂ)eopatﬁngﬁfeofmeﬁnlmbﬁes.
Tocalculmthecloanofthismthcmwlammmhofmoy4mdwoy5isusedwith
a conservative assumption of zero fuel assembly growth. ConuctbetwecntbeAlloy4mdAlloy
5fuelrodsnndtheﬁxelmblytopnonlewiﬂnotocmdmingtheduignﬁfeoftheludm
assemblies.

3.4.9 Fuel Rod Internal Pressure

Fuel rod thermal performance analyses, including evaluation of the end of life rod internal pressur:,
were performed with the NRC-approved TACO3 fuel rod thermal performance code (Reference 12).
The TACO3 code and internal gas pressure methodology have been extended to address operation
with internal pressure greater than reactor coolant system pressure in the NRC-approved topical
report BAW-10183P-A (Reference 14). '

Mmmmmdmdmwnﬂmwdmmusingapinpowuhinmymdummumpa
provided by the Virginia Electric and Power Company. The power history and axial flux shapes
(both steady state and transient shapes) were generated in a manner consistent with FCF's NRC-
approved methodologies, using Virginia Electric and Power Company's standard design codes. The
enveloping power history used represents the peak fuel rod in core over the burnup history, and is
a composite from four previous North Anna fuel cycle designs. This power history bounds the
planned irradiation of the Mark-BW17 lead test assemblies at North Anna. [t was determined that



the end of life fuel rod intemal pressure will remain below the FCF criterion for operation above
system pressure defined in Reference 14.

Prior to each operating cycle, the cycle specific pin power histories for the lead test assemblies will
- be compared to the power history envelope assumed for this analysis. Should the cycle specific peak
pin power for the lead test assemblies violate the envelope, then either the power history envelope
can be adjusted | and an analysis performed to demonstrate that the pin pressure remains below

4. Thermal Hydraulic Design

Analyses of the thermal and hydraulic compatibility of the four FCF lead test assemblies with the
reddanWesﬁnghomﬁ:luthAmmpufmmedbyFCPmingNﬂcqmvedmodehm
methods. Memﬂymad&medmmhuunmovmblewnmmdmp,hydmmcuﬁ
forces, inter-bundle crossflow, and DNB performance.

4.1 Design Comparison

The components of the Mark-BW17 lead test assemblies and resident Westinghouse fuel assemblies
mhydnulicallysimﬂuwiththeucepﬁonofuﬁghﬂymﬂenhimblembedimfmthemem
Westinghouse fuel designs and higher grid pressure drop for the Mark-BW17 design. The Mark-
BW17 lead test assemblies for North Anna also incorporate three additional mid-span mixing grids
baweenthctopfommdnthwoymbdngvmegridsforenhmedthermﬂmngin A similar
component is not currently utilized on the resident fuel.

4.2 Calculational Methods

The calculational methods currently used on the Mark-BW product for use in Westinghouse reactors
are applicable to the evaluation of a core containing both Mark-BW lead test assemblies and the
Westinghouse fuel products. The thermal and hydraulic (pressure drop, lift force, crossflow, and
DNB) analysis of the FCF lead test assemblies was performed by FCF using the LYNXT code
(Reference 15). LYNXT is a single-pass code which employs crossflow methodologies to evaluate
subchannel thermal-hydraulic conditions for both steady-state and transient analyses. Two LYNXT
models of the North Anna core were used for the evaluations. An cighth core 26-channe! bundle-by-
bundle model was used for the hydraulic analyses and a 12-channel model was used for the DNB
analyses. ‘

The DNB analysis of the Mark-BW17 lead test assemblies was performed using FCF's Statistical
Core Design (SCD) methodology. The NRC has approved the SCD methodology for both B&W-
and Westinghouse-designed reactors in Topical Reports BAW-10187P-A and BAW-10170P-A
(References 16 and 17), respectively. DNB analyses to support use of the Mark-BW17 lead test
assemblies at North Anna were performed using two NRC-approved critical heat flux (CHF)
correlations: the BWCMV-A CHF correlation (Reference 18), and the BWU-Z CHF correlation
(Reference 19). The Mark-BW17 fuel assemblies show improved DNB performance relative to the



resident Westinghouse fuel. in pant due 10 the Mark-BW17 mixing vane design. but also from the
addition of three mid-span mixing grids. as described in Section 1.4. The enhanced DNB
performance obtained from the use of the mid-span mixing grids was evaluated by means of a spacer

1d spacing factor incorpoiuicd into the BWCMV-A CHF correlation. [
Ed ' Z correlation.)

4.3 Hydraulic Compatibility

The pressure drop of the Mark-BW17 lead test assemblies is higher than that for North Anna's
resident Westi fuel assemblies, primarily due to the presence of the MSMGs on the Mark-
BW17 design. |

§ The net effect is a flow

tversion from the Mark-BW17 lead test assemblies to the surrounding Westinghouse fuel
assemblies.

43.1 Grid Pressure Drop

The grid pressure drops for the Mark-BW17 lead test assembly were measured in Framatome's
HERMES P loop in Cadarache, France. The HERMES P loop operates at PWR primary coolant
conditions (600°F, 2250 psia). Component form loss coefficients for analyses were determined from
this pressure drop data.

Core pressure drop data for the resident Westinghouse fuel assemblies were obtained from
Westinghouse and used to analytically determine the grid form loss coefficients.

4.3.2 Core Pressure Dr':p

The core pressure drop across the fuel assemblies consists of contraction and expansion, friction,
elevation, and crossflow losses. The core pressure drop was determined for a full core of Mark-
BW17 fuel and a full core of current North Anna Improved Fuel assemblies.

The following results were obtained for 100% core power at a core flowrate of 330,000 gpm:

Mark-BW17 Core

Westinghouse Core
These results demonstrate that the predicted pressure drop for a full core of Mark-BW17 fuel
assemblies is within 6% of the resident fuel, which is considered negligible. The core pressure drop
of the mixed-core is bracketed by the pressure drop values for full cores of each design.
433 Lift

The fuel assembly hydraulic lift force for the Mark-BW17 lead test assemblies was determined for
the limiting core configuration, which - because of their higher pressure drop - is a2 homogeneous



core of Mark-BW17 fuel asseniblies. Hydraulic lift forces were determined for the Mark-BW 17
design at both isothermal and ‘at power’ conditions. Analyses were performed for core flowrate at
both the Mechanical Design and the Pump Overspeed (‘at power’ only) conditions. The results of
these analyses were used in the evaluation of fuel assembly holddown springs in Section 3.3.1.1.

The effect of the Mark-BW17 lead test assemblies on lift of the resident fuel was assessed with a

mixed core analysis. The total predicted lift forces were compared for the North Anna core with and

without the FCF Mark-BW17 assemblies. The results of the mixed core analysis indicated that the

lift performance of the resident fuel was insignificantly affected by the presence of the lead test
" assemblies.

4.3.4 Crossflow Velocity

average value is a conservative criterion that has been used historically on a variety of

preclude unacceptable flow induced vibration of the fuel rods. Mixed core analyses

mingadngleMck-BWUﬁnluﬁinamostﬁnmwmbﬁesdmnm
span average crossflows are less than jspmtvenge)crita-ion

: amsﬂowvelociﬁammedweon:idqdnimzmedeﬁecuoverthetonlm A
i 10

4.3.5 Component Bypass Flow

Component bypass flow through the Mark-BW17 lead test assembly guide thimbles was
conservatively evaluated assuming a full core of Mark-BW17 fuel assemblies at conditions

Womaﬁm4MeﬁmthMWmstwumﬁp%la
4.4 DNB Performance Evaluation

To demonstrate that the DNB performance of the Mark-BW17 lead test assemblies is non-limiting,
calculations were performed by the Virginia Electric and Power Company for the resident
Westinghouse fuel and by FCF for the mixed core configuration using the applicable statistical
DNBR methodologies and CHF correlations. The DNBR results were compared to the fuel specific
thermal design limits. These calculations, described below, demonstrate that the lead test assemblies
have more margin to their applicable DNB limit taan the resident Westinghouse fuel has to its limit.
Cycle specific and UFSAR non-LOCA analyses with DNB acceptance criteria which assume a full
core of Westinghouse fuel will therefore be conservative for North Anna cores containing the lead
test assemblies.

4.4.] Statistical Core Design (SCD)

The FCF Statistical Core Design (SCD) uses a statistical combination of uncertainties technique.
In the SCD method, inpur uncertainties are anilyzed using statistical methods and an overall DNBR
uncertainty is determined. This overall uncertainty is then used to establish a design limit DNBR
known as the Statistical Design Limit (SDL). For added flexibility, margin is added to the SDL.
This added margin defines an analysis limit tsrmed the Thermal Design Limit (TDL). Once the TDL
has been established, the calculated DNBR at a specific core state is compared to the SDL to



determine if the DNB protection criterion is met.

For the planned insertion of the Mark-BW17 lead test assemblies into North Anna. the plant specific
variables listed in Table 4.1 were used to determine Statistical Design Limits for the BWCMV-A
and BWU-Z CHF correlations. The ranges and uncentainties of these variables are consistent with
those used for the implementation of the Virginia Electric and Power Company Statistical DNBR
E jon Methodology (Reference 20) f Anna (Reference 21). The resulting SDL values
nw BWCMV-A correlation, or the BWU-Z correlation.

4.42 Retained DNB Margin
For application: of the SCD method to l:f cores with the Mark-BW17 lead test assemblies,

the retained margin added to the SDL i is defined by the following formula:
: TDL - SDL
Retained thermal margin (%) = - x 100
' TDL

This results in a Thermal Duxgn Limit of 1.58 for the BWCMV-A CHF correlation, and 1.49 for
the BWU-Z correlation.

4.4.3 DNB Analysis and Results

Statepoints were developed by Virginia Electric and Power Company to represent points on the
safety limit line, limiting axial flux shapes, highly peaked radial power distributions, and low flow
conditions for the resident Westinghouse fuel at its thermal design limit of 1.46 (Reference 21).

For the FCF DNB analyses, the North Anna core was modelled with the LYNXT code using the 12
channel model. The core configuration consisted of a single Mark-BW17 fuel assembly in a core
with the remaining assemblies being modeled as Westinghouse fuel. This configuration is limiting
because of the higher pressure drop of the Mark-BW17 fuel assembly relative to the current North
Annz fuel design, which results in flow being diverted from the lead test assemblies to the resident
fuel. The predicted VIDNBRs for the LTAs were obtained at the statepoints provided by Virginia
Electric and Power C ympany using the BWCMV-A and BWU-Z correlations, and were determined
1o be greater than the anplicab!s TDLs.

4.5 Rod Bow

The rod bow behavior in the Mark-BW17 lead test assemblies should be comparable to or less than
that of Mark-BW fuel. Because essentially the same grid designs and fuel rod dimeusions are used
in both fuel assembly designs, similar grid forces are exerted on the fuel rods. Each Gesign is self-
consistent in the use of materials for fuel rods and guide thimbles, with the Mark-BW fuel using
Zircaloy-4 cladding and guide thimbles, and the Mark-BW17 lead test assemblies using Ailoy-4 and
Alloy-5 (or all Alloy-5) cladding in skeletons with Alloy-5 guide thimbles. The low growth
characteristics of the Alloy 4 and Alloy 5 advanced materials, which have been demonstrated



through irradiation experience. are expected to contribute to reductions in fuel rod and fuel assembl,
bow. The Mark-BW17 fuel design can therefore be reasonably expected 10 exhibit rod bow behavior
no worse than that previously seen for the Zircaloy-4 clad fuel rods in Mark-BW fuel assemblies.

- The same approach 1o incorporating the effect of fuel rod bow on DNBR that is used for Mark-BW
- fuel assemblies is therefore also applicable to the lead test assemblies.

Thphedomenonofﬁnelmdbowing‘ismumed inDNBRafetymﬂysisbyassessingcJ
DNBR penalty for bumups less thanf_ No DNBR penalty is assessed for burnups

24 GWD/MTU since desi i t be reached (References 22 and 23).
'Eﬂdqhmfmw ) Fowmeethnisincorpomedinwthe
¢ spacing parameter (shown itf Table 4.1), which is combined statistically with other

uncertainties to establish the statistical design limit (SDL) DNBR.

4.6 Fuel Temperatures

The fuel temperatures were evaluated for the lead test assemblies using FCF's TACO3 fuel rod
thermal performance code (Reference 12). The peak local power at which fuel melt is predicted to
begin was calculated as a function of burnup. The results of these calculations show that, over the
phnmdopunﬁngﬁfeof&ehdmumbﬁe&thcmhhnmﬁmhwgmﬁmmnwhich
ﬁmlmlﬁngwﬂloccmamdsﬂwminimmﬁnwhwgmﬁonmeuxdbyvmmﬂecﬁc
and Power Company in the reload safety analysis calculations for North Anna to ensure that fuel
melt does not occur in the resident Westinghouse fuel. Therefore, Virginia Electric and Power
Company's standard reload design process criterion can be conservatively applied to cycle specific
desigmmeoﬂhAmmincapmﬁngtbeleadxestmbﬁameMmeltdoesnot
occur in either the FCF or the recident Westinghouse fuel assemblies.

4.7 Impact on Reload Eﬁluation Methodology

The analyses performed by FCF have demonstrated that use of the four lead test assemblies in a core
of Westinghouse fuel will have a negligible impact on the core pressure drop, hydraulic lift forces
on the resident fuel, span average crossflow, and overall core bypass flow. The DNB performance
of the lead test assemblies is bounded by the DNB performance of the resident Westinghouse fuel.
Therefore, cycle specifi<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>