
Westinghouse Non-Proprietary Class 3

WCAP- 16182-NP-A October
Revision 1

Westinghouse BWR Control Rod CR 99

Licensing Report -

Update to Mechanical Design Limits

Westinghouse

2009



'WESTI.NGHOUSE NON-PRQPRIETARY C-'LýASS 3

WCAP-16182-NP-A
Revision ,1

I,

Westinghouse BWR COntrol Rod CR 99
Licensing Report -

Update to Mechanical Design Limits

Revision 1: October.2009
(WCAP-16182-NP-A, Rev. 0, NRCApproved: March 2005)

Prepared BY:
GdrantA..,Eriksson,

Bjqm Rebensdorff.

Reviewed by:
*•M. J. Riggs

Approved by:-
*:K. Cummings, Manager

Fuel Engineering Licensing.

*Electronically approved records areauthenticated in the electronic document management system.

Westinghouse Electric Company LLC
P.O. Box 355

,Pittsbirgh, PA 15230-0355

.©2009Westinghouse Electric Company LLC
All Rights Reserved



,Page Intentionally Left Blank

WCAP-16182'NP-A, ,Revi~ion I October 2009
WCAP-161,82ýNP-ARevisionl October 2009



ii

TABLE OF CONTENTS

LIST OF TABLES,....,.......................... .............................. ............ V
LIST OFFIGURES................... ........................... ...... ......................
EXECUTIVES R ........................... ................ ............... , .
SU MARYOFCHNGES..................................................... .... viii

..PU OSE... .......... .......... ........ ......... ........... ............- 1
2 INTRODUCTION ........ .............- 1.......

2.1 BASIC WESTINGHOUSE DEGN...2...

12. LICENSINGBBACKGROUND ..................... , ........................................ 2-1
2.3 CURRENT/FUTURE'DEVELOPMENTS ............................................................... 2-21

3 DEFINITIONS ............................................... 3-1
3 1 C R O................................ ................... . ......... .... • ................................"...... ......... ... ..... 3-1
13.32 CR RIMA• CE MTHODS.... ............. m. ............... a .............. 3-1

3.4• CRITCALAIR.BUTES.... ...... ...... 3-1
3.5 DESIGN REQUIREM S..... .............. ..............

4 A CEINREQIRECLTTIN T ES.................I-..... ....... .... !............. ........... ............. 34143.5 DESIGN RE.QUIREMENTS... . ...... ....... ......... ....... ..., ............. . 3-1
SDESIGNREQUIREME METHD. ............ ......... . ............... 4-1

4 .1 G E N E R A L ........................................................................................................................ 4 -1

42: C.ONFORM. ANCE.METHODS. .................... . ...................................... 4-1
5 MATERIALS EVALATION ....B..... . ....... ........,............. ........ .. ............... 5-1

51-2. CRITICALATTRIBUTES.D..I SS ION..........;............. .... 51
:5.2.1 Rod Wing andHandieMaterial................ ................. 5-1

5.212 .Button and Roller Material....... ............ . .... 5-4
5.2.3 AbsorbingMaterials .......................................... 5-4
5.2.4 V elocity Lim iter ............................................................................................... 5-2
5.2.5 C oupling Socket ................................................................................................... 5-2

,5.3 MATERIALS CRIT'ERIA AND DISCUSSION . ............ 5-2
5.3.1 .. Materials Criterion 1 (MA-).......................................5-2
5.3.2 Materials Criterion 2 (MA-2)... ...... ....................... .. 5-3
5.3.3 M aterials Criterion 3 (M A -3) .......................................................................... 5-3

6 M ECH ANICAL EVALUATION ................................................................................................. 6-1
6.1 CRITICAL ATTRIBU TES .............................................................................................. 6-1

6.2 ATTRIBUTES DISCUSSION ......................................... 6-1
6.2.1 H ole D iam eter ............................ ....................... ........................................... 6-1
6:2.2 H1le Pitch ...... ..... ...... .................................. ........ ....... .... 6-1
62.3 Hole Depth ....... . ................................... ................. 6-1

6.2.4 M inimum Outer W all Thickness .............. ............ ............................ 6-1
- 6.2.5 H ole Ligam ent Thickness ........................................................................... 64

6.2.6 P C .............................................. 6-2
6 .2.7 [ ....................................................... 6-2
6.2.8 M om ent of Inertia........ I .......... , ......... ............................................................ 6-2
6.2.9 M ass of the, Complete Control Rod ... .. ............... ......... ........................... 6-2
6.2.10 Mass of the Control Rod-without the Velocity Limiter and Socket............ 6-2
6.2.11 Control Rod Design Tem perature ................................................................... 6-2

WCAP-16182-NP-A. Revision 1 October 2009



:111

TABLE OF CONTENTS (cont.)

6;2.12' Control Rod Design Pressure..................... ............. . . .. 6-22
6.2.13' H andle D esigný ................................................. ............................................. 6-2:

6.3 MATERIALS ISTRENGTH :PROPER TIES .................................
6..3. • •.!. RDesig i PIStress ............... ......... ........ 6-3

6.3.2 A ec ani i te. ........... .. . .................... 6
6.4 MECHANICAL CRITERIAonI AN I.D. ..DII.S.CUS I .SI ...ON. . ......................... 63...........6-

6.4.13 Mechanical Criterion (ME). .................................... 6
6.4.2 Mechanical Criterion,2 (IMvE-) ................. ; . ........... 60- -5
6.4.3 Mechanical 'Criterion 3 (ME,53) ..... .................................. 6-11
6.4.4 Mec6haUica ,Citrion .4.(ME-4)............................................................... 6-14-

6.4.5, Mechanical Criterionft 5 (ME-5). .................................................. 6,17
7 PHYSCRS EVALAUTI•ON ........... ...... .... .................................................. 7-1

7.1 CRITICAL AITRIBUTES ..................... . 7....
7.2 ATTRIBUTES DISCUS SION....,............. ............................................. 71

7.2.1 Total R od W orth .. ............................................................................................ 7-1
7.2.2 Shutdown M argin.(SDM ) ........................................................................... 71
7.2.3 LPRM Detector Signal Change ....................................................................... 7-2
72.4 Nuclear End-ofLife (NEOL) .................. 7-3

7.3 PHYSICS :CRITERIA AND DISCUSSION ........................................... , ........................ 7-3
7.3.1 Physics.Criterion 1 0(PH1i.). ................ !.................. .............. ........ 7-3
7.3.2 PhysicsCriterion 2 (PH-2) ................................... .,.7-4

7.3.3 Physics. Criterion 3' (PH3). .............. .. ............ 7-4
7.3.4 Physics Criterion 4 (PH-4) .......................................................................... 7-4

8 OPERATIONALEVALUATION ...................................................................... 8-1
8.1 CRITICAL ATTRIBU TES ............................................... ....................................... 8-1
8.2 . ATTIBUTES DISCUSSION ............... .... .......................... 8-1

8.2.1 Nominal Wing Thickness;...... ...... .............................. 8-1
8.2.2 Maximum Button Thickness ............... . ................. 8-1

8.2.3 M axim um W ing Span ........... .... ..... ; ........... ......... ..................................... 8-1
8.2.4 'Maximum Velocity Limiter Diameter (With Ro1lers Installed) ................... 8-4
8.2.5 Thta!, Weight .......... . . ................................... 8-1
8.2.6 Overall Length ............................................. 81
8.2.7' V elocity Limiter/Coupling Design..... ............................................................. 8-2
8.2.8 H andle D esign ................. ................. W ...................... ............................ 8-2
8.2.9 Envelope ........ ......... ..... .................... ......... 8-2

893 OPERATIONAL CRITERIA ANDDISCUSSION ........................... 8-2
8.3.1 Operational .Criterion 1 (OP-i) ....... .............................. 8-2
8.3.2 Operational Criterion 2 (OP-2) ....................................................................... 8-3
8.ý3.3 O perational Criterion.3 (QP-3) .............................................................. ........... 8-3
.8.3.4 Operational. Criterion 4 (OP-4) ................................. 8-3
8.3.5 -Operational Criterion 5 (OP-5) ...... ...... ......... .. .............. . .................. .. 8-4
8.3.6 Operational Criterion 6 (OP-6) .................. ,,....... .......... ....................... 84
8.3.7 Operational Criterion 7 (OP-7)....,.; ............................................................... 8-4
8.3.8- Operational Criterion 8 (OP-8) ...... ........................... 8-5

9 R E F E R E N C E S ............................................................................................................................. 9-1

WCAP-16182-NP-A, Revision 1 October 2009



4V'

LIST OF TABILES

Table 4Z1 Design Requirements/Criteria' Matrix.... ........ ..... .. ..... 42

Table.5-1 Materials Related Critical Attributqs f•r the ,CR99 Design. ,.............:.-4

Table, 5-2: M aterials*Critefia.................................. ...................................... 5-5

Table 6-1 Mechanical Related'Critical Attributes forCR299 Designs .... ...... .......... 6419'

Table' 6-2 M echanical R elated& Critical Attributes for C R' 99 Designs 6-2.,;......... ,..... .... .. . 1,.,2.1

Table 7-1 Physical Related Critiacl .ttribiites for OR 99 Designs. ...... R .......... ......... 7-6

Table 7-2 Physics Criteria ................................................................................. ............ 7-7"

Table 8-1 Operational Related Critical Attributes for CR ,99! Designs ....................... ....... 86.

Table 8-2 Operational Criteria............. 8-7

WCAP-16182-NP-A, Rdvisidnl October2009
WCAP-16182-NP-A, Revision I October-2009



1v

LIST OF FIiGURES

Figure 6-1 FED Mddel:of Handle ...... ............. ...... ...... 6-23

Figure 6-2 Helium Release vs ..Depetn, ... 624

Figure 6-3 Desiigh Pressure Curve ..................................................................................... 6-25'

Figure 6-4 FE Model ofa Section of the/Blade Wing Struciure ............................-..... ,626
Figure 6-15 N f s&....... ........
Figure 6-Nf sed............. ... ................................................ 6-27

Figure 6-6 Seismic Scram Insertion Test, D-Lattice .......... M ...............

Figure 6-7 Seismic Scram Insertion Testit-Lattice,... ., ... ... ....... .............................. 67291

Figure 6- Seismic Scram;Insertion Test,'S-'Lattice ........ . ............. .... 6-3...

Figure 8-1 Control Rod Tolerance Envelope D-Lattice, Base Design,................ ............ 8,9

Figure 8-2 C6ntrol Rod Toleran6e Envelope C-Lattice, Base'Desigii ........ ........................ 8-10

Figure 8-3 Control Rod Tolerance Envelope S-Lattice, Base Design............. ............................. 8-11

WCAP~l6l82LNIPIA, Revtisionl October 2009
WCAP-16182-,NP-A, Revision I October 20,09



.vi

Page Intentionally LeftBlank

WCAP-16182-NP-A, Revision I October 2009
WCAP-16182-,NP-A,.Revision I October :2009



,n.ii

EXECUTIVE SUMMARY

Qptimization of design dimension together.:with updated calculations have shown that:Westihghouse,
CR 99 BWR control rods can be operated to significanttly higher Mechanical EndoffLife (MEOL)
conditions, as well as to Nuclear Enid of Life (NEOL) c6iditiofs with NMOL ekcee, difig NEOLfor all.
serVice cofiditions. This reprt (Rev. 1)introducesan updte to theiset of mechanical design e•uirements

previously reviewed and approved9in WCAP-16182-P-A;" Westinghouse BR.Control Rod CR 99
Licensing Report," Revision 0 (March%2005). Together the lrevised design requirements and. criteria form
a sef of design bases consisting.of design requirements, criteria, and verification methods which continue
to ensure acceptable performance of the Westinghouse CR 99. BWR.control rods.

s a d The individual, changes included inthis revision: are described and,
summarized in~the follow section.

WCAP-16182~NP-A, Revision I October 2009
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SUMMARY OFCHANGES

Revisionl Ito WCAP-16182-P-A~incorporates the Collowing listof changes:

[I.
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1 PURPOSE

The puiposes. of WCAP-16182-P-A, Revision 1 arelto:

i. Present a gset of design requirements for Westinghouse BWR control rods. Given ithese design
requirements, a setfof measurable criteriais established which, if met, ensures that the design
requirements are met. 'These reviseddesign requirements:and criteria,, together with those
previously approvedin WCAP-16.182-P-A, Rev., 0 form a setfofdesign.bases for Westinghouse;
.control 'rods for use in.BWRs.

2. Provide updated methodology.to evaluate the CR 99 design against the measuraible criteria•t
ensur.e that the, d'esign methe design bases for Westinghouse controlrods used in.BWRs.

3. DesignStress Limits - This revision provides'an update I'

2a,

4. Dimensional optimization together with updated calculations have shown that CR 99 can be
operated to significantlyýhigher Mechanical End of Life (MQOL) and Nuclear End of Life
(NEOL), thusý this report~provides the justification and bases for extended-life, for Westinghouse
CR 99 control rods.usediin boiling water reactors (BWRs).

WCAP-16182sNP-A, Revision I October 2009
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2 INTRODUCTION

2.1 BASIC WE STINGHOUSE DESIGN

The basic Westinghouse controld rdeign for which the Westinglhouse experience bas.i•s applicable and
forwhichftiis Licensing Topical[Report: is initended consists of a control rod which"

1. Has.hofizontAl absorber holes drilled in solidstainless steel wings,

2. .Uses guide :padS:(buttons)ornf guide: pads atherthan the.upe pins anidroller susedin the
Oimginal Equipment Manufacturer's (QEM) control rods§,

3..

4. Hasia velocity• liinter,

5. ighs le~sthan the& design weight for'th' contrl rod driv.e,

6. IHas.a handle the, same as the ,one it is replacingor has•a core grid supporiwhich allows.all four

,surrounding bundles' to'beremoved without needing :a blade guideto hold the control rod in
place,

7. .Hasam•n initialwii'~ h within [ .]~ ofi tfhe initial wortth of the¢ contr'ol rod that :it is replacin~g,

and

8. Do.es not negatively impact the ability ofthetCore&Moiktoing System to monitor the core
•(i•:e., []• )

2.2 LICENSING BACKGROUND

The. initial design' WestinghQuse control rod, designated as CR 70, is described in Reference 1. This
design contained only boron carbide (B4C) as a neutron absorber. Due to the potential. for BaC swelling-
inducted cracking in the rod tip even when a control rod i fully withdrawn, subsequent designs have
containedbafnium (which does not swell when irradiated) in the~tips ofthe rods. The CR 70 design is no
longer manufactured. Nevertheless, many of these rods have.operated;well, and are still in operation, in
Swedish built Westinghouse reactors.

Reference 2 describes the next Westinghouse design;CR 82, for use iniD7-Lattice BWRs. This design
contains, hafnium in the top six inches of the~rodwith a total.rod worth within., 5 percent of the original
control.rods. With the. exception of the hafnium tip;.it is essentially the same design as the rod described
inReference.l. Use of.this rod design has been approved by the NRC in Reference 3.

Reference,4 discusses ihe use of the CR 82 design in C-Lattice BWRs. This-design is similar to the D-
Lattice rod designin. concept, with differences in geometry arid envelope dimensions due to differences in
lattice designs. Use of this rod design has been approved by the NRCinReference 5.

WCAP-161-8.2-N-P-A, Revision I October 2009
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Reference 6discusses: t() a design, CR"85, that incorporates hafnium along the ,outer edge.of the rod as
well as in.the top six inches as used in previous designspand (2) use lof Westinghouse control rods in,
BWRP6 reactors. NRC: approval is documented in'Reference 7.
With respect to important factors, the CR 99 designpresented in thisreport is the sameas the CR 82

design approved by thejNRC iin References 3, 5, and 7, With th•e•olloWing exc ptionis:l

1. Thee[ ]aC as absorber material in~the CR 99 design
instead of B4C powder and hafnium rodlets used inWthe CR 82 design.

2.- The use ofAISI3,16L stainless steiel(SS),materialin the blade wings of the:CR 99'design instead
*of the AISI304L SSusedin .the CR 82 design. This:chanig of material'is discussed in
Reference 8.

2.3 .CURRENT/FUTURE DEVELOPMENTS"

Westinghouse's extensive experience, with the basic ,Westinghouse-control rod.design:encompasses more
than 310 :yearS ini BVRreactors ofall'vendois. The: basic desIn discus'sed in the preVious section has
provefn'to. be an exceflent design, and serves as die basis for futuire designs. Past improvements, as well as

• • . . . .. • .. • : .. fse... .. a s,. the.. . . is, f. . . . . . . ,, . .

foreseeable future improvements, will involve 'incremental changes on the basic design such that the large

experience basof !proven design can be. applied td any new design.

Controlrod inspections (References 9 through 12) showed-an increased potentialýfor CR 82 control rod
cracking forrods used in high duty .(e0g., Control: Cell Core),positionsin ihe core., "HighdiUty" is defined.
as a location where the control rod is deeplyinserted intothe core for a sigiiificant fraction of'the cycle.
Rods used in this mianner receive.hiah doses of ther•mal, and fastmneutronsin a short time when, deeply
inserted in the core. The fast, neutron dose is not nteastredy curnt coe monitoring systems since it

does notlead directly to control rod' 0 B1depletioh,"but:Ait is well kiiown, thatffast neutron irradiation makes
stainless steel susceptible io irradiationr assistedstress corrosion cracking-(IASCC).

Thus, an improved design designated CR 99,has been introduced to couuiteract the potential life
shortening IASCC phenomenon. This. design.,iiseg [ ]'.' as absorber material. instead of.B4 C.
powder:and hafnium .rdlets. AISI 316L SS is 'thedNbdevWinig material.. AISI 316L SS has provento be
more resistant to IASCC than AiSI 304LJSS (Reference 8). This ha -been shown both in materials
experiments and in control rod operation.

WCAP-16182-NP-A, Revision 1 October 2009



3-'l

3 DEFINTIONS,

3.1 'CR,99

•CR 099 s .a controil rod design who:'e.crtic•l attributes ardepresen.ed in Sections 5 through 8 of this report.
Alarge database of operating experience shows that these rodsmeet the design requirements% listed in
Section.4.1 for Westinghouse control rods in BWRs.

3.2 CONFORMANCE METHODS.
These arey vario'uslmethods by which it is poss ible rto veWr ify that the CR 1.9, design meets specific criteri

These methods include experience, testing, analyses and inspectibn.

3.3 CRITERIA

Criteria are .a set of quantifiable, measurablekstandards which, if met, ensute that the design requirements
are'met.

3.4 CRITICAL.ATTRIBUTES.

Critical:attributes are those attributes (dimensions, materials, design values,.. etc.) which,.ifchanged, have
the potential to affect fit, form, or function of the .control rod.

3.5 DESIGN REQUIREMENTS

Design requirements are:a set of genrIa guidelines for the design of.Westinghousecontrpi rods which, if
met, ensure that Westinghouse control rods will operate as required in D-, C-, and S-Lattice BWRs.

WCAP-16182-NP-A., Revision 1 October 2009
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4 DESIGN REQUIREMENTS

4.1 GENERAL

The.general design requirements, for Westinghouse:cpntrol rods: to0be used in .BWs are:

1. The, control rod is&compatible withkthe CbntroL Rod Diive,(CRD) system,, coupling device, fuel,.
fuel channels,7 associated. core internals, and rodihandling. equipment.

2. The control rd isg desi& edsuiich that rod worthantd .tansient, operation (e.g., scram and free fall
velocity) re'. consistent with the plant safe y ahnlysegs.

3. 'The control rod is desiged with mechanical stability and materiaIs such that' scram capabilit.y is
:maintained ihroughout. controlrod life.

4. The cdiotrol roid,is desigfied.such thaýti ciirfitly use.d t6o1s can monitofrcore powerdistribution and
bumuip.

5. The control rod is designed such that total lIe cycle dosedue to its use (activation product1dose,
direct dose, and disposal dose)yisrminimized.

6. The, design and manufacture of the control rod fulfill applicable, codes and standards, including
applicable parts :f the ASME Boiler6and PresSure Vessel Code.

Given the above designi requirements,, a setl ofmeasiurable criteria is established which, if met, ensures
that the design requirements are met. These'criteria are given in Sections 5 through 8.: Table 4-1 lists the,
design requirements alongawith their related criiteria.

These criteria together with the design requirements form a set of design bases for Westinghouse. control
rods.for use in BWRs.

4.2 CONFORMANCE METHODS

Conformance to the acceptance criteria (and ultimately the design requirements) is ensured by at least one
of the following methods:

1. Experience with identical or similar design(s)
2. Testing of prototypes, specific 'features- :etc.
3. Analyses
4. Inspection

Of these conformance methods, experience is the preferred approach. The experience approach provides
the most applicable, directly comparable methodfor verification of conformance to criteria. Tirisis why,
in general, design changes are made in small, incremental steps so that the.experience base of previous
designs remains Valid andapplicable to new designs.

WCAP-161.82ýNP-A, Revision I October'2009
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Where the experience base does not exist or the time to obtain such aibase is too long, testing of
prototypes as well as specific control. rod features may be undertaken. Analyses are used; (1),to
supplement testing, (2) to extend test results. to.other product lines or designs; or"(3)in.lieu oftesting

When testing is not practical' or is prohibitively expensive, and the ana'lytical .tools-.available lare known to-
give crediblexesults.

Inspection is typically usedfto verify the first three methods rather, than directly as a-conformance method.
Inspection allows for increasing the accuracy of analyses, verifying results of tests, and updating the
experience base. Inspections.may also leadto improved designs through detection.ofpreviously
unknown or unanticipated problems that would not have been detected if inspections had not been done.

Table 4-1 Design Requirements/Criteria Matrix

jDesign Requirement Applicable Criteria0)

Thewcontrol rod is compatible with the CRD• system, coupling device, fuel, "NA- 2, 3
fuel channels, and~rod handling equipment. . OP-7i, 2,3, 4

The control rod is designed suchthat rodworth and transient operation ME-3, 5
.(e.g,., scram and free fall velocity-)are consistent with the: plant safety PH-I, 2j 3, 4
analyses. OP-2, 5, 6

The control rod is designed with mechanical stability, and materials MA-2
Choices Such that mechanical. function is maintained throuIghout the life of .ME-I through 5
'the control rod. op-7, 8

The control rod is designed such that currently:used tools can monitor core PH-3, 4
power distributionand burnup.

Theý control rod is designed such.ihattotal life cycle dose due to its use NA-I1
(activation product dose, direct~dose, and disposal: dose) is minimized.

The design.and manufacture of the.control rod fulfill applicable codes and ME-2, 3
standards, including applicable parts of the ASME Boiler and Pressure
Vessel Code.

Notes:
1. Criteria Nomenclature is as follows:

MA-xxMaterials Criteria (See Section 5)
ME-xx Mechanical.Ciiteria (SeeSection 6)
PH-xx Physics Criteria (See Section 7)
OP-xx-Operatihnal.Criteria (See Section 8)

WCAP-16182-NP-A, Revision I October 2009
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5 MATERIALS EVALUATION

5.1 CRITICALATTRBUTES

The critical attributes, for materials related items are given in Table 5-f. The materials used in the CR 99
design are also included in the table.

5.2 CRITICAL ATTRIBUTES DISCUSSION

5.2.1 Rod Wing and Handle Material

Use of AISI.316L SS for therod wing and handle is based on extensive in-reactor:expefience with the:
material.. Beaer resistance i IAAS CC of ATSI 316L SS has made it the preferred blade wing material
(Reference. 8). Since this material is .in: the reactor and subject to neutron activation, limits on cobalt-
concentration are set to minimize the release of cobalt toitheprimary coolantas well as minimize direct
doses due to disposal.

5.2.2 Bution and Roller Material

These components. are subject to contact and are designedlto slide or ride against other material. Thus the:
button-,and roller material must be wear resistant. Original: equipment control, rods .in GE BWRs were
made of material containing high cobalt concentrations (50%oto.. 60%). While acceptable from the wear
standpoint, they released unacceptable amounts of cobalt into the reactorcoolant. An EPRI project
identified a non-cobalt material, InconIel X-750, as ank aceptable material for use'infabricating these
components. This material has:been the material of choice,with the specified limited cobalt content, for
the CR 99 control rod. Extensive in-reactor expfience.co hflmed.during post irradiation examinati.ons,
has shown this material to pefonrm as required. During the last l0iyears, AISI 316L SS has also been
used in control rod buttons. Operational experience with this material is also very good.

Operational experience has also demonstrated that the control.rods can be operated without a top button.
No wear on any component, control rod or fuel chamielsIisA occurred (Reference 13).

5.2.3 Ahsorbing;Materials

Extensive in-reactor experience with boron carbide (B4C) powder has.been amassed on Westinghouse
BWR control rods. In-pile measurements of helium gas pressure have confirmed the validity and
conservatism of the helium release model. usedin the analyses.

With CR 99, Westinghouse has introduced
jU]C This can be compared to the highest density of powder,

about 70/6, or standard sintering density of about 73%.

In acontrol rod with BTh powder, the powder densifiesduring..operaiion and also swells due to neutron
absorption reactions. Westinghouse experience is that the.competingeffectsof powder densification and
swelling can result in the swelling powder. contacting the surrounding stainless steel, possibly causing
IASCC.

WCAP-161,82-NP-A, Revision I October 2009
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2i,C

Reference 14,is updated and superseded by Reference 33, which describes the outline of theCR99
control rod for an S-Lattice BWR6 reactor. CR 99 control rods have accumulated significant operating
experience in $I WRs.

5,2.4 Velocity Limiter

The design of the velocity limiter is veryimportant to ihe control rod drop accident analysis. The design
of this important componentis di'scussed in Section 8 of this report. From a materials standpoint, the
Velocity limiter must be made from a material which can be readily cast, machined to final dimensions,
and attached to the rod wings. Since it is in contact with primary coolant, cobalt content must also be
controlled. The velocity limiter for the CR 99 is manufactured from cast AISI 304L SS.

Extensive in-reactor experience with all Westinghouse control rods has shown the acceptability of this
material for-the velocity limiter.

5.2.5 Coupling Socket

The design of the coupling socket is important to proper operation of the controlrod. The-design of this
component is discusSed in Section 8 of this report. The coupling socket must be made from a material
which can be machined to final dimensions and has sufficient strength totkeep the controlrod coupled to
the drive mechanism. The coupling socket is manufactured from Alloy X-750. Extensive in-reactor
experience with thisý material has shown its acceptability for:Ihe coupling socket.

5.3 MATERIALS CRITERIA AND DISCUSSION

The following criteria are shown in Table 5-2 along with the conformance method(s) required to confirm
that the criteria are met. CR 99 evaluation results are also provided.

5.3.1 Materials Criterion 1 (MA-i)

Criterion

No material shall be used which results in a larger total rod lifetime dose (direct + indirect) than does the
material which it is to replace. Ifitdoes, compensatory measures must be implemented in some other
material(s) to reduce total rod dose to meet this criterion.

WCAP~16182:NP~A, Revision 1 October 2009
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Discussion

This.cntenionensures thatall: Westinghouse.control: roddesigns will have at least.the same (relative to
OEM.rods).characteristics with•respect.,to. .cob'alt release. during o:0i&ratioi, dose :receidved during,
repiacenent and preparation for diýposal, and dfipsal-relatedra•diological paraneters (dose and curie
content).

The investigation of dose ,impact of a new materialFmay only involve verification thatfthe new material
contains'less dose ýcausing material:(e.g;, cobalt)- than does ,thematerial.which itis replacing,. For'less
obvious materials changes; the investigation.may require.the -usetof the ,Westinghouse computermodel,
BKM-CRUD:(Referenice.15) tofdeter-ntiieithe infipact:.

5.3.2 Materials Criterion 2XMA-2)

Criterion.

Rod wing material shall be better thanor:equal to original.blade wing material (Type: 304L stainless steel)ý
with respect to stregs corrosion 6rackiig, parcularly susceptibility to fast neutfro IASC.C.

Discussion

This, criterion and its conformance methods ensure that only materials superior to those Already in use are
used for rod wings. Thus&,it is~possible to use past in-reactor experience as a conservative experience
base for the new material.

As shown in Table 5-2, the conformance method reqtuired to confirm thata mnaterial, is superioris testing
and experience. Previous in-reactor experience with. the proposed:material and/or testing (e.g., in-pile1
materialltests, autoclave tests, lead control rods, etc.)provides confideince that a material is superior, but
theultimate proof is long term usein its final form in control rods in the reactor. Forthis reason, the lead
control rods containing critical components with new material need to be inspected to confirm results of
pre-use testing and adequacy of the experience.base.

5.3.3 Materials Criterion 3 (MA-3),

Criterion

Components shall be made of materials compatible with connected, and interfacing materials and
components.

Discussion

This criterion ensures that the design will be compatible with existing in-reactor materials.

Evaluation to confirm compliance with this criterion will ensure that materials related considerations
(e.g., differences ,in thermal expansion,.. wear properties, etc.) do not. create problems.

WCAP-16182~NP-A, Revision 1 October 2009
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Table :5,1 Materials R.eted Critil Attributes for the CR99 Design

Materials Criticai Attribuie D, ýC, and 9S-attice Materialor Value

''Rod Winmgand Handle!Material AISIr.316L SS

SCobalftContent [ ]ae

hiipufities [iý
velocity. Limiter Roller Material" Alloy X-750

Cobalt ontent .

Button. Material. -Al'd X-750 II36. orNo Butto

Cobalt Content [

Abs~orbintg Materials.

Boron Carbide. [ ... ac

Placedin holes drilled in'stainless steel

VelocityLim iter: :Cast A!1SI 304L S$

Cobalt Content [
Coupling Socket Alloy X-750.

Cobalt Content [ ]3,C
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.Table 5-2 Mater'ials Criteria

Conformance*
Critierion Method(s)(). D-, C- and S-LaficeCR, 99

(MA-i).
No material' shall be.usecwhich results in a Analvyses. The materials:chosen for CR:.9
larger'total.rod lifetime dose (direct+indirect). minim ize[Co.,, The two largest
than, does.the: matefial whichlit.is{to replace. If contributors to dose arethe
it: does,. compensatory measures must.::be: rollers/buttons:(due to:m ovement across:
limplemreted in some .other material(s) to: other material) and the wings (largest.
reduce'total rod dose :to meet thiscriterion surface).

With respectuto the rollers/buttons,
the materials chosen (Alloy X-750
and/or-AISV.316L SS):have much
less Co ihanthe Stellitematefial in
the original'rods (see Section 5.2.2).

Witýh respecr tothe.wig material,
the CR.99 has 1/3 of the surface
area of the OEM.blades.. This,
co0mbined/with a [ ]2clirfmit on

Cp fsrýthat':this crite ijisme
for CR99.

Based on the above,,, the CR 99 rod
meets.this criterion.

:(MA2) -

Rod wing material sh•l!lbe bette~rthan or equal. Experience Testing Materiai testingýas ,well as conitr6l"rod
.to original blade wing materiýl (AISI 304L SS) Inspection operating epieci"he'have proven .AISI

With r•espectto, s tresscgorrisibn cracking, 31'6L SSto.be abette'rrmaterial than
particularly susýceptibility to fast neutroný AISI 304L .'SS with. respect toIAS.CC
,.IASCC. (Reference 8).

On this basis, theý CR99 rod:meets this
criterion.

Components shall be.m ade of materials Expericn6e Testing An extensive:pkperic'n.e base.has,
com patible-with connmec.te dand interfacing Analyses shown that the* design ifie6ts l-this
materials and components. -criterion, ie, npriosblemS ith

latching, normal rod movement, scram
(asl seen by rod insertion times within

Technical'Specifi6cation limits); or
abnornial corrosioi,.

On this basis, the CR 99 rod meets this
criterion:

Note:

1. See Section 4:2 for adiscuission on Conformance Methods.

WCAP-16182-NP-A, Revision I October 2009
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6 MECHANICAL EVALUATION

6.1 CRITICAL ATTRIBUTEs

The critical atributes for mechanical related items are! shown in: Table 6-1. The attribute values for CRk9O
are aiso included.,

6.2 ATTRIBUTES DISCUSSION

6.•.1 Hole Diameter

Holediaete diecty ipacs te wll hikess, to the face6: of the bl ade. In conunction with hole p.itch,
it impacts ligamenthickness to"the adjacent'hole. in conjunction with ho lepitch and hole depth•,• ts

parameter impacts total rod worth.

Thus, it.canh 1beseen .thtr sel§ctioniaiid ontrol of this p~araieter are importaht to control rod:dedesign aind
in-reaTctor-perfo6rance with riep•ct tob 6th inechanical aid nuclear performance.,

602.2 Hole itch.

This parameter canwaffect ligament thickness between holes andtotal rod worth. Thusi, while not as
critical:as hole diameter, hole piich is still importantito control rod performance.

6.2.3 Hole Depih

Hole depth'is the primary parameter Westinghouseuses to control rod Worth. Varyingthe holedepth can
change ihe control rod-worth of.two otherwise identical control rods.

Due to the amount of stainless steel between the. end of the hole and the inner edge of the control rod
wing,.and the lack of stress in that direction, differencesqin hole depths, reasonably expected for any
control rod designs for B WRs have little impacto6n mechanical. performance.

6.2-4 Minimum Outer Wall Thickness

This parameter is. importantin stress analyses since any, calculations done use this conservative value in
determining stresses across.the wall..of the control rod.

During manufacture, control rods are:inspected against this value to:ensure that the analyses performed
are valid. In general, actualvalues are greater.than the specified minimum. Parameters which set.this
value include hole diameter, control rod blade wing thickness, and manufacturing tolerances in the- hole
l ocation.

6.2.5 Hole Ligament Thickness

This parameter is important'in stress analyses done to determine stresses between holes. Parameters
which set this value include hole diameter, hole pitch and manufacturing tolerances in the hole location.

WCAP-16182:NP'A, Revision OOctobei" 2009;
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6.2.6 [

S'c

6.2.7 ,j

]a~c

6.2.8 Momento:Of Inertia
Moment of inertia is important mainly With resp'ct to seismic behavior and ability to insert during a

seismic event.

6.2.9 Mass. of the Complete Control Rod

This parameter,,iiin conjunction with the mass of the control rod without the velocity limiter and socket, is
important in determining axial stresses on the controII rod during scrams.

6.2.10 Mass of the Control Rod without the Velocity Limiter and Socket

This parameter, in conjunction with the mass of the complete control rod, is important in determining
axial stresses on the control rod during scrams.

6.2.11 Control Rod Design Temperature

The control rod design temperature is set by the design temperature ofthe, plant ppeactor coolant. This
value is far below any value, that could substantially degrade (melt) the material in the control rod,

6.2.12 Control Rod Design Pressure

As with design temperature, design pressure is set by the design of the plant reactor coolant system. This
value is used in determining the stresses across the hole walls due to differential pressures.

6.2.13 Handle Design

Westinghouse has manufactured control rods with both single and double handles. The -safetyfunction of
the' control rods does not depend' on the handle design. However, the designs mustzbe: (1)checked for
compatibility with the rod handling equipment and (2) evaluated to ensure that the handle will be able:to
take the stresses due to normal loading and handling. Note that item (1) is addressed in Section 8,

Operational Evaluation.

In general, the original control rods. for D-Lattice plants were built: with-single handles, C-Lattice plants
have a mix of single and'double handle control rods, and S-Lattice plants have double handle control
rods.

WCAP-16182-NP-A-Revisibn I - October 2009
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6.3 -MATERIALS STRENGTH PROPERTIES

Values of the parameters: listedbelow, which are, related io the ;material used in the~control rod,:are usedto
determine whether. calculated stress levels are withini acceptable ranges6 Design stress is .derived

acd6ordinig to se ti -63.1 &and 6,3.2.

* Young's9 ModulusEt
* " :yield Strength;•Rpo..

* Ultimate Strength, Rm

The values of Rpo.2 and iRm are the minimum.values specifiedin.the material specifications.

6.3.1 DesignStress

The alfowable Desi4gnStrPeSs Limit, Smfor stainless steel, is.givn by

:$Sm:=Min 0.9; x Rpo.2 (PrC),1/3 x lRm (TC)Q}

This Sm.-value should'be used in':all stainless steel parts, of the control rod in, the .firstplace.

6.3.2 Aterlative Design Stess

Alternatively,to all!w pretious anal)yses to remain Valid, allowable Design Stress Limit, .Sm - per Article
011-211.1(b) of, AS1&1 Boiler and Pressutre Vessel Code Section III forstainress'steel. maybe used:

S = Min{ 2/3 x Rpo. 2 (20C), 0.9 X*Rp0 .2 (TOC), i/3 x Rm (20 0 C)7 i/3 >('Rm (T1C) }

This Sm -value may be used in all stainless steel CR - parts.

64 iMECHANICAL CRITERIA AND DISCUSSION

Mechanical criteria to be met are stress and fatigue limits under differential static pressure, pressure
cycling, and scramload. [

1" Meeting criteria specified in this sectiofi assures that applicable codes and
standards :are met.Stresses as defined below are used in the evaluation.

General Primary Membrane Effective Stress - P,

This effective stress is derived .from the average value across the thickness, of a section of the general
primary stresses produced by design pressure and other specified design mechanical loads, but excluding
all secondary and peak stresses. The allowable value of this effective stress is applicable Sm --value atthe
design temperature.

WCAP~161822NP~A, Revision I October 2009
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Local Membrane Effective;Stress,--PL

This effective stressis derived::fromthe,:-average .value -across the thickness.of a section of the local.
primýay stresses:produced by design-pressurfeand-other specifieddesign mechanical loads, bit.excluding
'all- secdfi arhd dpeak tr se'. The allowable value .of this effective stress is 1.51 ties apPlicable S• ,

valuel.

PrimaryMem brane:(General or Local) Plus Primary'Bending Effective Stress- Pmi±Pb or PL*Pb

This. effective stress .is derived" from the highest value'across the'thickness of a section ofthe general or
local primary stre'sses plus pr'maimarbefiding stressedsproducedby design pressire and other specified
design miechanic.l •oads, but excluding all secondary and peak stresses. For solid rectaigular"sectionfs,
the' allowa•e value, of this e6ffective: stress is 1.5 timesý applicable Smý -.value.

The following: crieria are shown-in-Table6642 along with the conformance method(s) that show the
criteria are met.

6.4A1 Mechanical Criterion 1 (ME-i)

Criterion

Stresses on the'Westinghouse control rod handle due to normal loading and handling shall not exceed
allowable-valuesfor Level A service-condition (Reference 16), anytime in life.

Discussion

This Criteion ensures that the control rod can be safely mnoved duing teceipt, initial instalation,
s hu•ffling, remo.val, andi'preParation'for disposal.

In the Westinghouse design, the: support and the handle havebeen-iritegratedwith the control rod wings,
which means that' there is only one vertical weld where the two control rod wingsare joined in the lifting.
handle.

Durnri'nr al Ihand ling operations, the liftinghandle is loaded With the weight of the control rod in.air.
In the stress analysis, this ioad is conservatively chosen as a concentrated force at the weld'location on the'
horizontal partfof the handle. Figure 6-I shows• an example of the Finite Element.Model .of a double
handled C-Laftice Westinghouse control rod. The applied force is assumed to be:

0.25,:x 2 Control RodWeight (in air)

where:

.0.25 one fourth part of the handle (This value amounts to 0.5 for single handle designs)
:2.0 = dynamic. lifting factor (including a safety factor)

WCAP~16182:NiP.A, Revision 1 October 2009
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The maximum bendingdeffeciive stress is then cailculatedon:the horizontal part of thezhandle close to ]
locationofihe applied load.

The mxirmumresulting• effective, streSses,(Pm+Pb mnust be lower than'the corresponding allowable
stresses. Fo the h&ahdl'I§s miaterial.at 8'59C, the &l1owable stress is..n:×l.5 Sjm, whdee nis §th'- appliabl'e
weldiiig'fa'cfor"acordingý to Referenct 16, TableNG .3352-1.

6.4.2, Mechanical Criterion.2 (ME-2)

Criterion

Stiesses in the Westinghouse h contr1od win•. gs dUe to pressure differences, (AP) across the walls shall not
exceedappicableWe design yalue6s as pe•r this report any time in life. Fatigue in the Westngho us&. control
rod wi~nqgs due t.pressure differential cycles (AP~yci) across the. walls.shall notb eceed al0wable ASMEI

values anytimre in. life.

Discussion

This criterion enSures that AllMwable.'stress limits are met with the maximum outside toiinside &AP at
beginhing of life an d maximum inide jtooutside AP'at the end of life; :and alldiffeential pressures in
between throughoAt the complete lifetime of any Westinghouse control rod design.

6.A.2.1. Pressure Difference Determination

During reacor operationthegas pressure in the control rod.blades will increase with '01B depletion 6from
the initial filling gaspre Sure:o the design pressure at MEOL, and thus gradually change the, differential
pressure,:AP,,tIo .its maximum across the walls of the blades. The differential pressute0for which the blade
stre.sSes must becalcq.ilated is also a function of reactor temperature and 'system pressure.

Gas Pressure BuilduP'

1rc

WCAP-6182NIP-, Reisio 1 Otobe ,200
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[1

Iac,

Pressure Dueto He GasRemaining from. Fabrication

Iac.
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Total Gas IPreslsure=Buil d-u p

Te total gaslpressure in the blade is calculated according to:

Delsign Intern al Rod Pressure

IaC

WCAIP-16182--NP-A. Revision I October 2009
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Total Differential Pressure

I

I 2,C
6.4.2.'2 Stress Determination

[

a,c

The highest stresses caused by this AP occur (1) in the'ligaments between absorber holes; (2) in, the .outer
wall of a blade adjacent.to a section~through:an absorber hole and (3) in the control rod's outer edge,
farthestfrom the centerline of the control rod, No~stresses exceed allowablelimits at MEOL.

Due to the complicated geometry of the:control rod, a three-dimensional FEM consisting of 20.node solid
tetrahedral or brick elements.is used. An example of this model is shown in Figure 6-4. The model
utilizes symmetry, features of the blade section. in the model, all parameters, are conservatively chosen,
e.g. most unfavorable tolerances, The calculations are carried out with the aid of a general purpose~finite
element computer program such as ANSYS.(Reference 21).

18,C
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Stresses due to Pressire Loads in the Control Rod Blade

ale

Blade Outer Wall Calculation

F,

j QC

Edge Outer Wall Calculation

I

j% .C

Ligament Calculations

I]2,C

All the calculated stresses at.300oC reactor design temperature must be lower than the corresponding
allowable stress limits discussed in:Section 6.4.

6.4.2.3 Fatigue Calculation

During operation ofthe reactor, the gas pressurelin the control rod blades will. increase mainlydue to
helium release from the boron carbide, and'thus gradually will change thepressure difference across the
absorber hole walls. Furthermore, normal start-up and shutdown of the reactor resultsin more rapid
variations of the differential pressure over the.. walls. in the control rod blades,.

WCAP-16182-.NP-A, Revision 1 October 2009
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Load cycling

t I

ja~c
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Q;c

6.4.3 Mechanical Criterion 3 (ME-3)

Criterion

Stresses andfatigue in ,Westinghouse dcontro rods due to scram didud lods shall.note&xceed allowable,
values.

Discussion

This criterion'. ensures that applicable stresS limits, accordingto section 6.3 of thisirePort.are met with any
plant specific scramload.tloiighouttthelifetime ofany Westingliouse contfol.fod desigii.

6.4.3.1 Scram Load

Scram.loads are given:in Reference 22. During:a reactor scram, the rods are hydraulically-inserted in the
reactor core and'hydro-dynamically slowed ýat the end of 'the stroke. A scram-load cycle is thus defined as
a compressive scram force,(acceleratin) folUowed by. atensile Scramfofce (deceleration). The maximum
axial force in the velocity limiter and the socket occurs during the deceleration phase of the scram With
cold reactor conditions, and assuming a failed buffer. This scram is considered aLevel B service load and
Level B service Limits as per Table 6-2 shall not:be exceeded.

Scram.of the reactor during the cold condition (856C) is calledcold scram, while reactor scram during
normal reactor operation (300 C) is called hot.scram. *A"normal" scram at hot or cold .conditions is
considered~aLevel A event.

6.4.3.2 Forces and Stresses in the Velocity Limiter and the Socket

]SIC

WCAP~16182:NP~A, Revision 1 October 2009
WC.AP-16182-N-P-A, Revision 1 October 2009



6-,12

6.4.3.3 Fatigue Calculation ifi the Velbcity "Limiter and inithe Soket.

Membrane:stresses (Pm) ensuing from tensile and compressivescram forces',lare€calculated. :The.
alternating stresses are calculated as:

Finallyi, the cumulativleusage factorU islc~aic~tila~ted by:i

'(6.10)

H i N 1 2.Nl • N2
,(6.11)

wwhere:,

ni, n2

.N1, N2

number of coldand hot scrams ([ !JC, r espectively)

number of the cold and the hot scrams to failure, respectively

The total cumulative usage factor must be less than. 1.0. 1
I2,C I

604.3.4 Combined Stress Determination in the. Absrbe'r Blade

It is assumed that a scram. may occur at anytime during reactor operation, that is, at both.cold andhot
conditions. Scram~stresses occur in the blade wall in afsection adjacent to an absorber. hole, and thus must
be, superimposed on the pressure induced stresses for the operation condition analyzed.

Detailed Combined Stresses Analysis of the Control Rod Blade.

I .1
I RX
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1,
IJ

Blade Outer Wall Calculationt

18e

Edge Outer Wall .Calculation

The liiglbst local primaryimembrane, effective stress (PL) aiid local primary membrane plus bexidihg,
effective stress (PL+Pb) across the .thicknes,:of the outer wall of the edge are calculilated by lthe detailed FE ,
analysis.

-Ligament; Calculations

The maximum effective-stress in a ligament is-determined by-the detailed FE analysis. This stress is the
highest ½)alue acro§s.sthe.thickness of ai ligainefito6f the,16calprimarpyeffective stress,(PL)}and local
pimary, stress'plus primary bending effective str•sg (l?-Pb)

jac

6.4.3;.5 Fatigue Calculation for the Absorber Blade

Fatigue. calculations are performed for the absorber'blade under scram loads for both cold andhot. scrams.

In the fatigue calculations,.the following assumptions are made when calculating fatigue damage:

The total cumulative usage factor must: be less than 1,0.

WCAP-16182-NP-A, Revision 1 October 2009
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6.4.4 Mechanical Criterion 4 (ME-4)

Criterion

C~alulated. stres§sesin'Westinghuseconto I'od wigsdue tfr[]~ hllntece

''%alulsknown to catsec raicking.

Discussion

This criterion helps ensure that.Westinghouse control rods reach end-of-life,before the onset .of cracking.

•0 B +n:> 7Li + 4He +'2.8 MeV

6.4.4.1 1
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6.4.4.2 Differeniial Thermal Expansion

Thermal expansionis calculated from the informationwon the temperature~fieldin the bodies involved,
Thermal expansion proceeds according to.the equation below.

6.4A4.3

WCAP1612NPA, Rvison Octber200
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Iac

Example

iIjPic

I.

I

I2,C
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F

6.4.5 Mechanical Criterion 5 (ME-5)

Criterion

The Westinghouse control rod shall be capable of insertiOn into the core. with6ut structural :dinamage in the
presence0of an os•cllatory fuel (channel) deflection of ] 1•.

Discussion

This icriterionwensures that Westinghouse control .rodLs are capable ofinsertion into the core in theunlikely
event of relatively-arge-earthquake induced oscillations of fuel channels (bundles). The rod must not be
too stiff to adapt to the. oscillating core during insertion.

Seismic behavior in terms of insertion time in an oscillati-g 'coreis essentially"determined by the specific
bending stiffness and moment of inertia (MOI) of ihe'control rod. The bending stiffness is a function of
the blade span,,the blade thickness, hole diameter and pitchI. Other factors: that affect the bending stiffness
areý the presence of hafnium pins.

Acceptable seismic behavior of the Westinghouse CR 8'5. control. rod design

]IC and its capability to

withstand seismic forces have been verified in Toshiba laboratory tests under :simulated ýearthquake
conditions (Reference 23). The seismic condition was simMlated by oscillafing the center of the four
surrounding fuel channels. In addition, a misalignment between components, was also introduced. Scram
insertion time was measured for different channel deflection amplitudes,-up tol[ I
The tests were performed at full operating pressure and temperature. Test results are shown in
Figures 6'5 and 6-6 for BWR 2/3/4/5 which present time to.90% insertion as a function of channel
deflection amplitude. Figure 6-7 shows test results for BWR-6 which presents time to 75% insertion as a
function of channel deflection amplitude. As Figures 6-5 to 6-7 indicate, the Westinghouse control rod
blade inserts for mid-span deflections according to Table 6-2.

WCAP-16182-NP-A.Revisi6n I October 2009
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Inspectionwof-the controil rod after the seismicitest showed that therewas no functionaI damage and no large,

deformation. This demonstrates thatthe control :rodlcan witfisiand even extremely strong seismic forces.

The Westinghouse ,base design of control.r6d blades With drilled holes in solid plates implies ýa consistent
rod sifness in the .beam mode. That.is, the &expected seismic belhavio' is the same for rods fof the C-,.D-
ahnd S-Lattices. I

jaX€

[~
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Table 6-i _ Mechainical Relatedý CriticalAttributes for CR 99 Designs

Mechanical Critical Attribute D-iLattice CR 99 Value or Range C-Lattice CR 99 Value or Range S-LatliceCR99 0Value or Range,

WCAP1612-NPA, evison Octber200

a,c;
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Table 61 Mechanical Related Critical Attributes for CR99 Designs..Example: AISI"316 Stainless Steel Sheeftmaterial, t<0.6 in.mm).

(cont.)

Mechanical Critical Attribute D-LAttice CR 99:Value or Range C-Lattice CR 99,Value or Range S-Lattice CR 99 Value or Range a,c

~VCAiP-16182NThA, Revision I 
October 2009
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Table 6-2 Mechanical Related Critical Attribiutesfor CR 99 Designs__

Criterion Conformance
Meithod(s)(1 ) D-Lattice Reference 24 C-Lattice•Reference 24 s-Lattice.Reference 241 4.

(ME-I) Section 6.4.1
Handlee:
Max Stress Intensity (Pm+Pb)
n = 0.65 f6r.double handle
n =1.0 for. single.handle-.

(M[E-2) Section 6:4.2
Control Rod Blade Wings:
Primary Membrane Effective Stress (Pj,)ý
Local Membrane Effective Stress (PL)
:andLocal Membrane plus Primary:
Bending Effective Stress (PLPb)
Cycles' to Failure, CF > 200

(ME-3) Section 6.4.3
Velocity Limiter and Socket:
Primary Membrane Stress Intensity (Pm)
at cold (850C)
and hot (300C) conditions
Fatigue usage factor U < I

a,c,

(NIE-3) Section 6.4.3

Control Rod Blade Wings.
Primary Membrane Effective Stress:(P.
at cold (85'C) and hot (300'C)
conditions
.Local Membrane Effective Stress (PL),
and Local Membrane plus Primary
Bending Effective Stress (PL+Pb) at 85'C
and 300C
Fatigue usage factor U < I

WCAP.618N•AReisin. Octobe 2009..
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Table 6-2.(cont) Mechanical RelatedCriticali Attributes for CR099Designs

Criterion Conformance:
Metliod(i) 0 D-Lattice:Reference 24 -C-Lattice Reference,24; S-Lattice Reference 24,

Gvffi-4) Section -6..4.4
B4C pinto hole"Wall!gap:.
Initial gap wide enoughto pr6,vent-hardl
contact due to swelling before NEOL

(ME,5) Section 6.45
Control rod insertionminto the coreduriný
,a seismic event without structural
damage with an oscillaryfuel.(channel)
deflection of [ ]e

Note:*
1. See Section 4.2 for a discussion on Conformance Methods.

2. CR 99 Stress Analysis References 24.and:25 are updated by Reference 34.

*1i

a,€c

T
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a,FM

Figure 6-1 FEM Model of Handle
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a,c:

Figure 642. Heliumn Release0vs '°B Depletion
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Figure 6-3 Design Pressure Curve
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a,c

Figure 6-4 FE Model-of a Section of the Blade Wing StructUre
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('Figure Not Used)

Figure 6-5 Not used.

WCALP-16182-NP-A, Revision 1 October 2009
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Figure 6-6 Seismic Scram Insertion Test, D-.Lattice

WCAP~l6182LNIP~A, Revision 1 Qctober 2009
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al bc:

Figure 6-7 Seismic.Scram Insertion Test, C-Lattice
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Figure 6-8 Seismic Scram Insertion Test, S-Lattice

WCAP-16182-NP-A, Revision 1 October 2009
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7 PHYSICS EVALUTION

7.1 CRITICAL ATTRIBUTES

The critical attributes:for Physics.reiated items are givenin Tabe 1716 . The values for the CR 9A conir6l.
rod are also included in the table.

7.2 ATTRIBUTES DISCUSSION

7.2.1 Total Rod Worth

Roddowrth calculations: have. been typicaliy .done using the PHOENIX code (eference 26) to allow"
comParison-of Westinghouse contro .rod worh to the worth of the rod itis rep!acing atvariouscondi••ions
simulating a range of reactor conditions. 'Results of these: calculations are then used to confirn nuclear
compatibility with the::core.

PHOENIX single bundle calculations -are made at three different conditionssimulati vro s W
conditions:

!, Cold, clean critical - correspondingltothe limiting shutdown condition,
2. Hot-Full power, zero void - corresponding to a location near the core irilet, and
3. Hot-Full power, 50% void.- corresponding to the top of the core.

I]a,c

For multiple absorber control! rods, the calculations are-done for each different::•absoiber zone'separately.2
The iotal~control. rod worth difference between.the Westinghouse control rod and.the replaced rod is. then,
a weighied:sum of the various zones. The: weighting, factors describe-the axial power distributions and.
depend on the. type of control- rod andton the shutdown conditions,.cold clean or hot.

The differences between.Westinghouse control rods and the replaced rod using the, abovepprocedure var
only slightly for any lattice type control rod design as a function of fuel bumnup and fultype.

7.2.2 Shutdown Margin (SDM)

Ingeneral, shutdown margin follows rod worth, i.e., higherworth translates to more shutdOwn margin..
Westinghouse experiencehas shown the..following to be a good estimate. of the irmpact rod worth has on
shutdown- margin at ltriting cold conditions:

[1 a
9

c

WCAP-16182-NP-A. Revision 1 October 2009
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where::

A SDM is'the change in SDM, relative.toan original.:equipment manufacturer's (OEM);rod
A; kcoLD isthe PHOENIX single bundle, cold cean rod iWorth of the OEM rod.

•c -kwithout CR.

andRWD is the.relative.rod'-worih-difference between, theWesiinghouse:control rod and therodit is
replacing

RWD Ak(West ),- Ak(OEb )i10
Ak(OEM )

For multiple absorber control.rods, total SDMis a weighted sum-of the various-zones.

l For
Revision I to this'report, the example CR 99 absorber material outline providedin Reference 14 has been
updated and is supplemented by newReference 33. Thee total SDM change would continue-to be
determined by. (Reference .28, whichhas similarly been.updatedby new Reference 35):

--- [ SW

where;

A SDMTotaI is the total change in'shuidown margin and,

A SDMTOp, A SDMMid and A SDMBd are the .shutdown margin changes in the top, mid and bottom
ýzones respectively.

WVTp, WMid, and WBOt are weighting factors that describe the axial flux. distribution, as discussed in
Section 7.2.1 above.

As with the calculation.oftotal rod worth, there is only., aslight ASDM dependence,.on fuel bum-up and
fuel type.

7.2.3 LPRM'Detector Signal Change

This. calculation,:which indicates thepower distribution effect relative to the replaced,:rod,-is also done
using.the PHOENIX code.. Results ofthis. calculation are used- to. ensure: nuclear compatibility and
negligible effect on the core monitoring-system,

WCAiP-16182-NIP-A. Revision I October2009
WCY-kP-161,82-NP-A,.Revision I ýOctober.2009
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7.2.4 Nuclear 'End-of-Life, (NEOL)

Many ofthe reload analyses performed, and core monitoringcodesused~in plants, assumethat.all control
rods tare new, full strengthOEM control rods.. For'this assumptiorntto emain valid for replacement rods,

differences iri~C placement rod initial worth and allowable depletion relative to"-the OEM rods mustb.
limited. Repla:cement~rod initial worths of 95% to 105% of OEM initial worth, andalloWable control rod
depletion of 10% loss in reactivity from initial OEM ,rod worth, have been the historical limits for GE
BWRs. Calculation .of Westinghouse BWR control rod worth reduction is done. using the
PHOENIX/XYBDRY.method describediinReference 27..

An important design parameter for the mechanical design ofthe'CR 99 is [

References 28-30, updated and supplemented by new References3517, show calculated NEOL's for
Westinghouse BWR CR 9,9 control rods based on the defined limit of 10% loss in reactivity from initial
OEM rods.

7.3 PHYSICS CRITERIA AND DISCUSSION

The following criteria. are shown in Table 7-2:along with the conformance method(s),frequired to confirm
that the Criteria are met. CR 99 evaluation results are also shown.

7.3.1 Physics Criterion 1 (P11-I)

Criterion

Total WVestinghouse control rodinitial worth shall be within
it is ,replacing.

Ic of the initial worth ofthe control rod

Discussion

This criterion helps ensure that any Westinghouse control rod design.has nuclear compatibility with other
rods in the core~as well ashelping to ensure that calculations performed by the installed core monitoring
system remain valid. In addition, this criterion ensures that in-reactor response. of the rod will be
indistinguishable from the rod it replaces.

Results of calculations done for a specific lattice type. control rod design vary only Slightly a.s a function
of burn-up and fuel type. Thus, calculations done atthe time of initial design of.a Westinghouse control
rod for installation in.a representative core will remain valid for the life ofthe rod and are valid for other
similar lattice type cores.

WCAP- I 6182-NPLA., Revisiofi 11 :OCtober 2009



74

7.3.2 Physics Criterion 2 •(PH-2)ý

Criterion

The effect;on shutdown miargin -due to the use of a Westinghouse control rod Shall be•isch that

SDMwestingiioue ŽI IH' SDM~epliacd

Discussion

This: criterion helps ensure that core monitoring and reloadrelated c;alculations, whichare dOne.assumingn
an: OEM control rod is inistalled, fenmain valid.

As discussed In SectionT 7.222,results of calculations done for a specific lattice type control rod design

-vary only 'slightly as a function of bumr-up and fuel type.

7.3.3 Physics Criterion 3 (P1H-3)

Criterion

The difference seen by anLPRA detector due to the use of aWestinghouse c~ontrol"rod, relative to theuse
of the replaced rod in the same location shall be less, than or equal to [ ].

Discussion

Thiýsc:&ritelrion helps ensu:re thatlthe calculations donebythe coremoinitofing9System remain Valid as well
as ensuring that local power distribution uncertainties atelnot significantlyif'creased.

7.3.4 Physics Criterion 4(P1H-4)

Criterion

The' Nuclear End-of-Life (NEOL)for' a Westinghouse control rod is reached.when :its rod worth in any
quarter segment.dc-creases to 90% of the initial worth.of an OEM control rod in the quarter segment.

Discussion

This criterion helps ensure that: core monitoring and reload related calculations whichlare donelassuming
a fresh, OEM control rod is installed remain valid. A valueof 90% of initial worth:of an OEM rod'in any
quarter segment-has been historically used for this limitiin GE BWRS.

Use of a Westinghouse control rod past this historical limit is acceptable, aslong as the controltrod worth
is explicitly monitored in appropriate. reload and core monitoring ncodes, mechanical limits for the

projected longer life are investigated, and appropriate inspections are carried out after the.Westinghouse
control rod exceeds the 10% /reactivity~loss threshold. For such use, end of life~for-the Westinghouse
cont-ol.rod wouldoccur when either of the following occurs:

WCAP-161,82--NP-A, Revision I O0tober 2009
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S The ,worth of the rod decreases 'tb'the point wherefuel costs are negatively impacted (i.e., loading
pattern cannotabe optimized due'to.thie decreased worth of the:rod), or

* A visual inspection detects an ufiacceptabled rack.

WCAP-16182-NP-A. Revision I October 2009
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Table 7-1 PhysicailRelated Criftical Attributes f'or CR 99 Designs

PhYsicaCritica Attribute D-Lattice CR:99 Value C-Lattice. CR99 Value S-Lattice.CR,99 Valuie.
or RAine or Range 6or Range: a

Totatrod wortA relafive to
repaced, rod

Shutdownmargin relative.
Storeplacedrod

LPRM detector signal
change relative to replaced
o.d

Nuclear End of Life,
(10% worth decrease from
OEM.value)

top qure segme,,nt

:2nd and 3rd quarter

segments.

Bottom quarter -egm ent

7•6

WCAP-161.82ýNP-A, Revision I .October 2009.
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Table 7-21 Physices Cri-teria.

Conformance CR 99, D-, C- and S-Lattice
Criterion Method(s)t1 • Valuation Results

I(PH-1)I

TotalWestinghousecontrol rodinitial worth3 AnalYses See-Table 7.1
,shall be within [ ] of'the initial worth of the (meets Criterion)
control rod it is replacing.,

.(P112);

;Theeff•ect on shutdown margi.ndue totheiuse of Analyses See Table 7.1
a Westinghotse'control•ro•shall besudlhthat: (meets Criterion)
SDMrcs•inghousc> [. . .V SDp•la.c ..c.d

(P1-3).
The difference: seen by an IPRM• detectordue'to Analynses See Table TI

theus ofa esingouse con~trol rod- rlative to (Teets criterion)
,the use-of the replaced-rod in the samelocation
shall beless-than or.e-qua to [ ,] a•c

(P11-4)
'The Nuclear End-of-Life (NEOL) fora Analyses See Table 7.1
Westinghouse control rod is reached when its (meets Criterion)
-rod worth mi any quarter-segmentdecreases to
90% of theziitifial worthof anOEM rod quarter
segment.

No~te6:

L. See Section 4•2 for a discussion6on Confonrnane Meth6ds.

WCA.P-161.82-,NP-A, Revision.1 October 2009
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8 OPERATIONALEVALUATION

8.1 CRITICAL ATTRIBUTES.

The critical atributesifor operational relatediterms are given in Table 8-1. Tieat'tribut'e values use d for
theý CR'99 are also included inthe table.

8.2 ATTRIBUTES DISCUSSION

8.2.1 Nominal WingThic kness,

The mostimporantdime ensional paamete with respect to.compatibility w.ith. fuel .and fuel channels is ,the
control rod envelope discussed in Setion 8.2.9 below. However, nominal wing thickness is also an
importantparameter that should be examined for different xod.designs.

8.2.2 Maxirnmn Button Thickness

Along with the envelope dimensi , this parameter-is important With respectto :fuel and channel
comPatibility. The buttonis the: feature which touches the adjacentýfue:lchanneis, helping tokeep .the
control rod centerednn'the gap between the fuel assemblies.

The CR 99 controtrod can also be delivered with.nobutton (Reference 13).

8.2.3 Maximum Wing Span

NMa.ximum wing span is important tocompatilbility of .the rod with core internals and CR, components
(e.g., fit through the fuel supporipiece and fit in the guide tube).

8.2.4 Maxiniin Velocity Limiter Diameter (With Rollers Installed)

This parameter is important~in efnshuring compatibility with the CRD system, :in particu'lar the gtiide tube.
The rollers on the end;of the velocity limiter ride against the inside of the guide tube. The:maximum
diameter of the velocity imiter withthe rollers installed must be such that the rod can trayel freelyup'and
down :in the guide tube without binding.

8.2.5 Total Weight

Total weight for acontrol rod must, be less than that for which the CRD system wasi designed.

8.2.6. Overall Length

Overall length is-important with respect to interfacing wiih the CRD system and core internals.

WCAP-16182-NP-A, Revision I Octobei-2009
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8.2.7 Velocitý Limiter/Coupling Design

The design of the.velocitylimiter is important with respect to thelfree fail velocity assumed in the Control
Rod Drop Accident.

Coupling (socket) design is'important sincetis comPonent provides' the•control odinterface, with the

CRD system.

8.2.81 HandleWDesign

Westinghoiuse h•ai'iimafactiired conitrol rods with both single and double handles. T:6ens ure
compatibility'.with the rQd handling equipment, thehaiindle desiginofthe Westiinghouse control rodshouldý
bei checked ag-ainst the4desig ,of the replaced rod.

In general, the origina-lrods for D-Lattice plants were built'with single: handles, C-Latticlepzlantshave a
mix, of single and'double handle rods, and S-Lattice plants have double handle 'rods..The controlrods can
also be delivered with a core.,grid support, which allows: all-four surrounding bundles .to. be:removed
without needing a blade guide to hold the control rod in place, provided thaItlth control rod is fully
inserted. This mearnsthat the handle will be extended up't6 2.8,in. 6(72 mm). whenthe rod is cofnpletely
inserted, the'subpport Will extend into the core grid. Wen the rodis comptltely:withdraWn,jthe handle

will experience additiona[lneutron fluence compared-with the standard'handle. Ts'.additional, fluence
does not limit the.use of'the'rod since the ýhandle isý not stressed during operation.

8.2.9 Envelope

The en6velopefig•efor '-Westinghouuse control rod~shows.the maiximum thickness. of the blade&as well as
the-maximum alloWed.twist and bow along the full.length of the control' rod.
This envelop isilegt or every control rod alo

pe is checkedfor everyfcontrol rodalong its full length in a full!ength testfixture as partof
the 'manufacturing, process,

This envelope is important:in determining proper rod interface'with fuel, fuel. channels, and other core
intemais.

8.3 OPERATIONAL CRITERIAAND DISCUSSION

The following criteria, are shown in Table 8-2 along with thle conformance method(s) required to confirm
that the criteria are met. CR.99 evaluation results are also shownm

8.3.1 Operational Critierion 1 (OP-1)

Criterion

The Westinghouse contro0,rod socket shall be compatible with the existing CRD coupling device. (spud).

WCAP-161821N1P'A, Revision I October 2009
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Discussion

A good coupling design ensures that (1) the control rod .can'be coupledto the.drive when initially
installed, (2) the control rod Will remaiin coupled during operation,andi (3),the control rod can be
uncoUpled when thero'd isto be shuffled br remove'd.

8.3.20 perational Criterion2 (OP-2)

Criterion

The Westinghouse control rod weightShallbe similarrto the hnminal' weight ofthe -OEM rod.

DiscuSSion

The control rod can not significantly exceed the naomilweight oflthe'OEM'rod dUe to con sderations-of

scram capability, scram times andTree fill (rod drop) characteristics. :However ihe control rod- shall. not.
be-significantly below the:-weight of the.-OEM:rod due to,-settling capability, which-depends on the.1weight
of the control rod o.,cause it to settle into its dufal posito ingnormal insertioin'.and.withdrawal.

8.3.3 Operational Criterion 3 (OP-3)

Criterion

The Westinghouse control rod shall be compatible with existing fuel, fuel cliannels;.and coreiinternals:.

DiscUssioi

This criterion is important to e nsUre that.n0orm al 0peration. and scraim c.apability are not impacted, i.e, the:
control rod wilI noptdamagesurrounding fue: channels, and will fitin the core.

8.3.4 Operati6nal-Criterion 4 (OP-4)

Criterion

The Westinghouse control rod shall be compatible-with control rod handling 'equipment.

Discussion

This criterion-would only be of concern in.cases where the, Westinghouse control rod handle design is
different from that which itis replacing. Examples would be providing a double handled rod for a plant
originally supplied with single handled rods or supplying rods with extended handles.

Compatibility with rod handling equipment is not a safety issue but, nevertheless, must be investigated to
ensure that the.handling equipment can move, install,:and remove the control rods.

WCAP-16182-NP-A, Revision I October 2009
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8.3.5 :Operational Criterion,5 (OP.-5)

Criterion

The Westinghouse control rod friee[Tll velocity shafllbec-ýoilsi'stentw~ith the.-desig b-si ~oIt

Di scussion

This criterion. (along with OP-2) ensures that, any Westinghouse control rod design is consistent with the
control.,rod free fill.assumptions in the plant's Safety Analysis for the Control Rod Drop Accident.

The velocity- liiter desigfo r the.C 9.9 is identical to the .dsign ,ofthe. OEM control rods. Tis, in
ocombinatiofrwith c'ontrol r0odweighttsIles• thaniithoe aseikmd.inthe'design of thi CRD System,.ensures

that ihe. CR.99 meIs CriterionPk-•.

In addition, freefall velocity tests of Westinghouse control, rods have: been performed (Reference 30) that
show that. Westinghouse control rods meet this criterion.

8.3..6 .Operaioinal Criterion' 6 (P-6)

Criterion

The Westinghouse control-rod shall not adversely affect scram: times'.and settling capability in the reactor.

Discussion

Iniconjunction with OP-2, this criterion enisuresthat scram times will.be consistent with those assumed in
the plant's Safety'Analyses. In addition,;it ensures that any Westinghousecontrol.rod design nalsosettles
norMally when withdrawn or inser.tedwlich,-:while not a, direct safety concern, is a-necessary operational
consideration.

8.3.7 0perationiad Criterion 7 (OP-7)

Criterion

Flow-induced vibration of the Westinghouse controI rods sha ll not, cause detrimenial frettingof the rod or
fuel channels.

Discussion

The criterion ensures that control rod vibration, which may be induced by coolant flow in guide tubes
and/or in the core, does not have any adv•erse effect on the. control rod or on adjacent fuel channels.

The Westinghouse control rod is.designed to have similarclearancesio-guide tubes and.fuel channels as
the original control rod. As a result, flow velocities and flow~pattems, and thus also rod vibrations, will

WCAP-16182-NP'A, Revision I October 2009
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not be-lsignificantlyz changed. In:addition, interfacing surfaces between the control rod and channel are
designed.to have sufficienfly.large .contactvarea to.avoid fretting.

83.8 Oper~ational Criterion;8 (OP-8)

Criterion

Mechanical End-of-Life (IFOL) forzallnew Westinghouse confr6olrod designs should be greater than or
equal to thelNuclear:End-of-Life (NEOL),.

Discussion

This, cfiterion•is iet'as, a desigh goal. Nevertheless, historical in-reactor experie-nce hasshown that there is
apossibility of unexpected cracking due to .B4Cswdlling, matefial coldwork. IASCC: .etc. In relity, a

crack in:a We.stinghouse controrpdhas no impact on the safetyfunction of the rod. Raiher, ihe'concem
is-with eventual wash-out of boron carbide, resulting in unmonitored control:rod worth reduction. Hof
cell .examinationsand neutron radiography in reactor pools have shown that the loss of 1B3C4in
We gtinghouSe contrOl rods withgB4C powder (e.g., CR 70)through leaching and washout is Very limited
in adjacent uncracked holes during the course of one or even several-operating cycles. I

Westinghouse has a policy to ifollow lead~controltrods of each design to high bum ups by performing
inspections. From.these inspections, guidelines foroperation and the need for further inspections of the
vaiious designs .areforniulated.

A-, prototype CR 99 control'roid1hs been operated in the Swedish Oskatshamn.3 BWR to ailmost 5 snvt

JiC Th us", the criterion Of a MIEOL that exceeds the NEOL is

considered to be met.

WCAP- 161 82-NP-A, Revision I Octdbet 2009
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Tabl~e 841 OperationalII Rel .ated Cr Iit ,ica I Attri Ibutesj fo 6C ,R9 99 Des Iignsý

Operational Cffritical-
Attribute "D-Lattice9C99 Value, 6.--LafiiceCR99 Value; S-ýLattice CR 99 Value

Nomkna wig:c. t sskne..

Maximum button"
Ithickness'

Maximum wing span

M axkimum •velocity limitc
di'ameter @vA" itroes
inStalled)

Nominal weight

Overall length

Velocity lImiter/coupling
.(socket) design

Handle.design'

Envelope

a,c.

WCAP-16182'NP-A, Revision 1, October .2 009
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Table 8-2 Operational Criteria

Conformance CR99 D- and, SLattice, Evaluation,
Criterion Methods(s)(1 ) CR,99 C-Lattice Evaluation Results Results

(OP-1) Experience Testing Extensrive database of experience has shown Extensiveedatabase ofexPerienc. has shown
The Westinghouse control rod that the design meetsthis criterion, i.e., the that the design meets this criterion, i.e. the
socket shall be compatible With control rod couples with the spud, does not control. frd couples with the spud, does not
the existing CRD coupling device decouple inadverttlvertetl, and ba be removed

(spud): without problems. without problems.
(meets criterion) (meets criterion)

(OP-2) Testing Analysis
The Westinghouse control.rod.
weight shall be similar to nominal
weight of.OEM blades. (meets criterion)

(meets criterion)

(QP-3) Experience Testing Extensive database of experience has shown, Extensive databas-e of,.expeience has 'shown
The Westinghouse coritrol rod Analysis that the design meets this criterion, i.e., does that the design mes this criterion, ij.e does
shall be compatible with existing not impactinormal operation and scram times, not impact noannl anid scrm 6tmies; h 'doesnot
fuel, fel channels, and core does not damage surroiunding fuel chafnels, damage surrounding fuel channels, andhfits
internals, and fits in'the coreý internAls., with the core internals.

(meets criterion) (mQneets criterion)

(OP-4) Experience . Extensive database of experience has shown Extensive database of experience has shown
The Westinghouse control rod that.the design meets this criterion, •i.e.;: all ,that the design meets this.criterionr, i.e., all
shall be compatible with control, utilities installing the CR 99 design have been utilities installing the CR 99 design have
rod handling equipment. able to handleIthe rods withouf difficulty. been able to handle therods without

(meets criterion) difficulty.
(meets:critefion)

(OP-5) Experience Testing
The Westinghouse control rod free
.fall velocity shall be consistent
with the design basis velocity.

(meets criterion),

(meets criterion)

WCAP-16182-NP-A, Revision 1 October'2009.
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(cont.)

Conformance 'CR,.99 D- and S-LAffice Evalualti0n
Criterion Methods(s)(1 ) CR, 99 C-ILattice Eyaluation Results Results

(OP-6) Experience Testing Extensive database.of experience has shown Extensive database of experience has shown
The Westinghouse cont'ol rod Analysis that the design meets this criterion,2i.:e._, scram that the design meetsthS criterion, i.e.;
shall not adversely affect scram times for Westinghouse control rods are scram times for Westinghouse control.rodsz
times and settling capability in the: within-the experience~base(and meet :are within the experience base (and meetc
reactor TechnicdlSpecification times)of the reactors Technical Specificationtimes) of'the reactors

into,.which they:have been installed. into which they have been installed.,
(meets criterion) (meets criterion)

(OP-7) Ekperience Analysis: Extensive database ,of experience has shown: Extensive ddtabase of experiencel has shown
Flow-induced vibration of the that the design meets this criterion, ite., no that the design meetsthis criterion, i.e., no
Westinghouse control rods shall fretting or wear on'the control rodsor fuel, fretting or wear on.the control.rods or fuel.
not cause. detrimental fretting of have been seen during examination. have been seen-during examination.,
the rod or fuel channels. (meets.criterion) (meets criterion)

(OP-8) InspectionAnalysis See Section. 8.3:8 See Section 8.3..8
Mechanical End-of-Life (@vIEOL) '(0neets criterioni) '(mteets criterion)
for all new Westinghouse control
rod designs shall be greater than or
equal to-the Nuclear•End-of-Life
(N'EOL).
Note!.
1. See Section.4.2: fora.discussion on Conformance Methods.
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Figure 8-1 Control Rod Tolerance Envelope D-Lattice, Base Design-
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Fyigure 8-2 Control Rod Tolerance Envelope C-Lattice, Base De~sign
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Figure 8-3 Control Rod Tolerance Envelope S-Lattice, Base Design
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