7 =l

BWR Vessel and Internals Project

Lower Plenum Repair Design Criteria

(BWRVIP-55NP)

NON-PROPRIETARY INFORMATION

NOTICE: This report contains the non-proprietary information that is included in
the proprietary version of this report. The proprietary version of this
report contains proprietary information that is the intellectual property
of BWRVIP utility members and EPRI. Accordingly, the proprietary
report is availabie only under license from EPRI and may not be
reproduced or disclosed, wholly or in part, by any Licensee to any
other person or organization.




REPORT SUMMARY

The Boiling Water Reactor Vessel and Internals Project (BWRVIP), formed in June, 1994, is an
association of utilities focused exclusively on BWR vessel and internals issues. This BWRVIP
report documents criteria which can be used to design a repair for the components which are
located in the lower plenum region of a BWR.

Background:

A number of components are located in the lower plenum region of a BWR. The components
addressed in this document include the CRD housing and stub tubes and the incore housings. In
the event that significant degradation is observed in these components, repair may be required.
Utilities need criteria which can be used in the development of designs for those repairs.

Objectives:

To compile the appropriate repair design criteria into a document which can be used by
utility personnel performing the design and which could be submitted to appropriate
regulatory agencies for approval of the generic design process.

Approach:

The contractor assembled a draft document which discussed all elements which need to
be considered in designing a repair. Items discussed include: design objectives;
structural evaluation; system evaluation; materials, fabrication and installation
consideration; and, required inspection and testing. The resulting draft was reviewed in
depth by BWRVIP utility representatives as well as third party contractors. The final
report incorporates comments received during those reviews.

Results:

The document provides general design acceptance criteria for the repair of SLC piping.
Repairs designed to meet these criteria will maintain the structural integrity of the
component under normal operation as well as under postulated transient and design
basis accident conditions.

EPRI Perspective:

The criteria listed in the report define a standard set of considerations which are
important in designing a repair. It is intended that these criteria will be submitted to the
USNRGC, and possibily non-US regulators, for their approval. Regulatory acceptance of
these generic criteria will significantly reduce the utility effort required to obtain
approval for plant-specific repairs.



TR-108719NP

Key Words

Boiling Water Reactor
Repair

Stress Corrosion Cracking
Vessel and Internals
Lower Plenum

CRD Housing

Incore Housing



BWR Vessel and Internals Project

Lower Plenum Repair Design Criteria
(BWRVIP-55NP)

TR-108719NP
Research Project B501

Final Report, March 2000

Prepared by:

GE Nuclear Energy

BWRVIP Repair Committee

Prepared for

BOILING WATER REACTOR VESSEL & INTERNALS PROJECT and
EPRI

12 Hilview Ave.

Palo Alto, California 94304



DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

This report was prepared by the organization(s) named below as an account of work sponsored or
cosponsored by the BWR Vessel and Internals Project (BWRVIP) and the Electric Power Research
Institute, Inc. (EPRI). Neither BWRVIP, EPRI, any member of EPRIL, any cosponsor, the
organization(s) named below, nor any person acting on behalf of any of them:

(a) makes any warranty or representation whatsoever, express or implied, (i) with respect to the use of

any information, apparatus, method, process or similar item disclosed in this report, including
mechantability and fitness for a particular purpose, or (ii) that such use does not infringe on or interfere
with privately owned rights, including any party’s intellectual property, or (iii) that this report is suitable
to any particular user’s circumstance, or

(b) assumes any responsibility for any damages or other liability whatsoever (including any
consequential damages, even if BWRVIP, EPRI or any EPRI representative has been advised of the
possibility of such damages) resulting from your selection or use of this report or any information,

apparatus, method, process or similar item disclosed in this report,

Organization(s) that prepared this report:

GE Nuclear Energy

BWRVIP Repair Committee

ORDERING INFORMATION

Requests for copies of this report should be directed to the BWRVIP Program Manager, 3412 Ave., Palo Alto, Ca.
94304, (650) 855-2340.



ACKNOWLEDGMENTS

The members of the BWRVIP Lower Plenum Repair Team, listed below, are

gratefully acknowledged for their efforts which led to the successful completion
of this document.

Roy Corier1 NMIPC
Kim Bezzant NSP
Bob Greier CornEd

GE Principal Investigators:

D. B. Drendel

it



Table of Contents

1. INTRODUCTION : 1
1.1 BACKGROUND. .. eeeteeetteeeseeeeeeresssssesssemssasnsaessaasasessesasesessssinsssnsssntssessanasssosatessiebesantstosarassrnreiataas et bt ses s sttt s sann e s 1
1.2 PURPOSE ceveeeeevveeseeetsessemseeesseesasssssssssnsassaasaenssasetsbasesesssstsbasasnseabEaessge b e s e e m e s s Lo e sk b s e mt e s e s e meas s e s ottt 1
1.3 SCOPE oo eeeeeeeeteeseseease s seasesassatessseestesnaseesaesasmeatsat s s s o s e e R oA s b s m e b e R R SR £ oS RLebeLssbe s R e eSS R e S eeste 1

2. DEFINITIONS 3

3. LOWER PLENUM INTERNAL COMPONENT CONFIGURATIONS AND SAFETY FUNCTIONS..5
3.1 GENERAL PHYSICAL DESCRIPTION......c0eceteeutesrereeeseescstesssasstasseenssnssassseseseesatesasssanssansatabas st asntaessesscsssncsntsiusssntnss 5

3.1.1 Control Rod Drive Housing, Stub Tube, Control Rod Guide Tube, and Orificed Fuel Support........e.... 5
3.1.2 In-core Housing, Incore Guide Tube and In-core Stabilizer HArdware ... 8
3.1.3 In-core Flux Monitor Dry Tube ASSEMBlYy..........cooeiririsininiiinininiiinisi st s 9
3.1.4 BWR/2 Flow Baffle......coccoeenuiomnieeiieiininiccnecniiisinninias I 10
3.2 SAFETY DESIGN BASES ....vveiitiiettiiteieterearseareeeseasesseostasasanssasssasasseinsesstsasenmteran ettt ts e et e baa e nas b g sttt et e et 10
3.2.1 CRD Housing and Stub TUDe ............oouwmeiiiiireeciniiiti it b 10
3.0 2 CRGT e eeeeeser e s e es e e s st assesss et e et e b asstases s e es b e s e b s b e A b e s e At b r e R A SRS S S e e e r e e E SR s st E e s e et 10
3.2.3 In-core Housing and In-core GUIAE TUDE............oovvevivererciriiiciiiniiisiss ittt 10
3.2 4 TH-COFE SEADIIZO  cveeveeeeeerreteeeeteeeseeesesesabassasesaese st aieeabot e s st s an e s e e b e b e s s St e b o h e b s bbb s e e e e R s s ncn bt s e s 10
3.2.5 BWR/2 FIOW BAIFL. . ecrenceceerecirininsis et s 08 s 10
3.2.0 LOOSE PUITSureraereereeeeeeerareseseseresetssesnessassassassntatesmeastsrtsasasesab bbb e R o b e St s sk s s e b S E b oA n e n e b s e 11
3.3 EVENT ANALYSES ... eecveeveereeeseeesestesetesnsesesessanseseetestesssassssonsersineesntatass et st entsaststsiatsess trasabe s s et st sas s s sttt 11
3.3.1 NOFIAL OPETAIION ce.eeceeniciriisreve it er e s b b e 11
3.3.2 Anticipated Operational Occurrences (Upset CONAIHIONS) ......ocvuiivivimiriniimisiiniciinrinnisisisi s 1]
3.3.3 Design Basis Accidents (Emergency/Faulted CONAILIONS).......oovwvirunrvisiniiinicnsnisimsinsiinniist s 11
3.3.4 LOAAING COMBINAEIONS ...ttt o e 1]

4. SCOPE OF REPAIRS 13

5. DESIGN OBJECTIVES 15
5.1 DIESIGN LIFE ooereeeveeveeetseeeeeeesetasseeseasesnsesssassasaensessesutosnsssssssnsotsasssssessessssssesonesonssas tosannn st e bt era b asab e s e s e ss et 15
5.2 SAFETY DESIGN BASES .. eeceeeeoeeeetiistiiiaeeiessseseaastasessasesessessasesesssssneastaasstesaseeesasesistssssautsss s b ess it e s s s st s s e cne et s 15
5.3 SAFETY ANALYSIS EVENTS ..oetieteiitieteirieisersuestestossernesissssnteasarasesnsesssssesstssnessntnamtsiatssan s asasasan s st aa b e s s s s rssers bt 15
5.4 STRUCTURAL IINTEGRITY ...eteterueeseistresersassessssssessomeesmsessssssseisssssesssessssesssssnsesaresssmisstssasssiesiassasisssstosissssissnnsas 15
5.5 RETAINED FLAW(S) -c.tiviveetesseaserereeseestrseeremeiestesesnetessessassssastsstsemesesssabet s s s s ns s e et s s s a oSS d ot s s ettt 15
5.6 LOOSE PARTS CONSIDERATIONS ... .ocvvieteeresterstesesseeseseseeeeransinsesasmsssesesnssessssssssossessasemiotosssminsasstasssasistssaninssensees 16
5.7 PHYSICAL INTERFACES WITH OTHER REACTOR INTERNALS.....cciuitimiererraintnoresenernciistsini st st s st s sacsnn s 16
5.8 INSTALLATION CONSIDERATIONS .....vvirviereeerersreeseesesmsesasesssasstasssossessssssessesesmse sttt sesstnistatstaastsiasentsessssesnisseians 16

5.8 T VeSSl DFGIA DOW....eeeeeeeieeeieeeeeeieeeieeasessassemsessesessesatssasat s s tsasna ke s st et e st e s s s b s st e e m s e e s s s s e bbbt et sen e 16
5.8.2 Access For Lower PLERUI REPAIT....c...cooccevimiiiiennieece st 16

6. DESIGN CRITERIA 19
6.1 CRD AND INCORE HOUSINGS AND RPV PENETRATIONS ......oovieriimieiarnenteseietetstiesinsaieas e niassssn e s e ssssisns 19
6.2 BWR/6 CORE SUPPORT STRUCTURAL COMPONENTS ...c..ociiiimiimiiitiiriaisessesersstesneitsssniatstas e nsssssenesconsenerns 19
6.3 LOWER PLENUM INTERNAL COMPONENT ....ctecitieittrareseeteemestsisnteitesssssasesesentaisssessantesssnssssinsasesnssaaseseasonsiosiss 19

7. STRUCTURAL AND DESIGN EVALUATION 21
7.1 LOAD DEFINITIONS = APPLIED LIOADS ....oriteiiiiieiniiiiiiiiieieiains st sttt s anas s s s st as sttt e s 21
7.2 SERVICE LEVEL CONDITIONS +...vvvuviveivierissessessesssseseesesssenssasessossessontostatensessesstssesmesiat osssansstnintesssssssssssstonsssensss 26



7.3 LOAD COMBINATIONS .....ovimiinrieteite et eetesteteeeteemeets et eeesaneseseteeteeseseseaeseseeseeesas e tsemeeteessessemseeeees s ee e oo sis 27
T3 d MAPK T PLUARES. ...ttt et e et e et e et ev e et e e et e e e e et et e e es et e s e s et ee st 27
T 3.2 MArk I QRA TII PIGIES ..o e eee e e e e e e e e e et et et e 27
7.4 FUNCTIONAL EVALUATION CRITERIA .....coutitiiteeiereree s et eeeeseteeeeseseseeeeeseseameeesesseseeeeeseeseee e s ses oo ee oo oo 27
T.5 ALLOWABLE STRESSES ...e.vteuteutiiteieireeteesteitesesssesseetesesentesseesesmtesaeasesesesesseeseseteesesssssessesessessesesseessesossssessesons 28
7.6 CONSIDERATION OF SHROUD REPAIR .......uouvititeueieeereceeseeeeeeeeseee e teeeeesaesesesesessesmsesesssmsesesesesesesssemsesssssesssosses oo 28
7.7 FLOW INDUCED VIBRATION ......cueeuviieeeteentetenteeeeeteseteeseeeereseesessseessaeeesaeseesaeesessssessseseseseemeensemsees e e ese s oeonos 29
7.8 REPAIR IMPACT ON EXISTING INTERNAL COMPONENTS -...c..teveeveeteeeeeeeeeteeteeeeseseeesseeseseeseseeesessesssesosseoos o 29
7.9 RADIATION EFFECTS ON REPAIR DESIGN ......oiuietirteteeeeeeteeet et eeeeteeeeee e eeseeeesesesseseses e s eseeeeeessee s e s et oo eee oo 29
T 10 ANALYSIS CODES. ...cutittitieetieeeteeeeeetee st seset ettt seteaees et e et eaesenesesa e sasesae et eeeeeeeamsasseesseseeteeseereessnsssese e e tseseeoeon 29
T.11T THERMAL CYCLES .oteittenteieeieeee et eeetete e vese et eemeeeeemeesaseseseeeaseameasesese s et ees et e en et e st ess e se e seseemsee s e s s e s e s s 29
7.12 CORROSION ALLOWANCE ....uveviiriieeeceeeseiereesteetesteeseetaeseses st seseesessessessteeeesessssssesmsesesmsesesssessessseseen s s esoes 30
8. SYSTEM EVALUATION 35
B.1 SYSTEMS EVALUATIONS ...covcuveieeeiteieeeeet ettt ee et eeee et e eeaeeeseresee et erereeeeesessemeesees e et esesseeseseseees e e eseomesmsereseesees oo 35
B2 POWER UPRATE ....ovteveuieieaeieieieeeteeteete e teste et tesbet e eeees e s eme et ene st aseneeseeseaeenemsessemsesssesssesesseesesessseseeenssssesesesseeas 35
9. MATERIALS, FABRICATION AND INSTALLATION 37
O 1 IMATERIALS ..ottt r ettt ettt e ee s et eteaneseseaee s et e e anteesenteeneesaasereses e e entess et ensessemeses e s et e e ee oo es 37
0.2 CREVICES......tiuteteieeteieeteteseeteeteseesteteseee et e eseseseeeeseseeeeesassesesssaseseessasenseeeesessessesees e s es st eee et ess e s s eets s s e 38
0.3 WELDING AND FABRICATION .....ccviieiiiiitiieetetesteeteseeseeeeeeereeesesereseseeseseasessesesseseeassssssasessessesesesiessessssesesees e 38
9.4 PRE-INSTALLATION AS-BUILT INSPECTION ..ottt eeeeeeeeeeeteeeees et e e eee e e e eee e e eeaeeet e et e et e e e e eesseemtesseseets e s enos 39
9.5 INSTALLATION CLEANLINESS .....oeuvvivtereriteemeeseetesteteemeesesaseaseenteeseasaensesssssesemseeseessessesssmsesneeseemseess s e e s 39
OO0 ALARA ..ottt ettt ettt et et te et et e et et ettt e e et et e e s er e st 40
9.7 QUALIFICATION OF CRITICAL DESIGN PARAMETERS ......ccoetereuereeereeeeeseer s eeee e eseeeteeseesenssseesasseseesseneseeseeseneseons 40
10. INSPECTION AND TESTING 43
10.1 INSPECTION ACCESS ..uviuveiriereineeerinteiieeeesiesesseseseteseeseseseeeeemesessmses e esemseseessesesssesssmtesmsesesssetesmsoses st s soesee oo 43
10.2 PRE AND POST INSTALLATION INSPECTION ...vvviveeeeeeereseeeeeneeteeeeeeeeemeeeeeesrenssesssesseessmsteesssesesssesesessssssssssssesos. 43
10.3 SYSTEM HYDROSTATIC TEST ..oeveveeiiiteeieeeeteseeee et teesaneeteeee et eeteseeasesereeeeesse s tesssassessesssrsess ot sees et 43
104 SCRAM TESTS 1.ttt ittt est et ee s e ee s et et e et et ee e e e e e es s et eses e eessesas e e s e s es e s ee e s s s e e e e ee et e e e s s s e 43
11. QUALITY ASSURANCE PROGRAM 45
12. DOCUMENTATION 47
13. REFERENCES 49
14. FIGURES 51
APPENDIX A REPAIR CONCEPTS 69
AL SCOPE ..ottt e e et e e e e s e s e m e e e e s e e et e s e st teemeer e e e et e e et 69
A.2 CRD HOUSING AND STUB TUBE REPALRS ........c.eoveoteeteeteeteeeeeereeeeeeeeees oo oo eeee e e oo 70
A.3 INCORE HOUSING AND PENETRATION REPAIRS ......ooooiiiiieeeeeeeeeee e eeeeeee e eee e e e e e ee et 71

vi



Tables

TABLE 1 - MATERIAL SUMMARY FOR CRD HOUSING, CRGT AND STUB TUBES ...coovveeriiirimiriiirieinnnie i ee e ssnensieas 6
TABLE 2 - MATERIAL SUMMARY FOR IN-CORE HOUSING AND GUIDE TUBE........ccoevceeniiienrreierisieiineceessniiet e sneaenee 9
TABLE 3 - TYPICAL CRD REACTION LOADS.....cittiiieiciieeictiteee e e st te e e e s eeteectesessimantetasasas s e e nsanseensasaeseninnanananens 25
TABLE 4: LOAD COMBINATIONS FOR MARK T PLANTS . .cetiiiiiieie ittt eeteetc e rcimictsttn et re st s e s s e e s s s ae s ssimraessanans 31
TABLE 5: LOAD COMBINATIONS FOR MARK II AND MARK IIT PLANTS ....cctiriittainicnieeeieeceriininisessesininses e e sereesssssnnes 32
TABLE 6: LOAD TERM DEFINITIONS FOR TABLES 4 AND 5...uiiiiiiieiieieiieeeenaieresescascseseeeeesesannsnss oasstsssssesssosssnssssnsnnes 33
Illustrations
FIGURE 1: CONTROL ROD GUIDE TUBE, HOUSING AND STUB TUBE ARRANGEMENT (BWR 2-6)......cccovrviinvrecnnnnnn 51
FIGURE 2: CONTROL ROD DRIVE (BWR/2-0) ...ieieeiiiiteririeeteriietesieincccin s seies s esrrssaessssessran s esesan s aesssnaesesssasbesanseenens 52
FIGURE 3: CRD PENETRATION CONFIGURATIONS ....cieeoiutmiaieieieierarainreeeeesaeresenererentesoasaeteiestessesaanininsasinsesarsssnsnsenssssaes 53
FIGURE 4;: BWR/2 CRD HOUSING AND PENETRATION CONFIGURATION .....oovtiirimrieiiiitciiiiieree s cnarantesessssiniesssnessssees 54
FIGURE 5: BWR/3/4/5 & NON-US BWR/6 CRD HOUSING AND SOCKET STUB TUBE PENETRATION CONFIGURATIONSS
FIGURE 6: BWR/3/4 CRD HOUSING AND SET-ON STUB TUBE CONFIGURATION ...cccocuerriiriieiiiiinisnnamiesnaeeeresesnaenin e 56
FiGURE 7: US BWR/6 CRD HOUSING AND STRAIGHT-THRU PENETRATION CONFIGURATION .....cococcieiiniviminnininriniens 57
FIGURE 8: CONTROL ROD GUIDE TUBE BWRY2-6 ...ttt ettt ietananae i msesas e ta s s et esasa s sabeassasses 58
FIGURE 9: ORIFICED FUEL SUPPORT ASSEMBLY ...cvvivviiieieiiieiireieteeeseenteesieasesaaasnsarsneresasesesmncsassstnssntnsesnsessesaseraiasseassases 59

FIGURE 10:
FIGURE 11:
FIGURE 12:
FIGURE 13:
FIGURE 14:
FIGURE 15:
FIGURE 16:
FIGURE 17:
FIGURE 18:

IN-CORE GUIDE TUBE, IN-CORE HOUSING & IN-CORE PENETRATION, BWR/2-5 e ssseens 60
IN-CORE GUIDE TUBE, IN-CORE HOUSING & IN-CORE PENETRATION ....cocciiieriiimiiinisinnimierieseesiineseesensnaens 61
IN-CORE GUIDE TUBE, IN-CORE HOUSING & IN-CORE PENETRATION, BWR/6 ... 62
IN-CORE GUIDE TUBE, IN-CORE HOUSING & IN-CORE PENETRATION, HOPE CREEK ......cooviviiinieninnniennn 63
IN-CORE STABILZER HARDWARE .....eoneiiiiiiiettieieiteeseseanteeiesaeassssasassaaasesesiateesanseeeserassorensosesssossnsesesssosisnes 64
IN-CORE DRY TUBE ASSEMBLY ..ooieiiiiuuriieemiitieeiieesesersaeesssieesesressesasossessniasntssstusasssiesasastesesssarsatasassssssnsees 65
IN-CORE DRY TUBE, DETAIL OF UPPER END.....ccccitiiiiiiiiieicritr e tceeeieecnceeteeecctensssstes e se st samnenassseas 66
PERIPHERAL FUEL SUPPORT ....uuvutiieeterrerereeeeeieassintatsasiosasmstesesesaaasserasareeesesesasasssssssssnssrassnsssnsssseasecnsensess 67
BWR/2 FLOW BAFFLE ... .ot cvcietiseiatieesteseesesvteeesstasessasieesssseseansasensnesaressseassaneessssssssassssesasssansnnmssesssans 68

vii



viil



Executive Summary

The Boiling Water Reactor Vessel and Internals Project (BWRVIP) was formed in June 1994 as
a utility-directed initiative to address BWR vessel and internals issues. This criteria document
was developed by the Repair Technical Subcommittee of the BWRVIP.

This document provides the general design acceptance criteria for temporary and permanent
repair of BWR components located in the lower plenum of the reactor. It is provided to assist
BWR owners in designing repairs which maintain the structural integrity of the lower plenum
components during normal operation and under postulated transient and design basis accident
conditions for the remaining plant life or other service life as specified by the plant owner.

Issuance of this document is not intended to imply that repair of the lower plenum components is
the only viable method for resolving cracking in the components. Due to variation in the
material, fabrication, environment and as-found condition of the individual lower plenum
components, repair is only one of several options that are available. The action to be taken for
individual plants will be determined by the plant licensee.
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1. INTRODUCTION

1.1 Background

Recently, the BWRVIP prepared a safety assessment of BWR internals [1] as a follow-on
to the activities completed on shroud cracking. As documented in this safety assessment,
there are several BWR reactor internal components, located in the lower plenum, where
extensive degradation can be tolerated. The BWRVIP have also prepared generic
inspection and evaluation guidelines for the internal components located in the bottom
head, below the core support or lower plenum [2] to assure the continued safety function
integrity of the lower plenum internals. There have been several reports of cracking in
BWR lower plenum components, principally the control rod drive and incore instrument
penetrations, and some plants have implemented repairs to these components. To prepare
for potential repairs, the BWRVIP have prepared this repair criteria for the lower plenum
reactor internal components.

1.2 Purpose

The purpose of this document is to provide general design guidance and acceptance
criteria for permanent and temporary repair of cracked or leaking internal components in
the reactor vessel lower plenum area.

The issuance of this document is not intended to imply that a repair of lower plenum
reactor internal components is the only viable disposition of such cracking/degradation.

1.3 Scope

This document is applicable to General Electric BWR/2 through BWR/6 plants which
plan to implement repairs to lower plenum items. The following lower plenum
components are addressed in this document: Control Rod Drive Housing, Control Rod
Drive Stub Tube, In-core Housing, In-core Guide Tube, In-core Stabilizer and BWR/2
Flow Baffle. The aligner pin for the CRGT and OFS and the peripheral fuel support
assembly are also included in this repair criteria, even though they are located on the
upper surface of the core support plate. The Shroud Support legs, and Standby Liquid
Control & Core Delta Pressure nozzles and internal lines are addressed in separate repair
criteria [3, 4] and are not included in the scope of this report. The Control Rod Guide
Tube, Orificed Fuel Support, and In-core Dry Tube assemblies are also discussed in this
document; however, as these items are by design replaceable components there is no need
to apply this repair criteria to these components.






2. DEFINITIONS

Repair

Lower Plenum

CRD Penetration

Repair as used in the context of this document is a broad
term that applies to actions taken to design, analyze,
fabricate and install hardware that restores the structural
and functional integrity of all or a portion of the lower
plenum internals. Reducing an indication to an acceptable
size is within the definition of repair. Weld overlay,
without removal of the defect, is another repair in the
context of this criteria.

The BWR2-6 lower plenum is the space inside the reactor
vessel which is below the core support plate and the
shroud support plate. Note: not all of the internal
components in the lower plenum are considered in this
report.

The CRD vessel penetration includes the portion of the
CRD housing which penetrates the vessel head and the
stub tube (where applicable). The weld of the CRD
housing to the stub tube, the weld of the stub tube to the
bottom head and, where applicable, the CRD housing to
the bottom head are included with the CRD penetration.
The CRD penetration also includes several inches of
adjacent low alloy steel vessel material.






3. LOWER PLENUM INTERNAL COMPONENT
CONFIGURATIONS AND SAFETY FUNCTIONS

3.1 General Physical Description

This section describes the various BWR internal components which are located in the
lower plenum and their functions. The guidelines of this report are generic in nature.
Efforts have been taken to identify the various configurations, differences in materials,
etc. between different plant types. However, it is the responsibility of the BWRVIP
member utilities to verify their specific plant configurations for applicability with respect
to the descriptions, materials, figures and tables given in this document.

3.1.1 Control Rod Drive Housing, Stub Tube, Control Rod Guide Tube, and Orificed Fuel
Support

The control rod guide tubes (CRGT), control rod drive (CRD) housings (CRDH) and stub
tubes (CRDST) are an assembly of components (Figures 1 and 2) at symmetrical
locations below the core which support the weight of the fuel (except the peripheral
bundles which are supported by the core support plate) and allow the movement of
control rods into the reactor core to achieve reactivity control. Control rods provide the
primary means of achieving shutdown conditions.

The CRD housing contains the CRD mechanism for controlling the position of the
control rods. The generic CRD housing and penetration configurations are depicted in
Figure 3. On pre-BWR/6 and one BWR/6 plant, the CRD housing is welded to a stub
tube. The stub tube in turn is welded to the vessel bottom head at the CRD penetration.
Figures 4, 5, and 6 depict the specific configurations for the different BWR types. The
stub tube transmits the loads, caused by vessel internal pressure, the weight of the fuel
and CRD reaction loads, from the CRD housing to the vessel bottom head. Most BWR/6
plants do not have stub tubes. In these plants, the CRD housing is welded directly to the
vessel bottom head at the penetration (Figure 7). The loads from the CRD housing are
transferred directly to the bottom head.

The CRD housings extend about 14 feet outside the vessel bottom head, becoming part of
the primary pressure boundary. The CRD mechanisms are mounted at the end of the
housing by a bolted flange connection. Materials for the CRD Housing are summarized
in Table 1.

The control rod guide tube houses the control rod when it is withdrawn from the core.
The control rod guide tube (Figures 2 and 8) extends from the core plate to the CRD
housing. The guide tube is mechanically connected to the housing by a bayonet
mechanism which engages the thermal sleeve inside the housing. The thermal sleeve
serves to protect the CRD housing to RPV stub tube weld from thermal over-stress, and
also as a locking mechanism for the guide tube. The guide tube is constrained from axial



rotation by an anti-rotation pin embedded in the core plate. This pin engages a slotted
alignment lug welded to the top of the guide tube (Figure 9). Four holes are provided in
the guide tube just below the core plate to provide a flow path for water from the vessel
bottom head to enter the core. The orificed fuel support (OFS) assembly is inserted into
the top of the guide tube and has holes aligned with the guide tube holes to direct core
flow to the individual fuel bundles.

The orificed fuel support assembly supports the weight of the fuel assemblies and
distributes core flow into the fuel bundles. The OFS assembly is a casting with four
wrought welded orifices; there are three types of OFS assemblies used in the BWR2-6
product lines.

The four-lobed OFS assembly is a cylindrical structure with four internal compartments
and a central opening for the positioning of the control rod blade. A fuel bundle is
inserted into each of the four internal compartments. The OFS assembly provides vertical
and lateral support, and alignment to the bottom of the fuel bundles. The weight of the
fuel bundle is transferred through the OFS assembly to the control rod guide tubes which
in turn is transferred to the CRD housings. The coolant flow into the fuel assemblies is
regulated by an orifice located on the side of the lower portion of the OFS casting.

Orifice sizing varies on the different product lines.

The peripheral fuel support consists of a single opening cylindrical structure that provides
support to one peripheral fuel assembly. The peripheral fuel support assemblies are
welded into openings in the core support plate (see Figure 17). The flow regulating
orifice on the peripheral fuel support is located directly below the top opening.

Table 1 - Material Summary for CRD Housing, CRGT and Stub Tubes
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3.1.2 In-core Housing, Incore Guide Tube and In-core Stabilizer Hardware

The Neutron Monitoring System (NMS) measures neutron flux in the reactor core. The
neutron flux data is used to control operation of the reactor and, in some cases, induce a
scram signal that would terminate reactor operation. The in-core housings and guide
tubes provide a pathway for the NMS detectors to have access inside the reactor core.
The detectors are inserted through tubes inside of the in-core housings and in-core guide
tubes. The tops of the detectors are spring fitted into the top guide to prevent lateral
movement. Figures 10, 11, 12, and 13 depict the in-core housings and guide tube
configurations.

The in-core housing extends from below the lower reactor vessel head (RPV) thru the
lower RPV head to a point approximately four feet above the low point of the head. The
tops of the in-core guide tubes are laterally supported by the core plate. The in-core
housing is welded at the inside surface of the RPV bottom head penetration. The in-core
housings from the vessel penetration to the flange outside the vessel are part of the reactor
vessel primary pressure boundary. The section of the in-core housing inside the vessel
and the entire in-core guide tube are not part of the RPV primary pressure boundary.

There are no welds in the section of the in-core housing which is inside the reactor vessel.
The upper end of the in-core housing has an integral socket; the in-core guide tube inserts
into this socket and is attached to the in-core housing with a fillet weld. There are no
welds in the in-core guide tube itself, and its upper end makes a slip fit with a mating hole
in the core plate (not welded). The top of the guide tube is not sealed. The in-core
housing (section inside the vessel) and the in-core guide tube have a function to laterally
support and position instrumentation tubes; this is not a safety related function. The in-
core housings and in-core guide tubes are not the pressure boundaries for the
instrumentation tubes themselves. The inside surface of the in-core housings and the in-
core guide tubes are exposed to reactor water.

The in-core stabilizer hardware is a latticework of clamps, tie bars and spacers which
gives lateral support and rigidity to the incore guide tubes (Figure 14). Interconnecting
the guide tubes creates an assembly that is laterally stiffer than the individual tubes. This
minimizes the potential effects of flow induced vibration of the in-core guide tube and the
in-core housing. This hardware is located between the core plate and the bottom RPV
head. The support hardware is all type 304 stainless steel and is assembled by bolting and
tack welds. Table 2 contains a summary of the materials used in the aforementioned
components.



Table 2 - Material Summary for In-core Housing and Guide Tube

Content Deleted -
EPRI Proprietary Information

3.1.3 In-core Flux Monitor Dry Tube Assembly

The Neutron Monitoring System (NMS) measures neutron flux, which is used to control
operation of the reactor and, in some cases, induce a scram signal that would terminate
reactor operation. The source range monitor (SRM) and intermediate range monitor
(JRM) instruments operated in a dry ambient pressure air environment inside the reactor
core which is provided by *“dry tubes”. The dry tubes are installed within the in-core
housing/guide tube assembly. The top of the dry tube assembly is spring fitted (Figures
15 and 16) into the top guide to prevent lateral movement.

Dry tubes are installed in the SRM and IRM in-core housings (e.g. in a BWR-4 with 764
fuel bundles 12 of the 55 in-core housings are for SRMs and IRMs), but dry tubes are not
used with the power range detectors. Procedures are available for routine replacement of
SRM/IRM dry tubes. There is no welding required to replace dry tubes. The tooling to




replace cracked SRM/IRM dry tubes is designed to capture the cracked upper two feet of
the dry tube.

3.1.4 BWR/2 Flow Baffle

The BWR/2 Jower plenum includes a flow baffle which prevents direct impingement of
flow from the recirculation inlet nozzles on the outer most radially located CRGT’s and
In-core guide tubes. The baffle is supported from the shroud support, as shown in Figure
18, The 91 inch high cylindrical baffle is made from one inch thick stainless steel.
Portions of the cylindrical surface are perforated to minimize the differential pressure
across the plate and cause a more uniform flow inside the baffle, but most of the flow is
channeled through a large gap between the bottom of the batfle and the RPV bottom
head.

3.2 Safety Design Bases

3.2.1 CRD Housing and Stub Tube

The safety design bases for the CRD housing; are to: (1) provide a portion of the primary
coolant pressure boundary during normal operation,(2) form part of the refloodable
coolant volume for the reactor core following a loss of coolant accident, (3) provide
vertical support for the bulk of the fuel assemblies (four per CRD housing) and thus
maintain core geometry, (3) provide support for the CRD, including scram forces
(reactivity control safety function). '

3.2.2 CRGT

The CRGT safety functions are: (1) to provide vertical support to the core, (2) to aid in
the proper alignment and thus insertion time for the control rods (reactivity control safety
function), and (3) provide the lateral load path for horizontal dynamic loading from the
non-peripheral fuel bundles to the core support plate.

3.2.3 In-core Housing and In-core Guide Tube

The portion of the in-core housing which is below the weld attaching the housing to the
RPV bottom head has a safety function as a portion of the primary pressure boundary.
The remainder of the in-core housing and the in-core guide tube have no safety function.

3.2.4 In-core Stabilizer
The in-core stabilizer hardware has no safety function.

3.2.5 BWR/2 Flow Baffle
The BWR/2 Flow baffle has no safety function.

10



3.2.6 Loose Parts
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3.3 Event Analyses

The purpose of this document is to provide general design criteria for repairs of lower
plenum internal components. Accordingly, various events and operational conditions
must be considered to ensure that the repair does not inhibit the ability of the lower
plenum components to perform their basic safety functions. The following general load
cases shall be considered in design of the proposed repair.

3.3.1 Normal Operation
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3.3.2 Anticipated Operational Occurrences (Upset Conditions)
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3.3.3 Design Basis Accidents (Emergency/Faulted Conditions)
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3.3.4 Loading Combinations
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4. SCOPE OF REPAIRS

The lower plenum repairs primarily address cracking and or leaking in IGSCC susceptible
stainless steel and nickel-chrome-iron alloy components. Susceptible lower plenum
welds and materials are discussed in Reference 2. This repair criteria applies to the
following lower plenum components: Control Rod Drive Housing and Stub Tube, In-core
Housing, In-core Guide Tube, and BWR/2 flow baffle. Justification for continued
operation as-is of failed components is covered in Reference 2. Repair options
considered are, abandonment in-place, replacement of whole components, weld repair of
defects, structural weld overlay, mechanical repairs. The Control Rod Guide Tube,
Orificed Fuel Support, and In-core Dry Tube assemblies are by design replaceable
components; therefore, replacement of these items is a routine maintenance activity and
not a repair as defined in this repair design criteria.
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5. DESIGN OBJECTIVES

5.1 Design Life
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5.2 Safety Design Bases
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5.3 Safety Analysis Events
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5.4 Structural Integrity
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5.5 Retained Flaw(s)
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5.6 Loose Parts Considerations
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5.7 Physical Interfaces with Other Reactor Internals
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5.8 Installation Considerations
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5.8.1 Vessel Drain Down
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5.8.2 Access For Lower Plenum Repair
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6. DESIGN CRITERIA
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6.1 CRD and Incore Housings and RPV Penetrations
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6.2 BWR/6 Core Support Structural Components
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6.3 Lower Plenum Internal Component
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7. STRUCTURAL AND DESIGN EVALUATION
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7.1 Load Definitions - Applied Loads
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Table 3 - Typical CRD Reaction Loads
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7.2 Service Level Conditions
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7.3 Load Combinations
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7.3.1 Mark I Plants
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7.3.2 Mark II and III Plants
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7.4 Functional Evaluation Criteria
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7.5 Allowable Stresses
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7.6 Consideration of Shroud Repair
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7.7 Flow Induced Vibration
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7.8 Repair Impact on Existing Internal Components
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7.9 Radiation Effects on Repair Design
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7.10 Analysis Codes
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7.11 Thermal Cycles
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7.12 Corrosion Allowance
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Table 4: Load Combinations for Mark I Plants
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Table 5: Load Combinations for Mark Il and Mark III Plants
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Table 6: Load Term Definitions for Tables 4 and 5
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8. System Evaluation

8.1 Systems Evaluations
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8.2 Power Uprate
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9. Materials, Fabrication and Installation

9.1 Materials
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9.2 Crevices
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9.3 Welding and Fabrication
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9.4 Pre-Installation As-Built Inspection
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9.5 Installation Cleanliness
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9.6 ALARA
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9.7 Qualification of Critical Design Parameters
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10. Inspection and Testing

10.1 Inspection Access
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10.2 Pre and Post Installation Inspection
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10.3 System Hydrostatic Test
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10.4 Scram Tests
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11. QUALITY ASSURANCE PROGRAM
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12. Documentation
The following documentation shall be prepared and maintained as permanent records:
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14. FIGURES
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Figure 1: Control Rod Guide Tube, Housing and Stub Tube Arrangement (BWR 2-6)
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Figure 3: CRD Penetration Configurations
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Figure 4: BWR/2 CRD Housing and Penetration Configuration
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Figure 5: BWR/3/4/5 & Non-US BWR/6 CRD Housing and Socket
Stub Tube Penetration Configuration
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Figure 6: BWR/3/4 CRD Housing and Set-on Stub Tube Configuration
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Figure 7: US BWR/6 CRD Housing and Straight-thru Penetration Configuration
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Figure 8: Control Rod Guide Tube BWR/2-6
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Figure 9: Orificed Fuel Support Assembly
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Figure 10: In-core Guide Tube, In-core Housing & In-core Penetration, BWR/2-5
except La Salle 1, Monticello, Fermi 2, Nine Mile 1 and Hope Creek
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Figure 11: In-core Guide Tube, In-core Housing & In-core Penetration
La Salle 1, Monticello, Fermi 2, Nine Mile 2
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Figure 12: In-core Guide Tube, In-core Housing & In-core Penetration, BWR/6
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Figure 13: In-core Guide Tube, In-core Housing & In-core Penetration, Hope Creek
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Figure 14: In-core Stabilzer Hardware
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Figure 15: In-core Dry Tube Assembly
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Figure 16: In-core Dry Tube, Detail of Upper End
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Figure 17: Peripheral Fuel Support
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Figure 18: BWR/2 Flow Baffle

68



APPENDIX A REPAIR CONCEPTS

Al

Scope

Table A-1 provides a summary of possible repair concepts for the lower plenum
components within the scope of this repair design criteria. Some of these concepts are
discussed further in the following section. The information in this appendix is for
information only and is not considered part of the preceding repair design criteria. The
repair concepts are not necessarily complete and some of these concepts have not been
implemented or even developed.

Table A-1 - Summary of Repair Concepts for Lower Plenum Components
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A.2  CRD Housing and Stub Tube Repairs
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A3  Incore Housing and Penetration Repairs
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Figure A1l: CRD Stub Tube Repair
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Figure A.2: Mechanical Sleeve CRD Repair
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Figure A.3: Welded Sleeve CRD Stub Tube Repair
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Figure A.4: Local CRD Stub Tube Weld Repair Concept
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