
IELECTRIC POWER
RESEARCH INSTITUTE

MRP Materials Reliability Program MRP 2009-090

December 2, 2009

Document Control Desk
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Draft Material to Support NRC Update of NUREG 1801, "Generic Aging Lessons

Learned Report" (GALL):

1) EPRI DRAFT Input(12-01-09). GALL Chapter XL.M16
2) EPRI DRAFTInput(12-01-09): GALL Table IVB2 (W)
3) EPRI DRAFTInput(12-O1-09): GALL Table IV.B3 (CE)
4) EPRI DRAFT Input(12-01-09): GALL Table IVB4 (B&W)
5) EPRI DRAFT Input (12-01-09): New Appendix A to MRP-227

References:

1) MRP Letter 2009-017, Christian B. Larsen (EPRI) to Chief Financial Officer, U.S• Nuclear
Regulatory Commission, Dated February 6, 2009, Request for Exemption of NRC Review Fees

2) NRC Letter, J. E. Dyer (NRC) to Christian B. Larsen (EPRI), Dated February 20, 2009, Granting
of Review Fee Exemption Request.

To Whom It May Concern:

As provided for in References 1 and 2, one copy of each of the five draft documents listed above is being
forwarded. This material is being provided as a means of exchanging information for the purpose of
supporting the NRC's generic regulatory improvements related to methodologies for demonstrating
pressurized water reactor internals integrity throughout the life of the plant. Specifically the staff will be
using the material in updating NUREG 1801, "Generic Aging Lessons Learned Report" (GALL).

EPRI MRP works in conjunction with NEI to manage the reactor internals project for the PWR industry.
If you have any questions on this project, please contact Anne Demma at EPRI (ademma(&,epri.com, 650-
855-2026) or Victoria Anderson at NEI (vka@nei.org, 202-739-8101).

Sincerely,

Dennis P. Weakland

Cc: Joe Hagan - First Energy
Christine King - EPRI

Victoria Anderson - NEI
Anne Demma - EPRI
Tanya Mensah - NRC
Jim Medoff- NRC

Together . . . Shaping the Future of Electricity 7 i2•
PALO ALTO OFFICE
3420 Hillview Avenue, Palo Alto, CA 94304-1338 USA * 650.855.2000 * Customer Service 800.313.3774 * www.epri.com



( ;.

IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B3 Reactor Vessel Internals (PWR) - Combustion Engineering :,

. . S t r u c tuic W r e E e p ) F u r t h e r
L tem iniid/or N'Material Eli Ni rb e AgI.g Ee I I ....... AigManagement urrograth(erI

,tProgra (AMP)allu Evaluationl
V22~~ 2 Coil]ponlenlt, 2~>

IV.B3-1 IV.B3.2-e CEA shroud Cast Reactor Loss of fracture Chapter XI.M13, "Thermal Aging and No.
assemblies (cast austenitic coolant toughness/thermal Neutton Irradiation Embrittlement of

(R-153) austenitic stainless >2500C aging +Cas• Austenitic Stainless Steel (CASS);"
stainless steel steel (>482°F) and embrittlement,. Nkand Chapter XI.M16, "PWR Vessel
items) neutron flux neutron , Internals," No Additional Measures

irradiation Components.
CEA shrouds embrittlement

CEA shroud I

bases

Modified CEA
shroud

7
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Combustion Engineering

(R-149)

CEA shroud
assemblies
(wrought
austenitic
stainless steel
items)

Stainless
steel;
nickel alloy

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking

Chapter XI.M2, "Water Chemistry," for
P WR"primary water, and Chapter
XI.'•j16, "PWR Vessel Internals."

kPrimary Components: Instrument guide
tubes in the peripheral CEA shroud
assembliesIV.B3-5

(R-150)

IV.B3.2-b
CEA shrouds

CEA shroud
bases

CEA shroud
extension shaft
guides

Instrument
guide

tubes

Internal/external
spanner nuts

CEA shroud•q&
bolts (scre•hea
out for SCC,
IASCQ,, and
PWCC)

CEA shroud tie
rods

Cracking/stress
corrosion cracking,
primary Nvater
stress 'orrosion
cracking,
liri'adiation-assisted
stress corrosion
cracking

Expansion Components: Remaining
instrument guide tubes, depending on
the results of examinations of tubes in
peripheral assemblies

No Additional Measures: Welds in CEA
shrouds, CEA shroud bases, CEA
shroud extension guides, CEA shroud tie
rods and nuts , internal/external spanner
nuts, and snubber blocks



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B3 Reactor Vessel Internals (PWR) - Combustion Engineering )

Strucure A in~Efect/• Furthier
Itemn IJ Link anid/or Materi al Environ•ment Mliju 'aning Ma Prograi (AIP)

Copnn Me allsl Evaluaition

IV.B3-3 IV.B3.2-d CEA shroud Stainless Reactor Loss of Chapter X.M16, "PWR Vessel No.
assembly steel coolant material/wear Intertfals,"'No Additional Measures

(R-152) Components.
CEA shroud
extension shaft
guides -,

CEA shroud
bolts

Snubber shims

IV.B3-4 IV.B3.2-c CEA shroud Stainless Reactor jChanges in Chapter XI.M16, "PWR Vessel No.
assembly steel; coolant dimension/void Internals," No Additional Measures

(R-151) nickel alloy swelling Components.
CEA shroud
bolts '_

IV.B3-6 IV.B3.2-g CEA shroud Stainless Reactor Loss of Chapter XI.M16, "PWR Vessel No.
assembly steel;.' c661ant preload/stress Internals," No Additional Measures

(R-154) nickelalloyr relaxation Components.
CEA shroud
bolts ______'



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
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Stiructlire
Item Link and/or

iCoIIp o I]enI t

NFaurtherio

IV.B3-7

(R-165)

IV.B3.4-h Core shroud
assembly (for
bolted core
shroud
assemblies)

Stainless
steel;
nickel
alloy

Reactor
coolant

Loss of
preload/stress
relaxation

Chapter X1
Internfals."

No.

-I- 4
IV.B3-8

(R-163)

IV.B3-13

(R-160)

IV.B3.4-f

IV.B3.4-b

Core shroud
bolts

Barrel-shroud
bolts

Core shroud tie
rods and nuts

(ullidc lIut ineart

Core shroud
assembly (for
bolted core
shroud
assemblies)

Shroud plates

Former plates

Ribs and iirings

Core shroud
b6lts 7'

,ri-inary Components: Core shroud
.bolts for cracking from IASCC and
fatigue, or loss of preload/stress
relaxation that eventually leads to
cracking

Expansion Components: Barrel-shroud
bolts, depending on results of core
shroud bolt examinations

No Additional Measures: Core shroud tie
rods and nuts, and guide lug insert bolts

-~ 4 ' 4- + 4Stainless
steel;
nickel alloyv

Reactor-
coolant

Changes in
dimension/void
swelling

Chapter XI.M16, "PWR Vessel
Internals."

Primary Components: Core side
surfaces of shroud plates in plants with
bolted core shroud assemblies

No Additional Measures: Former plates,
ribs and rings, core shroud bolts, and
core shroud tie rods in plants with bolted
core shroud assemblies for changes in
dimension/void swelling

No.

S
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Lin <•Str~ucture;•: ,:,<::

!"Itell: L:i:kand/o•, tVM aterial EnvironE i einiient . A. iii I If .... i.. Man ageme t Program. (AM P) Fur.th.er

___________ * haper -. Evaluiatioji

IV.B3-9 IV.B3.4-e Core shroud Stainless Reactor Cracking/stress ChapterWL.MN2, "Water Chemistry," for No.
assembly (for steel coolant corrosion cracking, PWR primary water, and Chapter

(R-162) bolted core primary water X "Iii, PWR Vessel Internals."
shroud stress corrosion

IV.B3-11 LV.B3.4-a assemblies) cracking, P>irimary Component: Accessible core
irradiation-assisted•, shroud bolts for cracking

(R-159) Shroud plates stress corrosion,_
cracking , Expansion Component: Barrel-shroud

Former plates and guide lug insert bolts with neutron

fluence exposures > 3 dpa, depending on
Ribs and rings the results of core shroud bolt

examinations.
Core shroud

bolts No Additional Measures: All other core
shroud assembly components for bolted

Barrel-shroud core shroud assembly plants
bolts

Core shroud tie
rods and nuts



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
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6Stiruct ture 6 A-in- Lffect/FuteLiei nk atn d/o r Et1lera nvironmient '10rn Further"...Itenv, ..•:-.• !. !::" .Matei.'•• ia:l >Agingi: Managementl asmrogr,,in. : AMP'•"): 6

C I Collpn lechIanism "'6Evaluationi

IV.B3-10 IV.B3.4-g Core shroud Stainless Reactor Loss of fracture ChapterWI.MM16, "PVR Vessel No.
assembly (for steel; coolant and toughness/neutron Internals," No Additional Measures

(R-164) bolted core nickel alloy neutron flux irradiation Components.
shroud embrittlement,

IV.B3-12 IV.B3.4-c assemblies) void swelling

(R-161) Shroud plates

Former plates

Ribs and rings

Core shroud

bolts

Barrel-shroud
bolts

"Core shroud tie _ _ _ ___,__
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S truIIet 11 e Efc/ FF iirt leriItem.. :=:• L..... :and/or:?= i .":: Material •Eiivi0ronetfh:t! Aging Effect! Evaluation:===•:'•:•• • ........
Itelli ~ ~ ~ ~ ~ ~ ~ ~ 'Mehni~ L il , ai / Ltl-a lNi-liiiAging Mkana~genient Prograni (AMP I)

Comlponient

IV.B3-tt Core shroud Stainless Reactor Loss of ChapterXIM1I16, "PWR Vessel No.
assembly (all steel coolant material/wear Interifals."
plants)

E! stming Programs Components: Guide
Core shroud ak,, Qlug inserts and bolts

bolts \ 4kN
No Additional Measures: Core shroud

Barrel-shroud bolts, barrel-shroud bolts, and core
bolts shroud tie rods and nuts

Core shroud tie S >'
rods and nuts

Guide lug

IV.B3-xx Core shroud Stainless Reactor "• Cracking/stress Chapter XI.M2, "Water Chemistry," for No.
assembly (for steel coolail)t, corrosion cracking, PWR primary water, and Chapter

....... core irradiatio n- assisted XI.M16, "PWR Vessel Internals."
shrouds in two .< •,stress corrosion

vertical sections) cracking Primary Components: Axial and
horizontal weld seams at the core shroud

Shroud plate- re-entrant corners as visible from the
to- core side of the shroud, within six inches

former plate of the central flange and the horizontal
weld -, stiffeners

Remainingaxial Expansion Components: Remaining
welds axial welds, depending on the results of

the shroud plate-to-former plate weld
examinations
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StruIIC turIe 17A-in Effect/i, Fuirth erIteml :Link an[Id/o r Ma te rial En VirIonm llenot Agng_ Mlanagernent Proaramn (AMP1) )lato
ComlponleiL 4  a, 4il

IV.B3-yy Core shroud Stainless Reactor Cracking/stress ChapteikA.M2, "Water Chemistry," for No.
assembly (for steel coolant -corrosion cracking, P.VR'•primary water, and Chapter
welded core irradiation-assisted XWXIV1, "PWR Vessel Internals."
shrouds with full- stress corrosion
height shroud cracking k,]Primary Components: Enhanced visual
plates) (EVT-1) examination of the axial weld

seams at the core shroud re-entrant
Shroud plate- corners, at the core mid-plane (± three

to- 74, feet in height) as visible from the core
shroud plate side of the shroud, is required.
welds

Expansion Components: Enhanced
Remaining axial s visual (EVT-1) examination of the
welds, ribs, and remaining axial welds, ribs, and rings is
rings X. required, depending on the results of the

shroud plate-to-former plate weld.
IV.B3-zz Core shroud Stainless Rea c~to 'r Change in Chapter XI.M16, "PWR Vessel No.

assembly (for steel cooit dimension/void Internals," Primary Components.
welded core swelling
shrouds in two Primary Component: Gap between the
vertical sections) upper and lower plates

Upper and
lower

nlata iint "_ _ _ __"_
IV.B3-14 IV.B3.3-b Core support, Stainless Reactor Changes in Chapter XI.M16, "PWVR Vessel No.

barrel assembly steel coolant dimension/void Internals," No Additional Measures
(R-158) ' swelling Components.

Upper c'ore

7barrel

K
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Str~uct(I re A-l-Ffct ute
Item) L'ink, 11)1/0 Mterial Environiet AgngEfec!Aging Management ProgramiiMP) Further

~C011ompenit Mechanismi Evaluation

IV.B3-15 IV.B3.3-a Core support Stainless Reactor Cracking/stress Chapter XI.M2, "Water Chemistry," for No.
barrel assembly steel coolant corrosion cracking, PWRlprimary water, and Chapter

(R-155) irradiation-assisted MX1. , "PWR Vessel Internals."
Upper cylinder stress corrosion

cracking • 'Primary Components: Accessible
Lower cylinder surfaces of the upper core barrel flange

weld
Upper core

barrel Expansion Components: Accessible
flange surfaces of the lower core barrel flange

weld, with potential expansion to include
Lower core the remaining core barrel assembly
barrel flange welds, depending on the results of the

*• upper core barrel flange weld
Core barrel examinations
snubber lugs

No Additional Measures: All remaining
Core barrel core support barrel assembly

outlet - components
nozzles '

IV.B3-16 IV.B3.4-a Core support Stainfess Reactor Loss of fracture Chapter XI.M16, "PWR Vessel No.
barrel assembly st~eeL coolant and toughness/neutron Internals," No Additional Measures

(R-157) neutron flux irradiation Components.
Lower cylinderi embrittlement, void

swelling
Upper core

barrel ,
__________________ flanLpe S__________________________________
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St Ill C I II, k-h Lffct/Fuirthier
Itemnbd0-\atra lvl-ml- NMechatnisml Aging \aiia-euieut Program (AM'P) Eauto

IV.B3-17 IV.B3.3-b Core support Stainless Reactor Loss of Chaptelk,.•9L16, "PWR vessel No.
barrel assembly steel coolant material/wear Interunals."

(R-156) i
Upper core £z{isting Programs Components: Upper

barrel •core barrel flange
flange A

"%z No Additional Measures: Core barrel
Core barrel snubber lugs, alignment keys, core barrel
snubber lugs outlet nozzles, and thermal shield

7 ;positioning pins
Alignment keys

Core barrel
outlet nozzles

Thermal shield
positioning

IV.B3-tt Core support Stainless Reactor Cracking/fatigue Chapter XI.M16, "PWR Vessel No.
barrel assembly steel coolant Internals," Primary Components.

Lower flange Primary Component: Lower flange weld,
weld if fatigue life cannot be demonstrated by

time limited aging analysis (TLAA)
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Yteni Link and/or M iteia alt . 'EniI ivirhmucini Aging Fifec _knanageilleiaProgram (AMP) Further

Coffiponentil Evaluationi

IV.B3-18 IV.B3.5-f Lower support Cast Reactor Loss of fracture Chapter XI.M13, "Thermal Aging and No.
structure austenitic coolant toughness/ thermal Neutron Irradiation Embrittlement of

(R-171) (components stainless >250 0C aging CatAustenitic Stainless Steel (CASS);"
fabricated from steel (>4820F) and embrittlement, »alddChapter XLM16, "PWR Vessel
cast austenitic neutron flux neutron r Ifniternals," No Additional Measures
stainless steel) irradiation ,":• Components.

embrittlemeuP I
Core support
columns
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Lower support
structure

Stainless
steel;
nickel alloy

Reactor
coolant and
neutron flux

Changes in
dimension/void
swelling(R-168)

LV.B3-20

(R-169)

IV.B3.5-d
Core support
plate

Core support
plate bolts and
dowel pins

Anchor block
bolts and dowel
pins

Fuel alignment
pins

Core support
columns

Core support
deep beams

Core support
column bolts'

Core s uppoiit
barrel shubber
assem lies

Chapter :X•M16, "PWR vessel
Internalss,"'No Additional Measures.

-N6 odditional Measures: All of the lower
ksupport structure components for
changes in dimension/void swelling and
for loss of fracture toughness/neutron
irradiation embrittlement

Loss of fracture~
toughness/
neutron irradiation
embrittlement, void
swel~liffg

'N

-~ ____________ J. ± ± I __________________
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q : Structure -nFfe/
Itemn Link and](/or. M'tterial En Ivi ronment gigEft/ 1  Aging MNtnagement Pro-rami (AM\lP) Further

Componlent>

IV.B3-21 IV.B3.5-a Lower support Stainless Reactor Cracking/stress Chapter XI.U2, "Water Chemistry," for No.
structure steel; coolant corrosion cracking, P";1<primary water, and Chapter

(R-166) nickel alloy irradiation-assisted XLM,'16, "PWR Vessel Internals."
Core support stress corrosion 1 "

plate welds cracking , Lxpansion Components: Core support
A`- ý column bolts for bolted core shroud

Core support designs, depending on the results of core
IV.B3-23 IV.B3.5-b plate bolts Cracking/stress shroud bolt examinations; core support

corrosion cracking, column welds for all plants except those
(R-167) A286 fuel primary water with core shrouds assembled with full-

alignment pins stress corrosion height shroud plates, depending on the
crahcking, results core support barrel upper flange

Core support -`irradiation-assisted weld examinations
column welds * stress corrosion

cracking Existing Program Components: A286
Core support fuel alignment pins (all plants with core
column bolts shrouds assembled with full-height

Core s r shroud plates)
Core support •: ,o

beam welds No Additional Measures: Welds in core
support plates, core support beams, core

Core support support deep beams, and the bottom
deep beams plate for SCC and IASCC

Bottom plate.
welds
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structure Ahv LAfn~ fecci;~ FuirtherIteml ,inii 1 d/o r I ateriia l n• ] N . ron[ment M. ..Aging Managemen Pi-ogramn (AMIP) Evauati ..
>CorniponlenitENaut

IV.B3-22 IV.B3.5-e Lower support Stainless Reactor Loss of ChapterI.M16, "PWR Vessel No.
structure steel; coolant material/wear InterK,4ahs."

(R-170) nickel alloy
Core support Existing Programs Components: A286
plates and bolts fuel alignment pins (all plants with core

Acoblcshrouds assembled in two verticalAnchor block "% sections)

bolts
No Additional Measures: Core support

A286 fuel plates and bolts, anchor block bolts, and
Alignment pins core support column bolts for loss of

material/wear
Core support
column bolts

LV.B3-ss Lower support Stainless Reactor Cracking/fatigue Chapter XI.M16, "PWR Vessel No.
structure steel coolaIAt4- Internals," Primary Components.

(R-sss)

Primary Component: Beam-to-beam

lower support structure deep beams (all
plants with core shrouds assembled with
full-height shroud plates), at the axial
elevation of the beam top surface down
to four inches below the top surface,
unless adequacy of remaining fatigue life
can be demonstrated
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and/org FAEniromen Further

IV.B3-24 IV.B3.4-d Reactor vessel Stainless Reactor Cumulative fatigue Fatigueis a time-limited aging analysis Yes, TLAA.
IV.B3.5-g internals steel; coolant damage/fatigue (TLkA) to'be evaluated for the period of

(R-53) IV.B3.2-f components nickel extended operation. See the Standard

alloy AReew Plan, Section 4.3 "Metal

,ý. .•,Fatigue," for acceptable methods for
% meeting the requirements of 10 CFR

54.21(c)(1).

IV.B3-25 IV.B3. Reactor vessel Stainless Reactor Loss of '\e/ Chapter XI.M2, "Water Chemistry," for No.
internals steel; coolant materijlpitting, PWR primary water.

(R-24) components nickel crewiice corrosion
alloy 1%

7
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StrutureAging Effect/V FurtherIteml Link '1 and/or, Mýateriaj .' Enviroinment McaWs< Aging M\anagenent Programn (AM\P) Ealti
Com11poniiet Ealitii

IV.B3-26 IV.B3.1-c Upper internals Stainless Reactor Loss of Chapter ý(I.M16, "PWR Vessel No.
assembly steel coolant material/wear Interfals," No Additional Measures

(R-148) Conmponents.
Upper guide
structure

support
flange- upper

Flange blocks "

RVLMS
support

structure tubes

Fuel alignment
plate V

Fuel bundle
guide pins and
nuts

Hold-down ring ._____
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Stitructre Agn lcItm "in n/o" 1 Mate'l+ i+a Ehnvironment Aging E.ect.........i
Ite) in an/o N~oki ii Flvi-oinlntýaging lManagement ProaramAIiPA Further~

Conipollent ~~MechaInisml Nauto

IV.B3-27 IV.B3.1-b Upper internals Stainless Reactor Changes in Chapter>XI.•M16, "PWR Vessel No.
assembly steel coolant dimension/void Internals, No Additional Measures

(R-147) swelling Components.
Upper guide
structure

support
flange - upper

Fuel alignment
plate "

Fuel bundle
guide pins and

IV.B3-rr Upper internals Stainless Reactord Cracking/fatigue Chapter XI.M16, "PWR Vessel No.
assembly steel coolant '+ Internals," Primary Component.

(R-rrr)
Fuel alignment Primary Component: Fuel alignment
plate plate, if fatigue life cannot be

demonstrated by time limited aging
. ,analysis (TLAA)
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"K, ~

Iteml Link; and/] (or * Material' Enivi roitnmet
_ Iv Comlponjent

IV.B33-28

(R-146)

IV.B3.1-a Upper internals
assembly

Upper guide

structure
support

flange - upper

Fuel alignment
plate

Fuel bundle
guide pins and
nuts

Stainless
steel

Reactor
coolant

tracKing/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking -

Chapter ;XM2, "Water Chemistry," for
PW-Rprimary water, and Chapter
XI.A1i:t, "PWR Vessel Internals," No

!Ad'itional Measures Components.

No.

N



Baffle/former
assembly

Ntainiess
steel

Changes in
dimensions/void
swelling

Chapter XI.M16, "PWR Vessel
ILnelials," Primary Components.

*7(R-124) A

Baffle and
former plates

f

IV.B2-2 IV.B2.4-a Baffle/former Stainless Reactor coolant Cracking/stress Chapter XI.M2, "Water No.
assembly steel corrosioni•.i Chemistry," for PWR primary

(R-123) cracking, water, and Chapter XI.M16,
Baffle and irradiation- "PWR Vessel Internals," No
former plates -assisted Additional Measures Components.

•stress corrosion
,, cracking

IV.B2-3 IV.B2.4-e Baffle/former Stainless Reactor c€olant Loss of fracture Chapter XI.M16, "PWR Vessel No.
assembly steel and neutron flux toughness/neutron Internals," No Additional

(R-127) irradiation Measures Components.
Baffle and '*. embrittlement,
former plates void

swelling

IV.B2-4 IV.B2.4-d Baffle/former St iihles's Reactor coolant Changes in Chapter XI.M16, "PWR Vessel No.
assembly -steelV dimensions/void Internals," Primary Components.

(R-126) / swelling
Baffle/forneri,'

IV.B2-5 IV.B2.4-h bolts Loss of preload/
stress relaxation

(R-129)



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B2 Reactor Vessel Internals (PWR) - Westinghouse

1,iilh(.111i
Component

Mat.

IV.B2-6

(R-128)

IV.B2-1O

(R-125)

IV.B2.4-f

IV.B2.4-c

Core barrel
assembly

Baffle/former
assembly

Baffle/former
bolts and
screws

Stainless
steel

Reactor coolant
and neutron flux

Loss of fracture
toughness/neutron
irradiation

Chapte XXLM2, "Water
Chemistry," for PWR primary
water, and Chapter XI.M16,
"P'!.VR Vessel Internals," Primary
Components.

embrittlement, A

void swelling

Cracking/si•ess)•'
corrosion
cracking.,"
irradiation-
assisted
stress corrosion
/•crai
ýcrackingC

i + +
IV.B2-7

(R-121)

IV.B2-9

(R-122)

IV.B2.3-b

IV.B2.3-c

Core barrel

Core barrel
upper flange

Core barrel

outlet nozzles

Thermal shield

tor coolant' Changes in
dimensions/void
swelling

Loss of fracture
toughness/neutron
irradiation
embrittlement,
void swelling

Chapter XI.M16, "PWR Vessel
Internals."

Expansion Components: Core
barrel axial welds for cracking
caused by SCC, IASCC, or
neutron irradiation
embrittlement.

All components were screened out
for changes in dimensions caused
by void swelling, and all other
components for loss of fracture
toughness caused by neutron
irradiation embrittlement.

No.
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Stainless
steel

(R-120) Core barrel
upper flange

Core barrel
outlet nozzles

Thermal shield

Cracking/stress
corrosion
cracking,
irradiation-
assisted
stress corrosionhj
cracking •2

Chapter xMAU, "Water
Chemistry," for PWR primary
watr and Chapter XLM16,
P."2WR Vessel Internals."

Primary Components: Core barrel
upper flange weld

Expansion Components: Core
barrel outlet nozzles and core
barrel axial welds are linked to the
examination results for the core
barrel upper flange weld

Existing Programs Component:
Core barrel flange

No Additional Measures: Thermal
shield



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse I

Itemi Link
Structure
11i]d/or,

Cmponent
:Mater

IV.B2-11

(R-144)

IV.B2-12

(R-143)

IV.B2-13

(R-145)

IV.B2.6-b

IV.B2.6-a

IV.B2.6-c

Instrumentation
support
structures

Flux thimble
guide tubes

Stainless
steel

Reactor coolant Changes in
dimensions/void
swelling

ChapteriM2, "Water
Chemistry," for PWR primary
water; Chapter XI.M37, "Flux
Tiimble Tube Inspection;" and
•Chapter XLM16, "PWR Vessel
Internals."

No.

Cracking/stress
corrosion
cracking,
irradiation-,
assisted •
stresN corroslon

cracking

Ioss of material/
wear

Existing Program Component:
Flux thimble guide tubes for wear

No Additional Measures
Component: Flux thimble guide
tubes for all other aging
effects/mechanisms

IV.B2-14 IV.B2.5i Lower internal Stainless Reactor cooia'nt Loss of preload/ Chapter XI.M16, "PWR Vessel No.
assembly steel; stress relaxation Internals," Existing Programs

(R137) nickel Component.
Clevis insert alloy /

bolts

y



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse

IV.I52-~I• IVJS.l,.-t Lower internal
assembly

tainless
steel;
nickel
alloy

Reactor coolant t~ianges in
dimensions/void
swelling

cnapter •xI.viio, "TWK vessei
Inter'hals," No Additional
Measures Components.

IN 0.

(R-134)
Fuel
alignment
pins

Lower
support plate
column bolts

Clevis insert
bolts

+ F + F + F +
IV.B2-16 IV.B2.5-e

(R-133)

Lower internal
assembly

Fuel
alignment

pins

Lower
support

plate column
bolts ,

Clevis insert
bolts,

V

Stainless
steel;
nickel
alloy

Reactor coolat'
and neutron flux

Cracking/stress
corrosion
cracking,
primary water
stress corrosion
cracking,
irradiation-
assisted
stress corrosion
cracking

Loss of fracture
toughness/neutron
irradiation
embrittlement,
void swelling

Chapter XI.M2, "Water
Chemistry," for PWR primary
water, and Chapter XI.M16,
"PWR Vessel Internals."

Expansion Components: Lower
support plate column bolts are
linked to baffle-former bolt
examinations, dependent on
results of the baffle-former bolt
examinations

No Additional Measures: Fuel
alignment pins and clevis insert
bolts for these aging
effects/mechanisms.

No.

IV.B2-17 IV.B2.5-g

(R-135)



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B2 Reactor Vessel Internals (PWR) - Westinghouse

Item Link
Structu re
and)(/or
Component

i i i

IV.B2-18

(R-132)

IV.B2.5-c Lower internal
assembly

Lower core
plate

Stainless
steel

Reactor coolant
and neutron flux

Loss of fracture
toughness/neutron
irradiation
embrittlement,
void swelling jr

Chapte~rXUM16, "PWR Vessel
Interhals,i"Existing Programs
Cmpbonents.

IV.B2-19

(R-131)

IV.B2-20

(R-130)

IV.B2.5-b

IV.B2.5-a

Lower internal
assembly

Lower core
plate

Radial keys
and clevis
inserts

Stainless
steel;
nickel
alloy

Reactor coolant

Yo

Changes in\
dimensions/v~id

swelling%

,1'racking/stress
corrosion
cracking,
primary water
stress corrosion
cracking,
irradiation-
assisted
stress corrosion
cracking

Chapter XI.M2, "Water
Chemistry," for PWR primary
water, and Chapter XI.M16,
"PWR Vessel Internals."

Existing Programs Components:
Lower core plate and extra-long
(XL) lower core plate for cracking

No Additional Measures: Lower
core plate, XL lower core plate,
and radial keys and clevis inserts
for changes in dimensions caused
by void swelling

No Additional Measures: Radial
keys and clevis inserts for
cracking caused by SCC, PWSCC,
or IASCC

No.



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR
Reactor Vessel Internals (PWR) - Westinghouse

COOLANT SYSTEM

Jiik>ItemII
Structure~
and/or

Coponent

N:Material E]n vironInmenI t .Aginig ~Efft
kMechanisi

FurthersEvaluation

I1V.B2-21

(R-140)

IV.B32-22

(R-141)

IV.B2-24

(R-138)

IV.B2.5-m

IV.B2.5-n

IV.B2.5-k

Lower internal
assembly

Lower support
casting

Lower support
forging

Lower support
plate columns

Cast
austenitic
stainless
steel;
stainless
steel
forgings

Reactor coolant
>2500C (>4820F)
and neutron
flux

(

Loss of fracture
toughness/thermal
aging and neutron
irradiation
embrittlement -

Loss ofefracture
toughness/,neutron
irradiation
embfittlement,
,void swelling

Cracking/stress
corrosion
cracking,
irradiation-
assisted
stress corrosion
cracking

Chapter•,XiM2, "Water
Chemiistry," for PWR primary
water; Chapter XI.M13, "Thermal
Aging and Neutron Irradiation
LEmbrittlement of Cast Austenitic
Stainless Steel (CASS);" and
Chapter XI.M16, "PWR Vessel
Internals."

Expansion Components: Both cast
and forged lower support column
bodies are linked to either the
control rod guide tube (CRGT)
lower flanges (for the castings) or
the upper core barrel flange weld
(for the forgings), depending on
results of the CRGT lower flange
examinations

No.

IV.B2-23 IV.B2.5-1 Lower internal Stainless Reactor coolant Changes in Chapter XI.M16, "PWR Vessel No.
assembly steel' dimensions/void Internals," No Additional

(R-139) Aý swelling Measures.
Lower support /

forging-or
casting

Lowr: support
Pl ate columns



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse

Lower support
plate column
bolts

]Expansion Components: Lower
support plate column bolts are
linked to baffle-former bolts,
depending on results of the baffle-
former bolt examinations.

IV.B2-26 IV.B2.5-o Lower internal Stainless Reactor coolant Loss f'fmaterial/ Chapter XI.M16, "PWR Vessel No.
assembly steel > wear Internals," No Additional

(R-142) R i Measures Components.
Radial keys

and clevis
inserts

IV.B2-27 IV.B2.2-e Rod control Stainless Reactor coolant Changes in Chapter XI.M16, "PWR Vessel No.
cluster steel; dimensions/void Internals," No Additional

(R-119) assemblies nickel •%4 swelling Measures Components.
(RCCA) or alloy
control rod
guide
tube (CRGT)
assemblies

RCCA guide>
tube bo'lfVI'

RCG ( guide
'Kq ube/support
>- Pins



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse

Itemr1 Lihk•
Structure
and/iori
ConIfomponenP,

IV.B2-28

(R-118)

IV.B2.2-d Rod control
cluster
assemblies
(RCCA) or
control rod
guide
tube (CRGT)
assemblies

RCCA guide
tube bolts

RCCA guide
tube support
pins

Stainless
steel;
nickel
alloy

t-racKing/stress
corrosion
cracking,
primary water
stress corrosion
cracking,irradlatlon___,ý

assisted, ).
stress corrosion
cracking

Chnapter MX.IvLZ, --water
Chemistry," for PWR primary
witerand Chapter XI.M16,
PWR Vessel Internals," Existing

,Programs Components.

IV.B2-29

(R-117)

IV.B2-30

(R-116)

IV.B2.2-b

IV.B2.2a

Rod control
cluster
assemblies
(RCCA) or
control rod
guide
tube (CRGT)
assemblies

RCCA guide
tubes v

Stainless
steel

Reactbr co6lant

V,

Changes in
dimensions/void
swelling

Cracking/stress
corrosion
cracking,
irradiation-
assisted
stress corrosion
cracking

Chapter XI.M2, "Water
Chemistry," for PWR primary
water, and Chapter XI.M16,
"PWR Vessel Internals."

Primary Components: CRGT
guide plates (cards) for wear

No Additional Measures: CRGT
guide tubes, including guide plates
(cards), C-tubes, and sheaths, for
changes in dimension caused by
void swelling, and for cracking
caused by SCC or IASCC

No.

-,Cý



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse

(R-53)

IV.32.1-m
IV.B2.2-f
IV.B2.1-c
IV.B2.2-c
IV.B2.3-d
IV.B2.4-g
IV.B2.5-p
IV.B2.5-j
IV.B2.5-d
IV.B2.1-h

Reactor vessel
internals
components

Stainless
steel;
nickel
alloy

Cumulative
fatigue
damage/fatigue

Fatigueis a: time-limited aging
analysis (TLAA) to be evaluated

fothie period of extended
•peration. See the Standard
,Review Plan, Section 4.3 "Metal
Fatigue," for acceptable methods
for meeting the requirements of 10
CFR 54.21(c)(1).

IV.B2-32 IV.B2. Reactor vessel Stainless Reactor coolant Lo•s0f material! Chapter XI.M2, "Water No.
internals steel; " pitting and Chemistry," for PWR primary

(R-24) components nickel + crevice water.
alloy corrosion

IV.B2-33 IV.B2.1-d Upper internals Stainless Reactorr c'olant Loss of preload/ Chapter XI.M16, "PWR Vessel No.
assembly steel J stress relaxation Internals," Primary Component.

(R-108) N

Hold-down
spring x^

IV.B2-34 IV.B2.1-1 Upper internals Stainless Reactor coolant Loss of material/ Chapter XI.M16, "PWR Vessel No.
assembly steel; wear Internals," Existing Programs

(R-115) 4nickel Component.
Upper core`A= )alloy
plate
alignment pins

Al,

'V



IV
B2

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse 3

2.Structure

Item no and/or
4~1~I~k Component

FEurtheij Evaluation

i

IV.B2-35

(R-110)

IV.B2-36

(R-109)

IV.B2.1-f Upper internals
assembly

Upper support
columns

steel
Changes in
dimensions/void
swelling

Chapter X.lM2, "Water
Chemistry," for PWR primary
water; and Chapter XI.M16,
4PWR Vessel Internals," No

,Additional Measures Component.

No.

IV.B2.1-e Cracking/sttess,
corrosion
cracking,
irradiation-
assisted
,stress corrosion

/, .'cracking

No Additional Measures: Upper
support columns for changes in
dimension caused by void swelling,
and for cracking caused by SCC
or IASCC.

7,

IV.B2-37 IV.B2.1-g Upper internals Cast Reactor~coolant Loss of fracture Chapter XI.M16, "PWR Vessel No.
assembly austenitic >250• (T>482F) toughness/thermal Internals," No Additional

(R-111) stainless and neutron aging and neutron Measures Component.
Upper support steel flu-xj irradiation
columns embrittlement
(only cast
austenitic
stainless steel
portions)%

IV.B2-38 IV.B2.1-k Upper internals. "Stainless Reactor coolant Loss of preload/ Chapter XI.M16, "PWR Vessel No.
assembly steel; stress relaxation Internals," No Additional

(R-114) nickel Measures Component.
Upper support alloy
columnibolts

<N



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B2 Reactor Vessel Internals (PWR) - Westinghouse

ItemII Linik

IV.B2-39 [IV.B2.1-j Upper internals
assembly

Stainless
steel;
nickel
alloy

Changes in
dimensions/void
swelling

ChapterXL.M2, "Water
Chemistry," for PWR primary
water, and Chapter XI.M16,

,•'PWR Vessel Internals."
(R- 113)

Upper support
column bolts

Upper core
plate
alignment pins

Fuel alignment
pins

IV.B32-40 I IV.B2.1-i

(R-112)

Cracking/stress
corrosion
cracking,
primary water/
,stress corrosion
cracking,
irradiation-
assisted
stress corrosion
cracking

Existing Programs Components:
Upper core plate alignment pins
for cracking

No Additional Measures: All
components for changes in
dimensions caused by void
swelling, and upper support
column bolts and the fuel
alignment pins for cracking
caused by SCC, PWSCC, and
IASCC

IV.B2-41 I IV.B2.1-b

(R-107)

IV.B32-42 I IV.B32.1-a

Upper internals
assembly

Upper support
Plate

Upper core
Plate "

Hold-itown
"spring,11 ,, 9 .•,,
/S 'x f~•

1,

Stainless,
steel 'INN

•Reactor coolant Changes in
dimensions/void
swelling

Cracking/stress
corrosion
cracking,
irradiation-
assisted
stress corrosion
cracking

Chapter XI.M16, "PWR Vessel
Internals," No Additional
Measures Components.

No Additional Measures: Upper
support plate, upper core plate,
and internals hold down spring for
changes in dimensions caused by
void swelling, and for cracking
caused by SCC and IASCC

No.

(R-106)



New Appendix A (to MRP-227): Operating Experience

While relatively few incidents of PWR internals aging degradation have been reported in operating.4U.S.pcommercial PWR plants, a
summary of the current operating experience is useful for licensees developing aging management programs. This summary is
organized by age-related degradation mechanism (effect). This compilation does not replace efforts by licensees to review and
document plant-specific operating experience for impact on its program, or participate in ind0s4ry initiatives that perform this
function.

IASCC. A considerable amount of PWR internals IASCC has been observed in European PWRs, with emphasis on cracking of
baffle-former bolting. Bolt failure rates during ultrasonic (UT) testing of baffle7;'frner bolts in six French PWRs were found to range
from 1.2% to 11%. For this reason, the U.S. PWR owners and operators began a program a decade ago to inspect the baffle-former
bolting in order to determine whether similar problems might be expected in.U.S. plants. A benefit of this decision was the experience
gained with the UT examination techniques used in the inspections. In aaIdition, the industry began substantial laboratory testing
projects in order to gather the materials data necessary to support futureAnNspections and evaluations. At one U.S. domestic reactor
having type 347 bolting, all 728 baffle-former bolts were inspected bly UT in 1998, with 55 bolts (7.5%) having indications that
exceed the UT criteria. At another reactor, 639 out of the 728 baifle'former bolts were examined in 1999, with 59 bolts (9.2%) having
indications failing to meet the UT acceptance criteria. On-sitetanderwater mechanical testing at the first reactor of the removed baffle-
former bolts indicated that the actual defective bolt rate w£si wr than suggested by the UT inspection. However, these known
European or domestic baffle-former bolt IASCC indications,,are not necessarily applicable to all PWR designs. The incidents are
generally associated with cold-worked Type 316 stainless steel or Type 347 stainless steel. Bolts fabricated from solution-annealed
Type 304 stainless steel appear to be less affected. ',o

IGSCC. In the early 1980's, inspections at seveiwal..B&W units revealed that lower thermal shield bolts were missing. The majority
(-80%) of the remaining bolts was loose,,and several bolt locking cups were also missing. The bolts were fabricated from high-
strength grade Alloy A-286 stainless st~lh,,, The failures were attributed to IGSCC at the bolt-head-to-bolt-shank transition. The
replacement bolts were redesigned tokleduce the tensile stress level in the bolt, and this was accomplished by redesigning the shank
region, peening the surface of the bolt,7and reducing the preload used to install the bolts. The material of construction was also
changed from Alloy A-286 stainless. steel to Alloy X-750.

In 1983, ultrasonic inspections ýt'two B&W-designed units showed indications of cracking in a number of the upper core barrel bolts.
The results were verified wlhei the bolt heads became separated from the bolt shanks when the locking clips were removed. The bolts
were fabricated fromrAklloy X-286. Failures were attributed to IGSCC and were not detected by visual examinations. The cracked
bolts were replacedbhy)bo'0ts made of the same material, but manufactured by machining rather than a hot-heading operation. In
addition, the torquue applied to the replacement bolts during installation was significantly reduced.

V



In 2005, cracking of replacement core barrel bolts fabricated from cold-worked Type 316Ti were observed in a Germain PWVR by
visual inspection. These bolts had replaced the original Alloy X-750 core barrel bolts in the late 1980s, which had Jxh`ibited failure
due to PWSCC. Subsequent UT inspection and failure analysis confirmed that the cracking was confined to the b 6t-head, initiating
from the bolt fillet transition. The bolt threads and shank were free from cracking. The failure mechanismof the cold-worked Type
316Ti replacement core barrel bolts has been identified as IGSCC. So far, all known failures of core barrehb~lts have been limited to
the original Alloy X-750 and the replacement cold-worked Type 316 in German PWRs. fo)" /

Wear. Wear of the in-core instrumentation thimble tubes was observed in the top part of the Zircaloy-4 thimble tubes at three PWR
CE-designed Units. These tubes experienced through-wall tube degradation as a result of flow-induced vibration in the vicinity of the
fuel alignment plate. This particular wear phenomenon was addressed by making modificatlonsh to the fuel alignment plate to alter the
flow conditions in the vicinity of the entry point of the thimble tubes into the plate. Wer as, ia result of flow-induced vibration has not
been observed in these components after implementing the modifications to the fuel alignment plate. Accordingly, this type of wear is
not expected to challenge the integrity of these components in the future.

Pwscc. The few historical occurrences of SCC have been limited to components fabricated from specific age-hardenable alloys (i.e.,• _4'

Alloy X-750 and Alloy A-286) and fabrication-induced conditions. The SCEboserved in the Alloy X-750 split pins used in
Westinghouse-designed PWR internals has been attributed to the very sisceptible AH heat treatment and high applied loads.
Replacement split pins have been fabricated from Alloy X-750 in the JHTH-Ieat treat condition, which is very resistant to SCC in the
PWR environment. SCC has occurred in Alloy A-286 internals bolfingin B&W units. The Alloy A-286 bolt failures in B&W PWR
internals were subjected to a comprehensive failure analysis. It W4sconcluded that this material would exhibit SCC when the applied
stress approaches its yield strength. Decreasing the initial stres's levels on replacement Alloy A-286 bolts has removed this concern.
Also, replacement bolts fabricated from Alloy X-750 HTH, le been installed in the locations where significant bolting failures were
detected.

Information Notice (IN) 90-68 provides informationabo.ht SCC cracking in Alloy A-286 bolts used to hold the turning vanes to
reactor coolant pumps at a foreign plant. The IN 90-08 includes a general discussion of the problems experienced with cracking of
Alloy A-286 bolting materials, including the'problems identified with respect to B&W PWR internals bolting. A review of Licensee
Event Reports (LERs) identified several events of direct relevance to the cracking of high-strength bolting material.

Guide tube support pins supply lateral restraint to the bottom ends of the upper internals guide tubes, and were originally designed
with Alloy X-750 material. Howeyeethese original equipment guide tube support pins were found to be susceptible to PWSCC. In
the 1980s and 1990s, Westinghouse issued a letter to inform utilities of the emerging technical issue and also several customer status
advisory reports on this topic. Itshould be recognized that cracked guide tube support pins do not challenge safe plant operation.
Even when pins are cracked, ifihdesign of the guide tube and the geometry of the pins maintain control rod functionality. However,
failure of guide tube supportpns can result in a loose parts issue for the plant. After an extensive worldwide industry program to
develop a material hea"ttreatment for Alloy X-750 that would have maximum resistance to stress corrosion cracking, Westinghouse
and utility custrneffs conducted a campaign during the 1980s to replace guide tube support pins. Ultimately, Westinghouse developed
a cold-worked',$,Fye 316 stainless steel support pin as a replacement and a number of utilities have performed replacements with this



design. A few utilities have opted to perforni ultrasonic inspections rather than initiate wholesale replacements. Still0'ther utilities
have preferred to take no action at this time. )

Not identified to Date. Visual examinations at one B&W designed reactor in 2005 indicated that three or four internal baffle-to-baffle
bolts were found protruded. The bolt heads extended beyond the baffle plate surface. This was an indicatibni tiat the locking devices,
and potentially the bolts as well, had failed. A UT inspection of 100% of the baffle-former bolts was performed, with no detected
indications of broken bolts. No UT inspection was performed on the internal baffle-to-baffle bolts. The, suspect baffle-to-baffle bolts
have yet to be removed to confirm failure and, if failed, the mechanism of failure. As a result of the observations, AREVA NP
performed a plant-specific evaluation to assess the operational and safety functions for continued operation. That evaluation included
thermal hydraulic evaluation, structural evaluation, fuel evaluation, and loose parts evaluationk.;

Irradiation-Induced Growth. Although irradiation-induced growth of zirconium alloys jin E plants was not explicitly identified in
MRP-175 as an age-related degradation mechanism to be evaluated as part of the screering•process, irradiation-induced growth in the
axial direction of the in-core instrumentation thimble tubes has reduced the clearancebetween the thimble nose and the bottom of the
fuel assembly. Some plants had observed that the thimble tube support plate was raised above its normal support position when the
upper internals structure was replaced after fuel reload. This indicated that osome of the thimbles had bottomed out in the fuel
assemblies and were being loaded in compression. Ten plants affected by thisiissue have taken some action. Six of these plants have
already replaced the thimble tube assemblies with modified designs that arcs~horter in length to accommodate the expected irradiation-
induced growth in the future. Two additional plants have replacementkudeýigns in fabrication and have made preparations to install the
replacement thimbles in an upcoming outage. The remaining two pl'dnt have not yet begun preparations for a full replacement of the
thimble tubes, but one of these two has instead taken the internedi"ate step of raising the thimble support plate to accommodate
additional axial growth. As a result of this inten-nediation,he lants are planning to execute a thimble assembly replacement
program with a refueling outage in the future that is not currenily encumbered with other large-scale replacements of major
components. All affected plants will likely have replaced their thimble tubes prior to license extension.

4'i>.
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IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

N;
"A"AStructiie yc'w < Aging tffect/ 2

Item Link and/or -> Mh'tnvironment § Igi Magagement Progran •(AMP)
C Component Materil' 9ehan

4: ': • 2 • :: ,4' ': 4i i ,,• , 4: :: :: :: : : : : : : : ... .= ::

IV.B4-1

(R-128)

IV.B4.5-i Core barrel
assembly

Stainless
steel

Reactor
coolant and
neutron flux

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former
bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts and their
locking devices,
including locking
welds

Core barrel-to- V
former bolts t'$r

and theirlocking
devices, =niuding
locking '-elds

Loss of fracture
toughness/neutron
irradiation
embrittlement

Chaplter XI.M16, "PWR Vessel
hItnernals."

wPrimary Components: Accessible
baffle/former bolts and screws;
Accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts and their locking devices are
inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts and their locking
devices, and on evaluation or
replacement,%J

7



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

Strticire kglng Effect"
Item ILink and/or Mh11il01.tci AgYi]

wCofinpnn Material Nelaii

IV.B4-2 IV.B4.3-a Control rod guide Stainless Reactor Cracking/stress Cha
tube (CRGT) steel coolant corrosion cracking, for

(R-180) assembly irradiation-assisted CIhstress corrosion 7• ha
CRGT pipe 

cracking
and flange, ,

CRGT spacer
casting V

CRGT rod
guide tubes

Nk

CRGT rod
guide sectors

N-

ipter XI.M2, "Water Chemistry,"
PWR primary water, and
pter XI.M16, "PWR Vessel
rnals," No Additional Measures.



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

iI,

and/ or 11o)•1. E.nvironment A1 Effect/ Aging ManagementProgram (AMP) Eva . ,.
C0 pomp ntcw :> :e al :l.ch hn:is ml: Evaluation

IV.B4-3 IV.B4.3-c Control rod guide Stainless Reactor Changes in Chapte•rXIfM16, "PWR Vessel No.
tube (CRGT) steel coolant dimension/void Internals, 'No Additional Measures.

(R-182) assembly swelling

CRGT pipe 'a

and flange \ -•t.

CRGT spacer
casting R s

CRGT spacer
screws

Flange-to- ,,

upper grid
screws

CRGT rod "a>

guide tubes and
sectors SA

'4

I



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

Structure AigFfc(4

I Link aid/or . En ironm tEv•a Lit ir g ffect-

Comiponent .Material Ma0ech'auism:• • Ni! : valuauon

IV.B4-4 IV.B4.3-d Control rod guide Cast Reactor Loss of fracture Chapter XLM13, "Thermal Aging No.
tube (CRGT) austenitic coolant toughness/thermal and Neutron Irradiation

(R-183) assembly stainless >2500C aging and neutron Embrittlement of Cast Austenitic
steel (>482°F) and irradiation S•tainless Steel (CASS);" and Chapter

CRGT spacer neutron flux embrittlement •, ,XI.M16, "PWR Vessel Internals,"
castings C) Expansion Components.

Expansion Components: Accessible
surfaces at four screw locations
(every 900) for CRGT spacer
castings, depending on examination

6' results for the core support shield
tf assembly cast outlet nozzles and vent

- <valve discs

,6 
04y

6" ,



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
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i atr ,.ctrre, I v ian Further,

an/oC ~ jMaterial Enioiin gn frt M) EvaluatiouItem ink echaWAgih~Mangemen Proram

IV.B4-5

(R-181)

IV.B4.3-b Control rod guide
tube (CRGT)
assembly

CRGT spacer
screws

Flange-to-upper
grid screws

CRGT spacer
screws

Flange-to-
upper grid
screws

CRGT rod
guide tubes

CRGT rod
guide sectors

Stainless
steel

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking J

Chapter XLM2, "Water Chemistry,"
for PW..R primary water, and
~~t~aer XI.M16, "PWR Vessel
Intfrnals," No Additional Measures
Components.

No.

L

4, N>
7.
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St i Link an Ior Envirnmen Efet iurtherMatria Agin Effect! m 'Agingl Managenment Programt (AMNIP)
y.omponent M\echanisml E~-. valuation

IV.B4-6 IV.B4.3-e Control rod guide Stainless Reactor Loss of ChaptertXl.M16, "PWR Vessel No.
tube (CRGT) steel coolant preload/stress Internals," No Additional Measures.

(R-184) assembly relaxation N

CRGT spacer ,','4 '

screws '

Flange-to-
upper grid ,.
screws

r
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Item Link

IV.B4-7 IV.B4.5-g

(R-125)

Str~iicture
and/or
Component

Core barrel
assembly

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former

bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts and their
locking devices,
including locking
welds

EnN irounment

Stainless Reactor
steel coolant

Material
Akgig Effect/i

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking

ii

ChaptecrXI.M2, "Water Chemistry,"
for PWR primary water, and
C hapter XI.M16, "PWR Vessel

.Iiiernals."

Primary Components: Accessible
baffle/former bolts and screws;
accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts and their locking devices,
including locking welds, are
inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts and their locking
devices, and on evaluation or
replacement

~Furthert

No.

I

Core barrel-to-
former bolts
and their lock'ingu
devices, including
locking welds

/ *~¶)

7
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Core barrel
assembly

Stainless
steel

Reactor
coolant

Changes in
dimension/ void
swelling(R-199)

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former
bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts

Core barrel-to-
former bolts

Chapter XICM16, "PWR Vessel
Intefhals.''

Pkrimary Components: Accessible
blaffle/former bolts and screws;
accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

N
V

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts are inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts, and on evaluation or
replacement

4
A

/
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Iteml Link
Structure
and)(/or $

Comnponentt

-Further

Evaluaition ,

No.IV.B4-9

(R-201)

IV.B4.5-j Core barrel
assembly

nrainess Keactor
steel coolant

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former
bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts

Core barrel-to-
former bolts

LOSS 01

preload/stress
relaxation

Chapter•XIM16, "PWR Vessel
Intefhtals."

N/ "

,Pfrmary Components: Accessible
obaffle/former bolts and screws;

accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts are inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts, and on evaluation or
replacement

(

<4,

'S
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Structure Agmig'Effect/ 1ur .. rer
Item) Link and)(/or E'[Nvir-1 onmen !kTil Evaluationroran ývl

C01pollew Material mechalilism Ai Mng en or ( P

IV.B4-10 IV.B4.5-a Core barrel Stainless Reactor Cracking/stress Chapter XIM2, "Water Chemistry," No.
assembly steel; coolant corrosion for PWR primary water, and

(R-193) nickel cracking, Chapter XI.M16, "PWR Vessel
Core barrel alloy irradiation-assisted Internals."
cylinder (top stress corrosion
and bottom cracking Primary Components: Accessible

IV.B4-13 IV.B4.5-b flange) lower core barrel bolts; accessible
Cracking/stress lower core barrel bolt locking devices

(R-194) Lower core barrel corrosionýo/
(LCB) bolts and crackingeprimary Expansion Components: Accessible
locking devices ,watet39tress upper thermal shield (UTS) bolts and

dcorrosion cracking, surveillance specimen holder tube
Core barrel-to- 4iriradiation-assisted (SSHT) bolts (Davis-Besse) or
thermal shield stress corrosion studs/nuts (Crystal River Unit 3),
bolts cracking depending on the examination results

for the upper core barrel and lower
Surveillance core barrel bolts
specimen holder
tube (SSHT) bolts
or studs/nuts

Baffle plates 4,

Former plates V 91
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StructureAgying Effect/ % K V¼iurther
Item) Lik and/orLn " M Environment M tglngEgingtManagemen Program (AMP)

Component ........ Wel. li ~Evaluationt

IV.B4-11 IV.B4.5-c Core barrel Stainless Reactor Changes in Chapt1 XIfM16, "PWR Vessel No.
assembly steel; coolant dimension/void Internals," No Additional Measures.

(R-195) nickel swelling
Core barrel alloy
cylinder (top
and bottom '
flange) -. ,,.

Lower core barrel ..

(LCB) bolts

Upper thermal.% t

shield (UTS)
bolts /

Surveillance
specimen holder %.'
tube (SSHT) bolts
or studs/nuts

Baffle plates

Former plates ,



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

Item Link: and/ort Env nm AgingEffect!
Co 11pl I]tMlaterial Mechanism

IV.B4-12

(R-196)

IV.B4.5-d Core barrel
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant and
neutron flux

Loss of fracture
toughness/ neutron
irradiation
embrittlement, void'
swelling ,

Chapter, Xl
Internals."

Core barrel
cylinder (top
and bottom
flange)

Lower core barrel
(LCB) bolts

Core barrel-to-
thermal shield
bolts

Baffle plates

Former plates

PRiniary Components: Accessible
vsurfaces within one inch around each
baffle plate flow and bolt hole

Expansion Components: The core
barrel cylinder (including vertical
and circumferential seam welds) and
former plates are inaccessible, but
are linked to the examination results
for the baffle plates; justification for
continued operation is by evaluation
or by replacement

'I,
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.Structuire, Aging, Effect! tiOe
Item •Lik ando , Environment:: - t Aging- Progriamnement PrO0am ( p) ute ,~~Mat~~Iial M'echanisiniMngmn AP

IV.B4-14 IV.B4.5-e Core barrel Stainless Reactor Loss of Chapter, XI.M16 "PWR Vessel No.
assembly steel; coolant preload/stress Internals,''No Additional Measures.

(R-197) nickel relaxation
Core barrel alloy
cylinder (top
and bottom
flange)

Lower core barrel
(LCB) bolts

Core barrel-to-
thermal shield
bolts

Baffle plates

Former plates

IV.B4-15 IV.B4.4-f Core support shield Stainless, Reactor Loss of Chapter XI.M16, "PWR Vessel No.
(CSS) assembly steel coolant material/wear Internals."

(R-190)
CSS cylinder Primary Components: CSS cylinder
(top and bottom > top flange (differential height from
flange) the top of the plenum rib pads to the

reactor vessel seating surface) for loss
CSS veifftwale of material/wear
assembly locking
de ice No Additional Measures: CSS vent
S "valve top and bottom retaining rings

for loss of material/wear.
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2Strueture<~ A(Yig fet
Item iLink and/or E•..i-oniment AgI Effect/ A Agi

Comuponent Mkaterial MVechanism~

IV.B4-16 IV.B4.4-d Core support shield Stainless Reactor Loss of fracture Ch•
(CSS) assembly steel; coolant and toughness/neutron Inte

(R-188) nickel neutron flux irradiation
CSS cylinder alloy embrittlement, void• 4,
(top and bottom swelling
flange)

Upper core
barrel (UCB)bolts /

Outlet and vent
valve nozzles

CSS vent valve
assembly locking
device

apter XI.M 16, "PWR Vessel
ernals," No Additional Measures.
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~.Struicture _

Jtem] I, ill 1, and/or ~EnN{ironmniit Aging Effect!
M\aterial MN'echanismnComponent

IV.B4-17 IV.B4.4-c Core support shield Stainless Reactor Changes in Ch
(CSS) assembly steel; coolant dimension/void Int

(R-187) nickel swelling
CSS cylinder alloy
(top and bottom
flange)

Upper core
barrel (UCB)
bolts

Vent valve
assembly
retaining ring and
locking device

-%i•

1 ">t7:i'I :'

-5)•

ipter ,AI.iviio, "'Ywn vessei
rhals," No Additional Measures.

IN 0.
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(R-185)

IV.B34-20

(R-186)

IV.B4 .4-b

!Component

Core support shield
(CSS) assembly

CSS cylinder
(top and bottom
flange)

Upper core
barrel (UCB)
bolts and their
locking devices

Outlet and vent
valve nozzles

Vent valve body
and retaining ring

Stainless
steel;
nickel
alloy

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-
assisted stress
corrosion cracking[

chapter XIUV.M, -water Chemistry,"
for PW.R jprimary water, and
Chla 'er XI.M16, "PWR Vessel
itfIernals."

Cracking/stressk
corrosion cracking,
primary water
stress corrosion
,crac ing
irariation-assisted
'stress corrosion
cracking

Primary Components: Accessible
upper core barrel bolts; accessible
upper core barrel bolt locking
devices

No Additional Measures: All other
CSS assembly components relative to
SCC, IASCC, or PWSCC

IV.B4-19 IV.B4.4-h Core support shield Stainless, 'jReactor Loss of Chapter XI.M16, "PWR Vessel No.
(CSS) assembly steel; - coolant preload/stress Internals," No Additional Measures.

(R-192) nickel /' relaxation
Upper core ,alloy*
barrel (UCB)
bolts 9'

/
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tiltueAging Effect!/ Futhtier
Itemn Link ~ and/or EInvironmient Mehns ~ Aging Maaeetrogriiin (.AMP)

Component Mllaterial Ev.aii .. .. uati.i ...

IV.B4-21 IV.B4.4-g Core support shield Cast Reactor Loss of fracture Chapter XI.M13, "Thermal Aging No.
(CSS) assembly austenitic coolant toughness/ andiNeutron Irradiation

(R-191) stainless >2500 C thermal aging and Emibrittlement of Cast Austenitic
CSS cast outlet steel (>482"F) and neutron Stainless Steel (CASS);" and Chapter
nozzles neutron flux irradiation X XI.M16, "PWR Vessel Internals,"

embrittlement Primary Components.
CSS vent valve
discs Primary Components: CSS cast

outlet nozzles (Oconee Unit 3 and
CSS vent valve Davis-Besse), vent valve discs, vent
disc shaft or valve disc shaft or hinge pin, and
hinge pin vent valve top and bottom retaining

r • rings
CSS vent valve
top and bottom
retaining rings
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aSt/ructurein~Efet
Itemi Li Stucture Matril; virojnmeut Mecha csrn Aging Managemjent Progratn (A1MP) ~Urtlher

Component auto Q

IV.B4-22 IV.B4.7-a Flow distributor Stainless Reactor Cracking/stress Chapter XiLM2, "Water Chemistry," No.
assembly steel; coolant corrosion cracking, for PWR primary water, and

(R-209) nickel irradiation- Chapter XI.M16, "PWR Vessel
Flow distributor alloy assisted stress NInernals," Expansion Components.
head and flange corrosion cracking2z _

IV.B4-25 IV.B4.7-b / ", Expansion Components: Accessible
Incore guide Cracking/stressý shell forging-to-flow distributor

(R-210) support plate corrosion cracking, bolts, depending on the examination
primary Water results for the core support shield

Clamping ring stress corrosion (CSS) upper core barrel bolts and
.cracking, their locking devices, or for the core

Shell forging-to- irradiation-assisted barrel assembly lower internals
flow distributor stress corrosion assembly-to-core barrel (lower core
bolts cracking barrel) bolts and their locking

devices

No Additional Measures: Flow
distributor head and flange, incore

/ , . guide support plate, and clamping
ring for cracking due to SCC or
IASCC
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Structure Aging Effect!/ute
dtem) Link and/or Maeil Envirounment Aging Mlanagemient Program (AMNP)

iComponenit M-1eil ~ elalsnEvaluation

IV.B4-23 IV.B4.7-c Flow distributor Stainless Reactor Changes in Chapter .XIM16, "PWR Vessel No.
assembly steel; coolant and dimension/void Interhals," No Additional Measures.

(R-21 1) nickel neutron flux swelling
Flow distributor alloy '>No•Additional Measures: All of the
head and flange ,components of the flow distributor

IV.B4-24 IV.B4.7-d Loss of fracture\- assembly for the effects of changes in
Incore guide toughness/ ' ) dimension/void swelling, and for the

(R-212) support plate neutronirradiation effects of loss of fractureA, " ý.., .
embrittlernent, void toughness/neutron irradiation

Clamping ring svvelhngi embrittlement, void swelling

Shell forging-to- ( - •/
flow distributor
bolts

IV.B4-26 IV.B4.7-e Flow distributor Stainless Reactor ý/ Loss of Chapter XI.M16, "PWR Vessel No.
assembly steel; coolant preload/stress Internals," No Additional Measures.

(R-213) nickel relaxation
Clamping ring alloy

Shell forging-to- /Ak
flow distributor
bolts
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~ V§Structure *§Fute

Item Link and/or Environment Agi f Kfet 4 (gin- MlangietPorn (AN) F1 1a-utii I I 4

... Component -Material ..... l.Mechainsm1 E va MP)tio

IV.B4-27 IV.B4.6-h Lower grid Stainless Reactor Loss of Chapter X, M16, "PWR Vessel No.
assembly steel coolant material/wear Intefhals," No Additional Measures.

(R-208)
Fuel assembly
support pads
Guide blocks

IV.B4-28 IV.B4.6-e Incore Monitoring Cast Reactor Loss of fracture Chapter XI.M13, "Thermal Aging No.
Instrumentation austenitic coolant toughiness/thermal and Neutron Irradiation

(R-206) (IMI) Guide Tube stainless >250"C agIngand neutron Embrittlement of Cast Austenitic,. / 7•

Assembly steel (>482"F) and irradiation Stainless Steel (CASS);" and Chapter
neutron flux embrittlement XI.M16, "PWR Vessel Internals,"

IMI Incore guide Primary Components.
tube spider
castings Primary Components: Accessible top

surfaces of 52 spider castings and
IMI guide tube welds to the adjacent lower grid rib
spider-to-lower section
grid rib sectioni
welds

/ :,f

I
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StructureAging Effect/ IFurtherItem Link and/or Environment chanis Pr, ga (AMP11)
Kcomponlenrt M.aterialI Nech anism : Evaluation

IV.B4-29

(R-202)

IV.B4.6-a Lower grid
assembly

Stainless
steel

Reactor
coolant

Lower grid rib
section

Fuel assembly
support pads

Lower grid flow
distributor plate

Orifice plugs

Lower grid and
shell forgings

Guide blocks

Shock pads

Support post pipes

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion A

cracking

. "d,

Chapte~rXI.M2, "Water Chemistry,"
for PWR primary water, and
Chapter XI.M16, "PWR VesseljInternals," No Additional Measures.

No Additional Measures: All
components of the lower grid
assembly for SCC and IASCC

No.

(
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< s titiicture Agi-Effect/ F'~ ~ 4 urther
:Item, Link A anid/or ~ 14%41< Mechanismeu ainagmn P1ogram'(AMNP)~
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IV.B4-30

(R-204)

IV.B4.6-c Lower grid
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant

Lower grid rib
section

Fuel assembly
support pads

Lower grid rib-to-
shell forging
screws

Lower grid flow
distributor plate

Orifice plugs

Lower grid and
shell forgings
Lower internals
assembly-to-
thermal shield .<+

bolts
Guide blocks and;i
bolts
Shock pads and
bolts• •,,
Support post pipes

Changes in
dimension/void
swelling

A

Chapte~rX.fM16, "PWR Vessel
Interinals,i'"No Additional Measures.

NoAdditional Measures: All
ýcomponents of the lower grid
assembly for changes in
dimension/void swelling

No.
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Struncture Aging Egvectk 2 rtherItem ~Link {and/Ma En~rnet L ý Aging agmn Program111(A]P
Comiponlent M~aeia AecharnsmII

IV.B4-31

(R-205)

IV.B4.6-d Lower grid
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant and
neutron flux

Lower grid rib
section

Fuel assembly
support pads

Lower grid rib-to-
shell

forging screws

Lower grid flow
distributor

plate

Orifice plugs

Lower grid and
shell forgings

Lower internals
assembly-to- /

thermal shield.
bolts f /

Guide blocks and

bolts~<

Loss of fracture
toughness/neutron
irradiation
embrittlement,
void swelling .

Chapter\XiUM16, "PWR Vessel
Internals."

'Expansion Components: Accessible
°pads, pad-to-rib section welds, Alloy
X-750 dowels, cap screws, and their
associated locking devices, depending
on the results of the examination of
the IMI guide tube spiders and the
spider-to-lower grid rib section welds

No Additional Measures: Lower grid
rib-to-shell forging screws, lower
grid and shell forgings, lower
internals assembly-to-thermal shield
bolts, guide blocks and bolts, the
lower grid rib section, the lower grid
distributor plate, the orifice plugs,
the support post pipes, and shock
pads and bolts for loss of fracture
toughness/neutron irradiation
embrittlement, void swelling

No.
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tent11 Link

IV.B4-32 I IV.B4.6-b Lower grid
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant

(R-203)
Lower grid rib-
to-shell forging
screws

Lower internals
assembly-to-
thermal shield
bolts

Guide block bolts

Shock pad bolts

t-raciung/stress
corrosion cracking,
primary water
stress corrosion
cracking, PRý
irradiation-assiste'dl
stress corrosion
cracking

t-napter.AI.1V1l, --water unemistry,-
for PWR primary water, and
Chapter XI.M16, "PWR Vessel
Internals."

(4

V

Primary Components: Accessible
locking welds for 24 dowel-to-guide
block welds

Expansion Components: Accessible
lower grid shock pad bolts at TMI-1
and the lower internals assembly-to-
thermal shield bolts at all plants,
depending on the results of the
examinations of upper core barrel
(UCB) and lower core barrel (LCB)
bolts; Accessible Alloy X-750 dowel-
to-lower fuel assembly support pad
welds, depending on the results of the
examinations of the Alloy X-750
dowel-to-guide block welds

No Additional Measures: Lower grid
rib-to-shell forging screws for
cracking

P

11

/

/
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Structure1( AgigEffect/~ Further
Item link , and/or Material Envlronment Mechanism. , , l a e gram (AMP) Evaluation "

Component

IV.B4-33 IV.B4.6-g Lower grid Stainless Reactor Loss of Chapter XI.M16, "PWR Vessel No.
assembly steel; coolant preload/stress Internals," No Additional Measures.

(R-207) nickel relaxation
Lower grid rib- alloy
to-shell forging lk ,
screws

Lower internals A
assembly-to-
thermal shield A

bolts

IV.B4-34 IV.B4.1-a Plenum cover and Stainless Reactor C. Cracking/stress Chapter XI.M16, "PWR Vessel No.
plenum cylinder steel coolant' corrosion cracking, Internals," No Additional Measures.

(R-172) irradiation-assisted
Plenum cover stress corrosion No Additional Measures: The top
assembly <,' cracking flange-to-cover bolts, the plenum

cover assembly, the plenum cylinder,
Plenum cylinder the reinforcing plates and the bottom

flange-to-upper grid screws for both
Reinforcing plates SCC and IASCC

IV.B4-36 IV.B4.1-b Top flange-to- • Cracking/stress
cover bolts , corrosion cracking,

(R-173) I irradiation-assisted
Bottom flange-to- stress corrosion
upper grid screws cracking

, I : . ..
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Structure and/or Aging Effect!/gn Furthertem Ln ..... a: aterial Enironment Mt•.chagisiv nManagementnrogram (AMP) Evaluation

IV.B4-35 IV.B4.1-c Plenum cover and Stainless Reactor Changes in Chapter Xi.M16, "PWR Vessel No.
plenum cylinder steel coolant dimension/void Internals," No Additional Measures.

(R-174) swelling
Plenum cover .
assembly

Plenum cylinder

Reinforcing plates

Top flange-to-
cover bolts ( %

Bottom flange-to-
upper grid screws

IV.B4-37 IV.B4.3-f Reactor vessel Stainless Reactor • Cumulative fatigue Fatigue is a time-limited aging Yes, TLAA.
IV.B4.5-f internals steel; coolant damage/fatigue analysis (TLAA) to be evaluated for

(R-53) IV.B4.6-f components nickel J ,9 the period of extended operation.
IV.B4.2-d alloy. % See the Standard Review Plan,
IV.B4.1-d Section 4.3 "Metal Fatigue," for
IV.B4.4-e acceptable methods for meeting the

requirements of 10 CFR 54.21(c)(1).

IV.B4-38 IV.B4. Reactor vessel<, >Stainless Reactor Loss of Chapter XI.M2, "Water Chemistry," No.
internals . steel; coolant material/pitting for PWR primary water.

(R-24) components • nickel and crevice
_,,__ _alloy corrosion
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SItei "Link and/or Eonvironmen,•t ,Agig• Effect! Agingii-.N-lanafreme P (AINI ) Furthern

Bo .,&.po ..e.t M aNterial ' M echanism Man gemelnt ro ram (A P E ý a

IV.B-39 IV.B4.8-b Core barrel Stainless Reactor Changes in Chapter, XL.M16, "PWR Vessel No.
assembly steel coolant dimension/void Interbals," No Additional Measures.

(R-215) swelling
Thermal shield
cylinder

4NJ

IV.B4-40 IV.B4.8-a Core barrel Stainless Reactor Crackili'/stress Chapter XI.M2, "Water Chemistry," No.
assembly steel coolant corrosioncracking, for PWR primary water, and

(R-214) irradiatiion-assisted Chapter XI.M16, "PWR Vessel
Thermal shield (ýstress 'corrosion Internals," No Additional Measures.
cylinder cracking

IV.B-41 IV.B4.8-c Core barrel Stainless Reactor "%'' Loss of fracture Chapter XI.M16, "PWR Vessel No.
assembly steel coolant aIi toughness/neutron Internals," No Additional Measures.

(R-216) neutlron flux irradiation

Thermal shield embrittlement,
cylinder ' void swelling
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SrcueAging Effect! Forthier
Item Link and/or Material .E'111'•. .1:::o:ment [N...han:::: 1i An Mianag een rogram(AMIP) E;•Mech msm• !• • ii':• : :::•:: :::• :Evaluation: .• :

Component

IV.B4-42 IV.B4.2-f Plenum cover and Stainless Reactor Loss of material Chapte~rXi1M16, "PWR Vessel . No.
plenum cylinder steel coolant and associated loss Internals."i'

(R-179) assemblies of clamping •.
load/wear "• Primary Components: Differential

Plenum rib pads lheight between top of plenum rib
(weldment rib / pads and reactor vessel seating
pads) " surface, with plenum in vessel, for

wear
Support flange

Expansion Components: Accessible
Lifting lug-to-base A dowel locking welds for the Alloy X-
block bolts / 750 dowel-to-upper fuel assembly

support pad welds for all plants
Top flange-to- except Davis-Besse, depending on the
cover bolts results of the examination of the

Alloy X-750 dowel-to-guide block
Bottom flange-to- welds
upper grid bolts

No Additional Measures: Top flange-
Upper grid assembly 4• to-cover bolts, bottom flange-to-

upper grid bolts, and rib-to-ring cap
Fuel assembly ' screws for loss of material/wear
support pad cap .

screws

Rib to ringc••h a
screws,
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Itemn Link
Structure
and/or
Component

Environnient
A

Nv;Material
gram (AMP)

Further
Evaluation

IV.B34-43

(R-176)

IV.B4.2-b Plenum cover and
plenum cylinder
assemblies

Plenum rib pads
(Weldment rib
pads)

Stainless
steel

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking

Crackingstress
corrosion cracking,
.irradaiation-assisted
stfress corrosion
cracking

Chapte• Xl.fM2, "Water Chemistry,"
for PWR primary water, and
C'apter XI.M16, "PWR Vessel
Lntiernals," No Additional Measures.

No Additional Measures: All upper
grid assembly and plenum
cover/plenum cylinder assembly
components with respect to SCC and
IASCC

No.

IV.B4-44 IV.B4.2-a I Upper grid assembly

(R-175) Rib section

Ring forging

Fuel assembly
support pad cap
screws

Rib-to-ring cap
screws

V
r/

>0< N

y

N;



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

IildnKi11tem1
Component Mlater~ial,

IV.B4-45

(R-177)

LV.B4-46

(R-178)

IV.B4.2-c

IV.B4.2-e

Plenum cover and
plenum cylinder
assemblies

Plenum rib pads
(Weldment rib
pads)

Upper grid assembly

Rib section

Ring forging

Fuel assembly
support pads

Rib-to-ring cap
screws

Stainless
steel

Reactor
coolant and
neutron flux

Changes in
dimension/void
swelling

Chapter XLIV.Nl, "1'WR Vessel
Intefhals,'"No Additional Measures.

Loss of fracture
toughness/neutron
irradiation 

%.1

embrittlement,
voidswelling

•NPAdditional Measures: All plenum
cover, plenum cylinder assembly, and
the upper grid assembly components
for changes in dimension/void
swelling and for loss of fracture
toughness/neutron irradiation
embrittlement

X, ^

>'

7)

. ý . a



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

[Itell ii k Sdr utueI :viro0iument Aging Effect/! la e n PrFurartherMP)Material Mlechanlism AigMafgm tPrga A P Evaluation
Component

IV.B4-1 IV.B4.5-i Core barrel
assembly

Stainless
steel

Reactor
coolant and
neutron flux(R-128)

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former
bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts and their
locking devices,
including locking
welds

Core barrel-to-
former bolts,-
and their locking
devices, in'cl uding
locking welds

Loss of fracture
toughness/neutron
irradiation
embrittlement

4

Chapter XI.M16, "PWR Vessel
Iriternals."

•Primary Components: Accessible
baffle/former bolts and screws;
Accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts and their locking devices are
inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts and their locking
devices, and on evaluation or
replacement

No.

(

.1
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Structuire Aging Effect! Fuirthier::Item ::::;':'1:):1/ :::L ink::.'- !it
nk andor N Mterial Enioimii echiankism : Aginig MNanagemient Programi (A > P) valuatioii

Coponpnent >N

IV.B4-2 IV.B4.3-a Control rod guide Stainless Reactor Cracking/stress Chaptei&,.XI:NM2, "Water Chemistry," No.
tube (CRGT) steel coolant corrosion cracking, for PWR primary water, and

(R-180) assembly irradiation-assisted Chapter XI.M16, "PWR Vessel
stress corrosion ,Ifternals," No Additional Measures.

CRGT pipe cracking
and flange

CRGT spacer A&
casting

CRGT rod
guide tubes /

CRGT rod
guide sectors C

/ Y



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM 9>
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:Ite•m,: Link : .. . .. g vrVStructureEnime *Frh

Component Material :NMlec.anism (AMP) Evaluation

IV.B4-3 IV.B4.3-c Control rod guide Stainless Reactor Changes in Chapter¢XIM16, "PWR Vessel No.
tube (CRGT) steel coolant dimension/void Interntals,' No Additional Measures.

(R-182) assembly swelling ,

CRGT pipe , >
and flange

CRGT spacer

casting

CRGT spacer
screws

Flange-to-
upper grid
screws

CRGT rod
guide tubes and

sectors__\ __

V.
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Item Lnk Strctre ::NechI)k]ty; ging Management Progran AMP) ude

,Conjip'ohenit Materiall"~auaio

IV.B4-4 IV.B4.3-d Control rod guide Cast Reactor Loss of fracture Chapter0rXIM13, "Thermal Aging No.
tube (CRGT) austenitic coolant toughness/thermal andeNeutron Irradiation

(R-183) assembly stainless >250(C aging and neutron Ernlfi ttlement of Cast Austenitic
steel (>4820F) and irradiation "Stainless Steel (CASS);" and Chapter

CRGT spacer neutron flux embrittlement . eXI.M16, "PWR Vessel Internals,"
castings Expansion Components.

Expansion Components.~Expansion Components: Accessible

surfaces at four screw locations
•• • (every 900) for CRGT spacer

castings, depending on examination
results for the core support shield
assembly cast outlet nozzles and vent

..valve discs

©

11
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S tr octt re Ag-ing Effect!/ rga 44 4 ute7 >
Item Lihk 'ahlor M0l Environment Mechanism-cnet rora (AMP 4 >I -te

*44 >Compti ,nt : •:i•,::i":

444'>!! • i : • : : :! :: : : : : : :: : : :: : : : : : : ::: : : : : : : : :i : . : : : : • • : : ::: ::,: :: :>1 1 __________ ______, ________ __________ ______._____________ __________

IV.B4-5

(R-181)

IV.B4.3-b Control rod guide
tube (CRGT)
assembly

CRGT spacer
screws

Flange-to-upper
grid screws

CRGT spacer
screws

Flange-to-
upper grid
screws

CRGT rod
guide tubes

CRGT rod
guide sectors

Stainless
steel

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking

$,>'

Chapter.X.M2, "Water Chemistry,"
for PWR primary water, and -
Chapter XI.M16, "PWR Vessel
4nternals," No Additional Measures
Components.

No.

ke
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"'I Sruc ture Ai-Efc/Furhe
Item L~ink and/or Agin Effect!t ýhacuitP r, ii MP)EI ~ ~> j<,, Mateial Mechanism ign aaemnnrg~m( ur~terio

IV.B4-6 IV.B4.3-e Control rod guide Stainless Reactor Loss of Chapter XICM16, "PWR Vessel No.
tube (CRGT) steel coolant preload/stress Interhnals," No Additional Measures.

(R-184) assembly relaxation

CRGT spacer
screws

Flange-to-
upper grid , ,
screws

."4I
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Item )

IV.B4-7

(R-125)

~Link

IV.B4.5-g

Striucture
::aifd/o•:!: :%

Comiponent

Core barrel
assembly

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former

bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts and their
locking devices,
including locking
welds

Core barrel-to-
former bolts Y
and their lo'ng Y

devices,,inclhidihg
locking welds

-Material

Stainless
steel

Reactor Cracking/stress
coolant corrosion cracking,

irradiation-assisted
stress corrosion
cracking -

EM

giAgh•1\man,,a11get;P~g (ANIP)

Chapter, XLM2, "Water Chemistry,"
for PWR primary water, and

Cliapter XI.M16, "PWR Vessel
Internals."

Primary Components: Accessible
baffle/former bolts and screws;
accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

ENao.ution.

No.

(
K

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts and their locking devices,
including locking welds, are
inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts and their locking
devices, and on evaluation or
replacement
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•i. > • I, Structure
Item> ] Link and/or

C Componenit

IV.B4-8

(R-199)

IV.B4.5-h Core barrel
assembly

Stainless
steel

Reactor
coolant

Changes in
dimension/ void
swelling

ChapteXiCM
Intetfnals.'

Baffle/former
assembly

Baffle/former
bolts and
screws

Locking devices
(including welds)
of baffle/former

bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts

Core barrel-to-
former bolts

y'rirnary Components: Accessible
baffle/former bolts and screws;
accessible baffle-to-former and
internal baffle-to-baffle bolt locking
devices

Expansion Components: Baffle-to-
baffle bolts and core barrel-to-former
bolts are inaccessible; justification for
continued operation will depend on
the examination results for baffle-to-
former bolts, and on evaluation or
replacement

4$:

V
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Structure AgngEfet/Uurth er
-Item Link and/or E Aging Mn•t rogram (Av::Compnent .Material 1,, Mechanismin anagemen Prograrn':A P .E.aluation :

IV.B4-9 IV.B4.5-j Core barrel Stainless Reactor Loss of Chapter"I.\M16, "PWR Vessel No.
assembly steel coolant preload/stress Inter-hals."

(R-201) relaxation >'
Baffle/former W•Pri'nary Components: Accessible
assembly . baffle/former bolts and screws;

/ '•' accessible baffle-to-former and
Baffle/former internal baffle-to-baffle bolt locking
bolts and devices
screws

Expansion Components: Baffle-to-
Locking devices baffle bolts and core barrel-to-former
(including welds) bolts are inaccessible; justification for
of baffle/former continued operation will depend on
bolts and internal the examination results for baffle-to-
baffle/baffle bolts former bolts, and on evaluation or•.• %'%Jreplacement

Baffle-to-baffle rpc e
bolts

Core barrel-to- - N
former bolts

4
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stutI[ Aging lc FuirtherItem, ~Link a 4(/ EnN ironmient Mhjwi AgNgmmanagement Programn (AMI\P) Eauto
Component !viaierIal> Me cais Fvhitii

... 42

IV.B4-1O

(R-193)

IV.B4-13

(R- 194)

IV.B4.5-a Core barrel
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant

IV.B4.5-b

Core barrel
cylinder (top
and bottom
flange)

Lower core barrel
(LCB) bolts and
locking devices

Core barrel-to-
thermal shield
bolts

Surveillance
specimen holder
tube (SSHT) bolts
or studs/nuts

Baffle plates

Former plates •

Cracking/stress
corrosion
cracking,
irradiation-assisted
stress corrosion •
cracking

Cracking/stress
corrosion.,
crackingprimary
waterbstress
c6rrbosion cracking,
4iriradiation-assisted
stress corrosion
cracking

Chapter, XiLCM2, "Water Chemistry,"
for PWR primary water, and
Chapter XI.M16, "PWR Vessel
Internals."

Primary Components: Accessible
lower core barrel bolts; accessible
lower core barrel bolt locking devices

Expansion Components: Accessible
upper thermal shield (UTS) bolts and
surveillance specimen holder tube
(SSHT) bolts (Davis-Besse) or
studs/nuts (Crystal River Unit 3),
depending on the examination results
for the upper core barrel and lower
core barrel bolts

No.

*44~4

4'

>4
%'<'"4
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Lq~i S ta~l~ Agin ticg~nn Program ffAM Furither
Item$ Ign~ Effect! mrmiwAglgPoran(A1

C01plei NMaterial -, Mcchlan1ismI Evaluation

IV.B4-11 IV.B4.5-c Core barrel Stainless Reactor Changes in Chapter X.IM16, "PWR Vessel No.
assembly steel; coolant dimension/void Intefhals," No Additional Measures.

(R-195) nickel swelling
Core barrel alloy
cylinder (top
and bottom -
flange)

Lower core barrel
(LCB) bolts

Upper thermal (
shield (UTS) .-

bolts

Surveillance
specimen holder
tube (SSHT) bolts
or studs/nuts

Baffle plates

Former plates
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Structuire~Fiihr
Aging Effect! An nrgeenItem Linkai poner E •,,:,,•,ii•rnvironm en t•( ............. .. :: Aglngg Ivaniagemenri Prograii (zkl:( P)i:E au to~::,:ii••i :

I.. .. . . .. . . .i n k a n d / o r t e r i a l iA M e c l h n i s m I. > E v a. i a t i o ..

IV.B4-12 IV.B4.5-d Core barrel Stainless Reactor Loss of fracture Chapter XLM16, "PWR Vessel No.
assembly steel; coolant and toughness/ neutron Intefhals."

(R-196) nickel neutron flux irradiation
Core barrel alloy embrittlement, void"" ,Primary Components: Accessible
cylinder (top swelling J •urfaces within one inch around each

and bottom > baffle plate flow and bolt hole
flange)

,4\ • Expansion Components: The core
Lower core barrel barrel cylinder (including vertical
(LCB) bolts 7 and circumferential seam welds) and

former plates are inaccessible, but
Core barrel-to- ( .• are linked to the examination results
thermal shield for the baffle plates; justification for
bolts continued operation is by evaluation

or by replacement
Baffle plates

Former plates

V
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~Strutjct ure Agn fet t w
Item: BLink and/or . Env~ironmniit ~gigftIAging- M,'anagemnent Progr~am (AMP1) vnaoi

C o m p o n e n t M a te r ia l . .. M e c h a i.isI in I . .t. l.. . . . . i i

IV.B4-14 IV.B4.5-e Core barrel Stainless Reactor Loss of Chaptevr XI.M16, "PWR Vessel No.
assembly steel; coolant preload/stress Interhals,'"No Additional Measures.

(R-197) nickel relaxationi
Core barrel alloy
cylinder (top
and bottom
flange)

Lower core barrel
(LCB) bolts

Core barrel-to-
thermal shield
bolts

Baffle plates

Former plates

IV.B4-15 IV.B4.4-f Core support shield Stainl~ss' :Reactor Loss of Chapter XI.M16, "PWR Vessel No.
(CSS) assembly steel, coolant material/wear Internals."

(R-190)
CSS cylinder Primary Components: CSS cylinder
(top and bottom top flange (differential height from
flange) the top of the plenum rib pads to the

reactor vessel seating surface) for loss
CSS venti'valve of material/wear
assenibly locking
device. No Additional Measures: CSS vent

valve top and bottom retaining rings
X, for loss of material/wear.
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(R-188)
steel;
nickel
alloy

Reactor
coolant and
neutron flux

Loss of fracture
toughness/neutron
irradiation
embrittlement, void
swelling

Chapteirý,XI.M16, "PWR Vessel
Interbals,5' No Additional Measures.

CSS cylinder
(top and bottom
flange)

Upper core
barrel (UCB)
bolts

Outlet and vent
valve nozzles

CSS vent valve
assembly locking
device

IN, S,

P11
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Structure,>AigEfct i~te
Item >Link and/or En vironmnent Agn fec/--anlenij iwrn a'NP uther

IV.B17 . Component> N 'laterial Mlechiaisnis I EvaluMnaeantrorai(MPn

IV.B4-17 IV.B4.4-c Core support shield Stainless Reactor Changes in Chapter XI.M16, "PWR Vessel No.
(CSS) assembly steel; coolant dimension/void Internals," No Additional Measures.

(R-187) nickel swelling , +.
CSS cylinder alloy
(top and bottom
flange)

Upper core
barrel (UCB) A

bolts
•= /

Vent valve )
assembly
retaining ring and
locking device

1<
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Structur-e
E~~t'Aging Effect! Agn Faeretigam(M) 1'rthier~Iteni Link and/or Mater ial Mechani sm E .. n maaiaagetieitonPogiam (AP)

Comlponienit ehainEluto

IV.B4-18 IV.B4.4-a Core support shield Stainless Reactor Cracking/stress Chapter XiM2, "Water Chemistry," No.
(CSS) assembly steel; coolant corrosion cracking, for PWR primary water, and

(R-185) nickel irradiation- Chapter XI.M16, "PWR Vessel
CSS cylinder alloy assisted stress •(•\6ternals."
(top and bottom corrosion cracking&

IV.B4-20 IV.B4.4-b flange) Primary Components: Accessible
Cracking/stress upper core barrel bolts; accessible

(R-186) Upper core corrosion cracking, upper core barrel bolt locking
barrel (UCB) primary water devices
bolts and their str ess corrosion
locking devices cracKing No Additional Measures: All other

i fradiation-assisted CSS assembly components relative to
Outlet and vent ? stress corrosion SCC, IASCC, or PWSCC
valve nozzles cracking

Vent valve body
and retaining ring /

IV.B4-19 IV.B4.4-h Core support shield Stainless `Reýctor Loss of Chapter XI.M16, "PWR Vessel No.(CSS) assembly steel; ,z,•% 1ý-, ,k•
C stcoolant preload/stress Internals," No Additional Measures.

(R-192) niclkel 7 relaxation
Upper core a~loy>'
barrel (UCB)
bolts

V
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I Struture 2Aging E V "' / Furtherl
'Item - Link and/or EnNvirounment Effct Aginig Mlanagement Prograim (AMNP) vaato

_______ pylplent Material Mechanism Eauto

IV.B4-21 IV.B4.4-g Core support shield Cast Reactor Loss of fracture Chapter XI(M13, "Thermal Aging No.
(CSS) assembly austenitic coolant toughness/ and>Neutron Irradiation

(R-191) stainless >2500C thermal aging and Em brttlement of Cast Austenitic
CSS cast outlet steel (>482)F) and neutron ýia'inless Steel (CASS);" and Chapter
nozzles neutron flux irradiation .. XI.M16, "PWR Vessel Internals,"

embrittlement Primary Components.
CSS vent valve
discs Primary Components: CSS cast

outlet nozzles (Oconee Unit 3 and
CSS vent valve Davis-Besse), vent valve discs, vent
disc shaft or valve disc shaft or hinge pin, and
hinge pin V( \vent valve top and bottom retaining

rings
CSS vent valve
top and bottom ,
retaining rings

I C1

SQ
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Struicture kgu fet/Uute
Itemn Link aiid/or Material v AgnigM:chaiism Aging Program (AMIP) Frhr

Comiponent

'IV.B4-22 IV.B4.7-a Flow distributor Stainless Reactor Cracking/stress Chapte'r XLM2, "Water Chemistry," No.
assembly steel; coolant corrosion cracking, for PWR primary water, and

(R-209) nickel irradiation- Chapter XI.M16, "PWR Vessel
Flow distributor alloy assisted stress I7 ternals," Expansion Components.
head and flange corrosion cracking,

IV.B4-25 IV.B4.7-b " , Expansion Components: Accessible
Incore guide Cracking/stress- ' shell forging-to-flow distributor

(R-210) support plate corrosion cracking, bolts, depending on the examination
primary water results for the core support shield

Clamping ring stress corrosion (CSS) upper core barrel bolts andy
.crackinig, their locking devices, or for the core

Shell forging-to- (irardiation-assisted barrel assembly lower internals2*

flow distributor •stress corrosion assembly-to-core barrel (lower core
bolts ,%. cracking barrel) bolts and their locking

devices

No Additional Measures: Flow
distributor head and flange, incore
guide support plate, and clamping
ring for cracking due to SCC or
IASCC

V
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Struictuire Agn Efet I' II,
ten Lnan/rEnv~ironmecnt Agn Efc/ AgingNaa~enn Programi Further~itn'~.X.Li~ki ~.id~or aterial M\echanism aaeet AP vlutony7

component jif--

IV.B4-23 IV.B4.7-c Flow distributor Stainless Reactor Changes in Chapter XICM16, "PWR Vessel No.
assembly steel; coolant and dimension/void Interhals,"'No Additional Measures.

(R-211) nickel neutron flux swellingN%1.1..0
Flow distributor alloy NS o Additional Measures: All of the
head and flange 4< •components of the flow distributor

IV.B4-24 IV.B4.7-d Loss of fracturei k, assembly for the effects of changes in
Incore guide toughness/ dimension/void swelling, and for the

(R-212) support plate neutronirradiation effects of loss of fracture
embrittlement, void toughness/neutron irradiation

Clamping ring swellingi" embrittlement, void swelling

Shell forging-to-
flow distributor
bolts

IV.B4-26 IV.B4.7-e Flow distributor Stainless Reactor'7 Loss of Chapter XI.M16, "PWR Vessel No.
assembly steel; coolant preload/stress Internals," No Additional Measures.

(R-213) nickel relaxation
Clamping ring alloy

N7l
Shell forging-to- 7K
flow distributor
bolts

__ _ __ _ _ _ _ __ _ _ __ _ _ __ _ __ _ _ __ _ _ _ __ _ _ __ _ __ _ __ _ __ _ __ _ _ __ _ __ _ _ __ _ __ __ _ _ __ _ __ _ _

5y
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I Structure Ag-ing Effect!/ ~ g Further
Item Link •aMd/ori Environmenit , , ' Aging anage'biet Program, (AMP) E•l

IV.B4-27 IV.B4.6-h Lower grid Stainless Reactor Loss of Chapter•iXM16, "PWR Vessel No.
assembly steel coolant material/wear Interhals," No Additional Measures.

(R-208) %
Fuel assembly

support pads ' '%

Guide blocks

IV.B4-28 IV.B4.6-e Incore Monitoring Cast Reactor Loss of fiacture Chapter XI.M13, "Thermal Aging No.
Instrumentation austenitic coolant tougliness/thermal and Neutron Irradiation

(R-206) (IMI) Guide Tube stainless >2500C aging anid neutron Embrittlement of Cast Austenitic
Assembly steel (>4820F) and ,lrradmtion Stainless Steel (CASS);" and Chapter

neutron flux embrittlement XI.M16, "PWR Vessel Internals,"
IMI Incore guide Primary Components.
tube spider•.,• ••castings spiPrimary Components: Accessible top

surfaces of 52 spider castings and
I-I guide tube welds to the adjacent lower grid rib

spider-to-lower section
grid rib section
welds ?' >'

0



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

(R-202)

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking

Chapter XI.M2, "Water Chemistry,"
for PWR primary water, and
Chapter XI.M16, "PWR Vessel
1Ihtfrnals," No Additional Measures.Lower grid rib

section
A

Fuel assembly
support pads

Lower grid flow
distributor plate

Orifice plugs

Lower grid and
shell forgings

Guide blocks

Shock pads

Support post pipes,,

No Additional Measures: All
components of the lower grid
assembly for SCC and IASCC

'I

V
~ /V. 1.
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Item < (LIn and/o ;~~iA1 Egit Aging, Efet'1 ~t
Me n I Evaluwatiuaon' ' : 1 1 - F\ 1

== : i ::, •.... . . . ,. . . , - • . .. , i• •• . .. . . .. . .. .

IV.B4-30

(R-204)

IV.B4.6-c Lower grid
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant

Changes in
dimension/void
swelling

Lower grid rib
section

Fuel assembly
support pads

Lower grid rib-to-
shell forging
screws

Lower grid flow
distributor plate

Orifice plugs

Lower grid and
shell forgings
Lower internals
assembly-to-
thermal shield
bolts
Guide blockstanvd-i
bolts " n W
Shock padsand
bolts
Su"port post pipes

Chapter XIM16, "PWR Vessel
Interbhals," No Additional Measures.

N• Additional Measures: All
•components of the lower grid
assembly for changes in
dimension/void swelling

No.

S

/

7



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox

, Stru ctu ie j <,
Itemrut~ an~re ~rie Aging Effect! Further 4

ItMechan udorIsm 1:iiignagemnent Program cAM\P)
Component4 Enirmuu 1\1MatariaL Evaluation

IV.B4-31

(R-205)

IV.B4.6-d Lower grid
assembly

Stainless
steel;
nickel
alloyLower grid rib

section

Fuel assembly
support pads

Lower grid rib-to-
shell

forging screws

Lower grid flow
distributor

plate

Orifice plugs

Lower grid and
shell forgings

Lower internals
assembly-to- ^ I

thermal shield.)
bolts \.

Guide blocks and
bolts ,

Reactor
coolant and
neutron flux

r:l

Loss of fracture
toughness/neutron
irradiation
embrittlement,
void swelling

Chapter XIfM16, "PWR Vessel
Interhals."

tExfpansion Components: Accessible
.pads, pad-to-rib section welds, Alloy
X-750 dowels, cap screws, and their
associated locking devices, depending
on the results of the examination of
the IMI guide tube spiders and the
spider-to-lower grid rib section welds

No Additional Measures: Lower grid
rib-to-shell forging screws, lower
grid and shell forgings, lower
internals assembly-to-thermal shield
bolts, guide blocks and bolts, the
lower grid rib section, the lower grid
distributor plate, the orifice plugs,
the support post pipes, and shock
pads and bolts for loss of fracture
toughness/neutron irradiation
embrittlement, void swelling

No.
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Structure gu E etFohrItem Link Matdr I v I gg Macahmasemt Program (AM )-P)and/1porlelt Nlatel ii. - Mechati!m :A•ging:Ma•nghenF iurthe

IV.B34-32

(R-203)

IV.B4.6-b Lower grid
assembly

Stainless
steel;
nickel
alloy

Reactor
coolant

Lower grid rib-
to-shell forging
screws

Lower internals
assembly-to-
thermal shield
bolts

Guide block bolts

Shock pad bolts

7,'.. .

Cracking/stress
corrosion cracking,
primary water
stress corrosion
cracking, ,,
irradiation-assistedr

stress corrosion
cracking.

(:4,

Chapter M X12, "Water Chemistry,"
for PWR primary water, and
Cliapter XI.M16, "PWR Vessel
~Jht~ernals."

Primary Components: Accessible
locking welds for 24 dowel-to-guide
block welds

Expansion Components: Accessible
lower grid shock pad bolts at TMI-1
and the lower internals assembly-to-
thermal shield bolts at all plants,
depending on the results of the
examinations of upper core barrel
(UCB) and lower core barrel (LCB)
bolts; Accessible Alloy X-750 dowel-
to-lower fuel assembly support pad
welds, depending on the results of the
examinations of the Alloy X-750
dowel-to-guide block welds

No Additional Measures: Lower grid
rib-to-shell forging screws for
cracking

No.

X

7
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Structure , Aging Effect/ Furth.er
Item Lnk au/or nvironmen1clt M' -k-ini Mlanirxa(ement _, iij()Ite Lnk nUorMaterial a;Esl Prga AP vlation

Component 
utne

IV.B4-33 IV.B4.6-g Lower grid Stainless Reactor Loss of Chapter XL.M16, "PWR Vessel No.
assembly steel; coolant preload/stress hnternals,ý"No Additional Measures.

(R-207) nickel relaxation
Lower grid rib- alloy
to-shell forging
screws

Lower internals
assembly-to-
thermal shield
bolts

IV.B4-34 IV.B4.1-a Plenum cover and Stainless Reactor Cracking/stress Chapter XI.M16, "PWR Vessel No.
plenum cylinder steel coolant' • corrosion cracking, Internals," No Additional Measures.

(R-172) irradiation-assisted
Plenum cover stress corrosion No Additional Measures: The top
assembly cracking flange-to-cover bolts, the plenum

cover assembly, the plenum cylinder,
Plenum cylinder the reinforcing plates and the bottom

4 flange-to-upper grid screws for both
Reinforcing plates SCC and IASCC

IV.B4-36 IV.B4.1-b Top flange-to- " Cracking/stress
cover bolts corrosion cracking,

(R-173) irradiation-assisted
Bottom flange-to- stress corrosion
upperigrid screws cracking

, /•
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<St I ti• u re 4 . Aging Effect!
Iteth iInik and/on M>aterial Eniviroiim t 2Mechanis'sii

4Coiipdnlent4I

IV.B4-35

(R-174)

IV.B4.1-c Plenum cover and
plenum cylinder

Plenum cover
assembly

Plenum cylinder

Reinforcing plates

Top flange-to-
cover bolts

Bottom flange-to-
upper grid screws

Stainless
steel

Reactor
coolant

Changes in
dimension/void
swelling

Chapter XIM16, "PWR Vessel
Interthals,'"No Additional Measures.

'2/-

IV.B4-37 IV.B4.3-f Reactor vessel Stainless Reaftor Cumulative fatigue Fatigue is a time-limited aging Yes, TLAA.
IV.B4.5-f internals steel; cofolant damage/fatigue analysis (TLAA) to be evaluated for

(R-53) IV.B4.6-f components nickel --- the period of extended operation.
IV.B4.2-d alloy, >" See the Standard Review Plan,
IV.B4.1-d Section 4.3 "Metal Fatigue," for
IV.B4.4-e acceptable methods for meeting the

A requirements of 10 CFR 54.21(c)(1).

IV.B4-38 IV.B4. Reactor vessel Y 7Stainless Reactor Loss of Chapter XI.M2, "Water Chemistry," No.
internals steel; coolant material/pitting for PWVR primary water.

(R-24) components > nickel and crevice
.4_._ _ _,°/ > alloy corrosion
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... .ructure Effect!

tem L.ink and/or nironlent ghigg MEffect/anaueentProg•• ain (A , I P)
Materialt N Mcchla ni Smi Evaluation

IV.B-39 IV.B4.8-b Core barrel Stainless Reactor Changes in Chapter XI.M16, "PWR Vessel No.
assembly steel coolant dimension/void Interfhals,"No Additional Measures.

(R-215) swelling
Thermal shield
cylinder

IV.B4-40 IV.B4.8-a Core barrel Stainless Reactor Cracki4fg/stress Chapter XI.M2, "Water Chemistry," No.
assembly steel coolant corrosion cracking, for PWR primary water, and

(R-214) irradiation-assisted Chapter XI.M16, "PWR Vessel
Thermal shield 2stress"corrosion Internals," No Additional Measures.
cylinder cracking

IV.B-41 IV.B4.8-c Core barrel Stainless Reactor ' Loss of fracture Chapter XI.M16, "PWR Vessel No.
assembly steel coolaniand' toughness/neutron Internals," No Additional Measures.

(R-216) neutron flux irradiation
Thermal shield embrittlement,
cylinder void swelling

%.>,

Aj



IV REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM 41.1
B4 Reactor Vessel Internals (PWR) - Babcock & Wilcox Z

Structure Fute
Item ,ink and/or nagement Program o e Agigffet!MP:)

I Componlent rlaterial MechanI ism : igi Mngm tPor (Avaluation

IV.B4-42 IV.B4.2-f Plenum cover and Stainless Reactor Loss of material Chapter XI.M16, "PWR Vessel No.
plenum cylinder steel coolant and associated loss Interhals."

(R-179) assemblies of clamping
load/wear Primary Components: Differential

Plenum rib pads height between top of plenum rib
(weldment rib A ) pads and reactor vessel seating
pads) surface, with plenum in vessel, for

/•/ wear

Support flange

) •Expansion Components: Accessible
Lifting lug-to-base dowel locking welds for the Alloy X-
block bolts 750 dowel-to-upper fuel assembly

P support pad welds for all plants
Top flange-to- A%, except Davis-Besse, depending on the
cover bolts results of the examination of the

k" •Alloy X-750 dowel-to-guide block
Bottom flange-to- welds
upper grid bolts -"%••

uprgibotNo Additional Measures: Top flange-

Upper grid assembly to-cover bolts, bottom flange-to-
upper grid bolts, and rib-to-ring cap

Fuel assembly screws for loss of material/wear
support pad cap
screws V

Rib-to-ring cap•
screws \
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Struicture Ain Effect// ') Further K
Iteml Link and/or Environment Aging Agn aagmn rogram (AMP)Maeral Mcaii Evaluation

Component

IV.B4-43 IV.B4.2-b Plenum cover and Stainless Reactor Cracking/stress Chapte'r,•XLM2, "Water Chemistry," No.
plenum cylinder steel coolant corrosion cracking, for PWR primary water, and

(R-176) assemblies irradiation-assisted Chapter XI.M16, "PWR Vessel
stress corrosion jainernals," No Additional Measures.

Plenum rib pads cracking /

(Weldment rib , "/ No Additional Measures: All upper
pads) \... grid assembly and plenum

.• cover/plenum cylinder assembly
IV.B4-44 IV.B4.2-a Upper grid assembly Cracking/stress components with respect to SCC and

corrosion cracking, IASCC
(R-175) Rib section irradihtion-assisted

stress corrosion
Ring forging ',cracking

Fuel assembly
support pad cap
screws

Rib-to-ring cap

screws

7
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Plenum cover and
plenum cylinder
assemblies

Stainless
steel

Keactor
coolant and
neutron flux

Changes in
dimension/void
swelling

Chapter XLVllO, "'I'WK vessel
Interhals," No Additional Measures.

(R-177)

IV.B4-46

(R-178)

IV.B4.2-e Plenum rib pads
(Weldment rib
pads)

Upper grid assembly

Rib section

Ring forging

Fuel assembly
support pads

Rib-to-ring cap
screws

Loss of fracture
toughness/neutron,
irradiation %%o
embrittlement,
void~swelling

•No Additional Measures: All plenum
>cover, plenum cylinder assembly, and
the upper grid assembly components
for changes in dimension/void
swelling and for loss of fracture
toughness/neutron irradiation
embrittlement

\ "S

<S



XI.M16 PWR VESSEL INTERNALS

Program Description

This program relies on implementation of the Electric Power Research Institute (EPRI)
"Pressurized Water Reactor Internals Inspection and Evaluation Guidelines (MRP-227)" to
manage aging effects on the reactor vessel internals.

This program includes:

(a) Examinations and other inspections, and comparison with examination acceptance P
criteria as defined in MRP-227, Revision 0 and MRP-228, Revision 0 or later revisions; >

(b) Disposition of indications that exceed examination acceptance criteria by entering
them into the licensee's Corrective Action Program, and may include evaluation for c`nninued
service until the next examination; and

(c) Monitoning and control of reactor primary coolant water chemistry, in~a•ccordance
with the EPRI PWR Primary Water Chemistry guidelines (EPRI TR-10149R86"o' later revisions).

The program also includes future industry operating experience as incorporatcl in periodic
revisions to MRP-227. The program thus ensures the long-term integ rit'y and safe operation of
reactor internals in all commercial operating U.S. pressurized water reactor (PWR) nuclear
power plants.

Evaluation and Technical Basis

1. Scope of Program: The guidance in MRP-227 prowides requirements that assure functional integrity of
safety-related internals in commercial operating U.SPWIR nuclear power plants designed by Babcock &
Wilcox (B&W), Combustion Engineering (CE), and Westinghouse. The scope of components considered for
guidance includes core support structures (typic'•d• lydenoted as B-N-3 by the ASME Code Section XI) and
other internals components that by failure ma, affect the achievement of a safety related function. This
scope definition was the basis for the requi!rements of MRP-227, and subject to the applicability assumptions
listed in Section 2.4 of the document, isn,'anacceptable scope definition for individual applicants. The scope
does not include consumable items Wsuchas fuel assemblies, reactivity control assemblies, and nuclear
instrumentation. The scope alsoldoes-not include welded attachments to the internal surface of the reactor
vessel.

This program is focused oni)managing the effects of eight age-related degradation mechanisms - stress
corrosion cracking (S()- irradiation assisted stress corrosion cracking (IASCC), loss of material caused by
wear, cracking causýdJby fatigue, loss of fracture toughness caused by either thermal aging or neutron
irradiation embrittlement, dimensional changes and potential loss of fracture toughness caused by void
swelling and irradiation growth, and loss of preload caused by thermal and irradiation-enhanced stress
relaxation odicreep. The guidance also depends on preventive measures, such as fuel loading management:4, 1 .... ý
and pri maiy'water chemistry control, to limit the degradation.

THl6.guidance is based on a sampling methodology as defined by the Branch Technical Position RSLB-1,
w periodic examinations and other inspections of highly-affected internals locations, in order to detect the

effects of the eight age-related degradation mechanisms in a timely and effective manner. The sampling
program includes a requirement for expanding the sample of periodic examinations and other inspections if
the extent of the degradation effects exceeds the expected levels.

The selection of highly-affected internals locations is based on a four-step process:



" Screening of reactor internals for all three (B&W, CE, and Westinghouse) designs, considering
chemical composition, neutron fluence exposure, temperature history, and representative stress
levels, in order to determine the susceptibility or non-susceptibility of PWR internals to the eight
postulated aging mechanisms;

* Further categorization of these reactor internals, based on the screening results and the
likelihood/severity of safety and economic consequences, into categories (for each degradation1
effect) ranging from insignificant effects (Category A) to potentially moderately significant •fect's
(Category B) to potentially significant effects (Category C);

" Functionality assessment of components and assemblies of components based on representative plant
designs using irradiated and aged material properties to determine the effects of thfe degradation
mechanisms on functionality;

* Aging management strategy development combining the results of functionality-assessment with
component accessibility, operating experience, existing evaluations, an rfio•fr examination results to
determine the appropriate methodologies for maintaining the long-terih fuictions of PWR internals
safely and economically.

The result of this four-step sample selection process is a set of Primafyi-yitemrnals locations for each of the
three plant designs that are expected to show the leading indications iofthe degradation effects, with another
set of Expansion internals locations that are specified to expand the sample should the indications be more
severe than anticipated. The degradation effects in a third set ofinternals locations are deemed to be
adequately managed by Existing Programs, such as ASME, Code Section XI Examination Category B-N-3
examinations of core support structures, while a fourth,set;jf internals locations are deemed to require No
Additional Measures. Typically, 5% to 15% of the i0teriials locations were classified as Primary, with
another 7% to 10% of the internals locations classified as Expansion. Another 5% to 15% of the internals
locations are covered by Existing Programs, withl•:i e remainder requiring No Additional Measures. This
sample selection process is adequate to assur&sdifety function integrity of the subject safety related PWR
reactor internal components.

The guidance in MRP-227 includes inn~omation on component description and function (Section 3);
requirements for methods, extent, andyfrequency of the examinations (Section 4); examination acceptance
criteria and requirements for expanding the scope of the examinations as needed (Section 5); information on
acceptable methods for eva'luftiing the structural integrity significance of flaws detected during these
examinations that exceedekamnination acceptance criteria (Section 6); and general informnation on component
repair and replacementlpprcedures (Section 6). The guidance also contains provisions for reporting to the
EPRI MRP by thedindi~idual utilities on the results of the examinations, with the intent that the sampling
program extends&beyond an individual plant to include all other PWRs. In this way, the combined results
from many sets of internals examinations are used to determine the need for program adjustments.

2. Preventive Actions: The guidance in MRP-227 does not specify any preventive actions other than the
applicabti'y limitations to base-loaded plants and the fuel loading management assumptions upon which the
functirality analyses were based. These limitations and assumptions require a detenmination of
appIcability by the licensee for each reactor, and are covered in Section 2.4 of MRP-227.

In addition, the guidance in MRP-227 relies on PWR water chemistry control to manage SCC and reduce the
impact of IASCC. Therefore, an important adjunct to the aging management methodologies described by the
guidance in MRP-227 is PWR water chemistry control. The water chemistry program for PWRs relies on



monitoring and control of reactor water chemistry as presented in Chapter XI.M2, "Water Chemistry," of
NUREG-1801, Volume 2.

3. Parameters Monitored/Inspected.: The program monitors the effects of eight aging degradation
mechanisms on the intended function of PWR internals through a set of periodic examinations and other
inspections using well-established visual examination, volumetric examination, and physical measurement
techniques in accordance with the requirements of MRP-227. Cracking caused by SCC, IASCC, and fatigue
is monitored/inspected by either visual (VT-I or EVT-1) examination (for internals other than boltinjg) •or by
volumetric (UT) examination (bolting). Visual (VT-3) examination is used to monitor/inspect fo `the gross
effects of SCC, IASCC, and fatigue cracking, and for loss of material caused by wear. The Vt- 3 :detection
of gross cracking effects is used only when the tolerance of the component or affected ass'embly is known or
has been shown to be tolerant of easily detected large flaws. In addition, VT-3 examlhationifs are used to
monitor/inspect for general aging conditions, such as gross distortion caused by voidýswelling and irradiation
growth or by gross effects of loss of preload caused by thermal and irradiation-enhanced stress relaxation
and creep. The loss of fracture toughness, whether caused by either thermal aging or neutron irradiation
embrittlement, or by void swelling and irradiation growth, is not directly measured; instead, the
consequential effects of loss of fracture toughness are monitored/inspectedlusing visual or volumetric
examinations. In addition, physical measurements are used to moito /,lnspect for the gross effects of wear
in a few representative cases.

The parameters monitored/inspected for Primary components are described specifically for B&W designs in
Table 4-1, for CE designs in Table 4-2, and for Westinghouse designs in Table 4-3. The parameters
monitored/inspected for Expansion components are described- specifically for B&W designs in Table 4-4, for
CE designs in Table 4-5, and for Westinghouse designs<sniTable 4-6. These tables provide detailed
descriptions of the relevant conditions that require disposition within the Corrective Action Program. The
parameters monitored/inspected for Existing Program components follow the requirements of the referenced
existing programs, such as the ASME Code Sectidn XI Table IWB-2500-1 descriptions or the GALL AMP
XI.M37 Flux Thimble Tube Inspection. In'several Existing Programs, additional descriptive information is
provided to supplement the existing program relevant conditions, on the basis that more precise information
on the degradation mechanism and itsleff&cts is known. The relevant conditions constitute the important
characteristics of the parametersmiomnitored/inspected.

4. Detection of Aging Effcts: The detection of aging effects is covered in two places: (1) the guidance
in Section 4 of MRP-27 provides an introductory discussion and justification of the examination methods
selected for detecting tl-h aging effects of interest; and (2) standards for examination methods, procedures,
and personnel are,;Eip rided in a companion document, MRP-228. In all cases, well-established methods
were selected. These methods include volumetric (UT) examination methods for detecting flaws in bolting
and various vi•apl (VT-3, VT-1, and EVT-1) examinations for detecting effects ranging from general
conditions todetection and sizing of surface-breaking discontinuities.

Thg• , ability of volumetric examination by ultrasonic testing (UT) to detect loss of integrity of PWR.-X ). - .. ..
internals bolts, pins, and fasteners, such as baffle-former bolting in B&W and Westinghouse units has been
well demonstrated by operating experience. In addition, MRP-228 requires that Technical Justifications that
are needed for volumetric examination method demonstrations, based on the requirements of the ASME
Code, Section V. Based upon this supporting documentation, the methods, coverage, and schedule of the
inspection and test techniques prescribed by MRP-227 are capable of maintaining structural integrity and
ensuring the detection and correction of aging effects before the loss of intended function of PWR internals.
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For some components MRP-227 specifies a focused visual (VT-3) examination, similar to the current ASME
Code Section XI Examination Category B-N-3 examinations, in order to determine the general mechanical
and structural condition of the internals by: (a) verifying parameters, such as clearances, settings, and
physical displacements; and (b) detecting discontinuities and imperfections, such as loss of integrity at bolted
or welded connections, loose or missing parts, debris, corrosion, wear, or erosion. When more rigorous'> ',

detection of cracking is required, PWR internals will be examined by visual (VT-1) examination, ini'or•er to'
detect discontinuities and imperfections, such as cracks, corrosion, wear, or erosion, on the surfaces of
components. In some cases, where even more stringent examinations are required, enhanced visual (EVT-1)
examinations or ultrasonic methods of volumetric inspection, are specified for certain selected components
and locations.

5. Monitoring and Trending: The examinations and re-examinations required by the~MRP-227 guidance,
together with the requirements specified in MRP-228 for inspection methodologies,,inspection procedures,
and inspection personnel, provide timely detection, reporting, and corrective a"ti(pn with respect to the
effects of the eight age-related degradation mechanisms within the scope of the program. The extent of the
examinations, beginning with the sample of susceptible PWR internals coniponent locations identified as
Primary locations, with the potential for inclusion of Expansion locatoibnvif the effects are greater than
anticipated, plus the continuation of the Existing Programs activitiefsuZhas the ASME Code Section XI
Examination Category B-N-3 examinations for core support structures, provides a high degree of confidence
in the total program.

6. Acceptance Criteria: Section 5 of MRP-227 provides specific examination acceptance criteria for the
Primary and Expansion component examinations. ForExisting Programs components referenced to ASME
Section XI, the IWB-3500 acceptance criteria apply. For other Existing Programs, the examination
acceptance criteria is described within the existing program reference document.

The guidance in MRP-227 contains threevt..pe'of examination acceptance criteria:

* For visual examination (and suffd`e examination as an alternative to visual examination), the
examination acceptance critenri.is the absence of any of the specific, descriptive relevant conditions;
in addition, there are requirements to record and disposition surface breaking indications that are
detected and sized~,fotMength by the visual (VT-1/EVT-1) examinations;

" For volumetric examination, the examination acceptance criterion is the capability for reliable
detection of india'tions in bolting, as demonstrated in the examination Technical Justification; in
addition, there are requirements for system-level assessment of bolted or pinned assemblies with
unacceptabli volumetric (UT) examination indications that exceed specified limits; and

.0 ForP'physlcal measurements, the examination acceptance criterion for the acceptable tolerance in the
/ln'easured differential height from the top of the plenum rib pads to the vessel seating surface in B&W

,\"plants has been generically established and is given in Table 5-1, while the Westinghouse plant
/. l.internals hold-down spring height limit will be established on a plant-specific basis.

The use of visual examination relevant conditions (and the absence of relevant conditions as a visual
examination acceptance criterion) is consistent with the ASME Code Section XI rules for visual
examination. MRP-227 has added specificity to the visual examination relevant conditions by providing
descriptions that are more applicable to the components and degradation effects, so that the absence of these
specific degradation effect conditions gives improved confidence in the examination results.



The technical basis for volumetric examination relevant conditions can be found in MRP-228, where the
review of existing bolting ultrasonic examination technical justifications has demonstrated the indication
detection capability of at least two vendors, and where vendor technical justification is a requirement prior to
any additional bolting examinations.

In addition to examination acceptance criteria for Primary components, MRP-227 also defines expansion,
criteria to be used for expanding the examinations to include the Expansion components. This implements
the sampling basis inspection approach to adequately determine the significant extent of the observ~d" 1

condition. 7"

Any detected conditions that do not satisfy the examination acceptance criteria are required to be
dispositioned through the plant corrective action program, which may require repair, replacement, or
analytical evaluation for continued service until the next inspection. The disposition will densure that design
basis functions of the reactor internals components will continue to be fulfilled for all licensing basis loads
and events. Example methodologies that can be used to analytically disposition unacceptable conditions are
discussed or referenced in Section 6 of MRP-227. However, other alternatives tL61hte Section 6
methodologies may also be used, such as the methodologies in WCAP-1709o.

7. Corrective Actions: Corrective actions following the detection of,6n&eptable conditions are
fundamentally provided for in each plant's corrective action program. Additional guidance for disposition of
unacceptable conditions for PWR internals may be found in the ASMETode, Section XI, and in Section 6 of
MRP-227. Section 6 of MRP-227 describes the options that arehavailable for disposition of detected
conditions that exceed the examination acceptance criteria ofSectIon 5. These include engineering
evaluation methods, as well as supplementary examinations.to` further characterize the detected condition, or
the alternative of component repair and replacementpocedures. The latter are subject to the requirements of
the ASME Code Section XI. The implementation ofhe guidance in MRP-227, plus the implementation of
any ASME Code requirements, provides an acceptable level of aging management of safety-related
components addressed in accordance with the coriective actions of 10 CFR Part 50, Appendix B or its
equivalent, as applicable.

8. Confirmation Process: Site qualit•,,ssurance procedures, review and approval processes, and
administrative controls are implemented in accordance with the requirements of 10 CFR Part 50, Appendix
B or their equivalent, as applicableIt 'is expected that the implementation of the guidance in MRP-227 will
provide an acceptable level of qualaty for inspection, flaw evaluation, and other elements of aging
management of the PWRi'nter"als that are addressed in accordance with the 10 CFR Part 50, Appendix B or
their equivalent (as applicldble), confirmation process, and administrative controls.

9. Administrative Controls: The administrative controls for such programs, including their implementing
procedures and r icw'and approval processes are under existing site 10 CFR 50 Appendix B Quality
Assurance Programs or their equivalent, as applicable. Such a program is thus expected to be established
with a sufficient level of documentation and administrative controls to ensure effective long term
Implemenitatio'n.

1 0. '"perating Experience: Relatively few incidents of PWR internals aging degradation have been
roitprtoga in operating U.S. commercial PWR plants. A summary of observations to date is provided in
Appendix A of MRP-227-A. The licensee is expected to review subsequent operating experience for impact
on its programn, or participate in industry initiatives that perform this function.



The application of the MRP-227 guidance will establish a considerable amount of operating experience over
the next few years. Section 7 of MRP-227 describes the reporting requirements for these applications, and
the plan for evaluating the accumulated additional operating experience.
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