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Subject: Draft Material to Support NRC Update of NUREG 1801, “Generic Aging Lessons
Learned Report” (GALL):

) EPRI DRAFT Input(12-01-09): GALL Chapter XI.MI6

2) EPRI DRAFT Input(12-01-09): GALL Table IV.B2 (W)

3) EPRI DRAFT Input(12-01-09): GALL Table IV.B3 (CE)
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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@epn com, 650-
855-2026) or Victoria Anderson at NEI (vka@nei.org, 202-739-8101).
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) — Combustion Engineering

TV.B3-1

(R-153)

IV.B3.2-¢

CEA shroud
assemblies (cast
austenitic
stainless steel
items)

CEA shrouds

CEA shroud
bases

Modified CEA
shroud

Cast
austenitic
stainless
steel

Reactor
coolant
>250°C
(>482°F) and
neutron flux

Loss of fracture
toughness/thermal
aging
embrittlement,

i

3

A,

irradiation %
embrittlement
- vﬁ/

N

e

Chapfer XI.M13, “Thermal Aging and
N%t;gon Irradiation Embrittlement of
hCast Austenitic Stainless Steel (CASS);”

fxafd Chapter XLM16, “PWR Vessel
neutron . N\ %/ Internals,” No Additional Measures
1 Components.
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) — Combustion Engineering

IV.B3-2
(R-149)

IV.B3-5

(R-150)

IV.B3.2-a

IV.B3.2-b

"CEA shroud

assemblies
(wrought
austenitic
stainless steel
items)

CEA shrouds

CEA shroud
bases

CEA shroud
extension shaft

guides

Instrument

guide

tubes

Internal/external
spanner nuts

cr
out for SCC
IASCC and

Stainless Reactor

steel; coolant
nickel alloy

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion
cracking’ ) ,%

fl

Crackmg/stress
corrosion crackmg,

| cracking,
‘4rradiation-assisted
%, .| stress corrosion

cracking

Cliﬁptér$X\EM2-;ZWatef Cilemlstry,
PWR/ rimary water, and Chapter
)%iMm “PWR Vessel Internals.”

M?rimary Components: Instrument guide
tubes in the peripheral CEA shroud
" assemblies

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




v REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B3 Reactor Vessel Internals (PWR) — Combustion Engineering
v o onen .
IV.B3-3 1V.B3.2-d | CEA shroud Stainless Reactor Loss of Chaptel%;% .M16, “PWR Vessel
assembly steel coolant material/wear Intexgﬁil;ils,””No Additional Measures
(R-152) C faponents.
CEA shroud %%{éﬁ
extension shaft et
guides :
CEA shroud
bolts
Snubber shims
IV.B3-4 IV.B3.2-¢ | CEA shroud Stainless Reactor Chapter XI.M16, “PWR Vessel
assembly steel; coolant dimension/void Internals,” No Additional Measures
(R-151) nickel alloy 4 swelling Components.
CEA shroud ’
bolts
IV.B3-6 | IV.B3.2-g | CEA shroud Stainless | R€actor Loss of Chapter XL.M16, “PWR Vessel
assembly steel; . +f|‘coGlant preload/stress Internals,” No Additional Measures
(R-154) nickelalloy,. v relaxation Components.
CEA shroud ’
bolts




Core shroud

v REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM miﬁ%%
B3 Reactor Vessel Internals (PWR) — Combustion Engineering g\,i%
. &

Former plate’sﬂ'

Ribs and vings
e a¢
e E

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

1V.B3.4-h Stainless Reactor Loss of Chaptef@@,{g.MM, “PWR Vessel
assembly (for steel; coolant preload/stress Inger 515.”
R-165) - bolted core nickel relaxation oty
shroud alloy "&Px{ﬁﬁary Components: Core shroud
assemblies) - wbolts for cracking from IASCC and
fatigue, or loss of preload/stress
Core shroud 1 relaxation that eventually leads to
bolts cracking
Barrel-shroud Expansion Components: Barrel-shroud
bolts bolts, depending on results of core
shroud bolt examinations
Core shroud tie '
rods and nuts No Additional Measures: Core shroud tie
rods and nuts, and guide lug insert bolts
Cuide Ing incert -
IvV.B3-8 IV.B3.4-f | Core shroud Stainless 1ct0! Changes in Chapter XI.M16, “PWR Vessel No.
assembly (for steel; coéjaﬁt dimension/void Internals.”
(R-163) bolted core nickel alloy ¢ g‘x}/ swelling
; ERE RN . .
shroud R @%’ i Primary Components: Core side
IV.B3-13 | IV.B3.4-b | assemblies) V ’ surfaces of shroud plates in plants with
bolted core shroud assemblies
(R-160) Shroud plates
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V.B3-9
(R-162)
IV.B3-11

(R-159)

IV.B3.4-e

IV.B3.4-a

Core shroud
assembly (for
bolted core
shroud
assemblies)

Shroud plates
Former plates
Ribs and rings

Core shroud
bolts

Barrel-shroud
bolts

Core shroud tie
rods and nuts

Stainless
steel

Reactor
coolant

Cracking/stress
corrosion cracking,
primary water
stress corrosion
cracking,
irradiation- aSSIS' Y
stress corroswn

crackingy, .
; %\%f‘y

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

Chaptelsézg M2, “Water Chemlstry,” for
PWR’”prlmary water, and Chapter
XI 16 “PWR Vessel Internals.”

I M/é

Primary Component: Accessible core

' shroud bolts for cracking

Expansion Component: Barrel-shroud
and guide lug insert bolts with neutron
fluence exposures > 3 dpa, depending on
the results of core shroud bolt
examinations.

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




Former plates
Ribs and rings

Core shroud
bolts

Barrel-shroud
bolts

"Core shroud tie

) R : ?:p °
IV.B3-10 | IV.B3.4-g |Core shroud Stainless
assembly (for steel;
(R-164) bolted core nickel alloy
shroud
IV.B3-12 | IV.B3.4-¢ |assemblies)
(R-161) Shroud plates

coolant and
neutron flux

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

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

Chapte@g.mm, “PWR Vessel
Intergials,” No Additional Measures
Compdnents.




10% REACTOR VESSEL, INTERNALS,:AND REACTOR COOLANT SYSTEM
B3 Reactor Vessel Internals (PWR) — Combustion Engineering

welded core
shrouds in two
vertical sections)

Shroud plate-
to-

former plate

weld

irradiation-assisted

stress corrosion
cracking

XI.M16, “PWR Vessel Internals.”

Primary Components: Axial and
horizontal weld seams at the core shroud
re-entrant corners as visible from the
core side of the shroud, within six inches
of the central flange and the horizontal
stiffeners

Expansion Components: Remaining
axial welds, depending on the results of
the shroud plate-to-former plate weld
examinations

IV.B3-tt Core shroud Stainless Reactor Loss of Chapteﬁg(%lw.’ 16, “PWR Vessel
assembly (all steel coolant material/wear Inger@s.” '
plants) % X
‘BEXisting Programs Components: Guide
Core shroud g &aﬁfg inserts and bolts
bolts
1 No Additional Measures: Core shroud
Barrel-shroud bolts, barrel-shroud bolts, and core
bolts shroud tie rods and nuts
Core shroud tie
rods and nuts
Guide lug
inserts
IV.B3-xx Core shroud Stainless Cracking/stress Chapter XI1.M2, “Water Chemistry,” for | No.
assembly (for steel corrosion cracking, | PWR primary water, and Chapter
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Core shroud

Cracking/stress

ey
IV.B3-yy Stainless Reactor Chaptef"x&MZ “Water Chemistry,” for
assembly (for steel coolant -corrosion cracking, PWR’”prlmary water, and Chapter
welded core irradiation-assisted | XL 16 “PWR Vessel Internals.”
shrouds with full- stress corrosion ‘0
height shroud cracking swnfsPrimary 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- feet in height) as visible from the core
shroud plate side of the shroud, is required.
welds .
Expansion Components: Enhanced
Remaining axial » e visual (EVT-1) examination of the
welds, ribs, and - \y remaining axial welds, ribs, and rings is
rings ¥ @ required, depending on the results of the
W h g shroud plate-to-former plate weld.
IV.B3-zz Core shroud Stainless Reactor Change in Chapter XI1.M16, “PWR Vessel No.
assembly (for steel coolant dimension/void Internals,” Primary Components.
welded core o swelling
shrouds in two Primary Component: Gap between the
vertical sections) upper and lower plates
Upper and x
lower 4
nlate ioint 7
IV.B3-14 | IV.B3.3-b | Core suppo{tw‘ | Stainless Reactor Changes in Chapter XI.M16, “PWR Vessel No.
barrel assembly steel coolant dimension/void Internals,” No Additional Measures
(R-158) swelling Components.
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B3 Reactor Vessel Internals (PWR) — Combustion Engineering
.B3-15 | IV.B3.3-a | Core support Stainless Reactor Cracking/stress Chapte %}ﬂ.‘ﬁflz, “Water Chemistry,” for | No.
barrel assembly steel coolant corrosion cracking, | PWR primary water, and Chapter
(R-155) irradiation-assisted | XI'MT6, “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 Staiﬁf%sg, Reactor Loss of fracture Chapter XI.M16, “PWR Vessel No.
barrel assembly st%%l‘* coolant and toughness/neutron | Internals,” No Additional Measures
(R-157) *%“’ neutron flux | irradiation Components.
Lower cyling\%er% ' embrittlement, void
e swelling
Upper cO?:& %
barrel <, %
ﬂa\nm ‘ Q@
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Stainless Reactor Loss of Chapteniiu\

.B3-17 | IV.B3.3-b | Core support X1.M16, “PWR vessel
barrel assembly | steel coolant material/wear Interiials.”
(R-156) N
Upper core fi\inf?ting Programs Components: Upper
barrel «|xcore barrel flange

flange A
| No Additional Measures: Core barrel
snubber lugs, alignment keys, core barrel
outlet nozzles, and thermal shield
positioning pins

Core barrel
snubber lugs

Alignment keys

Core barrel
outlet nozzles

Thermal shield
positioning

IV.B3-tt Core support Stainless ‘Rgi\ctor Cracking/fatigue Chapter XI1.M16, “PWR Vessel No.
barrel assembly steel ,.Coolant Internals,” Primary Components.

Lower flange
weld

Primary Component: Lower flange weld,
if fatigue life cannot be demonstrated by
time limited aging analysis (TLAA)
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IV.B3-18

(R-171)

IV.B3.5-f

Lower support
structure
(components
fabricated from
cast austenitic
stainless steel)

Core support
columns

Cast
austenitic
stainless
steel

Reactor
coolant
>250°C
(>482°F) and
neutron flux

Loss of fracture

toughness/ thermal
aging
embrittlement,
neutron
irradiation

)

M13, “Thermal Aging and _
radiation Embrittlement of

C& ustenitic Stainless Steel (CASS);”

{saiid"Chapter XLM16, “PWR Vessel

wInternals,” No Additional Measures
Components.
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Reactor Vessel Internals (PWR) — Combustion Engineering

IV.B3-19

(R-168)
IV.B3-20

(R-169)

IV.B3.5-d

Core suppor
barrel s“’r'l}lbber

Lower support
structure

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 bolt

i

assemblies

Stainless
steel;
nickel alloy

Reactor
coolant and
neutron flux

Changes in
dimension/void
swelling

5, Y
Loss of fracture,/
toughness/ .
neutron irij’ad“iation
em%«it‘ﬂgn’ient, void
swelling

H
H

%
%N%dditional Measures: All of the lower

J=siipport structure components for
| changes in dimension/void swelling and
7 for loss of fracture toughness/neutron

irradiation embrittlement

-« .

&

b
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Reactor Vessel Internals (PWR) — Combustion Engineering

Structure.

IV.B3-21

(R-166)

1V.B3-23

(R-167)

V.B3.5-a

IV.B3.5-b

Lower support
structure

Core support
plate welds

Core support
plate bolts

A286 fuel
alignment pins

Core support
column welds

Core support
column bolts

Core support
beam welds

Core support
deep beams

Bottom plate;

Stainless
steel;
nickel alloy

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion

cracking o
ANY
Nl

Crackmg/stress

‘irradiation-assisted

stress corrosion
cracking

. Chaptef‘ExXI M2, «

ater Chemistry,” for
PWR”prlmary water, and Chapter

XL M16 “PWR Vessel Internals.”

N %ézy”

wExpansion Components: Core support

' column bolts for bolted core shroud
designs, depending on the results of core
shroud bolt examinations; core support
_column welds for all plants except those
with core shrouds assembled with full-
height shroud plates, depending on the
results core support barrel upper flange
weld examinations

Existing Program Components: A286

_fuel alignment pins (all plants with core
shrouds assembled with full-height
shroud plates)

No Additional Measures: Welds in core
support plates, core support beams, core
support deep beams, and the bottom
plate for SCC and IASCC
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e

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

.B3-22 V.B3.5-e |Lower support Stainless Reactor Loss of Chapte%%ﬁl@ “PWR Vessel
: structure steel; coolant material/wear Intggghgs.a, -
R-170) nickel alloy 5%
Core support ’ﬁzl%ﬁjsting Programs Components: A286
plates and bolts ) fitel alignment pins (all plants with core
A"*»,:Qi shrouds assembled in two vertical
Anchor 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 \
IV.B3-ss Lower support Stainless Reacggr ) Cracking/fatigue Chapter XI.M16, “PWR Vessel No.
structure steel copla‘; Internals,” Primary Components.
(R-sss) ’
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IV.B3-24

IV.B3.4-d

Reactor vessel

Stainless

Reactor

Cumulative fatigue

Fatigue is a tlme-llmlted aging analy51s

Yes, TLAA.

alloy

4 ¥

I}*“

IV.B3.5-g {internals steel; coolant damage/fatigue (TL/A%A) to be evaluated for the period of
(R-53) IV.B3.2-f |components nickel ex ?”l’“uded operation. See the Standard
alloy TRe View Plan, Section 4.3 “Metal
p ?%%zFatlgue, for acceptable methods for
. %‘“‘«?*“-g meeting the requirements of 10 CFR
%/ | 54.21(c)(1).
IV.B3-25 | IV.B3. Reactor vessel Stainless Reactor Loss 9§ w%f Chapter XI.M2, “Water Chemistry,” for | No.
internals steel; coolant materlaMplttlng, PWR primary water.

R-24) components nickel crev%lc »Corrosion
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V.B3-26

(R-148)

Upper internals
assembly

Upper guide

structure
support

flange — upper

Flange blocks

RVLMS
support
structure tubes

Fuel alignment
plate

Fuel bundle
guide pins and

nuts

Hold-down ring

Stainless
steel

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

Reactor
coolant

Loss of
material/wear

wf"

Chapte?gg.”ﬂ/[m, “PWR Vessel
Inl;er@s,” No Additional Measures
%,O%ponents.

e
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Reactor Vessel Internals (PWR) — Combustion Engineering %j%* /

V.B3-27

(R-147)

Upper internals
assembly

Upper guide

structure
support

flange - upper

Fuel alignment
plate

Fuel bundle
guide pins and

Stainless
steel

Reactor
coolant

Changes in
dimension/void
swelling

Chapte %}.K’Im, “PWR Vessel
Interiials,” No Additional Measures

Components.
) g%p

§

IV.B3-rr

(R-rrr)

Upper internals
assembly

Fuel alignment
plate

Stainless
steel

Cracking/fatigue

Chapter XI.M16, “PWR Vessel
Internals,” Primary Component.

Primary Component: Fuel alignment
plate, if fatigue life cannot be
demonstrated by time limited aging
analysis (TLAA)

No.
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IV.B3-28

(R-146)

Upper infernals
assembly

Upper guide

structure
support

flange - upper

Fuel alignment
plate

Fuel bundle
guide pins and
nuts

Stainless
steel

Reactor

coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion

ChaptemXI M2, “Water Chemistry,” for
PWRj)rlmary water, and Chapter
XA , “PWR Vessel Internals,” No

’%Ac?ﬂltlonal Measures Components.
cracking < gt
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B2 Reactor Vessel Internals (PWR) - Westinghouse
IV.B2-1 Baffle/former Stainless Reactor coolant | Changes in Chapter XI.M16, “PWR Vessel
assembly steel dimensions/void Inter%ls, Primary Components.
(R-124) swelling A \‘Z’f
Baffle and Py
former plates \
IV.B2-2 IV.B2.4-a | Baffle/former Stainless | Reactor coolant Crackmg/stress Chapter XI.M2, “Water No.
assembly steel / Chemistry,” for PWR primary
(R-123) c%a}clm\;g, water, and Chapter XI.M16,
' Baffle and | irradiation- “PWR Vessel Internals,” No
former plates i-ﬁssfsted Additional Measures Components.
, pstress corrosion
e 5,,,%%%7 cracking
IV.B2-3 IV.B2.4-¢ Baffle/former Stainless Reactor coolant Loss of fracture Chapter XI.M16, “PWR Vessel No.
‘ assembly steel toughness/neutron |Internals,” No Additional
(R-127) irradiation Measures Components.
Baffle and embrittlement,
former plates void
swelling
IvV.B2-4 IV.B2.4-d | Baffle/former Stalnless Reactor coolant | Changes in Chapter XI.M16, “PWR Vessel No.
assembly |istee eel?/ dimensions/void Internals,” Primary Components.
(R-126) o ‘j A swelling
Baffle/fory mer, "
IV.B2-5 IV.B2.4-h bolts \ \1 ¥ Loss of preload/
p stress relaxation
(R-129) %
A

*%{"“
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1V.B2-6 IV.B2.4-f Core barrel Stainless Reactor coolant | Loss of fracture Chapter\XI/MZ “Water No.
assembly steel and neutron flux |toughness/neutron Chegnstry,” for PWR primary
(R-128) irradiation yater, and Chapter XI.M16,
Baffle/former embrittlement, % %::PWR Vessel Internals,” Primary
1IV.B2-10 | IV.B24-c assembly void swelling g Components.
(R-125) Batffle/former Crackmg/stress}
bolts and corrosion
screws crackmg,
1rrad1at10n—
i assnsted
g §tréss corrosion
2 “cracking
1v.B2-7 IV.B2.3-b |Core barrel Stainless ant Changes in Chapter XI.M16, “PWR Vessel No.
steel dimensions/void Internals.”
(R-121) Core barrel swelling _
upper flange Expansion Components; Core
IV.B2-9 IV.B2.3-¢c Loss of fracture barrel axial welds for cracking
Core barrel toughness/neutron | caused by SCC, IASCC, or
(R-122) outlet nozzles irradiation neutron irradiation
embrittlement, embrittlement.
Thermal shield void swelling
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.
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Reactor Vessel Internals (PWR) - Westinghouse

1V.B2-8

(R-120)

C enes
LAk B
Core barrel

Core barrel
upper flange

Core barrel
outlet nozzles

Thermal shield

steel

Stainless

Reactor coolant

Crécking/stress

corrosion
cracking,
irradiation- .
assisted gm;é

Chapter, XI'M2, “Water
Cheriiistry,” for PWR primary
) \‘fff/'téf’fand Chapter XI.M16,
L“PWR Vessel Internals.”

o
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
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B2 Reactor Vessel Internals (PWR) - Westinghouse \jj ’
IV.B2-11 | IV.B2.6-b Instrumentatlon Stamless Reactor coolant | Changes in Chapte'r\{(wIVMZ “Water No.
support steel dimensions/void Chemlstry,” for PWR primary
(R-144) structures swelling yv}gte%?"’f Chapter XI.M37, “Flux
A . Ehimble Tube Inspection;” and
IV.B2-12 | IV.B2.6-a Flux thimble Crackmg/stress /%;i =~Chapter XI.M16, “PWR Vessel
guide tubes corrosion . "\ %/| Internals.”
(R-143) cracking, "%
irradiation-, Existing Program Component:
assisted @ Flux thimble guide tubes for wear
stress corrosmn
IV.B2-13 | IV.B2.6-¢c No Additional Measures
Component: Flux thimble guide
(R-145) : o "Loss of material/ tubes for all other aging
o /%’;\ wear effects/mechanisms
IV.B2-14 | IV.B2.5i Lower internal | Stainless Reactor coolant Loss of preload/ Chapter XI1.M16, “PWR Vessel No.
assembly steel; % ’ stress relaxation Internals,” Existing Programs
(R137) ) nickel @ Component.
Clevis insert alloy % f}
bolts %?%J
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B2-15 [ IV.B2.5-f Lower internal | Stainless | Reactor coolant | Changes in Chapter XI'M16, “PWR Vessel No.
assembly steel; dimensions/void Internals,” No Additional
(R-134) nickel swelling Measures Components.
Fuel allo Al
! y e
al{gnment o @\\gg wf
pins 4 %;\
R
Lower N
support plate
column bolts
Clevis insert
bolts
IV.B2-16 | IV.B2.5-¢ Lower internal | Stainless | Reactor cool: Cracking/stress Chapter XI.M2, “Water No.
assembly steel; and neutron flux |corrosion Chemistry,” for PWR primary
(R-133) nickel S cracking, water, and Chapter XI.M16,
Fuel alloy primary water “PWR Vessel Internals.”
alignment stress corrosion
pins cracking, Expansion Components: Lower
irradiation- support plate column bolts are
Lower assisted linked to baffle-former bolt
support stress corrosion examinations, dependent on
plate column cracking results of the baffle-former bolt
bolts examinations
IV.B2-17 | IV.B2.5-g P\
Clevis msert No Additional Measures: Fuel
(R-135) bolts\ b Loss of fracture alignment pins and clevis insert
,4;’% b toughness/neutron | bolts for these aging
Fe s irradiation effects/mechanisms.
< :\ embrittlement,
N % void swelling
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IV.B2-18

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM

Reactor Vessel Internals (PWR) - Westinghouse

[IVB2.5c

Lower internal

sing Effect/

Loss of fracture

Stainless | Reactor coolant Chapter, XIM16, “PWR Vessel
assembly steel and neutron flux |toughness/neutron Internals, "Existing Programs
. o g S
(R-132) irradiation Components
Lower core embrittlement, ﬁ%iﬁ}&
plate void swelllng ///@ Sl
IV.B2-19 | IV.B2.5-b [Lower internal Stainless | Reactor coolant Chapter XI.M2, “Water No.
assembly - steel; Chemistry,” for PWR primary
(R-131) nickel water, and Chapter XI1.M 16,
Lower core alloy “PWR Vessel Internals.”
plate .
Existing Programs Components:
IV.B2-20 | IV.B2.5-a Radial keys LN ;,Ci'acking/stress Lower core plate and extra-long
and clevis corrosion (XL) lower core plate for cracking
(R-130) inserts cracking,

primary water
stress corrosion
cracking,
irradiation-
assisted

stress corrosion
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




v REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM gﬁ%\
B2 Reactor Vessel Internals (PWR) - Westinghouse \x:;% :
IV.B2-21 2.5-m |Lower internal Cast Reactor coolant [ Loss of fracture Chapter\XI M2, “Water
assembly austenitic | >250°C (>482°F) | toughness/thermal Ch mlstry, for PWR primary
(R-140) stainless and neutron aging and neutron ate 4
Lower support | steel; flux irradiation ? \Agmg and Neutron Irradlatlon
casting stainless embrittlement = \.Embrittlement of Cast Austenitic
steel o %% Stainless Steel (CASS);” and
IV.B2-22 ([ IV.B2.5-n Lower support | forgings \\\W 7 Chapter XI.M16, “PWR Vessel
' forging | Loss of/fracture Internals.”
(R-141) toughnes"~ rieutron
Lower support 1rrad|aytlon Expansion Components: Both cast
plate columns ,err%br,-lttlement, and forged lower support column
Void swelling bodies are linked to either the
- control rod guide tube (CRGT)
1V.B2-24 | IV.B2.5-k Cracking/stress lower flanges (for the castings) or
corrosion the upper core barrel flange weld
(R-138) cracking, (for the forgings), depending on
irradiation- results of the CRGT lower flange
assisted examinations
stress corrosion
cracking
IV.B2-23 | IV.B2.5-1 |Lower internal Stalnless Reactor coolant | Changes in Chapter XI.M16, “PWR Vessel No.
assembly =stecl dimensions/void Internals,” No Additional
(R-139) swelling Measures.
Lower supp
forging-or
casting
e '?jkplatﬁe columns
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) - Westinghouse

Q@b?”support

> pins

¥

v

V.B2-25 | IV.B2.5-h |Lower internal Stainless Reactor coolant | Loss of preload/ Chapter. No.
assembly steel; stress relaxation Internals,” Expansion
(R-136) nickel Q%’xgponents.
Lower support | alloy ’Zﬂf 10
plate column ) PN Expansion Components: Lower
bolts . /“\\g support plate column bolts are
%, 7/ | linked to baffle-former bolts,
Ay depending on results of the baffle-
Y \\y former bolt examinations.
IV.B2-26 | IV.B2.5-0 |Lower internal Stainless Reactor coolant | Loss 6f‘material/ Chapter XI.M16, “PWR Vessel No.
| e .
assembly steel |- wear Internals,” No Additional
(R-142) /% Y Measures Components.
Radial keys e
and clevis e @}\y
inserts “i\y
IV.B2-27 | IV.B2.2-e |Rod control Stainless Regbct:gf;wcoolant Changes in Chapter XI.M16, “PWR Vessel No.
cluster steel; : QM" dimensions/void Internals,” No Additional
R-119) assemblies nickel e swelling Measures Components.
(RCCA) or alloy )
control rod /5:
guide }\ S
tube (CRGT) \,
assemblies




v REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
B2 Reactor Vessel Internals (PWR) - Westinghouse
1V.B2-28 | IV.B2.2-d |Rod control Stainless | Reactor coolant | Cracking/stress Chapter%z(IyMZ Water
cluster steel; corrosion Cheriiistry,” for PWR primary
(R-118) assemblies nickel cracking, wat}ff‘fand Chapter X1.M16,
(RCCA) or alloy primary water \“PWR Vessel Internals,” Existing
control rod stress corrosion f% «Programs Components.
guide cracking,
tube (CRGT) irradiation \;\ 4
assemblies assisted;,
stress corrosmn
RCCA guide crackmg
tube bolts 4 { ol
RCCA guide » §A§
tube support P %%,
pins @ .
IV.B2-29 | IV.B2.2-b |Rod control Stainless Reactot coolant | Changes in Chapter XI1.M2, “Water No.
cluster steel Y dimensions/void Chemistry,” for PWR primar
2, Y, p M
R-117) assemblies Q swelling water, and Chapter XI.M16,
(RCCA) or Q\j%& 1.4 “PWR Vessel Internals.”
control rod J
guide //Q\V Primary Components: CRGT
1V.B2-30 | IV.B2.2a tube (CRGT) 2, Cracking/stress guide plates (cards) for wear
assemblies | S, corrosion
(R-116) 4% \%, cracking, No Additional Measures: CRGT
RCCA gque% 17 irradiation- guide tubes, including guide plates
tubes &igj?; assisted (cards), C-tubes, and sheaths, for
Ay stress corrosion changes in dimension caused by
%‘%’ cracking void swelling, and for cracking
3N caused by SCC or IASCC

b

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

IV.B2-31 | IV.B2.1-m |Reactor vessel Stainless Reactor coolant | Cumulative Fatlgue\\lg a time-limited aging Yes, TLAA.
IV.B2.2-f |internals steel; fatigue analyﬂs};s (TLAA) to be evaluated
(R-53) IV.B2.1-c | components nickel damage/fatigue f(;zr\the period of extended
IV.B2.2-¢ alloy ﬁ\%)peratmn See the Standard
1V.B2.3-d _sY=Review Plan, Section 4.3 “Metal
IV.B2.4-¢g \%%y Fatigue,” for acceptable methods
IV.B2.5-p \j for meeting the requirements of 10
IV.B2.5-j 4 CFR 54.21(c)(1).
IV.B2.5-d (
IV.B2.1-h o N
IV.B2-32 | IV.B2. Reactor vessel Stainless | Reactor coolant Loss of material/ Chapter X1.M2, “Water No.
internals steel; % plttlng and Chemistry,” for PWR primary
(R-24) components nickel ® ~crevice water.
alloy ¢ C@}\ corrosion
IV.B2-33 | IV.B2.1-d |Upper internals | Stainless | Reactor coolant | Loss of preload/ Chapter XI1.M16, “PWR Vessel No.
assembly steel r@ stress relaxation Internals,” Primary Component.
(R-108) A@\"
Hol.d-down 4 -*\’ 5
| spring ~ % §
Iv.B2-34 | IV.B2.1-1 Upper internals Staln]iésv Reactor coolant | Loss of material/ Chapter XI1.M16, “PWR Vessel No.
assembly steel ’ wear Internals,” Existing Programs
R-115) TnicKel Component.
: Upper core /"} k%alloy
plate
lignment pin
a gn‘& €] g\gl s
ALY
<y %’;‘"’

oS
Y
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM

Reactor Vessel Internals (PWR) - Westinghouse

,‘\Material« En

IV.B2-35

Chapter, XI'M2, “Water

P u

Upper internals Stainless Reactor coolant | Changes in
assembly steel dimensions/void C?e{ﬁiﬁstry,” for PWR primary
(R-110) ' swelling yv:\g{tgff and Chapter XI.M16,
Upper support A “PWR Vessel Internals,” No
columns ~Additional Measures Component.
IV.B2-36 | IV.B2.1-¢’ Cracking/stéi?"””egﬂs”/ | No Additional Measures: Upper
corrosion support columns for changes in
(R-109) cra/c%ing, "’é dimension caused by void swelling,
irradi'aftif)n- and for cracking caused by SCC
| assisted or IASCC.
;Z /§tréss corrosion
» “pbcracking
Y
IV.B2-37 | IV.B2.1-g |Upper internals | Cast Reactor{éggonlﬁl{t Loss of fracture Chapter XI.M16, “PWR Vessel No.
assembly austenitic | >250°C (>482°F) | toughness/thermal | Internals,” No Additional
(R-111) stainless anq%ﬁ/e:jltron aging and neutron | Measures Component.
Upper support | steel ﬂ\ux;/ irradiation
columns < %\ embrittlement
(only cast N %’ '
austenitic ’
stainless steel
portions)
IV.B2-38 [ IV.B2.1-k | Upper internals, Reactor coolant | Loss of preload/ Chapter XI.M16, “PWR Vessel No.
assembly - stress relaxation Internals,” No Additional
R-114) ra # | nickel Measures Component.
' Upper supp'(/)rt alloy
columnybolts

N
/%2/@' Fre s

<

%
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IV.B2-39

IV.B2.1-j |Upper internals | Stainless Reactor coolant | Changes in Chapter@XI.M2 “Water
assembly steel; dimensions/void Chemlstry,” for PWR primary
(R-113) nickel swelling wat§i"‘f and Chapter XI.M 16,
Upper support | alloy ’j‘ \PWR Vessel Internals.”
column bolts il
, \ % Existing Programs Components:
Upper core \\j 4 Upper core plate alignment pins
plate ,,%% 5 for cracking
IV.B2-40 | IV.B2.1-i alignment pins Cracking/stress
corrosion No Additional Measures: All
(R-112) Fuel alignment ‘crg%kmg, components for changes in
pins ¢ Prifary water dimensions caused by void
» A sstress corrosion swelling, and upper support
Py % cracking, column bolts and the fuel
%@ irradiation- alignment pins for cracking
\ assisted caused by SCC, PWSCC, and
o stress corrosion IASCC
N\%’ cracking
IV.B2-41 | IV.B2.1-b |Upper internals | Stainless, ;f’R?éctor coolant | Changes in Chapter XI.M16, “PWR Vessel No.
assembly steel . \ 7 dimensions/void Internals,” No Additional
(R-107) R ! swelling Measures Components.
Upper support
. No Additional Measures: Upper
support plate, upper core plate,
IV.B2-42 | IV.B2.1-a Cracking/stress and internals hold down spring for
corrosion changes in dimensions caused by
(R-106) cracking, void swelling, and for cracking
Lo irradiation- caused by SCC and IASCC
_SpEi assisted
y %Z stress corrosion
Y ;3 4 cracking




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

Y
While relatively few incidents of PWR internals aging degradation have been reported in operatmgiU S. ;commermal 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 effo %”"by licensees to review and

document plant-specific operating experience for impact on its program, or participate in 1ndustry initiatives that perform this
function. <

IASCC. A considerable amount of PWR internals IASCC has been observed in European’PWRs, with emphasis on cracklng of
baffle-former bolting. Bolt failure rates during ultrasonic (UT) testing of baffle- formerwxbolts 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 pro gram a decade ago to inspect the baffle-former
bolting in order to determine whether similar problems might be expected imy.S. plants. A benefit of this decision was the experience
gained with the UT examination techniques used in the inspections. In addmon the industry began substantial laboratory testing
projects in order to gather the materials data necessary to support future.i nspectlons and evaluations. At one U.S. domestic reactor
having type 347 bolting, all 728 baffle-former bolts were mspected UT in 1998, with 55 bolts (7.5%) having indications that
exceed the UT criteria. At another reactor, 639 out of the 728 bafﬂe former bolts were examined in 1999, with 59 bolts (9.2%) having
indications failing to meet the UT acceptance criteria. On- 51texunderwater mechanical testing at the first reactor of the removed baffle-
former bolts indicated that the actual defective bolt rate was{l6wer 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 stain:l%ss steel or Type 347 stainless steel. Bolts fabricated from solution-annealed
Type 304 stainless steel appear to be less affected. s /"

IGSCC. In the early 1980’s, inspections at sev -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 stéel, The failures were attributed to IGSCC at the bolt-head-to-bolt-shank transition. The
replacement bolts were redesigned to\educé the tensile stress level in the bolt, and this was accomplished by redesigning the shank
region, peening the surface of the b@lt\and reducing the preload used to install the bolts. The material of construction was also
changed from Alloy A-286 stgnleés/ steel to Alloy X-750.

e

[n 1983, ultrasonic inspection ns ‘at two B&W- -designed units showed indications of cracking in a number of the upper core barrel bolts.
The results were verlﬁed y en the bolt heads became separated from the bolt shanks when the locking clips were removed. The bolts
were fabricated from, Allgy A- 286. Failures were attributed to [GSCC and were not detected by visual examinations. The cracked
bolts were replaced%byfbolts made of the same material, but manufactured by machining rather than a hot-heading operation. In
addition, the torq\%e applied to the replacement bolts during installation was significantly reduced

/{‘*/



In 2005, cracking of replacement core barrel bolts fabricated from cold-worked Type 316Ti were observed in a German PWR by
visual inspection. These bolts had replaced the original Alloy X-750 core barrel bolts in the late 1980s, which had ¢ exhlblted failure
due to PWSCC. Subsequent UT inspection and failure analysis confirmed that the cracking was confined to tlle boltwhead initiating
from the bolt fillet transition. The bolt threads and shank were free from cracking. The failure mechanism, of the cold-worked Type
316Ti replacement core barrel bolts has been identified as IGSCC. So far, all known failures of core barrél lts have been limited to
the original Alloy X-750 and the replacement cold-worked Type 316 in German PWRs.

vV
Wear. Wear of the in-core instrumentation thimble tubes was observed in the top part of the ercal\4 thimble tubes at three PWR
CE-designed Units. These tubes experienced through-wall tube degradation as a result of flow- fn}gduced vibration in the vicinity of the
fuel alignment plate. This particular wear phenomenon was addressed by making modlﬁcatlensxto the fuel alignment plate to alter the
flow conditions in the vicinity of the entry point of the thimble tubes into the plate. Wea “x result of flow-induced vibration has not
been observed in these components after implementing the modifications to the fuel ahgnm nt 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.,
Alloy X-750 and Alloy A-286) and fabrication-induced conditions. The SCC%e}sewed in the Alloy X-750 split pins used in
Westinghouse-designed PWR internals has been attributed to the very susceptlble AH heat treatment and high applied loads.
Replacement split pins have been fabricated from Alloy X-750 in the’ Pheat treat condition, which is very resistant to SCC in the
PWR environment. SCC has occurred in Alloy A-286 internals b@ltmg%, B&W units. The Alloy A-286 bolt failures in B&W PWR
internals were subjected to a comprehensive failure analysis. It wag.c concluded that this material would exhibit SCC when the applied
stress approaches its yield strength. Decreasing the initial stres$ levels on replacement Alloy A-286 bolts has removed this concern.
Also, replacement bolts fabricated from Alloy X-750 HTH@? been installed in the locations where significant bolting failures were

detected. X R

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

Guide tube support pins supply 1ateral fe;t\famt to the bottom ends of the upper internals guide tubes, and were originally designed
with Alloy X-750 material. However these 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 topi shbuld be recognized that cracked guide tube support pins do not challenge safe plant operation.

Even when pins are cracke he’design of the guide tube and the geometry of the pins maintain control rod functionality. However,
failure of guide tube support pms can result in a loose parts issue for the plant. After an extensive worldwide industry program to
develop a material heat treatment for Alloy X-750 that would have maximum resistance to stress corrosion cracking, Westinghouse
and utility customers\zgcfonducted a campaign during the 1980s to replace guide tube support pins. Ultimately, Westinghouse developed
a cold- workegwlype 316 stainless steel support pin as a replacement and a number of utilities have performed replacements with this
)

R




J:

design. A few utilities have opted to perform ultrasonic inspections rather than initiate wholesale replacements. St111‘”‘0ther 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 fourinternal baffle-to-baftle
bolts were found protruded. The bolt heads extended beyond the baffle plate surface. This was an indicatiosthat the locking devices,
and potentially the bolts as well, had failed. A UT inspection of 100% of the baffle-former bolts was perfo\}med 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 obsgrvatlons AREVA NP
performed a plant-specific evaluation to assess the operational and safety functions for continued operatlon That evaluation included
thermal hydraulic evaluation, structural evaluation, fuel evaluation, and loose parts evaluation.’s /

Irradiation-Induced Growth. Although irradiation-induced growth of zirconium alloysﬁm@ 2 plants was not explicitly identified in
MRP-175 as an age-related degradation mechanism to be evaluated as part of the screening’process, irradiation-induced growth in the
axial direction of the in-core instrumentation thimble tubes has reduced the cleararicé'bgtween the thimble nose and the bottom of the
fuel assembly. Some plants had observed that the thimble tube support plate wé%irai}ed above its normal support position when the
upper internals structure was replaced after fuel reload. This indicated that some of the thimbles had bottomed out in the fuel
assemblies and were being loaded in compression. Ten plants affected b}y thls yissue have taken some action. Six of these plants have
already replaced the thimble tube assemblies with modified designs that are, shorter in length to accommodate the expected irradiation-
induced growth in the future. Two additional plants have replacementﬁ\e“mgns in fabrication and have made preparations to install the
replacement thimbles in an upcoming outage. The remaining twg plants have not yet begun preparations for a full replacement of the
thimble tubes, but one of these two has instead taken the 1ntermed1ate step of raising the thimble support plate to accommodate
additional axial growth. As a result of this 1ntermed1at10n,\<thes%%plants are planning to execute a thimble assembly replacement
program with a refueling outage in the future that is not currently encumbered with other large-scale replacements of major
components All affected plants will likely have replace’ thelr thimble tubes prior to license extension.
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(R-128)

ity

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

o
fe

Core barrel-;o— “g/ “
former bolts¥, S’

7

welds

steel

Stainless

Reactor
coolant and
neutron flux

Loss of fracture
toughness/neutron

irradiation

embrittlement .

<

Chapter XI.M16, “P
giInﬁ’t/eff""’rliills.”

Vessel

~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




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

?

it

1V.B4-2 .B4.3-a | Control rod guide Stainless | Reactor Cracking/stress

Chapter, XL.M2, “Water Chemiétry,”

tube (CRGT) steel coolant corrosion cracking, fO{( I»Z}?;]R primary water, and
(R-180) assembly irradiation-assisted | Chapter XI.M16, “PWR Vessel

2

stress corrosion
CRGT pipe cracking
and flange

\ligt"érnals,” No Additional Measures.
ot

CRGT spacer
casting

CRGT rod
guide tubes

CRGT rod
guide sectors
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Materiél

nvironment

IV.B4-3

(R-182)

1V.B4.3-¢

Control rod guide
tube (CRGT)
assembly

CRGT pipe
and flange

CRGT spacer
casting

CRGT spacer
screws

Flange-to-
upper grid
SCrews

CRGT rod
guide tubes and
sectors

steel

Stainless

Reactor
coolant

Changes in

dimension/void
swelling

Chapter, XI.M 16

B

Inte Fials,” No A

£6P
b
dditional Measures.
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(R-183)

IV.B4-4

Control rod guide
tube (CRGT)
assembly

CRGT spacer
castings

Cas
austenitic
stainless
steel

Reactor
coolant
>250°C
(>482°F) and
neutron flux

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

Loss of fracture
toughness/thermal
aging and neutron
irradiation
embrlttlement

A,
%

and Ngutron Irradlatlon
Embrlttlement of Cast Austenitic
Stalnless Steel (CASS);” and Chapter
XL M16, “PWR Vessel Internals,”
, Expansmn Components.

Expansion Components: Accessible
surfaces at four screw locations
(every 90°) for CRGT spacer
castings, depending on examination
results for the core support shield
assembly cast outlet nozzles and vent
valve discs
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N
‘Ty

SSR%

&/
N,
S

V.B4-5

(R-181)

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

Cracking/stress

corrosion cracking,
irradiation-assisted
stress corrosion
cracking

Chapter\X M2, “Water Chemlstry,” ,

for PWR primary water, and
Chapter XIL.M16, “PWR Vessel
%lﬁernals,” No Additional Measures
~Components.
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1V.B4-6

(R-184)

i

Stainless | Reactor Loss of

Control; rod guide
tube (CRGT) steel coolant preload/stress
assembly relaxation

CRGT spacer
screws

Flange-to-
upper grid
screws

Chaptér, XIM16, “PWR Vessel
Intefnals,” No Additional Measures.
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- Component -

IV.B4T

(R-125)

" Coré 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 locking-”
devices, i

Stainless

steel

l
s 7 ,(\44 é;;

Reactor
coolant

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

Chapteér, XEM2, “Water Chemistry,”
for PWR primary water, and
Chiapfer XLM16, “PWR Vessel
:;%Ii;t“érnals.”

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
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1V.B4-8

(R-199)

IV.B4.5-h

e v

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM s g’%\
Reactor Vessel Internals (PWR) — Babcock & Wilcox

Aging Effect/.
‘M 'h'am

Core barrel
assembly

Baffle/former
assembly

Baffle/former
bolts and
screws

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

Baftle-to-baffle
bolts

Core barrel-to-
former bolts

Stainless
steel

Reactor

coolant

Changes in

swelling

dimension/ void

Chapter, XIM16, “PWR Vessel
Internals.””

it
Ve i

Q%ﬁnary Components: Accessible
~ebaffle/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
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IV.B4-9

(R-zol)

B

‘Material

Core bz‘lrrel»
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

Core barrel-to-
former bolts

steel

Stainless

Reactor

coolant

Loss of‘

preload/stress
relaxation
»%j&\\\'};

“zba

:

Chapterx\XI%Ml@ “PWR Vessel
Int yg;lsi”“'

imary Components: Accessible
ffle/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
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1V.B4-10

(R-193)

IV.B4-13

(R-194)

Strli%fﬁr'e‘

Core barrel
assembly

IV.B4.5-a

Core barrel
cylinder (top
and bottom
1V.B4.5-b 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

P,
1%

Stainless
steel;
nickel
alloy

'S ¥

Cracking/stress
corrosion
cracking, X
irradiation-assisted
stress corrosmn é
cracking % /
Cracking'/stress
corrgsion,
crackmg/prlmary
w;{% Fistress
corrosmn cracking,
1rrad1at10n assisted
stress corrosion
cracking

Chapter@XI M2 “Water Chemlstry,
for PWR primary water, and
Chapter XI.M16, “PWR Vessel

3 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
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‘Structiire: RN
-|.and S

: Component ¥ i B 4 LT
Core barrel Stainless | Reactor Changes in Chapte'%n\%g‘( .M16, “PWR Vessel
assembly steel; coolant dimension/void Int/ggj’ﬂals,i’" No Additional Measures.
(R-195) nickel swelling N
Core barrel alloy N\
&l

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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Material

IV.B4-12 | IV.B4.5-d | Core barrel Stainless | Reactor Loss of fracture Chaptexg .M16, “PWR Vessel

assembly steel; coolant and toughness/ neutron | Internals.”
(R-196) nickel neutron flux irradiation ‘
Core barrel alloy embrittlement, void’}. Primary Components: Accessible
cylinder (top swelling =Surfaces within one inch around each

and bottom
flange)

7| 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

Lower core barrel
(LCB) bolts

Core barrel-to-
thermal shield
bolts

Baffle plates

Former plates
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| Aging Effe
l\f[,e\chiiiiism

Reactor B Loss of Chapter XI'M16, “PWR Vessel

.B4-14 Core barrel Stainless
assembly steel; coolant preload/stress Inte ’nals,” No Additional Measures.
(R-197) nickel relaxation o
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
(CSS) assembly

Loss of Chapter XI.M16, “PWR Vessel No.
material/wear Internals.”
(R-190)
Primary Components: CSS cylinder
top flange (differential height from

CSS cylinder
(top and bottom

flange) }/ the top of the plenum rib pads to the
% reactor vessel seating surface) for loss
CSS ven valve _ of material/wear

No Additional Measures: CSS vent
valve top and bottom retaining rings
for loss of material/wear.
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(R-188)

V.B4-16

V.B4.4-d

Core suppdft shield
(CSS) assembly

CSS cylinder
(top and bottom
flange)

Upper core
barrel (UCB)
bolts

Outlet and vent
valve nozzles

CSS vent valve
assembly locking
device

Stainless

steel;
nickel
alloy

Reactor
coolant and
neutron flux

Loss of fracture
toughness/neutron
irradiation

embrittlement, void’

swelling

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

Chapter, XI'M16, “PWR Vessel

Internals,” No Additional Measures.
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P

L

IV.B4-17

(R-187)

IV.B4.4-c

Core support shield
(CSS) assembly

CSS cylinder
(top and bottom
flange)

Upper core
barrel (UCB)
bolts

Vent valve
assembly
retaining ring and
locking device

Stainless

steel;
nickel
alloy

Reactor
coolant

Changes in
dimension/void
swelling

Chaptér, XI'M16, “PWR Vessel
Interiials,” No Additional Measures.

Nt

No.
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
Reactor Vessel Internals (PWR) —

barrel (UCB)
bolts

IV.B4-18 | IV.B4.4-a Stainless | Reactor Cracking/stress Chapter@XI M2, “Water Chemistry,” |No.
(CSS) assembly steel; coolant corrosion cracking, for PWR primary water, and
(R-185) nickel irradiation- C ”apter X1.M16, “PWR Vessel
CSS cylinder alloy assisted stress iternals.”
(top and bottom oy
IV.B4-20 | IV.B4.4-b flange) ‘| Primary Components: Accessible
# | upper core barrel bolts; accessible
(R-186) Upper core corrosion cracklng, upper core barrel bolt locking
barrel (UCB) primary water devices
bolts and their stress\corrosmn
locking devices crackmg No Additional Measures: All other
§ 1rradlat10n assisted | CSS assembly components relative to
Outlet and vent ‘l'stress corrosion SCC, IASCC, or PWSCC
valve nozzles cracking
Vent valve body )
and retaining ring ﬁ%ij?f
IV.B4-19 | IV.B4.4-h | Core support shield |Stainless -|Reactor Loss of Chapter XI.M16, “PWR Vessel No.
(CSS) assembly steel; "\ oblant preload/stress Internals,” No Additional Measures.
(R-192) mckel v relaxation
Upper core | alloyy
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B4

Compo ent

.B4-21

(R-191)

Core supprort shleld
(CSS) assembly

CSS cast outlet
nozzles

CSS vent valve
discs

CSS vent valve
disc shaft or
hinge pin

CSS vent valve
top and bottom
retaining rings

Cast

austenitic
stainless
steel

Z

)
X

ki

S

Reactor
coolant
>250°C
(>482F) and
neutron flux

Loss of fracture
toughness/
thermal aging and
neutron
irradiation
embrlttlement\ %;

/,W’”s, 2

\"5\

Chaptekr%X}yMB “Thermal Aging
andiSutron Irradiation
Embrlttlement of Cast Austenitic
\§tamless Steel (CASS);” and Chapter
=X1.M16, “PWR Vessel Internals,”
Primary Components.

Primary Components: CSS cast
outlet nozzles (Oconee Unit 3 and
Davis-Besse), vent valve discs, vent
valve disc shaft or hinge pin, and
vent valve top and bottom retaining
rings
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.B4-22

(R-209)

IV.B4-25

(R-210)

Flow distributor
assembly

Flow distributor
head and flange

Incore guide
support plate

Clamping ring
Shell forging-to-

flow distributor
bolts

A

Cracking/stress
corrosion cracking,
irradiation-
assisted stress

Cracking/stress_/ ’

corrosion cracking,
primary water

stress ¢orfosion
Pony, 7

R,
.cracking,

ifradiation-assisted

*stTess corrosion

cracking

#

{

. ingw2
Corrosion cracgr}g §

Chapte§r§g§ “M2, “Water Chemistry,”
fQ£ }%\(\}’R primary water, and
gﬁgpter XI.M16, “PWR Vessel
%nt“’ernals,” Expansion Components.
o

Expansion Components: Accessible
shell forging-to-flow distributor
bolts, depending on the examination
results for the core support shield
(CSS) upper core barrel bolts and
their locking devices, or for the core
barrel assembly lower internals
assembly-to-core barrel (lower core
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

%

Ny
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Structure

:}nd/on
Component

TV.B4-23

IV.B4.7-

Stainless

Reactor

Changes in

Clamping ring

Shell forging-to-
flow distributor
bolts

alloy L

Flow dlstrlbutor Chapterz XI M16 “PWR Vessel
assembly steel; coolant and dimension/void Internals,” No Additional Measures.
(R-211) nickel neutron flux | swelling "
Flow distributor alloy Additional Measures: All of the
head and flange o omponents of the flow distributor
IV.B4-24 | IV.B4.7-d Loss of fracturés - ’| assembly for the effects of changes in
Incore guide toughness/ '\j dimension/void swelling, and for the
(R-212) support plate neutronflrradlatlon effects of loss of fracture
embrlttlement void | toughness/neutron irradiation
Clamping ring " embrittlement, void swelling
Shell forging-to-
flow distributor
bolts
IV.B4-26 | IV.B4.7-e | Flow distributor Stainless Reactor W Loss of Chapter X1.M16, “PWR Vessel No.
assembly steel; coolant preload/stress Internals,” No Additional Measures.
(R-213) nickel prgs relaxation




v
B4

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

IV.B4-27

Lower grid

Stainless

spider-to-lower
grid rib section
welds

welds to the adjacent lower grid rib
section

Reactor Loss of
assembly steel coolant material/wear
(R-208)
Fuel assembly
support pads .
JRN
Guide blocks Ny
1V.B4-28 | IV.B4.6-e [Incore Monitoring Cast Reactor Loss qffi@c}hre Chapter X1.M13, “Thermal Aging No.
Instrumentation austenitic | coolant tougliness/thermal | and Neutron Irradiation
(R-206) (IMI) Guide Tube stainless |>250°C ag‘ingzg“ix’& neutron | Embrittlement of Cast Austenitic
Assembly steel (>482°F) and g "ig.\g‘ia:gii’éition Stainless Steel (CASS);” and Chapter
neutron flux % \@xﬁbrittlement 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
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IV.B4-29 .B4. Lower grid Stainless | Reactor Cracking/stress

Chaptékr%)g?MZ, “Water Chemistry,”
assembly steel coolant corrosion cracking, fomx:/ P\XR primary water, and
(R-202) irradiation-assisted | Chapter XI.M16, “PWR Vessel
Lower grid rib stress corrosion ’z%ﬁ’érnals,” No Additional Measures.

it

section cracking Ve
a‘%\\{y No Additional Measures: All
Fuel assembly %\QJ components of the lower grid
support pads & assembly for SCC and IASCC S

Lower grid flow
distributor plate

Orifice plugs’

Lower grid and
shell forgings

Guide blocks
Shock pads

Support post pipes .
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IV.B4-30

(R-204)

Lower grid
assembly

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®

Stainless
steel;
nickel

alloy

Reactor
coolant

Changes in
dimension/void
swelling

z
™~

Chapter, XI.M16, “PWR Vessel

Internals,” No Additional Measures.
%, %

z"\%@é

»‘;\Lo Additional Measures: All

=components of the lower grid

assembly for changes in

dimension/void swelling
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V.B4-31

(R-205)

Lower grid
assembly

IV.B4.6-d
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 %\ﬁ&s

assembly-to- .

thermal shielﬂgmw‘
bolts ® 4

i

X

Gui g:li‘l/,gcks and

Stainless

steel;
nickel
alloy

Reactor
coolant and
neutron flux

Loss of fracture
toughness/neutron
irradiation
embrittlement,
void swelling 4

N

3

Internals.””

ER
gEfﬁansion 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
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1V.B4-32

(R-203)

Babcock & Wilcox

IV.B4.6-b

Lower grid
assembly

Lower grid rib-
to-shell forging
screws

Lower internals
assembly-to-
thermal shield
bolts

Guide block bolts

Shock pad bolts

Stainless
steel;
nickel
alloy

Reactor

coolant

N

Cracking/stress
corrosion cracking,
primary water

P

stress corrosion /

cracking, Ve <
irradiation- ass1stedr
stress corrosmg/

cracking,

Chapt XL.M2, “Water Chemlstry,”
for PWR primary water, and
Chapter XI.M16, “PWR Vessel
ternals

>

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
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a 7
.| Structure
- | and/or .
i ;gompénénti
IV.B4-33 | IV.B4.6-g |Lower grid Stainless | Reactor Loss of
assembly steel; coolant preload/stress Internals,

(R-207) nickel relaxation o

Lower grid rib- alloy :

to-shell forging

screws

Lower internals

assembly-to-

thermal shield

bolts

£
AJLT.,!’
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) Y “|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) ) irradiation-assisted

Bottom ﬂ‘ag\ge—io— stress corrosion

upper‘f’g.%ifi screws cracking

%
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“I'stru c‘ﬁir
and/or-”
i Component
IV.B4-35 | IV.B4.1-¢ | Plenum cover md Stamless Reactor Changes in XL.M16, “PWR Vessel
plenum cylinder steel coolant dimension/void Internals,” No Additional Measures.
(R-174) swelling o
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 %2 the period of extended operation.
IV.B4.2-d alloy \ b See the Standard Review Plan,
1V.B4.1-d /%%« Section 4.3 “Metal Fatigue,” for
IV.B4.4-¢ /\\ acceptable methods for meeting the
' requirements of 10 CFR 54.21(c)(1).
IV.B4-38 | IV.BA4. Reactor vessel L "Stainless | Reactor Loss of Chapter XIL.M2, “Water Chemistry,” | No.
internals steel; coolant material/pitting for PWR primary water.
(R-24) nickel and crevice
alloy corrosion
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e

Stainless

Changes in

Chapter, XI.M16, “PWR Vessel

cylinder

void swelling

IV.B-39 Core barrel Reactor »
assembly steel coolant dimension/void 1als,” No Additional Measures.
(R-215) swelling
Thermal shield
cylinder
IV.B4-40 | IV.B4.8-a | Core barrel Stainless | Reactor Crackilfég‘/_‘_\sftfr;ess Chapter XI.M2, “Water Chemistry,” | No.
. assembly steel coolant corrofsg;onéégi*acldng, for PWR primary water, and
(R-214) irlisaq\igéfibn—assisted Chapter XI.M16, “PWR Vessel
Thermal shield “"’stré‘;sis corrosion Internals,” No Additional Measures.
cylinder % cracking
IV.B-41 IV.B4.8-¢ | Core barrel Stainless Loss of fracture Chapter XI.M16, “PWR Vessel No.
assembly steel toughness/neutron | Internals,” No Additional Measures.
(R-216) irradiation
Thermal shield embrittiement,
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“Structure
and/or: -~ -
Component -

(R-179)

plenum cylinder
assemblies

(weldment rib
pads)

Support flange

block bolts

Top flange-to-
cover bolts

Fuel assembly

SCrews

Plenum cover and

Plenum rib pads

Lifting lug-to-base

Bottom flange-to-
upper grid bolts

Upper grid assembly

support pad cap «,

o

Stainless
steel

Reactor
coolant

Loss of material
and associated loss
of clamping
load/wear

Chapte%%y’iMls, “PWR Vessel
In};erhglls.””'

&ﬁ%%ary Components: Differential
:height between top of plenum rib
pads and reactor vessel seating
surface, with plenum in vessel, for
wear

Expansion Components: Accessible
dowel locking welds for the Alloy X-
750 dowel-to-upper fuel assembly
support pad welds for all plants
except Davis-Besse, depending on the
results of the examination of the
Alloy X-750 dowel-to-guide block
welds

No Additional Measures: Top flange-
to-cover bolts, bottom flange-to-
upper grid bolts, and rib-to-ring cap
screws for loss of material/wear
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IV.B4-43

(R-176)

1V.B4-44

(R-175)

; Mat

“Mechanism

IV.B4.2-a

Plenum cover and

plenum cylinder
assemblies

Plenum rib pads
(Weldment rib
pads)

Upper grid assembly
Rib section
Ring forging
Fuel assembly
support pad cap

Screws

Rib-to-ring cap
screws

Stainless
steel

Reactor
coolant

Crackiﬂg/stress ‘

;1rradlat10n assisted
£ | stress corrosion
“Feracking

corrosion cracking,
irradiation-assisted
stress corrosion
cracking e
\\%
\ b4
«&6

)
Crackmg/stress
corrosmn “cracking,

% P

“tirt”

Chapter@?Mz Water Chemistry,”

for P\}fR primary water, and
Chapter X1I.M16, “PWR Vessel

\%nternals,” No Additional Measures.

+/ | No Additional Measures: All upper

grid assembly and plenum
cover/plenum cylinder assembly
components with respect to SCC and
TASCC




v
B4

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

-

1V.B4-45 Plenum cover and
plenum cylinder
(R-177) assemblies
IV.B4-46 | IV.B4.2-e Plenum rib pads
(Weldment rib
(R-178) 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

Loss of fracture
toughness/nglif‘rgn
irradiation *
embrittlement,
void,swelling

#

) »{fﬁ‘w

roo ot ke

Chaptér XIM16, “PWR Vessel
Integggls,”wNo Additional Measures.

o°Additional Measures: All plenum
-cover, plenum cylinder assembly, and

oy the upper grid assembly components

for changes in dimension/void
swelling and for loss of fracture
toughness/neutron irradiation
embrittlement
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.B4-1

(R-128)

of baffle/former
bolts and internal
baffle/baffle bolts

Baffle-to-baffle
bolts and their

locking devices,
including locking
welds

Core barrel-to-

Core barrel Stainless | Reactor Loss of fracture Chapter XI.M16, “PWR Vessel No.
assembly steel coolant and toughness/neutron | Interials.”
neutron flux irradiation ;
Baffle/former embrittlement ‘\\% ~Primary Components: Accessible
assembly . %' | baffle/former bolts and screws;
) Accessible baffle-to-former and
Baffle/former \\ > internal baffle-to-baffle bolt locking
bolts and PN devices
screws N % S
s WY Expansion Components: Baffle-to-
Locking devices g J@} baffle bolts and core barrel-to-former
(including welds) W’

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
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IV.B4-2

(R-180)

REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM
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IV.B4.3-a

Control rod guide
tube (CRGT)
assembly

CRGT pipe
and flange

CRGT spacer
casting

CRGT rod
guide tubes

CRGT rod
guide sectors

Stainless
steel

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted

stress corrosion
cracking

A
. \%/

Chapte@XI M2, “Water Chemistry,”
for PWR primary water, and
Chapter X1.M16, “PWR Vessel
nternals,” No Additional Measures.

No.
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1V.B43

(R-182)

_lColnil';\)(»)\pe [

i1

g

Reactor
coolant

Stainless
steel

Control rod guide‘
tube (CRGT)
assembly

CRGT pipe
and flange

CRGT spacer
casting

CRGT spacer
SCrews -

Flange-to-
upper grid
screws

CRGT rod
guide tubes and
sectors

4%}}//

&

Changes in
dimension/void
swelling

ot

.
Y

Chaptér, XI'M 16, “PWR Vessel
Internals,” No Additional Measures.
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1V.B4-4

(R-183)

IV.B4.3-d

| S_truégulje '
d/or

Contrbl rod guide
tube (CRGT)
assembly

" CRGT spacer
castings

Cast
austenitic
stainless
steel

Reactor
coolant
>250°C
(>482°F) and
neutron flux

Loss of fracture
toughness/thermal
aging and neutron
irradiation
embrittlement | s
O

™

4, R W

N

0

and Ngutron Irradlatlon
Embrlttlement of Cast Austenitic
; Stamless Steel (CASS);” and Chapter
%XI M16, “PWR Vessel Internals,”
Expansion Components.

Expansion Components: Accessible
surfaces at four screw locations
(every 90°) for CRGT spacer
castings, depending on examination
results for the core support shield
assembly cast outlet nozzles and vent
valve discs
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IV.B4-5

(R-181)

IV.B4.3-b

O

7

A,

4

gManﬁgemé:n't'P g

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

3
\@ﬂm >

Chapter\XI M2 “Water Chemistry,”
for g\}’R primary water, and -
Chapter XI.M16, “PWR Vessel
N}nternals,” No Additional Measures
=~Components.

No.
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Aging Effect/
‘Mechanism

Loss of Chaptér, XI'M16, “PWR Vessel

Control rod guide Stainless | Reactor X
tube (CRGT) steel coolant preload/stress Internals,” No Additional Measures.
(R-184) assembly relaxation /&w ;
Al %
’ \ i§'

CRGT spacer
screws

Flange-to-
upper grid
screws

‘3‘(.
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Core barrel Stainless | Reactor Cracking/stress Chapter XI.MZ “Water Chemlstry,”
assembly steel coolant corrosion cracking, for PWR prlmary water, and
(R-125) irradiation-assisted Chapter XI.M16, “PWR Vessel
Baffle/former stress corrosion ) e Internals ”
assembly cracking i ﬁ
_ “\ Primary Components: Accessible
Baffle/former %W} baffle/former bolts and screws;
bolts and \ N accessible baffle-to-former and
screws %/ e internal baffle-to-baffle bolt locking
devices
Locking devices »\ §§*\‘$"

(including welds) % % ¥ Expansion Components: Baffle-to-
of baffle/former e baffle bolts and core barrel-to-former
bolts and internal bolts and their locking devices,
baffle/baffle bolts 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

Baffle-to-baffle
bolts and their

locking devices,
including locking
welds

Core barrel-to- .
former bolts
and their lockmw
devices,, mcludmg
lockmg welds

fa
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N

e

%
)

7

AL

Changes‘ in

Core barrel Stainless | Reactor Chapter, XI'M16, “PWR Vessel

IV.B4.5-h

V.B4-8

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

Baffle-to-baffle
bolts

Core barrel-to-
former bolts

_ assembly steel coolant dimension/ void Internals.””
(R-199) : swelling - bt
Baffle/former *“\\P, mary Components: Accessible
assembly affle/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-
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
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(R-201)

assembly

Baffle/former
assembly

Baffle/former
bolts and
SCrews

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

Baffle-to-baffle
bolts

Core barrel-to-
former bolts

baffle/baffle bolts

Stainless

steel

coolant

preload/stress
relaxation

Chapte§r\)§ffM16, “PWR Vessel
Internals.” '
St

mary Components: Accessible

«f=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
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IV.B4-10

(R-193)

1V.B4-13

(R-194)

IV.B4.5-b

Core barrel
assembly

Core barrel
cylinder (top
and bottom
flange)

Lower core barrel
(LCB) bolts and
locking devices
Core barrel-to-
thermal shield
bolts

Surveillance
specimen holder

or studs/nuts

Baffle plates

tube (SSHT) bolts

Stainless
steel;
nickel

alloy

Reactor

coolant

Cracking/stress
corrosion

cracking,
irradiation-assisted
stress corrosion
cracking

Cracking/stress
corrgsion %
cra%ghking{}primary

wateristress
| corrosion cracking,

sirradiation-assisted
stress corrosion
cracking

Chapter, XI'M2, “Water Chemistry,”
for PWR primary water, and

Kapter XI.M16, “PWR Vessel
ternals.”

% | 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
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V.B4-11

(R-195)

Core barrel
assembly

Core barrel
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

Stainless |Reactor Changes in ' Chap e&z{me, “PWR‘Vessel
steel; coolant dimension/void In\terﬁ’hals,’"’“No Additional Measures.
nickel swelling oy /

£/
alloy b
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1V.B4-12

(R-196)

1V.B4.5-d

(Core barrel

assembly

Core barrel
cylinder (top
and bottom
flange)

Lower core barrel
(LCB) bolts

Core barrel-to-
thermal shield
bolts

Stainless
steel;
nickel
alloy

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

Reactor
coolant and
neutron flux

Loss of fracture
toughness/ neutron
irradiation ]
embrittlement, voidj’f
swelling

16, “PWR Vessel

Chapte§r\ .
Internals.””

 Frimary Components: Accessible

PN Surfaces 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

Baffle plates o
R
Former plates o d
p N@
5y
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m
N3

B - e

Stainless

His

Chaptér XIM16, “PWR Vessel

My

IV.B4-14 | IV.B4.5-e [ Core barrel Reactor Loss of
assembly steel; coolant preload/stress Internals,” No Additional Measures.
(R-197) nickel relaxation N

Core barrel alloy e, :;\*

cylinder (top Aot

and bottom

flange)

Lower core barrel &

(LCB) bolts \%}

Core barrel-to- g

thermal shield

bolts

Baffle plates

Former plates

IV.B4-15 | IV.B4.4-f |Core support shield |Stainléss*,|Réactor Loss of Chapter XI.M16, “PWR Vessel No.
(CSS) assembly steel % coolant material/wear Internals.”
(R-190) )

CSS cylinder Primary Components: CSS cylinder
top flange (differential height from
the top of the plenum rib pads to the
reactor vessel seating surface) for loss

val of material/wear
assenibly locking
de§i”\égw3/ No Additional Measures: CSS vent
<y valve top and bottom retaining rings
PN % for loss of material/wear.
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SR + E £k AR K SRt Sk = : i Has = o i i - - P
IV.B4-16 | IV.B4.4-d | Core support shield |Stainless |Reactor Loss of fracture Chaptekr\kaMw, “PWR Vessel
(CSS) assembly steel; coolant and toughness/neutron Inte{filals,”""No Additional Measures.
(R-188) nickel neutron flux irradiation ) bl
CSS cylinder alloy embrittlement, void’,
(top and bottom" swelling
flange)
Upper core
barrel (UCB)
bolts

Outlet and vent
valve nozzles

CSS vent valve
assembly locking
device
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.B4-17

(R-187)

Core support shield
(CSS) assembly

CSS cylinder
(top and bottom
flange)

Upper core
barrel (UCB)
bolts

Vent valve
assembly
retaining ring and
locking device

Stainless
steel;
nickel
alloy

Reactor
coolant

Changes in
dimension/void
swelling

Chaptér, XLM16, “PWR Vessel
Inter”,ﬁ/;lls,""’“No Additional Measures.
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REACTOR VESSEL, INTERNALS, AND REACTOR COOLANT SYSTEM

IV.B4-18

Structure ER

Core support shield

Reactor

Cracking/stress

Stainless
(CSS) assembly steel; coolant corrosion cracking, | for 1<WR primary water, and

(R-185) nickel irradiation- Chapter XI.M16, “PWR Vessel

CSS cylinder alloy assisted stress %Lnternals

(top and bottom corrosion crackmg g»f
IV.B4-20 | IV.B4.4-b flange) Primary Components: Accessible

Cracking/stressi) upper core barrel bolts; accessible

(R-186) Upper core corrosion crackmg, upper core barrel bolt locking

barrel (UCB) prlmary water devices

bolts and their

locking devices crackmg No Additional Measures: All other

ifradiation-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 | 1V.B4.4-h | Core support shield | Stainless ,R‘g Loss of Chapter XI1.M16, “PWR Vessel No.

(CSS) assembly steel; "i\\%gj Coolant preload/stress Internals,” No Additional Measures.

(R-192) mckel relaxation

Upper core ;alloyx,y

barrel (UCB)
bolts
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Manégemen;l{ gram AMP

Core support shield

CSS vent valve
discs

CSS vent valve
disc shaft or
hinge pin

CSS vent valve
top and bottom
retaining rings

Loss of fracture

2
Vi

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

1V.B4-21 | IV.Bd.4-¢ Cast Reactor ChaptenXI ‘M13, “Thermal Aging No.
(CSS) assembly austenitic | coolant toughness/ and/Ngutron Irradiation
(R-191) stainless | >250°C thermal aging and | EmbFittlement of Cast Austenitic
CSS cast outlet steel (>482°F) and neutron ﬁxs)f%mless Steel (CASS);” and Chapter
nozzles neutron flux irradiation 4 YX1.M16, “PWR Vessel Internals,”
‘embrittlement’ Primary Components.
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‘1V.B4-22

(R-209)

IV.B4-25

(R-210)

IV.B4.7-a

IV.B4.7-b

Flow distributor
assembly

Flow distributor
head and flange

Incore guide
support plate

Clamping ring
Shell forging-to-

flow distributor
bolts

Stainless
steel;
nickel
alloy

Reactor
coolant

i E
Cracking/stress
corrosion cracking,
irradiation-
assisted stress
corrosion crackinga{

Cracking/stl%’ss /
corr osmn crackmg,
prlmary water
stress cgrroswn

.cracking,

irradiation-assisted

istress corrosion

cracking

Chapter\XI M2, “Water Chemlstry,” I
for PWR primary water, and
Chapter XI.M16, “PWR Vessel

ﬁnternals, Expansion Components.
g

Expansion Components: Accessible

“| shell forging-to-flow distributor

bolts, depending on the examination
results for the core support shield
(CSS) upper core barrel bolts and
their locking devices, or for the core
barrel assembly lower internals
assembly-to-core barrel (lower core
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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IV.B4-23 | IV.B4.7-c |Flow distributor Stainless | Reactor Changes in Chapter, XI'M16, “PWR Vessel No.
assembly steel; coolant and dimension/void Intef‘hgls,’”’wNo Additional Measures.

(R-211) nickel neutron flux swelling ) o

Flow distributor alloy A ﬁi\é‘gAdditional Measures: All of the

head and flange :%%’omponents of the flow distributor
1V.B4-24 | IV.B4.7-d Loss of fractyf\\é{ %’ | assembly for the effects of changes in

Incore guide - toughness/ \ dimension/void swelling, and for the
(R-212) support plate neutrondrradiation | effects of loss of fracture

embrittle%;e{it, void | toughness/neutron irradiation
Clamping ring swelli‘ilgl. embrittlement, void swelling
LN

Shell forging-to- 2 34

flow distributor o

bolts P
1V.B4-26 | 1V.B4.7-¢ |Flow distributor Stainless | Reactor’y’ Loss of Chapter X1.M16, “PWR Vessel No.

assembly steel; cooig‘nt preload/stress Internals,” No Additional Measures.

(R-213) nickel | relaxation

Clamping ring alloy 4 L%;X

Shell forging-to- wf ’

flow distributor ¥

bolts
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_gu!g;E:fféﬁfct/n ,

1V.B4-27

IV.B4.6-h

Lowér grid

Stainless

Chaptér XIM16, “PWR Vessel _

assembly steel coolant material/wear Interhals,” No Additional Measures.
{ bt
(R-208) -
Fuel assembly
support pads
Guide blocks
IV.B4-28 | IV.B4.6-e¢ |Incore Monitoring Cast Reactor Loss of ‘fi’:a@gthre Chapter XI.M13, “Thermal Aging No.
Instrumentation austenitic |coolant touglfgesg/thermal and Neutron Irradiation
(R-206) (IMI) Guide Tube stainless | >250°C aging and neutron | Embrittlement of Cast Austenitic
Assembly steel (>482°F) and | *’i'r,rﬁgiiation Stainless Steel (CASS);” and Chapter

IMI Incore guide
tube spider
castings

IMI guide tube
spider-to-lower
grid rib section

welds

neutron flux

% Ngtnbrittlement

XI.M16, “PWR Vessel Internals,”
Primary Components.

Primary Components: Accessible top
surfaces of 52 spider castings and
welds to the adjacent lower grid rib
section .
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V.B4-29

(R-202)

IV.B4.6-a

Lower grid
assembly

Lower grid rib
section

Fuel assembly
support pads

Lower grid flow
distributor plate

Orrifice plugs

Lower grid and
shell forgings

Guide blocks

Shock pads

Support post pipes, s:

Stainless
steel

Reactor
coolant

Cracking/stress
corrosion cracking,
irradiation-assisted
stress corrosion

cracking

Q“%/

Chapter, XL.M2, “Water Chemistry,”
for P,VYR primary water, and
CHapfer XLM16, “PWR Vessel
%Lht“érnals,” No Additional Measures.

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

IV.B4-30 | IV.B4.6-¢ |Lower grid Stainless | Reactor Changes in Chapte%r%?(I.Mw, “PWR Vessel No.
assembly steel; coolant dimension/void Interials,” No Additional Measures.
(R-204) nickel swelling X
Lower grid rib alloy 2 %Additional Measures: All
section »components of the lower grid

assembly for changes in
Fuel assembly dimension/void swelling

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 -

4
bolts ) Q\? ¥
%
Guide blocks“’;;;ﬁdv‘
nd




v
B4

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

N

Aging Effect,
Mechanism:

1V.B4.6-d |Lower grid

assembly

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 T,

assembly-to- . ¥
thermal shield ke

bolts «<>
s

Guide %‘l}ocks and

Stainless
steel;
nickel

alloy

P

Reactor

coolant and
neutron flux

Loss of
toughness/neutron
irradiation
embrittlement,
void swelling

Chaptér, XIM16, “PWR Vessel
Internals.””
(e

»l*%ansion 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
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IV.B4-32

(R-203)

IV.B4.6-b |Lower grid

assembly
Lower grid rib-
to-shell forging
screws
Lower internals
assembly-to-
thermal shield
bolts
Guide block bolts

Shock pad bolts

{’\ﬁ:@; =
%%4?«

Stainless | Reactor
steel; coolant
nickel

alloy

Cracking/stress

corrosion cracking,
primary water
stress corrosion
cracking, g@%
irradiation- assxsted%
stress corrosion /
crackmg%

@s\i@

Chapté’r%XfwMZ “Water Chemistry,”
for PWR primary water, and
Clfapfer XLM16, “PWR Vessel
%Internals
by
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
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Structule R

1V.B4-33

(R-207)

IV.B4.6-g | Lower grid

assembly

Lower grid rib-
to-shell forging
screws

Lower internals
assembly-to-
thermal shield
bolts

Loss of
preload/stress
relaxation

Chapter, XIIM16, “PWR Vessel
Int “nglls,”wNo Additional Measures.

IV.B4-34

(R-172)

1V.B4-36

(R-173)

IV.B4.1-b Top flange-to-

IV.B4.1-a | Plenum cover and

plenum cylinder

Plenum cover
assembly

Plenum cylinder

Bottom ﬂuialig__%

Reinforcing plates |~

4 v N
upper-grid screws
ppe ga/

‘Cracking/stress

coolant’ { ‘§ #" | ecorrosion cracking,

irradiation-assisted
stress corrosion
cracking

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

Chapter XI.M16, “PWR Vessel
Internals,” No Additional Measures.

No Additional Measures: The top
flange-to-cover bolts, the plenum
cover assembly, the plenum cylinder,
the reinforcing plates and the bottom
flange-to-upper grid screws for both
SCC and IASCC
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Material Evaluation
B4-35 .B4. Plenum cover and Stainless | Reactor Changes in Chaptei, XIM16, “PWR Vessel
g pter Al
plenum cylinder steel coolant dimension/void Intefhals,” No Additional Measures.
(R-174) swelling {0\/
Plenum cover : Al a’;;"
assembly o

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 Regcj%gr " Cumulative fatigue | Fatigue is a time-limited aging Yes, TLAA.
IV.B4.5-f |internals steel; cog&ant damage/fatigue analysis (TLAA) to be evaluated for )
(R-53) IV.B4.6-f |components nickel ?’jﬁ the period of extended operation.
IV.B4.2-d alloy 4 4 See the Standard Review Plan,

IV.B4.1-d Section 4.3 “Metal Fatigue,” for
IV.B4.4-¢ acceptable methods for meeting the
e requirements of 10 CFR 54.21(c)(1).
1V.B4-38 | IV.B4. Reactor vessel \gy "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
A alloy corrosion
i,
oy oy
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i
s

i

Qompion"ent

Changés in

Chaptér XIM16, “PWR Vessel

a

Fu jfér"\‘
Evaluation

1V.B-39 IV.B4.8-b | Core barrel Stainless
assembly steel coolant dimension/void Internals,” No Additional Measures.
(R-215) swelling s
Thermal shield
cylinder
IV.B4-40 | IV.B4.8-a | Core barrel Stainless | Reactor Cracking/stress Chapter XI.M2, “Water Chemistry,” | No.
assembly steel coolant corr(f‘sjlygn'cracldng, for PWR primary water, and
(R-214) irr‘egdj\gﬁon-assisted Chapter XI.M16, “PWR Vessel
Thermal shield / '*s/géré?ss ‘corrosion Internals,” No Additional Measures.
cylinder 4| cracking
&
IV.B-41 1IV.B4.8-¢ | Core barrel Stainless | Reactor /’%}% Loss of fracture Chapter XL.M16, “PWR Vessel No.
assembly steel cool\z}_nt‘*a;ld toughness/neutron Internals,” No Additional Measures.
(R-216) neutron flux |irradiation
Thermal shield embrittlement,

cylinder

void swelling
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1V.B4-42

(R-179)

Plenum cover and
plenum cylinder
assemblies

Plenum rib pads
(weldment rib
pads)

Support flange

Lifting lug-to-base
block bolts

Top flange-to-
cover bolts

Bottom flange-to-
upper grid bolts

Upper grid assembly

Fuel assembly A5
support pad cap s,
screws

X i
o

Stainless
steel

Reactor
coolant

Loss of material
and associated loss
of clamping
load/wear

Chapte%%xﬁMm, “PWR Vessel
Inte{&als.""'

ey

-Primary Components: Differential
height between top of plenum rib
pads and reactor vessel seating

“| surface, with plenum in vessel, for

wear

Expansion Components: Accessible
dowel locking welds for the Alloy X-
750 dowel-to-upper fuel assembly
support pad welds for all plants
except Davis-Besse, depending on the
results of the examination of the
Alloy X-750 dowel-to-guide block
welds

No Additional Measures: Top flange-
to-cover bolts, bottom flange-to-
upper grid bolts, and rib-to-ring cap
screws for loss of material/wear
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1V.B4-43

(R-176)

IV.B4-44

(R-175)

Reactor
coolant

Stainless
steel

Plenum cover and
plenum cylinder
assemblies

1V.B4.2-b

Plenum rib pads
(Weldment rib
pads)

IV.B4.2-a | Upper grid assembly

Rib section
Ring forging
Fuel assembly
support pad cap

SCrews

Rib-to-ring cap
sCrews

Cracking/stress

corrosion cracking,
irradiation-assisted
stress corrosion
cracking

)
Cracking/stress
corros19n‘§crackmg,
Arradiation-assisted
sfréss corrosion

“leracking

Chapter\XI M2, “Water Chemlstry,
for I;/WR primary water, and
Chapter XI.M16, “PWR Vessel

& Pa,
In ernals,” No Additional Measures.

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

No.

&%;%m/
v
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: : ; - w&- ,
IV.B4-45 | IV.B4.2-c |Plenum cover and |Stainless |Reactor Changes in Chapter, XI'M16, “PWR Vessel No.

plenum cylinder steel coolant and dimension/void Internals,” No Additional Measures.
(R-177) assemblies neutron flux swelling L

‘Additional Measures: All plenum
IV.B4-46 | IV.B4.2-¢ Plenum rib pads

Loss of fracture cover, plenum cylinder assembly, and

(Weldment rib toughness/neutr the upper grid assembly components

(R-178) pads) irradiation %/ “| for changes in dimension/void
embrittlement, swelling and for loss of fracture
Upper grid assembly void swelling toughness/neutron irradiation
%@/ embrittlement
Rib section
Ring forging

&

&~ Mz\
Fuel assembly P
support pads

%
,

7/

Rib-to-ring cap
screws




XIL.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 ’%
criteria as defined in MRP-227, Revision 0 and MRP-228, Revision 0 or later revisions; \s

(b) Disposition of indications that exceed examination acceptance criteria by entermg
them into the licensee’s Corrective Action Program, and may include evaluation for contmued
service until the next examination; and "

%,
K

(c) Monitoring and control of reactor primary coolant water chemistry n{;’zccordance
with the EPRI PWR Primary Water Chemistry guidelines (EPRI TR-1014986 }or"1ater revisions).

The program also includes future industry operating experience as mcorporated in periodic

~revisions to MRP-227. The program thus ensures the long-term 1ntegr1ty\and safe operation of -

reactor internals in all commercial operating U.S. pressurized water teactor (PWR) nuclear
ower plants. &

. N Y

Evaluation and Technical Basis

1. Scope of Program: The guidance in MRP-227 {prov1 &s requirements that assure functional integrity of
safety-related internals in commercial operating U.S#, PWR nuclear power plants designed by Babcock &
Wilcox (B&W), Combustion Engineering (CE), and Westmghouse The scope of components considered for
guidance includes core support structures (typic; fyi denoted as B-N-3 by the ASME Code Section XI) and
other internals components that by failure meiym fect the achievement of a safety related function. This
scope definition was the basis for the requuements of MRP-227, and subject to the applicability assumptions
listed in Section 2.4 of the document, 1s\an ‘acceptable scope definition for individual applicants. The scope
does not include consumable items suc<as fuel assemblies, reactivity control assemblies, and nuclear
instrumentation. The scope also” do -not include welded attachments to the internal surface of the reactor

vessel. /eﬁ%

This program is focused/ or‘i”i;managing the effects of eight age-related degradation mechanisms — stress
corrosion cracking (SCC)yirradiation assisted stress corrosion cracking (IASCC), loss of material caused by
wear, cracking ca \\edwby fatigue, loss of fracture toughness caused by either thermal aging or neutron
irradiation embt ‘element dimensional changes and potential loss of fracture toughness caused by void
swelling and 1rrad1at10n growth, and loss of preload caused by thermal and irradiation-enhanced stress
relaxatlon orcreep. The guidance also depends on preventive measures, such as fuel loading management

and prlm “water chemistry control, to limit the degradation.

%
,,uguldance is based on a sampling methodology as defined by the Branch Technical Position RSLB-1,
w1th»per10dlc 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:



'

e 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;

e Further categorization of these reactor internals, based on the screening results and the
likelihood/severity of safety and economic consequences, into categories (for each degradations../y
effect) ranging from insignificant effects (Category A) to potentially moderately significant effects
(Category B) to potentially- 51gn1ﬁcant effects (Category C); \/

-

¢ Functionality assessment of components and assemblies of components based on representatlve plant
designs using irradiated and aged material properties to determine the effects of theg degradatlon
mechanisms on functionality; ) \&
g .

e Aging management strategy development combining the results of functlonahtyuassessment with
component accessibility, operating experience, existing evaluations, and; pn@r examination results to
determine the appropriate methodologies for maintaining the long- term“%functlons of PWR internals
safely and economically.

The result of this four-step sample selection process is a set of Prlm&arys»mtemals locations for each of the
three plant designs that are expected to show the leading indications‘of the degradation effects, with another
set of Expansion internals locations that are specified to expand@‘ghe sample should the indications be more
severe than anticipated. The degradation effects in a third set of Tiiternals 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 fourthxset/of internals locations are deemed to require No
Additional Measures. Typically, 5% to 15% of the 1nternals locations were classified as Primary, with
another 7% to 10% of the internals locations clas31ﬁed as Expansion. Another 5% to 15% of the internals
locations are covered by Existing Programs, yv' ' tfie remainder requiring No Additional Measures. This
sample selection process is adequate to assure safety function integrity of the subject safety related PWR

reactor internal components. ’
/4/

The guidance in MRP-227 includes m\fopnatlon on component description and function (Section 3);
requirements for methods, extent, a%glyfrequency of the examinations (Section 4); examination acceptance
criteria and requirements for expandmg the scope of the examinations as needed (Section 5); information on
acceptable methods for evaluatmg the structural integrity significance of flaws detected during these
examinations that exceediekamination acceptance criteria (Section 6); and general information on component
repair and replacement“\pro}edures (Section 6). The guidance also contains provisions for reporting to the
EPRI MRP by the%md1v1dual utilities on the results of the examinations, with the intent that the sampling
program extendssbeyond an individual plant to include all other PWRs. In this way, the combined results
from many sets%ff internals examinations are used to determine the need for program adjustments.

2, Preventlve Actions: The guidance in MRP-227 does not specify any preventive actions other than the
icab \‘yhmltatlons to base-loaded plants and the fuel loading management assumptions upon which the
functlegpahty analyses were based. These limitations and assumptions require a determination of
appxgcablhty 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* \
is monitored/inspected by either visual (VT-1 or EVT-1) examination (for internals other than boltmg or by
volumetric (UT) examination (bolting). Visual (VT-3) examination is used to momtor/mspect fov the gross
effects of SCC, IASCC, and fatigue cracking, and for loss of material caused by wear. The V@3 detection
of gross cracking effects is used only when the tolerance of the component or affected assembly is known or
has been shown to be tolerant of easily detected large flaws. In addition, VT-3 examination$ are used to
monitor/inspect for general aging conditions, such as gross distortion caused by vo1d\sw%éllmg and irradiation
growth or by gross effects of loss of preload caused by thermal and irradiation- enpanced stress relaxation
and creep. The loss of fracture toughness, whether caused by either thermal agmg 6r neutron irradiation
embrittlement, or by void swelling and irradiation growth, is not directly me \\{\u red; instead, the
consequential effects of loss of fracture toughness are momtored/mspec%ed using visual or volumetric
examinations. In addition, physical measurements are used to momtor/mspect for the gross effects of wear
in a few representative cases.

The parameters monitored/inspected for Primary components ?%e described specifically for B&W designs in
Table 4-1, for CE designs in Table 4-2, and for Westinghou%e designs in Table 4-3. The parameters
momtored/mspected for Expansion components are descrxbed specxﬁcally for B&W designs in Table 4-4, for
CE designs in Table 4-5, and for Westinghouse de&gnsﬂn"%Table 4-6. These tables provide detailed
descriptions of the relevant conditions that requ1re dlspogltlon 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 Se{:tlon XI Table IWB-2500-1 descriptions or the GALL AMP
XI1.M37 Flux Thimble Tube Inspection. In*several Existing Programs, additional descriptive information is
provided to supplement the existing prograni relevant conditions, on the basis that more precise information
on the degradation mechanism and 1ts/effécts 1s known. The relevant conditions constitute the important
characteristics of the parameters;)mogllltored/mspected

o .

AN

4. Detection of Aging. E/ffects The detection of aging effects is covered in two places: (1) the guidance
in Section 4 of MRP-227Brovides an introductory discussion and justification of the examination methods
selected for detecting aging effects of interest; and (2) standards for examination methods, procedures,
and personnel are:proyided in a companion document, MRP-228. 1In all cases, well-established methods
were selected ~These methods include volumetric (UT) examination methods for detecting flaws in bolting
and various v1sua1 (VT-3, VT-1, and EVT-1) examinations for detecting effects ranging from general
condltlong t@,detectlon and sizing of surface-breaking discontinuities.

The%abﬂﬁy of volumetric examination by ultrasonic testing (UT) to detect loss of integrity of PWR
mternals 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.



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 rlgorous
detection of cracking is required, PWR internals will be examined by visual (VT-1) examination, inorder
detect discontinuities and imperfections, such as cracks, corrosion, wear, or erosion, on the surfaces%éfw
components. In some cases, where even more stringent examinations are required, enhanced v1sua1 (EVT 1)
examinations or ultrasonic methods of volumetric inspection, are specified for certain selectecl\gg)mponents

and locations. f’lf
N P

5. Monitoring and Trending: The examinations and re-examinations required by theJMRP 227 guidance,
together with the requirements specified in MRP-228 for inspection methodologl\ 1nspect10n procedures,
and inspection personnel, provide timely detection, reporting, and correctlve ac with respect to the
effects of the eight age-related degradation mechanisms within the scope 1 rogram. The extent of the
examinations, beginning with the sample of susceptible PWR 1nternal/s component locations identified as
Primary locations, with the potential for inclusion of Expansion locatlonsnf the effects are greater than
anticipated, plus the continuation of the Existing Programs actlvme%zsuch as the ASME Code Section XI
Examination Category B-N-3 examinations for core support stéuctures, provides a high degree of confidence

in the total program. 4%/

6. Acceptance Criteria: Section 5 of MRP-227 provn}es specific examination acceptance criteria for the
Primary and Expansion component examinations. F oréEx1st1ng Programs components referenced to ASME
Section XI, the IWB-3500 acceptance criteria ap ly: For other Existing Programs, the examination

acceptance criteria is described within the ex1s\ ng program reference document.

b
The guidance in MRP-227 contains three/ ypes of examination acceptance criteria:

e For visual examination (and surfg%?:e examination as an alternative to visual examination), the
examination acceptance ,grité‘?‘ioﬁ 1s the absence of any of the specific, descriptive relevant conditions;
in addition, there are requlrements to record and disposition surface breaking indications that are
detected and 51zed for”’length by the visual (VT-1/EVT-1) examinations;

e For volumetrlc, 'xammatlon the examination acceptance criterion is the capability for reliable ’
detection of in tions in bolting, as demonstrated in the examination Technical Justification; in
addition, there.afe requirements for system-level assessment of bolted or pinned assemblies with

////

unacceptab “volumetric (UT) examination indications that exceed specified limits; and

f hyswal measurements, the examination acceptance criterion for the acceptable tolerance in the

a 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
\mternals 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 X1 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 1mplements
the sampling basis inspection approach to adequately determine the significant extent of the observéd % /

condition. a

k3

Any detected conditions that do not satisfy the examination acceptance criteria are required te 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 enSure that design
basis functions of the reactor internals components will continue to be fulfilled for alal%hcensmg 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 alternatrvesﬁtQ;the Section 6
methodologies may also be used, such as the methodologies in WCAP- 17096%

mm\w

7. Corrective Actions: Corrective actions following the detection of gfiacCeptable conditions are
fundamentally provided for in each plant’s corrective action program. \Addrtlonal guidance for disposition of
unacceptable conditions for PWR internals may be found in the ASME’ Code, Section X1, and in Section 6 of
MRP-227. Section 6 of MRP-227 describes the options that afex axarlable for disposition of detected
conditions that exceed the examination acceptance criteria O&Sectron 5. These include engineering
evaluation methods, as well as supplementary examinationss to further characterize the detected condition, or
the alternative of component repair and replacement, procedures The latter are subject to the requirements of
the ASME Code Section XI. The 1mplementat10n ofithe’ ‘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,cerrectlve actions of 10 CFR Part 50, Appendix B or its
equivalent, as applicable. Y

8. Confirmation Process: Site qualit ‘assurance procedures, review and approval processes, and
administrative controls are 1mp1emente“ in accordance with the requirements of 10 CFR Part 50, Appendix
B or their equivalent, as apphcable’ : 1s"expected that the implementation of the guidance in MRP-227 will
provide an acceptable level of quahty for inspection, flaw evaluation, and other elements of aging
management of the PWR/1ﬁ rhals that are addressed in accordance with the 10 CFR Part 50, Appendix B or
their equivalent (as apphe 1t;“le) confirmation process, and administrative controls.

9. Administrative, Controls The administrative controls for such programs, including their implementing
procedures and /ew 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 sufﬁcrent‘level of documentation and administrative controls to ensure effective long term

implemgr ntatron

10 .V, erating Experience: Relatively few incidents of PWR internals aging degradation have been
r§p rted in operating U.S. commercial PWR plants. A summary of observations to date is provided in
Appendrx A of MRP-227-A. The licensee is expected to review subsequent operating experience for impact

on its program, 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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