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Update of Irradiation Embrittlement
in BAW-10008 Part 1 Rev. 1

AREVA NP Inc. Document No. 47-9048125-002
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NOTE: I .

This document is the non-propristary versionof the: AREVA NP Inc. proprietary document 51+
9038244-002. This document.is identical ‘to: 51-9038244-002 except the proprietary information
have been'deleted as marked by ‘[ .

1 Purpose

This:document:is: the dellverable for the Subtask 2 7b "Update BAW-10008 Part 1” of AREVA

2.1 BAW:2248A Section 4.5:2, NRC FSER Section 3.4.2

Subtask:2.7b is: to address :part of the comm|t_ment made |n BAW:2248A% dunng the Babcock &

(hereafter referred to as BAW 10008) concernmg neutron |rrad|at|on embnttlement for the
license: renewal_ period. Section 4.5.2 of BAW-2248A is .quoted below:

“4.5.2 Duitility <:Réduction of Fractire: Toughness

BAW-10008, Part 1 Rev 1, documents the acceptab/I/ty of the reactor vessel lnternals

) prowde rel/able data on the lrradlated propemes of stamless steel

2). . ASME Section Xl.visual (VT-3) examination:standards for-category B-N-3.is-a current.
and effective program for detection of cracks and repair/replacement for vessel
internals components thatare-accessible:by:removal of the ‘core and/or other
internals.
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mternals ThIS ag/ng management program is-discussed in Sectlon 4 '6..Hence, th/s TLAA

and conclusion. of the program

The_ft_r_\al__sa_fety evaluatlon report (FSER) of BAW-2248 by the US Nuclear Regulatory

the followung. evaluatlt)n to Section 4. 5. 2 oof BAW-2248
“3.4.2 Ductility:— Reduction: of Fracture -Toughness-

;Sectlon 4.52 of. BA W-2248 descnbes g TLAA related to the acceptab/hty of the: reactor

Edeformatlon I/m/ts and: adequa i uctrllty descrlbed above in Appendrx Eito BA W-10008
Part’ 1 Rev 1, relates to the. mater/al behawor in: the ‘absence: of flaws Therefore, no

.spec/frc basrs Thrs is. Renewal AppllcantAct/on Ttem 12

Note: o
TLAA ~time-limited -aging: analysis:
RVIAMP - reactor vessel:internals.aging management:program

allowable stresses Section 3 2 of BAW 10008 stated that .In Appendlx E-a d/scussron of
the:effect of irradiation.on’ materral .properties.— Jitis concluded that: the use of.unirradiated
properties.is conservative: " Appendix E — Effect.of Irradiation on the Material Properties and
Deformation Limits for Reactor Internal$ is:quoted below.

"AII strdctUraI matenals of the reactor mternals (except for bo/ts) are: :304 stainless: steel
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.The maximum primary:stress permitted in the internals for Case IV (LOCA plus earthquake)
I limited to two-thirds of the ultimate strength. As irradiation.increases the yield:strength:to:
this valus; plastic strains.approach zero, so that the.:small loss of ductility is. inconsequential..

édeformatlon l/mlts

23 ‘Scope:

year desngn Ilfetnme Based .on Flgure 2 1 (Flgure E:3in. BAW-1 0008) the typncal umform
elongation would be greater than20%. for this fluence and-therefore Appendix E: concluded that,

is‘as follows

resolutlon of this: TLAA “will: requrre determmat/on of the: expected material

. update fluence: of the core barrel flanges'to a.60-year lifetime;

-—

»

examine:the validity of Figure E-3:in BAW-10008;

3: examine:the “deformation:iimits” assumed in BAW-10008;

»

update Appendix:E to BAW-10008 to a 60-year lifetime.
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3 Evaluation

3.1 Locations:of Maximum.Flux for Core Barrel Flanges

[

][41-

3.2  Fluence:of Core Barrel Flanges

Based:on Section 3:1, the:maximum neutron flux locations of the:core barrel flanges ie.,
locations closest to the core, are the following::

The:maximum:flux.values are listed in Table:3=1. These:flux values are based on a hypothetical
:fuel cycle desngn that has: a conservatwely hlgh neutron leakage. The hlgh Ieakage comes from

Epowers are:so:high:that the leakage represents a boundlng value ‘no actual fuel cycle deSIgn
would be expected to have a higher: neutron flux Ieavmg the core. Thus the flux values in Table

[ 1
[ ]

1}

A
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maximum fluence for: the core: barrel: ﬂanges are listed i in Table 3 1

Table 3-1 Maximum Fluence of the:Core Barrel Flanges

:Location of Maximurn Fluence | Flix, nfem?/sec; E-> 1 MeV

) Top core barrl ﬂange
a8 ]'belowthetop surface:of:the
5’top ﬂange (1:D. surface)

 Bottor core barrel flange: [ ]
' above the bottom surface:ofthe
1: bottom:flange:(1.D. surface)

3:3 Tensile'Data of Type 304SA lfradiated to:Moderate Fluence:

The [ ] maximum 60-year fluence for‘th‘e'top‘ core barrel:fta‘nge remai':n's

not IiSted in: BAW 10008 the Frgure 2- 1 data ‘are: most Ilkely from Type 304SA irradlated in fast
bréeder reactors. |In.order:to:examine:the:validity of: Flgure 2-1 forthe bottom:core barrel ﬂange,
a search for more - recent Type 304SA test: data between [ 1,

below:

Decommissioned PWR Core Barrel =~ MRP:128" and MRP:1 29[‘“

MRP 129 reported tensile tests of Type 304SA stamless steels removed ifrom vessel mternals of

535 and'575°F: (279 and 302°C):over the PWR. operatlng hlstory This is: also S|m|larto the
operatlng temperature of 560°F(293°C) for the:bottom core barrel: ﬂange Thetensile specimen.
geometry- machined frométhe, removed core barre'l i  shown'in Flgure 3-3. The tensrle test was
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Table 3-2 Tensile Properties of Type 304SA Core Barrel froma 'DecommissionedvPWR“"'?'“']

| |rrad|at_ipn.;g_;gpe,;'aturé;Séé to 575°F (27910302°C) |
alre: sveq | Ui o | To
oo | Eong. | Eiong.

_ “Fiuence’
' Specimen 1D ——

R

[ ]

BWR Riser Pipe ~ BWRVIP-35"1~

In 1997 BWRVIP-35-reported tensne test results-of stainless steels:removed from.reactor
‘ ] The testec_i _materlals mcluded

(
temperature of 280°C (536°F) and the ﬂuence was up ‘to: [

specimen geometry machined: from:the riper plpe is:shown in Figure:3:5; The tensile test results
are summarizedin Table 3-3..

Table 3-3 Tensile Propérties of Type 304SA from BWRs"

BWR.

Cerr!pon'ent f flrar

assumed to be approx1mately 288°C (550°F) Results of the SSRT tested in alr at 289°C (552°F)

are summarized:in Table:3-4.
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.,u...'.f,.:Te'Sted in:Air:at:289°C. (552“F)"’ Straln Rate 1.65x 10 7/sec -
10:2% Vield Unif

_ _'ngatlon and’ total elongauon values are;

e

're machuned before being: |rrad|ated at
: etry is shown in Figure 3:7: Table 3-5°
summanzes the SSRT results tested in air of a commercial punty'Type 304SA |rrad|ated to
moderate fluence.,

°F

| 73

oae T
c19:02°

I
i

Advanced Test Reactor~ Jacobs et 'a'l}‘°’

p s s

geometry is shbWh in anure 3-8. Table 3- fsumma izes the CERT r_e_sults tested in air at 288°C
(550°F):of a solution-annealed and water quenchéd Type 304,



Table 3-6°CERT Resiilts Type:3045A Irradiated in ATR ["”
,;;....|fra’diatidn%{ekﬁﬁé’héture:5004625’:F 260-329°C), CERT in:air at'strain rate 4 X 10“/sec v

; ; © Uttimate |
Test Temp: Tensie | Elon

The:2003 paper byNavas. et:al. provided SS
304SA One heat contamed 0 05% carbon (_

for testmg matenals___for BWRs and. PWR

The
1, 1x1o’° nicm?; E>1:

‘Type 304:HC (0.05%C)

{Type 304 uic @:012%C)
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3.4. Evaluation:

F.: Hence the. unlform elongatlon values from SSRT at

~10;7/sec are: conservatlve compared to those:obtained from .conventional, tensile tests at.a
strain rate'typically ranging from ~10" to ~10?/sec.

representatlve of P intemals than: those from fast breeder reactors used for establishing’ the
lines in:Figure E-3 of Appendix E.

60-year |ifetime is: predrcted to be [ ] at operatnng:temperature based on the rece_nt test data_
shownin.Figure 3-12. :

Deformation Limits in BAW-10008

oridig toa stre ss f2/3 S, is 8. 6%, whichis approxrmate/y equal to0. 20 X uniform
stram ori7.6%."
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twould be 7 6% plastlc strain at 600°F fora plastlc anaIySIs
) Kksi- (290 MPa) at 600°F in. Flgure 3 13. Duse t_o the:irradiation
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Plenum:Cover:
.Assembly

“VentValve:

»Core:Support:Shield

Thermal.Shield

-Core Support Assembly

~Core Barrel

-Core Barrel Asser

-Lower Grid Assembly

s IMI Gild@ Tubie
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Ton Fange

Thermal Shield |
" ‘Upper:Restraint:Assembly-

=Bottom: Flange:

assembly.




Figure 3-3 Tensile specimen:.machined from Type:304SA remaved from a: decommissioned PWR;:

Figure 3-4 Strass-straln curve of Type 304SA core barrel [ 1
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] BWR; all:dimenslon: unitin "mm,;‘»
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500 —— ' i o ‘ ' . - :;vv — .' p— r _.".: 600 .
cPood (. ’
L 02x10E2¢n cmE2

e —
" CP04
0.6 10E21:n:emE=2

In Waler, 289°G..
290:ppb -
Dissolved Oxygen

Stress (MPa)

In Water, 269°C
| Dissolved Oxygen :

51 TSN WET DT oAt

8

i
H
H

Streas (a_l Pa)
Stross (MPa)

Figure 3-6:SSRT stress-strain curves of commercial purity Type 304SA removed from BWRS. Top,

heat CP304-A BWR absorber tubes; bottom, heat CP304-B BWR control blade sheath. Strain rate:
1765 x 107/sec.™




47-9048125-002

i Page 18:0f:25

9.53%0.25 . y
' 9.63+0.25
(0.‘375‘21 0.610) 0:37 55':'.9;0.1 oy

(31758026
..... “ ‘25020.010‘ ——

¢4.01£0.01 |
(0. 158:0-0004)

(O 1401:0 002)

11 62510 020) '
4.9820.05 .o
{0. 188+ 0.002) ore o

5084:076 .

-

'are shown as: mm (ln )

n
) Q
c
=
o
N
w
9
g
|
7}
x-
o
. Q,
=3
[+]
3
(]
=
-
o
=]
o
-
1]
Q
5
[
=2
@
>
-y
A
o
=
D
/1]
.
c
=3
N
K3
o
o}
-4
N
g
Q:
[
n:
-
l'G
@
{7 H
H o
-~
@
-
Q
-
o
=
o
3
(1]
3
o
[}
=3
{7

i
¥
1
3':
E
;

RS . R A



47:0048125-002
Page 19:of 25




47-9048125-002
Page20:0tf 25:

:Stress (MPa)
Stress (ksi)

%:strain

5 lOzozn/ cm

’ 1110“ n/ent
7 10‘}? n/ent

500}

5

z = 400
a
£3
vy

Stress (ksi)




47-90481 25-002
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C A 0 2 . 2.0 B M

ST TEMP. (OF)
‘& ROCM TEMP.
™ 450 (505 °K)
‘® 700 (544°K)

1€ TENSILE STRENGTH; NPa. -

.ULTIMATE TENSILE STRENGTH, KSI

__________ M. 30455
°F; (658-881 K)

MATERIAL:

IRRAD... TEMP » 725-7
FLUENCE = '8,8510.3:x 1022 njcn® (€501 MeV)

s
TEST:TeMP. : (°F):
""" ‘A ROON TEMP. MATERIALT “ANN. 304:5S ;
TRRAD:: TEMP, = 725-730°r (658- 551 %) e

‘W:450 (505 K):
M; 450 (505 1) FLUENCE = 8:8-10,3.%10%% n/cn® (E50:1 MeV)

‘® 700 (644 K

URIFORM ELONGATIO

e :4so°r (505 K) ™~
%700°F (644 K)

v,}l,ov;z.

ig : / rain rate:on tensﬂe properties ‘of Tﬁ)e 304SA. The material was: Irradlated at
725—730°F in‘EBR-Il to 8.8-10.3:x 10% n/cm?, E> 01 MaV.
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205:0F 38% = 7.6%
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4 Summary

This document has updated the estlmated ﬂuence of the .core barrel fIanges |n BAW-10008,

] uniform elongation:at
:t_he end:of the license renewal

have. been updated)

The max:mum ﬂuence in the:core barrel in the reg/on near: ﬂanges is conservatrvelz

deformatlon limits:
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