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W R iE T N att (Lower Internal) 22 & X HMBRHZE T AMK
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B = e auEasgs 0 Baffle to Former ~ Baffle to Baffle
Rarrel to Former =#E#E# » Ml % —Ea (UK HHE Baffle
Bolt) B # &R °

MBaffle BoltBEHE 58 MRZ M A HM » AErKakEAN

ARG AR A

AR - BARE R 2B

- == Core Barrel i Ba 1
/ l pa
.y === — Balfle Bolts tf,g\ ; 1"@
oy R4 —
_// : ) 4\\ / ormer Former

| N . Coie Bamello
V4 S / - .
KK // . Former Bok
T AN
PR Cxy

|
AT AN
e

Baffle 1o Fomner Bodt
(Leng & Short)

Casner Edge Brackel
Ballle fo Former Bolt

(V%)



2. MAREARBREEH -

W RN EF R MR 2un M 0 F 48 ¥ g Baffle Bolt &
o AHEE X-T50-

W EDF Bugey 2 19045 AEHABR  EHHH3L0-

® Belgium Tihange 1° 1905850 5321 % > ZHME R30-

® %5 Point Beach E&B & & AR 106954 5728 % - £ ¥55
5 AR o Bk H & AIST Type 347 -

B EiF Ginna EAc19995 % £639 % > #9505 FH B ETA
AIST Type 347 -

3. A

MEDF T EHREX B S AHREZ T Ear s (1ASCC) :Swelling
effect

Bolt cracking phenomenoiogy

7 Stress corrosion cracking assisted by the irridiation (sweiling effect;
v Occurs in priority at the former plates level of the highest irradiation rate {2 - 3 - 4)
7 Results based on the expertises performed by EDF (hot laboratory)

o in 1987 from 3 boits (Bugey)

* in 1992 from 5 bolts {Tihange 1)

e in 1995 from bolts (Tihange 1)

swhich confirm the theory

/ Other expertises driven by EDF on internal elements trom Chooz A.

I (™
FRAMATOME ANP




B [AEA (International Atomic Energy Agency) #3k4% » R A& F-F

AR BR -

IGSCC ( Inter Granular Stress Corrosion

Crack) 2 #4512 it (Irradiation Embrittlement) &

WHETHEN CARREE
K e
TAEA#R 4 ©
IAEA-TECDOC-1119

Assessment and

management of ageing of major
nuclear power plant components
important to safety:

PWR vessel internals

,

N\

Y
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INTERNATIONAL ATOMIC ENERGY AGENGY ’ A=y
A =

October 1668

1.5 CRACKING OF THE BAFFLE BOLTS

It the 19805 inspections indicated hafls bols cracking. The bols are made of 316 cold
worked stainless stels. They Faled by fntereramuar crackimg. Normaly, 316 stecl is ot pron
to 1G8CC in this water enviromment and al} the bolts cracked were initially located i the
second and third rows ffom the bottom, that is exactly the place correspondmg lo the highest

nevtron imadiation, This demmoastrats that the neutron ivadiation is 2 siguificant feature for
(s eracking, v ifthe evact mechanism is wnkuown now. 1t s diffcult o conclude whether
the bolty eracked by [ASCC or due to imadiation embritlement, or by ofher 1GSCC
phenomena. To dae, bafle bol cracking was observed only in plants with the “down-flow”
design.

This cracking is a cancern and made ecessary the development of ulrasonic metbods
forthe non-destruetve evemination of the bols. In Frezce. in 1994, the maximum number of
bols with a suspicion of eracking was 57 on age plant (Bugey 2). The indications e
siguficanty different from pleat to plant. Measures aze taken to be abie to make am effcien
00q estrctive ¢xamination of the hohs and to replace them if necessary.

In Belgjum, the situation i5 similar at Tihenge 1. Twenty-oce bolis were detected &
tracked 1o 1991 ead 9 ols replced in 1995 (as reported at the 1995 meeting of the
Tntreaonal Working Group on Life Managementof Nuclear Power Plnt),

The possibiiy of changng al the fower ntemmals 1 also studied in Exrope and in Japan
[13,20],

In Germany. damage to the baffle former structure was first discovered in 1978 at 2
PWR plan. Duging the inspection, 20 enlerged gap of approvimately 2 mm was found
betwect o beffles, An ubresonic exermzation revenled that & mumber of the Jncone] §-750
baf3e former bolss were defeetve (somme bolts gave mo back echo, ohers eave back echocs

hic? did not correspond to the boltlength. When the bols were removed, some of them

5
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- Inspection

Qualified procedure : U

probe (4 MHz) howing (. . L
L . ‘
ld — xiw\," UL Tasenic deam natier
LY § simuiation nanane
N 12 e e
2 mm et

UT probe
#- fitted to the bolt head

FRAMATOME ANP
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Inspection

Qualified procedure : Test resuls

{n the shank

fatigue crack type defect,
50% of shank cross-section,
oriented at 0°

:_,}i"l"l‘l 1]
¥, = o
{Bolt FRA §-UT nprehe

SF M
|

I B
9.

B did 0.0 by

5{"

Sound Bolt

= _-M_____;ﬂ_-g_

Bolt EDF 9 - UT orobe i}

/A
FRAMATOME ANP
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Inspection
Qualified procedure : performance demonstration

Y Detection of :
+ Under head Fatique crack type defect
+ 25% of the shrank cross-section
+ SN greater than 10 dB whatever the orientation.
* I the shank Fatigue crack type defect
+ 30% of shank cross-section
* SN greater than 12 dB whatever the orientation.
v Limit of performance :
Under head IGSCC type defect, 25% of shank cross-section,

is not detected.

y/A
FRAMATOMEANP
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W RIS

Inspection
Qualified procedure : probe design
External hex bolt inspection method Hey drive UT transducer

dual element
rransducer Transducer
[ Al
- A0k element
|/
W/
\ /| < balfeplt
11 : AN
;
A :
« NS
= Lormer f Lense material and
!
™~ ! angle selected 10
l + -
| 1 direct most of the
I S
! | UT energy down the
Ii L bolt shank
| f
P
; !
Yooy
:
/A
FRAMATOME ANP
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WAk EBRE

_ Inspection

Inspection process

Bolt

{Befie Plate Activities)
Lore Rrrel Acthvities)
Lower indexing Plate

Uppar Patiorn
Lower Platforn
Taol Carrier
FME Covers

H

L i
R e

FRAMATOME ANP
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Inspection

1 E

chedule

(o

Site organization and

' Site operation manager

—

'+ Ultrasonic analyst level I1 l
\ + Equipment maintenance
- specialists (2)

l )

1 Shift l 2% Shift ;
I Team leader Level II | Team leader Level [1
| acquisition operation Leve! 1 i | acquisition operation Level |
| operator i | operator

/-
FRAMATOME ANP
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Insvection

Kori 1 contract

v Proposed UT & VT inspection of:
+ 728 Baffle-Former Bolts
¢+ 176 Edge Bolts
+ Locking Pin Welds

v/ Proposed inspection schedule
¢ 5 Days (Shift work 2X12hrs)

y/ .
FRAMATOME ANP
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Inspection

y/ A
FRAMATOME AN?P

Framatome experience exc

w+
wal
c§5

Plant

No, |

o Gravehnes 1
3 Tricastin 2
|0 Tlhange 1

a) K(m 1

7 Fessenheim 12

880
-“Jggj1024 §

11,973

* Total

30T
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R aEUABER BRIZERA -

3gae Shank Z B S EHAMLER > BRI ENET
BAERGRURE  BRBREN -

Replacement bolting design

> DESIGN:
»  Functionally Interchangesble with Original Bolts
i ey
A me Le g{ ‘,‘—LL\.XNL' oLP
ame m;h LR £ /s
» Same Rofled Threads [T/ e
» Same Bearing Area NTT
» Fits Existing Counterbore T!—!r——g
T el s Tne i SOF EERED
+ Locking Festure Incorporated / ! 0K
+ Improvements Over Existing Design Consisting of: rﬁﬁeg / l —t
UNLEHRE;
4 Compound radus underhead to shank transition radius RAILS ] —
» Radus transition and shank shot peened S
A Flat Head Surface for Improved UT 2 | £
PP TREs
|

+ Locking Device does oot Require Enlargement of Counterbore
+ Locking Device Consists of Mechanically Attached “Crimp Cup”
1 Annealed 304 LSS : I

& Provides Anti-Rotation and Bolt Capture Function
A Integrates with Grooves to be Cut Inside Counterbore

+ Crimped at Four Places into Grooves in Countercore

/-

FRAMATOME AN?




m b
& Type 347 2 F Type 316 10% CW = 7 4528

Replacement bolting design

> Materials:

+ Baffle Bolts & Fdge Bolts
$4-193 Grade B&C Class 1 (Type 347 nuclear grade S5)
OR
$A-193 Grade B&M Class 2 (Type 316 nuclear grade SS with 10% (W)

» Newer Nuclear Grade materials have restricted chemical composition,
controlled resicual elements, & controlled heat treatments to provide
specified grain size - increases resistance to stress corrosion cracking,

> Qualification:
+ Justified Mechanically as “Replacement-in-Kind” with Enhancements
+ Mechanical Testing Program to Justify “Crimp Cup” Capture Feature

+ Torque Versus Load Qualification

/A
FRAMATOME AN?
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6. raiRiEs B R
Wit BEEHAELHSMZ Bolte
B4t EREBRBEASTELZ Bolt-
B RAET  E TARS Bolt: @BKSHE BEHLFH Solt
T.ikBRNINHELTARER

W PR R

Replacement bolting design

Originai “ Replacement bolt
defective bolt

Vi

%ﬁ%&//j Crimped locking cup / %

|
l\
|
R
&

Parabolic radius

Y/ A
FRAMATOME ANP
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FRHRZBREHER
Repair method and technique

Contingency sitnation : Broken boit

‘
RN

4
i

1 - Broken bolt f//// 7

iy
L

Ww—,_ﬁ%
) :
//‘

4 - Back to normal process
square

20
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Repair method and techmque
Contingency situation : Seized bolt

\j: \
NN

Ha

I - Seized bolt

2.1 - Swiieh 1o repair bolt
ingtallation process 4 Back to normal process

/-
FRAMATOME ANP
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Equipment description ; General lay o1

R |
!.

Control umit

.

:
W/

oermals | | —— ‘
L~ S g
Storage CaVy | e~ .F‘: ? }

Bafflebolt | !
replacement -~
equipment

Lower
internals

Filiring skid

Lower intamals storags stand
y/ 8

FRAMATOME AN?
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Equipment description : Bolt re

ENRENOBLISOL,
n -
FORMER PLATE - i
; " , oY zf
ZAISTHG ~E’ff: j

7 ]

BOLT CAPTURE

AL IR

il
{

" 30LT CAPTURE
LR Y

u»“i ? W. 'GOL

FRAMATOME AP

N

\\‘ 7/;//:

L CRIFING

Ws'ﬂ

P
Yl
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W 1995 # Tihange ] Z &%

N
.

[T
N

Equipment Expertence : Tthange | -

7 960 RY Internals Bolts Inspected
v Production Rate of 225 Bolts Per Day Achieved
v Original Bolt Design Is External Hex With Locking Bar

J Repiacement Bolts Supplied

¢ 91 RV Internals Bolts Replaced
v Production Rate of 9 Bolts Per Day Achievec
v Operations Analyzed to Increase Future Procductivity

J Contingency Bolt Removal Processes Utilized

7 Site Schedule Met
v 73 Days Scheduled
v 27 Davs Actual

L i
l v
|
FRAMATOME ANP -
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W 1998 # Point Beach X £&52

Equipment Experience : Point Beach - 1958

On-site performance

J Inspection:
All 728 bolts were inspecied using specific probe Cevelopped for mner hex
design
+ Duration of complets inspection: 3 days
v 35 bolts with indications (7,5 %), Most are located on plates 1, 3, 8

J Replacement :

1176 bolts removed and 175 mstalled. One bolt could not be instalied due to
former plate alignment (replaced by 2 adjacent ones)

+ 46 bolts among the 55 with indications were replaced
+ 28 were load tested and found OK
9 had the bolt head come off during removal or at very low load during

esiing

> temain in storage and 3 transported to a hot cell for further testing

/8
FRAMATORE ANR

e
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| 1999 # Ginna Z &5
Equipmem Experience ; Ginna - 1999

On-stie performance :

/ Inspefﬁm :
v A1 728 bolts wers mspected
+Duration longer than Point Beach 2 due fo excessive welds on the locking
washers

59 holis found defective by procedure
/ Replacement
+ 4 bolt replacement pattem of 56 bolis was chosen by RG & E
» Approximately 6 days duration;
38 locations required contingency operations

+ 14 of these locations required multiple contingency operations (bolt head
removal and bur square ; increase diameter of the bafll plate hole)

/ BDM debris system using | micron filter and 0,1 micron finishing flter
/

RAMATOME AN?
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W G EEBAW/4 0 B AT B4 8% Siemens @IMEAESFFT s AR 2 PUR B
?EP\%'J P EmE (BNFL/ABB) ~ = % & TFramatome _E_’;ﬂz o

WAEEALEGEDHBANR  BAOBERSG -

B EMBATE  RAHNANRGHAD ES RO #lo

o HAAEKEEEM > £ & Wind Turbine

0 MABBABRE EH P~ EWH -

o #4% Flowserve (£BE 23 ) = #oX A% (CCP) -

REPAIR WORK

T S R L]
SO MY O 2iu va g Ey A BT
VARKETNG DEFARTIENT

FLAGATTMD
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o #4t Your Self Service Shop -

SomeNU somanv

& MANTEMANCE
SN 3 Remm
CONERINTST T g Bvaamon

- Nudear piant operators SO g Reguaumcamox

~ Nuciear industnes |

~ Manufacturers of componen:s for the nucear indusiry i % DECONTSMDATION
SOMANU places its plant and equipment at the disposa! of the cusmomer ! I

and offers m three optiars. 4 DIsMANTLAG

& TEMPORARY STORAGE

- reducing maintensnce costs
- veduing congestion 1n plant buildings
" - lomting radiation expostire.

I
SR A ; - reducHg il ottlage times

FRAMATOME
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(2) 2BEN L5 BABRE Y QBT

1. EBEEE TR -

900MY  @343F 4%

1200MW @ 1374 (B +F5)
1300MY @20274%

1450M7 @ 43¢ (B AT54)

Bm2 i RO EREEHERREGER -
BaHRERANRF

o CEARTHKER

o ¥, Life Extension- Uprating # % °

o G¥E 4%’%’3?.*?‘
> HE R EHGESR) BT EEE NI RAR = (Baffie Former Bolt
Fi4)

LABE MR Be ¥ FPRABZIRMIKTE 25
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2. %8 uAF

Wy kR R A E% (Drain & Vent) HiR® 3 E X B EERFHT -
o E0F 2 @8%AREEFIE"

— kAR EHEGE  HRREY

—~Schll #& 4 4L %REE -
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o A% =B ATEE -
—irt (P BRI AREFHE -
—# A EPRI 2 &% -

Weld Overlay Repair
«1%1 weld —2%1 weld

(W3]
(V)
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