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FAC PREDICTION AT EDF : A COMPARISON OF

THE VERSIONS 2 AND 3 OF BRT-CICER

Summary of presentation

1.Flow Accelerated Corrosion Model
2.BRT-CICERO™ software description
3.BRT-CICERO™ performances and advantages
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-MECHANISM = -~

> Occurs on carbon steel in contact with water or wet steam at
temperatures between 80 and 300°C.

> Chemical process accelerated by flow rates (mass transfer).
Main wear mechanism in feedwater circuits.
> FAC is influenced by:

v Flow rates and pipe geometry

v Steam quality

v" Chemical conditions (pH)

v" Oxygen content

v' Temperature

v" Alloy impurity contents of the carbon steel.

A\
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-MECHANISM =~

Water flow

~ —
= O

| Porous magnetite
. oxide layer
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1. Steel oxidation at the metal/oxide
interface.

2. Soluble iron diffusion through porous
oxide layer.

2. Hydrogen diffusion in both water and
steel.

3. Dissolution of Magnetite at oxide/water
surface.

4. Soluble iron transfer into water flow
Hydrogen transfer into steel structure.
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- PHYSICO-CHEMICAL MODEL

Relative FAC rate (mm/10000 h)

i i

0.10 - 5 Ceq = [Fe(II)]tOtal= pH21/3' [Kl [H+]2 +
\\?gge:pn%zssiﬂow(DUCREUX-CIROCO) = . I{2 [H+] + I(3 -+ K4/[H+]]
Porosity
H  v-ooms-xea% A i hromium effect
i Co#0
0.001 0.01 0.1 Chrominm contents (10/8) 6 (C _C ) /
i “\Teq ©
FAC Rate= = =

- ~AD=2.5.10'"5 T/u
(T = temperature

K = 2.348.10“.exp(ﬂ) u = dynamic viscosity)
8.314*T £=0.5
k = Sh x D/d = 0.0193xGeox(roughness/d)?2xRexSc?%4xD/d
G‘-‘
>
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- PHYSICO-CHEMICAL MODEL

Relative effect
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- WATER STEAM CIRCUIT -

1
.;5“ Tuthine generator % transfottmer
LF

Water cooling circuit

secotdary cirouit

Reactor

Pressure
regulation vessel

Control rods

Core To condenzor

Condensor

Turli.t:ﬁ}unp
. Pun
P e Hr Pt -

Pritvary circuit

Steam generator

()
\/

Prithary pump
\ water supply vessel /

I
Circuits concerned by FAC

Responsible for global wall thickness loss in
condensate and feed water systems. Mg
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FAC PREDICTION AT EDF : A COMPARISON OF

Prediction tool to calculate wall thickness
loss by FAC

Mandatory for all 58 PWR in France “——
Used by Daya-Bay / Ling Ao NPP in China

Used by Koeberg NPP in South Africa %«
> B
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-INPUT DATA = -y

Pipe design
Isometric design
Mechanical characteristics
Design code
Manufacturing tolerances
Chromium contents (if available)

Operating conditions
Flow rates
Chemical specifications (pH, chemicals)
Cycles duration
Temperature and Pressure (Service and Design)

Inspection data

Wall thickness measurements .
Chromium measurements : ,‘:
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- INPUT DATA -

Pipe repfesentation in BRT-

Original pipe design CICERO™ software
l'[L ARERI2/A11] ' C
e E (SH_E _L”_FJ- " C
NS X AN VI
| |8 )L Mechanical characteristics
| ¥ (o) #7Y TR (Re, Rm, ...)

. j_' - l a:_f_ i’ 3
W;k—.:__\ I- -\."5;." e 1) S
ety | BT PAREZIIVLA]
i by J -

fa b
[ a0 )

Geometrical characteristics

Chromium contents in steel
Water chemistry (pH, ...

e

Flow rates
Temperature % B .
Pressure —
¢
- -
At EDF about 60.000 pipe components are modelled iy
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FAC PREDICTION AT EDF : A COMPARISON

OF THE VERSIONS 2 AND 3 OF BRI-CICE

Version 2

MS Windows based environment — NT4
& 2000

Database use Borland Database format
Available since 2000

Design thickness from design codes
Direct input of measured thickness from

one column text file

Calculation for thermodynamics from
IAPWS 1967

Calculation for chemistry from EDF
R&D studies (1980)

Version 3
MS Windows based environment — NT4,
2000, XP, Vista.

Database use an .xml format

Available since 2009 in France and ~
end 2009 for foreign customers

Design thickness from design codes or
direct input

Direct input of measured thickness from
one column text file or Excel-based file

Updated calculation for thermodynamics
(IAPWS 1997)

Updated calculation for chemistry (EPRI
— MULTEQ database V4.0) ¢
&
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-OUTPUTDATA - .~

Result of calculations:

v

DN N

DN N NN

12

FAC wear rate calculation for each pipe component
Wall thickness loss over defined periods
|dentification of critical components

Ranking of elements regarding margin between residual &
design

thickness, time to reach design thickness, etc
Pipe components life time predictions
Inspection programs

Maintenance optimization
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FAC PREDICTION AT EDF : A COMPARISON

OF THE VERSIONS 2 AND 3 OF_BRT-.

Version 2

Chemicals : ammonia, hydrazine,
morpholine

Only for PWR
Direct input of chromium contents

Geometric factors based on NPP

feedback from analysis made in 2000.

Version 3

Chemicals : ammonia, hydrazine,
morpholine, ethanolamine, boric acid,
formiate, acetate, glycolate and user
defined

Oxygen effect for each lines and cycle
(BWR)

Direct input of chromium contents and
input of heat (cast) number.

Geometric factors based on NPP
feedback from analysis made in 2007 &
2008. Easy to be regularly updated.
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- ANALYSIS TO OPTIMISE GEOMETRY

COEFFICIENTS -

In 2008, it has been observed that the
distribution of points corresponding to
the lateral branch of flow junctions had

an important scatter. This scatter was reduced in BRT-

= 50 o CICERO™ version 3 by introducing a
£ 40 x less conservative geometry factor for the
) X / lateral branch of flow junctions.
% 30 ™ XXXX )&;%%x
£ 20 ” i
® © 50
= XXy x %ﬁf
210 % mxyx% R % 5
8 X X € 40 | x
= E
0 T T § 30 "
40 0 10 20 30 40 50 £ \ T
Predicted thickness (mm) 320 | ¥
‘ xMinimum measured thickness — Predicted thickness - 0,25 mm‘ '3', xX
© XX W)ié
§ 10 RX x’x
0 7 \
-10 0 10 20 30 40 50
Predicted thickness (mm)
‘ x  Minimum measured thickness —— Predicted thickness - 0,25 mm‘
> B
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- CYCLE & CHEMISTRY WINDOWS __

CERO™ 3.1.a - Cycle characteristics

Zycle number:

Ref. af the inspection at the end of the cvcle

Cycle start date

Cycle end date:

—

: |rFO1

g IDI,I'DS,I'IQBS [dd e

05061986 ddrnm, ]

Operating time: I?‘528 hours

Full power equivalent time:

I?SZS hours

[~ validated cycle ... |

@ | Chemistry. ..

ey den. .. Walidate

15

Division Production Ingénierie Hydraul

ique - DTG

BRT-CICERD™ 3.1.a - Chemistry characteristics

X
Cycle number; |1 ;I Inspection reference; IRFEII
Ammonia; 2,04 makag of water Marphaline: I migfkg of waker
Ethanolamine: I ma/kg of water Hydrazine: |12I:I.EI pafkg of waker
Acetate; I pgfkg of waker Boric acid: I pofkg of waker
Farmate: I pafkg of water Glycolate: I pafkg of waker
Define a data base. .. | I Define a data base. .. | I
#legend: mgMkg=pprm  poko=ppb
u Cold pH: I with base Ammonia
@ | Yalidate | Cancel |

Moscow - April 2009, 21 to 23rd.
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£ BRT-CICERO™ 3.1.a - Chemistries history display
Cycle nu. .. |Referenc... | Duration ... | Full pow, .. | Cycle sta... | Cycle en... | pH at 25*C| pH origin | Ammonia. .. | Morpholi,.. | Ethanola, ., | Hydrazin,.. | Acetate (... | Boric aci,.. | Formate ... | Glycolate, .
1iRFO1 7928 F5EB|01/05/19585 0806/ 1986 9,573 |Calculated 2.04 120
Z[RFOz 7436 T436(11/07/1986 [24/05/1957 9,602 |Calculated 2.29 15
3RFO3 7479 7479(24/06/1937 [15/05]1935 9,637 |Calculated 3.2 &0
4[RFO4 3454 3434 |17/06/1953 (04061989 9,73 Calculated 3.8 20
S[RFOS 9921 9921 (14/07/1939 (010971990 9,75 |Calculated 4.13 33
&[RFOG 9500 A500(05/10/1990 [15/10/1991 9,739 |Calculated 4.54 30
7 RFO7 10110 10110(30/11/1991 |27/02/1993 9,894 |Calculated 747 30
3[RFO3 9527 Q527 (04041993 (07051994 9,822 |Calculated 5.55 30
SRFO9 10333 10333 |20/06/1994 |26/03/1995 9,556 |Calculated 6,38 100
10|RFOLO 9164 Q164(09/10/1995 [30/11/1996 2,9[Calculated 7.66 S0
11|RFOL1 12336 1233601011997 |29/05/1995 9,904 |Calculated 7.82 S0
1Z|RFO12 12792 12792 |14/08/1998 |29/01/2000 9,95 |Calculated 9.49 111
13|RFOL3 13296 13296|24/02/2000 |31 /082001 9,956 |Calculated 9.7 105
14|RFO14 13440 13440|23/09/2001 |14/04) 2003 9,96 |Calculated 9.53 93
15|RFOLS 12292 12292 |18/05/2003 |25/09/ 2004 9,99 Calculated 11.24 a7
16|RFOLG 11634 1168428/ 10/2004 |27 /02 (2006 9,95 |Calculated 9.49 78
@ | Close |
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p Current line

b Current element

p Add element

Summary

Flant label: 01ADGOZE_STY
Database label: ADGOZE_5
Mumnber of elements: 13

Fluid: Feedwater

Hurmidity: 1.0

Maorminal tkemp.: 1284 *C
absoluke nominal pres.: 10,55 bar
Design termp.: 1370 2C

Ahsoluke design pres.: 30.0 bar
Flowrate: 270.6 kafs

w Leqgend

:??0 CI

Mz E

~ihrome content
¥ Cr = 0,04%

% 0,04% = Cr = 0,1%
e 0,1% =Cr

~Inspection

Mi Initial guaranteed measure
Mgz Measure From a grid
Ms  Single initial measure

~Mechanical characteristics

Real mechanical
characteriskics

~Replacement-

E  Replaced element

~Direction of fow and connection

Mo connection or
conneckion to a line

connection to a line via a tee

Multiple connections

lll,], l

~1 7] Pipe characteristics

ne characteristics _|
Database label: |ADG0ZE 5 Plant label: j01ADE025 5TV
Design syskem: IADG |pstream line: |Nc-ne ;l

Fluid; IFeedwater LI Hurnidity s II.D [~ Diphasic | T _

Morminal temper ature: |128.4 e [resign temperature: !13?.0 Si Y
W' |

Absolute nominal pressure; |10.55 bar ghsolute design pressure: ISD.D bar n
Flowrate: |2?D.6 kays o |

Crigir IADGDZ? Fonctional role: IEntrée M1 Degazeur
Destination: IADGISS_B 150 reference: IF‘Z 10403138 3621 T MEP
-
[~ validatedline ... | I SR Line

.;% | Padify |

Pipe element [
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- FAC RATE AND MARGIN CALCULATION-__

A% BRT-CICERD™ 3.1.b - Calculations display

[ Takinginko account the real mechanical charackeristics

WTH hiskory: | Zlose |

9, 21 to 23rd.

Residual thickness |\
042003, Flamanville, Tranche 01, 01G55012_5TY
Type: TUBE, Positian: 21 c
£ _ Manufacturing
L e Ml I el L KRR R
875 - tolerances + and -
6.50
6.25
800 Nominal wall-
575 Thickness (mm)
550 -
T 525
-.E.E.. 5.00
W
.g 475
% 450 -
£ a2 FAC rate
.00 I
(slope) | _
350 | m i~
325 R P -
3.00 S -
e e DesignThick I
250 ; . : ; : . ; ; ; ; ; ; . : ; : < >
' o 1 = 3 4 5 5] 7 2 =] 10 11 12 13 14 15 16
Cycle q .
Margin to Design
~Park “Wisualization ~Calculation options TthkneSS (mm) |n
~Reference thickress
_ e cycles or hours
{ Thickness loss T ‘
™ Kinetics : ‘ =



b Current ling

Fle Find Unit Lne Element Calodstion Inspection Regulstions

b Current elemsnt

b Add element

Summary

Plars kzbel: Pipezs

Database label: Fipe2a
Design code: ASME Classe 2
Dim. standard: ANSLEL1G,9
Cr Content: 0.0 5%

Cortert ariging Manuf scturer
Design thickness: &.56 mm

P1ipe design

- -1

L1

i}
F

Element characteristics

T/

Division Production Ingénierie Hydraulique - DTG
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= Legend
o s Mg Pi e e e ent Plank label: [Fipeza
S Cr < 0,04% p = III |
3 gf?:b%:l‘:& < 0, 1% Desion code; |ASME Classe 2 _:_l Dlameter: FET.!Z ~ | mm Thickness: [12.0 i
% 0 r
Inspeckion - Material: |-ﬂ-:|t:|ﬁ Grade B <= 54 108 ;| Length: [245.5 e
Mi [Inital guarantesd measure
Mg Measure from a qrid Cornmenks: |Mil:|ratiur-'l.l‘3 ) r —
M: Singeindlalmesire Cr cankenk: 0.0 | Origin:  Manufacturer
Machanical charactertsbics ————— D, Cast number: |
Real mechanical e ANt B16.9 =]
Lot kil -Design thickness
~Replacemeant Tol 4! |12.5 e Tel-: (12,5 o 1_
alz i ree
E Replaced elament Manufacturing |Smmb55 ;l
| Darection of Flow and connection mode; Djds':“ 556 mm
COOIE
. Noconnection o Péurnber of |_ ‘Wedd joink |_
~ connechion to & fine vaehds: a Faschoe: Lo Input: Mmoo I
=+  connection bo aline via a tes
S*  Mulbiple connextions
[ | LIp=tresn ' DawnsErean I Validate I Cancel |
SRR —— — — — =
f B e V|
we
19



- TABLE OF MARGIN CALCULATION __

CERO™ 3.1.a - Residual thickness prevision after inspectio il

Additional time at the end of cvcle: |IZI hours Cycle mean duration; (3000 hours

Line Position Type Part Element Maominal. .. | Mini. manu... | Referen... | Ref. of reference...| Margin {mm) | Time (cvcles) | Inspe... | Desig... | Ref. of ... | Kinetics ...
T1209 1 |ELBO Intrados  |[45Elbowa0 .00 .00 7,00 [Morninal -1,30|-- 5,09 [Calculation 0,33 «
T1209 1 [ELBC Extrados  |[45Elbowan &.00 7.00 7.00 [Mominal -1.30(-- 5.09 [Calculation 0,337 |
T1z209 2| TUBE Pipesl .00 .00 B, 7 MWTM 1,32 5 15 5,09/ Calculation 0,33
Ti209 3 ELBO Inkrados 45ElhowE2 5.00 F.00 3.64 WTH -1.45(-- 16 5.09 \Calculation 0.23
Tiz09 3 ELEO Extrados  |45Elbowaz .00 .00 364 WTM -1.45]-- 16 5,09 /Calculation 0,23
T1209 4 MAYALY Valved3 10,00 3.75 &.75|Mormninal =343 5.09Calculation 0.35
Tiz09 5{TUBE Pipedd 10,00 3.75 F.EEWTM 2.20 5] 15 5,09 Zalculation 0,33
T1209 GOLET Teels 10,00 3.75 8,75 [Morminal ‘ -4,20)-- 5,09 Calculation 0,35
T1z209 7 |TUBE Pipess 10,00 3.75 &, 75 Morminal I 0,93 5] 5,09 Zalculation 0.13
T1209 5 ELEO Intrados  [90Elbowa? 10,00 3.75 4,85 'WTHM -0,24 |- 16 5,09 [Calculation 0.26
Tiz09 5 ELEO Extrados  |90Elbowa? 10.00 3.75 4,85 WTM / -0.24 |-- 16 5,09 /Calculation 0.26
T1209 I TUBE Pipeds 10,00 3.75 2,75 Mominal I -1.69)-- 5,09 [Calculation 0.26
Tiz09 10 ELED Intrados QA0EIbowz9 10.00 3.75 6,28 |WTM 0.538 z 14 5,09 /Calculation 0.26
T1209 10 ELBC Extrados  [90Elbowa9 10,00 3.75 6,28 'WTM / 0.58 2 14 5,09 [Calculation 0.26
T1z209 11 ELEO Intrados 45Elbowa0 10.00 3.75 6,532 WTK f 0.53 z 14 5.09 \Calculation 0.30
T1209 11 ELED Extrados  |45Elbowa0 10,00 8,75 6,32 WTM / 0.53 z2 14 5,09 (Calculation 0.30
T1z209 12 (TUBE Pipea1 10.00 3.75 &, 75 Mominal I -2.591-- 5,09 Calculation 0.30
T1209 13 ELED Intrados 45Elbowaz 10,00 8,75 4,74 WTM -0,35(-- 16 5,09 (Calculation 0.16
T1209 13 ELED Extrados  |45Elbow3z 10.00 3.75 4,74 MTH -0.35(-- 16 5.09 \Calculation 016
T1z209 14TUBE Pipe93 10,00 3,75 Fo37WTM 2.28 I 17 16 5,09 /Calculation o, 16:'
< // | >l
~Display options

f+ Standard uricertainky [ Restriction ta piping components /
{ Conservative Uncertainky [¥ Taking inko sceoonk Talk
(]
I™ Underthicks Elements tO be lnSpeCted al mechanical characteristics

% |

20
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» if margin <0 mm
»If n° cycles < 1

Close |
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- FAC RATE AND MARGIN CALCULATION-_

T-CICERO™ 3.1.b - Calculations display

0350
0326
0300
0275
0.250 -
D225 -
0.200 -
. 0AT5
0150
0125
0.100 -
oo7s -

)

{mmi10000h

Kinetics

0.050 -
0025 -

FAC rates per cycle

Thickness loss kinetics
09/04/2009, Flamanville, Tranche 01, 01GS5012_5TY

Type: TLBE, Position: 24

14

12

T B a
Cycle:

o1 13 15

18

~Part —isualization

" Residual thickness
™ Thickness loss

~Calculation options

Réference thickness

& Measure

" Mominal

[~ Taking into account the real mechanical characteristics

21 Division Prod Ll

YT hisi:cury |

Close |
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- INPUT OF CHROMIUM CONTENT - _

BRT-CICERO™ 3.1.a - Element characteristics: Elbow 7

| Datsbase label: [4313510

Chromium measurement

Material: |A48C1 <3 NFA 36205 ]

Tvpe of elbow: IEII:n:uw LI

Camments: IMigratiDn W3

Plant label: IGR.ﬁ.'u'ELINES

LNamerer: ESB.B vI T Thickness: |14.0 T

Bending I—
radius: Gy i

Angle between the planes of the elbows: 0.0 * | deg

angle; 0.0 * | deqg

J.d

Dimensional
standard: INFA £l LI

Extrados

Tol +: |1.2 mm Tol +: |1.2 i
Tal -: IIII.?S mnm Tol -: IEI.S i

Manufacturing
e |Half-shelled |

Murmber af Wi'eld joink I_
welds: & Factor: e

% |

Intrados

Upstrearn |

Cr content: (0,14 U | Origin:  Plankt

Cask number:

~Design thickness

Intrados Extrados

Real: I yljy] Real: I 7ly1] _I

E;di';:” [tres mm E:jf” [ires  mm
I o]

T Inpuk: I T

Impuk:

Downstream | YWalidake | Cancel

Division Production Ingénierie Hydraulique - DTG
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b

-3

Yo

m—

- =l

Generator 1 2 3 &l 5 6 7 8
& 5.5 5.4 3.9 3.8 4.1 4.6 4.2 4.3
B 5.8 5.4 4.4 4.0 4.0 4.0 4.3 4.1
C 5.8 4.9 4.2 4.0 3.8 4.3 4.0 4.0
8] Eed Eed 3.9 3.4 3.8 3.7 3.8 3.9
E 4.2 3.9 3.1 3.5 3.5 3.7 3.8 4.0
F Ee Ee 3.9 3.7 3.6 4.1 4.9 4.5
[} Ee Ee 4.0 3.8 3.8 4.3 4.1 4.2
H 4.5 4.9 3.9 3.8 3.6 3.9 4.1 4.5
Additional myeist “
ﬁoints lisk: Min, value Author Date Comment ‘ I
' \
~Display option: \
P fin.vo] 7 2 \
~Complementary information \
Mominal thickness: I5.9 mm Tol +: Il o0 % Tal - IIS.D Yo Design thickness: [2.69 mm

_ 4% |

Display WTHM lines |

Mo | Close x|

Division Production Ingénierie Hydraulique - DTG

LI T

Ii“itic‘h 9Igpitlh 9| w

1 upstream downstream 1

d& IEU Pitch: |50

- Measures distribution ——————————————

Measure(mm)

70

All lin
OH04/2009, Flamanville, Tranch@ 01, 01GSS011_5TY
Inspection reference: VG 20/08, mference * (A-Hp(1-8)

Type! TUBE, Positign: 23
MomThick + Tal(+) + Abs.Unc.

o
DesignThick

Distance(mmy)

Misualization

¥ Design thickness [V Mominal thickness ‘

_ & |

e




@ | WM history | Close |
Division Production In¢

- INPUT OF INSPECTION DATA & MARGIN
CALCULATION -

¢ BRT-CICERD™ 3.1.b - Calculations display

Residual thickness

09¢04/2003, Flamanville, Tranche 01, 01655041 5TV
Type: TUBE, Position: 23

7.0
progeptl el g g e g bl il g b e b b s o NETRTHIER S T RIR]
6.5 |
6.0 et i 1 g i et ittt it it it ik e il i e e it e P57 192 o
5.5
e sosl g ot el v sobuill o o et s ol e vl o ol e o ANRIERTRE TRIC]
E
E
w 45
w
(2L}
k=
5 4.0
=

FAC speed and wall
thickness situation —
at new zero point

o 1 2 3 4 5 g II' 8 Q ‘Ilﬂ “Il‘i 'IIE 'IIS ‘1.4 'IIE '1IE
Cycle
rPart——— [ Misualization - Calculation options

-Reference thickness

v Re
" Thickness loss

{+ Measure

" Mominal
" Kinetics

[ Taking into account the real mechanical characteristics




File Find Unk Line Element  Caleulation  Inspection  Regulations

i

k Currant element
b Add element i i

Surrenary
Flant label: 90Elboweds

Datzhase label: I0EIbowas i '
Dasign cods; ASME Classe 2 1
E

D, standard: ANSIELE.2
Cr Conbent: 0,0 % LI
Content origin: Manufacturer
Design thickness:

- intrados: 5.09 mm

- exbrados: 5,09 mm M E|

* Legerd

Mmoo

MMy R

—Cheome content

S Cro=0,04%
0,04%: = Cr < 0,1%
S 0,1% = Cr

Inspection |
B:  Inibal guarantesd measure
Mg Measure from & qrid
M:  Single initial measure
Mechanical characher|shics -

Real reechanical ™
charackeristics

Replacemant
| B Replaced element
Direckion of Flows and cormeckion

M coneeckion o
connection to a ling

connecktion bo a line via a bes

Multiple connections

Wall thickness

(Chromum content

i

=

—
=

B0 io

ELEC

25 Division Production Ingénierie Hydraulique - DTG

This element has been mspected

~replaced

o W ®

IE@ -
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FEEDBACK

BRT-CICERO™ js :
>In operation since mid 90’s in France
»>Mandatory for the 58 EDF PWR

50 Initial thicrness.larger X ox % X%« xx £ %
6300 pipe components were inspected 40 |annominalihickness L’g‘;@
by UT between 1980 and 2005

Measured versus predicted thickness graph

€
E
&
£ 30
102 components found below wall 2
design thickness and replaced § 20 [ .
— 42 bends 2 10 st
(3]
— 29 reducers =
— 31 tubes 0 w
Only 11 cases of residual thickness -10 0 10 20 30 40 50
underestimation (= 0,17 %) Predicted thickness (mm)
x Minimum measured thickness — Predicted thickness - 0,25 mm
A new feedback analysis is in progress for 2010 ,5‘..

AN
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INSPECTION PROGRAM - ___

Maintenance and inspections on critical
components
v Based on BRT-CICERO™ calculations
v Wall thickness measurements by UT on defined
grids
v Chromium measurements (XRF / documental
analyses)
v Component replacements

v EDF develops and qualifies all necessary NDE
procedures
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GLOBAL BENEFITS & FEEDBACK __

v’ Steam leak and pipe rupture prevention
v' Optimisation of outage inspection programs
(avoids systematic and unnecessary inspections)
v' Long term maintenance strategy
v" Cost benefits due to limited inspection volumes (no calibration

measurements needed) — 20 to 100 components measured every
second outages (~ 3000 € / component)

v" Accepted by the French regulation authority, that authorizes to
perform limited inspections based on BRT-CICERO™ predictions
for regulated steam-water pipes
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ADVANTAGES

>  Turbine hall piping data in a single data base

> |ldentification of critical components, calculation of time to reach
design thickness

>  Thickness predictions are conservative (safe)

> Increased level of safety

> Optimised inspection programs

> Enables long term maintenance strategy

> No need to calibrate the model with prior UT inspections results.
Minimum measured thickness only used as a new “zero” point

> No need to input the entire heat balance diagram

> Regularly updated : chromium, chemistry and geometrical effects,

etc.
> Maijor skills on FAC are developed and maintained at EDF

29 Division Production Ingénierie Hydraulique - DTG Moscow - April 2009, 21 to 23rd. eDF



30

LIMITS AND CONSTRAINTS ___

»Conservative assumptions must be made if some
parameters are not available (operating times, flow rates,
chromium contents, etc.)

>»Needs to create a data base for each plant (~ 2 man.month
if all data available for main FAC sensitive lines)

»Quality assurance must be spread out to guarantee the
data validity (data input and control)

»>Strong involvement of management needed
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UNITS INVOLVED AT EDF INTO

FAC MANAGEMENT

National Regulat lear P o Divisi Nuclear Production Division
ational Regulator Nuclear rodqctlon ! 1v1§10n UTO (Mechanics & Repairs)
UNIE (Operation Engineerin e Spare parts management
DARPMI o Mai I d €«——p| * Mechanical calculations for under -
DGSNR aintenance rules and strategy thickness justifications
e  BRT-CICERO™ rules of use for CNPE
BCC-N .
®  Operation feedback treatment
e Relation with the National Regulator
¢ f Nuclear Engineering Division
CEIDRE (Chemistry, Metallurgical Analyses)
®  Specification of BRT -CICERO™ FAC algorithms
EDF Users e  Chemistry specifications for CNPE
Nuclear Production Division :CNPE *  Laboratory analyses on damaged parts
(Nuclear Centers of Electricity Production = NPP) ¢ f
Local Regulat or | I SIR (Recognized 900 MW : FES, BUG, R&D Division
Inspection Service) in BLA, DAM, GRA, TRI,
DRIRE each NPP : have the CHB, CRU, SLB e Parameter testing on the laboratory loop
delegation of the éi?]? é\fglotliAii’l;;J%EL CIROCO
Regulator to control the ) ’ ° >
NPP activity on fg(T),l\(/i\?VL" Eg(z}]’gpléll\l\/ ¢ ¢
regulated piping : ’ General Technical Division
FAC Team
Contractors ¢ ¢ * FAC algorithms upgrade based on feedback data
® Lines modeling
e Scaffolding Nuclear Engineering Division ® NDE methods qualification (TOFD for welds, DR, Chromium)
* Insulation CNEN / CAO (Sofiware development and *  Chromium measuremen ts
¢ UT and Cr maintenance) ®  Technical assistance and move to BRT -CICERO™ Version 3
measurements for French and Foreign users (RSA, China)
e Development of BRT -CICERO™ Version 3 ¢ > ®  Studies and training sessions for Foreign customers (RSA,
e  Assistance to the users on Versions 2 and 3 for software China, Japan, Belgium, UK)
problems ¢  Participation to EPRI CHUG meetings
UFPI -« Move to BRT -CICERO™ Version 3 * FAC international conferences organ ization
®  BRT-CICERO™ for fossil plants project
®  Training sessions for French 1| _ >
users ydraulique - DTG VIOSCTOW - APTTT ZUUY, ZT 10 Z3Ia. c. 'r




THANK YOU FOR YOUR ATTENTION,

For further information please contact :

Thomas KNOOK Matthieu PERSOZ
EDF/DTG EDF/DTG
+33476 2023 19 +33 4 76 20 24 59
thomas.knook@edf.fr matthieu.persoz@edf.fr
Stéphane TREVIN
EDF/DTG
+33 476 20 24 99
stephane.trevin@edf.fr
G‘-‘
N
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