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Introduction

COMSY

Condition Oriented ageing
and plant life Monitoring
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Approaches for FAC assessment
— Objectives

Long Term Corporate
Strategy Commitment

The following six
parameters form
the columns of an
effective FAC
program.

Engineering
Judgment

Industry

Inspections Experience

Note: All of the six key elements are interrelated and must be used together,
not as substitutes for each other.
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Approaches for FAC assessment
— Long-Term Strategy

> The establishment and implementation of a long-term strategy is
essential to the success of a plant FAC program. Effective measures to
reduce FAC effects are e.q.:

Q Optimizing the water chemical treatment

Q Apply improved material concepts for replaced components or lines
and/or sufficient wall thickness margins

Q Apply qualified repair technologies (e.g. METCO spraying, sheet
metal cladding)

> |n case of changes in system operation conditions (e.g. power uprate)
the effect on FAC degradation rates should be analyzed before
implementation and appropriate precautions should be initiated.
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Application in case of

NPP Leibstadt
COMS@
Condition Oriented ageing
and plant life Monitoring
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Leibstadt NPP

1984 Start-up (December 15th)
Net power 950 MW

1986 Net power uprate to 990 MW

1995 Net power uprate to 1035 MW
1999 Net power uprate to 1080 MW
2000 Net power uprate to 1’115 MW
2001 Net power uprate to 1145 MW

2003 Net power uprate to 1165 MW,
Net production 9°300°000 MWh,
Load factor 91.4 %,

8’204 hours of operation

AREVA NP > AREVA NP GmbH « NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow Al rights are reserved, see liability notice. 8



History of NPP Leibstadt Activities

Study oninfluence
of Hy-dosing

Water chemical cycle calculation as a basis
far the complete screening of the BoF

Continenus update of the weak point catalogue with the
results of calculations and feedback from inspections
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Approach of NPP Leibstadt FAC Program

Q Identification of pipes and piping components
potentially susceptible to FIC

Q Targeted inspection of components by means
of wall thicknesses measurements

COMSY

Condition Oriented ageing
and plant life Monitoring
SYstem

Q Visual inspections for large-diameter piping

Q Evaluation and documentation of wall
thickness measurements and inspections
including examination result assessment

Q Initiation of repair and replacement measures,
if indicated
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Identification of FIC potential

(Screening of the BoP, Detailed analysis)

COMSY
Condition Oriented ageing
and plant life Monitoring
SYstem
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Screening process
- Identification of Degradation Sensitivity

'=\w.-\~-1. > Thermal-hydraulic properties
L1 . > Water chemistry cycle analysis
> Material properties

E%Jt\

Rough Analysis
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System LAA System LAD

System LBS System LCQ
System LCT etc... e
etc...
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Each system is
represented by the
connecting lines of
two symbols

before power
uprate Power
| 7es P step 1
Zaed T
t7eile H
1Eha3361 H
O3 X
LI EFGRE W

Operating parameters are specified
for systems modelled

. BOP Systemgroessen

Screening process

- Modeling of the BoP

‘ Gruppe 1 ‘Werte anzeigen | l

D —anzeiger

E'ezeichmrsrm :FDvon ROB v

Referenz |15mu1 o

e
Betriehsparameter

Temperatur 285,30 [*C]

Druck Iaglg?’g bar
Dampfgehalt IW

Enthalpie |2757.U4 kJikg
Durchsatz [198130 kol

EURE VK |

hearbeiten |

Wasserchemie

tatal YWa

pH tert [*C] 7,00 7.0
A7

0, Ionbl  [a000,0C [ 55,17
heatheiten |

—\Werkstoft
FECMiMaTinF-12-2

Featheiteny| | == | rssetEr|

Linkhearheiten | abbrechen |

16/01: FD wvon H
t 2] 28580
plbar] 69970
b 099630

h [kdfke] 2767.04
|_m [kgfs] 1961.30

-]
1

—

i, Betriebsparameter M= E
his Temperatur Druck Dampfyehalt Durchsatz
199408 286 40 70,59 0,998 169886
199605 286 40 7059 0995 16598 ,56
TIAT 28580 B9 87 0,996 198130

Fommentar fuer Periods

Durchsatz [kg's)

Temperatur [*C] IW
Druck [bar] IW
Dampfgehalt IU,9953 Enthalpie [k/kg] [2767,04

bearbeiten einfuegen laschen | .
Periode | Periode | Periode ofitzseen

LE-2: Meue HD-Beschaulelung
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Screening process
- Benefit

> The BoP of the power plant is the basis for the screening process and used to create
the structure of the virtual data model.

> The results of the screening | Co = 55 e = oA
| ey Aﬁ?fm ¢ | Yoo | e
: ITETE 1 ) 'v,___;w_w“"" : 'i ?TE‘_; |
process allow to focus GUPS e | |
’ &
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':’:'1
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are endangered by FAC
according their design,
operating and water

chemical parameters as
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well as the materials used.
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Screening process
- Evaluation

W, Wasserchemie-Analyze Hi=] E3
|BOP properties for operating period : 1996,08 - *HIA*
Tempera-| Druck | Dampf- Enthalpie Durchsatz . 0Ztotal |D2wasser pH =
Gruppenkennung | PADcode | "y ey | warl | gehalt | [kdikg] | [kgis] | TediU™ ) npb] | [ppb] | total 25°C |wa
f3 1902 FW-Pump-=WwWy 1970021 1841 34,8 1] 7849 1978152 subcooled a5 a5 T
F4 19703 FW-Pump-=YW 197003701 1841 a4,8 0 7849 989,076 subcooled G5 55 7
fa 1904 FW-Pump-=%W 197004701 1841 4.8 0 849 989,076 subcooled 33 Lt 7
FB 192050 WEe-=WEa 1970055 200 a2 1] 3551 989,076 subcooled a5 kil T
F7 1906 WWabk-=YwEh 1970064 01 200 a2 0 8551 989,076 subcooled G5 55 7
8 [1907: VWeEa-=RDB 1970077 2213 20 0 9512 989,076 subcooled 33 Lt 7
F9 1908 veEb-=RDB 197008701 2113 a0 1] 9512 989,076 subcooled a5 kil T
WE-=RDB 197008701 2213 20 0 951,32 1978152 subcooled i 55 7
RS Dirain 1 4 1 tu : ] 7
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Screening of the BoP - Results
Long term activities
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creening of the BoP
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Modeling >
» Material f

* Design
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Documentation

COMSY

Condition Oriented ageing
and plant life Monitoring
SYstem

Calibration
of lifetime

Lifetime
prediction

prediction

Detailed analysis of components and systems

Examination
not required
before ......

Examination
required
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% Modeling
» Material

$
* Design
\%eratlon

=

Documentation

Detailed Analysis

- Modeling of relevant systems, lines and vessels

Element geometry

Design criteria

Material specification
Thermal-hydraulic operation
Water chemical properties

Mechanical loads

vV V VvV V V V V

Material certificate values, if available

The modeling process is efficiently
supported by useful engineering tools
and a detailed material data library
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B File Edit Ewvaluate FReports Settings Tools  Window Help

_""‘ COMSY v2.08.1d KKL - [Plant data addressing] |

=gl
=181 x|

Detailed Analysis
- Managing piping and vessel data

segment / section

T 011: Entnabme 2 [RH20)
02: Entnahme 3 [RH30)
03: Entnahme 4 [RH40]
04: Entnhakime 5 [RF10)
05: Entnahme & [RF20)

0E: Abzcheider-Kondensat (RGS0)
001: RG &1 2101 -2103

002 ARG 512 200-2 201
003 RG 512011

004: RG 622101 -2 108

BEEER

005 RG 52 2 200

[E= 008

E o7
[ oo

E ma

E oo

i

[B= 011: RG11 2020 Sammel-T-Stiick -» WA-Sammelgefah F -
4| | 3

documentation index |

RiG 52 Z 011

RG53Z000.2/2001.1

RG 54 Z 001.2 /20011

RG11 2001 Regelgefal -> Sammel-T-Stuick
RG11 Z010 Regelgefal -» Sammel-T-Shick

PSPPIV VPSSP

select |

element / sub-element

zhow hotzpot

07:

01: Einlauf-Flanzch aus RG52D010
02: Erweiterung 168.3/273.0

03: Rohr

04: Reduzierung an T-Stiick

05: T-Stiick (55) 313.432-2 zu RGH6

06 Reduzierung an T-Stick

‘-':.15 01: Branch of T-5tick (55) 313.432-2 zu RG56

0E: Abscheider-F.ondensat (RGH0) | 005: RG 52 2 2IJD| 01: Einlauf-Flanzch aus HGEEDD1D|

For each element
modeled, the program
generates an individual
element data form

location |

- Geometry Data

geometry code

IEECOLE+D.DD

geometry factor

198405  AAR[%]

- Bonan QM Grad
% Element data sheet 06,/005/25 ] 1|
seament [ 95 [AbscheiderKandensat (RGS0) W UID=633 Rec-l5] [o024.05 Elhg.nUI —— | |
section  [T008 [RGE2Z200 ‘\P priotity [ wall thickness 4.6 [mm]
i m |Bug'en'QD_Gfad [E S I_ ‘thinning rate  0.147 [mm/a]
drawing |MW 313.303-1 [<L:3010/832118 calibration factar -
Element Data T Geometry T Material+Design T Operation Data T Water Chemistry T Weld Joint T Inspection Data
start-up

|86.DD. HOO total [h]  [187711

~Operation Data

temperature [*C]

comment |

steam quality

|1 80.00
ID.DDDDD

pressure [bar]

14.80
763.37

enthalpy [kdfkg]

~Material Data

material code I5t35_8,"1_0305

comment I

maodify |

diameter [mm] I2?3 on |DN:2'SD | -HS- flow rate [kg's] |35 oon velocity [m/s] 1.849
Tnom [mm] |7"-3D el - ~Water Chermistry Data
Trmin [mim] 2 B4 allowance & [mm]  |o.00 oxygen water [ppb] pH water at 26°C 7000
length [mm]  [E33.00 angle [°] fo0 0 - Supplementary Data

= o &3 UT wall thickness  [1997.08 Tlow= B.10[mm]_[accuracy: 3% 176 points
esign Data =3 docurentation \ |¢ documents)
pressure [bar] |25.DD temperature [°C] |QDD_D

nevw efement

| new support

| section diagram | calculate

[

create sub-element |

create link

| wear rate diagram |

documentation |

close |
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Performing of Inspections

(Wall thickness measurements, Visual inspections)

NPP
Leibstadt

1

DX DXPXDXDXDX DA
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Wall thickness measurements
— Inspection Preparation, Grid (1)

> Currently approx. 20 to 30 components will be
examined each year as result of the COMSY analysis

> Specify grid layout to be applied according to
Q pipe diameter
Q flow conditions (single — or two phase flow)

> [f significant wall thinning is found for an element during
inspection (Tlow close to Tmin or beyond), the
examination will be repeated with 72 the grid size. For
Straight pipes the grid coverage are expanded to a
minimum of 2.5 diameters (3 diameters for two-phase
flow)
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Grid specification

Einphasige Strimung

Wall thickness measurements
— Inspection Preparation, Grid (2)

Zweiphasige Strimung

Nominal- Aussen-
Durchmesser| Durchmesser Umfang | X-delta Raster- Raster- Y-delta [mm]
[mm] [mm] [mm] [mm] Mindestlange 2:?::: Mindestlange 2:?:::
3D 5D
[mm] Messebenen [mm] Messebenen
254 334 104,9 25 100 4 167 T 262 178 131 a7 G, 5,2 4.4 3.3 29
31,8 42,2 1324 25 126 5 21 8 3,1 221 166 11,0 8,3 6,6 a5 4.1 37
3aa 48,3 131,5 25 145 [ 21 10 A9 253 190| 126 9.5 TE 63 47T 4.2
50,8 60,3 1894 25 181 7 302 12 474 26| 237 158 11,8 9.5 7.9 a9 8,3
63,5 73,0 229,3 25 219 9 365 15 a7 4| 382 287 181 143| 11,5 9.6 72 .4
76,2 88,9 2791 25 267 1 445 18 F98| 465 249| 23,3 175 140 116 ar 78
88,9 101,6 319,0 25 305 12 508 20 f98( 532 299 266( 199| 160 133 ([ 100 2,9
101,6 14,3 358,9 25 343 14 572 23 89,8 | 598 449 2849 224| 180 150( 11,2| 10,0
127,0 141,3 443,7 25 424 17 Tor7 28 111,01 740 8548| 37 0| 27,7 222 1845 139 123
1524 168,3 5284 25 505 20 841 34 1322 881 | 661 | 441 | 330| 264 220 1645 14,7
203,2 2191 687,9 50 657 13 1095 22 1721 (1147 | 860 &7 4| 430| 344 287 2148 1591
254,0 2731 8574 50 819 16 1365 27 2451430 (1072 71,8 536 4258 357 268 238
304,8 3239 1016,9 50 972 19 1619 32 2544 (1696|127 2| B48 | B3 G| 509 424 318 283
355,6 355,6 1116,6 50 1067 21 1778 36 2793 (186,2|1396 | 931 BEE| 559 465 349 31,0
4064 4064 12761 50 1219 24 2032 11 Me2 |28 (1596|1064 | 798 B38| 532 39| 3545
457,2 457,2 14356 50 1372 27 2286 46 3591 (2394 1795 | 119,7( 888 | 71,8 598 449 3949
508,0 508,0 1595,1 75 1524 20 2540 34 3850 (2660|1995 1330 987 | 798| B6ES| 489 443
558,8 558,8 1754,6 75 1676 22 2794 37 438,9| 2826 | 2194 | 1463|1097 | 87,8| 731 | 549 4838
609,6 609,6 1914,1 75 1829 24 Jo48 41 4788 [ 3192|2394 | 1896 (1187 | 958 798| 598| 532
11,2 11,2 22332 75 2134 28 3556 47 A986 | 3724 (2793 186,2 | 1396 (1117 531 Ba8 | Bin
762,0 762,0 23927 75 2286 30 3810 51 B985 (3990|2992 11995 (1496 | 1197 997 748 | BG5S
812,8 8128 25522 75 2438 33 4064 54 G384 (4256|3192 | 2128 (15886 | 1277|1064 | 798| 709
863,6 8636 271, 7 75 2591 35 4318 58 B73,3 | 45223391 | 2261 | 1696 (13587 (1130] 848 Ta4
914,4 914,4 28712 75 2743 37 4572 61 T18,2 (4788|3591 | 2394 (1795 | 1436|1197 838 798
4 | 6 | 8 | 12| 16| 20 | 24 | 32 | 36 |*@Mmutale
Punkte
90,00 | 60,00 | 45,00 | 30,00 | 22,50 | 18,00 | 15,00 | 11,25 | 10,00 Y-d[f']“a
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Visual inspections
— Basics, Procedure

visually examining the inner surface of piping, valves, heaters,
vessels, etc. can provide information about its condition (pits,
gouges, grooves, tiger-striping, efc.)

visual techniques are used for rapid screening if the interior of
a piping system

valves and pumps have nonparallel surfaces and often thick
bodies, so optical inspection techniques are frequently used

heater shells and other vessels are difficult to exam by
radiographic or UT techniques through the size and
complexity. The are usually inspected visually.

endoscopes are used at inaccessible places, e.g. small pore
piping, vessel shells, valves, pumps, eftc.

I_Note: The main disadvantage of visual techniques is that the

information is not objectively quantitative, so that a
trending can hardly be performed.
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Condition Oriented ageing
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Examination Result Assessment
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Lifetime
prediction

COMSY

Condition Oriented ageing
and plant life Monitoring
SYstem

Calibration
of lifetime
prediction

Examination Result Assessment
— Overview

Examination results from UT wall thickness
measurements and visual inspections are feedback
into the COMSY program

The results are used for further optimization of service
life predictions

Q to reduce the safety margin
Q fo optimize the inspection scope

Geometry-specific evaluation of the UT data will be
automatically performed by the COMSY program

If four measurements for one prediction area are
available a calibration of lifetime predictions are
performed

This process increases the accuracy of
future service life predictions
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Examination Result Assessment
— Record management (1)

reference file I

record numherl

Elerment Data T Geornetry T Material + Design T Operation Data T Water Chermistry T YWeld Joint T Inspection Data
Examination Data —Examination Procedure
examination date I 1995 .05 Supervisor I A Kunbor gauge
|UDI-56+TSIAND-25?-93 j mare. .. |
record name I examiner I B.0. Sanow probe
et l— input by lm |SNQ-R2?IANF’-94-5?—2 j mare. .. |
calibration
comment j maore. .. |
couplant
L]
j mare. .. |
~References Ultrasonlc Wa"

e iy [[25)] 33 ¢l seanned grid syares

] L]
- thickness testin
Wil el s Weiie 1 paintedt S innt paimted £ prirned @ umkao
st [l 8.00 e [ - it {5l I 3.75 O graumdl S uhgrad = raugh & unknown
Available Grids
[ [ X-pl [ X-offset [mm] ] X-delta [mm] | ¥-pl | Y-offset[] | Ydelta™ [ ¥diractinn 11 |
modify | 1 g 25.00 25.00 16 0.00 z
T Data for element 08/:004/11
4 [mm 15 65 115 165 215 265 315 365 R
A 0 9.40 s80] R
B 22 9E0 780 | 1116~ 1069 mm
—1 c 45 9.0 750 — P
D 60 10,00 770 et iy
E 90 10.10 550 106-10.32 mm|
F 112 1050 10.40
G 135 11.20 10.30 e
H 158 11 50 1080 T
1 180 12.00 11.10
J 202 1180 10.70
K 225 1180 10.40
L 248 1100] 1060 A
1] 270 1050 350 g
N 292 10.30 9.40
0 315 980 930 BS2-BE4mM
P 338 360 EEN] iaiil
Max | | 1teol el 1130] a0 1eD[ 11l -
Min | | | 7 0| 7 70] 3.40] 570 El
-n::|:|:|5
Color Codes 3 ] R : -
Fa old copy F7 average Trnax [rmm] I 12 00 "4 3 = ar|
e R
Fo Wiigssued Fo Wwenen T [ ; S
— et
Tlow [mm] CSERER — |
[T inside radius. __I ity . — i
nurnber of grid points 128 — A ||
LR
plot values | 3D projection | evaluate | o
Kle|lbB|&a|lE|lE|lsls[Gl=lEBE|ls5|sa] B
T a4 5 3 & £ 2 F 3 F & 3 F P o5 3
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Examination Result Assessment
— Record management (2)

=# Element data sheet 01/001/02

=0l
segment | ‘Ij1 |HF' drainage system E UiD=1 initial start-up Im thinning rate [mmda] W
section  ["001 [Condensate tank STD2 762 e RecUT [ogs0E ~  wallthicknessimm] [fgon
element | 0z |Vesse| flange ' priority I— phenomena FIC IT

drawing |R51-6555f><—3-1333923 DOC-MR. ABZ/LE5/1 calibration factor |D,50 phenomena EAC |
Element Data T Geometry T Material+Design T Operation Data T Water Chermnistry T Weld Joint T Inspection Data

E ination Data E ination Tools

examination date | 200310, supervisor | Bihlmann Vl I
. - lamy T —I
record narne [ FAGEBIOIAI  examiner | Mustermann 2 eI U] | e I s u a
location | A0310  input by | Meier photo carisra IKDnioa Zx 400 j mare... |
inspection L] ]
||nserwce vI remarks | Useo Canets ISDNSY e SR j LI I n s pectl o n s
inspection class

Iﬁ reference file | record number 210 Hitheriobls IStick-'rl e j &I

—Wisual Inspections

General T Procedure ¢ [tems T TRy
ﬁ 01: HP drainage system [EEspib | twpe | revision | date [ statuz | docu =
t| O a01: Cond KSTD2 - CAD-Drawing activeslement gy
s i : Condensate tanl
aoi- il o E!E weld joint picture valve a 12102,  walid
L] F : flange cover plate

E‘ ' (02 yesssl Hanie @ movwie any documentation a 12102,  walid i

01: flange quid pi @ as-build pressure wessel d 13061, wald _|;|
»

<] |
Eﬁl 02: flange tensile §
document tupe Ian}, documentation vI modify curent document I add new documents | delete document I

nrgvione elarnent | next glement | new support | documentation | calculate EAC | cal~imimEim |

sic assessment interface 07,/003/03 o ]

hb-elerment | creatg™ WEEL |
%

/fatigue chart

— element azzessment

FecllT date azsezzment remarks

5503 Continuous oxide layer in and again flow direction

to be defined by enginesring

iudgernent — explanatory statement
" wirtual element " rigk azzezsment
% wizual inzpection results " probabiliztic assessment
sregarded for any furth
spection activities {~ engineering judgement " commercial considerations
" not defined " ather

1] | delete caricel |
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Examination Result Assessment
— Lifetime Prediction Calibration

> the prediction NDT update function serves
fo extrapolate individual element
calibration for related sections or
segments

position factor Fadj
0.55

0% Jorea™ 02 > the program computes an extrapolation
factor f,..q Which is applied to calibrate the
lifetime prediction for elements with no
examination data existing

> A recalculation of the lifetime predictions
will be performed by using the individual
calibration factor and extrapolated factor

//“ﬁ The calibration of the lifetime

i : prediction reduce the safety margin
R RAREERTREEEEE and the measurement locations will
RN e i e e e e continuously reduced.

‘Wall thickness [mm]

AREVA NP > AREVA NP GmbH *+ NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow All rights are reserved, see liability notice. 30



Repair and Replacement Measures

NPP
Leibstadt

/’

A

S AR ARANAR, OV
AREVA NP > AREVA NP GmbH <



Repair and Replacement Measures

— Repair technologies

Methode Welding material Application range
METCO spraying undercoating: Ni-Al Inner surface of
(2 layer) protective coating: Cr-Ni-Fe-Alloy Q turbine casing,

Q vessels,
ARC spraying 1. Layer: Ni-Al Q heater,
(3 layer) 2. Layer: Cr-Alloy Q large bore piping
3. Layer: Cr-Ni-Alloy
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COMSY

Condition Oriented ageing
and plant life Monitoring

—T]

Summary
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Piping systems for detailed analysis
- Total scope of application since 1989

> 20 systems with 269 piping sections comprising 2742 piping elements

> 985 wall thickness measurements

I (e 3 I — " | S -

HVMS MS

N e e _ |
SRR

_]
I
I
I
I
I
I
I
I
I
I
Condenser
F——————-
|

| I
| I
| I
| I
I | !
NN LN |
I
4 ( |/ | Main
| | | Condensat
| Pump
Feedwater | | |
v Pump A A v :
PH PH N PH PH N L PH .
—>—\l\<- — \l\ir 4 —I—1<€ —I—<¢ ~I - ccu [« -
6.1 5.1 T 3.1 2.1 ( 1.1 r
| ) L O L L s N
*— - —@— —-——D =" - -9
/
| ( : ( I : Detailed analysis water steam
[ | | | I | performed
| I | : 1 I | not performed | — — — | — — —
| ¥ | | \ \ ¥ [ State: 06/2004
I
PH PH | PH PH PH
Lo o e — — LR | e < IR
6.2 5.2 I T 3.2 2.2 1.2 :
K | A
: o L O o ___4 1
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during the first years

> Now some 35% of the
number of components
originally examined in T
1993 are inspected based
on prediction results.

> The radiation exposure of
personnel was reduced

> The safety and reliability level
was increased simultaneously

150

125+

100

75—

50

25—

0

1993

1994

Pinpointing of examination effort after systematic
weak point analyses over the years

Assessment of the result of optimization of the inspection program

> The inspections have been focused to susceptible piping elements

Number of Components

Il Priority 1
|1 Priority 2

Additional piping systems
¢ taken under surveillance

1995 1996 1997
Year—>
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Comparison of measurements vs. predictions

PS HVMS MS }H
— — Q -4~

| ( # Extraction line #4 ( 36 components )
I I L/
: : r B Extraction line #5 ( 16 components )

I
: : : A Extraction line #6 (41 components )
—I?: : : Moisture separator drains ( 32 comp. )
oo ___
09
Measured wall thinning in mm/a
TN /T /NN 08 .
I
4
O ¢
//
N
05 . 4
—9 'yf *
Feedwater A 4 1 g e
\ 4 \ 4 Pump |_ | 0> A, S TN .
PH PH Feedwater A X o

Storage Tank 04 4 A

T > — e > — «— x * .
6.1 5.1 s o .
A A L A’ * o
o— _/
7 7 ( <>_ * 03 {P‘l . .
I *
| | Ve é A
: 02 il *®
7/
| | Ry
v 4 | | 01 4 P A
PH PH | ’
—_ ] I 4 L
>_\,\<- \,\A 4 Computed wall thinning in mm/a ——»
6.2 52 ' 0.0 : : : : : : : :
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Influence of hydrogen dosing

on the FAC rate
COMS@
Condition Oriented ageing
and plant life Monitoring
SYstem l -
0 =

1
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Background
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Influence of hydrogen dosing on the FAC rate
- Background

Hydrogen dosing through the feedwater changes the redox-
potential in the RPV

> reduced potential for corrosion cracking in RPV interiors
> reduced radiolysis rate

> lower oxygen concentration in the main steam influences
oxygen concentrations in the BoP systems
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Influence of hydrogen dosing on the FAC rate

- Background
> Oxygen concentrations below 50ppb allow wall thinning rate
107
for the occurrence of FAC W
mm/a-
> In two-phase flow the oxygen concentration I
is influenced by the temperature-dependent
distribution coefficient of the oxygen |
0.1
_ .«
100 000 02,vapor
0.01
-.g 1000 \\
g 0.001 —
a AN 0 100 200 300 ppb 500
100 — Oxygen concentration
b 15((';peratingzr'Jl'Zmperatjrseo[°C] - Oz,water
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Study
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Influence of hydrogen dosing on the FAC rate

- Measurements performed (1)

Sauerstoffmessung Juli 2004; 100 % Leistung

VA HGA WA Z0
HD-Turbine

ND-Turbine
L R HGA ZU
E Zii AG A5 Ad VA WA A3 A2 Al
A v L
K RvVZ21 L RAV51 L RV13 K RVISL
T 410 pg/kg
0 4200| wglkg
R
15 pg/kg 30 pg/kg 260 rg/kg
FUEL ¢ & Q ® - ]
RVEIK ./ RV46 L RVi6 K RVi7 RVA2 K RVA1 L
3400 p9/kg v v
65 pgkg v
/ / 20 wpg/kg 20 pg/kg
RVS6 L RVSS L Rvs KV V30 KY
HDVW e | SWB/MVE e NDVW <KRA Kond.
85 wg/kg 20 mg/kg
hema leer / Bilanzschema 14.07.2004 / kaw / UC
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Influence of hydrogen dosing on the FAC rate
- Measurements performed (2)
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Influence of hydrogen dosing on the FAC rate
- Verification

‘.65ppb =

\ .
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Influence of hydrogen dosing on the FAC rate
- Simulation

i 4 s ar
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Results
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Influence of hydrogen dosing on the FAC rate
- Results (1)

> Oxygen concentrations calculated by the model match to the
concentrations measured

=» model can be used for simulation

> Reduction of oxygen concentration in the main steam does not
increase the existing risk potential in the

m cold cross-over,
B [ P extractions, their condensates and

B main condensate

also as stainless steel has been used for some areas

= no further measures required
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Influence of hydrogen dosing on the FAC rate
- Results (2)

> Reduced oxygen concentrations are to be expected in the

B HP extractions and their condensates,

B condensates of the moisture separator between HP and LP
turbines

=» risk potential due to FAC is increased

> Currently oxygen concentration in the main feedwater is too high to
allow for FAC. Reduction of oxygen concentration in the main steam
decreases oxygen concentration in the main feedwater significantly.

= FAC may occur

AREVA NP > AREVA NP GmbH « NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow All rights are reserved, see liability notice. 48



Influence of hydrogen dosing on the FAC rate
- Summary

> Hydrogen dosing in the main feedwater influences oxygen
concentrations throughout the BoP systems

> The risk potential is increased in the condensates of the moisture
separator between the HP and LP turbines as well as in the main
feedwater

Counteractions are _I
» completion of detailed analysis with COMSY,
> selective inspections and

» countermeasures (O, dosing, less deaeration
of the feedwater tank).

L
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Conclusion

> AREVA’s computer program COMSY focuses

M on reliable identification of piping and piping components
susceptible to FAC and

W on optimizing reduction the inspection
scope and NDE efforts

Safety of
- plant

> An approach was established - personnel
M fo meet Swiss requlatory requirements
B {o suit KKL's individual conditions
M fo use the experience of operating personnel

M fo minimize the resulting risk imposed on the affected piping systems

|_ The approach was applied with commendable
success and is/will be essential part of the
present/future monitoring program EROSKO at KKLJ
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