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Incidents in power plants
caused by FAC

COMSY

Condition Oriented ageing
and plant life Monitoring
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Flow-induced material degradation
— Introduction (1)

Pipe failures
due to FAC
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Flow-induced material degradation
— Introduction (2)

Incidents in power plant piping caused by FAC

Reactor containment vessel :
‘82 Nemmont Yankes

Fesdwater regulating valve 82 Zion ;
Bypass piping X ‘90 Millstone, Unit 3 moisture separator heater

Pressurizer ‘91 Millstone, Unit 2 peripherals
a0 Saq Onofre, Unit 2 — '92 Catawba, Unit 2
."l — Callaway. Unit 1
j 38 Sy
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Feedwater '97 Fort Calhoun biFing l
piping m =
’ ) 2
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'82 Oconee, Unit 1 Unit 3 IEIO Surry, Unit 1 Piping between
‘82 Oconee, Unit 2 a4 Sﬁniqtufyah, feedwater heaters
'85 Troj
s ‘86 Surry, Unit 2
Heater drain, :
feedwater heater Main feedwater
extracting piping pump suction piping
‘88 Swrry, Unit 2
'87  Trojan Condensate piping
‘92 Susquehanna
‘01 Callaway
03 Watts Bar, Unit 1 ®¥ '02 Columbia
Feedwater piping Service water piping
inside containment

vesse| )
Y p1ant name — QCCurrence year and PWR

Y'Y plani name — occurrence year and BWR
The above diagram shows PWR, but BWR data
are also indicated at corresponding areas.
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Flow-induced material degradation
— Introduction (3)

Lines commonly affected by FAC attacks are:
Feedwater lines

Condensate lines

Extraction lines

Discharge lines

MS and reheater drainage lines

Condensate drain lines and drain valves

Cold crossover lines from HP-turbine to the reheater
Connection lines and nozzles on the feedwater tank
Blow-down lines

etc.

VVVVVVYVYVVYV

meas suffering from FAC are difficult to locate, as FAC
occurs only locally under specific conditions of flow,
water chemistry, temperature and material behavior.

In most cases were failures occur, inspection programs
have been established by ‘engineering judgment’ J
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Flow-induced material degradation
- Types, definitions, influencing parameters

| Flow-Induced Material Degradation

Single-Phase Flow Two-Phase Flow
( Water ) ( Water / Steam )

- L - L

e : Flow-Accelerated Droplet Impingement
Cavitation Erosion : :
Corrosion Erosion
Definition: Definition: Definition:
Deep localized degradation in pumps, but also down- Erosive destruction of oxide layers due to turbulent Deep localized degradation due to the impact of
stream of internals and valves, caused by cavitation, water or wet steam flow followed by corrosion and liquid drops carried by wet steam flow, governed by
i.e. violent collapse of steam bubbles in water flow dissolution of the unprotected wall, leads to a physical fluid and material properties
near solid parts, governed by physical fluid and coherent area of degradation, governed by thermal-
material properties hydraulic properties, water chemistry, composition of Droplets,
material o - Droplet
. Flow —p impingement
. - — \ I.-"'Metgl loss caused by - Area of high
< 542 Vapor \ I erosion corrosion metal loss
. . o Blbbis \ | (mass transfer) .
; ™ Colfapse \ — e Water film Water streaks
§ f ﬂ ‘ l i Area of high gzgr?dary flow
rea of hig
i metal loss ™
\\JI M \uu
N Turbulent boundary layer 1 Flow core
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Flow-accelerated corrosion
- Characterization

Horse shoe pits in Tiger striping in
single phase flow two-phase flows

Flow Accelerated Corrosion is a chemical corrosion process
which affects metals which owe their corrosion resistance to the
formation of oxide layers. If the fluid at the oxide-water interface
is moving, the oxide layer may be dissolved. The corresponding
corrosion rate is strongly influenced by solubility of the oxide
layer and the mass transfer imposed by the moving fluid.
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Flow-accelerated corrosion
- Influence Parameter
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Wall thinning
10

> Material (alloy content Cr, Mo & Cu) T //

/
7
P
> Temperature i
/ iﬁc‘.litw_'ﬁ:ﬂﬁ;;
. 1
> Flow velocity . I| med L
Pl |
> Local turbulence, Flow profile, Pipe roughness j/' L
0.0 - il |
|
Wa“éhmmng A0 T EEE gig . 1} |‘|-| ! | b ]
mmia N B 55 00+ :| i ! : |
\ RIS mm i Py A e e T| [ | l
sl thinning : \ Welre S bysr ] "Ez —>  Flowl Jﬁ — I
m’:;:mm 5:| S Waklothinmng DAt i | )
mim/a l ﬂiﬂ_&.ﬂf g » /\ +i | ; :
— 71N - |
1 0.1 : ’ T q / \ | i | |
G5 Grido B 3 5 \ i fl o .\I, T nlo )
nomeds e B i '! , \ . e
30 CMa Y 4 11 ] 7 500 ppb
: i B MiCamev 11§ B % ?-5 i:szs I E : II \\
B5 NiCsMaMh § ] ’
0.01 0.001 1 ke - =01 ,
B e E I
—pH REHI 2 o U
Mateil 0 025 10 15 20 mma .
0.001 B e ——> Wall thinning S e e e
0 100 00 300 ppb  EOD _ ——> Water tamperante
———* Oxygen conce riration

AREVA NP > AREVA NP GmbH* NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow Allrights are reserved, see liability notice. 10



Flow-induced corrosion
- Superposition of different flow-induced mechanisms

Enhancement of FAC by droplet impingement and cavitation effects

Steam
A -
B U Single-phase
N N steam flow
™~ - ... ™
N - e
®. o - .
e ==l | Drop flow Potential for
) droplet
g impingement
Annular flow erosion
with water

entrainment

\ Combined effects
possible

Slug flow

Bubbly flow

Single-phase
flow / saturated,
sub cooled

Potential for flow-accelerated
corrosion

Water
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Benson test facility
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Flow-accelerated corrosion
- History of FAC model development
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Ageing and Plant Life Management Strategy
- Introduction

COMSY is a software tool for the aging and plant life management of mechanical
components in power plants. The degradation analysis functions include lifetime
prediction in respect to e.g. flow accelerated corrosion (FAC), droplet impingement
corrosion, cavitation corrosion, etc.

This is accomplished by:

O Focusing inspection activities on the safety relevant
components with an existing degradation potential
O Reduction of inspection effort for components with

This task can be accomplished with a powerful software
tool, specifically designed for plant life management in
nuclear power plants.

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. 13



COMSY
- Strategy for ageing and plant life management (1)

The modeling is performed in three
levels:

1. Heat balance diagram
Degradation potential screening,

= = risk input
by R
t |E= razam: & % T .
< I A ml
= B %In. . Ao 2. P&ID dlagram o
i = P _| N Degradation sensitivity
L S B e 'y . .
- i l e assessment, detailed risk
e o okt - assessment
L;:m B e dloa TR
¢/ 3. Component data sheet
. - ——— Lifetime predictions, examination
g I record management
D= | The application of modeling levels
] o flexibly depends on the necessity
imposed by safety relevance and
' ' ' degradation potential
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COMSY
- Strategy for ageing and plant life management (2)

> Screening process
Identification of susceptible systems, so resources can be
focused on systems where ageing potential exists

> Detailed analysis Modeling of relevant systems,
lines and vessels:

N Y/

lifetime
prediction

> Prediction of minimum lifetime for plant elements

> |dentification of degraded plant elements for
inspection activities

> Evaluation of examination results
> Assessment on current ageing status
> Validation / update on lifetime prediction

> Documentation of the as-is state of systems and
components

documenta-
tion
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Screening of the BoP for FAC

COMSY

Condition Oriented ageing
and plant life Monitoring

SYstem -
"f %
i ks |
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Operation '

Detailed Analysis

System LAA

System LAD

Plant-Wide Screening Analysis

- Methodology for Identification of Degradation Sensitivity

AREVA NP has developed a systematic screening
procedure reliably identifying system areas, which
may be subject to degradation mechanisms like e.g.
flow-accelerated corrosion.

v' Modeling of the heat balance diagram
Specification of system configuration
Thermal-hydraulic parameters
Water chemistry cycle calculation

Specification of materials used in systems

8

D N NI NN

System LBS

System LCQ

System LCT

etc...

etc...

Identification of FAC degradation potential
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Plant-Wide Screening Analysis
— BoP graphical functions

@ COMSY

File Edit Ewaluate Reportz Tool: ‘wWindow Help

zelect element. ..
current element.

data pools. .. »
load cycle data. .. |I
FID...
| BOP. |
BoP ~ T
operation b e W
mode buttons | i
L
Ze
U=
Nl E J
Symbols >TI 1 BoP
A drawing
/| @
®

tool bar K- -
“‘ frame
Drawing frame

positioning
arrows

e

- | 199807 - "NIA™ -

|25/5 | Edititems 4

- 00—

Service period selection
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Plant-Wide Screening Analysis
- Modeling of the BOP
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LE-2: Meue HD-Beschaufelung
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Enthalpie 2767 04 kiky
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Plant-Wide Screening Analysis
— Water chemistry calculation

. BOP Cycle Analysis

Water chemistry
cycle calculation

!

-
Ele] §
. a

3

can be performed

— for a given

I e | injection rate of
.
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Al®
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Plant-Wide Screening Analysis
— Two-phase flow considerations

NH

3,steam

Volatility of water chemical
substances

Two-phase flow influences
water chemical parameters of
the water film due to the
distribution behavior of
alkalizing agents and oxygen

NH

3,water
Two-phase flow patterns bubbly flow
The flow pattern /nflyences stratified flow
water/steam velocities and the
local turbulence of the flow wavy flow
slug flow
annular flow
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P
E

BOP Cycle Analysis
ile Balance Ewaluate Wiew

Plant-Wide Screening Analysis
— Using the Heat Balance Diagram

[ [5]x]

E

18]

®|I|@¢+EEo|E

el =l =z|alaM]=

A
¥

108 % Power

1

[0/150

The results of the Water
chemistry cycle
calculation shows for
which systems a FAC
degradation potential
regarding thermal

W ] 3
[BOP properties for operating period : 2004.06 - “HIA® | ASP=90.0 % h dra UIiC Con ditions and
tempera- | pressure | steam | enthalpy flow rate . 02total | D2water | pHtotal | pHwater | pH Q y
group label) PADcode | o pey (“1har | quality | [kikg] | [kg/s] | dRE | Coh) | [ppb] | for 25°C | for 25°C |for w] B
1020 027001701 1875 118 0872 28287 1308.687 wetsteam A il 8.82 9.34 Wa ter Ch emlst
[ 2 [o203 02/003/01 1874 119 0998 2779.4 1143.784 wetsteam 35 0 EE 9.34
3 (0102 01002101 280.2 64.4 0999 2777.2 1643.593 wetsteam 31 0l EEH 9.48
4 [1601 16001101 2802 644 0999 27777 0.186 wet stearm 31 ol 832 548 .
5 |03 01/003/01] 278, 632 D995 7771 1526005 wet steam 31 0 8.2 9.48 arameter eXISt
6 (0104 01004701 278 632 0.998 27771  116.507 wetsteam 3 il 962 9.49 .
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12|09 0900101 218] 223 0.886 24873 118.186 wetsteam 31 0 9.2 9.4
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14010 0100101 280.2 64.4 0999 2777.2 1643.779 wet steam 31 0l
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30 1202 1200201 431 253 -0.425 1827 1072651 subcooled 35 35 -
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Plant-Wide Screening Analysis
— Specify material data

. BOP system properties

group ;4 show properties W

LP steam 1
10 CrMo 9-10
C 228

13 CrMo 4 4

This activity is supported

St 35.8

SIS B B |

15 Mo3

»
—water chemistry r
Ok | cancel |

total wiater

PHI5°CI[ 047 [ 003
0, bpBl [ 1000 [ ooo

rmodify |

i
i

Each material

-
. s |—LP —— . by the material data
|referenc:e: 03/001 g y
—— }
~operating parameters . select material
ternperature |1 28,00 °C specification | SYYCET standard
pressure |1 2.000 har material grop Ichromium - nickel stainless steel j grade Igrade F 36
stearn quality ID.B?DDD grade  |semi-finished product| heat treatment [thickness min. [thickne
enthal bk grade F 304 H forgings solution annealed O 9939
i |2526'5? 4 grade F 347 H forgings solution annealed O 2955
flow rate ISSD.DD kals grade F 321 H forgings solution annealed 0 9999
grade F 321 forgings solution annealed O 9939
rmodify | grade F 316 fargings solution annealed O 9955
I I 4 |

—material
w34 /| lincluded with the
St 4 material table is
15 Mo 3 v — . gm
rrmny | | addinewe | ©delete | \ speCIfled for the
K | modify link | cancel | related SyStem
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Plant-Wide Screening Analysis
— Lifetime prediction ranking

¥ cOMSY v2.02.0
File Edit | Evaluate Reports Settings Tools  Window Help

» seqment [nPPAT /...

plant wnik

Select COMSY main menu
function > Evaluate >
lifetime prediction ranking
evaluate data to generate
the ranking table

seckion . Component Priority Ranking : ;lglﬂ
PADcode | element name [ReclSl]exams [factor irinrii ph risk
1 04/001 /01 /03 BOP cycle dummy element- 5t 35.8 1987,07 1,00 *EC* DE
2 04/001 /01 /01 BOP cycle dummy element- C 22.8 / 1.0460 1988,08 1,00 - *EC* DE
3 04/001 /01 /04 BOP cycle dummy element- 15 Mo 3 1989,01 1,00 - *EC* DE
4 04/004 /01/02 BOP cycle dummy element- 13 CrMo 4 4 1993,06 1,00 - *EC* DE
5 08 /001 /01 /03 BOP cycle dummy element- 5t 35.8 2000,07 1,00 - *EC* DE
6 03 /001 /01 BOP cycle dummy element- ST_35.8 2001,02 1,00 - EC* DE
T 08 /001 /01 /01 BOP cycle dummy element- C 22.8 2001,02 1,00 - *EC* DE
8 11 /004 /01 /03 BOP cycle dummy element- C 22.5 2001,03 1,00 - ‘EC* DE
9 11/001 /01 /01 BOP cycle dummy element- 15 Mo 3 2001,03 1,00 - *EC* DE
10 08 /001 /01 /04 BOP cycle dummy element- 15 Mo 3 2001,04 1,00 - ‘EC* DE
11 o1/00M/0M BOP cycle dummy element- ST_35.8 2001,05 1,00 - *EC* DE
12 117001 /01 BOP cycle dummy element- 13 CrMo 4 4 2003,03 1,00 - EC* DE
13 08 /001 /01 /02 BOP cycle dummy element- 13 Criio 4 4 2003,04 1,00 - *EC* DE
14 02 /001 /01 BOP cycle dummy element- ST_35.8 2003,09 1,00 A2 EC* DE
15 16 /001 /01 BOP cycle dummy element- WStE 355 2005,11 1,00 - *EC* **DE**
16 05 /001 /01/01 BOP cycle dummy element- C 22.5 2006,07 1,00 B2 ‘EC* DE
17 06 /001 /01 /02 BOP cycle dummy element- 5t 37.4 2006,08 1,00 B2 *EC*
18 06 /001 /01 BOP cycle dummy element- WStE 355 2006,12 1,00 B2 EC*
19 16 /001 /01 /01 BOP cycle dummy element- 15 Mo 3 2007,02 1,00 A2 *EC* **DE**
20 06 /001 /01 /01 BOP cycle dummy element- C 22.8 2008,08 1,00 €2 EC
21 09 /001 /01 BOP cycle dummy element- 10CrMo9-10 (10 CrMo 9 10) 2010,07 1,00
22 09 /001 /01 /02 BOP cycle dummy element- 13 CrMo 4 4 201,01 1,00
23 09 /001 / 01 /04 BOP cycle dummy element- 15 Mo 3 2013,06 1,00
24 05 /001 /01 BOP cycle dummy element- 10CrMo9-10 (10 CrMo 9 10) 2013,11 1,00 DE
25 09 /001 /01 /01 BOP cycle dummy element- C 22.8 2016,12 1,00
26 09 /001 /01 /03 BOP cycle dummy element- St 35.8 2018,10 1,00
27 047001 /01 BOP cycle dummy element- 10CrMo9-10 (10 CrMo 9 10) 2018,12 1,00 EC DE
78 07 {00 {04 BOP rurle o L t. ST 358 2049 05 100 EC
|
™ rouch analvsis
for plant unit j Ib}' Rec-151 j [~ disregard rough analysis export I | prifit I | close I

The ranking table serves to rank system
risk potential for each system element
considered.

— >

Use export function to
generate EXCEL table
holding data displayed
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Plant-Wide Screening Analysis
— Benefit

O not at risk m A1 o A2 O B2 H C1

A1

B2

C1

Toate Lo
E

No Risk Detailed Analysis

System LAA — System LAD
System LBS System LCQ
System LCT W etc..

As indicated by the rough analysis
for a typical PWR, some 77% of

L
B
hi
o

The rough analysis results indicate the systems are definitively not at
which systems have a limited service risk due to relevant degradation

life based on the operating and need not to be examined in the
parameters and the materials used. future.
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Deftailed analysis

COMSY

Condition Oriented ageing
and plant life Monitoring

SYstem -
S
y ks
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Detailed analysis

- Modeling of relevant systems, lines and vessels

B |2 _
Modeling of
» Material \)g?\
* Design r$

\‘%eration
o

e

X

-
-

.

Documentation

Element geometry

Design criteria

Material specification
Thermal-hydraulic operation
Water chemical properties

Mechanical loads

VvV V V 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

AREVA NP
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_52‘; COMSY v2.06.8 NPPAZ

File Edit * Evaluate Reports  Setkings  Tools  Window  Help

zegment / section

% Plant data addressing

element / sub-element

=10l x|

E

EEEESSSSEEEEEEER

select sub-slement / element |

2

: HP drainage system

=
]

- LP drainge system

=
o

: Condenzate cleaning system

=
=

: Condensate systemn

=1
a

: Condensat heater drainage

i

=)

LP extraction

0

-~

Turbine gealing and leakage

08: Feed water heater drainage

[:# 007: Drainage line SH4EZ35 # SEAT ta 5TDN
w 002: Drainage line SH4EZ36 # SEBT ta 5TDN
w 003: Drainage line SH46239 # SEAZ to SEAT
[}ﬁ 004: Drainage line SH46240 / SEBZ to SEB1

09: HP extraction spstem
10: Reheating spstem
11: TC-Spstem

12 BOP cycle dummy segment

documentation index

PPN e i e e D O e - D

show hotspat

------- @ 43 01: Outlet feedwater heater SEAZ / -» 51

4=' 02 Reducer 4003 350 from SEAZ outlet /51-wW2

05 Elbow 907/ 'wid - W5

08: Elbow after Tfitting / £

09: Fipe after elbow /supp
10: Pipe with nozzle to elb
11: Elbow 907 / 510 - w1°
12 Elbow 45° /w11 - 515
13 Pipe to %a21.01/50F
14: Reducer CONTR . Valv
15: FISHER Contral walve
16: Expander CTRL. walve
17: HEATER Inlet EA1

2 el ol el e ol b e ol el 'l

| show welc

0%; Feed water heater drainage | 00 Drainage line SH4EZ39 / SEAZ to SEAT | 07 T-fitting 350 > 50 to 463 LF1 /WE -

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

06: Pipe from elbow to T-fitt

03: Pipe from reducer to nozzle /W2 - w3
04: Pipe from nozzle to elbow /W3 - wd

PR s

Detailed analysis
- Managing piping and vessel data

=kElement data sheet 08/003/07 - Ellll
segment I 08 IFeed water heater drainage ‘J'{ \ID=1050 Reclsl |2012.D1 pheno [ prio | type [ ReclSI] ref
_ o FG B1  FGcycl 2006,11 Ncycle 5
section I 003 IDramage line SHABZ3S / SEAZ to SEAI \l\ priarity I B1 FIC 2012,01 WTH0,3
. EAC Lf=0
slement |07 [Tftting 350 X0 10 463 L71 /W - 57 Ty caliration factorJE 1o Lf=0
drawing |R51—8555f'><—3—1334091 /DOC 453-139 141 Sched!S| |
Element Data | Geometry T Iaterial+Design T Cperation Data T Water Chemistry T Wyeld Joint T Inspection Data
gornetry code I geometry factor
] ¥ TDCOLE+D,00 - e
& 33396
cornment |BRANCH DR &0 )
d t vy |
lameter mm] 355 [PNA4T"s Sesestion [m2]  a,0862151 ‘ ]
Tl | E%Z
Tnom [mm] |12,50 Torig [mm] |13,1D ; ;'
\ 240( !
Tmin (] 5 30 allowance A [mm] |U‘DD \ ! /
‘ s/
length [rm] |422ID avality [%] 3,00 AN “ | Ve
d branch |— iti IHORI e e T .
jameter branc 355 5 pogition : o 211
[mm]
| branch[mm) I24U.U reinforce. s4 [mm] 127
T branch[rmm] - angle rotation [*] ID 0
|
t pipe [mm] |3| r branch{rmm] 100 L = 125"
I to branch[rmm] |211 i
madify X coord. - Y coord. - Z coord. -
revious element next element new support documentation calculate EAC wear rate diagram
P PP &l
rew elerment | create sub-element | create link | section diagram | EAC atigue chart | calculate | close |

= = ——————= =

e

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.

28



X Element data sheet 08/003/07

Detailed analysis
— Component data sheet

=101 ]

modify |

I'to branch{mm]

2110

segment I 08 IFeed water heater drainage I‘\f{ UIp=1050 Reclsl I2012.D1 pheno [ prio [ type |ReclSI | rel
; o FG B1 FGceycl 2006,11 Ncycle 5
section I 003 IDrainage line SH4EZ39 / SEAZ to SEAT \P priority I B1 FIC 2012,01 WTH=0,3
EAC Lf=0
element 07 [Tfitting 350 X 50 to 463 L71 / W5 - &7 &l calibration factor- Lo Lf=0
drawing |R51-6555!><-3-1334091 £ DOC 453-L35 111 Sched|s| |
Elernent Data | Geometry I Material+Design T Operation Data T YWater Chernistry T Weld Joint T Inspection Data
eometry code geometry factor
g ¥ ITDCOLE+D,DD - R
3 #3396
comment |EIRANCH DM &0 )
diarmet q407; Kesect i
iamster [mm] 355,65 DN 14,07 ¥-section [m2] |u 0852191 . .
| EFZ
Tror [mm] |12,SD Tarig [ram] |13,1D H i il
\ 240( !
Trin [mm] 530 allowance & [mm] |0.00 \ I /
! /
length [mm] |422|D avality [%] 300 \ | Ve
Ny -
. " S~ S o
diameter branch |355|5 position IHORI il ! 11
[mm] f
| branch[mm] |24D.D reinforce. A [mm]  [127
T branch[mm] - angle ratation [°] ID 0
i I branch
r pipe [rom) =0 r branch{mm] Ir - Y

X coord. - ¥ coord. - Z coord. -

previous element |

next element

new support |

documentation |

calculate EAC | wear rate diagram |

newy: elerment

create sub-element |

create [ink |

calculate |

close |

section diagram | EAC/fatigue chart |

—

The component
data sheet
summarizes data on
relevant
degradation
mechanisms,
component design,
operating conditions,
water chemistry and
materials applied.

Additional information are supplemented, e.q. examination records,
load cycle or specific documents
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Life Time
Prediction Process

COMSY

Condition Oriented ageing
and plant life Monitoring

SYstem -
"f %
i ks |
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Life Time Prediction Process
- Overview

Plant model data Preprocessing Life time prediction

1 wall thinning rate (mm/a)

10

AR

~

. 7 Combined
Key properties for :

y prop V. effects 7/

* material flow:
* mechanical loads accelerated
» water chemistry corrosion

- thermal-hydraulic ¢ "Combined ™y
conditions V. effects 7/

L

droslet
impingement
erosion

I x1ocrniTi18 9
[1 10CrMo9 10

| 13CrMo4 4

plant 05 1 15 mm/a
database

COMSY uses sophisticated corrosion models to conservatively predict the progress of
material degradation for e.q. flow-accelerated corrosion and to determine the life
expectancy for individual elements.

AREVA NP > AREVA NP GmbH + NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow Allrights are reserved, see liability notice. 31



5 | -
1 Upstream flow effect (UFE)
|—L — —
S Element A Element B
j geometry factor K a geometry factor k; g
T T { I\
g T —1 1 ] NN
_ =
| | acianii 0.0
—— - 0 5 10 15 20 25 —»z/D 30

Life Time Prediction Process
- Boundary Conditions

The evaluation of the flow-accelerated corrosion lifetime considers the
influence of local turbulences in a continuous piping section.

The profile illustrates the effect of, e.qg. high local turbulence on the
computed wall thinning.
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Life Time Prediction Process
- Prediction philosophy for wall thinning rates

> Uncertainties on wall thinning computation are considered via a safety
margin in order to ensure safe operation

safety
margin

> The computed wear is considered A
the maximum probable wall
thinning rate for element under
specified operating conditions.
The result indicates the minimum
life expectancy of the element

> The safety margin is reduced
after measurement results are
®
made available wall thinning rate measured

wall thinning rate predicted
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Prediction of Residual Lifetime for Plant Elements

e.g. FAC/EC (erosion corrosion)

After the modeling process is
completed, a lifetime prediction
can be initiated.

The diagram indicates predicted
wall thinning rates caused by flow
accelerated corrosion which are
plotted versus the length of a line.

A lifetime chart demonstrates
the predicted progress of wall
thinning versus the operating
fime of the plant.
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Inspection and examination record management

| v E T R v (DR S e

= e — e o b After an examination procedure is
e e e T = e B e [

ey T B T 1 V0 A 11T it i [ e [

ety completed, the examination results are fed
e N~ o o info the COMSY database. Subsequently

they are used for further optimize the

| Inspection scope.

|||||||||

w4 COMSY acquires and assesses
___==| examination records from:

> UT wall thickness examination
= > UT flaw detection
> Radiographic examination

> Visual inspection

and further the capability to manage
periodic inspections.
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The COMSY Closed Loop Process for
Plant Life Management

" Material .
w \ Operation’ 4
L ks .
[ Ne Risk Detailed Analysis ]
| Systermn LAA [ | Swstem LAD |
Systern LBE System LCQ Exam i nation
System LCT Bt 7_ .
g Z || not required
n f b
. —= o before date
* Material A » ) . Lifetime
. Condition Oriented ageing . g
* Design and plant life Monitoring prediction
%ration SYstem
/\\/& Calibration
_N of lifetime
- J L prediction E \/@\\/
- \ /
Documentation %A
) e
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Conclusions
— Software modules

Plant data model
and documentation

As-built-
material library

Standard material library

COMSY

Condition Oriented aging
and plant life Monitoring
SYstem

Inspection planning Degradation model

FAC | Erosion-corrosion

Examination
record management
and evaluation

Degradation model
cavitation / droplet
impingement

Degradation model Degradation model

pitting / crevice

Degradation model
IGSCC / TGSCC

fatigue (cycling,
transient)
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Conclusions
— Characteristics

> COMSY copes with

Q the large number of parameters affecting flow-induced corrosion (FAC, droplet
impingement erosion and cavitation erosion) as well as

Q the complexity of their functional interdependencies.

> COMSY allows

Q the reliable identification of piping elements which may suffer material loss due
to FIC,

Q to calculate the minimum residual lifetime of piping elements affected by FIC to
streamline inspection effort and

Q to check countermeasures prior to their implementation.

I_ COMSY is a proven and ready-to-use tool with user
interfaces in different languages and provides common
materials and stress calculation for various countriesJ
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COMSY - References

Oskarshamn 3

Forsmark 1+2

Fukushima 2-1

Different fossil fired plants
OL3 lifetime design services
Chinshan 1

Service Applications Software Licenses

Philippsburg 1+2 Spain : Asco 1+2
Kriimmel Almaraz 1+2

Isar 1+2 Cofrentes
Brunsbiittel St. Maria de Garona
Biblis A+B Finland : Loviisa 1+2
Gundremmingen B Hungary : Paks 1 to 4
Borssele .

Beznau 1 Bulgaria . Kozloduy 1 to 4
Gésgen Japan : Tomari 1+2
Leibstadt Brazil : Angra 1&2
Almaraz 1+2 Belgium: 8 fossil fired plants
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