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Flow-induced corrosion
- References

USA: Rancho Seco
Milistone-2
Germany: Biblis A, B Black Dog
Brunsbuette!
Gundremmingen B Spain. Almaraz 1+2
fsart, 2 Asco 1+2
Grafenrheinfeld Colrentes
Kruemmel St. Maria de Garona
Philippsburg 1
Ukraine. Rowno 1lo 4
Switzeriand: Beznau 1 Khmelnitski 1,2
Leibstad!
Hungary:  Paks 1io 4
Japan: Tomari 142
Fukushima 1-1 Bulgaria. Kozloduy 1 1o 4
Swedean: Oskarshamn 3 Brazit: Angra 1,2
Finland: Loviisa 1+2 UK: Killinghalme
Pelerhead
Netherlands: Buggenum Coltam
Moerdjik
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UNB FAC loop
- test results
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The test results provide a correlation between ECP (electrochemical
corrosion polential) and oxygen concentrations for two different flow
velocities (pH = neutral, temperature = 142°C).
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Flow-accelerated corrosion
- Model validation / verification / optimization

> Continuation of studies on FAC

> Collection of FAC cases for
validation / optimization of
the prediction model in a
database

> Application of the model to
BWRs (GE, ABB, KWU), PWRs
(Westinghouse, KWU), VVERs
and fossil-fired power plants
(CCPP, coal-fired) worldwide
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Alioy factor = f(Cr, Mo, Cu)

lifl 4 ¢ pH fi¥f FAC B2

Effect of material composition on FAC (2)

- alloy content of Cr, Mo and Cu

The alloy composition of ferritic steels is usually
not accurately known, as matenal standards
allow for major allowances.

The effect of material composition is
considered by the COMSY FAC-model in a
conservative manner. In addition, lolerances on
alloy composition are automatically considered
during the analysis.

Field expenence from numerous power plant
service applications confirms, that the material
composition influence by the COMSY FAC-
model is sufficiently conservative.

Effect of the pH value on FAC (2)

O s COMSY utilizes a
NH,... complex dissolution
algorithm to made!
the pH effect of
different alkalizing
agents. For two
phase flow
condition, a
distribution model
0.2~ computes the

e relevant pH in water
phase of the fluid.

The key influencing factor is the pH at temperature, which depends on
alkalizing concentration, alkalizing type and temperature. Using this key
value as a reference, the effect of different alkalizing agents and the
combination thereof can be considered.
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Flow-accelerated corrosion
- Influencing parameters (3)

> Oxygen concentration

® highest thinning rates are observed
below 10 ppb (parts per billions; pg/kg)

® in the range between 10 and 40 ppb
wall thinning is reduced drastically

® above a value of 90 ppb wall thinning
can be neglected
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Flow-accelerated corrosion
- Influencing parameters (6)

> Temperature

| below 40°C and above 260°C
thinning rates are low

B highest thinning rates are
observed at some 150°C
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Flow-accelerated corrosion
- Influencing parameters (8)

> Upstream flow effect (UFE)
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Droplet impingement erosion

- Sensibility
A MO ) —_ . w COMSY utilizes the
. mnuﬁlr@ modified Taitel &
- o Dukler flow chart to

"™ reliably compute the
v ®  individual flow
regime for given
system operation
conditions and

o geometries. The flow

C o
" _stratified oW~ chart model was
-~ ot “§ validated using
. o T s = % o BENSON® hydraulic
= test data.

Droplet impingement erosion is found oniy for annular/droplet flow regimes.
Unfortunately, these flow regimes are commonly found in NPPs (main steam,
extraction lines, drainage lines, venling lines elc.)
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Pilot study to assess influence of HWC on FAC risk
- Step2: Verification of computed results vs. measurements
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Pilot study to assess influence of HWC on FAC risk
- Step 3: Simulation with lower oxygen level in the main steam
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Rough analysis Detailed analysis Examination effort

Detailed modeling of susceptible BOP-systems
reduced ﬂmoﬂoﬁ rt over the years of application.

Reduction of Examination Effort
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Flow-accelerated corrosion
- Model validation / verification / optimization

> Uncertainties on wall thinning aﬂf"@ »
computation are considered via a 2 1 o,
safety margin in order to ensure 8 il o
safe operation of element. g S R

2 . J g L L]

The computed wear is considered a -y .t
the maximum probable wall E Y
thinning rate for element under £ b
specified operating conditions. & E: -
Hence, the corresponding 37 -

recarmmended inspection date
(RecUT) indicates the minimum life
expeclancy of the element.

wall thinning rate measured

The safely margin is reduced after
measurement resulls are available
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Life Time Prediction Process (2)

Upstream fiow effect (UFE)

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

The piping length is plotted on the X-axis, the predicted wall thinning on the
Y-axis.

The profile illustrates the effect of, e.g. high local turbulence on the computed
wall thinning.
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Optimization of inspection activities
- Inspection preparation
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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 suscepltible piping elements
during the first years

> Now some 35% of the

number of components Nuritber of Components
originally examined in L ™ Priority 1 |
1993 are inspected based 125- ___'_’,“ﬂ"d
on prediction results. 100 - Additions! pipog 5
;Wmﬁ%mﬂ“
> The radiation exposure of 75 ;
personnel was reduced 504 | '

> The safety and reliability level 25
was increased simultaneously

1995 1998 1997
Year— »
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Comparison of measurements vs. predictions
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Examination record management
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Mihama-3 incident
- Lifetime prediction

Framme ey e A vy The COMSY lifetime
F‘*"‘_“ o chart demonstrates
:::: e:.‘n ::'p::n -:.u ::‘p-n W smsw  OHA TN the pl'edlcted
opea progress of wall
o s thinning versus the
X ::; operating time of the
. oy plant.
- i Line no. 3/4 marks the
. T Riswse) required minimum
: & v | wall thickness of the
B | = pipe. Tije !'u_pture
) M som wom o em e stress limit is
Wiy et e e vl xo oz | -] indicated by line 6.
Tard o1 Few Ver bosdwre CraY w8

The analysis indicates, that a wall thickness inspection should
have been performed as early as 1992. The pipe rupture is
predicted for the year 2001, which is considered to be sufficiently
conservative.
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Lefter dated 25. August 2005

to all Participants of the TiM on FAC

Qur reference NGTT1/Roe

AREVA

FAC Technical Information Meeting — Agenda

Monday, 05.09.2005

Tuesday, 06.09.2005

Wednesday, 07.09.2005

Thursday, 08.09.2005

Friday, 09.00.2005

9:30 - 10:30
10:30 - 11:30
11:30 - 11:45
11:45-13:00
13:00 - 14:00
14:00 - 14:45
14:45 - 15:.00
15:00 - 16:30

9:00 - 10:30
10:30 - 10:45
10:45 - 12:00
12:00 - 13:00
13:00 - 16:30
19:30

9:00 - 10:30
10:30 - 10:45
10:45-12:30
12:30 - 13:30
13:30 - 15:00
15:00 - 15:15
15:15 - 16:30

9:00 - 10:00
10:00 - 10:15
10:15-12:00
12:00 - 13:00
13:00 - 15:00
15:00 - 15:15
15:15 - 18:30

9:00 - 10:00
10:00 - 11:00
11:00-11:15
11:16 - 12:15
12:15-13:00
13:00 - 14:15
14:15 - 15:30

\Welcome, introduction, overview

FAC - History & Current status of knowledge
Break

FAC - Background & Definitions

Lunch

Lab tour

Break

Approaches for FAC assessment

Assessment and discussion of failures reported (Part 1)
Break

Assessment and discussion of failures reparted (Part 2)
Lunch

Effects of different water chemistry treatments; break included
Dinner at a typical Frankonian restaurant

Water chemistry (application example)

Break

Screening the plant for sensitive system areas (rough analysis)
Lunch

Lab tour (materials engineering department)

Break

Detailed analysis of sensitive system areas (Part 1)

Detailed analysis of sensitive system areas (Part 2)
Break

Detailed analysis of sensitive system areas (application example)

Lunch

Consideration of examinations

Break

Consideration of examinations (application example)

Inspection management

PLIM & PLEX methodology

Break

RI-1SI methodology

As-is documentation

Lunch at the company restaurant "Biedachstuben”
Summary, feedback

Framatome ANP GmbH
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