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

Approaches for FAC assessment 
– Objectives

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.g.:
� Optimizing the water chemical treatment
� Apply improved material concepts for replaced components or lines 

and/or sufficient wall thickness margins
� Apply qualified repair technologies (e.g. METCO spraying, sheet 

metal cladding) 

> In 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

COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem
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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 1’165 MW, 

Net production 9’300’000 MWh, 
Load factor 91.4 %,
8’204 hours of operation
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History of NPP Leibstadt Activities
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� Identification of pipes and piping components 
potentially susceptible to FIC

� Targeted inspection of components by means 
of wall thicknesses measurements 

� Visual inspections for large-diameter piping 
� Evaluation and documentation of wall 

thickness measurements and inspections 
including examination result assessment 

� Initiation of repair and replacement measures, 
if indicated 

Approach of NPP Leibstadt FAC Program

COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem

NPP
Leibstadt
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(Screening of the BoP, Detailed analysis)

COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem

Identification of FIC potential
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No Risk

System LBS
System LCT

System LAA

etc...

Detailed Analysis

System LCQ
etc...

System LAD
No Risk

Rough Analysis

System LAD
System LBS
System LCT

System LAA

etc...

Relevant
system properties

> Thermal-hydraulic properties
>Water chemistry cycle analysis
> Material properties

ChemistryOperation

Material

Screening process
- Identification of  Degradation Sensitivity
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Operating parameters are specified
for systems modelled

Each system is
represented by the
connecting lines of 
two symbols

before power 
uprate Power 

uprate, 
step 1

step 2

Screening process
- Modeling of the BoP
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> 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
process allow to focus 
activities on systems which
are endangered by FAC 
according their design, 
operating and water 
chemical parameters as 
well as the materials used.

Screening process
- Benefit
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Screening process
- Evaluation
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Screening of the BoP - Results 
No activities necessary    Long term activities
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Screening of the BoP
Under surveillance   Further analyses recommended
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Detailed analysis of components and systems 

Evaluation of 
examination results

Examination 
not required 
before ……

Examination
required

Lifetime
prediction

COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem

Documentation

Modeling
• Material
• Design
• Operation

Calibration
of lifetime 
prediction
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> Element geometry
> Design criteria
> Material specification
> Thermal-hydraulic operation
> Water chemical properties
> Mechanical loads
> Material certificate values, if available

Documentation

Modeling
• Material
• Design
• Operation

The modeling process is efficiently 
supported by useful engineering tools 
and a detailed material data library

Detailed Analysis
- Modeling of relevant systems, lines and vessels
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Detailed Analysis
- Managing piping and vessel data

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

NPP
Leibstadt

(Wall thickness measurements, Visual inspections)
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> 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
� pipe diameter
� flow conditions (single – or two phase flow)

> If significant wall thinning is found for an element during 
inspection (Tlow close to Tmin or beyond), the 
examination will be repeated with ½ the grid size. For 
straight pipes the grid coverage are expanded to a 
minimum of 2.5 diameters (3 diameters for two-phase 
flow)

origin

flow

azimuthal lines

axial lines

2
X-offset

Min. 2.5 diameters

12 o´clock
B

C

DE

F

G

H
Y-offset
A

Wall thickness measurements
– Inspection Preparation, Grid (1)
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Grid specification

Wall thickness measurements
– Inspection Preparation, Grid (2)
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homogenous 
oxide layer

surface 
degradation of 
base material

local 
degradation

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

Note: The main disadvantage of visual techniques is that the 
information is not objectively quantitative, so that a 
trending can hardly be performed.

Visual inspections
– Basics, Procedure
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COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem

Examination Result Assessment
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Lifetime 
prediction > 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
� to reduce the safety margin
� to 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

Evaluation of 
examination 

results

COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem

Calibration 
of lifetime 
prediction

Examination Result Assessment
– Overview
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Ultrasonic wall 
thickness testing

Examination Result Assessment
– Record management (1)
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Visual
inspections

Examination Result Assessment
– Record management (2)
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> the prediction NDT update function serves 
to extrapolate individual element 
calibration for related sections or 
segments
> the program computes an extrapolation 

factor       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

Examination Result Assessment
– Lifetime Prediction Calibration

5.2

Preheater

M

5.1

Preheater

M

16
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678
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HP

Turbine

position factor Fadj 
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9 0.37
13 0.43
16 0.72

fpred = 0.62

fpred

The calibration of the lifetime 
prediction reduce the safety margin 
and the measurement locations will 

continuously reduced.
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Repair and Replacement Measures

NPP
Leibstadt



32AREVA NP All rights are reserved, see liability notice.NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow> AREVA NP GmbH •

Welding material Application range

METCO spraying
(2 layer)

ARC spraying
(3 layer)

undercoating:         Ni-Al
protective coating: Cr-Ni-Fe-Alloy

Inner surface of 
� turbine casing, 
� vessels,
� heater,
� large bore piping

Methode

1. Layer: Ni-Al
2. Layer: Cr-Alloy
3. Layer: Cr-Ni-Alloy

Repair and Replacement Measures
– Repair technologies
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Summary
COMSY

Condition Oriented ageing
and plant life Monitoring

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

 

 

 

 

 

~GHP LP1 LP2 LP3

CCUP H
2.1

P H
2.2

P H
1.1

P H
1.2

P H
3.1

P H
3.2

P H
5.1

P H
5.2

P H
6.1

P H
6.2

Feedwater
Storage Tank

RHMSHVMSPS

RPV

Condenser

Main
Condensate

Pump
Feedwater
Pump

 

 

CRD

CRD
 Se

ali
ng

Se
ali
ng

 

 

steamwaterDetailed analysis
performed

not performed
State: 06/2004
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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 susceptible piping elements
during the first years 
> Now some 35% of the 
number of components
originally examined in 
1993 are inspected based
on prediction results. 
> The radiation exposure of 
personnel was reduced 
> The safety and reliability level 
was increased simultaneously

1996199519941993
Year

Number of Components

1997

Priority 1
Priority 2

Additional piping systems

0
25
50
75
100
125
150

taken under surveillance
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Comparison of measurements vs. predictions
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Influence of hydrogen dosing
on the FAC rate

COMSY
Condition Oriented ageing
and plant life Monitoring

SYstem
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Background



39AREVA NP All rights are reserved, see liability notice.NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow> AREVA NP GmbH •

Influence of hydrogen dosing on the FAC rate
- Background

> 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

Hydrogen dosing through the feedwater changes the redox-
potential in the RPV
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Influence of hydrogen dosing on the FAC rate
- Background
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> In two-phase flow the oxygen concentration 
is influenced by the temperature-dependent 
distribution coefficient of the oxygen
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Study



42AREVA NP All rights are reserved, see liability notice.NTCMM-G, A. Zander, IAEA - Workshop on FAC and EAC; April 21- 23, 2009; Moscow> AREVA NP GmbH •

Influence of hydrogen dosing on the FAC rate
- Measurements performed (1)
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Influence of hydrogen dosing on the FAC rate
- Measurements performed (2)
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measured

Influence of hydrogen dosing on the FAC rate
- Verification
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Influence of hydrogen dosing on the FAC rate
- Simulation
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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 
� cold cross-over,
� LP extractions, their condensates and
� 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 
� HP extractions and their condensates,
� 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
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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 
� completion of detailed analysis with COMSY, 
� selective inspections and 
� countermeasures (O2 dosing, less deaeration

of the feedwater tank).
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Conclusion

> AREVA’s computer program COMSY focuses
� on reliable identification of piping and piping components 
susceptible to FAC and 
� on optimizing reduction the inspection 
scope and NDE efforts 

> An approach was established
� to meet Swiss regulatory requirements 
� to suit KKL's individual conditions 
� to use the experience of operating personnel 
� to 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 KKL

Safety of
- plant
- personnel

Operational
experienceCOMSY

Component testing
Visual 

inspection
Radiography

System parameters,
operating
and design
conditions

UT
measurement


