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Summary of presentation

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

FAC PREDICTION AT EDF : A COMPARISON OF 
THE VERSIONS 2 AND 3 OF BRT-CICERO™
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� 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: 

� Flow rates and pipe geometry
� Steam quality
� Chemical conditions (pH)
� Oxygen content
� Temperature
� Alloy impurity contents of the carbon steel.
� ……

- MECHANISM -
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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 -
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- PHYSICO-CHEMICAL MODEL -
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Circuits concerned by FAC

- WATER STEAM CIRCUIT -

Responsible for global wall thickness loss in 
condensate and feed water systems.
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Mandatory for all 58 PWR in France
Used by Daya-Bay / Ling Ao NPP in China

Used by Koeberg NPP in South Africa

FAC PREDICTION AT EDF : A COMPARISON OF 
THE VERSIONS 2 AND 3 OF BRT-CICERO™

FAC monitoring software
Prediction tool to calculate wall thickness 

loss by FAC
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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

- INPUT DATA -
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Water chemistry (pH, …)
Flow rates
Temperature
Pressure

Mechanical characteristics 
(Re, Rm, …)
Geometrical characteristics
Chromium contents in steel

Pipe representation in BRT-
CICERO™ software

At EDF about 60.000 pipe components are modelled

Original pipe design

- INPUT DATA -
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FAC PREDICTION AT EDF : A COMPARISON 
OF THE VERSIONS 2 AND 3 OF BRT-CICERO™

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)

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)

Version 2 Version 3
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Result of calculations:
� FAC wear rate calculation for each pipe component
� Wall thickness loss over defined periods
� Identification 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

- OUTPUT DATA -
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FAC PREDICTION AT EDF : A COMPARISON 
OF THE VERSIONS 2 AND 3 OF BRT-CICERO™

Chemicals : ammonia, hydrazine, morpholine

Only for PWR

Direct input of chromium contents

Geometric factors based on NPP feedback from analysis made in 2000.

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.

Version 2 Version 3
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- ANALYSIS TO OPTIMISE GEOMETRY 
COEFFICIENTS -
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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-

CICERO™ version 3 by introducing a 
less conservative geometry factor for the
lateral branch of flow junctions. 



Moscow - April 2009, 21 to 23rd.15 Division Production Ingénierie Hydraulique - DTG

- CYCLE & CHEMISTRY WINDOWS -
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- HISTORY OF CHEMISTRY -
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Pipe element

Pipe characteristics
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- FAC RATE AND MARGIN CALCULATION-

Margin to Design 
Thickness (mm) in 
cycles or hours

Nominal wall-
Thickness (mm)

Manufacturing 
tolerances + and -

FAC rate  
(slope)
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- TABLE OF MARGIN CALCULATION -

Elements to be inspected
� if margin < 0 mm
�If n° cycles < 1
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- FAC RATE AND MARGIN CALCULATION-

FAC rates per cycle
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Chromium measurement

- INPUT OF CHROMIUM CONTENT -
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- INPUT OF WALL THICKNESS MEASUREMENTS -
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- INPUT OF INSPECTION DATA & MARGIN 
CALCULATION -

FAC speed and wall 
thickness situation 
at new zero point
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6300 pipe components were inspected 
by UT between 1980 and 2005
102 components found below wall 
design thickness and replaced

– 42 bends
– 29 reducers
– 31 tubes

Only 11 cases of residual thickness 
underestimation (= 0,17 %)

FEEDBACK

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

Measured versus predicted thickness graph

A new feedback analysis is in progress for 2010
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Maintenance and inspections on critical 
components

�Based on BRT-CICERO™ calculations 
�Wall thickness measurements by UT on defined 
grids

�Chromium measurements (XRF / documental 
analyses)

�Component replacements
�EDF develops and qualifies all necessary NDE 
procedures

INSPECTION PROGRAM
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� Steam leak and pipe rupture prevention
� Optimisation of outage inspection programs 

(avoids systematic and unnecessary inspections) 
� Long term maintenance strategy
� Cost benefits due to limited inspection volumes (no calibration 

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

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

GLOBAL BENEFITS & FEEDBACK
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� Turbine hall piping data in a single data base
� Identification 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.
� Major skills on FAC are developed and maintained at EDF

ADVANTAGES
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�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

LIMITS AND CONSTRAINTS
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UNITS INVOLVED AT EDF INTO 
FAC MANAGEMENT

Local Regulat or

DRIRE

Nuclear Production Division
UNIE (Operation Engineering )

• Maintenance rules and strategy
• BRT-CICERO™ rules of use for CNPE
• Operation feedback treatment
• Relation with the National Regulator

National Regulator

DARPMI
DGSNR
BCC-N

Nuclear Production Division
UTO (Mechanics & Repairs)

• Spare parts management
• Mechanical calculations for under -

thickness justifications

Nuclear Engineering Division
CEIDRE (Chemistry, Metallurgical Analyses)
• Chemistry specifications for CNPE
• Laboratory analyses on damaged parts

R&D Division
• Parameter testing on the laboratory loop 

CIROCO

General Technical Division
FAC Team

• FAC algorithms upgrade based on feedback data
• Lines modeling
• NDE methods qualification (TOFD for welds, DR, Chromium)
• Chromium measuremen ts
• Technical assistance and move to BRT -CICERO™ Version 3 

for French and Foreign users (RSA, China)
• Studies and training sessions for Foreign customers (RSA, 

China, Japan, Belgium, UK)
• Participation to EPRI CHUG meetings
• FAC international conferences organ ization
• BRT-CICERO™ for fossil plants project

Contractors

• Scaffolding
• Insulation
• UT and Cr 
measurements

Nuclear Engineering Division
CNEN / CAO (Software development and 

maintenance)
• Development of BRT -CICERO™ Version 3
• Assistance to the users on Versions 2 and 3 for software 

problems
• Move to BRT -CICERO™ Version 3

900 MW : FES, BUG, 
BLA, DAM, GRA, TRI, 
CHB, CRU, SLB
1300 MW : PAL, FLA, 
SAL (« pilot » NPP), BEL, 
CAT, GOL, NOG, PEN
1450 MW : CHZB, CIV

EDF Users

SIR (Recognized 
Inspection Service) in 
each NPP : h ave the 
delegation of the 
Regulator to control the 
NPP activity on 
regulated piping

Nuclear Production Division :CNPE 
(Nuclear Centers of Electricity Production = NPP)

UFPI
• Training sessions for French 

users

• Specification of BRT -CICERO™ FAC algorithms
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For further information please contact :

Thomas KNOOK
EDF/DTG

+33 4 76 20 23 19
thomas.knook@edf.fr

Matthieu PERSOZ
EDF/DTG

+33 4 76 20 24 59
matthieu.persoz@edf.fr

Stéphane TREVIN
EDF/DTG

+33 4 76 20 24 99
stephane.trevin@edf.fr
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