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ABSTRACT 
 
Almirante Alvaro Alberto Nuclear Power Plant, referred herein as Angra NPP, comprises two generating units 
operated by Eletrobras Termonuclear S.A. – Eletronuclear. Unit 1, a Westinghouse designed PWR, operates 
commercially since 1982 generating 657 MW, while unit 2, designed by Siemens, is a 1350 MW PWR in 
operation since 2000.  
 
Flow Accelerated Corrosion (FAC) programme integrate a set of ageing related programmes established to 
control ageing effects on equipment and piping in order to ensure their capability to perform their functions 
during the plant remaining life. 
 
The objective of this paper is to describe Eletronuclear experience in developing and implementing a 
programme related to Flow Accelerated Corrosion, with focus on piping of the secondary sides of Angra NPP, 
explaining in detail the current situation for important pipings, and presenting updated results of the FAC 
control. 
 
Accurate inspections are the basis for an effective FAC programme. Wall thickness measurements establish the 
extent of wear in a given piping, providing data to support FAC trends, and to refine the predictive model. A 
permanently and clearly identify grid is makes re-inspection possible, at any time, at the same points. 
 
Supported by the computational system Comsy, some of its features as FAC potentially susceptible lines 
identification, wall thinning rates determination, inspection data recording, wear rates analyses, lifetime 
prediction and inspection scheduling will be showed in detail. 
 
This programme has started in 2004, and since this time it was applied in a total of six outages in Angra 1 NPP 
and three outages in Angra 2 NPP, with a large number of piping elements inspected and analyzed. Some of 
these results will be showed and discussed in this paper, regarding the potential of Flow Accelerated Corrosion 
occurrence 
 
 

1. INTRODUCTION 
 
FAC program that is put in place in Angra NPP is based on the following steps: 
Understanding the degradation mechanisms and their effects on structures and components 
safety and functionality; 
 
- Evaluation of the possibilities to mitigate the degradation by modifying relevant 

parameters, such as chemistry conditions or modifying the project; 
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- Evaluation of the adequate monitoring of the degradation by using the correct NDE or 
measuring indirect parameters; 

 
- Evaluation of the integrity assessment methodology to define the acceptable limits for the 

degradation; 
 
- Evaluation of repair and replacement alternatives; 
 
- Evaluation of the progress of the degradation to define the period for inspection; 
 
- Evaluation of the effectiveness of the program.  
 
Flow Accelerated Corrosion programme integrate a set of ageing related programmes 
established to control ageing effects on equipment and piping in order to ensure their 
capability to perform their functions during the plants remaining life. The objective of this 
paper is to describe how this programme has being implemented in Angra NPP, explaining 
the current situation for important components and presenting updated results of the ageing 
control. 
 
 

2. FLOW ACCELERATED CORROSION PROGRAMME 
 
Flow Accelerated Corrosion (FAC) Programme provides guidance to control the piping 
thickness of the high-energy systems with potential flow accelerated corrosion degradation 
process, [1]. The FAC programme, covering Units 1 and 2 systems as indicated in Table 1, 
introduced the computational system Comsy, developed by Areva, to assist FAC 
management activities like:  
 
- identification of potentially susceptible locations ; 
 
- estimation of wear rates; 
 
- recording of inspection results; 
 
- analysis of wear rate evolution; 
 
- lifetime prediction; 
 
- inspection scheduling. 
 
 
 

Table 1.  Systems covered by the Flow Accelerated Corrosion Programme 
Unit 1 Unit 2 

Main Steam (MS) Main Steam (LBA) 
Feedwater (FW) Feedwater (LAB) 
Extraction Steam (EX) HP – Extraction (LBQ) 
Heater Drain (HD) LP – Extraction (LBS) 
Turbine Gland Steam and Drain (GS) Main Condensate (LCA) 

 Blowdown (LCQ) 
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Unit 1 Unit 2 
 LP – Preheater Condensate (LCJ) 
 Clean Drains (LCM) 
 Startup and Shutdown (LAH) 
 Moisture Separator / Reheater (LBJ) 
 Reheater Condensate (LCS) 
 Moisture Separator Drains (LCT) 
 Condenser (MAG) 

 
 
 

An estimation of wear rates can be obtained by modeling the susceptible lines in the system 
Comsy. Figure 1 shows a typical result, in which critical sections can be identified and 
included in the inspection programme. 
 
 
 

 
Figure 1.  Comsy´s Section Wear Diagram 

 
 
 
Accurate inspections are the basis for an effective FAC programme. Wall thickness 
measurements establish the extent of wear in a given component, providing data to support 
FAC trends, and to refine the predictive model. Thorough inspections are the key to fulfilling 
these needs. It is recommended that the component be inspected using a complete grid 
(Figure 2), being the grid size small enough to ensure that the thinned region can be 
identified. The lines and rows of the grid need to be clearly identified to make re- inspection 
possible, at any time, at the same points. 
 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

 
Figure 2.  Inspection Protocol and the Elbow with grid prepared for inspection 

 
 
 
A typical output from the system Comsy, as shown in Figure 3, can be used to get more 
detailed information about the wear rate and lifetime prediction of a specific piping element 
(pipe, elbow, reduction, etc.).  
 
 
 

 
Figure 3.  Comsy´s Wear Rate Boundaries 
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Figure Figures 4 and 5 shows the occurrence of FAC at two elbows (DN 16”) inspected 
during an outage of Angra 1 NPP. The importance of the grid size  is evident, in this example, 
observing the irregular shape of the degraded area which could not be adequately detected if 
the grid nodes were not close enough. 
 
 
 

 
Figure 4.  Occurrence of FAC at an elbow (DN 16”) 

 
 
 

 
Figure 5. Occurrence of FAC at an elbow (DN 16”) 

Degraded area 

Degraded area 
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Since the implementation of the FAC programme, in Angra NPP Unit 1, after five outages, 
1630 piping elements have been inspected with 48 replacements performed. These 
replacements can be separated in two groups. The first group contains 21 pipe elements 
belongs to various systems with diameters not greater than 3”. The second includes 27 pipe 
elements of the Extraction Steam system (12”and 16”) and this group indicates that this 
require especial attention due to the potential for damages to the plant and injuries to the 
persons. 
 
The tables and figures below shows the distribution of the inspected piping elements in Angra 
Unit 1. 
 

Inspected elements 
System Total 

Heater Drains 528 
Feedwater 455 
Extraction 

Steam 320 

Gland Steam 304 
Main Steam 15 

Circulate Water 8 
Total 1630 

 
 

Inspected elements 
Type Total 
Elbow 1098 

Straight Pipe 
(*) 235 

“T” 141 
Reduction 106 

Flow Restrictor 28 
Colector 14 

Orifice Plate 8 
Total 1630 

(*) Downstream valves  
      or nozzles 
 

Inspected elements 
Size Total 

Small Pipes 
(1/2”  -  2”) 

416 

Large Pipes 
(2 1/2” -  36”) 1214 

Total 1630 
 

 

Inspected elements by system
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In Angra NPP Unit 2, after 3 outages, 483 piping elements have been inspected, resulting in 
the replacement of 3 elements. 
 
The tables and figures below shows the distribution of the inspected piping elements in Angra 
Unit 2. 
 

Inspected Elements 
Type Total 
Elbow 319 

"T" 64 
Straight Pipe 43 
Orifice Plate 32 
Reduction 19 

Flow Restrictor 6 
Total 483 

 
 

Inspected Elements 
System Total 

Feedwater 156 
Main Steam 87 

Extraction Steam 61 
Condensate 93 
Preheater 

Condensate 12 

Clean Drains 25 
Blowdown 40 
Condenser 9 

Total 483 
 
 

Inspected Elements 
Size Total 

Small Pipes  
(DN50) 51 

Large Pipes  
(DN80 - DN800) 

432 

Total 483 
 
 
 
 

3. CONCLUSIONS  
 
The continuing occurrence of failures caused by piping wall thinning evidences that plant 
programmes for FAC mitigation should be maintained and improved as industry knowledge 
evolves and more operating and plant data become available. 
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This FAC programme discussed above is an example of engineering action to maintain 
integrity and functionality of Angra NPP systems, structures and components important to 
safety and reliability, increasing personnel safety, plant safety and plant availability. 
This programme is capable to detect, evaluate, trend ageing degradation processes, and 
propose measures to identify the causes and correct adverse conditions. 
 
The development of this ageing related programme, important to ensure a safe and reliable 
operation, also figures among the corporate goals established to proactively prepare the plants 
for long term operation considering the alternative of license renewal for a period of 20 years 
beyond the terms of the ir current 40 years operating license. 
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