
IAEAIAEA Technical WorkshopTechnical Workshop, , April April 2121--23, 23, MoscowMoscow

Reporter:
Doctor of ScienceDoctor of Science
Tomarov Grigoriy Valentinovich
«Geoterm-EM» Director General

Scientific Grounds and Practical Methods for Prevention of LocalScientific Grounds and Practical Methods for Prevention of Local
ErosionErosion--Corrosion (Corrosion (LECLEC) of ) of NPPNPP Pipelines and ComponentsPipelines and Components



Economic Losses during Economic Losses during NPPNPP Operation Operation 
due to Metal Erosiondue to Metal Erosion--Corrosion in the CircuitCorrosion in the Circuit

ECONOMICAL LOSSES AT NPP DUE TO EROSION-CORROSION
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Examples of Erosion/Corrosion Damage of Examples of Erosion/Corrosion Damage of NPPNPP Secondary Circuit PipelinesSecondary Circuit Pipelines

USA, Surry NPP, 02.12.1986, unit 2, 822 MW USA, Arkansas NPP, 04.1989, unit 2, 1095 MW USA, Millstone NPP, 11.1991, unit 2, 863 MW

Finland, Loviza NPP, 05.1990, unit 1, 445 MW Japan, Mihama NPP, 08.2004, unit 3, 826 MW Russia, Balakovo NPP, 11.2004, unit 2, 1000 MW

KGP pipeline bending Heating steam extraction pipeline to HP reheater
Supply water pipeline bending to PN, 457mm

Feedwater pipeline, 560mmMain Feedwater Pipeline Feedwater regulator bypass 
pipeline, 106 x 8mm



Conditions and Activity of Main Mechanisms Implementation Conditions and Activity of Main Mechanisms Implementation 
of of NPPNPP Components and Pipelines Metal DamageComponents and Pipelines Metal Damage

АИАИ –– abrasive wearabrasive wear, , КРНКРН –– corrosion stress crackingcorrosion stress cracking, , 
ПКПК –– pitting corrosionpitting corrosion, , КапЭКапЭ –– droplet impingement erosiondroplet impingement erosion, , 
КавЭКавЭ –– cavitationcavitation erosionerosion, , ГидроАИГидроАИ –– hydrohydro--abrasive wearabrasive wear

STEAM GENERATOR TURBINE (EXTRACTIONS) CONDENSATE CIRCUIT

Water (flow rate)Wet steam (moisture rate)Superheated steam 
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Generation of InformationGeneration of Information--Analytic Units of Damage Probability Data Analytic Units of Damage Probability Data 
Array for Array for NPPNPP Secondary Circuit Pipelines by Conditions of Metal Secondary Circuit Pipelines by Conditions of Metal 
Damage Mechanisms (Thinning) Implementation Damage Mechanisms (Thinning) Implementation ((DominatingDominating))
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PhysicalPhysical--Chemical ErosionChemical Erosion--Corrosion in OneCorrosion in One-- and Twoand Two-- Phase FlowPhase Flow

One-phase (water) flow Two-phase (wet steam) flow 



Experimental Investigations of Experimental Investigations of НН22ОО Phase InfluencePhase Influence
on Flow and Metal on Flow and Metal ((StSt 20) 20) Interaction Mechanism andInteraction Mechanism and
E/CE/C Strength from Moisture Rate Strength from Moisture Rate ((experiments of MEIexperiments of MEI))
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Experimental InvestigationsExperimental Investigations of Wet Steam Influence of Wet Steam Influence 
upon Erosionupon Erosion--Corrosion Activity Corrosion Activity ((experiments of MEIexperiments of MEI))

yо=25%;

Area of active 
erosion/corrosion



Results of Experimental InvestigationsResults of Experimental Investigations of of E/CE/C Dependence onDependence on
рНрНff Value, Liquid Phase (film) in TwoValue, Liquid Phase (film) in Two--phase Flow phase Flow ((experiments of MEIexperiments of MEI))

St 20

tо=170оС;yо=25%;Res=2х105

Thermal-physical 
bench TF-3 (MEI) Specimen



Results of Experimental InvestigationsResults of Experimental Investigations of Carbon Steel of Carbon Steel E/CE/C ActivityActivity ((StSt 20) 20) 
under Different Reunder Different Ress andand УУoo values values ((experiments of MEIexperiments of MEI))

tо=170оС

MEI & MEI & IVTANIVTAN experimentsexperiments



NPPNPP Metal ErosionMetal Erosion--Corrosion Corrosion 
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General ErosionGeneral Erosion--Corrosion (Corrosion (GECGEC) of ) of 
NPPNPP Pipelines and Components MetalPipelines and Components Metal

GECGEC influences on reliability and operational resourceinfluences on reliability and operational resource

� It is characterized byis characterized by moderate wear activitymoderate wear activity
((up toup to 0,1 0,1 mm/year)mm/year) and is widely spreadand is widely spread..
�� it is the reason forit is the reason for::

-- general wall thinninggeneral wall thinning;;
-- environment contamination by Feenvironment contamination by Fe..

�� GECGEC consequencesconsequences::
-- reduction of pipeline elements design resource and reduction of pipeline elements design resource and 
prematurepremature wearwear of componentsof components;;
-- generation of deposits in the circuit generation of deposits in the circuit ((SGSG, , turbine etc.turbine etc.)               )               

�� economiceconomic losseslosses::
-- reduction of reduction of thermalthermal--mechanical components performance mechanical components performance 
efficiencyefficiency;;

-- increase of hydraulic losses in pipelinesincrease of hydraulic losses in pipelines;;
-- expenses for inspectionexpenses for inspection--diagnostic and preventive maintenance diagnostic and preventive maintenance 
workwork..



Local ErosionLocal Erosion--Corrosion Corrosion ((LECLEC) ) of of 
NPPNPP Pipelines and Components MetalPipelines and Components Metal

LECLEC influences on influences on safety,safety, reliability and operational resourcereliability and operational resource
� it is localized it is localized in the channels with complex geometryin the channels with complex geometry;;
�� it is characterized by high wear activity it is characterized by high wear activity ((≥≥ 0,50,5--3,0 3,0 mm/yearmm/year););
�� it is the reason forit is the reason for local damagelocal damage ((thinningthinning););
�� LECLEC consequencesconsequences::

-- generation of holesgeneration of holes;;
-- pipelines and components damagepipelines and components damage;;
-- accidentsaccidents ((incl. victims)incl. victims);;

�� economic losseseconomic losses::
-- expenses to eliminate consequences of EC damage and accidentsexpenses to eliminate consequences of EC damage and accidents;;
-- damage from forced components switching off and damage from forced components switching off and 
unit outage as a whole unit outage as a whole ((capacity factor reductioncapacity factor reduction););

-- expenses for inspectionexpenses for inspection--diagnostic measures and diagnostic measures and 
preventive maintenance work.preventive maintenance work.

Losses from daily outage of 1000 MWLosses from daily outage of 1000 MW unit unit –– more thanmore than 15 15 mlnmln. . rublesrubles



Main Factors and Processes of Erosion and Corrosion Components Main Factors and Processes of Erosion and Corrosion Components 
of of NPPNPP Secondary Circuit Metal ErosionSecondary Circuit Metal Erosion--CorrosionCorrosion

METAL ONE- AND TWO-PHASE FLOW

EROSION-CORROSION (EC)

CORROSION COMPONENT EROSION COMPONENT

Metal properties Water-chemistry 
factors

Corrosion products 
properties Hydro-dynamics factors
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LOCAL ECGENERAL EC

OXIDE (MAGNETITE) GENERATION 
AND SOLUTION

ELECTROCHEMICAL 
CORROSION

•Chemical 
composition (Cr, Mo) 
•Density
•Wall thickness
•Surface roughness

•Temperature 
•K Phase distribution
•pH (or inhibitor 
properties)
•Fe content
•Ionic water 
production
•Electric conductivity 

•Atomic volume of 
corrosion products
• Oxide layer density and 
porosity
•Constants determining 
generation and solution of 
magnetite

•Number Re
•Flow rate
•Number We
•Steam phase density
•Kinematic viscosity 
(steam and water) 
•Surface tension
•Phase friction coefficient

•Peculiarities of flow 
hydrodynamics in 
complex geometry 
channels (separation, 
swirl etc.)
•Dispersion structure of 
discrete liquid phase
• Film flow mode
• Channel geometry



From Ineffective Geometry Factor to Matrix of Hydrodynamic FactoFrom Ineffective Geometry Factor to Matrix of Hydrodynamic Factors rs 
and Location Areas of Local Metal Thinningand Location Areas of Local Metal Thinning

ATPE-9-03 Regulations Fragment of hydrodynamic 
factors matrix for bends with 
preswitched sectors

Keller’s geometry factors (2) for bends

Assumes UT for extended part only 

o-UT locations

1. Do not consider role of preswitched sector
2. Do not indicate areas of active local EC thinning Define location and values of hydrodynamic factors for local 

areas with active EC thinning considering preswitched sectors



CalculationCalculation-- Experimental Justification of UT Operating Inspection in LocatiExperimental Justification of UT Operating Inspection in Locations not ons not 
included into Industrial Standard Programs based on Example of Iincluded into Industrial Standard Programs based on Example of Inlet Section of nlet Section of 

Environment Supply Control Bypass UnitEnvironment Supply Control Bypass Unit: : real wall thinning real wall thinning ((аа) ) and results of calculation and results of calculation 
modeling modeling by by RAMEKRAMEK activity of local erosionactivity of local erosion--corrosion corrosion ((бб) ) damaged unitdamaged unit ««bendingbending--

branch pipebranch pipe»» ((вв))
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Concept of Complex Program Implementation Consisting Measures Concept of Complex Program Implementation Consisting Measures 
on Damage Prevention and Erosionon Damage Prevention and Erosion--Corrosion Resistance Corrosion Resistance 
Improvement of Improvement of NPPNPP Pipelines Elements and Components Pipelines Elements and Components 
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Concept of Work on Complex Program of Measures on Damage Concept of Work on Complex Program of Measures on Damage 
Prevention and ErosionPrevention and Erosion--Corrosion Resistance Improvement of Corrosion Resistance Improvement of NPPNPP

Pipelines Elements and Components Pipelines Elements and Components №№ AES AES PRGPRG--550550--КК0707
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Virtual 3-D models of lines and geometry configuration 
for NPP components and pipelines flowing part

Data base on operating 
inspection results
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on operation 
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