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Abstract

Erosion-corrosion in water steam systems is a

corrosion mechanism that may develop

undetected and results in unexpected damages.

It is well known which chemical and physical

parameters play an important role and what

areas are usually affected. Nevertheless, in

some plants erosion-corrosion may still cause

irregularities to water-steam systems and force

costly repairs. An example of affected plants

are some East European Nuclear Power Plants

where large inspection programs are needed in

order to monitor any progress erosion-

corrosion in the secondary circuits.

In order to facilitate this monitoring^ of

Erosion-corrosion (EC) progress,, KEMA has

by order of the European Union Tacis-

prqgramme developed an Erosion-Corrosion^

Management System (ECMS) to improve

control on the erosion-corrosion process, ..by

improved data handling and analysis. Key

features of this system are:

selecting and storage of objects, grid

of pipes in each characteristic area to

be measured;

semi-automatic loading and manual

loading of the thickness measured

using ultrasonic equipment;

calculation of minimum thickness, EC

rate and area lifetime depending on

the quality of the material, the water

chemical/physical and operational

conditions.

This ECMS has been installed at the South

WER-1000. SU NPP is expecting this

strongly facilitated control of EC problems to

result in:

Improved reliability, availability,

safety, choice of materials etc.,

Optimum selection water chemistry

for mitigation of EC and

Decreasing maintenance and

ultimately reduction of inspection

efforts

In general( determined that the

current ECMS helps by controlling J h e

erosion-corrosion progress. They conclude that

The ECMS presents and analyses the results on

a11 appropriate way. The recommendations are

valuable.
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Introduction Erosion-corrosion

In the scope of project Ul.02/94 D "Erosion-

corrosion" from the EU-TACIS programme,

an Erosion-Corrosion Management System

(ECMS) has been implemented at the South

Ukraine Nuclear Power Plant (SU NPP). This

implementation is a combination of practical

support and technical know-how, not only in

water chemistry of Nuclear Power Plants

(NPP) and corrosion of materials, but also in

information technology experience in Power

Generation in close co-operation with the

South Ukraine NPP. The overall objective has

been to improve control on erosion-corrosion

phenomena in the secondary system of the

three VVER-1000 reactors from SUNPP by

installing the ECMS. The general aim of the

SUNPP is to control corrosion in order to:

- increase safety;

- reduce the cost of repairs especially of

the steam generators;

- reduce the amount of inspection work.

SU NPP is located in the Nikolajev region and

is one of the five locations with Nuclear Power

Erosion-corrosion is a corrosion mechanism

where the simultaneous action of corrosion and

erosion by a fast streaming liquid causes an

unexpectedly heavy attack, which is much

larger than that of the separate phenomena.

This is observed in particular at places where

strong turbulence occurs such as at sharp

bends, inlets of narrow tubes, pump impellers,

etc. The explanation is that the fast streaming

liquid dissolves the protective layer faster with

respect to the build-up.

EC under single-phase (e.g. only water)

conditions shows evidence of uniform wall

thinning similar to that caused by general

corrosion. In case of two-phase flow (e.g.

steam and water), the damage surface has the

appearance of "tiger striping" and "horse-

shoe" attack. EC is different from erosion

processes where only mechanical processes

cause wear (e.g. abrasion by solid particles,

impingement by water droplets in steam,

cavitation by imploding gas bubbles) because

it is based on the fast dissolution of the

protective layer rather than erosive action.

• Mill IlllNI1

KhmelnitskyNI I1

limn li.">NPP

Plants in the Ukraine.
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The mechanism of erosion-corrosion in water

steam systems is internationally well

understood. It is known which chemical and

physical parameters play an important role and

what areas are usually affected. Nevertheless

in some plants erosion-corrosion may still

cause damages to water-steam systems and

force costly repairs. An example of affected

plants are some of the East European Nuclear

Power Plants where large inspection programs

are needed in order to monitor any progress

erosion-corrosion in the secondary circuits.

There are two key steps in erosion-corrosion:

soluble iron oxide production at the oxide/

water interface and transfer of the oxidation

products to the bulk solution across the

boundary layer.

Under conditions of good water qualities,

according international literature the main

parameters, which govern this failure

mechanism, are:

hydrodynamics (speed of flow, degree of

turbulence or (in other terms) mass

transfer rate, geometric discontinuities)

temperature

water chemistry (pH, Oxygen

concentration)

metallurgy, material composition of the

pipe component (mainly Cr, Mo, Cu and

Carbon)

Material composition and chromium

equivalent

Based on extensive material research KEMA

has derived relationships between material

composition and EC resistance where

specifically the influence of chromium, copper,

molybdenum and carbon are quantified.

Furthermore a chromium equivalent has been

assessed to 0.09 above which EC is unlikely to

occur. Based on this relationship a predicted

calculation tool has been developed with

respect to the EC behaviour of the different

material composition.

The erosion-corrosion resistance of 70 heats

of carbon steels were determined in a jet

stream of a water-steam mixture at a steam

velocity of 960 m/s and an oxygen content of

less than 2 ppb (Huijbregts 1981, 1984).

After an exposure time of 100 hours the

weight losses of the specimens were

determined. These weight losses were

correlated with the steel composition. The

ultimate result is presented in the formula

with a correlation of the element content into

the chromium equivalent:

An example of EC of a preheater of a PWR is

shown in Appendix A figure 1. The preheater

was dismantled row by row and 24 tubes were

analysed. The 24 tubes had been made from 2

different heats (Cr-equivalents of 0.039 and

0.096). It could be seen that in one row some

tubes were corroded more severely than other

tubes adjacent to them. The most severely

attacked tubes were found to have the lower

Cr-equivalent.

The large number of parameters affecting the

erosion-corrosion process, with complex

functional relationship between them, require

the use of computerised programmes to

determine the more susceptible piping.

The ECMS

The ECMS programme takes into account the

basic key factors of erosion-corrosion as

hydrodynamics, temperature, water chemistry
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and metallurgy. Furthermore the system has

the following options:

- Storage of all the measuring sections in

each area and their characteristics

- Automatic loading of the thickness

measured using the ultrasonic equipment

Automatic evaluation of all the sections

measured in each area

- Issue of data sheets including the

characteristics of the area the grid

measured and the evaluation with an

indication of erosion rate and area lifetime

- Possibility of manually and automatically

loading the thickness measured

Issue of reports depending on

characterisation of the area (lifetime,

erosion rate)

Possibility of issuing historic results reports

and developing inspection programs

depending on the results obtained

Calculation of remaining lifetime

depending on the material, conditions and

operation eg. erosion-corrosion rate

Display the decrease of wall thickness and

trend lines for the objects

Display the critical objects

Depending on the trends and critical

objects, definition of the grids to be

covered for subsequent inspections

The architecture of the programme is:

Inspection data

OBJECT 1

Object data

OBJECT N

Operational data

COMPONENT

OUTPUT:

DATABASE

Critical objects

Recommendations

Calculation model

One part of the programme is the calculation

model for the erosion-corrosion rate which

lead to the remaining lifetime depending on

the material, conditions and operation. Failures

are the result of a combination of water

treatment, design parameters and material. The

calculation model is based on two sources,

own KEMA-research on material testing and

specific literature. In particular Kastner

published mathematical correlation's, based on

laboratory research and practical experience,

with which the erosion-corrosion rate in

carbon steel systems can be calculated

(Kastner 1986).

KEMA used these published correlation's as

the basis for the computer model, called

KASEC (KEMA Advice System for Erosion-
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corrosion). The aim of the KASEC program is

to calculate erosion-corrosion rates. Input options

Counter measures

In practice it is shown that damages can be

counteracted upon in several ways:

replacement of typical carbon steel

piping by more erosion-corrosion

resistant material

modification of the secondary side

water chemistry

installation of a computerised

programme to provide predictive

information to the inspection

programme

supply of a complete follow-up

programme of the erosion-corrosion

phenomena in the secondary side

through a combination of thickness

measurement, data management

system and results analysis.

When starting the erosion-corrosion

management programme the following 4 input

options can be found on the main screen,

namely:

object data (eg.:geometry)

operational data (eg.: water quality)

inspection data (eg. material

measurements and analysis )

recommendations (eg. improving

water quality, material)

Object information (screen 2-3)

Every rube, T- bend (object) etc. which is in

the system is given an unique identification

code. One or more object can be merged into a

component. A component may exist of

maximum 6 objects and becomes a unique

object on itself with its own identification

code. For every object the following

information from the table must be filled in the

programme.
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PARAMETER

Identification code

Diameter

Nominal Wall thickness

Minimum Wall thickness

Tolerances on minimum Wall thickness

Geometrical factor (straight flow - stagnation points)

Material Composition incl. trace elements Cu, Cr, Mo, C

Specific density of the carbon steel

Location of measurement position (according to zero position on base line)

UNIT

n.a.

mm

mm

mm

mm

n.a.

wt%

kg/m3

mm

Water quality (screen 4)

Every object has to be linked with a water

quality reference position in screen 4.

The following information must be provided:

REFERENCE POSITION

Identification code

Diameter measuring position

UNIT

n.a.

mm

PARAMETER FOR CALCULATIONS

Date of Measurement

pH

Water or Steam

if steam than steam fraction (quality)

Pressure

Flow

Oxygen level

UNIT

n.a.

n.a.

choice

%

bar

kg/h

Hg/kg

Material measurements and analysis (screen 5

-9)

This part of the programme will ask for data

input coming from the material measurements

by hand.

More convenient is to import the data direct

from the measurement device. For an existing

object or component new data can also be

imported directly from the memory of the ultra

sonic wall thickness measuring device in this

case a Krautkramer DM4 DL (or others if

desired).

By selecting the object, data are be analysed.

Input by hand is needed for:
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PARAMETER

Date of Measurement

Wall Thickness

UNIT

n.a.

mm

The critical positions will be shown on the

screen. Also a graphic view of the thickness

versus time can be shown with an expected

remaining lifetime (in years). A EC progress

indicator has been implemented with the 3

colours red, yellow and green. The red colour

gives the critical positions which is

recommend to repair within one year. The

yellow colour signs to make more frequent

measurements. The green colour means that no

significant E-C occurs at that position. The

black colour means that no data is available in

that file.

- selecting this remaining lifetime will give the

linear regression line, which has been used for

the calculation

- selecting the coloured traffic light (red,

yellow or green) gives the wall thickness on

that specific position 360 degree around the

object.

A list of objects where the remaining lifetime

< one year will be printed (the red coloured

values).

Recommendations (screen 10 -12)

The ECMS gives advise for measures based on

the model for mitigation of the erosion-

corrosion process. One of the following

parameters can be chosen:

PARAMETERS

Temperature

Velocity

Oxygen content

pH

Composition of steel, especially the content of:

Copper

Chromium

Molybdenum

Carbon

UNIT

°C

kg/h

Hg/kg

n.a.

ug/kg

Hg/kg

^g/kg

Hg/kg

Example: if a low pH is the main cause of the

EC to progress, than the recommendation will

be to increase the pH . The pH can be selected

in the window on screen 12 (in stead of the

temperature)
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Conclusion Literature

SU NPP is expecting this strongly facilitated

control of EC problems to result in:

Improved reliability, availability,

safety, choice of materials etc.,

Optimum selection water

chemistry for mitigation of EC

and

Decreasing maintenance and

ultimately reduction of inspection

efforts

In general SU NPP has determined that the

current ECMS helps by controlling the

erosion-corrosion progress. They conclude that

the ECMS presents and analyses the results on

a appropriate way. The recommendations are

valuable.

Future projects will be published at the site

www.kema.nl. The best is to look for the

subject erosion-corrosion management in the

department KEMA Power Generation &

Sustainables.
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ENCLOSURE A

Figure 1. Erosion-corrosion of carbon steel plates in a PWR water separator. Only the steel

with the low Cr-equivalent (2.120-1; - 0.015 ) shows the horseshoe pattern that is

characteristic of erosion-corrosion. The Cr-equivalent of the uncorroded plate 2.120-3 is

0.273
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ENCLOSURE B

Screen 1 and 2
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Screen 3 and 4 Click here to create new linked objects

Click here to select linked objects
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Screen 5 and 6
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Screen 7 and 8
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Screen 9 and 10
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Screen 11 and 12

1 that the metr ic wtif is moittenetl t y a {rtetdily flowing, Ivgely cone* we film of water,.

-Row pattern;

*

p

i
Bubble Churn Annular

flow How How
Slug
How

••Mote: •—•

) The r<HK*« for w«tnr-«fe«rn flow sfa b«*ed

eohesiva fBra of ws( or. 71n{« la the c«8« with
rt»e »o-t*eed «wtritr flow, tn which ttw

tefi

ft« wr«V The pf«fie*edfmt«rf»J lo*« M» most
QCIKA'Me i»rfie?» tW* flow pattern occurcThe
zone wbict* »nnutar Dow occur* in ths ta«e of
w«tcr-steam jrtxturee tan be ddefmkvjti ^
*Qt*l!edf!ovf m»p*.ifytHi wwtttoknonv with
flow pattarn occurs tjion puett tbe butt cm

WXer density: 334^1

05xrmu [Object*!

*4h«tthe rnstc&k wt)I ie moistenod by* B
CCJHKOEtipyH n*p*»*STp

Material loss as function of the temperature

Corrosion 0.3- -
rate

mm/year

00-1772 LMB/WSc 15


