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Abstract

It is well known that operational conditions inHigwater reactors strongly influence the corrogoocesses.
This paper gives an overview which types of cooosare identified in operating practice based am th
evaluation of events which are reported to theaiitbs in line with the German reporting criteriahas been
found that the main contributor is the stress @dom cracking. Several examples of different caams
mechanisms and their consequences are providdeViiR although a high standard of quality of strussur
systems and components has been achieved. Recomtioesd have been given to check the plant
specifications concerning the use of auxiliary mate or fluids during maintenance as well as tarsixe
visually the outer surfaces of austenitic pipinghwiegard to residua of adhesive or adhesive tafibs the
framework of in-service inspections. However, egéntthe last two years shows that such problemsatebe
totally avoided.

1. Introduction application of national and international data base
such as those implemented by the Electric Power

In light-water reactor (LWR) plants corrosion I?esearch Institute in the US.

processes are strongly affected by operationa
measured variables such as environment mediu . . - -
construction, material and/or mechanical load. Thrgz' Operational factorsinfluencing corrosion
substantial material strains by the operating jpress processes

the mass flow, the temperature of the cooling waterimportant influence factors which can favour
the special requirements of water chemistrycorrosion processes at safety-relevant components
(conductivity) represent a special hazard regardingare the operating conditions existing in LWR plants
corrosive material changes in this range. It regfuir such as water chemistry, assigned materials,
complex testing facilities and measures (recunent mechanical and thermal loads, neutron irradiation,
service inspections), in order to exclude to adarg operational state (full power or outage) and
extent an occurring of disturbances and/or to preve geometrical factors. In particular in the first yeaf
and/or limit, if necessary, effects of an eveng(®y  nuclear energy production, corrosion damages in the
loss of coolant). Thus the safety-relevant compten nuclear power plants led to undesired consequences.
and systems are supervised in determined periods owever, these undesired consequences could be
recurrent in-service inspections regarding agingreduced due to further developments and realization
phenomena and aspects of their behaviour. In dase ¢n the condensate or feed-water treatment as by the
irregularities this leads to repairs or in indivédlu implementation of more highly alloyed steel (thekma
cases to the change of the components concernegteatment, material status) as well optimization of
Events which occurred in a plant are reported tomanufacturing and construction of endangered
other plants, so that necessary precaution measurggmponents.

are performed also in these plants. The evaluation

the result of the event analyses demonstrate the

current safety status of the plant. The operational

experiences are efficiently recorded by the
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2.1. Assigned materials 2.3. Mechanical loads by temperature

Beside the austenitic CrNi steel which is usedlnfluence

primarily world-wide also nickel base alloys areds Components such as tubes and containers, which
as construction materials in LWR plants. In contain steam or water with changing temperature,
particular the nickel base alloy such as Incon€l-60 can be destroyed because of the periodic expansion
(NiCr15Fe), which have been implemented inand contraction of the material (thermal periods] a
pressurized water reactors (PWR) of American,a corrosive medium by corrosion fatigue. The
French and Japanese design particularly for steamaomplicated interfaces between material, mechanical
generator tubes have shown a larger number of casésads and medium is shown Kigure 1 The load

of damage due to cracking corrosion. Corrosion-cases, which can provide information about
supported cracking appeared at steam generator headrrosion fatigue, are usually very plant specific.
tubes in the tube plate area and also at contwl roFrom the behaviour of other identically constructed
execution connecting pieces of reactor pressureuclear installations operating experience for the
vessel head and - internals. In German LWR, nickelown plant cannot be concluded in a straight forward
base alloys are used to a substantially smalleméxt manner. These plant-specific experiences have to be
E.g. the tubes of steam generators consist ofdgeol determined specifically and evaluated by fatigue
800 which has a less corrodibility. In comparison t monitoring which is performed parallel to operation
Inconel-600 this alloy has a substantially higher
chrome content. However, also in Germany for
closure head penetrations nickel base alloys ad us
of the type Inconel-600. But this material has ao f
shown not any corrodibility.

Due to the fact that more corrosion-resistant
materials are selected for the primary circuit of a
PWR plant, that the material status has bee
approved by thermal treatment and reduction of
mechanical tensions as well as that adherenceeto th
required quality criteria of cooling agent chemystr
(pH value, electrical conductivity, concentratioh o
damaging ions) is achieved, damage cases due to
corrosion cracking are limitable regarding the estat
of the art of science and technology.

Fluid
scomposition (also impurities)

Material
type
scomposition

sstructure (particulary
influences of the heat
treatment)

stemperature
«flow

*electrochemical conditions
(redox-/corrosion potential)

surface condition

Corrosion
Fatigue

Mechanical Loads
soperation’s tension
eresidual stresses

+load changes
(strain energy density,
wave types, frequency)

2.2. Water chemistry

The most important operating medium in the primary
circuit of the pressurized water reactor is walkar. ) ] ] ) )
the minimization of corrosion processes and Figure 1 Factors influencing corrosion fatigue
undesired lining formation on the hot water-afféelcte ) o i . .

metallic material surfaces the characteristicshaf t 1h€ investigation regarding fatigue is performed
operating medium are influenced by chemical-Plant specific and is done in Germany following
technological measures. Aimed substances are addqgeneral analysis of the m?chanlqal behaviour'sr a
to the operating medium, which positively affect th component specific check” described in the relévan
corrosion procedures apart from the technological®€rman Nuclear Safety Standard KTA 3201.2 [7].

processes. From the requirements of technical rule§voiding of cracking due to corrosion fatigue is

such as German utility specific (VGB) guides, 1SO Increased due to strict application of existing

standards or TRD sheets (special technical rules fodUidelines, monitoring of safety-relevant composent

steam boilers) and the American Water Chemistry?Y Non-destructive testing methods, intensified
Guidelines for PWR and BWR (boiling water observation —of endangered components and
reactors), the relevance of water chemistry in the?voidance of notches (increased local expansioas an
power plant operation is evident. The first VGB Plasticizing), high sulfur content in the material,

guides were provided since 1925 and are regu|ar|);nod|f|cat|ons in the tube diameters, water ciraatat

revised with regard to the current state-of-the-art ~ With high oxygen content and low flow rate.
Mechanical and thermal loads on components can be

reduced by careful plant operation.
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2.4. Neutron irradiation visible " corrosion product occurs in the microscop

type. These corrosion types are mostly caused by

. . . A
It is to be assumed that with increasing Operat'or(%nexpected material failure, without any preceding
times of nuclear installations and the associate onsiderable material losses.

rising of neutron fluences the importance of materi
modifications, caused by radiation, increaseshis t
case also processes in the material can be e#ectiv
which appear in case of very high neutron fluencesRecurrent in-service inspections with suitable
and may lead to material damages. The corrosiofprocedures as well as the execution of operating
behaviour of metallic materials can be influencgd b supervisions (e.g. leakage monitoring, oscillation
radiation in two different ways: monitoring etc..) represent the most important
« Irradiation-induced modifications of the measures in order to determine material damages and
microstructure (radiation-induced grain boundarythus also corrosion damages. As an additional
segregations and concentration modifications atneasure for extending the level of knowledge on
the grain boundaries e.g. by radiation-inducedexisting operating-conditioned damage mechanisms,
chrome depletion). Radiation conditioned ma- Supplementing tests are performed e.g. more detaile
terial modifications regarding radiation-induced non destructive tests as well as destructive imvest

stress corrosion can not easily be differentiatedgations at representative places of structureseisiss
from the inter granular stress corrosion. and components, which were removed in the frame-
« lIrradiation-induced modification of the water- Work of exchange measures.

chemical operating conditions. Also under An overview of applied test kinds, and test
reducing water-chemical conditions damage case$echniques contain$able 1(cf. [8]). All specified
have been detected (cracking at austenitic screwtesting methods only respond when separationsein th
within the core area of a PWR). These damage@aterial are present. Crack growth investigatioms o
happen due to radiolysis and formation of oxygenseveral years or fracture-mechanics crack growth

4. Inspections of corrosion findings

and HO,. computations give information over the further
course of a crack.
3. Corrosion types In the following in the testing methods which are

_ o _ _ usually applied in nuclear power plants are present
The differentiation of occurring corrosion typesica priefly:
be done according to the visible picture of thewith the help of visual examinations, which are
corrosive attack. An outline of the schematic performed by application of suitable video cameras,

partitioning is shown ifrigure 2. leakages and breaks by piping systems are predo-
minantly determined.
| Corrosion | The ultrasonic testing (US) represents a frequently
S — applied non-destructive inspection method in the
e sroaeon" Local Corrosion context of the monitoring measures in nuclear in-
[ 1 1 stallations. It enables the check of errors by the
| microscopictypes | | macroscopic types | echolot principle. Short ultrasonic impulses with

| | | t | | high pulse rate are led into the material, which ar
corrosion cracking contact corrosion

[ reflected at available material defects and repre-

l ; . :
|inter-/transgranu|arcorrosion| | selective corrosion | Sented at the teStIng Set, aCCOI’dIng '[O the rua Ufn
1 _ _ the ultrasonic impulse.
EEEEET (T In the nuclear technology the US check serves, in

l l

|hydrogen embrittlement| | crevice corrosion |

particular, for identification of the location ofack
at surfaces of welding seams. The US testing method

enables a good controllability of thick-walled
evosion corasion] components and of cracks as well as the
determination of crack depths. However, practical
Figure 2 Outline of corrosion types experiences show that cracks often transmit only

weak US signals. Additionally, echoes of cracks in
In practice, special attention is dedicated toltloal  geometrically more complicated places of cluttass,
corrosion, because this type of corrosion can tead they frequently occur for example at welding seam
unexpected damage [4]. A further distinction of theroots, are often very difficult to differentiateofn
local corrosion into a macroscopic and microscopicbackground echoes.
type of attack appears appropriate [10]. In contias
the macroscopic type of attack, practically no
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Table 1 Inspection types, procedures and techniquesof an incident (e.g. by loss of coolant). Thus the

Type of Test

Test Procedure

Test Technique

Examination with
regard to cracks in
the surface orin
near-surface
regions

Magnetic particle flaw detection

Magnetic particle examination,
magnaflux examination

Liquid penetrant examination

e.g. dye penetrant examination

Ultrasonic examination procedure

e.g. surface waves, mode
conversion, dual search units with
longitudinal waves, electromagnetic
ultrasonic waves

Eddy-current examination
procedure

Single frequency, multiple frequency

Radiographic examination
procedure

X-ray
Radioisotope

Selective visual examination

With or without optical means

Volumetric
examination

Ultrasonic examination procedure

e.g. single probe technique with
straight (ES) or angle beam
scanning, tandem (angled pitch-
catch) technique, mode conversion

Radiographic examination
procedure

X-ray
Radioisotope

Eddy-current examination
procedure for thin walls

Single frequency
Multiple frequency

Integral examination

Integral visual examination

0

Pressure test

0

Functional test

0

piping systems and pressure conducting components
in LWR plants are of special interest in safety
engineering. Apart from operating pressure and
temperature, to the characteristics of the used
materials as well as the sizing and constructional
execution of piping systems in LWR plants, also the
degree of purity of the cooling water plays an
important role regarding corrosion processes.

In Figure 3 the number of reportable events whose
causes were attributed to corrosion is presented fo
the period 1989 to 2001 for all nuclear power @ant
operated at present in Germany. In this time period
136 events were reported in thirteen PWR plants and
86 events in five BWR plants.

Figure 4 lists the more recent number of reportable

events whose causes were attributed to corrosion is
The eddy current examination is an important tgstin presented for the period 2002 to 2008 for all narcle
method in the nuclear technology that is baseden t power plants operated at present in Germany. B thi
principle of the electromagnetic induction or eddy time period 37 events were reported in twelve PWR
currents. In an electrically leading material wigh plants and 41 events in five BWR plants, i.e. one
field coil or a measuring probe, by which an PWR is out of operation in the meantime.
alternating current flows, a magnetic field is It is to be considered that the oldest PWR was
produced that induces an electrical eddy curremis T already in operation since 1968 (the first one afut
produces again a further magnetic field, whichoperation) and the youngest PWR since the end of
influenced the exciting magnetic field and thus 1988. The oldest BWR is since the year 1976 at the
causes a deviation of the impedance. Thegrit, the youngest since 1984.
modification of the impedance of the receipt coil Regarding the operational aging phenomena a rise of
indicates cracks in the component. However, alsdhe events would be to be expected with increase of
local deviations of the electrical conductivity,eth the operational years. However, an easy
magnetic permeability and component geometry carminimization of the occurrences is to be determined
lead to fault signals. Evaluation of reportable events allows to introduce
In case of radiographic examination procedure thepreventive measures against certain corrosion
material errors can be seen as shadows on phenomena in order to avoid corrosion damage. Due
radiographic film or a picture-giving electronic to the operational experience existing safety cptsce
system. In the framework of the recurrent in-seevi could be further developed and effectively used in
inspections, the radiographic examination procedurghe context of nuclear safety research.
is not often used, which is justified by the relaty =~ Root cause analyses of corrosion-afflicted safety-
difficult searching of cracks. Inspection of thin- relevant components resulted in different corrosion
walled, austenitic welding seams show, howevertypes such as pitting corrosion, surface (uniform)
that in case of good instrumentation prerequisites  corrosion, stress corrosion, corrosion fatiguesiero
using improved inspection techniques the finding ofcorrosion, strain induced cracking corrosion asl wel
cracks leads to a satisfying inspection result. as gap, contact, idle, and cavitation corrosiowels

as hydrogen induced corrosion.
5. Selected corrosion findings at pressure
conducting componentsin PWR-systems

16 115,

The substantial material strains due to operating
pressure, mass flow, and temperature of the cooling
water, the special request of water chemistry
(conductivity), radiation influences represent a A A S A I
. . . . 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
higher hazard regarding corrosive material years

modifications in the primary circle of a nuclear
power plant. This hazard requires complex testing

facilities and measures in order to prevent ortlifni  Figure 3 Reportable events regarding corrosion in
necessary effects in case of occurring disturbaaces German nuclear power plants (13 PWR, 5 BWR)

Number of events
®
©
o
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5.2 Pitting and transgranular stresscorrosion

During a compression test sample of the leakage
detection line of the reactor pressure vessel (RVP)
flange gasket at the pipe line section, a leakage
occurred within the area of the RVP isolation.

A material investigation of the faulty tube part
resulted in trans granular stress corrosion arith@it

years corrosion as a cause starting from a limited aritla w
chloride deposits inside the tube. Those limited
deposit and damage areas were determined by the
temperature distribution (reactor pressure vessel
outside temperature to ambient temperature) in the

Figure 5 contains the distribution of the different N€-
corrosion types for all reportable events of all Rw FOr the recovery of the damage, the concerned and a

and five BWR which are in operation in the Federal comparable piece of piping was exchanged by two
Republic of Germany in the two time schedules €W _tube parts with more corr(')smn-res.lstant
shown inFigure 3andFigure 4 As a result one can material. A check of the comparable piece of pipe b
see that stress corrosion was most frequently? Surface crack check of the half shells afterisog
identified both in PWR and in BWR plants. Pitting did not result in any findings.

corrosion occurs in the PWR plants with 19%

whereas corrosion fatigue in the BWR systems

occurs with 17% fatigue. Other cortosion types
Figure 6 shows an overview of the root causes of
different corrosion mechanisms, the developed
corrosion types and those preventive measures
implemented in nuclear power plants.

In the following some practical examples of diffare Erosion corrosion
corrosion types are explained, identified on thgida

of root cause analyses by the operators of nuclear
power plants with PWR.

Opwr
0 swRr

Number of events

2002 2003 2004 2005 2006 2007 2008

Figure 4 Reportable events regarding corrosion in
German nuclear power plants (12 PWR, 5 BWR)

PWR

Strain induced cracking
1%

Surface corrosion
Stress corrosion

cracking
41%

Corrosion fatigue
8%

Pitting corrosion
19%

5.1 Stress corrosion

During the spent fuel exchange, a fuel elemeneéhr
service lives) was inspected which was detected by

Sipping test as a faulty element. The investigation
showed reduced frictional forces of fuel rods and a
cladding damage by fretting in the area of thet firs
measuring rod. During the endoscopy of the rod
meshes one found a broken and a marked out
feather/spring. The findings were detected by Visua
examination and eddy current examination of fuel
rods as well as frictional force measurement and
endoscopy investigations.

As a root cause, inter granular stress corrosidahef
Inconel feathers/springs was determined due to
insufficient thermal treatment. The recovery of the
damage took place by removing the faulty fuel rod

BWR

Other corrosion types
10%

Strain induced cracking
8%

Stress corrosion
cracking

Surface corrosion 30%

Erosion corrosion

Corrosion fatigue
17% Pitting corrosion
12%

from the fuel element. As a precautionary measureFigure 5 Distribution of corrosion types in PWR
the fuel elements designated for the reapplicationand BWR plants in Germany (Evaluation of
were enhanced by using an Inconel rod instead ofreportable events 1968 — 2001).

zircaloy. The fuel elements designated for the new
application were already designed using zircaloy.
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w& cooling agent does not contains chloride, no figdin

— Fiia Nechanical oas in respective through piping were observed. A "
- pans - opamngmac Gamperire s chloride-induced stress corrosion " can develoy onl
" sulace ondiden o e ) if chloride containing substances together withewat
(sometimes only humidity) react due to concentratio
. ~coros ECorrosmn TechamKS or deposits. o
" comaetcorosion Ty corosen e conoain More general one can say that chloride-inducedstran
e | s > s granular stress corrosion cracking (TGSCC) has
I —— occurred in German plants on fasteners as welt as a
@Se‘iif?a?fhspfigEmﬁﬁf.rigfrfli'e??nﬁ’irie@ inner. and outer surfaces of piping aII_ made of
stabilised stainless steel due to contact withratee
ot | [ ovomaor v oo conta_ining lubricants, sealing and auxiliary ma:tlgsri
> O ety * Pydrogencperationmode | | [ (LR etk growns or fluids. The fasteners affected were locatechin t
- Jantbrpasion Grnane) connections of core barrel/core baffle and in the
reactor pressure vessel internals.

To prevent future damage, a chloride-free lubriéant
Lo be used and changes are made in the desige of th
olts to reduce notch stresses, TGSCC at inner
surfaces has mainly been observed in small diameter
pipes due to chloride-containing seals, which were
replaced with chloride-free ones to prevent future
In the context of the annual complete overhaul in adamage. However, in some small pipes in which
plant by a compression test of the leakage exhraysti moistening and drying alternate for technological
line, tear findings at small lines of the contralwes  reasons, chloride concentrations may reach a aritic
of the pressurizer equipment station werelevel due to fortification even without any outer
determined. Due to these findings extensivechloride source.
additional examinations of the small lines of theIn the 90s some crack incidents from outer surface
pressure owner armature station took place. Teaoccurred even at piping of larger nominal bore.yThe
findings resulted in the case of two further leakag have had no direct impact on plant safety. None of
exhausting lines as well as at the stuffing boumret the events with leakage, which occurred at opegatin
pipe of the pressurizer relief / isolating valve. systems, would have led to an actuation of thetyafe
All other inspections of the small lines showed nosystems, even in the case of pipe rupture. The
findings. The tear findings did not have influerme  availability of the safety systems concerned was
the function behaviour of the pressure water reliefgiven because of their redundancy. However, there
valves. As a cause, a chloride-induced trans gaanul was a loss of reliability in operating and safety
stress corrosion starting from the tubing insides wa systems. Recommendations have been given to
determined. The places corroded were in thecheck the plant specifications concerning the dse o
transition from the thermally isolated to the not- auxiliary materials or fluids during maintenance as
isolated part of the piping within the areas wherewell as to examine visually the outer surfaces of
steam condenses. austenitic piping with regard to residua of adhesiv
A concentration of minimal chloride quantities whic or adhesive tapes within the framework of in-sesvic
can not be excluded could not be avoided in thisinspections [9], [11].
area. The damage was recovered by the exchange bf the revision of the year 2007 cracks were foimd
the affected piping. To clarify the root causelfert  austenitic armatures of a nuclear power plant with
investigations of the concerned piping are perfarme BWR (cf. Figure 7). 23 of 34 analyzed armatures are
As a precautionary measure, an improved monitoringshowing typical intra granular corrosion cracking.
of the plugging book and leakage exhausting linesThis phenomenon typically occurs in the temperature
was realized by annual compression tests and norregion between 60°C und 90°C under stagnating
destructive tests every four years. medium conditions with a concentration of chlorine
Also in case of stabilized austenitic steel stressons. Obviously it's most important to avoid chitari
corrosion can occur under unfavourable conditions.concentrations as far as possible in the future.
Thus e.g. in earlier years the phenomenon of the
"trans granular stress corrosion" was determined irg.4 Flow-accelerated corrosion
particular within the area of austenitic piping and
identified by extensive investigations as "chloride
induced stress corrosion”. Due to the fact that th

Figure 6 Root causes of different corrosion
mechanisms and the operational implementation o
protection goals in nuclear power plants

5.3 Chloride-induced stress cor rosion

Flow-accelerated corrosion (FAC) is a world-wide
éaroblem in carbon or low-alloy steel piping of
water/steam circuits of power plants. The expesenc
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with FAC on carbon steel piping in plants with PWR not to operate with primary coolant leakage. In so
is summarised ifrigure 8(see [11]). To avoid FAC, far, boric acid corrosion is not an issue in Gerynan

in the 80s the German utilities replaced their

condenser tubes made of copper alloys with new3.5 Idlecorrosion

ones made of stainless steel or titanium. This

replacement action creates suitable conditions f0|ln the reactor cooling system of a PWR plant

changing the water chemistry to ,High“-All Volatile Endiélgsl vg{ere dfettirmineq in th? area OfttT.e grgruhnd
Treatment (HAVT, pH level >9.8), and plating of the main cooling agent line. The

findings were analyzed in the context of the resuirr
in-service inspection (visual examination of the
interior surface of the component) in the current
revision by means of submarine. In relation to
preceding checks the interior surfaces were
investigated with an improved video system. First
findings were identified in the area of the ground
hand plating of the cold TH feeding connecting piec
in one loop. After extension of the examinatioraio
loops several displays were determined. The display
were situated all in the area of the ground hand
plating. The integrity of the pressure boundaries w
not impaired. As a root cause production related
local and slag inclusions in ground position
transitions of the hand plating were identified.eTh
evaluation is not yet completed; however, operators
and experts determined idle corrosion as a root
cause. Whereas ferritic and austenitic steel sdste
to a corrosion attack during the operation phase du
to adjusted water chemistry, an idle corrosion is
' o o possible in case of a longer system status at lower
Figure 7. A typical example of a chloride-induced tomnerature and sufficiently loosened oxygen in the
stress corrosion medium. The following assumptions are currently
_ _ _ under discussion:
Furthermore, the |r_nplementat|on of the t_)gsm safetyl) During operation the corrosion potentials afkeal
concept led to improved flow conditions. In \ith contacting ferritic and austenitic materiatas
consequence, no damage with safety relevance hag g ferritic basic material with austenitic phag).
occurred in German NPPs due to FAC. By the use of an anti-corrosive protective layer
i consisting of magnetite of both materials the same
Signfantevs Major corponet falores U corrosion potentials are assumed. Because the
For Calhoun temperature was below the operating temperature
. sturdier magnetite is converted into the fewerdstur
TmiﬂnsU"y_z MLYuk"eZ trivalent ferric oxide/hydroxide. Breaking the ferr
1 l oxide/hydroxide layer and the medium enriched with
oxygen cause a corrosion attack of the unprotected
ferrite.
2) The active corrosion in the ferritic material
affected via a locally different concentration of
oxygen in the medium with ventilated (cathode) and
not ventilated areas (anode) at the metal suritloe.
difference between the oxygen concentration and an
oxygen depletion within the hollow area causes a
potential difference and produces a current flow,
which leads to the local dissolution of metal.
Results of these discussions are expected up to the
end of this year.

Millstone-3
Millstone-2

Haddam Neck

Implementation of HAVT

1 i water chemistry
experience / o 0L {pH value > 9.8)
actions 1

taken

Figure 8 Thinning in PWR carbon steel piping due
to flow-accelerated corrosion

Boric acid corrosion of plants with PWRs may cause
boric acid corrosion damage to low-alloy or carbon
steel base material. Corresponding incidents oedurr
e.g. in the 80s in some US plants in areas on the
reactor vessel head. In Germany, it is good practic
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6. Final considerations by which the radiation-induced stress corrosion
can be influenced.

investigations to radiation-influenced material
modifications, radiation-induced stress corrosion
and its distinction from inter granular stress
corrosion.

investigations of linings of intergranular cracking
particularly in stabilized austenitic CrNi steel.
Further autoclave experiments in sulfate and/or
chloride-doped water.

One intergranular cracking phemomen is the
Hradiation assisted stress corrosion cracking twisc
Investigated experimentally in more detail in [3]

The corrosion protection in the nuclear power plant,
technology is primarily the result of the operatibn
experience over many years. During the last thirty
years the high quality standard was developed by
construction, manufacturing and quality assurafice. |
corresponds to the guidelines of the German Reactor
Safety Commission and the relevant safety rules of
the Nuclear Safety Standards Committee for German
nuclear power plants.

By the application of optimized manufacturing
processes and inspection techniques, materials wit
high-quality properties, in particular the tenagity - L
conservative limitation of the voltages, minimizati providing further insights.

. ! ) For predictions, a mechanistic understanding of key
of voltage peaks by optimal construction (avoidance h be developed. reliabl dicti
of notches, sharp edges etc..) as well as evatuafio parameters has to be developed, reliable predictive

; i . models have to formulated based on the mechanistic
occurred failures the important measured influence

factors of the corrosion bhenomena could Ioeunderstanding and cost-effective  mitigation
P ‘technologies for stress corrosion cracking derived

reduced. The design of safety-relevant components i :
: : -~ and are part of current comprehensive research [1].
executed in nuclear power material -, manufacturing L
In contrast to leaks and breaks of pipelines,

and test-fairly manner, also concerning the recirre quantitative predictions and reliability values tbe

?ﬁiir\;gfow;pefﬁgn;ate of the art for example in different failure mechanisms are still not yet
g P available. Therefore, large investigation programme

case of the reactor pressure vessel, welding seai
) N or different types of nuclear power plants haverbe
constructions are minimized and replaced by smooth

forgings. The use of qualitatively perfect product performed on international Ieve_l [5] or are explici
forms as well as a qualified and controlled welding planned for 2009 and the following years, e. gtgy

seam manufacturing, by which the growth of StressElectrlc Power Research Institute [1], [2] withimet

. ; grimary systems corrosion research projects such as
corrosion is reduced as a consequence of th

L . . ._‘improved mechanistic understanding of crack
elimination of chromium carbides at the grain. .. . :
o initiation and early crack propagation processes th
boundaries, is at present standard.

. : .. _control stress corrosion cracking, improved
Numerous research work in the field of corrosion in L .
; . . . predictive models and countermeasures for material
nuclear installations is in close connection witle t

i : . __corrosion in reactor internals as well as improved
study of the boundaries, where corrosion cracking

. . grediction and evaluation of environmentally agsist

can occur. Experiences on the measured variable N X
. . . cracking in light water reactor structural matesial

which for example, determine the effectiveness of
the environment medium, the height of the voltagesRef
and the corrosion resistance of the materialsyvetito erences
improve the construction and production of [1] Dyle, R. (2008). EPRI presentatioNRC/DOE
component components, but also the operation of  Workshop on Research and Development Issues

nuclear power plants in an optimal manner. February 2008.
Operational modifications such as aging by increasg2] Electric Power Research Institute (2009). EPRI
of the corrodibility are pursued by recurrencehia t Portfolio 2009-41.01-1, Primary Systems

course of the decades with the help of further Corrosion Research, 2009 Nuclear Research
developed measuring technique and better estimation  Areas.
of life times. Likewise it is possible by the moder [3] Fukuya, K. et al. (2008). Effects of dissolved

measuring technique to identify findings which abul hydrogen and strain rate on IASCC behavior in
now be made visible but not in earlier years. highly irradiated stainless steeldournal of
There are, nevertheless, still questions whichnate Nuclear Science and Technologfy, 452-458.
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