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1. INTRODUCTION. 

Present industrial development of nuclear power is characte

rised by increasing the number of nuclear units, increasing 

their unit output, as well as by approaching the sites of nucle

ar power plants to densely populated areas* All these facts 

lead to rising demands on nuclear safety i.e. on the capability 

of the nuclear plant to eliminate the effects of radioactivity 

on the environment, both under normal operational and emergency 

conditions of the nuclear power plant* 

The nuclear safety of nuclear power plants which are under 

operation is ensured by ever-deepening engineered and organiza

tional measures whose aim is to eliminate the endangering of 

the operating personnel and population in the neighbourhood* 

Therefore, the safety and reliability of nuclear power plants 

is important from both technical and economical, and political 

and social points of view» 

More than 70% of nuclear power plants in the world use steel 

pressure vessels to close the cor&_find the cooling medium* 

Even 11' the safety analyses of the MCA does not consider the 

rupture of the whole pressure vessel, it may be on the other 

hand said that a successful and safe operation of the power 

plant depends, throughout its whole lifespan, mainly on the 

reliability and serviceability of the steel pressure vessel* 

It is so because a ruptured pressure vessel would be undsi pre

sent conditions irreparable and practically not exchangeeJ^=. 

It is for this reason why ŠKODA Concern Entreprise in PIzen, 

as one of suppliers of reactor pressure vessels, assumes a 

responsible attitude towards the quality of its products and 

to technical and organizational steps to ensure safe and reli

able operation of these products* 

2. THE PHILOSOPHY. 07 ROUTINE INSPECTIONS AND DETERMINING THE 

RESIDUAL LIFESPAN OP REACTOR PRESSURE VESSELS 

It is the so-called Basic Safety Philosophy which 

underlies the evaluation of safety of reactor pressure vessels. 

It is based on the effort to prevent the origination of flaws 
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as early aa in the primary production of a suitably chosen 

material. This is achieved by optimizing the selection of raw 

materials, use of proper metallurgical technology leading 

to high purity and low content of segregations, introducing 

multiple testing during production, decreasing the sensitivity 

of the material to technological processes, and high-quality 

welding. 

The WER-440 reactor pressure vessels manufactured in ŠKODA 

Concern Entreprise in conformity with Soviet designs (fig. 1) 

are of high quality. The pressure vessel design and dimensioning 

is based on a detailed stress analysis of integrally joined 

structural parts which form a pressure barrier to working pres

sure in the reactor. Cylindrical part of the vessel, penetrati

ons, nozzles, flanged and bolted joints, and associated internals 

and supports, rank among these parts. The design has been per

formed with the aim of preventing occurrence of stress peaks 

and stress fields which would exceed the preset mean nominal 

stress. The pressure 'vessel body consists of low-alloyed steel 

15Ch2KPA whose metallurgical, forming and welding technology 

ensure attaining required properties and sufficient reproduci

bility in the practiot. 

Nevertheless, in formulating the approach to nuclear safety 

and thereby also to lifespan of pressure vessels it is necessary 

to assume that all steel structures, including reactor pressure 

vessels, always contain some discontinuities in the material 

and welds, as e.g. inclusions, lacks of fusion, heterogenic , \t 

structures etc., which stem from the process of production. 

Moreover, it is impossible to work out a precise list of flaws 

which cannot cause a premature rupture, which is attributed to 

the fact that fracture mechanism is dependent on too many vari

ables. Acceptability of flawc must be based on an analysis and 

technical evaluation of said variables, their impact on the 

mechanism of rupture» 

As distinct from the types of flaws originating during manu

facture, the flaws on reactor pressure vessels may assuire only 

the form of ruptures. Even if the location and orientation of 

ruptures in the pressure vessel may be different and of random 



- 3 -

nature, there still exists a possibility, using analytical, 
experimental and modelling means, of finding those places in 
which the occurrence and propagation of flaws may be expected 
under operation* • 

A comprehensive analysis of pressure vessel lifespan, or the 
evaluation of material integrity, involve a great volume of deta 
concerning material quality and its degradation in the course 
of operation, state of stress in important places оГ the ves
sel, fracture mechanics theory, etc.(fig. 2). In addition, a 
technical evaluation of the danger of loas of integrity neces
sitates to take also account of flaw identification, finding 
its position, size, shape, and orientation. This information 
may be provided using nondestructive examination. Input data 
for further evaluation are obtain i from teste carried out du
ring manufacture, and from preoperational test which is per
formed prior to bringing the nuclear device into operation. As 
it is impossible to fully exclude failures resulting from pro
pagation of flaws, periodic routine tests are performed. These 
tests devote increased attention to postmanufacturing flaws 
existing in the material and follow their instability, if any. 
Furthermore, the tests search for new ruptures and starting 
data underlying their further propagation. 

In this way the routine periodic inspections are becoming 
in ŠKODA Concern Entreprise a part of a system of determining 
the residual lifespan of pressure vessels, thereby preclv^j : 

their catastrophic failure. 

3. TECHNICAL DIAGNOSTICS 

The technical diagnostics of primary circuit components 

serves as one of the fundamental means of ensuring the safety 

of nuclear power plants operating under highly demanding con

ditions. The main attention is devoted to those components which 

are of decisive importance for safe operation of the power sta

tion and whose failure would have serious consequences for both 

the plant and ite environment. These critical components are 
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determined on the basis of theoretical analyses of possible 

failures and accidents, and their consequences. 

In general, the technical diagnostic» involves a wide 

spectrum of activities which are performed with the aim of 

ensuring operational reliability of nuclear devices. That 

part of technical diagnostics which is oriented on the integri

ty of material and welded joints of nuclear devices has an 

additional goal consisting in periodic prediction of the life

span of the equipment, which is done on the basis of data con

cerning material integrity, changes of its properties, and loa

ding conditions under various operational states* In so far 

as the diagnostics of integrity is concerned, it can be carried 

out either continually (e.g. using the technique of acoustic 

emission) or periodically (using standard defectoscopic tech

niques). Selection of the diagnostical method is dependent 

on the item being examined and its accessibility, on the instru

mentation which is available, adopted philosophy of inspections, 

etc. 

Owing to a possibility of so far unforeseeable deterioration 

of functional capability as well as the integrity of nuclear 

devices, nuclear safety requires to perform such routine exa

mination which provides data about the state of the operating 

equipment and offers to evaluate whether this state justifies 

further safe operation, or whether it is necessary to adopt 

measures to remove the faults. Such possibilities are offered 

by the systems of technical diagnostics no?f under develop t. 

diagnostic sensors, as well as by the techniques of process-..^ 

the signals obtained. 

The purpose of using the methods of technical diagnostics 

in routine examinations of nuclear devices consists in getting 

the data concerning material integrity and the dynamics of its 

change (development of flaws during operation). Accomplish

ment of this task consists in periodic examination of pressure 

vessel and possibly of further components by means of a special 

device. Such an examination is performed in shut-down period 

of the reactor in difficult accessibility and in the presence 

of radiation and high temperature* 
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The components undergoing periodic routine examination 

are usually inspected visually whereafter there follow surface 
and volumetric examination of their integrity. The integrity 
of pressurized components and the tightness of circuits is mo
reover tested by hydraulic pressure test whose aim is to deter
mine pressurized water leakage, if any* 

The program of periodic routine examinations of nuclear 
devices usually incorporatest 
- the scope of routine examinations (selection of examined sys

tems and components) 
• selection of instruments, the philosophy of non-destructive 

examination, preparation of instructions for use, and working 
procedures 

- setting the minimum periodicity of inspections and tests 
. acceptability criteria 
- requirements concerning the repetition of examination of 

found flaws, or performing additional examinations and tests 
• remedial actions in case when test results are not acceptable 
- recommendations concerning the preparation of needed documen

tation, records and protocols. 
ftrior to starting operation of the nuclear device, 

tests are made whose aim is to provide data about initial 
state of the device, the tests being comparable with periodic 
routine inspections made later on. The scope of tests, methods, 
procedures, and types of instruments is therefore the same. 
The preoperational inspection is considered for a part of 
periodic routine inspections. 

The periodicity of routine inspections should be opti
mized in order to enhance the reliability of routine examinati
ons and to cut the expenditure involved in power plant shut-down 
*nd the accomplishment of the inspection. 

4. PERIODIC ВОРТЯД HSPBCTIOIS 
The principles adopted for determining the periodicity 

of routine inspections of nuclear devices are based on basic 
time data about power plant operation, the conditions under-
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lying engineered and organizational measures for accomplish

ing the inspections, and finally on requirements for safe 

operation of the devices* 

In general, the design lifespan of nuclear power plants 

is usually 30 years. Partial exchange of fuel in presurrized 

water reactors is performed after 12 - 18 months, and the 

average duration of fuel campaign is some 3 years. At that time 

the fuel inventory as well as all internal components are re

moved from the pressure vessel* 

For periodic inspections of nuclear devices on Czechoslovak 

nuclear power stations, the following principles have been 

adopteds 

1) The first periodic inspection must be performed at the 

utmost after 20 000 hours of operation. 

2) Another cycle of inspection must be carried out during 

fuel exchange shut-downs, but not later than after 30 000 hours 

following the preceding inspection. This is prescribed for . 

the components of the pressure vessel, while for the other 

parts it is after 45 000 hours* 

Roughly, the periodicity of the routine inspection is 

approximately 3 years, for more difficult inspections of 

further components it is an interval of 10 years within 

which time all prescribed parts of the power station must 

be inspected* 

It is expedient for the initial phase of the operation 

to deepen the inspection* This requirement should be imposed 

also on the terminating stage of operation when the material 

of the pressure vessel is rather exhausted so that the pro

bability of initiation of new flaws rises* This markedly 

enhances the operational reliability* 

Time schedules of the study of radiation impact on material 

properties of the nuclear device, i.e. removing and evaluation 

of the set of specimens of the so-called surveillance program, 

are in harmony with the program of evaluation of periodic 

routine inspection results as well as with the evaluation of 

residual lifespan of nuclear devices* This program is planned 

in such a way that one set of specimens is processed after 

elapsing each quarter of assumed lifespan of the device, with 
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the main attention being devoted to the reactor pressure ves

sel. 

Periodic inspections may be performed within shut-downs 

planned for fuel exchange and for other operations associa

ted therewith. The shut-downs needed for fuel exchange in 

LWRs has been cut from originally 100 days to some 30 days 

and it seems reasonable to expect that further measures and 

experience will enable further shortening to some 20 days. 

Shortening of reactor shut-downs, which is important for econo

mical reasons collides partly with the requirement to perform 

a thorough routine inspection. Operational safety and relia

bility would be enhanced by such diagnostical techniques which 

would enable a continual checking of material integrity. In 

such a case the periodic routine inspections could be used as 

supplementary methods. 

Until such an optimum state is achieved in the domain of 

integrity inspection, it is necessary to aim the effort at 

prolonging the interval between individual inspections. This 

should be accomplished by gathering further know-how and 

experience, studying the relation between failure probabi

lity, ' the characteristics of component damage, and che 

length of interval needed for inspection. This will enable 

to finish the guidelines and criteria of safety, as well as 

the inspection guidelines. 

5. USED HARDWARE AND THE PHILOSOPHIES OP ROUTINE INSPECTIONS 

Routine examination of selected parts of nuclear reactors 

are usually done in higher radiation environment. In order 

to accelerate the measurements and thereby decrease the 

impact of radiation on the workers, there is en effort to 

carry out as many as possible checking operations by mean* 

of remotely controlled manipulators. 
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For the selection of suitable testing philosphies, design 

of instruments and manipulators, and the accomplishment of 

routine examinations, the most important factor is the design 

of reactors, which should be considered from the following 

points of view: 

- selection of intensively loaded regions to be examined 

- accessibility of examined regions, taking account of over

all arrangement of the reactor, reactor pit, pressure vessel 

thermal insulation, etc* 

Instruments and devices used for performing remote checks 

must fulfil the following general conditions: 

- automatized acquisition and processing of measured data, 

ensuring thereby objectivity in processing the results and 

a fast performing of the check 

- reliable finding of all flaws limiting the reliability and 

operational capability of nuclear devices, and an accurate 

determination x>t flaw size and location 

- repeatable finding of the flaw, thus enabling a quantitative 

comparison with a preceding check 

• used instruments must have a long operational lifetime, 

stability of parameters, and they must comply with the 

conditions of radiation safety 

- it must be popsible to use at least two independent methods 

of testing, which may be done by a suitable combination of 

surface, visual, and volumetric testing methods* 

There holds true a generally valid principle according to 

which adopted philosophies and procedures of routine examina

tion must be in concordance with standards recognized by the 

bodies of state supervision* Selection of the philosophies and 

procedures mentioned above results from reached technical 

level of routine examinations, used instruments, as well as 

from the experience gathered in preparing the examinations. 
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The testing philosophies are divided into 3 categories 
as follows: 
a) Visual inspectiona and dimensional checks 

Are used for getting information about basic properties 
of a component or a part of its surface, and evaluate accepta
bility of scratching, wear, surface cracks, corrosion or ero
sion, leakage. 

In dependence on accessibility, radiation level, and avai
lability of automatization devices, optical instruments are 
used as e.g. TV cameras, microscopes, endoscopes, periscopes, 
mirrors. The quality of used optical devices and the prepara
tion of surface to be inspected play the most important role 
for resolution of flaws. The resolution power of present-day 
TV cameras is usually up to crack width of 0.1 mm, while for 
periscopes it is 25 um. 

b) Surface inspections 
Their aim is to describe or verify any occurrence of sur

face flaws or those near to surface, or common inhomogeneitiee 
of the material. These inspections are carried out using mag
netic particle inspection, dye penetrant inspection, or eddy-
current inspection techniques. 

Colour defectoscopy is said to resolve faults from crack 
width 1 - 2 um on, magnetic particle inspection is capable 
of showing.surface crack 3 шш in length and 0.5 mm in depth 
(at magnetic field intensity of 2.4 kA/m). Eddy-tíurrent 
technique resolves a depth of crack of 0.5 mm. 

c) Volumetric inspections 

These methods are used to establish the presence of a 

flaw, its depth under the surface, the size of subsurface 

flaws and inhomogeneities. This category usually incorpo

rates rentgenographic and ultrasound methods, gamma rays 

and thermal neutrons. Eddy current method is suitable for 

pipes and tube plates. 
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The resolution power of radiographic methods is up to 

1*5% of thickness of examined material (using a linear accele
rator enables to reach 0.5% of thickness). Ultrasound makes it 

2 possible to find flaws with an area of some 3 mm and length 
of 6 mm» 

For the inspection of reactors WER 440, type 230 
(units 1 and 2 of V-l power station in Jaslovské Bohunice) 
there has been delivered no testing device, and the devices 
and instruments mentioned hereinafter have been 
obtained during the first years of power station operation. 

Technically most advanced is the device REACTORTEST 
ŠKODA delivered by a Swedish company TRC (fig. 3)* This device 
enables ultrasound inspection of the whole volume of pressure 
vessel body (including nozzles), and a visual inspection 
using a TV camera of the whole cylindrical surface and the 
bottom. As it is a mobile device, it can be used on all 
WER-440 reactors (fig. 4). 

The second device, delivered by UKAEA Laboratory in 
Rlsloy, serves for inspecting bolts and nuts M 140 x 6, the 
testing methods being ultrasound and eddy currents. Also this 
equipment is fully mobile and lends itself for all WER-440 
reactors. 

Another equipment delivered for reactor inspection is 
TELETUBE. It serves for visual inspection of the internal sur
face of control rod drive casings* It is mobile and equipped 
with a TV camera (REES). 

The nuclear power station Jaslovské Bohunice has to its 
disposal a shielded container used for inspections and mainte
nance of reactor pressure vessel internal surface. The contai
ner has been manufactured in Power Engineering Division in 
Tlmače in conformity with technical documentation bought in 
DDR. The container is used for performing visual inspections 
and manual checks in regions outside reactor core. In the regi
on of reactor core the surface may be inspected only through 
a shielding glass. 
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In addition to the inspection devices mentioned above, 

the ŠKODA Concern Entreprise, Uuclear Power Research Institute, 

and Bohunice Nuclear Power Station have to reactor inspection 

at their disposal two sets of industrial TV, ultrasound instru

ments, Co source, and instruments tos eddy current and elec

tromagnetic methods. This hardware makes it possible to perform 

all manual inspections in places accessible from radiation and 

space viewpoint. 

The design of WER-440 reactor, type V 213 (produced in 

ŠKODA Concern Entreprise) suggests to equip the reactor with 

a number of devices enabling to perform the inspection of 

the pressure vessel body from the external surface* 

For inspecting the cylindrical part of the vessel and 

the bottom is intended a manipulator situated below the pres

sure vessel. The manipulator serves for performing a visual 

inspection using TV camera, ultrasound inspection, and clea

ning the surface with a wire brush» 

Manipulators with ultrasound probes are intended for 

inspecting the basic material of safe ends of nozzles dia 500 

and 250 mm. Inspection of nozzled ring circumferential welds 

may be performed using a truck with ultrasound probes, the 

truck moving on a rail embedded permanently in the vessel* 

All the devices mentioned above work with an ultrasound 

apparatus UDAR 16 equipped with A/D recording* 

Even if the devices described in the design are consi

dered as non-transportable, it is fully true only for the Ъа-
sic mechanical part of the manipulator used for inspecting 
the cylindrical pert and bottom from the outside. Other com
ponents including the ultrasound instrument may be, after being 
provided with suitable containers, transported in the same way 
as the testing devices for the V 230 reactors* 

For the inspection of welds of V 213 reactor nozzles 
is intended a manipulator delivered together with he TRC 
testing devices* The manipulator has special ultrasound probes 
for testing austenitic overlay claddings and uses the some 
measuring instrumentation as the REACTORTEST system* 
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6. COHCLUSIOHS 
In scientific, research, and design organisations of all 

countries developing nuclear power, there proceeds work on a 
comprehensive system of inspection of nuclear devices. The 
system comprises both preventative and repair work inside the 
pressure vessel body* The first manipulators have emerged which 
are intended for mechanised and automatized cheeks of pres
sure vessels and of further components of the primary circuit. 
Attention is devoted to developing the means and methods of 
routine inspections on the basis of ultrasound, magnetism, 
fibre optics» etc* Research work is also engaged in the tech
niques of a continuous inspection using vibroaooustics and 
acoustic emission. Under development also are the methods -uid 
instrumentation for nondestructive determination of the pro
perties and structure of material of nuclear power plant 
components» 

Also 'Czechoslovakia, as producer and user of nuclear devices, 
devotee a high attention to ensuring nuclear safety and gathers 
first experience from the domain of performing and evaluating 
routine inspections of nuclear power plant primary circuit com
ponents* The ŠKODA Concern Entreprise in Plzeň has started 
its way to import soon the necessary peak technology and pro
ceeds, in cooperation with the Soviet Union, in the development 
of both inspection methods, and inspection hardware* This effort 
places the ŠKODA Concern Sntreprise on one of the foremast 
places in this domain among the CUBA countries* 



fig. 3« Operational echem* of the REACTORTEST ŠKODA deriee 
In routine inspection of the WER-440 reaetor typo 



Pig. 4. The REACTORTEST ŠKODA device, placed during a routine 
inspection in WER-440 reactor pit (Jaelovské Bohunice V-l 
power station, 2nd unit) 


