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ABSTRACT 

After reviewing the requirements specific of periodic In-Service 
Inspection related to safety problems, especially for the pressure vessels, 
and taking into account the experience gained with several PWR reactors, 
the authors show how these requirements could lead to modify the primary 
circuit design. 



I - INTRODUCTION 

At the early stage of development of water reactors, In-Service 
Inspection was ignored. But safety consideration rapidly show that uncertain
ties remain as to the ability of the pressure boundaries, and mainly 
the pressure vessel, to be manufactured and controlled in such a way that 
their failure could be conridered as having a very low probability. The 
pressure vessel which is one of the most critical parts of a water reactor, 
due to the presence of the radioactive core and the steam generator which 
represents the last and largest boundary between the primary circuit and 
the external environment, are of prime importance in the safety analysis. 
This is the main reason for In Service Inspection. 

For the remnant of the pressure boundaries, even if their rup
ture may be taken into account by the safety analysis, obviously nobody 
wants this rupture to become effective. 

In-Service Inspection is the way to prevent any serious conse
quences (for safety and for disponibility of the plant) related to the 
failure of the primary circuit. 

But to fully meet this requirement, In-Service Inspection must 
be effective, that means that it must give an answer to all the problems connectée 
with safety and reliability of the primary circuit. 

In the following chapters, the main requirements of In-Service 
Inspection will be reviewed as well as the actual meanswhich make it pos
sible to meet these requirements. It will be seen that numerous require
ments are attached to the design of the primary circuit. 

Their possible solutions will be considered, which take into 
account the experience gained during several In-Service Inspectionson P.W.R 
pressure vessels. 



2 

II - REQUIREMENTS OF IN-SERVICE INSPECTION : 

Let us consider principally the pressure vessel but also the steam 
generators and the pressurizer. 

The pressure vessel is the main part of the primary circuit. It 
contains the fuel elements and, as such, becomes radioactive, after a cer
tain time of operation. Thus In-Service Inspection must be performed 
remotely. 

11*1 - The first question is to choose on what side the inspection 
is to be performed. Considering the experience of numerous plants in France, 
but also in foreign countries, it may be said that frequently the ID method 
is chosed for PWR when it is possible. For BWR, as part of the inner struc
ture cannot be removed, the In Service Inspection is more often made from 
the OD. 

In the case of the french PWRS the In-Service Inspection is always 
performed from the inside. Nevertheless testing from the outside was and is 
still considered : inspection from the inside requires the removal of all 
the internal parts of the vessel, including the fuel elements. Such operation 
is time consuming and increases considerably the amount of radiation doses 
to workers. 

It could be interesting, if a defect has been found during a pre
vious inspection to survey its behaviour during the operation of the plant 
without dismantling all the internal structures, and even without removing 
the cover head. 

It appears that in the case of Westlnghouse PWRS such as they were 
built in France, the access to the outside surface is almost impossible. 
Firstly because of the presence of the thermal insulation, secondly because 
of the concrete structures very close to the pressure vessel. It will be 
explained in another chapter how the question is considered for the future 
plants. 



11.2 - The second question which may be raised is then related to the 
reliability of the testing met*-.od(s) used.Obviously due to the highly radio
active environment, remote controlled systems must be used. Ultrasonics is 
the most popular method chosen for its ability to detect crack like defects 
which are the most probable defects due to operation . 

Testing from the inside requires the use of a method able to solve 
the problems arising from the presence of the austenitic steel cladding over
lay which normally prevents the use of standard probes (either contact or 
immersion). It has been shown for years that immersion technique using focused 
transducers may be considered as a very e'agant solution to this problem 
[ 1 to 4 ]. 

11.3 - Moreover this method solves others problems associated with 
In Service Inspection : 

- the one is the repeatability of results, one of the essential 
conditions to be fulfilled by the chosen method: In Service-Inspection is 
used in conjunction with pre-service inspection which serves as a base line 
for further comparison. In the absence of defect growth or defect creation 
during operation, it is essential that the repeatability of results be 
achieved to prevent any misinterpretation of the results. 

- The other is the accuracy in determining the amount of defect 
growth, making it possible to decide whether or not the plant can be further 
operated. The sizing method used in conjunction with the focused transducers, 
allows the determination of the actual size of the detected flaws with a 
known accuracy, directly related to the beam diameter at the focus. 

It may be pointed out that the beam diameter to be used is strongly 
dependent on several factors and among others : 

- the surface finish of the component to be tested, 
- the curvature of the component 
- the maximum depth to be tested 
- the maximum frequency to be used which depends on the nature and 
structure of the component 
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II.4 - Another condition which nust be taken into account is the geometry 
of the pieces to be tested. Most of the inspection programme is devoted to the 
welds and to a certain amount of the base material (heat affected zone) To be 
effective, and even taking into account the ability of the focused transducers 
to be less dependent on the orientation of the defect, the testing shall be 
performed in several directions, that is for instar.es : 

( -normal incidence using L waves 
( 
( -inclined incidence using shear wawes at 45 and eventually 60° in 

two planes perpendicular to each other. One is the mid plane of the weld,*he 
other being the cross-section plane. 

But very often, all those directions cannot be used together due 
to the geometry of the piece. For example, the flange to shell weld of the 
pressure vessel can be tested only from 4 directions:- one L and three shear 
waves. The fifth direction cannot be used from the pressure vessel inside 
surface. Thus a special probe is provided which allows for the testing from 
the flange surface using an oscillating L waves transducer. But in this case 
the achievable beam diameter is 25mm due to the long beam path from the top 
of the flange to the weld. 

Similarly for the nozzle welds. When testing from the 0D, some 
defects may be difficult to detect (for instance side wall lacks of fusion 
for set-in nozzle). Conversely these typical defects as well as defects 
ncrmal to the surface of the pressure vessel can be easily detected from the 
bore of the nozzle. But, due to the inner radius of the inlet nozzle, only 
inclined waves may be used for part of the weld. For the same reason the 
defects eventually appearing on this inner radius as well as that of the 
outlet nozzle , may be difficult to detect. 

No special problems occur for the circular shell welds. But some 
difficulties arise when testing the lower shell as well as the bottom head 
weld, due to geometrical effects : the wall thickness is less in that part 
of the pressure vessel and the shape of the spherical bottom head gives 
rise to similar problems. 

http://instar.es


Problems of the same type arise also with the safe-ends welds 
as well for the pressure vessel as for the steam generator : 

- testing from the inside is easier for the pressure vessel 
but is almost impossible for the steam generator. Thus a special device 
was developed for the testing of the nozzle to pipe weld in the case of 
steam generator (fig.l). 

bammagraphy is also used in France for the testing of the safe-
ends welds of the pressure vessel. A gamma source is inserted inside the 
nozzle, the water being evacuated through the use of an air chamber (Fig.2). 
The film is wrapped around the external surface of the nozzle. But the 
conical shape of the nozzle give rise to some problems particularly as to 
the density of the film. 

The supporting of the pressurizer is normally achieved by a 
cylindrical skirt welded at the bottom head. For the first plants built in 
France a "Y" shaped forged piece was needed to achieve the proper connec
tion between the skirt and the pressurizer. To survey the lowest weld-
ment of this connection, a special device v/as also designed (Fig.3 and 4 ) . 

But in this case as well as in the case of the pressure vessel 
nozzle weld, the beam diameter at the focus is at least 25mm, reducing the 
achievable sizing accuracy. 

All these examples show that modifications are to be considered. 

Ill - DESIGN CHANGES IN RELATION WITH IN SERVICE INSPECTIONS 

As it has been shown in the previous chapters several problems arose 
during In-Service Inspection. It is possible to summarize them as follows : 
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111.1 - Problems due to the general design of the plant 

- Accessibility to the outside surface of the pressure vessel, 
.n particular for pressure vessel supported by the nozzle : the increase of the 
distance of the supporting structure from the external wall of the pressure 
vessel seems to be very difficult : it requires a new design of the pressure 
vessel taking into account the flexion stresses induced on the nozzle by che 
supporting. An intermediate solution could be to modify not the supporting 
area, but only the structure around the pressure vessel wall to increase the 
distance between the thermal insulation and the external wall of the R.P.V. 
enabling a device to be used for testing from the OD. Unfortunately this partial 
solution does not give access to the most critical welds, that is the nozzle 
welds and even the circular weld in the core region. In France this solution 
has been considered but no decision has yet been taken as to its implemen
tation. 

- Accessibility of the lower weld of the connection between the 
pressurizer and the supporting skirt. 

The design of this connection was reviewed and a new solution 
preventsthe difficulties previously encountered. 

111.2 - Problems due to geometry of components 

- It seems that most of the problems associated with the flange 
weld and the nozzle weld could be avoided with a new design like that proposed 
by ONODERA [ 5 ] and WIDART [ 6 ] . However such solutions have not yet been 
studied in France. But a modification of the internal profile of the flange 
was made which increases the possibility of testing from the ID of the R.P.V. 
Similarly a modification of the bottom head weld could provide improvement 
of the testing during In Service Inspection. 

- The profile of the weld between the steam generator and the pipe 
was modified, enabling a better quality of the gammagraphy as well as the 
possibility to use an automatic ultrasonic testing device from the outside. 
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I I I . 3 - Other problems were also solved. They are related to several 
details of the primary circuits and normally are associated also with modi
f ication of access, modification of shapes or profiles to allow better use 
of the NDT techniques : visual examination, radiography, ultrasonics etc. 
But generally they correspond only to minor design modification. 

IV - CONCLUSIONS 

Several requirements are normally associated with In-Service 
Inspection, which result in design changes to be performed. Ot.iously the 
best way would be to design the plant taking into account a l l these requi
rements. Nevertheless, In-5ervice Inspection is not the unique parameter 
to be considered during design, and normally only small changes can be con
sidered . I t seems that the ef for t should be made toward two or three direc
tions. 

- Modification of design for better use of the NDT 

- Improvement in NDT technology to better assess the quality of the 
primary c i rcu i t 

- Improvement in inspection devices to reduce the personnel doses, 
une step towards that direction has been made in France : the 
future inspections w i l l be performed using a device remotely con
trol led from a caravan outside the reactor building, enabling the 
personnel to work outside the radioactive environment. Similarly 
a device is under study to enable the automatic introduction of 
the "Finger-Walker" used to test by eddy-currents the steam gene
rator tubes. 
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FIG: 1 . NOZZLE TO PIPE TRANSITION WELD TESTING DEVICE 
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FIG: 2 . GAMMAGRAPHIC DEVICE FOR SAFE ENDS TESTING 
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fig.- 3 Sketch of the pressurizer lower head weld 

Principle of US. testing 



FIG'- 4 PRESSURIZER LOWER HEAD WELD TESTING DEVICE 
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