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INTRODUCTION

The mechanical integrity of engineering structures is a matter of great
practical importance for both economic and safety reasons. In practice
this integrity must be assured by careful attention to many aspects of
design, materials, fabrication, inspection etc. An important uncertainty
is the possible presence of defects in the structure. Under appropriate
circumstances, such defects can grow during service until they reach the
size where they extend unstably and thus cause the failure of critical
sections of the structure and the structure itself. The design and operation
of these structures must therefore take account of the possible presence
of cracks. The conventional approach is one based upon a set of conservative
assumptions about the maximum defect size, nature and frequency of loadings
on the structure, the materials properties, particularly crack growth
rates and fracture toughness, etc. However many of these quantities
are statistically distributed and we can never be absolutely sure that
values worse than the chosen conservative limits will not be encountered.
This is probably true of the relevant materials and must likewise be true
of transient loadings.

These uncertainties therefore oblige us to try to reduce failure probabili-
ties in plant components by design, materials selection, manufacture,
quality control, and pre-service and in-service inspection and monitoring.
At this Specialist Meeting we are going to concentrate on in-service
inspection and monitoring of LMFBRs. However, the techniques applicable
to in-service inspection can of course be applied pre-service and it is
generally recognised in the United Kingdom that there is a great need
for intensive inspection of LMFBR plant both during and on completion
of manufacture.

GENERAL CONCEPT OF ISI OF REACTOR PLANT

The UK paper in this Session gives the views of the main UK Utility, CEGB,
on how possible low reliability of selected critical LMFBR components
emphasises the need for in-service inspection and monitoring of those
components. This paper is by P R Bolt and is entitled "Some reliability
targets affecting the necessary provisions for in-service inspection and
monitoring of LMFBR engineering components". It represents the views of
a Plant Operator for components such as the core support structure and
steam generators and considers both economic and safety criteria. UK
Designers intend to achieve the high levels of structural reliability,
referred to in the CEGB paper, by extensive development programmes

to establish the structural demands and by adopting the best established
practices of design, fabrication and inspection. Where safety
considerations may require very high levels of assurance, such
requirements may be met by redundant or Secondary structures. However,
the UK Designers accept that to complete the structural integrtiy case a
knowledge of the state of the plant throughout its life is necessary either
through monitoring or inspection. Thus the Designers agree that the most
appropriate visual, survey, monitoring and volumetric inspection procedures
should be used both for safety and availability. However, in the develop-
ment of devices and operating and maintenance procedures, a balance will
have to be achieved between the outage cost of the inspection and the
potential gain in availability.

REMOTELY CONTROLLED INSPECTION SYSTEMS

There is no formal UK paper relevant to this Session. The following notes
provided by G Seed, Nuclear Power Company Limited, (NPC), outline briefly
the NPC work on ISI devices.

It is anticipated that some degree of in-service inspection will be required
for LMFBRs, and design work has been initiated to investigate the feasibility
of remotely operated devices to position instrumentation (assumed to be TV
cameras and ultrasonic equipment). Special attention has been given to
the inspection of the reactor primary vessel and structures inside the vessel
since the high activity levels and hostile environment demand the develop-
ment of novel remote inspection techniques.

Inspection of primary vessel

The devices considered for the inspection of the primary vessel are
described as follows:-

(a) Carousel

This device comprises a rotatable V-shaped flexible frame pulled
upwards against the outside of the vessel and carrying a track
on which the inspection equipment would be mounted and driven to
any position on the surface. Such a scheme is, however, not now
considered to be practical - mainly because of construction
restraints but also because of accessability limitations in
service.

(b) Articulated arm

For particular duties such as inspection of the outer vessel
welds within reasonable reach of the reactor roof the
inspection requirements can be met by an articulated arm or
manipulator. Such devices are used on AGRs and apart from
providing access, original design work is not needed at this
stage.



(c) Limpet

This is conceived as a free-roving device adopting the vertical
lift off and landing (VTOL) principle developed by the aero
industry. Such a device can cling to the wall of a vessel
and follow its contour. Development is now proceeding in
the UK on a single pad unit designed to carry 5 kgs and fitted
with ejector type thrust nozzles. It is envisaged that
this small vehicle will carry a TV camera and a single
ultrasonic probe which will scan the surface by oscillating
the vehicle from side to side along a zig-zag path as it
traverses the line of the weld. Provision will be made for
feeding a suitable ultrasonic coup!ant gel into the probe and
cleaning up the surface covered in order to minimise
subsequent contamination of the blanket gas.

(d) Crawler

The concept of a mechanically driven crawler incorporating
suction pads or combinations of wheel drive and suction
hold, is considered to be feasible and there are existing
applications.

Inspection of reactor internal structures

Inspection of the reactor internals poses difficult problems, one of which
is providing adequate access, bearing in mind the large number of
component penetrations required in the roof.

One proposal being examined envisages a single penetration near the outer
perimeter of the rotating plug which by rotating the plug would allow a
manipulator arm to reach most areas above the strongback floor separating
the hot and cold sodium pools.

Inspection of the above core structure would require a single penetration
outside the rotating shield. Access to the critical areas below the
strongback floor can be achieved with a number of holes in the floor
which are normally plugged. It is envisaged that an articulated arm could
be lowered through the rotating shield and a corresponding strongback hole
to allow access to the strongback structure, the diagrid, the HP pipes and
the core catcher.

Various types of articulated arms have been considered for this purpose.
The manipulator arms would be constructed of link members articulated at
both ends so that a number of these fitted together could take up a quasi-
curved geometry which would allow access to most regions of the reactor
vessel.

Three designs of link appear to be feasible for operation in the hostile
sodium environment. These are:
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(i) A motorised gear drive powered by a small internal high

temperature electric motor. The links are encapsulated
and cooled by argon gas.

(ii) A cable-operated link which allows the drive motors to be
located outside the reactor.

(iii) A pneumatically operated bellows sealed unit.

With the primary sodium and core and breeder discharged, access to the
reactor vessel internals is possible by loading shielded inspection chambers
into the roof penetrations, such as rotating shield and IHXs. By incorpora-
ting special facilities in the reactor vessel at the construction stage a
comprehensive surveillance of the vessel internals above and below the
strongback can be carried out. The shielded access facilities convert the
reactor vessel into a typical hot cave, with viewing manipulators and porting
through the facility walls. The work currently in progress is concentrating
attention on access to the reactor and the design of special devices such as
those outlined above. The design of the instrumentation packages has not
yet been considered in detail but current progress in this field indicates
that satisfactory inspection equipment can be developed in the timescales
envisaged.

TEST METHODS

There are 7 UK papers relevant to this Session. They are:-

"Holography for Fast Reactor Inspection" by B A Tozer

"The Non-Destructive Testing of Transition Welds" by A R Wagg

"A 4 Probe Array" by C E Fernando

"The Effects of Compressive Stress and Contaminating Liquids
on the Ultrasonic Detection of Fatigue Cracks" by A B Wooldridge

"Ultrasonic Inspection of Austenitic Welds" by J R Tomiinson,
A R Wagg and M J Whittle. (This paper describes CEGB work on
this topic)

"Longitudinal Wave Ultrasonic Inspection of Austenitic
Weldments" by B S Gray, R J Hudgell and H Seed. (This
paper describes UKAEA work on this topic)

"Progress on Acoustic Techniques for LMFBR Surveillance"
by E J Burton, P G Bentley and J McKnight.

PERFORMANCE OF ISI

There is no UK paper relevant to this particular Session.



CONCLUSIONS

Current experience indicates that design proposals for new reactors should
pay particular attention to access, inspectability and replaceabiiity.
Because the environment experienced by components in large sodium cooled
fast reactors represents a major departure from that in conventional
generating plant and thermal reactors, these requirements for LMFBRs should
be kept under constant review during the development stages.

Since outage costs can be very high, advantage should be taken of any
significant reduction in outage times that can come from early warning, from
in-service inspection and monitoring, of developing faults and deterioration
processes which could result in component failure.
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REVIEW OF ACTIVITIES RELEVANT TO
IN-SERVICE I1TSPECTTOIT

N. IMA1TAKA

Power Reactor and Uuclear Fuel Development Corp.
Akasaka, Minato-ku, Tokyo,
Japan

1. Introduction

Nuclear power plants are requested to provide

continuing safety that cannot compare with other

industries, as plant safety is a matter of much concern.

To provide continuous assurance for plant

safety there is increasing tendency to demand much

of inspection of components during the lifetime.

This inservice inspection of LMFBRs should be

investigated from a view point of different systems

and characteristics from LWRs.

In this paper a review for inservice inspec-

tion of LMFBRs is described.

2. Definition of the term "Inservice Inspection"

There is no definition of the term "Inservice

Inspection" in Japanese official use except only

in the JEAG (Japan Electric Association Code) non-

destructive examination (visual, surface and volu-
>

metric examination) is required as a Inservice

Inspection of LWRs.

Judging from the object of Inservice Inspec-

tion that is to provide a continuing assurance

that the components important for plant safety are
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