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ABSTRACT
The first international project (NESC I) of the Network for

Evaluating Steel Components is a spinning cylinder, pressurised
thermal shock (PTS) experiment. The main objective of the
project is to validate the non-destructive evaluation and
structural mechanics procedures for PWR reactor pressure
vessels under PTS conditions. Contributing organisations world-
wide will participate in this blind trial which embraces all
aspects of structural integrity assessment. This paper describes
the progress of the project to date, covering cylinder
manufacture and inspection, materials evaluation, structural
analysis and test instrumentation. It emphasises the importance
of networking global expertise in a managed framework and of
the partnership, co-operation and teamwork developed by the
contributing organisations through the five Task Groups
constituting NESC I. Finally, five new initiatives for projects
managed by the Network are currently under review and
described in this paper

INTRODUCTION
The Network for Evaluating Steel Components (NESC) was

set up to arrange collaborative projects investigating the whole
process of structural integrity. NESC builds on the experience
of PISC and FALSIRE by concentrating on the combination and
interfaces between the technologies that contribute to structural
integrity assessment. The first NESC project, NESC L
addresses the integrity issues affecting ageing reactor pressure
vessels. NESC I is well underway and its progress is described
below. Otber NESC initiatives addressing identified structural
integrity problems are at a formative stage, and these are also
described in this paper. The NESC I Spinning Cylinder Project
(Varley. 1993. Wintle et al. 1994), addresses the structural
integrity issues affecting end of life reactor pressure vessels
under PTS conditions. In particular, the project is directed
towards the issues of the inspection, assessment and behaviour
of underclad and surface breaking flaws in a clad vessel. The

PROGRESS WITH MANUFACTURE OF THE NESC I
SPINNING CYLINDER

For reasons of material availability and suitability of
mechanical properties, it was decided to fabricate the cylinder
from well characterised part cylinder forgings of previous
spinning cylinder tests. In order to form a new cylinder.

project focuses on a cylinder of RPV forging material containing
a range of implanted defects. The cylinder will be inspected by a
number of teams and the results made available for analysts to
predict the behaviour of the defects during a spinning cylinder
test which will subject the cylinder to conditions representative
of pressurised thermal shock. The test is intended to produce
cleavage growth and arrest of some of the defe/-'_i.

The NESC I Project is an international project with
participation and contributions from a large number of
organisations from many countries. These contributions are
being made in a wide range of technical areas covering the
cylinder manufacture, cylinder inspection, materials evaluation,
instrumentation, and structural analysis. Participation and
contributions to the Network are co-ordinated and managed by
the CEC Joint Research Centre as Operating Agent and the
NESC I Project is managed in the UK by AEA Technology.

The NESC Network and the NESC I Spinning Cylinder Project
were launched in September 1993 at the Health and Safety
Executive (HSE), Sheffield in the United Kingdom which was
attended by representatives of many organisations from 12
countries (Varley. 1993). The HSE co-sponsor NESC along with
the Commission of the European Communities (CEC). Since the
launch, the Project has progressed and benefited from the advice
and guidance provided by the NESC I Task Groups and the
NESC Steering Committee. Reflecting the international
character of the Network. Meetings of the Steering Committee
and Task Groups have been held in Finland, France, Germany,
the Netherlands, Sweden and the United Kingdom. The next
meetings will be held in Rome, Italy in September 1995.

The NESC I project commenced in September 1992 with a
design study to demonstrate that the project's objectives could be
achieved (Keeney, 1994) Further progress with the pre-test
structural analysis is reported by Bhandari and McAllister
(1995). Manufacture of the cylinder commenced in April 1994 .
This paper reports aspects of the cylinder manufacture tnd other
progress within the project

semicircular arcs of the cylinders were welded together by
narrow gap submerged arc welding. This technique was
preferred to electron beam welding and recommended as well
proven and providing the best guarantee for the structural
integrity of the weld during the test and additionally restricted
the size of the heat affected zone. After producing the new
cylinder, a number of artificial and natural fatigue defects were
introduced. The cylinder was then clad internally using a



commercial procedure. Some details of these operations are as
follows.

Fabrication of the Cylinder
Welding of the cylinder was undertaken by MAN GHH at

Obcrhauscn in Germany. The work was undertaken on the
basis of a welding procedure drawn up by MAN GHH
consistent with the requirements of the Code KTA 3201.1 and
with the standard quality assurance requirements for the
fabrication of primary components.

AEA Technology delivered two cylinder half shells which
were machined to 180° prior to longitudinal weld preparations
(single V with 1° angle of bevel) being machined. Both shells
were quenched and tempered steel of modified A508 class 3.
The cylinder halves were aligned into position with a
separation of 20mm and held together with spot welded
bracing plates. As sbown in Figure 1. the welding itself was
undertaken using a submerged arc narrow gap technique which
MAN GHH had qualified and used for the fabrication of heavy
primary circuit components (Hantscb ct al. 1982). The welding
filler metal was a wire/flux combination comprising Bohler
(TD) S3 NiMol-UPand Ocrlikon OP41TT.

Although the existing weld procedure indicated accepted
properties for the weld metal, the procedure did not correspond
exactly to the special post weld heat treatment planned for the
NESC project which was necessary to stimulate the properties
of irradiated vessels. Accordingly, the run-on and run-off ends
of welds were provided with suitable extensions in order to
provide weld material that could be tested in the final
condition. After welding, the welds were inspected using
standard dye penerrant and ultrasonic techniques which
revealed no defects. The run-on and run-off ends were then
separated and the cylinder surfaces concentrically machined
and measured. A comprehensive documentation package was
assembled covering all quality assurance requirements.

Reference Inspection of the Cylinder
The welded cylinder was then transported to CEC Joint

Research Centre al Petten for a finger printing reference
inspection. This was carried out in order to confirm that the
weld did not contain any welding defects and to identify any
zones in the base material that might contain inclusions or
porosity.

The welds had first been inspected by the fabricator (MAN-
GHH) using an industrial ultrasonic procedure. The welds
were given a second inspection by the Reference Laboratory
(JRC)using ultrasonics and with X rays using a linear
accelerator of 1 MeV to penetrate the 200 mm wall thickness.
The results of these inspections showed that the welds were
indeed of very good quality, containing only very small levels
of porosity.

One of the recommendations of the NESC Steering
Committee was that the planned defects should only be
inserted into clean forging material containing no inclusions or
porosity. With this in mind, the forging material was inspected
by the Reference Laboratory (JRC) using immersion probes at
10 MHz. The detection sensitivity was set just above the noise

level. The results of this inspection showed that the base
matcri&l was of very high quality and contained few or no
significant inclusions or porosity, and that considerable areas
of detect free base materi&l were available for selecting the
defect implantation sites.

Introduction of detects
A number of natural and artificially produced defects were

introduced into the cylinder at MPA Stuttgart. Natural fatigue
defects were produced by a pressure cycling method in which a
starter notch was internally pressurised from a sealing plate
forced against the surface of the cylinder. Sealing was achieved
by means of an O ring gasket located in a groove in the plate
and an external force was applied to maintain the seal. Figure
2.

Due to the deliberate low toughness of the material, cycling
was done at a temperature of 150° C using electric beating
mats and external insulation. The pressure was realised by a
200 MPa pulsator working with an intensifier at a frequency of
about 4 Hz. The initiation and propagation of the crack was
measured using the ultrasonic amplitude modulation method,
Figure 3 (Steinmil) and Kockelmann. 1987). All
measurements were performed in non- operating cycling
periods at room temperature.

After 685.000 cycles, crack initiation had not occurred even
though the stress intensity factor from the internal pressure
appeared to be high enough. Calculations and measurements
showed the existence of high compressivc residual stresses in
the inner surface regions that bad been introduced at an earlier
stage in the cylinder's history, and the situation was
exacerbated by bending of the cylinder caused by the hydraulic
jack providing the sealing force. The problem was solved
satisfactorily by applying an external force across the diameter
of the cylinder to counteract the force of the jack and the
compressive residual stress. This bending of the cylinder
resulted in a net tensile stress on the inside surface. Under
these conditions natural defects could be successfully grown to
the r^uired accuracy.

After machining away 25 mm from the inner surface to
remove the starter defect, a number of electro-discharge
machined (EDM) Class A defects covering a range of sizes
were also introduced into the cylinder'6 internal surface. After
shipment of the cylinder to Framatome, Chalon-sur-Saone, a
number of small realistic fatigue defects were also introduced
using the proprietary 'brittle zone' and 'cold cracking'
techniques (Figure 4).

Cladding
The cladding of the cylinder is to be undertaken by

Framatome using a procedure consistent with industrial
practice for early reactor pressure vessels. The normal cladding
thickness of 8 mm will be achieved with two layers of 316
stainless steel cladding but later machined back to 4 mm for
the Spinning Cylinder test. After the cladding a final through
cladding fatigue defect, of similar dimensions to the major
underclad fatigue defect, is to be. introduced using the MPA
technique.



CONTRIBUTIONS OF THE NESC TASK GROUPS
Technical contributions to the project are being co-ordinated

by 5 Task Groups covering the areas of materials, structural
analysis, instrumentation, inspection and co-ondinahoo and
evaluation.

Task Group 1 (Inspection)
Preliminary arrangements for the NDE of the cylinder by

participating inspection teams have been made by Task Group
1 (Inspection). It is likely that the cylinder will be transported
to several inspection sites in Europe and the USA. Two rounds
of inspections will be carried out, the first before the spinning
cylinder test and the second after the test tn determine the
occurrence and extent of any crack growth produced. The first
inspection will commence towards the end of 1995 and the
second inspection after the test which is scheduled for mid
1996. Inspecoon teams from a number of countries have
expressed an interest to participate. These include Finland.
France, Germany. Spain. Sweden, USA. and UK. From each
of these countries there will be a single inspection team, but
possibly a joint one made up from different organisations. The
inspection teams will use procedures that are representative of
the national practice. The cylinder will be circulated to the
different teams and the example of the round robin tests
conducted within the framework of the successful third phase
of P1SC will be used for organising this exercise.

Task Group 2 (Materials)
The proposed cladding procedure was accepted by the Task

Group, despite some concerns about uncontrolled underclad
cracking. A test arc of material has been successfully clad
without any occurrence of cracking. Task Group 2 have agreed
the heat treatment and a materials testing programme to be
earned out by 7 participating laboratories using this test arc
material

The test programme will fully characterise the forging. HAZ
and cladding materials and will include tests 'z determine the
properties for crack arrest, the local approach and the effect of
varying constraint. Work already carried out has confirmed that
the fracture toughness properties of the cylinder in the post-
weld beat treated condition will have transition temperature
toughness properties which have a high probability of
producing cleavage fracture during the test from one or more of
the defects.

Task Group 3 (Structural Analys is )
The Structural Analysis Task Group 3 has been responsible

for giving advice on the design of the test to ensure that the test
condiuons have a high probability of producing cleavage crack
growth. Over a dozen organisations have undertaken their own
tesi design analyses to optimise the test parameters. Work
earned out by Oak Ridge National Laboratory has been
published by Keency et al (1994). The results from all the
design analyses, published at the present conference (Bhandari
and McAllister. 1995), show that despite considerable

differences in approach, there is nevertheless substantial
agreement about the requirements for a successful
experimental design

Task Group 4 (Instrumentation!
The instrumentation requirements for the spinning cylinder

test have been agreed by Task Group 4. One of the key tasks is
not only to detect the event of cracking but also to measure
precisely the time at which crack inidation occurs during the
test. This is particularly difficult if such growth occurs under
the cladding. Current options are to use a combination of
measurements from locally placed strain gauges, crack mouth
opening displacements and potential difference methods.
Contributions are being made by organisations from Finland.
France, Germany and UK, with particular use being made of
experience from the Russian PTS tests at Promety (Keinancn et
al. 1992) Task Group 4 will also undertake measurements of
residual stresses in the cylinder both before and after the test
for input into the structural analyses. Preparations are being
made to test the cylinder in AEA's Spinning Cylinder Test
Facilities at Risley (Figure 5).

Task Group 5 (Evaluation)
A fifth Task Group for Evaluation has been responsible for

ensuring that the project objectives can reasonably be met and
for reconciling the varying requirements from the other Task
Groups. TG5 together with the NESC Steering Committee
have ensured the Project is now well on course technically and
continues to generate wide international interest

OTHER NESC PROJECT INITIATIVES
From the launch of NESC and its first project, NESC I, in

September 1993, the defined framework for the Network has
facilitated a significant increase in participation as well as
evolution and extension of the tasks to be executed. The
structure of the Network (Figure 6) shows that the Operating
Agent is in the hands of the European Commission's Joint
Research Centre, Institute for Advanced Materials. The
Operating Agent is responsible for the day to day running of
the Network, whereas the Steering Committee is the executive
body responsible for all decision making. Currently, the
Steering Committee has reached a membership of 25 covering
organisations from 9 countries of the European Union along
with the United States although plans are in hand to include
representation from former Eastern block countries as well as
Japan. It is considered that such an established Network is
ripe for the introduction of new projects now that NESC I is
firmly off the ground.

A total of five proposals arc currently under consideration for
Project status within rrESC. All are at different stages of
development and not all are suited to even medium term
implementation. Nevertheless, the adoption of a project within
the NESC framework requires considerable technical and
financial preparation and projects are being identified of



potential interest at least until the end of the century- Tb. five
areas under preparatory study are as follows:

l) Structural integrity assessment of Russian rcacior
steels under pressurised thermal shock conditions,
with special focus on circumferential weldments
containing defects under strip cooling conditions.
Within the scope of this project, it is foreseen to
afford the comparison between the three main
methods for assessing component integrity under PTS
conditions, namely the two different vessel tests at
the CRISM Promctey Laboratory in St Petersburg
and MPA in Stuttgart and the above mentioned AEA
spinning cylinder test. A draft proposal (sponsored
by the European Commission's Nuclear Safety
Programme of the Environment Directorate, DG XI)
for ttis project, , is on the table for the Spring 1995
Ste:nng Committee meeting;

ii) Transition weld integrity assessment under complex
loading conditions. This subject is of major interest
for both nuclear and non-nuclear plant components
where wcldmcnts between dissimilar metals are
finding increasing prominence. A proposal
encompassing all critical aspects of integrity
assessment is currently being formulated under the
direction of EDF, France, a founder Member of the
NESC Steering Committee.

in) Integrity assessment of cast austenibc elbow
components is another important study which could
contain all the necessary ingredients for a successful
NESC project, although its priority as a future NESC
project is currently assessed at a lower level than the
above projects due to its more limited international
appeal.

iv) Defects affecting integrity introduced through
corros'on processes also appear well suited to be the
focus of a multi-disciplinary NESC project.
Numerous occurrences of, for example, stress
corrosion cracking are known in operating
components and, in most cases, these are more
difficult to detect than purely mechanical defects.A
particularly critical example is found in connection
with transition weldments (potential area ii).A more
general proposal in the corrosion cracking area is
under formulation within the Operating Agent's
organisation with a major contribution coming from
another Member organisation of the Steering
Committee, AEA Technology (UK).

v) The final proposal under consideration is more
generic, covering the validation of a procedure for
defect assessment, PD6493, which has only recently
been released. This procedure is thought to be of
importance in the design and operation of a wide
variety of plant components from a range of

industries which, in addition to electrical power
generation, include chemical and petrochemical as
well as the offshore industry. The first phase of this
project is oriented towards extending and verifying
the scope and application of the procedure and a
proposal to this end involves both NESC and non-
NESC organisations. As a result of NESC's
orientation at the present time, this phase may be
supported outside the NESC framework.
Nevertheless the procedure will require validation
testing at some stage, probably on a large scale,
which will form an appropriate subject for NESC, at
a time when the expected evolution of NESC
proceeds to a multi-purpose, rather than solely
nuclear. Network.

CONCLUDING REMARKS
NESC is firmly established as a global network, primarily

involved in the process of validation of structural integrity
procedures by means of large scale experiments. The NESC I
cylinder has been fabricated and the important pre-cladding
defects introduced in readiness for the blind inspection trials
which will be completed in Spring 1996. The pressurised
thermal shock (PTS) experiment will be carried out around
mid-1996 with the final reporting early in 1997. The wide
interest in the NESC Network has led to the consideration cf
five further proposals as candidates to follow NESC I. Shared
cost research using large scale test facilities combined with the
networking of expertise are seen as means of raising our
understanding of complex structural mechanics issues leading
to improved standards of structural integrity assessment.
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FIG 1. INSTALLATION FOR THE NARROW GAP SAW WELDING
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FIG 4. NESC SPINNING CYLINDER AT FRAMATOME WORKS, CHALON-SUR-SAONE
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