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Abstract

Considerable progress has been made in the European Fast Reactor R&D
Collaboration during 1988. In parallel with the technical achievements, 1988
has been notable for the determination and willingness to adapt and improve
the various structures and procedures in the organization of the European
Collaboration.

Three important agreements on EFR were signed in Bonn, Federal Republic
of Germany on 16 February 1989:

Industrial agreement, as a basis for planning, design, future
construction and marketing of EFR

- R&D agreement on the content and extent of R&D support for EFR design
- SERENA-FASTEC agreement on know-how pool and royalties.

GENERAL INTRODUCTION

The main focus of the joint European Fast Reactor development programme
is the design of the European Fast Reactor (EFR). This project was
commissioned by the European Fast Reactor Utility Group (EFRUG) which
includes representatives of the organisations responsible for electricity
generation and distribution in the signatory countries of the 1984
Inter-governmental Memorandum of Understanding on Fast Reactor. The object of
EFRUG, in this respect, is to enable Europe to face up to her future energy
requirements in an economic and environmentally satisfactory manner.

Considerable progress has been made in the European fast reactor R & D
Collaboration during 1988 as will be demonstrated in this report. In parallel
with the technical achievements, 1988 has been notable for the determination
and willingness to adapt and improve the various structures and procedures in
the organisation of the European Collaboration and especially for the
institution of close, efficient and flexible relations between the R & D
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The overall direction of the European Fast Reactor R & D is carried out
by a Steering Committee (S.C.), comprising senior representatives of all the
signatory organisations. The SC makes all the major decisions related to the
R & D Project. It met twice during 1988, in May at Chester (UK) and in
November at Amsterdam (Netherlands). The next meeting is planned for May 1989
at Bouzigues (France).

A Management Sub-Committee (MSC), comprising one senior representative
of each member country, met six times in 1988 to follow in detail the work of
the AGTs (the initials are taken from Arbeits-Gruppen/Groupes de Travail) as
well as to approve the initiation of new work areas, to monitor progress on
existing work, to respond to requests for guidance from the design
organisations involved in the design of EFR (Work Packages (WPs), Progress
Reports of WPs, technical reports, ...) and also to progress two new types of
formal links between Design Companies and the R & D Organisations : the
Question/Answer Sheets and the Objective/Programme Sheets.

The Question and Answer Sheets are the means of advising the Design
Companies, on specific topics, drawing on the pool of knowledge that already
exists in the R & D organisations. The Programme Sheets are the responses to
requests submitted by the Design Companies (Objective Sheets), when there are
new R and D requirements to meet specific design needs of the EFR.

As a main link between the R & D Organisations and the Design and
Construction Companies, the Liaison Agents play an important role in the
coordination of the R & D requirements which are constantly evolving as the
EFR project advances.

There are currently 11 AGTs, each one meeting approximately every
6 months are covering a particular area of the programme. These technical
areas are as follows : fuel (AGT 1) , sodium chemistry (AGT 2A) ,
instrumentation (AG 2B), core physics (AGT 3), safety (AGT 4), core
components (AGT 5) , reactor tank (AGT 6) , thermal transfer systems (AGT 7),
reactor operation (AGT 8), plant structural materials (AGT 9A) and structural
integrity (AGT 9B). The specialists meet frequently in subgroups of their
AGTs or for discussion on technical topics involving several AGTs.

In order to assist the S.C. in assuring the smooth functioning of the
organisation, there is a permanent Technical Secretariat (SCTS) in charge of
liaison and administrative duties, which is located in Cadarache (France).

This structure has operated well for several years. It is modified
periodically to adapt to the evolution of the project. This was the case in
1988, notably concerning the requirements for efficient circulation of
information and results between the R & D and the Design Organisations.

Although the partners have been chiefly concerned with cooperation
within Europe, they have also benefited from useful exchanges with the USA
and Japan.

Delegations from Japan and Europe met in Paris between November 28 and
30 in the context of PNC/CEA-KfK-INTERATOM cooperation agreements. The two
delegations noted particularly the number and quality of the joint programmes
proposed.



inn A meeting of the USA/European LMFBR Coordination Committee was held on
the November 1 1988 at Washington D.C. in the course of which a willingness
was affirmed to cooperate on a number of detailed areas as well as the more
conventional areas : physics, fuel development, structural materials and
mechanics, natural convection and steam generator performance and
technology.

The present report is divided into two main parts :

- The first part deals with the conceptual design of EFR and was produced by
the Design and Construction Companies.

The second part presents a summary of the R & D work accomplished in each
AGT area, except in that of AGT 8, the activity report of which is
presented in the separate national papers.

I. PROGRESS WITH THE CONCEPTUAL DESIGN OF EFR

1. INTRODUCTION

At the request of the European Fast Reactor Utilities Group (EFRUG) the
nuclear design and construction companies, ANSALDO, INB (INTERATOM,
BELGONUCLEAIRE), NNC and NOVATOME have agreed to produce a common nuclear
island design for a fast reactor power station, known as the European Fast
Reactor (EFR).

The effective start date for the design was 1st March 1988. The overall
design period of five years is split into two phases, a two year concept phase
followed by a three year detailed design phase. After the first six month;,
work, in September 1988, a document was published which described the First
Consistent Design. This design is being used as a basis for gauging the
benefits of further developments resulting from continuing parallel studies. It
also serves as a base on which to establish the supporting R & D programme and
for judging national acceptability.

The Conceptual Design Phase is divided into four periods. At the end of
each of the first three of these periods a review leading to a consolidation of
the design will be held, known as a "remontage". The design will be
consolidated and fully reported in the fourth period.

A fundamental requirement of the design is that, with only minor national
tuning, it can be built and licensed in any of the member countries and be
securely based. It is also a prime requirement that the generation cost will be
close to that of thermal reactors built and operated under similar industrial
conditions. The objective of the Conceptual Design Phase is, therefore, to make
economic progress with respect to the previous national designs while
maximising the experience gained from them and the earlier operating plants to
ensure a securely based design.

While security of the design is largely dependent on the previous
experience, economic progress has necessitated inclusion of some innovative
features for which only limited support is possible at this stage. For these
features confirmation is required by further analysis and an R & D programme as
the design progresses. Such innovations have been limited to features which are
important to the achievement of economic goal.

2. DESIGN CRITERIA

Design criteria are determined by the requirements of safety, structural
design codes, and performance which are being set down by Design and
Construction Company joint working groups.

The main safety related events have been classified into those within the
design basis, covering operation, high frequency and low frequency faults, and
those beyond the design basis covering accidents where consequences may need
mitigation and those in the residual risk regime which may not require
mitigation. All the events in these categories have been listed and the
relevant criteria for safety related plant drawn up accordingly.

Structural design rules are based on the French RCC-MR code with
modifications and extensions which are based on increasing data and the
experience of the other European countries in fast reactor design and
construction. This is a continuing process and revised proposals have so far
been made on allowable design and creep stress, effects of irradiation and
sodium, and creep fatigue interaction. Further rules for which modifications
are proposed have also been identified.

Core burn-up is considered to be a most important parameter. A secure
design exists, capable of 15 at % burn-up, but in order to improve on the
performance of existing plants a target burn-up of 20 at % is aimed for.

Under prevailing conditions in each of the member countries, minimum cost
of a series of plants is achieved from large plants employing the maximum size
of turbine available. An important objective of EFR is to demonstrate all the
features of future fully commercial plants with respect to safety,
construction, operability and availability, and cost. It will therefore have a
capacity similar to that of the largest current thermal reactors.

The overall operating characteristics have been based on those of CDFR,
SPX2 and SNR2 which had all been optimised and which are also very similar,
leading to specification of reactor inlet and outlet temperatures, and steam
generator feed and steam temperatures. A preliminary operating load range of
33 % to 100 % full power has been specified together with requirements for shut
down, for operating with shut down secondary circuits and post-trip
procedures.



The leading plant performance and design parameters are given below

Leading Station Performance Parameters

Reactor heat output
Alternator output
Net electrical output
Net efficiency
Core inlet temperature
Core outlet temperature
Feed temperature
Steam temperature
Steam pressure (at SGU)
Primary pump flow rate
Primary circuit pressure drop
Secondary pump flow rate
Secondary circuit pressure drop
Fuel linear rating (nominal max BOL)
Fuel linear rating (nominal max EOL)
Fuel clad temperature (nominal max)
Burn-up (target value)

3600 MWt
1520 MWe

1421 MWe
0.395
395°C
545°C
240°C
490°C
185 bar
19293 kgs-1

5,4 bar
15327 kgs-1

approx. 4
520 Wem-1

410 Wem"1

630°C
20 at %

bar

3. PROGRESS

The First Consistent Design published in September 1988, consisted of a
series of preferred features for each design area. Other recommendations,
considered worthy of further effort, were listed as Preferred Alternative
Options and Other Alternative Options. As a result of work carried out in the
latter part of 1988, the number of options has been reduced to a list called
Alternative Options. In addition, the First Consistent Design features have
been firmed up and renamed the Consistent Design to indicate an intermediate
stage before the Second Consistent Design which will be defined in
September 1989.

The state of the various areas of the design is as follows :

3.1. Core

The secure design is identified as the homogeneous core with
15.15 Ti/1.4970 clad but more work will be concentrated on the high burn-up
options. These are a homogeneous core with advanced clad, e.g. PE16 or an
axially heterogeneous core with 15.15 Ti/1.4970 clad or more advanced clads.

The radially heterogeneous core and single batch core options have been
151 dropped.

3.2. Primary systems

3.2.1.Upper closures

The Consistent Design is a warm roof with hung support and gas cooling but
it remains to confirm whether an insulated roof is needed for passive cooling
conditions. A compressive support is also being studied.

3.2.2.Vessels and Internals

The Consistent Design uses a deversoir on tho main vessel for thermal
protection, a separate core support structure and diagrid, and internal fuel
storage cooled by forced circulation. The Alternative Design has a gas dam off
the main vessel instead of the deversoir, an integrated core support
structure/diagrid and natural circulation cooling for the internal fuel
storage. This last may be with or without a baffle.

3.2.3.In-Vessel Handling and Absorber Rod Mechanisms

An intermediate transfer is proposed to reduce the size of the rotating
shield. This is achieved with two handling machines, one in the centre of the
Above Core Structure (ACS) and one in a rotating plug. Diversity in the
absorber rod release systems is provided by mechanical and hot magnet
attachment. A stroke limitation device prevents unprotected rod withdrawal.

Alternative Options are a receiver for sub-assembly handling and an
elevator.

3.2.4.Integrated Components

The Consistent Design comprises classic style IHX's with gas bell seals
and mechanical valves. The pumps have single impellers, top entry and
subcritical shafts.

Alternative Options for the IHX's are raised upper tubeplates and syphon
feed bells, hybrid heat exchangers and mechanical seals. Alternatives for the
pumps are supercritical shafts and inducer impellers.

3.3. Secondary System

The Consistent Design is a REGAIN system with mechanical pumps and
straight tube SGU's using ferritic T91 (US modified 9 % Cr) steel but the
number of loops (3 or 6) is still open.

The options of using EM pumps, or a classical system in place of the
REGAIN system are still under consideration.

3.4. Decay Heat Removal

A range of options is being studied and selection of the Concept Design
will be made at the Second Consistent Design.



•JJ2 The Consistent Design has 3 immersed (dip) coolers in the hot pool
connected to 3 air coolers. It has to be resolved how diversity is achieved,
the options being : diversity from the steam plant, diversity from installing 6
DHR loops with dip coolers and air coolers of different design and diversity
from air coolers branching off the main secondary circuits. The improvement of
core circulation with coolers in a direct flow path between pools is being
considered.

3.5. Secondary Fuel Handling

The Consistent Design uses an A-frame for transfer in sodium from the
reactor vessel to the handling facilities. The process is to wash at 5-10 kW
and store to 2 kW in water. Alternative Options are :

a/ transfer at 2 - 2.5 kW, wash and transport in gas.
b/ transfer at 5 - 10 kW in gas, wash and store to 2 kW in water.
c/ transfer continuously under sodium at 5 - 10 kW and store/transport in

sodium filled canisters in casks.

3.6. Nuclear Island

The Consistent Design has cylindrical buildings and horizontal seismic
protection for safety related buildings. Careful consideration is being given
to the location of safety related plant such as fuel handling and essential
electrical supplies.

3.7. In Service Inspection and Repair

This is considered to be an important aspect for BFR. Important design and
R & D tasks have been identified.

3.8. R & D

The R & D programmes have been substantially re-aligned to the
requirements of EFR, with formal procedures implemented for the designers to
make known their requirements and for the R & D responses to those needs
(cf. General Introduction). For a number of important areas, Core, Primary
Circuit Thermalhydraulics, SGU's, Decay Heat Removal, and ISI and Repair,
requirements and responses have been recently presented formally to EFRUG.

II. PROGRESS WITH THE R&D WORK

1 - FUEL (AGX 1)

1.1. ISTRODnCTIOH

The collaborative European R & D programme on Fuels and Core materials is
concentrated on support of the EFR design. The EFR fuel pin design target is
for a peak burn-up of 20 atom %, 170 MWd/kg and 180 dpa NRT with a first core
target of 15 % burn-up and 135 dpa NRT. In the First Consistent Design for EFR

the fuel pin is of 8.65 mm outer diameter containing homogeneous oxide fuel,
clad in austenitic stainless steel (modified 15.15 Ti/1.4970). Alternative
options under consideration are :

PE16 clad (high nickel alloy)
Axially heterogeneous pins
ODS clad (Oxide Dispersion Strengthened ferritic)

The wrapper material chosen is martensitic FV448/1.4914 or EM10.

1.2. PROGRESS OH HABMOHISATIOH OF SPECIFICATIONS AHD PROGRAMMES

Within the collaboration specialist meetings in 1988 have agreed that
these are the most promising alloys and have gone on to agree common European
specifications for 15.15 Ti/1.4970 and for FV448/1.4914 alloys.

Another specialist meeting examined the different developments of
descriptive equations for irradiated material properties current in the
different nations in the collaboration. Such equations are important in design
and modelling. Further actions required to establish common material
specifications and common descriptive equations were agreed. Equally the
actions needed to complete production of a common European data set for
unirradiated fuel properties by 1990 have been agreed.

Three specialist meetings on failed fuel experience have been held
surveying the experience in PFR, Phenix and KNK II and a comprehensive report
defining the data base, the degree of understanding of failure development and
the resulting R & D needs for EFR is in preparation.

Major progress has thus been made in harmonising and organising joint
participation in the R & D programmes backing the EFP. fuel and core material
choices, and this has been extended also to the programmes on absorbers and
radial blanket subassemblies.

1.3. IRRADIATIOH PROGRAMME HIGHLIGHTS

Notable in 1983 was the achievement of 20 % burn-up in a PE16 clad cluster
in PFR and its non destructive inspection and return to the reactor for further
irradiation. The leading PE16 clad subassembly in PFR is at 17.5 % burn-up
130 dpa NRT and the leading PE16 clad subassembly to complete PIE is at 16 %
burn-up, 116 dpa with the pins in good condition.

Pins clad in the optimised version of 15.15 Ti/1.4970 have reached 15 %
burn-up, 130 dpa in Phenix with moderate and acceptable voidage swelling.
Notable also has been the completion of PIE on axially heterogeneous fuel pins
at 15 % burn-up and 95 dpa from Phenix showing low clad internal corrosion.
Forward plans for axially heterogeneous fuel irradiations include seven
subassemblies of axially heterogeneous pins to be loaded together in Phenix
core centre area.

Irradiation of ODS ferritic clad pins has reached 10.3 % burn-up 92 dpa in
Phenix with further irraditions proceeding targetted for 150 dpa.



Leading ferritic/martensitic wrappers in FV448/1.4914 alloy are at 122 dpa
in Phenix and 100 dpa in PFR.

The table 1 shows the current statistics of fuel pins in EFR cladding
alloys in Phenix and PFR (the 1988 column) with projections forward on current
core loadings and reactor programmes to show the cumulative irradiation
experience which should accrue allowing final design choices for EFR to be
made.

TABLE 1

PIN STATISTICS FOR PE16 AND 15.15 T i CLADDING
(CUMULATIVE NUMBERS OF PINS)

öpa (KT
RANGE*

PE 16 ( 5 . »

100-115
115-130
130-150

15.15 T i / 1 . '

105-120
120-140
140-160

BURN-UP

Mrfd/kg

• rnn and 6.6

135
150
170

1970 (6 .5 im

100
115
135

irni CD Pins l

16
17.5
20

1988

n PFR)

665
344
19

Pins in Phenix)

12
13.5
16

2800
900
19

1S89

1274
953
344

6100
3700
450

1990

2050
1199
874

9600
7200
1750

1991

3435
2789
1934

14100
8900
2000

1992

7600
7279
4354

29500
18200
6000

* Ranges of dpa are given for inner core (upper values) and outer core (lower values) positions

2 - SODIUM CHEMISTRY (ACT 2A)

2.1. INTRODUCTION

In the frame of the cooperation in the field of the EFR development, the
AGT2A deals with all chemical problems. The area is divided into 10 Work
Packages (WPs) which have been delegated to the corresponding specialists.

The later review of these R & D subjects which had been originally defined
for the purpose of SPX 2 and SNR 2 matters, pointed out that all WPs were also
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2.2. BASIC STODIES OH THE CLEANING PROCESS TO APPLY TO THE "BARILLET'' (fuel
storage vessel) of SUPER PmiHlJC

This mechanically cleaning process has been defined, developed and
qualified in order to clean the main vessel and the innerside of the outer
vessel of the Super-Phenix storage drum (barillet).

None of the current conventional cleaning methods were suitable for such a
specially shaped component made out of 15 Mo3 ferritic steel. Moreover this
component is located in the reactor building and communicates with the reactor
block.

The cleaning operation had to be performed on site after draining the
sodium of the barillet, converting the residual sodium on the walls into sodium
carbonate, and air filling of the vessels.

Carbonates can be mechanically removed in the dry state by abrasive
blasting. A series of preliminary tests has been carried out in order to select
one abrasive with high stripping efficiency, good recycling capacity, little
effect on the cleaned metal surface roughness and low cost price.

When the results were analyzed, the sintered iron oxide shot proved to be
the best of the abrasives tested.

Then a second series of tests has been performed on a full scale mock-up
in 15 Mo3 of the intermediate vessel section contaminated with sodium deposits.
The objective was to optimize the utilization parameters : compressed air
pressure, target/nozzle distance, angle of incidence and sweep speed.

The test programme conducted on this novel cleaning process substantiated
satisfactory cleaning of equipment compatible with its subsequent reuse.

2.3. MECHANISMS OF REACTION OP CARBON DERIVED FORH OIL WITH SODIDM

The UKAEA has studied the mechanisms of reaction of carbon derived from
circulator oil with sodium in order to obtain a background understanding of the
process prior to work on oil ingress detection systems.

Oil-sodium reaction products obtained by reacting 1 g of oil with 15 g of
Na at pre-reaction temperatures of 300°, 350° and 400°C showed that they still
contained significant amounts of methane when they were inserted into the loop
sodium and the times to achieve equilibrium were 16 days, 30 hours and 10 hours
for reaction temperatures of 300, 350 and 400°C respectively. By contrast the
total amount of methane entering the gas space at equilibrium decreased with
increasing temperature, and values recorded in the gas space were 750, 670 and
300 vpm for the respective temperatures of 300, 350 and 400°C.

Although the reason for this decrease with increasing temperature has not
been investigated it may be due to the fact that the products are sufficiently
pyrolised to forms where carbon release, as methane, is limited. Increasing the
temperature of the sodium above 400°C produced no further increase in the
methane level and the products (or part of the products) according to Harwell



154 carbon meter readings, gave carbon activity values of 1-2, with respect to
graphite, once the sodium temperature was increased to 520"C.

The experimental programme has also identified that when the oil enters
the sodium at the different reaction temperatures, the evolution rate of CH4
is associated with a first order reaction which has an activation energy of
25 k Joules/mole. After evolution of the various off-gases it appears that the
second stage is associated with the formation of a compound which produces high
transitory carbon activities (>>1) and which is slow to decompose in sodium
environments below 550°C when they are satured with oil-sodium reaction
products. It is noteworthy that the observed behaviour of this compound is
similar to that reported by CEGB Berkeley Nuclear Laboratories for disodium
acetylide

In most experiments there was no strong evidence of CH4-sodium
interactions although in one or two instances some decrease in CH4 level was
observed after the steady-state level had been held constant for some period of
time. The possibility that this may be due to reaction with the sodium or some
thermal decomposition of CH4 at 530°C is being investigated. In addition
there was difficulty in obtaining equilibrium between the CH4-H2 mixtures
in the gas space and the carbon species dissolved in the sodium, which meant
that the chemical activity of the species could not be estimated. This was
attributed to the variable behaviour of H2 in the sodium at the different
temperatures of loop operation.

2.4. USE OF ETHYLCARBITOL FOR SODIUH REMOVAL

During maintenance and repair work and, in individual cases, for the
decommissioning of contaminated sodium loops, residual quantities of sodium
must be removed while minimizing the corrosion loading of metal surfaces and
excluding safety risks. If gentle removal of sodium is successful, not only
from dismantled individual components but also from the still intact loop or
loop sections, the subsequent decontamination and repair measures can be
performed at a lower cost with reduced radiation exposure of the personnel.

A method has been developed in France using the heavy alcohol
ethylcarbitol (EC) for the removal of sodium - also in the form of plugs in
narrow tube systems. This should be used on a technical scale during cleaning
of the primary system of the Rapsodie reactor.

Initial INTERATOM Laboratory experiments with EC very quickly showed that
the new cleaning procedure was suitable for further applications in sodium
technology. An experimental loop, which was to be decommissioned in any case,
provided with an opportunity of using EC in practice. In addition to sodium
removal with EC, the low radionuclide inventory also made it possible to
simultaneously test decontamination by means of soft pickling. It was to be
expected that the loop would be free of contamination and could be dismantled
without any problems at the end of the cleaning process.

The loop consisted of two separate systems. The primary system had a
volume of approx. 160 1, the secondary system of 280 1. The EC quantity used
was such that the secondary system could be completely filled. The alcohol was
added in portion-by-portion at room temperature. Thereby the entire system was

inerted with nitrogen. The continuously measured hydrogen formation in the
cover gas was a measure for the reaction rate. After complete filling and
termination of the hydrogen release, the system was heated up to approximately
130°C whereby it was circulated with a chemical pump. With liquefaction of the
sodium, plugs can even be removed in this way. Using this method, sodium can
also be removed from dead spaces without any problems.

Apart from local overheating with subsequent thermal decomposition of the
EC, sodium removal was performed without any serious problems. Post cleaning
was effected in a flushing step with water, followed by pickling with buffered
citric acid (7 %, pH 3) first of all at room temperature and then for 12 h at
80°C. Finally there was a further flushing step with subsequent drying.

Concurrent analyses of the cleaning solutions indicated that the actual
decontamination was performed in the pickling step. It was possible to verify
that the loop was free of contamination by means of a radioactivity
measurement.

For economic realisation of the cleaning process, practical methods for
requalifying alcohol and pickling solutions are an important supplement. While
tests performed to date have indicated hardly any problems with the process
technology for the pickling solution, a method for alcohol had to be
developed.

In the meantime, sodium removal with EC from more complex reactor
components has been successfully tested following sodium testing for technical
inspections and subsequent reuse. Cold traps (still without radioactivity
inventory) are the latest test objects.

3 - INSTRUMENTATION (AGT 2B)

The following instrumentation developments are being investigated for
EFR.

3.1. FAILED FUEL DETECTION

The European partners are implementing a common programme to calibrate the
delayed neutron safety systems in the European fast reactors. This programme
involves the irradiation of reference uranium-nickel fission product sources.
This will provide an absolute calibration of these systems, a comparison of the
above core plenum hydraulics with water and calculational models, and a common
scale for the intercomparison of the clad failure experience in reactors and
loops.

The first irradiation experiments in SPX1 have been carried out, the
KNK-II source is available and will be irradiated in the near future, while for
PFR the water model tests have recently been completed and the source design is
underway.

An experimental delayed neutron detection system has been installed in
Super Phenix. This integrated DND system consists of fission chambers installed
in thimbles and positioned in the intermediate heat exchangers. The first
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results from this system have been reported. A very satisfactory performance
has been demonstrated confirming that such a system will allow considerable
improvement and cost reduction for a delayed neutron safety system in a large
fast reactor particularly with regard to the integrated reactor concept.

Further progress has been made at KNK-II with the identification of clad
failures by flux tilting and dry sipping (sniffing of subassemblies held in
argon at reduced pressure).

The European partners have agreed to bring together their experience with
clad failures in reactor loops and fault studies into a common database. This
database will provide support to the reactor safety case and to the design and
development of an on-line system for managing reactor signals.

3.2. TEMPERATURE MONITORING

In EFR there is concern to avoid positioning structural components in the
above core plenum directly above the core/breeder boundary, as temperature
fluctuations there might cause fatigue. This makes it difficult to mount
thermocouples to measure breeder outlet temperatures and ultrasonic methods are
being developed to provide remote sensing. The method depends on the fact that
the velocity of sound in sodium varies with temperature so that if the velocity
of sound can be measured temperature can be deduced. In the reactor the
velocity of sound accross the top of a subassembly will be measured by
observing reflections of a shallow beam from both the near and far surfaces.
The difference in the times of arrival of these reflected pulses gives the
transit time and hence the velocity. An important advantage of the technique is
that the temperature is measured directly at the mouth of the subassembly, not,
as in the case of thermocouples, some distance above. In addition the technique
has the ability to measure temperature noise which is known to be a predictor
of local overheating in a subassembly. Experiments in water have shown that,
although the turbulent mixing of the jets from the sub-assemblies in the line
of sight distorts the ultrasonic beam, sufficient echoes are received. The
feasibility study is now to be extended to measurements in a sodium rig and
then, possibly, in PFR.

3.3. NEUTRON FLUX MONITORING

The work is aimed at specifying and demonstrating neutron flux measuring
instrumentation appropriate to EFR, which can be used within the vessel to
determine the reactor power over the entire working range and at temperatures
up to 650°C. Neutron chambers have been constructed and will be tested in a
special irradiation facility in the KNK-II reactor. Special attention is being
giver, to specifying the quality assurance programme necessary for the
production of the EFR chambers.

3.4. SODIUM LEAK DETECTION

Leak detectors have been developed and installed for the reactor operator
as part of the general monitoring of satisfactory performance. For EFR the
leak-before-break concept is being considered as a protection against

containment failures. This requires that the leakage of sodium through a crack
be reliably detected before the crack reaches a critical length. Following a
review of experience of sodium leaks a development programme is being planned.
This includes the prevision of a test facility FUTUNA at Cadarache which will
be used to characterise the leaks from simulated cracks. For the primary vessel
an inductive sensor is being investigated to give high reliability. For the
secondary circuit new methods of detecting insulated components will be
examined.

3.5. ACOUSTIC MONITORING

Acoustic (and ultrasonic) transducers will be used for a variety of
applications in EFR. The European experience is being reviewed and a quality
assurance programme will be specified and demonstrated for the production of
reliable devices.

One important application is the detection of sodium leaks in EFR Steam
Generators. This has been emphasised by the further analysis of the
sodium-water event in PFR superheater 2 in February 1987. Measurements have
been made on operating plant, particularly on PFR and Phenix over the present
period, both to establish background levels and to monitor for excessive noise
arising from causes such as tube impacting. Measurements of the signals arising
from sodium-water reactions from out-of-pile rigs have also been made. This has
enabled estimates to be made on the detection sensitivity for EFR. Tests are
being prepared on out-of-pile rigs, on Phenix and on Super Phenix to
investigate both passive monitoring and an active technique. The latter relies
on the absorption by hydrogen bubbles of the sound transmitted between an
acoustic transmitter and a receiver.

3.6. UNDER-SODIUM ULTRASONICS

The monitoring of structures submerged beneath sodium has been a major
topic for the development of ultrasonic techniques. The essential principle is
to be able to measure the dimensions of the structure precisely throughout its
life. Since fast reactor internal structures are built with substantial reserve
strength, partial failure of the structure can be detected by slight, but
exceptional, movements.

A number of ultrasonic techniques have been developed. Pulse echo methods,
used on both PFR and SNR 300 are capable of measurement precisions better than
0.2 mm. Higher precisions are possible, either by computer analysis of
ultrasonic echoes, or by so-called "continuous wave" techniques. Ultimate
precisions are better than 0.01 mm but in these circumstances actual accuracies
are much worse because errors due to engineering tolerances etc tend to
dominate. In all cases, sodium condition is important, for temperature and
entrained gas variations can influence the measurement. Submerged reference
gauges can solve the problem. The worse case situation investigated, a study
for the RNR 1500 redan structure, gave an estimated total measurement error of
1.6 mm. With careful choice of measurement conditions however, (eg. for the
core support of SNR 300) accuracies of 0.1 mm can be achieved.



ice Development of under-sodium visualisation techniques continue. Studies for
a mechanical manipulator, for testing in a loop at Cadarache then followed by
tests in Phenix, has been completed. The study included flow vibration and
imaging tests under water.

A programme to instrument a Cadarache sodium loop for the monitoring of
entrained gas levels during primary pump tests has been agreed.

4 - CORE PHYSICS (AGX 3)

4.1. INTRODUCTION

The European partners earlier agreed to harmonise the data and methods
used for the neutronic and shielding calculations.

A unique data base (JEF-2) is to be used together with a unique
cross-section processing code (THEMIS). A new cell code (ECCO) has been
specified and it will shortly be completed. New tools available for the
planning and analysis of experiments (sensitivity and uncertainty analysis)
will be used.

A common integral data bank is developed, which will allow use of a large
base of integral experiments to validate (or eventually to adjust) the nuclear
data. Finally, these cross-section data will be used in a common code scheme,
for which work has already started.

A joint critical experiment programme (CONRAD) was agreed and has started
on the Masurca critical facility in Cadarache. The interpretation of the
experiments will permit the reduction of uncertainties for design purpose.
These results will supplement the substantial information produced during the
interpretation of the SPX-1 startup experiments by a combined team operating
mainly at Cadarache.

In Britain shielding experiments are in progress on the Nestor facility
and the Helios Linac has been used to make differential cross-section
measurements for inclusion in the JEF database.

A brief description of recent activities is given.

4.2. REACTOR PHYSICS DATA

The decision was made to use the JEF-2 data file as the starting point for
all the calculations in the joint programme.

In practice, both core and shielding data will be derived from JEF-2, for
multigroup diffusion and transport calculations or pointwise Montecarlo
calculations. The same data base will be used for fuel cycle calculations,
f-heating calculations and other ancillary calculations (damage cross-sections,
activation, etc . . . ) , to ensure consistency between different reactor physics
parameters. Requirements for data have been specified and as far as possible,
they have been taken into account by the JEF project, for example for
^-production data for the major fissile and structural materials.

The Harwell Helios Linac has extensively contributed to the cross-section
measurements for the JEF programme. Recently new measurements have been made of
the 13Na total cross-section, leading to better definition of the troughs in
the cross-sections (windows) which are important in shielding calculations.

Tho NJOY code developed at Los Alamos has been taken as a basis for the
development of a data processing code THEMIS. Some improved algorithms have
been introduced in the code, while several algorithms of the original NJOY code
have been fully tested and subsequent modifications have been made, in
particular in KERMA factor and photon-production processing routines, and in
the thermal energy data processing routines.

In addition an important step was taken to define common and agreed
self-consistent multigroup structures for different applications (core physics,
shielding, f-heating, et c . . . ) .

4.3. THE HEW CELL CODE ECCO

The analysis of the performance of the existing European cell codes for
fast reactor applications (KAPER, MURAL, HETAIRE) has shown their shortcomings
compared with the target accuracies on the main design parameters. A new code
ECCO, is therefore being developed. The function of ECCO is to process data
from a JEF multigroup library in order to produce the broad-group
cross-sections required for reactor core or shield calculations. The
applications include both power reactors and critical facilities.
Cross-sections are required for materials in the core, radial blanket,
reflector and shield, including special components such as control rods or
control rod followers.

Two types of calculation are distinguished : a "cell calculation" and a
"macrocell calculation". A cell calculation is used to produce cross-sections
for a reactor lattice cell, which usually has a heterogeneous structure and is
treated as being in a lattice of identical cells. Macrocell calculations may be
used for special components in the core (such as control rods) and for radial
blanket, reflector or shield regions. In this type of calculation several
regions of the reactor or shield are modelled and cross-sections are produced
for some or all of these regions.

Cross-section condensation into fewer energy group is carried out by
calculating fine group flux spectra, by the subgroup method, or by a
combination of both. Fine-group flux calculations may be performed for the
detailed heterogeneous geometry or for homogenised material. The subgroup
method treats resonance shielding effects, taking account of the detailed
heterogeneous geometry ; it may be used at the fine group or broad group level.
The spatial averaging of cross-sections is based mainly on volume x flux
weighting, but special methods are provided for generating effective diffusion
coefficients for heterogeneous cells and for producing effective cross-sections
and diffusion coefficients for control rod and control rod followers and
diluents.

A first version of the code is operational which can handle broad and fine
group flux calculations, self-shielding for homogeneous and ID geometries with
the sub-group method and collision probabilities.



4.4. THE COMMON CODE SYSTEM ERAHOS 4.6. INTEGRAL EXPERIMENTS

At present four code systems are in use among the European partners for
neutronics and shielding calculations. It was agreed to study the feasibility
of a new common code system as compared to the modification of an existing one.
Taking into account the manpower sources available, it was decided to choose
the latter way after a User Requirements Definition Document and a Software
Requirements Definition Document had been completed. It has been agreed that,
on a long term basis, the existing systems be abandoned in favour of an
incremental development of the CEA system CCRR to be called "ERANOS". Each
group will implement CCRR and the work will be shared cut for the definition of
standard algorithms and related data structures.

4.5. ANALYSIS OF SPX1-STARTOP TESTS

This activity has been carried out by a European task force, operating
mainly at Cadarache and is nearing completion.

During 1988 a large amount of effort was directed to the control rod
calculations and many of these results were presented at the IAEA specialist
meeting in Winfrith in December 1988.

In this field, in the "standard" calculation route adopted at Cadarache,
heterogeneity effects are taken into account directly by adjustment of control
rod cross-sections, whereas transport and finite mesh size effects are
evaluated separately, depending on the particular control rod configuration. A
new method has been proposed that allows the evaluation of control rod worths,
flux distributions, MSM (Modified Source Multiplication) factors, etc ...
taking into account, at the same time, heterogeneity-transport-finite mesh
size effects by modifying the related cross-sections. Comparison between
experiment/calulation values obtained by this method and by a "standard"
reference method showed a maximum deviation of about 3 % on control rod
worths.

As well as using CEA methods and data at Cadarache in the analyses of the
start-up tests, former Task Force members have also been analysing the
experiments using the current design methods and data of the participating
countries. This work includes alternative methods for treating heterogeneity
(UKAEA) and Monte-Carlo methods (INTERATOM).

In Germany, three-dimensional transport calculations with an approximate
description of the absorber heterogeneity revealed good agreement with the
experimental values of different absorber configurations within ± 5 %.
Diffusion theory calculations overestimated the experiments by 5 - 10 % which
can be improved by an application of a transport correction. Generally,
adequate modelling and the necessity to provide proper corrections for
heterogeneity, mesh size and transport effects became obvious in these
evaluations. A careful study to determine the correction factors necessary to
apply the MSM method showed that two-dimensional calculations are
sufficient.

In addition, axial and radial profiles or reaction rate distributions
measured during the SPX1 start-up have been evaluated showing good agreement
within the fissile zones. The evaluation of the distributions of fuel

13/ subassembly power with different absorber insertions is still in progress.

The integral experiment programme BALZAC in MASURCA was completed
(June 1988). The main objectives of that programme were :

a) The studies related to control-rod heterogeneity effect and which were
made in support to Super Phenix startup experiment analysis.

b) The heavy isotope reactivity/atom assessment.

c) An internal fuel storage simulation study.

d) A study of the energy deposition in steel/Na subassemblies and control
rods.

Recer.tly, in the framework of the European cooperation on Fast Reactors, a
critical e:cperiment programme (CONRAD) has been agreed, and will be performed
on the MASURCA critical facility in Cadarache.

This programme has the following objectives :

study of advanced concepts for LMFBRs (in particular, axial heterogeneous
cores) ,

- uncertainty reduction for control-rod worth and power distributions in large
povar reactors, both in normal operation conditions and in safety related
configurations,

- study of specific design characteristics (e.g. neutron flux monitoring).

Three phases of the programme have been defined :

- CONRAD-AX, for axial heterogeneous core studies,
- CONRAD-ST, for a systematic study of control-rod worth uncertainties,
- CONRAD-DC, for the study of highly decoupled core configurations, to enhance

flux tilting.

The CONRAD-AX programme, which is now underway is divided into three
phases : two different positions and thickness of the fertile zone and the
simulation of Pu build-up in it. Critical configurations with different rod
insertions are also planned for each phase.

The last two cores, CONRAD-ST and CONRAD-DC will be the largest assemblies
ever built in a European fast breeder critical facility (approximately
1.9 metric tons of Pu).

4.7. SHIELDING EXPERIMENTS AND STUDIES

Traditionally relatively large uncertainties have been found acceptable in
calculations for biological protection, as the cost of overdesign at the edge
of the radial shield is not great. However, special problems arise in LMFBRs of
recent design demanding high accuracy. Examples are the neutron flux and
spectrum at the Intermediate Heat Exchanger, because of activation of the
secondary sodium ; the same applies outside the radial blanket, because of the
likelihood of spent fuel storage being sited there ; and also the neutron dose
to structural components such as the core support grid and the instrument
supports above the core, because of their possible distortion.



ico To improve knowledge in these areas, a programme of fundamental
measurements (JANUS) is under way at Winfrith, with assistance in staff and
materials from the other European partners. JANUS is mounted in the ASPIS cave,
using a source of neutrons from a fission plate on the NESTOR reactor. A mild
steel filter produces a spectrum typical of leakage from a radial blanket.
Measurements completed so far include penetration through 400 mm stainless
steel, and through 220 mm stainless steel followed by sodium. To provide
spectrum information, foil scans were carried out with S, Mn, Rh and Au foils.
Further work is planned on special absorber materials such as B4C.

4.8.FINAL REMARKS

Compared with the fast reactors studied up to now, the EFR is
characterised by an increased core volume, a much higher target burnup and the
axial heterogeneous concept as a Preferred Alternative Option. These
characteristics require an improvement of the prediction of the important
parameters (e.g. power distribution, control rod worth, burnup reactivity loss,
shielding), which can be obtained by the provision of improved nuclear data and
calculation codes (JEF-2, ECCO, the common code system), and by the validation
of the methods with the analysis of critical experiments designed to simulate
specific aspects. In this respect, the axially heterogeneous CONRAD-AX
configurations and the large core simulation configurations CONRAD-DC and
CONRAD-ST, are particularly relevant. The efforts presently in progress or
planned in the R & D are closely tuned to the requirements from the EFR
Project.

5 - SAFETY (AGT A)

The AGT A working group coordinates R &. D for fast reactor safety.
Progress in 1988 is reported according to the following Work Packages.

5.1. REACTOR DYNAMICS IN HORHAL AND DESIGN BASIS ACCIDEHT CONDITIONS

A model for the water/steam system was tested as a stand-alone program
within the 1-dimensional thermalhydraulic DYANA code system of INTERATOM. A
combination with DYANA models for reactor, Na loop and plant control leads to
an overall model to simulate normal plant operation behaviour. Further
improvements and extensions of the DYANA code have been achieved for air cooler
modelling and by coupling DYANA with the 2-dimensional ATTICA code. Some
calculations served to explore the possibility to use the ATTICA code with
coarse spatial grid when ATTICA is coupled with DYANA.

The HYDRON code serves to calculate incompressible steady-state and
transient flow and pressure distributions. Model improvements for long term
drainage and leakage simulations have been achieved concerning large
displacements of free surface levels and movements of gas/liquid interfaces as
well as liquid slugs through a branched piping system. HYDRON calculations in
benchmarking with the codes ARK (UK) and REACNOV (France) have been
documented.

By integrating the NADYN code within the DYJJ code system, the DYN
modelling of transient natural circulation has been improved. This code system
is the reference one developed by CEA and NOVATOME for normal and abnormal
plant operating behaviour.

5.2. DECAY HEAT REMOVAL BY NATURAL CIRCULATION

The KfK test loops SLAB, RAMONA and NEPTUN operating with water as a
medium are models of the reactor vessel varying in scale and dimension. Most of
the tests in the 2D-slab models are finished. The 3D-RAMONA test rig is running
for steady-state experiments. Its main parameters to be varied are : decay heat
rejection with 2 or 4 immersed coolers operating, geometry of the
instrumentation plug, radial power distribution in the core, flow into the core
and core power. The NEPTUN test rig is under construction, component tests were
carried out. Calculations with COMMIX and ATTICA as well as further theoretical
work are in progress.

INTERATOM has begun construction of the ILONA facility in order to test
the sodium/air heat exchanger for decay heat removal. Start-up of ILONA is
expected in early 1990.

Three-dimensional simulation of the PFR cooler/pool interaction has been
made using the ASTEC code. The anomalous temperature behaviour during all PFR
experiments was clarified.

COLTEMP, an axial temperature measurement device, has been placed in the
hot plenum of PHENIX. First transient measurements were performed end of
1988.

The entire Work Package will be updated in the next few months, with a
view to the new EFR project.

5.3. SUBASSEMBLY (S/A) ACCIDENTS

Qualification of the SURPASS code has been achieved for the phenomena
limited inside a blocked S,'A ; developments are under way for the breach of the
wrapper tube and for propagation to the neighbouring S/As.

In SCARABEE (total blockage of S/A), in 1988 two further tests were
performed : they concerned internal phenomena of the blocked S/A "molten pool"
physics, and intersubassembly propagation. The first phase which includes
fourteen tests will end in 1989 by one test with irradiated pins and one test
concerning propagation within the neighbouring subassembly.

The 6th coolant blockage experiment in the Mol 7C series (Mol 7C/6) was
carried out in the BR2 reactor with a high-burnup S/A from KNK II. In agreement
with other Mol 7C experiments, the high burnup caused a considerable pin-to-pin
failure propagation. The protective instrumentation of the bundle worked well.
The SIMMER II safety code was used for simulating failure propagation in the
Mol 7C/5 experiment ; it turned out that special precaution must be taken to
avoid stability problems of the code.

The ELISE loop in the SILOE reactor resumed operation in Oct. 1988, for
failed fuel experiments.



In out-of-pile bundle experiments of the SIMBATH series, the course of a
LOF-TOP (Loss of Flow - Transient Over Power) was simulated with thermite. For
this purpose, the bundle of the simulated fuel rods was combined with a bundle
of electric heaters in the upper simulated blanket. Special test conditions
allowed the hydraulic conditions and the temperature profile to be approximated
to those expected for a fuel element still filled with monophase sodium at the
onset of a power transient.

5.4. SODIPM FIRES

The combined pool/spray fire common test matrix in KfK (FAUNA) and CEA
(mainly in ESMERALDA) facilities was performed with the exception of 2
additional tests with higher Reynolds number to be performed in the new FAUNA
facility. Qualification of the corresponding NABRAND and FEUMIX-PYROS codes are
in progress.

In the ESMERALDA facility, the last experiment of the common EDF-CEA-ENEA
programme was performed.

First preliminary experiments have been performed in the new FAUNA
facility in order to clarify effects of sodium/concrete reactions.

In aerosol research, atmospheric diffusion experiments SOFA 1 and SOFA 2
have been performed at Dounreay.

Tests on aerosol effects on SPX1 electrical components are in preparation at
Cadarache.

In oder to complete the qualification of various European and Japanese codes
concerning the physical behaviour of aerosols, an experiment has been carried
out in the AOOm3 test facility in Cadarache. This experiment has been made in
the framework of a CEE contract.

5.5. AHALISYS OF FPEL ELEMENTS DDRIHG HAHDLISG ACCIDEHTS

The POTASS code has been qualified on SUPERPOPPEE experiments (cooling of
a S/A within a bucket).

The TRIO-VF code (3D) has been qualified on FETUNA experiments (natural
circulation in a S/A with various inclinations).

5.6. LIPOSO ACCIDEHT

The aim of the work is to precalculate dry-out in a subassembly submitted
to local boiling and/or fission gas release during an accident involving a fast
failure of the pump-to-diagrid pipe.

For the LIFOGAZ experiment in CEA (Grenoble), thermalhydraulic effect of
fission gas jet impact to be studied in a one-pin channel, the experimental
build-up is continuing. The start-up is envisaged for spring 1989.

The LIPOGAZEAU experiment (evaluation of void fraction and quality behind
159 the fission gas release section) has not yet started.

A two-phase flow model has been implemented in the TRIO code. First
calculations of the hydraulic effects of fission gas release have been
performed during summer 1988.

UKAEA work is related to SABRE calculations of local boiling dry-out.

5.7. PRIMARY COHTAIHMEHT RESPONSE TO EXTREME COHDITIOHS

The SEURBNUK-EURDYN code has been chosen in Europe as a reference for
evaluation of such phenomena ; its development is pursued by UKAEA. A release 2
version of the code has been produced which includes the new EURDYN 2-noded
large strain thin-shell element. A 15° section EURDYN model of the EFR roof has
been set up and is being tested. A SEURBNUK model of the whole containment is
being set up.

A model of droplet entrainment in the bubble has been added to the British
BUBEX code. The improved code agrees reasonably with a thermite FCI (Fuel
Coolant Interaction) test. First CDFR prediction for nlow heat transfer events
shows modest pressures.

The PLEXUS code for primary containment mechanical response has been
tested on COVA experiments. PLEXUS is able to solve a benchmark (CONT) problem,
but some studies with quadrangular elements continue. Applications to MARA
tests are under way.

5.8. SOURCE TERMS FOR SEVERE ACCIDEHTS

The ECOTFIX experimental programme on transfer of iodine and aerosols from
bubbles is completed. The interpretation of results obtained in ECOTFIX has
been continued with CATRAM calculations.

Following a review of alternative approaches for a HCDA bubble transport
code, the BUBEX code has been selected as providing the best framework for a
fission product transport code, and model development has begun.

Commissioning of the capacitor discharge vaporisation setup in the FAUST
facility is completed.

The FAUNA 6 and 7 experiments have been caried out. The main result is
the absence of ruthenium release from sodium below a temperature of 800°C.

Studies of fuel fragmentation in a sodium pool have been completed. The
main result is the quick scattering of the fuel only for a Na temperature above
880°C. The medium diameter is near 5.5 urn for scattered uranate powder at 730°C
and 7.5 um at 930°C.

The PAVE II experiments 01 to 04 (pool fires, Na + UO2 and uranates)
3 were

carried out. The range of the obtained retention factors is between 10 and 103

and 10*



A "CONTAIN-LMR users group" for integral containment analyses has been
constituted with the participation of PNC, GRS (Gesellschaft für
Reaktorsicherheit), KfK, UKAEA and of SNL (Springfield Nuclear laboratory, USA)
as code developer ; a first meeting was held in Japan late in 1987 in order to
review the future needs of code improvement and to coordinate the future
actions between the participants. In Europe, work is presently in progress,
especially at KfK, either directly or by sponsoring developments at SNL ; UKAEA
should start some validation exercices in early 1989, when the first release of
the CONTAIN-LMR code will be available.

5.9. CORE ACCIDENTS

The PHYSURAC code which has been developed from the PHYSURA code, which is
validated on the CABRI-1 experiment, is now available to evaluate the HCDA
reactor cases.

The CABRI-2 in-pile programme has been initiated (with PNC participation)
to give complementary results to the previous CABRI-1 experiments. The main
concerns on the CABRI-2 programme are TOP (Transient Over Power) tests on
highly irradiated industrial pins and slow ramp tests. The interpretation is
made with the codes of the different participating countries.

In cooperation with LANL and PNC the European partners have developed the
AFDM (Advanced Fluid Dynamics Model) code for computing transient multiphase
flow. AFDM is intended to improve the SIMMER code for describing HCDAs.

6 - CORE COMPONENTS ( ACT 5)

6.1. IHTRODUCTIOH

The R & D programme of AGT 5 spreads over four main fields of
activities :

core thermalhydraulics,
core static mechanics,
core dynamic mechanics,
core and subassembly design.

In each field, are briefly described the current and planned research
programmes, as defined in the Work Packages.

6.2. CORE THERHALHYDRAULICS

6.2.1.Flow between the wrappers

Because of the presence of the Above-Core-Structure (ACS), a small part of
the hot core outlet flow will be deflected down into the gaps between the
wrapper tubes. At the same time, cold flow enters the gaps between wrappers at
the diagrid level.

These flows have an influence on the wrapper tube temperature and may
induce temperature fluctuations in the cold-hot boundary.

A model called HIPPO has been built at UKAEA-Rialey, simulating various
hydraulic conditions and ACS designs in a SUPERPHENIX type pool. LDA (Laser
Doppler Anemometry) is used to measure velocities in the interstitial gaps.
Temperature and pressure distributions are also recorded. First measurements
have shown that the hot/cold interface extends far underneath the subassembly
heads, and temperature fluctuations have been recorded in this region.

A more fundamental supporting programme is running in ENEA-Bologna.

6.2.2.Subassemblies, thermalhydraulics of wire-wrapped fuel bundles

This programme aims at providing a more reliable evaluation of the
temperatures and mass flow distributions in non nominal geometries during
irradiation, including the effects of pin distortions and the bulging of the
wrapper tube.

Detailed velocity measurements using LDA techniques have been performed in
CEA-Cadarache on 7 and 37-pin subassemblies, in which representative
deformations have been simulated. Codes are developed on the basis of these
experimental informations in CEA and BELGONUCLEAIRE.

Other programmes study flow conditions around local contacts (CEA), and
the influence of deformations on hydraulic resistance and on the flow
distributions inside bundles (BELGONUCLEAIRE, CEN/SCK).

6.2.3.Thermalhydraulics of gridded fuel pin bundles

This programme has the same aim as the previous one for wire-wrapped
subassemblies.

It is based on measurements performed in gridded subassemblies in
KfK/INTERATOM/UKAEA-Risley/BELGONUCLEAIRE, including hydraulics, fine scale
velocities and coolant temperature distribution.

In parallel benchmark calculations have started in the different countries
to compare the codes.

6.2.4.Subassembly outlet temperatures

The readings of Above-Core Thermocouples might be perturbed by the flow
coming from other sources than from the target subassemblies. This is for
instance, important at the boundary region between core and radial breeders.
All processes and parameters of importance have to br> investigated in various
rigs with representative geometries.

Tests have been performed in air on the LOZENGE rig at UKAEA Risley, which
is a 0.5 scale model of PFR and in water on the JIM facility at CEA Cadarache
(jets from 19 subassembly heads). A 0.3 scale model 120° sector in water
(JESSICA facility) is under construction at CEA Cadarache and will also be used
for that programme.
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6.2.5.Calculation of reactor hot spot factor

Uncertainty analysis is performed in order to calculate the safety margin
with respect to design criteria when operating the reactor under nominal
conditions :

a. Hot spot factor on mid-clad temperature
b. Fuel hot spot factor

The programme involving all partners covers the methodology to evaluate
uncertainties and to take into account the effect of burnup. It is hoped to
come to a common European approach.

6.2.6.Evaluation of pin movements inducing damage to pin bundles

Out- and in-pile experiments suggest that thermo-elastic instabilities
might induce pin movements causing damage to pin bundles. Evidence was
specially found in bundles with grid spacers. Wear marks have been observed in
claddings, especially when there are large clearances for the pin movements.

A first analysis suggests that the observed effects might be caused by a
transient thermal interaction between the fuel pins and the coolant flowing
around them.

Models are developed (BELGONUCLEAIRE, INTERATOM) and new experiments are
performed (KfK/UKAEA) to demonstrate these mechanisms.

6.2.7.Cooling of subassembly under gas flow

The aim is to have validated and harmonized codes to predict the maximum
clad temperatures during the handling of irradiated subassemblies in gas.

Comparison between codes has been started in INTERATOM, UKAEA and CEA,
supported by results coming essentially from an experimental programme carried
out by CEA.

6.3. CORE STATIC MECHANICS

The aim is to improve the understanding of the mechanical behaviour and
interactions of a large array of subassemblies and to validate the codes.

A rig, CHARDIS (Fast Reactor Charge - Discharge Rig), was in operation in
UKAEA-Springfields.

A new rig, CHARDIS 3, will be built at UKAEA-Risley.

Various core styles will be investigated :

- naturally restrained core,
- barrel restrained cores.

Changes in power and different core distortions with burnup can be
simulated. The rig is based on dummy core subassemblies supplied by CEA from

SUPERPHENIX 1, modified at INTERATOM. Each test will include a series of
charge/discharge operations using the charge machine.

Detailed measurements will be made of the displacements of the
subassemblies in the rig, the forces around the periphery and between selected
subassemblies, and the gaps between subassemblies, the unloading forces,
etc ...

There will be a series of handling tests with severely swollen or
distorted subassemblies, which can be simulated with the use of a special
knuckle joint.

6.4. CORE DYNAMIC MECHANICS

6.4.1.Core seismic analysis

The aim is to assess the reliability and avoid undue conservatism of the
calculation of the seismic response of fast reactor cores for various core
styles. Important parameters are the reactivity changes, displacements of
subassemblies, impact forces and energies on spacer pads, stresses at critical
locations in the foot, reaction forces on the grid plats and the clamping ring,
if any.

Existing theoretical methods and computer codes have to be improved.

Experimental programmes have been started on prototypes and mock-ups :
RAPSODIE mock-up in CEA (Saclay), fluid-structure interaction in
BELGONUCLEAIRE, CEA and UKAEA.

Extensive comparison work has been made on the codes CLASH and CORALIE
(DeBeNe, ENEA, CEA), and backed by the RAPSODIE experimental results.
Developments to include fluid-structure interaction models are underway.

6.5. DESIGN CRITERIA

6.5.1.Sodium tests on subassembly mock-ups

They are performed in the ESPRESSO loop in ENEA with the aim of studying
design solutions and lifetime of subassembly structures. They consist in
thermal shocks and endurance tests. Experiments have been performed so far on
upper neutron shieldings in fuel subassemblies and on structures and
connections in control subassemblies.

6.5.2.Design criteria for subassembly structures

The aim is to obtain common validated European design rules complying with
the safety requirements without undue conservatism.

Particular attention will be given to the possible modes of failure
resulting from the use of new types of materials. An experimental programme
will be carried out in support of the elaboration of the design rules. The
corresponding tests will be performed essentially by CEA, including tests on
thermally embrittled structures and on whole subasaemblies irradiated in
PHENIX.



162 7 - REACTOR TANK (AGT 6 )

7.1. POOL THERHALHYDRAPLICS

One of the most significant differences between EFR and previous reactors
is the relative compactness of the reactor vessel. This requires a substantial
R & D programme to be sure that there is no risk of gas entrainment by vortexes
and, more generally, to check the acceptability from the thermalhydraulics
point of view of such a compact reactor :

- free surface behaviour,
- flow stability,
- temperature of structures,
- above-core structure,
- cold pool,
- diagrid.

This programme has been elaborated in 1988 and shared between European
countries involved in EFR. First studies and experiments were carried out on
existing test facilities (SPX2, SNR2, and CDFR models). Construction of
EFR-specific water models has been undertaken in France and in the UK.

A second R & D problem arises with the particular attention focused on
passive situations such as decay heat removal by natural circulation in the
primary system. These particular situations are being studied on specific test
facilities at KfK (cf. § II 5. 2.).

In parallel, but in strong connection with this programme directly related
to EFR, more fundamental studies are in progress on mixed convection, sodium
stratification, and temperature fluctuations (thermal striping).

7.2. UPPER CLOSURES AHD COVER GAS REGIOH

The extensive collaboration between European partners on emissivities,
heat and mass transfer through the cover gas, sodium aerosols formation,
characterisation, deposits and trapping, is continuing using various test
facilities at Risley and Harwell (UKAEA), Manchester University (UK), Bensberg
(INTERATOM) Karlsruhe (KfK), Cadarache (CEA). Significant results have been
obtained and presented at the LIMET conference in Avignon (France).

In addition to this basic work, INTERATOM is performing tests on
inflatable seals for rotating plugs ; CEA has completed in 1988 the
experimental programme on SPX2 roof and penetrations ; an equivalent EFR
programme has been defined, to be performed at INTERATOM ; the test programme
on the cooling system is still under discussion.

7.3. DECAY HEAT REMOVAL COMPONENTS

A new sodium facility (ILONA) devoted to Decay Heat Removal (DHR) systems
has been undertaken at INTERATOM (Bensberg), and the first test component, an
air cooler, INTERATOM design, has been ordered. This large test facility is
mainly devoted to the study of DHR systems and components, including the case

of natural circulation, both sodium and air sides. In a further step,
interaction between primary system and DHR loop could be studied on ILONA.

In France, two analytical sodium mock-ups have been built : one for
sodium/sodium bundles (DHX) , the other for air coolers (Nova-cane drum-type
concept). These test mock-ups will be studied experimentaly on the SET facility
at Cadarache.

7.A. MISCELLANEOUS

An experimental programme on hard-facing of diagrid sockets is running in
France and UK with Italian participation with the objective to find out and to
qualify a cobalt-free solution, cheaper than stellite. Screening tests have
been performed in France and Italy ; confirmation tests will be performed in
the UK.

8 - THKBMAT. TRANSFER SYSTEMS (AGT 7)

8.1. STEAM GENERATORS

The technical agreement, at first between NOVATOME and ANSALDO, and later
on with NNC and INTERATOM about the reference design of EFR Steam generators
allowed a clear definition and an efficient sharing of the R & D work in
support of ferritic straight tube steam generators.

The determination of ferritic steel thick section properties and the
development of ferritic tube-tube plate welding processes have been going on
(cf. § II 9.2.3.).

A benchmark comparison of existing European codes for SG
thermalhydraulics, initiated in 1987, has been carried on . The detailed R & D
programme in support of EFR design (which includes a sodium 7-tube mock-up) has
been defined and shared between the UK and France, taking into account Dutch
experience.

For the sodium-water reaction, an analysis of existing data showed the
necessity of further analytical tests on wastage and self-evolution. The
experimental work preparation on leak propagation near tube plates is in
progress. The comparisons of mass transfer codes HYDRON, ARK and REACNOV were
performed by a benchmark from INTERATOM data. Analysis of the PFR sodium-water
reaction which occured in 1987 gave the opportunity to improve existing
calculation codes describing such a reaction and its consequences (PROEANA for
wastage, MECTUB for swelling and bursting, PLEXUS for acoustic pressure wave,
ARK for mass transfer effects).

A new active acoustic leak detection method has been studied (cf. § II
3.5.) ; the equivalent of a 1 g/s water leak appeared to be detectable in
1 second.



8.2. SODIUM PUMPS

The qualification of cavitation criteria for sodium pumps has been carried
on, using a French SPX2 impeller. A new water test programme has been initiated
in France with UK and Italy participation, with a well-controlled air content.
The commissioning tests of the sodium loop CARUSO (using a secondary circuit of
RAPSODIE reactor) have been undertaken at CEA (Cadarache).

Theoretical studies on supercritical shafts have been carried on,
especially on damping effects of bearing and labyrinth seals.

8.3. IMTERMEDIATE HEAT EXCHANGERS

A special over-instrumented IHX has been put in PHENIX reactor in the
place of the one where a new sodium leak occured. The detailed temperature
fields in various operating conditions have been measured, providing
additionnal data for therraalhydraulics code qualification.

The sodium mock-up CLAUDINA (Na/Na bundle) has been manufactured, to be
tested on -he SET 5MW facility at CADARACHE.

9 - PLAST STRUCTURAL MATERIALS (ACT 9A)

9.1. INTRODUCTION

Since the inception of the collaboration, a major review and
rationalisation of the various national work programmes has taken place, to
eliminate duplication and to reduce the number of design options. In the
materials area, substantial economies have resulted by limiting the number of
materials for the purposes to one steel for the primary circuit and two for the
steam generators.

The primary circuit steel is 316 L(N), a low carbon austenitic steel with
controlled nitrogen, similar to that used in the French reactor SPX1. In
comparison with the 316 grades, a tight control of the elements allows the
scatter in its different properties to be minimized, leading to a steel
exhibiting equivalent average properties while the intergranular corrosion
domain is significantly reduced. For steam generators the main programme has
been devoted to Grade 91, a 9 Cr 1 Mo steel with added niobium and vanadium.
Although this steel is attractive because of its higher strength, the lack of
service experience prompted the continuation of some work on 9 Cr 1 Mo steel as
a back up material.

The programme is supervised by AGT 9A and at the present time is divided
into a set of 14 Work Packages which cover various aspects of mechanical
properties, the effects of irradiation, fracture behaviour, environmental
effects of sodium and water and the development of welding technology and NDT
(Non-Destructive Testing) techniques.

9.2. MECHANICAL PROPERTIES

9.2.1.Type 316L (N) austenitic steel

Stress rupture tests are being performed to establish reliable long term
St values for design purposes. Most of these data are of French origin, but
UK and Germany are performing stress rupture tests on two more recent casts,
with data extending to about 10,000 h.

In order to check that each laboratory produces similar test results, a
series of fatigue and creep/fatigue tests is being performed by the
organisations involved. The preliminary conclusion from this work is that
parallel-sided specimens tested in different laboratories using a variety of
specimen sizes and methods of strain control give endurances within a fac-or of
about two of each other. Under continuous cycling low cycle fatigue the
endurance of type 316 L(N) steel is about the same as that of Type 316 steel.
Very long term creep/fatigue tests on type 316 L (N) steel are continuing in
France, Germany and the UK, to extend metallurgical understanding and so give a
better basis for providing design guidance. In the UK, a few long term
creep/fatigue tests are also continuing on standard type 316 steel for this
purpose. Recent results have been analysed using a ductility exhaustion
approach ; the endurances obtained are found to agree with predictions within a
factor of two.

Load controlled and strain controlled high cycle fatigue tests are being
performed, the former mainly for vibration analysis and the latter mainly for
thermal striping applications. An evaluation of strain controlled test data at
55O°C has shown that the behaviour of Type 316 L(N) steel is similar to that of
Type 316 steel, although the endurance is lower with larger grain sizes.

Stress relaxation tests to about 1000 h endurance have been performed in
France, Germany, Italy and the UK at temperatures of 550-650°C. It has been
found that the behaviour can be represented by a time-temperature parameter.

The effect of long term thermal ageing at temperatures of 550-650°C on the
tensile and toughness properties and on the extension of the intergranular
corrosion domain and microstructure is being studied. Results from France on
several casts show that ageing to 80,000 h reduces the mechanical properties,
this behaviour being quite well represented by a time-temperature parameter.
Ageing to 80,000 h on other casts is planned.

9.2.2.Austenitic weld metal and weldments

At present three commercial manual metal arc (MMA) weld metal
specifications for use with Type 316 L(N) steel are being tested. Other welding
processes such as TIG and submerged arc are under consideration, but at present
test programmes are mainly concerned with MMA welds.

AGT 9A is currently considering the most appropriate weld metal
compositions and welding processes to select for testing purposes. In the
meantime, two development programmes are in progress, one by INTERATOM and the
other by CEGB, in which compositional changes have been made to MMA electrodes
with the aim of improving the mechanical properties, as those of the present
weld metals are sometimes poorer than those of the base materials.



The stress rupture strength of the weld metal is generally less than that
of Type 316 L(N) steel under anticipated normal reactor conditions, so the weld
metal factor is about unity only in the high temperature and long term
domains.

Various studies of fatigue and creep/fatigue endurance are in progress. At
55O°C the effect is negligible, uut at other temperatures the endurance is
reduced by the introduction of a hold time into the fatigue cycle. Tests in
France showed that the endurance was also influenced by surface finish.

The effect of long term thermal ageing on the tensile and toughness
properties and on the extension of the intergranular corrosion domain is being
studied. Generally the toughness of the aged weld metal is significantly less
than the toughness of the base metal and such changes need to be considered in
evaluating "end of life" properties.

9.2.3.Ferritic steels

Tests are being performed on two ferritic steels 9 Cr 1 Mo VNb (Grade 91)
and 9 Cr 1 Mo, the latter being studied as a back-up solution despite its fewer
creep properties. Although the properties of thin sections are generally only
well known for 9 Cr 1 Mo, in each case effort is being concentrated on the
properties of thick sections relevant to tube plates and three forgings (two
made of 9 Cr 1 Mo VNb and one made of 9 Cr 1 Mo) have been produced for this
purpose.

The existing stress rupture data base of 9 Cr 1 Mo VNb steel (mainly based
on US and Japanese data) is found to be insufficient, and tests are being
performed in France, Italy and the UK on thick forgings to obtain long term
data. The first results indicate that the strength is between the average and
minimum for thin sections (US data).

The eventual aim for tests planned or in progress is to obtain 100.000 h
data on both thin and thick sections of 9 Cr 1 Mo VNb.

Otherwise tests on a 9 Cr 1 Mo forging are in progress to confirm that the
thick section properties are consistent with the thin section data bank.

Present results show that the strength is - 10 % above the minimum for
thin section materials.

France and UK have formulated a creep/fatigue test programme on thick
section 9 Cr 1 Mo VNb steel. For the 9 Cr 1 Mo, it has been shown by the UK
that creep has little or no effect on the fatigue endurance.

The requirements in stress relaxation and high cycle fatigue behaviour of
9 Cr 1 Mo VNb steel have not yet been considered. These properties have been
already well evaluated for the 9 Cr 1 Mo steel.

The effect of thermal ageing on the tensile and toughness properties of
9 Cr 1 Mo steel have been fully evaluated so that end of life properties can be
predicted. Thermal ageing work on 9 Cr 1 Mo VNb steel is in progress.

Test programmes on welds and weldments in 9 Cr 1 Mo VNb steel and
9 Cr 1 Mo steel are at an early stage.

9.2.A.Effect of sodium

Over the last decade stress rupture and fatigue tests have been performed
in high purity circulating sodium in France, Germany and the UK. Latterly the
CEGB and UKAEA facilities have been shut down and work concentrated on the
facilities at EDF (stress rupture), INTERATOM (stress rupture and fatigue) and
KfK (stress rupture and fatigue).

In summary, whilst high purity dynamic sodium has been found to be
detrimental on the decarburizing conditions to the stress rupture behaviour of
type 304 steel, none of the other steels tested nor any of the other types of
test performed have shown any adverse effects on mechanical properties by
exposure to high purity flowing sodium.

9.3. IRRADIATION EFFECTS

The effect of irradiation on structures near the core is being studied to
obtain data for design, but because the natures of the damage processes at core
inlet and outlet temperatures are very different, the work is divided into two
parts.

At low temperatures (350-400°C) , the damage is mainly due to atomic
displacements. Tensile tests, performed mainly by France and DeBeNe, of
stainless steels irradiated at 400°C and up to 2 dpa, showed a reduction in
ductility and an increase in strength at doses higher than 0.8 dpa. Fatigue
properties were slightly impaired and slight reductions in fracture toughness
were observed. In general, parent metal is more susceptible to erabrittlement
than weld metal, and although remaining superior below 2 dpa, its properties
tend towards those of weld metal with increasing dose.

At high temperatures (580-600°C) helium formation at grain boundaries is
believed to be the principal damage mechanism and the main interest centres on
its effect on the creep rupture and creep/fatigue properties of 316 L(N) steel.
Initially, attention has been given to neutron metrology and a determination of
boron cross section under a realistic spectrum. Meanwhile, arrangements are
underway to mount an irradiation programme on specimens of 316 L(N) steel and
weld metal, with PIE in new facilities at UKAEA (Windscale).

9.4. FRACTURE STUDIES

Studies are in progress on crack growth behaviour under fatigue and creep
and combined creep/fatigue, together with threshold studies of fatigue crack
growth, for both long and short cracks. Attention is mainly focused on 316 L(N)
steel, but there is also some work in progress on 9 Cr 1 Mo VNb. It is intended
to produce crack growth data in the temperature range 550-600°C as well as to
improve metallurgical understandings and so give better basis for providing
codes guidance.

9.5. COMPATIBILITY

If sodium hydroxide, resulting from steam generator leaks or the ingress
of moisture into the cover gas, comes into contact with the surface of
components there is a general risk of stress corrosion cracking (SCO. Various
types of test have been performed in the temperature range 300-450°C in a



NaOH/Na system on ferritic and austenitic steels to study NaOH/metal interface
reactions and associated SCC effects. The results of low strain rate tests and
tests on C-rings indicated no SCC sensitivity of the materials. The amount of
general corrosion and intergranular attack depended strongly on temperature,
time of exposure and quantity of NaOH. These studies in polluted sodium have
been extended to see whether mechanical properties are adversely affected, but
usually this seems not to be the case.

Although the 9 Cr steels are generally considered to show good corrosion
and stress corrosion behaviour that makes them appropriate choices for fast
reactor steam generators, a number of issues need to be studied to ensure
satisfactory operation in the various environments that may arise on the
waterside during operation under normal and fault conditions, outage and
chemical cleaning. Experimental programmes are therefore being undertaken to
investigate their susceptibility to sensitization, ageing and stress corrosion
cracking.

9.6. WELDING TECHNOLOGY DEVELOPMENT

This programme is concerned with studies of the weldability and cracking
tendencies of base and filler materials, an evaluation of new welding
processes, procedure qualification and related heat treatments.

A major task is aimed at producing an improved filler material (initially
for manual metal arc welding) based on the 16 Cr/8 Ni/2 Mo composition. This
should produce welds with a low carbon content to avoid sensitization and with
good fracture toughness and long terra rupture ductility.

Work on 9 Cr 1 Mo VNb steel has concentrated initially on cracking
problems of parent material and MMA filler metal, and some tests on different
weld processes using this material have been initiated.

Process development work has covered hot wire TIG and laser welding in the
UK and electron beam welding in France and Germany. France is also studying the
automation of the TIG and MIG processes.

9.7. DEVELOPMENT OF BSPECTIOH TECHNIQUES

Increasing attention has been devoted to inspection techniques development
and good progress has been made in interacting with AGTs in other parts of the
collaboration to formulate overall programme requirements. There is an
increasing realization of the importance of inspection at the fabrication and
pre-service stages, to provide the initial characterisation for subsequent ISI
or to establish the pre-service condition of those components which are not
accessible to ISI.

The major part of the programme is concerned with techniques for the
inspection of austenitic weldments, particularly ultrasonics. These studies
include both practical and theoretical investigations of the transmission of
ultrasound through austenitic weld metal and an investigation of the possible
use of horizontally polarised shear waves. Eddy current techniques have also
received some attention.

10 - STRUCTURAL INTEGRxTY (AGT 9B)

10.1.INTRODUCTION
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AGT 9B is the last of the technical working groups, to be formed over the
R S. D programme in Structural Integrity with the following objectives :

1. To undertake the work required by the D and C companies.

2. To provide advice and recommend improvements for design and associated
methodologies.

3. To propose, undertake and coordinate theoretical and experimental programmes
in support of objective 2.

Four technical subgroups are pursuing objectives in specific technical
areas : Design methodology, structural analysis. Dynamic analysis and Flow
evaluation.

10.2.DESIGH METHODOLOGY

Mithin AGT 9B, the subgroup "Design Methodology" is responsible for
providing the European designers with the scientific background necessary for
the future development of common design rules. It takes in charge four main
items organised in four Work Packages :

- Creep Fatigue Damage.
- Thermal Striping.
- Ratcheting, Strain Limits and Level D Margins.
- Rules for Specific Components and Pipings.

Indeed, the current design rules based on ASME Code Case N47, are grossly
conservative and lack a mechanistic base in some areas.

The French RCC-MR rules, mainly based on experience gained in the
construction of SPX1, are seen to constitute a sound basis for common design
and construction rules for the next EFR.

In order to set up common rules to the greatest possible extent,
modifications and proposed extensions will be presented as recommendations.

In fact uncertainties of damage evaluation methods need to be studied in
order to reduce excessive conservatism.

Alternatively to the creep-fatigue damage prediction method in RCC-RM, a
new UK-Method, based on crack growth and ductility exhaustion, has been
proposed.

A series of studies (multiaxial stress effect, creep under compressive
loading) have recently been performed to clarify some basic concepts.

Benchmark :•. irk is underway to justify life prediction methods and margins
in design rules.



Jßß There is no internationally agreed methodology, for instance, for the
design against the risk due to "thermal striping". Therefore, specific studies
are in progress with a wiev to investigating the main structural parameters
governing the phenomenon and developing simplified procedures consistent with
classical methods for designing against fatigue damage.

For the ratcheting phenomenon it is necessary to provide the designers
with simplified procedures for the assessment of ratchet strains which are not
unduly pessimistic. Moreover, there is no guideline for adequate strain
criteria based on the ductility of the material. So, there is a need for new
strain criteria.

The aim of the fourth Work Package "Rules for Specific Components and
Pipings", is to provide methodologies for the design of sodium pipework systems
and of specific components such as dished tube plates, bolted connections under
LMFBR operating conditions. Indeed the design of sodium pipeworks has specific
problems of high thermal loading under creep condition with potential elastic
follow-up, ratchet and creep fatigue risks, and simplified methods are needed
to assess these problems. Moreover, because of the thin-walled nature of the
piping, and the low level of the internal pressure, the design procedures
against failure need to be validated and improved. Likewise, specific
components under LMFBR operating conditions need further development of design
methods or experimental confirmation of existing procedures.

10.3.STRUCTURAL ANALYSIS

The subgroup "Structural Analysis" takes in charge the development and the
validation of detailed non linear analysis numerical methods needed when usual
simplified methodology appears unsuitable to warrant the safety margins
required by the rules. It takes in charge three Work Packages :

- Constitutive Laws.
- Buckling.
- Computing Tools for Inelastic Analysis.

The objectives of work package on constitutive laws is to develop,
validate and implement in finite element codes, equations of material behaviour
for usable steels in fast reactors.

Indeed, inelastic analysis for design of components needs realistic
constitutive equations able to take into account cyclic plasticity and creep
due to temperature and irradiation. But at the present time, there is no one
model more promising than any other.

Also developments and intercomparisons are necessary. The aim of the work
package on buckling is to provide a reasonable methodology for design of
slender structures subjected to buckling. Indeed, fast reactors are designed
with thin shells, submitted to mechanical and thermal loads due to normal in
service conditions or accidental events like earthquake.

Development of specific methods validated on experiments are needed to
guard against buckling.

The work package on computing tools is devoted to validation and
improvement of the computer codes for LMFBR design needs within each
country.

For this, benchmarking seems the most appropriate method given that the
comparisons consider not only numerical results but also the time consumed, the
reliability and the ease of use.

10.4.DYHAHIC ANALYSIS

Dynamic studies performed in the framework of AGT 9B concern seismic
analyses, sodium pump dynamics, impact analysis, flow-induced vibration
analysis and structural response due to sodium-water reactions.

As far as seismic analysis is concerned, studies exclude the core, which
is dealt within AGT 5. Work is in progress on vessel-core seismic interactions,
based on both SPX-1 and PEC experience, shutdown system analysis (including
advanced concept such as the Alternative Shutdown system developed by the
U.K.), piping analysis, probabilistic verification criteria.

Vessel-core interaction studies have already led to the assessment of a
simplified method based on the results of core calculations limited to the
single core diameter. Shutdown system analysis allowed for the validation of
non-linear numerical tools. Progress has been made on piping analysis with
regard to the understanding of seismic behaviour at high excitation, non-linear
effects, effect of different excitations of the various supports, and
development of support concepts for pipe-work.

The state-of-the-art of work made or foreseen by the European countries on
seismic analysis has been presented in detail in the Proceedings of the
Specialist Meeting on Fast Breeder Reactor Block Antiseismic Design and
Verification (IAEA Report. IWGFR-65), published by ENEA in February 1988.

With regard to pump analysis, work in progress includes the numerical
analysis of rotor bearing system under seismic excitation, investigation of the
co-rotating liquid effects on the shaft vibration, numerical analysis of the
fluid-structure interaction in labyrinths, and development and validation of
the ROTOR code.

As to impact analysis, the state-of-the-art in the European countries has
been assessed, based on national position documents specifically prepared for
AGT 9B. Work is in progress on aircraft impact effects, perforation
correlations for aircraft and component drop impacts, aircraft-crash-induced
vibrations and development of correlations to design double walls under
aircraft impacts.

Flow-induced vibration analysis is dealing with problems related to
shells, components and structures, piping and tube bundles. For shells, work is
in progress on the assessment of numerical and experimental techniques for
turbulent flow-induced vibrations, improvements in the schematization of
fluid-elastic shell instability, and modal analysis of large shell systems. For
components and structures, studies concern above-core structure vibrations
excited by core flow and surface flow-induced vibrations of hot pool



components. Finally, for tube bundles, the analysis is related to complex
geometries and flow patterns, the effects of tube-support interaction and wear,
measurement of cross-flow coefficients and tube vibration measurements in a
loose multispan tube heat exchanger model.

As far as structural dynamic response due to water-sodium reactions is
concerned, studies are being carried out for the development of the PLEXUS
computer program and tests for one -and three-dimensional code validation.
Analysis accounts for the experience gained after the PFR accident.

10.5.FLAW EVALUATION

The fourth technical subgroup takes care of flaw evaluation under LMFBR
specific operating conditions and leak before break concept applicability. Five
Work Packages cover :

- flaw assessment methodology,
- simplified methods evaluation,
- numerical analysis,
- experimental validation,
- component assessment.

Indeed, fast reactor safety and reliability considerations require flaw
tolerance to be demonstrated for a range of components and structures operating
in the creep and sub-creep range. In order to meet this requirement it is
necessary to provide validated methodology for flaw assessment in thin ductile
austenitic and ferritic structures subjected to predominantly secondary
loading.

The main objectives are to formulate and validate relevant critera :

1/ For sub-critical crack growth by fatigue, creep and creep/fatigue.

2/ For crack stability, including stable tearing.

3/ For leak before break. "Simplified methods evaluation" is relevant to
the :

- review of existing flaw evaluation codes under development like ASME XI,
R6 or EPRI Methods, with respect to fast reactor applications,

- definition of a procedure for leak before break relation to leak detection
capability.

The aim of the third Work Package on numerical analysis for cracked
components and structures, is to generate stress intensity factor (SIF)
solutions for fast reactor applications, and the development of numerical
methods for analysing defected structures and assessing flaws in fast reactor
plants.

The Work Package on experimental validation has the following
objectives :

to perform fracture experiments on pipe sections (straights, elbows, tees)
under mechanical and thermal loading,

to perform fracture experiments on plates and plate-based structural
features related to reactor vessel, and internal structures under
representative loading.

Tests will allow the margin to failure for cracked arrangements to be
estimated. They will also allow the validation of assessment methodology and/or
the direct demonstration of the defect tolerance of a specific component.

Finally, the work in "component assessment" is the definition of failure
modes and specification flaw of assessment procedures for specific components,
in order to demonstrate the applicability of flaw assessment procedures by
analysis, for specific fast reactor components and structures, and to provide
fracture mechanics support for the designer.
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