
A sensitive gamma-tolerant proportional counter is also, being developed. This is a fall-back item in
relation to the installed low power neutron flux channels but is likely to be more relevant to sub-
critical reactivity measurement. To use such a detector, a flexible gamma-resistant superscreened coaxial
cable is required. The properties of possible dielectrics are being investigated.

Reactivity anomaly detection is also being studied for CDFR. Operational safety will be enhanced
if net reactivity is continuously compared with the value of reactivity predicted from known plant con-
ditions and control manoeuvres. In principle, this is feasible and the study is concerned with development
of methods and associated electronic and data processing techniques necessary to implement a practical
reactivity anomaly detection system. Initially the programme will consist of an examination of possible
methods and with the formulation of an outline specification and the design of a prototype geared to a
demonstration in PFR.

environmental and ecological aspects, physical protection and
safeguarding of fuel cycle, fuel cycle centers and administrative
and legal problems.

In summary the lines along which the italian fast reactors
programme has been developing during 197 7 are:

a) PEC reactor
b) Superphenix reactor
c) LONG TERM R&D work

The budget in 1977 arrived to 41.2 billions Lire from the
20.2 billions spent in 1976.

REVIEW OF FAST REACTOR ACTIVITIES
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F. PIERANTONI
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Bologna,
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INTRODUCTION

During the last year in Italy we still paid a lot of attention
to the debate on energy problems. The most important results
of these discussions are the statement made by the Parliament
in November 1977 and the National Energy Plan approved by the
Interministerial Economic Planning Committee (CIPE) in February,
1978. In both documents it is reconfirmed the decision to make
recourse in the short term to LWR and to reinforce the engage-
ment in the fast reactor development in the frame of the colla
boration with France. Particularly is has been decided to go ~
ahead with the construction of PEC reactor and with the
italian participation to the construction of Creys-Malville
power station.

Italy participates in INFCE Programme with representatives
in the eight different Working Groups. In particular Italy
has, together with Belgium and Soviet Union, the chairmanship
of the INFCE-WG5, dealing with Fast Reactors. In the frame
of this group Italy hag the responsibility to collect and
organize contributionsidifferent countries in the field of

PEC Reactor

The Reactor Core

Design of the core elements (fuel, shielding, reflector sub-
assemblies and control rods) as well as the analysis of the
core as a system, is being conducted at the CNEN. Trje "Pro-
getto Particolareggiato" of the core was completed in July
1977. Progetto Particolareggiato is meaning a Detailed Design
to be used for partial licensing. For the manufacturing of the
fuel elements (mixed oxides), which are to be supplied by
the CNEN, a contract is being drawn up with COGEMA, and the
necessary steps for plutonium acquisistion have been started.

Reacto"r Tank and Internals

The contract for the reactor tank and tank-related compo-
nents (fixed and rotating plugs and core-support grid) has been
worked out with BREDA TERMOMECCANICA. Supply of the materials
has already begun.

The semifinished parts of the tank have been supplied; the
large forged parts (upper section and grid-support ring) are being
machined as well as the tank walls and lower parts.

The constructive design of shielding plugs is nearly compl^
eted, and the forgings, the bearings and the shielding materials
are being delivered.

The constructive design of the grid is complete and the
supply of the plates is underway.

As far as the central experimental zone equipment is cone
erned the order is being finalized. FIAT-TTG is to deliver a se-
ries of models and prototypes for the channel, which serve for
conducting the experimental support program.

The core hold-down system (DBN) components have been ord-
ered from FIAT, together wich a DBN prototype for sodium testing
to be used in the IPM rig. Work on prototype is 80% completed,
and delivery is set for May 1978; for the DBN to be installed
in the reactor FIAT is presently developing the final design.
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Shields and Structures

The thermal shield mechanical parts, the explosion-proof
and the tank-support structures were ordered from the CMI Comp-
any.

The prefabrication of the cylindrical rings for thermal
shield have been completed; the support structure and inner and
middle rings have been installed. The construction of all the
remaining parts is in progress in the Genoa workshop.

The prefabrication of the anti-explosion shield (both the
shield base and the steel ring) has been completed, and the com-
ponents are ready for shipping to Brasimone for assembly and in-
stallation.

Supply of the semifinished parts of the tank-support
structures has already been completed, and the large forged part
for the tank support is ready for machining.

Control Mechanisms

Both a control rod driyer prototype and the complete se-
ries of these .mechanisms for the reactor have been ordered from
FIAT,

Th.e prototype is now completely finished and the operat-
ional tests in air are near to be completed;delivery to the
workshop is set for April 1078, after which it will be transferr
ed to the CNEN-Casaccia Center for testing in the IPM rig.

Fuel-Transfer Equipment

The loading-unloading machine, together with its prototype,
has already been ordered from the GEC-REL Company. Construction
of the prototype was completed in 197 7 and, after the acceptance
tests, it was transferred to Casaccia for the test program in the
IPM rig. Preliminary tests are now underway. With regard to the
final component, the supplies are completed and construction is
in an advanced stage.

Regarding the transfer cell and related equipment, proto;t
ypes and mock-ups have been ordered and some of them are now in
an advanced stage of construction.

Fuel-handling and Examination Building

In this area, priority is given to activities concerning
final design of penetrations and parts strictly connected with
the hot cells concrete structures. With regard to the machines
and equipment, reference designs for alllthe cells and the au-
xiliary installations are now completed.

Reactor and Test-channel Cooling Circuits

Pratically all the components have been ordered. The comp_
onent tanks both for the reactor and test channel primary circu-

its have been ordered from the BREDA TERMOMECCANICA Company to-
gether with the reactor primary tank, the construction of which

will begin in April 1978. To BREDA has also been assigned
the construction of all the sodium-sodium intermediate exchangers;
whose construction work is set to begin May-June of this year.

The order for the centrifugal pumps (primary reactor and
channel circuits, secondary reactor and emergency circuits) is
being drawn up with FIAT.

Cooling Circuits for Shields and CelJ^s

The reference and process design has practically been com
pleted. All orders for the circuit components have given out.
Orders for pipes and valyes will be given out shortly.

Auxiliary installation and Equipment

The reference and process design for the solid and liquid
waste installation have been nearly completed. Orders for the
components, pipes and all valves have been given out

Instrumentation and Control System

The supply of the safety system will be done by the
ANSALDQ Company; the design is based on a CNEN patent (SCIN
systejrD and RAD work to support the design are carried out
in collaboration between CHEN and ANSALDO.

ANSALDO will supply the data logging and processing system,
including, software and on-site installation. The general specif-
fications have been prepared. The type of computer to be used
has been established.

The suppliers of the PEC instrumentation have been indic-
ated to be the ANSALDO Company for the final design and materi-
als supply, and the GAVAZZI Company for assembly and installation.

Activities in this area are still in the design stage and
supply will begin in April this year.

Conventional Installations and Services

The electrical power sub-station for the site necessities
was delivered to the CNEN on March 9, 1978. With regard to the
part for powering PEC, all large apparatus (transformers, cir-
cuit breakers and isolators)have already been installed and lack
only some accessory work for the total completion of this part .
of the electrical sub-station. In addition, the order for the
supply of the emergency generating units is due to be given out
in the very near future.

Buildings and Civil Works

Before the end of this year, the activities for recondit-
ioning the reactor metallic container will be completed.
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The mechanical and electrical reconditioning of the emer-
gency air-lock is being completed at the BELLELI Company, wher-
eas the service air-lock is being tested for leaks under pressure.
All the- buildings site foundations has been completed, and con-
struction work has begun within the container. Foundation work
for the fuel handling and examination building is now in progress.
Only preliminary works have been completed for the Control and
Service Building foundations.

Tests and Experiments Supporting PEC Design and Construction

Despite the efforts made in order to utilize as far as poss_
sible the available experience? a comprehensive effort has been
rieeessay in order to support both design and construction of pro
totypical PEC subsystems and components.

For this purpose a great deal of work is now under way at
CNEN and at national and foreign organisations in order to test
the different technological solutions adopted for PEC reactor.

R & D ACTIVITIES

Sodium Technology

During 1977 the activities have been progressing along the
lines previously iniziated.

Steam generator

In March 197 7 the manufacturing work of the straight tube
steam generator 50 MWth prototype PGV-1 has begun; its constru-
ction is still under way and its completion is foreseen in July
1978. The testing of this prototype will be done af Les Renar-
dieres test-station.

Sodium-water reaction tests on the ISA-1 plant at Brasimo
ne site are foreseen to start on July 1978.

An activity dealing with characterization of steam gener-
ator materials is now under way within a collaboration among
CNEN's Technological Reserach Department, Terni, Dalmine and
FIAT companies.

82

Licensing

Three different steps are foreseen in the Italian laws
and regulations dealing with a nuclear reactor construction,
namely:

a first general approval (nulla-osta) for the plant constr
uction at the indicated site; this approval is to be obta-
ined on tb.e basis, of the Preliminary Safety Report;

th.e approval of a given number of System Safety Reports*.
(For partial .licensing) one for each part of the plant
affect.ipg'nuclea.r safety and protection. This phase is clo-
sely- tied.with-the construction schedules; the approval of a
given safety report is a necessary condition for the fabric-
ation and ihstallation'of components and subsystems which
are included in the system in question;

the approval of a Final Safety Report after the reactor cons-
struction and before starting operation.

On January 24, 1974 the general approval for the PEC con-
struction at Brasimone was obtained. A general Reference Design
(Progetto di Insieme) was subsequently submitted to the CNEN
Regulating Committe aimed at given a general frame of referen-
ce for each Safety System Report.

At present time three safety reports have been approved by
CNEN Regulating Committee and the remaining 18 are under prepar-
ation or under examination.

The activities in this area are finalized to the test pro-
gramme on the rotating parts of the Superphenix pump.

The construction of the CPy-^1 plant is behind schedule
and its completion is now foreseen in April, 197 9.

Inflatable seals

During 1977 a programme has been set up which includes the
design and test of inflatable seal on a 10 m. diameter mock-up
to Be performed by Pirelli Company.

Tests on Mechanises and Thermal Insulation

Test programs are foreseen on the ASPRO and MULINOX circ-
uits; a contract has been set up with FIAT for the supply of
samples for friction tests; tests on metallic thermal insulat-
ions will be performed in collaboration with CEA.

Core Development

Deformed Bundle Thermohydraulics

The studies are aimed to analyjse the modification of the
thermohydraulics of a fuel element bundle when it results def-
ormed due to the swelling. For this purpose experiments in so-
dium loops on electrically heated bundles are performed both in
nominal and deformed geometry.



The activities carried out in this are include:

a) the development of fabrication technologies for electrically
heated pin bundles;

b) fabrication technologies of deformed pins;

c) development of a special instrumentation able to give a com-
plete map of temperature without disturbing the experiment;

d) calculation codes able to design and interpret the tests.

All these items are under progress at the Casaccia labor-
atories; a first test on a nominal geometry pin bundle already
completed and analyzed and a second test on a deformed pin bun
die now under way have shown satisfactory results for all these
items. ENA-1 and ENA-2 circuits are utilized for the aforement_
ioned experiments.

Core Fluidodynamics

The activities in this area are being oriented toward the
study of sodium flow in the low pressure upper plenum in the
space outside of the subassemblies. The approach to this prob-
lem is done by developing an appropriate phisical model and
by an experimental campaign on the water circuit CEF-1 and
CEF-2.

Core Mechanical Behaviour

A mock-up of the Superphenix diagrid has been installed
at Cadarache, This 1;1 scale mock-up allows to study the over-
all mechanical behaviour of a relevant part of the core: it
includes 100 dummy fuel elements on which it is possible to
act with forces in different directions. The results of the tests
will be used both to verify the operability of the Superphenix
fuel handling system and to validate mechanical codes such as
HARMONIE and CONCOR.

At the moment the mock-up instrumentation is under compl-
etion and testing will begin soon.

Noise Analysis

At Casaccia laboratories an activity has begun with the
aim to deyelop a,dyanced .methods to perform analysis of neutr-
onic, thermic a,nd a,custic noise.

The method has been already tested on out-of-pile sodium
experiments and will be developed with the purpose of obtaining
a valuable tool for an early detection of reactor malfunctioning.

Physics

A first set of measurements on integral capture cross sect-
ions was completed on the RB-2 fast-thermal facility. By using
the null-reactivity method, ratios of integral capture cross-

sections of Fe, Ni, Cr and stainless steel to integral fission
cross section of U-5 were determined. An additional set of mea
surements in the frame of the reactivity worth technique was
also carried out for the same materials plus Mo, Mn and Ti, as£
uming B-10 as standard. The results were compared with the the-
oretical predictions, which seems to overpredict the capture
cross sections of the considered materials. A set of measurem-
ents with a "new composition of the experimental zone is underway.

The fabrication of the fuel elements representing part
of the italian contribution to the PRERACINE experiments was
completed as scheduled. Experiments are now underway in strict
cooperation with the CEA team.

Having completed the intercomparison between TAPIRO and
HARMONIE, a number of experiments on neutron propagation in
bulk material were performed. In particular, three different
admixtures of Na and Stainless steel were considered. The an-
alysis of the experiments and their implications on the cross
sections of the involved materials are still under examinations-

The evaluation of a complete file for about W fission prod-
uct nuclei was completed, and a multigroup cross section set
in the CARNAVAL format produced.

An evaluation of some transactinides was undertaken, in
the frame of CNEN-CEA cooperation.

Fuel Development

CNEN activities in this area are developing along the foil,
owing lines.

Oxide Fuel Studies
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The irradiation test Florum 3 in SILOE reactor is now uri
der preparation for creep measurement on oxide fuel; irradiat-
ion is now foreseen to start in April, 197 8.

A set of three irradiation experiments is now under way
in SILOE recator to determine the integral of conductivity
for oxide fuels with different 0/M ratios. Results on these
experiments are foreseen to be available by the end of 1978.

Two irradiation experiments in SILOE reactor are projected
to study the mechanical fuel-^clad interaction taking into ac£
ount the effect of density5 ga,p and linea,r power; these exper-
iments will, start next yea.r,

Carbide fuel stu'djes

Some fabrication and irradiation experiments are projected
in OSIRIS and RAPSODIE reactors. The design and fabrication of
irradiation capsules are performed in collaboration with CEA.
The first irradiation will start in May-June this year. Out-
off>ile experiments on uranium carbide are also foreseen to de-



termine its mechanical properties as a function of fabrication
parameters.

Studies and Experiments in Support to Design

An out-of-pile test in ESPREoSO circuit is projected to
study the behaviour of a pin fuel bundle under cycling and
thermal shock conditions. The post-irradiation examination of
some capsule irradiated in DjrR reactor will permit to analyze
the behaviour of fuel pins naving been in reactor with a high
clad temperature.

Economics and Strategy Studies

The NURPLA code is now set-up and it will be applied to
calculate fissile and fertile material balances for a multi-
reactor system including fast reactors.

A set of analysis/ are being carried out to evaluate fuel
cycle needs and cost's for fast reactor with homogeneous and
heterogeneous core^.

Codes and Standards

A comparative examination of codes and standards utilized
in Italy, USA and France is now under way; this work has been
completed for some mechanical components and is still under
completion for some others problems, such as ventilation system
and seismic analysis.

An activity on thermal shocks to be performed on cylin-
drical samples is being carried out; during 1978 parallel tests
will be initiated on thermal ratcheting.

The utilization of french codes PASTEL and TRICOT are be-
ing progressisly acquired, especially for calculations on hex-
agonal wrapper cans and on pipes. Validation of calculation
codes by means of experiments will begin during 197 8.

Safety

Coolant Dynamics

Boiling experiments in sodium on electrically heated seven
pin bundles are proceeding on ENA-2 circuit. Results of these
experiments will be used to develop the understanding of boil^
ing dynamics particularly in relation to reactivity void effe-
ct and to yalidate calculation codes. These experiments have
produced results about the effect of a_xial thermal power dist-
ribution (sinusoidal ys. flat.) on two-phase flow regime dynamics.

Molfen Fuel-Sodium Thermal Interaction

Experimental program has progressed with three tests on U0 2

pellets in stainless steel clad. The melting of U0 2 is obta-
ined by dirict heating (Joule effect). Particular attention

has been devoted to the effect of some parameters on cladding
failure, on fuel fragmentation and on thermal to work energy
conversion. Experimental results are used to validate calcula_
tion codes.

Core Dynamics

The multi-group bidimensional NADYP code (a neutronics-ther
mohydraulics coupled code) has been modified; it has been applT
ed for Superphenix core obtaining interesting results on posit-
ion and spectrum effects during power and flowrate transients.

Mechanical Structures Deformation

Results on dynamic response of structural materials such a
concrete and stainless steel have been obtained; an evaluation
of structural and hydrodynamic codes has been made also on the
bases of explosive experiments carried out at CCR Euratom ISPRA.

CABRI and SCARABEE Experiments (Cadarache)

The italian participation to the planning and inyerpretation
of these experiments has begun.

Sodium Fires

Preliminary activities on large sodium fires (ESMERALDA pro
gram) are progressing in collaboration between CEA and CNEN.
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MAIN EXPERIMENTAL EQUIPMENT

The CPC-1 plant

It represents the most important facility to performe tests
in support to PEC reactor.

This installation, whose construction is under completion
at Brasimone site, has been mechanicallly completed with the
exception of the two centrifugal pumps, whose installation is
set for June 1978. The various leak tests have been completed,
as well as the electrical installation and instrumentation.
The final electrical power supply is now expected.

Transfer Celle Mock-up

The transfer cell mock-up, which is part of CPC-1 plant,
is nov, ready with its air-conditioning unit and fixed equipm-
ent and instrumentation have been completed. In addition, the
power manipulator and a mock-up of the test-channel handling
machine haye been installed.



Tb.e CPC^2 Circuit

The construction of this circuit is now under completion
at Casaccia Center.

Mechanical assembly operations have been completed as well
as the leak tests and the overall-pressure testing of the cir£
uit. The electrical part is being finished, with installation
of the heating cables and leak detectors. For installation com
pletion, there remains the thermal insulation, the painting
of the framework and. the testing of the instrumentation.

The IPM Rigs

At present , the reconditioning work of the test tanks,
which will make them suitable for conducting tests to supp-
ort construction and demonstrate good operation of the core
hold-down system, control rod drive mechanisms ^nd fuel handl^
ing machine, has been completed at Casaccia Center.

The electrical part of the installation has been complet^
ely revised. Other activities are in progress, such as brin-
ging the mechanical project up to date (as it is built), the
drawing up of the testing specifications and procedures, the
preparation of operative and control tables, and the revision
of the Safety Report.

The ESPRESSO Circuit

This circuit has operated, including commissioning and
operating time for about 3000 hours without problems.

In this circuit has been carried out a test with the pur-
pose to set up pressure drop and cavitation measurement sy-
stems .

The CEDI Circuit

The heat testing of the installation up to 65O°C has been
completed in October 1977. The mechanical pump, after recond-
itioning, has worked well reaching and remaining 100 hours at
65O°C in fluent sodium. The operating time, including commiss-
ioning has been about 1000 hours.

CEF-1 and CEF-2 Circuits

These two water circuits are utilized to carry out tests
both for PEC and for power fast reactor program.

An experimental program of fluid dynamic tests in water
has been conducted on individual subassemblies and for the
bundles of 7 subassemblies to support the PEC core design.

Pressure drops, cavitation thresholds, vibrational behaviour
and radial mixing in the bundles have been verified.

CSA-1 Plant

This plant (located at 'Casaccia Center.) by which it is
possible to test a steam generator section of 1 MWth, is
still shut-down. Its reconditioning and operation will be
resumed as, s.oon as personnel vjill be ayailable.

ISA-! Plant

This plant, intended to study the sodium-water reaction in
steam generator models, has been completed and commissioned
at Brasimone. Some modifications of the plant are now under
way. Testing programme will begin in July 1978.

CPV-1 Plant

The plant, intended to test the rotating parts of Super-
phenix primary pump, is now under construction behind schedule.
The test section of the rotating parts has been completed by
FIAT.
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