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1. In tro d u c tio n

Energy consumption in Italy

In 1986 the consumption of primary energy in Italy increased by 
1.9% with respect to the 1985 levels.

Furthermore, as is shown in table 1 the contributions of the 
different sources to the total energy supply changed little.

Table 1 - Prim ary energy consum ption in Italy during 1985 and 19 8 6

1985 1986

Mtep % Mtep %

-coal 15,8 10,9 14,9 10,0
-natural gas 27,3 18,8 29,0 19,6
-oil derivatives 85,2 58,5 86,7 58,5
-hydro & geothermal electricity 10,3 7,1 10,7 7,2
-nuclear electricity 1,5 1,0 1,9 1,3
-import of electricity 5,2 3,6 4,9 3,3
-renewable energies 0,1 0,1 0,1 0,1

Total 145,4 100 148,2 100

In 1986 the electricity required by the Italian network reached 
about 200 billion kWh with an increase of 2,4% with respect to that of
1985. No important change in individual percentage contribution is 
observed, including the high figure for the import of electricity.

Table 2 - Contribution of the different 
production of electricity

primary sources used in the

1985 1986

TWh % TWh %

Gross production
-coal 27,3 14,7 28,6 14,9
-natural gas and coal gas 27,9 15,0 27,4 14,3
-oil derivatives 76,2 41,0 79,9 41,6
-hydro & geothermal electricity 47,3 25,5 47,1 24,6
-nuclear energy 7,0 3,8 8,8 4,6

Total gross production 185,7 100 191,8 100

-energy used by auxiliary
production services 

-energy used by pumping 
-net import of electricity

- 9,5
- 4,9 
+ 23,7

- 9,6
- 4,7 
+ 22,1

Total energy required by the
Italian Electricity Grid 195,0 199,6

N uclear A ctivity

The Caorso power station underwent its fourth reloading at the
end of 1986. The construction work at Montalto di Castro (BWR) has
continued and the civil engineering work at Trino Vercellese (PWR) has
started.

However at present the national energy plan is once again being 
questioned and for the first time a strong political opposition to the 
nuclear component was found. The government agreed not to 
undertake any new initiatives on nuclear plant construction that might 
affect the outcome of the debate. In particular, in the LMFBR field, 
ENEA has been temporarily inhibited from undertaking new
committments - including those for the fast reactor PEC.



A conference requested by the Parliament and organized by the 
Government, was originally planned on the assumption that a thorough 
and dispassionate investigation by qualified people outside the three 
energy state owned bodies, would produce a broad enough range of 
opinions and objective informations to advise Parliament in 
re-evaluating the country's energy strategy.

This national conference was held in Rome the 24-27 February 
1987, and expert reports said the nation remains dangerously 
dependent on foreign fossil fuel imports and must develop  
environmentally superior alternatives, including nuclear.

Three main subjects were on the agenda:
- the economy, energy and development;
- the environment and health;
- the legislative and institutional aspects.

At the conference three main reports were presented also on the 
basis of answers to a questionnaire distributed on a quite large way.

- The first committee chaired by Paolo Baffi, Honorary Governor of the 
Bank of Italy, stated that our country has made little progress since the 
oil crises of the '70s towards reducing energy and oil consumption. 
Total consumption in 1985 came to 145.4 Mtep of which 112.5 were 
hydrocarbons, more than 75% of the total. Unlike other industrialized 
nations, including its European Community partners, Italy still depends 
on foreign sources for 81.3% of its fuel supply. This leaves the country 
with energy costs that in 1985 amounted to 2.8% of the gross national 
product, a total bill of 30.5-trillion lire, that created a balance of 
payments gap and extreme vulnerability to fluctuations of energy 
markets.

.According to projections, energy consumption in Italy is expected 
to increase in the future despite sectors whose energy intensity is likely 
to decrease. A rigorous program to contain consumption and improve 
energy efficiency must be undertaken, dependence on foreign sources 
must be reduced and oil replaced with a balanced mix of coal, nuclear, 
natural gas and hydropower.

The dossier prepared by the committee' on economic issues 
concluded, "despite the unresolved problems posed by'current'levels of 
nuclear technology, Italy must remain in the nuclear culture," to ensure 
its technological future, and this can only be done with a commitment 
to new plant construction. ■

Prof. Paolo Baffi at the end of his speech, referring to discussions 
raised inside his group about the necessity to have an administrative 
strengthening in order to achieve a strong impact of the energy saving 
measures, said that he personally feared a nuclear choice in terms of 
civil rights.

- The second group chaired by Prof. Umberto Veronesi, director of
Cancer Institute of the Milan University, examined the risks related to 
each major source, beginning with the occupational hazards in plant 
construction and concluding with the long-range effects on the 
environment and human health, as well as the methods of reducing
negative impacts.

The study concluded that: fossil fuels have more negative 
impacts on the environment in terms of fuel handling, transport, and 
combustion, while hydropower and nuclear energy are more hazardous 
with respect to accidents. The technical committee noted, however, that 
hydroplants accident risks show a higher probability level - 1 in 
10,000/year - than nuclear fac ilities  accident risks- 1 in
100-million/year - although the breadth and scope of nuclear accidents 
are clearly more serious. The committee added that 72% of the 
questionnaire responses found nuclear energy acceptable with the
provison that every effort be made to improve safety and limit risk to 
the greatest degree possible. In addition, it was generally agreed that 
the country needs to move ahead quickly to develop adequate
monitoring and information networks, as well as emergency planning 
provisions.

Solar and wind sources are the best ones from an ecological point 
of view but their near term contribution could be only very small.

On environmental protection, Italy is charged with dragging its 
feet, partly since its energy structure and regulations have led to higher 
levels o f certain emissions such as sulfur dioxide than in other nations.

- The third working group chaired by Prof. Leopoldo Elia, former 
President of the Constitutional Court, .analyzed the questions of how - 
and by whom - energy policy should be admistred and underlined that 
one of the main obstacle to solve the energy problem in Italy is related 
to the legislative aspect.

The long, complex procedures involving in even the most 
minimal step, the delegation of different responsibilities to an endless 
chain of governmental organs, state agencies, and local administrations,



slow down and some times stop the process of actuating energy policy 
lines approved by the Parliament.

Prof. Elia suggested to cut down the bureaucracy by the creation 
of a new agency fully responsible for the supervision and management 
of energy policy from the planning and siting of plants to relations with 
local governments, to program development-subject to final approval 
from government.

At present, there is a Government crisis and furthermore three
referenda slightly relating to the nuclear issue should be held next
May-June.

During 1986 the financial resources allocated to fast reactors, 
excluding PEC construction were in the order of 100 billion lire.

2. The P E C  Reactor 

Construction Progress

During 1986 the work on PEC has progressed (table 3) more
slowly than had been planned above all as far as the assembly work
was concerned, as a consequence of the general slow-down in the 
enterprise activities during the second half of 1986 due to the reasons 
explained above.

Table 3 - Work Advancement

Advancement % 
at 31/12/1985

Advancement % 
at 31/12/1986

-civil engineering 86 91
(including finishing work)

-supply 70 75
-assem bly 9 19

The overall advancement can be quoted as 70%. Supplies completed 
during 1986 include: intermediate heat exchangers, electromagnetic 
pumps, the air heaters, the fuel handling machine, the emergency 
diesels, the sodium expansion tanks and the shielded windows for 
manipulation of the fuel elements.

The rotating plug has been mounted in the reactor vessel as has 
also the plug on the shipment pool in the fuel manipulation building.

The mounting of the air heaters in the sodium building is near to 
completion. The assembly has also been initiated or continued of the 
principal and auxiliary circuits, liquid waste treatment plant, freon 
secondary circuit, air conditioning plant and the emergency diesels.

As a result of Government decisions the order for the fuel 
elements was suspended at the end of 1986.

A probabilistic study on the radiobiological consequences of 
accidents has been made. The results showed that the plant does not 
present possible accident sequences with appreciable radioactive 
release, even with very low probabilities.

An activity for the evaluation of the applicability of the most 
recent criteria for in-service inspection of the PEC plant has been 
started.

A complete documentation concerning the Brasimone site, 
collecting all reports and studies that were produced up to the end of 
1986 has been organized.

Budget and Manpower

During 1986 expenses for the PEC contract have been 237 billion 
lire. The total engagement of personnel during 1986 has been roughly 
the same as in the previous year with the subdivision shown in the 
following table:

Man-years during 1986

ENEA
Customer (ENEA et al.) 244

Core design and R & D 186

ANSALDO (A rch itec t-E n g in eer) 325
SUBCONTRACTORS 1700

SUPPLIERS (m ateria ls and com ponents)
SUBCONTRACTORS
(c iv il eng ineering  w ork and assem bly)

699

TOTAL 3154



2.1  Core Design

Status of verifications

During 1986 an appreciable effort has been devoted to the
compiling of the final safety report that should be completed during 
1987.

The detailed design of the calibration element for the DND 
(delayed neutron detection) system has been carried out. The 
confirmation of the hydraulic characteristics of this element is 
presently underway using the water circuit CEF. Tests performed on the 
Espresso sodium circuit on similar elements have served to confirm by 
analogy the thermo-mechanical behaviour of the DND element.

A thermohydraulic analysis of a "worst-case" core (from the
thermal point of view) involving elements working under the worst
conditions for their whole lifetime in-core, has positively verified the 
thermal criteria used for the cladding hot points.

A new series of handling tests in air on a group of seven
elements has been made. These elements were straight or bowed and 
mechanically equivalent to the core elements and were tested with 
different loads. On the basis of these tests the criteria to be applied to 
the design calculations for the core elements manipulation were 
established. These criteria are being applied to calculations to 
determine maximum forces in introducing or extracting core elements. 
These calculations will cover the transition phase from the startup-core 
to the equilibrium core.

The seismic calculations for the intermediate safety report have 
been completed. The numerical analysis of the experimental results 
concerning prototype elements in water and fluid-structure interaction 
tests on simplified element groups has been made.

The conservative nature of the above-mentioned calculations was 
demonstrated and the data for the final calculations to assess safety 
margins has thus been provided.

Safety approach

The analysis of local faults has been completed. In the field of 
credible accidents, it has been verified that only two types of initiating 
events need be considered: the clad failures and the partial blockages 
causing some lack of cooling.

For the first category, the Clad Failure Detection System makes 
the failure degeneration non-credible.

For the second one, a conservative analysis of all the possible 
blockages has demonstrated that:
- the Core Temperature Treatment System controls the foot blockages 
before the clad design limits are reached;
- the clad temperature does not reach the design limits, even if the 
fault is not detected, when the blockage concerns the pin bundle.

Therefore, for any type of credible local fault the possibility of 
propagation to neighbouring assemblies can be excluded.

In the field of hypothetical local accidents, after satisfying the 
verification from the point of view of the mechanical propagation, the 
analysis of the thermal propagation using the SURFASS code has 
started. The aim is to demonstrate that, even in the case of a complete 
sodium-fuel interaction of a fuel element, the cooling is assured and the 
control rod insertion is guaranteed.

Seismic SSE (Safe Shut-down Eartquake) motions at the vessel 
supporting structures have been established which are less severe then 
those estimated in the design analysis. These motions will be used in 
the final calculations concerning the reactor-block and in particular the 
core.

2.2 Radiation Shielding in P E C  

Shielding approach for P E C

PEC being a non-standard reactor design has involved a wide 
variety of reactor shielding problems. Both the limited size of the plant 
and the necessity of access in certain places due to its use as an 
experimental facility have accentuated the complexity of these 
problems, so that some target quantities of radiation dose both to 
workers and to materials have been requested to within small errors.

It has therefore been necessary to develop a range of methods and 
expertise in their application.

The computer codes currently in use are:
- MERCURE 4 for gamma ray transport in homogeneous geometries 
(point kernel method with integration carried out by a mixture of 
deterministic and Monte Carlo methods)



- ANISN and DOT 3.5 for neutron and gamma ray trasport in 1 and 2 - 
dimensional geometries respectively (discrete-ordinates)
- MORSE and MCNP for neutron and gamma ray transport in real 3 
dimensional geometries (Monte Carlo).

In addition DOMINO may link DOT 3.5 to either MORSE or MCNP 
for a complete bootstrap calculation.

As far as sources are concerned, the diffusion code CITATION 
provides the fixed volume distributed neutron source in the core, whilst 
given knowledge of the neutron flux, ORIGEN-2 provides activation 
sources at various times after reactor shut-down and for various 
neutron irradiation times.

General lines of shielding activity

The general lines of the current shielding activity for PEC are:
- dimensioning of transport flasks for irradiated structural material and 
instrumentation (MERCURE, MCNP);
- mapping of the dose rates in rooms not normally accessible except for 
irregular maintenance (MCNP). The source is normally active sodium 
deposited in piping;
- on-going calculations of radiation streaming in various ducts 
containing instrumentation inside the reactor tank, and in various gaps 
and heterogeneities outside the tank (such as the neutron flux detectors 
and the tank movement detectors). These calculations use as source the 
neutron or gamma currents from a standard DOT calculation on a r-z 
mock-up of the reactor block.
- calculations both of the biological doses at access after shut-down and 
of material doses during running in the room directly above the reactor 
plug (L.S.R.= locale sopra reattore). The PEC experimental channel leads 
from the center of the core up through the sodium and the reactor plug 
and goes all the way throught the L.S.R. The active sodium present in 
the central channel is shielded by depleted-uranium with a thickness of
9.4 cm over most of the height. Both this source, and the activity of 
structural materials deriving from neutron streaming from below the 
plug along instrumentation and control rod channels during reactor 
running and gamma streaming after shut-down along the same routes, 
as well as the presence of other sources such as sodium deposited in the 
shielded drainage pipes, make this room one in which doses must be 
both precisely calculated and monitored.

An example of a calculation

One of the problems solved using MCNP was of the dose in the 
L.S.R. due to gammas from activated sodium leaking out of the central 
channel over a 50 cm height interval between the top of the plug and 
the lower edge of the depleted uranium shield. The geometry is quite 
complex consisting of many gaps and azimuthal heterogeneities, whilst 
the dose must be calculated to within an overall error of at most 15%. 
The following Fig. 1 shows a vertical cross-section of the central channel 
in this zone. The radius of the whole channel is roughly 29 cm. Sodium 
flows in the central ducts to cool the experimental element and access is 
at 3 or 5 days after shut-down at the surface between the control rod 
mechanisms. The geometry shown is that actually used in MCNP.

E
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f
Sodium source in 
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Fig. 1 Vertical cross-section of a part of the central channel.
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Shielding Developments

Improvement in transport methods is currently concentrated on 
MCNP. A number of modifications have been made to the code to adapt 
it to particular requests. An automatic spatial splitting optimization 
version is in use which in future will be further extended.

MCNP together with JEF based ACE cross-sections is currently 
being validated by means of results from benchmark experiments 
carried out at the EURACOS facility at Pavia University, on neutron 
transport in iron and sodium.

2.3 Experimental activity

On-site seismic tests

The interpretation of the experimental results obtained during 
on-site seismic tests on the reactor building has been completed 
together with the related numerical analysis.

This was a three-dimensional analysis taking into account 
soil-structure interaction effects. The study has allowed the adequacy 
of the design calculations to be demonstrated and numerical models to 
be validated.

Tests on component prototypes

The after-test analysis of the control rod driving mechanism has 
been completed, while that of the hold-down mechanism is underway.

During 1986 a great deal of useful information was obtained on a 
prototype of the loading machine that was tested in air. Sodium tests 
will take place during 1987.

2.4 Advancement__of the__P E C __reactor channel__design and
construction

During 1986 the activities on the PEC test channel have 
proceeded along the following lines:
- design under ANSALDO responsibility
- tests in support of the design carried out by ENEA
- Construction in FIAT workshops

Calculations

The work on the stress report advanced to 50%. Two critical 
points required notable effort.
- The evaluation of the seismic behaviour was carried out starting from
a general model of the reactor block and a detailed model of the reactor 
core. These calculations provided the acceleration spectra at the various 
constraints and the forces generated by the collisions of the 
subassembly heads against the external wall, to be subsequently used 
in a detailed model of the test channel. The high stresses generated will 
require some tests aimed at evaluating the mechanical resistance of the 
structural parts to the seismic loads.
- The high stresses calculated on the basis of an elastic model in the
region of the reactor tank sodium level, where large seismic loads are
associated with important thermal loads, showed the necessity for 
inelastic calculations. The first step concerns the elastic follow-up 
evaluation, in order to consider only a part of the thermal loads as 
primary. New and less severe criteria were adopted to evaluate 
ratcheting.

R & D  programme

After the completion of the thermal shock campaign on the CPC-1 
experimental rig, the thermal cycling programme was started. After 
some cycles’ the staff was alerted by noise in the transfer cell, where 
the test channel head is situated. It was soon discovered that the noise 
was generated by the sliding guides of the bellow permitting 
differential thermal expansion between the two guides and the wearing 
off - of the cromium layer due to the large relative movements caused an 
incipient seizing. '

This result caused a modification of the bellow guides of the PEC 
test channel. It was considered to make the same modification to the 
CPC-1 test model, but it was shown that the work would be very 
expensive and time consuming.

Consequently the decision was made to drop the thermal cycling 
programme and to carry on only with the steady state endurance tests. 
The performance of the modified system will be tested on a separate 
mock-up.

A last experimental programme concerns the behaviour under 
high temperature sodium (600° C) of brazed penetrations of
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Fig. 2 PEC Reactor Building - Mounting of the sodium pool for fuel 
element in the transfer cell.

thermocouples in two small rigs, one located at Casaccia and the other 
one at Brasimone. This experimental programme has been stimulated 
by the negative results experienced in a thermal shock mock-up tested 
in the CPC-2 loop.

Construction

The construction of the PEC test channel has been completed in 
the work. The development of the transportation procedures is under 
way. Only part of the commissioning tests has been carried out in the 
work shop. Commissioning will be finished at Brasimone, where the 
best measuring equipment and trained staff are available.

3. Superphenix 1 Power Station

The past year has been completely devoted to the execution of 
the complex programme of nuclear tests that have been requested by
the customer and by the safety authority.

Start-up tests have been performed under the responsibility of a
start-up team that has been constituted by NOVATOME and ANSALDO,
the main contractors for NSSS (Nuclear Steam Supply System)

During the startup tests a very good decoupling between NSSS 
and BOP (Balance of Power) was demonstrated, permitting an 
independent execution of various tests.

The start-up tests have permitted the core characteristics and 
particularly the safety ones to be verified.

Other important start-up tests were devoted to the core 
surveillance systems, resulting in their setting and in validating their 
performance.

As a consequence of the good results obtained during the nuclear 
tests, it was possible to reach the full power of the reactor on 9 
December 1986. This event represents the most important achievement 
for countries participating in the enterprise.

As far as the core start-up tests are concerned, an ENEA 
participation in the principal areas such as control rod reactivity, 
reaction rates, reactivity coefficients, mechanics, thermohydraulics and 
core surveillance systems has been realized.



In the physics field the interpretation of the start-up 
experiments is in progress and is conducted by a common task force in 
the framework of the European agreement. The ENEA contribution has 
concerned in particular:
- transport and heterogeneity effects in SPX-1 non-fissile elements;
- parametric studies on MSM (Multiplication Source Method) correction 
factors used for interpretation of SPX-1 control rod experiments;
- investigations of the reactivity scale for the analysis of SPX-1 start-up 
experiments;
- methods validation for the interpretation of the SPX-I startup tests; 
effect of condensation of neutron group energies on the control rod 
reactivity and on the flux distribution.

4- Research'—development and industrial promotion

These activities are mainly carried out in the framework of the 
following agreements:
-European agreement for the R & D programme;
-associate contract between ENEA and AGIP dealing with the core 
elements;
-associate contract between ENEA and ANSALDO for activities related to 
NSS;
-research contract between ENEA and FIAT dealing with sodium 
mechanical pumps;
-associate contract between ENEA and BELLELI for the development of 
technologies connected with the steam generator.

4.1 Reactor, system and sodium components 

Activities of a general nature

- Esmeralda programme

The Esmeralda plant managed jointly by CEA and ENEA at 
Cadarache, has continued the experimental programme that was 
planned.

In particular two tests, related to the PEC air-sodium heat 
exchangers, were performed.

The first and preliminary one took place in March 1986 and was 
devoted to the qualification of the plant by using a by-pass simulating 
the pressure drop of the heat exchanger.

The second test, in February 1987, was also devoted to the 
verification of the operation of the PEC sodium-air heat-exchanger. The 
experimental conditions were the same as the previous test, i.e. with an 
aerosol concentration of 75 mg/m3 and a duration of lh  and 45 
minutes.

At the end of the test no notable variation was revealed in the 
heat-exchanger operation.

In addition an analysis of previous tests was made to qualify 
computer codes, in particular for: aereosol source, aereosol plume from 
tower, aereosol d iffusion in external environment, aereosol 
tranformation and mixed fires.

- Sodium-water reaction tests in ISA-1 test loop
The first test of the FIFRE type was performed at the end of

1986. Due to some technical problems the test was unsuccesful and a 
repetition was required.

A new set of experiments (FLASH) will start during 1987-late 
spring. They concern the characteristics of the reaction flame and will 
supply valuable information to the leak propagation computer codes for 
straight tube steam generators. The experimental programme will 
include only small leaks.

- Data bank system
As far as the data bank system (ERDS-FBR) is concerned, after its 

application to the Rapsodie reactor, the collection of Phenix component 
data (characteristics of design, operation and failure) has started in 
1986 and will be terminated in 1987.

Reactor system and components

- Reactor Block

During 1986 the Italian activities on the reactor block have been 
focused on R & D studies on new surface hardening processes and new 
welding techniques applied to the core support diagrid. All of them 
have been submitted to comprehensive tests and to cost comparisons.



Some of them appear to be applicable and offer decisive savings.
For surface hardening processes many different techniques have 

been chosen for investigation.

They may be listed as follows:
-Several kinds of plasma processes using nickel base alloy both with 
boron and without boron,
-Ionitriding,
-Chemical Vapor Deposition (C.V.D.) of NiCr,
-Physical Vapor Deposition (P.V.D.) both of TiN and Mo,
-Deposition with electrical-tampon of both NiW and NiCo,
-Aluminisation by diffusion in vacuum (high Activity),
-Hardening by spheres microshocks,
-TIG and stellite techniques

Wear resistance tests have been performed in air; Na tests are in 
progress at Cadarache.

For welding processes two similar technologies have been 
investigated:
-Electron Beam Welding,
-Laser Beam Welding.
The result of the research shows a possible significant reduction of the 
manufacturing cost and a drastic reduction of shrinkages and 
deformations of the welded component. The proposed solutions are to 
be considered economically advantageous and highly competitive.

- Intermediate pump

A program to qualify a supplier of rotating sealings for sodium 
mechanical pumps is in progress. The experimental equipment, for 
carrying out a test programme, has been completed. The operating 
conditions both of the SPX-1 primary pumps, and of the reference ones 
for SPX-2 as well as a mixture of the two, will be simulated.

A qualification programme of a casting supplier for impeller and 
diffuser of mechanical sodium pumps has been started. The programme 
foresees the construction in full scale of the impeller and diffuser of the 
SPX-2 intermediate pumps. These parts w ill be constructed and 
controlled with reference to RCC-MR standards.

\

Fig. 3 - Laser Beam Welding.

- Steam generators

The Italian company ANSALDO and the French NOVATOME have 
launched a long term industrial agreement concerning steam 
generators. The field of this agreement covers the helical tube steam 
generators as well as the straight tube steam generators to be 
developed jointly by íthese two companies. The two companies will thus 
pool the knowhow they have acquired in the fields of straight tube and 
helical tube steam generators.

The activities concerning the straight tube steam generators 
follow two main lines: R & D on modified 9 Cr-1 Mo ferritic steel and
INCOLOY 800 and R&D concerning technologies and thermohydraulics.

- Ferritic steel: an optimisation of the heat treatment of large forgings 
for tube plates is under way with the goal of improving the mechanical 
properties and of obtaining acceptable values in the inside , where the



cooling rate is slower. A cast of prototype tubes has been supplied. The 
dimensions of the tube cast are in accordance with the design of the 
steam generator (outer diameter 13,5 mm x2 mm wall thickness).

- Incoloy 800: characterisation tests of the resistance to stress corrosion 
cracking were performed at 300°C and in caustic water (Na OH 10%). 
The method adopted was the Slow Strain Rate Technique (SSRT).

- R & D concerning technologies and thermohydraulics: the
characterisation of socket type tube to tube sheet joints, using Internal 
Bore Welding (I.B.W.) has continued at the ANSALDO research 
laboratories. Creep and thermal cycling tests were carried out on 
modified 9 1/4 Cr-1 Mo steel specimens. Corrosion tests in high 
temperature-high pressure water were performed on specimens of 
tube to tube sheet joints made of various ferritic materials.

An ultrasonic transducer to control the integrity of the joint was 
tested. A brazing method for plugging defective tubes was attempted.

Finally the work carried out by ANSALDO included the 
development and validation of thermohydraulic computer codes.

A first phase of activities was finished at BELLELI workshops 
concerning the development of butt type tube to tube sheet joints, 
using IBW. The work was done using 2 1/4 Cr-1 Mo steel plates coated 
with modified 9 Cr-1 Mo steel and tubes made of 9 Cr-2 Mo steel 
stabilised with Nb+V. The welds were x-rayed using a microfocus 
apparatus.

The heat treatment methods were developed using local heating 
and a creep resistance campaign was completed.

4.2 Core Activities 

Core elements

During 1986 the activities continued following the same general 
lines as previous years.

The most important results were:
- Completion of the seismic characterisation programme of the PEC fuel 
elements and the dynamic characterisation of relative materials, in 
particular cladding materials.

- Continuation of activities of qualification in pile and out of pile of new 
cladding alloys, especially double stabilised stainless steels.
-Design and analysis of irradiation experiments performed in Phenix 
and Siloé reactors especially devoted to the optimisation of cladding 
materials and the comprehension of pin rupture behaviour, in pile and 
in internal storage condition. For this purpose a new version of the 
Anabasi code developed at ENEA has been carried out.
-Pin and bundle design codes tuning for a better application to the 
different operating conditions of PEC reactor.
-Completion of the first out of pile tests to confirm new design solutions 
for the neutron absorber pins.
-Continuation of the effort on the industrial production of the cladding 
tubes. The first supply has been achieved with an high quality level. 
-Testing new manufacturing processes for cladding tubes and wire for 
spacing devices. The results obtained are very encouraging and the 
activity will be promoted.
-Successful application of the automatic Tig welding process already 
developped for PEC reactor to SPX-1 joint between foot and wrapper in 
prototypical conditions. Now the process will be used for the relative 
industrial supply.
-Continuation of activity on non-destructive control systems devoted in 
particular to the automation of the interventions and to the data 
processing.
-Setting up of the advanced radiografíe control system with microfocus 
and qualification of the reading system.
-Design of a first reference set of test irradiation rigs of PEC reactor and 
definition of the best choice for reassembling of irradiated pins.

Core design, thermohydraulics and mechanics

An experimental programme to analyse the sodium flow outside
the fuel elements has been defined. At this purpose an experimental
equipment is carried out at the Brasimone centre. The tests planned for 
1988 will be used for the validation of computer codes.

As far as the core mechanics is concerned a common strategy,
inside the European agreement, has been defined. It is proposed to
carry out at Springfield a core mock-up simulating the core and the 
handling machine during operation. These tests should validate 
computer codes in equilibrium and manipulation conditions.



During 1986 a modification work of the Espresso circuit at the 
Brasimone centre has been started. With such modifications, 
endourance and thermal shocks tests on two core elements in Phenix 
scale, are foreseen in 1987. These elements have design solutions 
similar to SPX-2 ones.

A REVIEW OF THE FAST REACTOR PROGRAMME 
IN JAPAN

Y. MATSUNO 
Power Reactor and Nuclear Fuel 

Development Corporation, 
Higashi, Ibaraki-ken, Japan

1. Experimental Past Reactor

1. 1 General Status

This report covers the activities of the experimental fast reactor JOYO 

from April 1985 to December 1986. Five duty cycles operation from the 8th to 

12th «as carried out. After the 12th duty cycle operation natural circulation 

test from full power level of 100 MWt.

The 6th annual inspection was started from the end of December 1986. Works 

for maintenance or modification of the plant will be done on such system as the 

Cesium trap in order to enable trap of Cesium which will be releaed from failed 

fuel during reactor operation, exchange of cold trap of lry coolant system 

in order to get a higher trapping efficiency and reloading of the on-line irradi

ation test assembly (1NTA).

Besides the operation and maintenance works, following items were conducted 

during the period.

1. Development of operation and maintenance supporting systems using computers.

2. Data supply to Centralized Reliability Data Organization (CREDO) of U.S.A. 

based on the agreement between DOE and PNC.

3. Obtaining of the license to extend the fuel maximum burnup from 50.000 MWd/t

to 75.000 MWd/t. and for increase of uranium enrichment of the fuel from.

12wtX to 18wt5(.

Operation history of J0Y0 is illustrated in Fig 1.1

1.2 Natural Circulation Test

A series of natural circulation tests in JOYO MK-П core were planned to 

be carried out from the 5th duty cycle in order to verify the capability of


