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I. Introduction

Enerau-consumption in Italu

The provisional data available indicate that Italy's total primary energy 

demand Increased in 1987 by 3.8% (see table 1) as compared to a 

G N P  Increase in real terms of 2.7%.

Oil and natural gas consumption registered a growth of 4 %  and

II.3% respectively compared to the 1986 levels.

Primary electricity (hydro-geo and nuclear) decreased by 18% due 

essentially to a total lack of nuclear contribution. Net electricity 

import increased by 4.5%. It should be noted that the Italian energy 

dependence on external primary sources has continued at the very 

high level of 8 1 %  being the highest among the industrialized 

countries.

Table 1 Primary energy requirements In Italy during 1986 and 1987(2)

1986 1987

Mtep % Mtep %

Oil derivatives 86.3 58.4 90.5 59.0

Natural gas 28.9 19.6 32.3 21.1

Solid fuels 15.3 10.4 15.3 10.0

Primary electricity!3' 12.3 8.3 10.1 6.6

-Hydro (9.8) (6.6) (9.4) (6.1)

-Geo (0.6) (0.4) (0.7) (0.5)

-Nuclear (1.9) (1.3) (...) (...)

Net electricity import 4.9 3.3 5.1 3.3

TOTAL 147.7 100.0 153.3 100.0

(^ In c lu d in g  storage reserves 
(^ P r o v is io n a l data 
0 )0 .2 2  kgep/kwh

During 1987 electricity demand (see Table 2) increased by 4.9%. 

Thermoelectric production rose by 13.9%; the absolute increase 

coming essentially from oil with m u c h  lower contributions from 

natural gas and solid fuels. It should be noted that this growth has 

been mainly determined by the increase in electric demand and the 

loss of nuclear production. The share of hydrocarbon fuels (oil and 

natural gas) in the total electric production has been 60.1% and 

remains an exceedingly high value in comparison with those of most 

E E C  and O E C D  countries (19.5% average for both in 1987).

The dependence of electric production on imported primary sources 

of energy has been approximately 75%. Net imported electricity has 

remained fairly constant, representing nearly 10% of the total 

demand.

Table 2  - Electricity production and demand In Italy during 1986 and

1986 1987

TWh % TW h %

Thermoelectric Energy .122x2 70.8 155.2 77.2

-Oil derivatives 77.6 40.3 89.4 44.5

-Natural gas 26.9 14.0 31.3 15.6

-Solid fuels<2> 31.8 16.5 34.5 17.1

Primary Electricity 56.1 29.2 45.8 22.8

-Hydro 44.5 23.1 42.6 21.2

-Geo 2.8 1.5 3.0 1.5

-Nuclear 8.8 4.6 0.2 0.1

Total Gross Production 192Д 100,0 301.0 100.0

Net Electricity Import +22.1 +23.1

Total Awallabllity 214.5 224.1

Energy used by auxiliary
production services and -14.6 -14.4

by pumping

Network Demand 199.9 209.7

4) Provisional data 
(2) Coal, lignite and others



The nuclear debate, after the Chernobyl accident, progressively 

escalated into a primary national political issue.

During this escalation the anti-nuclear groups found it easy to exploit 

public worries and collected sufficient signatures for three referenda 

on existing nuclear legislation.

It should be noted that the Italian constitution does not permit 

consultative referenda on general issues, which in this case would 

have been the acceptability of nuclear power, but does provide for 

abrogative referenda on specific existing legislation.

The referenda concerned the abrogation of the following three 

measures of existing legislation:

-The power of the central government interministerial committee for 

economic planning to over-rule local opposition to the siting of new 

nuclear plants;

-The financial contributions paid by E N E L  and E N E A  to local 

administrations hosting power plants in their territory (of all types 

excepting those fired by not large hydrocarbon fuels);

-The participation of E N E L  in international joint ventures for the 

construction and operation of nuclear power plants.

Voting took place in November 1987 and the results have shown a 

low, by Italian standards, participation (63%) but a clear majority 

(about 75%) in favour of the abrogation of all three measures.

The anti-nuclear groups interpreted this vote, in the absence of a 

consultive referendum, as a clear indication of public opposition to 

nuclear power.

Government and Parliament have accepted that the results of the 

referenda go beyond the three narrow measures in question and 

involve "the role of the atom in the energy policy of the country". 

ENEL's participation in Superphenix is not in principle endangered 

because the referenda have no retroactive effect; however, it excludes 

ENEL's participation in similar future constructions.

The engagement of not funding new nuclear power plants for 

electricity production has been taken, waiting the results coming 

from the research on the new inherently safe technologies.

The nuclear debate in Italy The "nuclear garrison" will be based on the existing plants of Trino 

and Caorso. For the Montalto plant, technical, economical and 

environmental checks will be made to ascertain the possibility of the 

conversion of the plant to a fossil (coal or gas fired one); it is not 

excluded the possibility of placing here an inherently safe nuclear 

plant, if and when it will be possible.

The decision to cancel Trino-2 and to put in effect a prolonged 

moratorium on the construction of new power reactors have the 

consequence to reorient ENEA's activities in the nuclerar sector. 

During 1987 the financial resources allocated to fast reactors, 

excluding P E C  construction were of the order of 75 billion 

lire.

2. The P E C  Reactor

Construction progress

Shortly after the Chernobyl accident. Parliament placed a brake on 

spending for fast reactors in general and for PEC in particular by 

blocking all new commitments by ENEA. This embargo is still in 

force and has considerably slowed down PEC's construction.

Table 3  - Work Advancement

Advancement %  

at 3 1 /12 /1986

Advancement %  

at 31 /12 /1987

-civil engineering 91 93

(Including finishing work)

-supply 75 85

-préfabrication and assembly 19 35

The overall advancement can be quoted as 75%.

The main components have been completed: in addition to what has 

been reported in previous reviews, during 1987 fabrication of the 

centrifugal pumps, of the core hold-down system and of the 

radioprotection system has been completed.



The air coolers in the sodium building have been mounted as have 

also the control rod mechanisms and the core hold-down system.

The assembly of the following structures has been practically 

completed: the stack in the gas building, the component tank; the 

test channel tank; the shielded windows for the manipulation 

building, the sodium flre-fighting equipment.

69 FIG.1. The PEC plant.

The state of completion has reached around 50% for the primary and 

secondary pipes, liquid and gas waste plants and for the conventional 

fire-fighting equipment.

Budget and Manpower

During 1987 expenses for the PEC contract have been of the order of 

100 billion lire. The total engagement of personnel during 1987 

suffered a noteworthy decrease as is shown in table 4.

Table 4  - Manpower

1986 December 1987

Customer (ENEA et al) 244 199

EN EA

Core design and R &D 186 1 6 4

ANSALDO (Architect-Engmeer) 325 175

SUPPLIERS

Subcontractors 2399 925

TOTAL 3154 1463

2.1 Core design

Status of veñftcation 

During 1987 the core design has been finished with the completion 

of the thermal and mechanical behaviour of fuel and core elements. 

The main chapters of the final core safety report have been issued 

and completion is foreseen before mid-1988.

Other verifications have concerned the structural calculations, under 

different operating conditions, of core elements such as central rods, 

shielding elements, reflector elements and fuel elements.

Sqfetp approach

As a conclusion of the analysis of local faults, the activity for the 

definition of the thresholds of the cladding failure detection system 

has started. Knowing the behaviour of a cladding failure, thresholds 

for the three subsystems (gas: delayed neutrons: localisation) will be



established in such a way as to ensure the timeliness of alarms and 

interventions required to assure the desired safety margins 

(essentially to avoid fuel losses and accident propagation).

In the field of hypothetical local accidents, the analysis of the thermal 

propagation using the SURFASS code and taking into account the 

S C A R A B E E  tests has been completed. In case of an instantaneous 

total blockage it has been shown that there is no propagation to the 

surrounding elements. The hex-can retains its integrity and the 

cooling is assured, whilst in any case the central rod insertion Is 

guaranteed by the D N D  system.

In addition the control rod withdrawal has been analysed and it has 

been shown that the safety systems shutdown the reactor before the 

beginning of fuel melting.

A  detailed analysis is underway to verify the integrity of the cladding 

during plant transients without control intervention.

2.2 Experimental activities

The hydraulic characterization of the core elements for calibrating 

the D N D  system for the detection of clad failure has been carried out 

on a water loop.

The test to determine the friction coefficients between the pads of 

the core elements taking into account many kinds of contact has 

been made on a sodium loop.

The post-test analysis of the hold-down mechanism has been 

completed.

The testing in air of a prototype of the loading machine was 

completed and the sodium tests have been initiated.

Inside the mock-up of the transfer cell, tests for verifying and 

qualifying a container for failed pins have been carried out. In 

addition the thermodynamic behaviour of the fuel element during its 

extraction phase has been checked with decay heat being simulated 

by electrical heaters.

2.3 Advancement of the P E C  reactor channel design and 

construction

The channel and its auxiliary systems (hold-down arm, drain 

auxiliary device, channel locking plug, feet housing) has been 

completed by FIAT during March 1987 and has been shipped to 

Brasimone during June 1987. The final commissioning tests 

(verticality, linearity, visual tests, electrical and dimensional tests, 

etc...) have been completed in December 1987.

At present the channel and its auxiliary systems are located at CPC-1 

waiting to be transferred and installed in the storage pits inside the 

reactor building.

Design

The detailed design documents, and the specifications concerning 

the realization, tests, commissioning tests and transportation of the 

channel have been accurately examined by ENEA.

In January 1988 the nearly completed stress report was delivered. 

Only a few verifications still need to be included such as:

-the evaluation of the radiation effect on the channel walls at the level 

of the core,

-thermohydraulic verification of the channel head that will need 

some experimental tests.

R & D  programme

The complex series of tests on the CPC-1 experimental rig is 

approaching its end. At present the slow thermal cycling and 

endurance tests at high temperature (600°C) are underway.

Until now the number of tests completed has totalled: 300 thermal 

shocks, 300 slow cycling tests and 5000 hours of endurance at 

600°C. : 2000 slow cycling tests and 5000 hours of endurance tests 

at 600°C are still needed. The completion of the overall campaign is 

foreseen before the end of 1988.



The new guidelines by Parliament and a specific request by the 

Minister of Industry have already led E N E A  to reassess PEC’s role. 

Conversion of the plant to an enlarged experimental role in the field 

of liquid metal cooled reactors with enhanced passive safety features 

is under study. This option would involve the use of enriched 

uranium, since Parliament has indicated that Pu-bearing fuel should 

not be used.

Having consulted its European partners E N E A  has given a positive 

reply to the minister. This option reduces the emphasis on fuel 

testing, which would no longer be the unique role, and allows 

considerable scope for testing of systems and components aimed at 

increased passive safety of PEC itself and of the European F B R  line. 

This new role underlines also PEC's potential to serve in a wider 

international context.

In the meantime while waiting for the final decision of the 

government, the realisation of the plant has been suspended and. for 

the moment, the activities during 1988 will be limited to the 

consolidation of what has been achieved.

3. Research, development and Industrial promotion

These activities are mainly carried out in the framework of the 

following agreements:

-European agreement for R  &  D  programme:

-associate contract between E N E A  and AGIP dealing with the core 

elements;

-research contract between E N E A  and FIAT dealing with the sodium 

mechanical pumps.

3.1 Core design and safety studies

Reactor Phusics

One of the most important activities that is underway in the frame

work of the R & D  European agreement in the reactor physics field 

concerns the interpretation of start-up experiments of SPX-1.

2.4  Present and future of the PEC reactor To this purpose at Cadarache a task-force made up of personnel of 

the different European countries is working on the subject. The 

E N E A  contributions during 1987 have concerned criticality 

calculations for the zero and full power configurations. The 

calculations have requested detailed evaluations of the transport, 

mesh and heterogeneity effect of fuel follower, diluent and d u m m y  

subassemblies. For the calculation of the heterogeneity effect of 

control rods a new set of equivalent cross-sections has been 

produced.

Another activity in which E N E A  is contributing, is the C O N R A D  

programme that forsees a series of critical configurations on the 

Masurca facility at Cadarache. The duration is over 3 years and the 

programme will initiate during 1988. The E N E A  contribution has 

concerned the preparatory calculations of the experiment, the three 

configurations of the first phase having already been fixed.

During 1987 evaluations of the cross-sections of Cr and Fe (at high 

energies) have been made inside E N E A  in the framework of the JEF 

programme for the production of a common library.

Core elements

The principal results of the activities carried out during 1987 can be 

summarized as follows:

-continuation of the effort for the development of cladding and 

wrapper materials. Mechanical and microstructural characterization 

have been pursued running in parallel with the design of irradiation 

experiments which will be carried out in Phenix in 1988.

-modelling, code development and design criteria up-dating in 

particular with respect to the PEC fuel element.

-completion of the first phase of the effort of Industrial development 

concerning cladding pipes material manufacturing, advanced welding 

techniques and non-destructive control systems.

-up-dating of the programme to be carried out in the PEC central 

channel for fuel element development, taking into account the F B R  

reactor evolution in our country and in Europe.



At the Espresso experimental circuit at the Brasimone centre, in the 

first three months of 1987, the preparatory work was carried out for 

the fatigue and thermal shock tests on a fuel element and central 

element of the Phenix type which arrived in Italy at the beginning of 

March.

This activity dealt with the preparation of the test equipment and in 

particular concerned the fabrication of the feet housing, the 

positioning of the experimental sections, the manipulation grippers, 

the closure plugs, the wagon for the movement of the models, etc.. 

After the initial measurements of the dimensions, in May and June 

the programme was nearly completely finished, with 900 hours of 

endurance and 30 cold shocks. However it was found necessary to 

suspend the tests due to the necessity of some modifications at the 

element foot housing.

In September the two elements were measured and they were 

successively re-immersed in sodium to complete the endurance 

tests.

Finally in November and December the two models were subjected to 

non-destructive testing.

At the C E F  experimental circuit at Brasimone the plant modifications 

necessary for the preparation of the Venus test was carried out in the 

first months of 1987. This test concerns the sodium flow distribution 

outside of the core elements.

These activities essentially dealt with the modification of the water 

piping and the construction of the cavity for the siting of the test 

section, of its supporting structure and relevant instrumentation.

In the second six months of 1987 the materials have been supplied 

and the construction design of the test section carried out. This is 

receiving completion at the AGIP workshops. In October a single 

element prototype was delivered.

In November some tests of the laser instrumentation, used for the 

measurement of sodium flow velocity between core elements, were 

carried out. This diagnostic was developed in the framework of a 

contract between E N E A  and the University of Bologna.

Thermohudraulics and mechanics of the core The code Marasca. written at ENEA, will be used to analyse the 

results of these tests.

Safetu studies

The experimental equipment having been fabricated at the Brasi

mone centre, the first tests on the behaviour of various materials 

(such as oil, elastomers, insulators) in sodium whose presence in the 

primary circuit may cause possible obstruction has been carried out. 

E N E A  has evaluated the probability of accident propagation, starting 

from the contact of molten fuel with the hex-can.

The calculations made using the codes INCA and ABAQUS, were 

compared with results from the code ADINA. Further validation of 

these codes will be made using experimental data from the Scarabee 

(BE+3 and BE+3bis) and Cotha tests.

E N E A  has carried out a study of the mechanical strength of the 

primary reactor containment following a hypothetical core explosion. 

The calculations were made with the P L E X U S  code, using as 

reference a test case experiment adopted by the European group 

CONT. In agreement with the code authors, some modifications have 

been identified that should improve the response of the 

mechanical/hydraulic model when simulating dynamical impulsive 

conditions.

The calibration of the system for the detection of cladding failures in 

SPX-1 core has been completed, with which E N E A  actively 

participated by sending personnel to the Creys-Malville plant.

E N E A  has calculated the Scarabee-Be-2 experiment which simulated 

a total and instantaneous blocking of a fuel element. Such an event, 

although extremely improbable has been adopted as an "enveloping" 

accident for other less severe local accidents. The code SURPASS 

which is under development in collaboration with C E A  was used to 

analyse the data.

The comparison of calculational results with experimental tests has 

shown the necessity to improve the calculational model.



Esmeralda programme

The Esmeralda plant managed jointly by CEA and E N E A  at Cadara- 

che, has continued the planned experimental programme. Two more 

tests concerning the PEC sodium-air heat exchangers, were 

performed.

The main purpose of the tests was to verify the residual behaviour of a 

tube bundle when it is submitted to a spray fire. The parameters to be 

observed were: the crack evolution, the tube bundle shift with 

possible blockage due to sodium aereosol and the damage on neigh

bouring tubes Introduced by the spray fire.

The tests were performed in June and September 1987 under the 

following experimental conditions:

-sodium temperature = 500° С 

-sodium flow = 0.05 kg/s

-air flow = 15.500 m 3/h

The results were positive because neither blockage of the tubes nor 

damage to the neighbouring tubes was detected.

Another test was made during the month of October with sodium at 

550° C. This test was to verify the mechanical seal of the funnel- 

shaped floor of the steam generator building in the SPX-1 plant.

As secondary objectives, the study of deformation of the sodium drain

pipes, the Feuna code qualification and the study of the aereosol

emission were pursued.

During the month of December, a further experiment studying 

sodium flow from a Jet, was performed. This consisted of a jet of 

sodium at 200° С falling over a hlght Interval of 9 m.

Among the purposes of this test the following can be mentioned:

-an extension of code application by using the new experimental 

results:

-an examination of the dispersion of the sodium jet and 

determination of a surface fire equivalent to a mixed fire.
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Sodium-water reaction tests in ISA-1 test loop

In the field of sodlum-water tests the FIFRE and FLASH programmes 

have continued. However in November 1987 a sodium leakage from 

one of the e.m. pumps In the ISA-1 plant occurred.

The experimental activities were suspended and the relevant safety 

modifications are underway.

During June 1987 the first test of the Flash programme was 

accomplished. Two injectors were utilized having a diameter of 0.2 

and 0.5 mm. being at a distance varying from 5 to 25 m m  from the 

target consisting of a three wire frame. The temperature of the test 

was 500° С with a duration of injection of 10s.

Acquisition of the SAS 3D Code

In the framework of a ENEA-ANL/DOE contract. E N E A  personnel 

have supported Argonne National Laboratory work on the validation 

of the code SAS 3D, utilizing the Treat (L4, L5, L6) tests.

Also calculations have been made on accidents involving blockage at 

the foot of a fuel element positioned In the first ring with and without 

the intervention of control rods. These calculations were directed 

towards PEC.

The final version of the code was implemented on the Casaccia IBM 

together with the delivery of the user manuals and final report.

3.2 Reactor system and sodium components

Reactor block

In the reactor block the surface hardening has generally been ob

tained with Co alloys deposited with a surface TIG welding.

This process, even though it has completely satisfied the technologi

cal requirements, has been particularly uneconomic for the execution 

time and for the use of Co alloys supplies. Additionally Co activation 

is a negative factor for maintenance.

Wishing to avoid employment of Co, new methods of application and 

new surface hardening materials with N1 alloys with and without 

boron have been examined.



In agreement with the European partners test samples of different 

kinds of methods and materials have been undertaken and wear 

resistance and thermal cycling tests have been performed in air and 

in sodium.

Results have been satisfying, particularly for boronless alloys.

During 1987 a detailed knowledge of welding techniques of stainless 

steel was attained with electron and laser beams of high power and 

for the first time a welding thickness of 30 m m  was reached.

The study and the realization of tools for the manipulation and the 

transportation of the beam apparatus have been developed in 

connection with automatic systems for handling the samples to be 

welded. The results obtained show the great potential of these 

welding techniques in the field of precision mechanics.

During 1987 a new C A D  methodology for the modelization of 

mechanical components of high quality and large dimensions was 

investigated in the case of laser, electron-beam and narrow-gap 

welding. It seems that the possibility of formulating a new type of 

finite element used in new structural codes will enable the behaviour 

from the point of view of the deformations and the residual stresses 

to be predicted and optimized. First welding samples were obtained 

in order to integrate the model with experimental results.

Integrity of structures 

E N E A  has continued the activities of promotion, diffusion and 

sponsorship of the C A S T E M  System, a finite element code for 

thermostructural analysis that is now widely employed by E N E A  and 

other industrial groups.

The main work that has been initiated has been directed to 

producing new documentation including the users guides. Sample 

tests were executed for the Inca and Bilbo codes already completed 

and for Delfine, Plexus and GIbi codes which are currently being 

written.

E N E A  has renewed a contract with C E A  for the development and the 

implementation of C A S T E M  2000 and Trio which represent the 

natural evolution of the C A STEM system. In connection with this task 

E N E A  has charged the ISMES company with the maintenance, 

handling and support of such codes.

Further fields in which E N E A  has initiated the activity through 

contracts are:

-implementation of specific versions of C A S T E M  2000 for different 

industries on small or medium-sized systems;

-insertion of elements with a variable interpolation degree; 

-development of algorithms for structural optimization;

-post processor development to verify automatically components 

under examination following present A S M E  rules;

-transfer of the logical structure of the Trio code into the Gibiane 

system;

-study of tritium diffusion in fusion reactor blankets.

D H R  with passive Feature

During 1987 A N S A L D O  has studied and proposed a new solution 

for the decay heat removal of SNR-2 in order to guarantee the natural 

circulation. In such a configuration acceptable values of core 

temperatures sire obtained even in the extreme hypothesis of loss of 

secondary circuits.

Work is being conducted to extend this proposal to the E F R  concept.

Primary and intermediate pumvs

A  group of rotating sealings to prevent the sodium cover gas to 

leak into the external atmosphere, has been designed and fabricated. 

These sealings use ceramic and copper rings, assembled in a 

removeable cartridge.

Lubrification and cooling of the sealings, is performed by means of a 

oil pump run by an electrical motor placed in an external position on 

an auxiliary circuit.

This arrangement makes easy the mounting or to the substitution of 

the cartridge. The group of rotating sealings will be submitted to 

functional tests.



Castings of the diffuser and the impeller in stainless steel AISI 304 L 

have been fabricated. The diffuser has a height of 1657 m m  and a 

m a x i m u m  diameter of 1025 m m .  This diffuser contains 8 hydraulic 

vanes with an height of around 550 mm.

Due to the complexity of its geometry, the diffuser has been cast in 

two parts that were welded circumferentially just over the hydraulic 

vanes.

The impeller has an axial-radial flow with 4 hydraulic vanes having a 

90° offset.

FIG.2. Diffuser for sodium pump.

Production of the castings has encountered some difficulties during 

the realization of the complex geometries that involved high 

variations in thickness over short length.

These components are now at FIAT where they will be machined.

Structural materials

Activities for the qualification of 9 Cr-lMo ferritic steel have contin

ued. Specimens have been obtained from a forged plate and will be 

submitted to the following tests: mechanical, chemical and structural 

analysis; creep: fatigue; impact analysis; microstructural

characterization; fracture mechanics; segregation study and 

fractographics examinations.

A  wastage programme has been started at Brasimone on samples of 

tubes.

Data bank for Fast Reactor Component Reliabilitu

E N E A  has inserted all data from Phenix into the data bank for the 

reliability of fast reactor components. Together with Rapsodie data, 

already included, the bank now contains information on more than 

5000 components and on 1500 break-down events, for a total of 

200.000 working hours.

The quality of the data, together with the logical structure and the 

presence of methods of statistical analysis that are on-line, make this 

bank a prime candidate for the common European reliability data 

bank. Future data from KNK-II and PFR should be added to it.


