
38 A REVIEW OF THE ITALIAN 
FAST REACTOR PROGRAMME 

F. PIERANTONI, R. TAVONI 
ENEA, 
Bologna, Italy 

i. INTRODUCTION 

In 1S83 the consarr.pt ion of primary energy in Italy decreased 

slightly (-1.2%; with respect to that in 1982 due both to the negative 

economic trend as well as to energy saving policies. 

The trend in energy consumption in the first years cf the decade 

has been characterised by a growth rate that has beer, notably less than 

that forecast. This has brought about the necessity to review the na

tional energy plan. The current forecasts of total energy consumption 

in 1990 indicate a value of 155-160 Mtoe as compared with the estimated 

!S5 Mtoe at the beginning of 1982. The estimated consumption of oil 

products has also been reduced from 94 to 89 Mtoe, and on the basis of 

the latest forecasts the dependence on oil will go down, from 64% of 

primary energy sources in 1983 to 55« in 1990.There is a corresponding 

increase in the dependence on natural gas which should rise from 16% 

to 20% of primary energy sources. 

By contrast the production of electricity in 1983 (182 billion 

kwh) was unchanged from 1982. 

In 1983 the fractional contribution of the various sources used 

fer the production of electricity remained substantially unchanged. 

Hvdro-electricity contributed around 24%, oil derivatives about 50%, 

coal around 15'S, natural gas around 6% and nuclear energy around 3%. 

The net import of electricity amounted to around 11 billion kWh. 

The electricity of nuclear 

power station (360 M»e) whicn unde 

ginning of 1983 and over the whole 

kWh with a load factor of 0.59. Aft 

reloading is currently underway. 

The construction work on th 

wnich consists of twin SWR react 

without appreciable changes in sch 

should come on-line in 1987. 

The work on site qualificat 

tions planned for Piedmont, Lombard 

Coming specifically to fast 

the results obtained, both in te 

programmes-extensive!)' treated fur 

progress of international collabora 

1983 was an important year 

collaboration in the fast reactor 

sultation group ARGO was establishe 

clear corporations and systems des 

gium and Holland. The purpose of A 

tions for fast reactor developme 

security of energy supply in Europe 

The existing will for colla 

including the United Kingdom, has b 

tal agreement signed the 10th Ja 

reaffirms that the participants un 

development programmes and to pro 

and the electricity producing corp 

the signing on the 2nd March 1934 

for the national fast reactor progr 
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<M- the technological and industrial aspects of the Nuclear Steam 3upply 

System (NSSS). This same memorandum foresees agreements between industry 

and system design companies for the banking and the exploitation of 

information acquired and developed in the European spheres. 

The set of agreements already established together with those 

>-nich will be reached in the coming months snould guarantee the put

ting into effect of a balanced and coordinated European programme, in 

which each new power station design takes into account experience gained 

in the design and construction of previous ones and the results of the 

research and development programmes. 

To sum up the I tal ian si tua t ion en the eve of the fifth five 

year plan (1985-1989), the country undertakes to implement an important 

activity of research and development in the context of a greater Euro

pean collaboration. Our participation in the development of European 

nuclear power stations together with the completion of the PEC plant 

which will be used to develop a fuel element with the necessary eco

nomic and safety characteristics, remain the two principal goals of the 

Italian fast reactor programme. 

In 1383 the sum assigned by ENEA for fast reactors was about 

220 billion lire of which 145 billion was for the PEC reactor. 

2. PEC REACTOR 

During 1983 work en PEC continued with a considerable engagement 

both from the financial and the staff points of view. 

An important development has been the stipulation of an act appended to 

the contract between ENEA s.nâ NIRA for the realization of the PEC reactor 

with tne following objectives: 

- the réévaluation of the supply costs based on the limits fixed by gov

ernment (indicated in the last annual report); 
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- a change to all - in contracts 

undertaking ; 

- the possibility of a greater con 

- better défini tion of the contract 

The dates of completion o 

consistent with government recommen 

- completion of construction 

- end of combined tests with the 

test channel and beginning of fue 

- attainment of the nominal power 

- end of the start-up tests and 

beginning of operation 

Currently underway is the s 

authority of the detailed projects 

have been approved. 

The engagement of personnel 

been at about the same levels as i 

NIRA and sub-contractors. 

The state of advancement of 

- design 

- civil engineering(structures) 

- supply 

- orders 

2.1 Core Design 

The approval of the detailed 

1953. This establishes as a referen 

re parameters and the programme of 



40 The neutrcnic verifications on the core a': start-up havener, made 

Dunne this phase tr.e use of dilute ele~ent3 m t.ne driver zcr.e is 

required; the fraction of plutonium is about 3C% in the •' U, ?u}C2 fuel 

with a uranium enrichment of 115&. 

Following the earthquake verifications the fuel element design 

vas revised. This involved establishing the size of the tcp pads as well 

as the structural verification of the fuel element feet. To tr.s pu-pose 

calculations in three-dimensional geometry have been carried out using 

the CASTEM System or. the two areas of contact of the fuel elements to 

check the mechanical and functional constraints. 

Calculations on the static arrangement have been carried out. 

All deformations present in the fuel element were taken into account, 

so as TO determine the maximum foreseeable force that the load/unload me

chanism has to sus tain. Using conservative assumptions the maximum force ob

tained was 14CC N including the weight of the fuel element, well under 

the mechanism limit of 30C0 N. 

An intense effort has been underway in radiation shie laing calcu

lations of the penetrations in the diffe-u-nt buildings, and has been 

carried out m step with the advancement of the *.'-rk on site. Moreover 

shielding verifications of the penetrations in the reactor plug, and 

reactor and component vessels have already been completed. 

Particular attention was paid to the verification of the core 

under seismic conditions. 

Sophisticated numerical techniques have been set up and applied 

se as to correctly evaluate the core response. The important feed-back 

effects on the tank have been taken into account in particular allowing 

fcr the new cesien solution of the anti-seismic core restrain*-, rir.c. 

In addition, tests m suppor 

o: the core have been continuing. Th 

ments on a vibrating plate and verify 

ifications. In tests such as these 

elements has been determined as 3.5 

water (simulating the sodium) at leve 

quake verification, 

Furthermore impact fortes of u 

earthquake,1 have been measured in the 

restraint ring without damage to the e 

2.2 Activity on site and Component Con 

The civil engineering has pro 

the totai amount of concrete used was 

involving TOS" construction work have 

nipulation buildings. The finishing w 

buildings on the site involving a to 

In Movember 1933 the grid wa 

Construction work has been com 

actor components vessel and reactor pl 

The manufacture of the non-fi 

begun, and the supply of the structur 

bide is underway. The production of th 

Furthermore the qualifications of the 

menced. 
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of corrosion and erosion, sticking or seizing. In particular, the forces 

measured upcn repeatedly withdrawing the models were found to be only 

slightly higher than the weight of the models themselves but were always 

compatible with the features of the load and unload machine of the 

PEC Reactor {FrJ3000 N) . 

- Curing sodium testing the models proved to have a correct hydraulic 

functioning, no variation being observed in the inlet flow rate or in 

the leakage flow rate through the lower labyrinths. 

- The time in sodium does not significantly alter the dimensional char

acteristics of the models, except for an appreciable variation of 

straightness and a slight reduction of length. The models bend, especial

ly in the area around the cold-worked hexagonal tube, until the eccentric 

ity of the head sections - relative to the sphere axis - reaches maximum 

values of about 3 mm. 

- Forcing of the groups of seven elements is essentially unaltered 

during the permanence in sodium. In particular, the forces measured at 

the pads do not undergo any significant change. 

- The comparison between measurements taken after 200 hours * 2 shocks 

and those taken after 3000 hours + 40 shocks shows that almost ail de

formations in the models occur as early as 200 hours of immersion, in 

hot sodium and after a very low number of shocks. This pattern was 

observed in the 1st as well as in the 2nd Espresso test run. 

As far as the earthquake verifications are concerned, as well 

as the core tests, excitation tests have been performed on a full-scale 

model of the PEC shut-down system. The model was simultaneously excited 

at the level of the grid, core head, hold-down system and plug. Fig. 3 

shows the desired calculated time-dependent behaviour of the relative 

core-grid displacement together with that really applied in the test. 

The system successfully underwent the 5 OBE (OBE-Operation basis earth

quake) and the 5SE provided for by the norm. 

diff«r*rui d«i »oduli camli 2 - 4 

-I«,87 

FI3.3 - Ti.-e-deper.dent behaviour 
tests on the PEC shut-dow 
ment of the upper pads o 
and the support grid (va 
experimental values). 

Finally, earthquake tests 

out on the tank with a mechani 

of the grid and the working le 

building with a mechanical vibr 

the reactor building foundations 

on the vessel, without the core 

of 7 Hz only slightly less th 

maximum response peaks at a fr 

deformation) and lower peaks i 

numerical analysis using finite e 

between theory and experiment. 

During 1983 the third exp 

on a 1:6 scaled-down model of th 

lated by a low density explosive 

the emergency circuit which did 



its operation. The residual deformation was uniformly distributed along 

the vessel with maximum values of 4% in the upper part. 

At the Bras intone centre, the verification tests of the correct 

operation of the pumps in sodium and the test channel cooling circuit 

with the CPC-1 apparatus have been completed. Tests have also been made 

to simulate all the transfer cell equipment and relevant operating pro

cedures. 

Experimental activity has also been in progress at the Casacia 

research centre where tests on the most important mechanisms, including 

the reactor shut-down mechanism, core hold-down mechanism and core ele

ment loading machine are carried out on the IPM apparatus. Tests en 

parts of the test channel are carried out on the CPC-2 apparatus. The 

"first phase" tests have been completed on all these components, fur

nishing results taken into account in the final design. In particular 

during 1983 the first phase of the tests of the core hold-down mechanism 

in sodium have been completed. In the PEC reactor there are 12 such 

mechanisms anchored by means of the thermal shields to the reactor tank; 

the hold-down arm is raised during reactor shut-down to allow manipula

tion of the elements, and is lowered during operation. As well as pre

venting the fuel elements in the core jumping out in the case of an 

accidental hydrodynamic disequilibrium, the function of these mechanisms 

is also to serve as a support for the core instrumentation. At the end 

of the test in sodium the mechanism has been decontaminated of sodium 

traces in a special plant specifically designed for the purpose, dis

mantled down to its main components and submitted to post-test controls. 

The results both of the test and the subsequent controls after disman

tling have provided encouraging data concerning the behaviour of the 

mechanism in sodium and under thermal shock. The most important indica

tion derived from the tests has been that the surfaces in contact in 

the moving mechanical parts should not vary during oneration so that 
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the specific applied loads do not change. 

2.4 Start-uo and Lxperîmenta 1 Expl 

For the neutronic characte 

of special elements are present 

which have had the seven central 

a tube containing activation de 

at various heights of interest. 

of such special elements a prelim 

been defined. Two of these tests 

detail. The first deals with the 

distribution of reaction rates in 

ber and positions of the above-m 

deals with the approach towards c 

fication of the ability of the ne 

walls to follow the fuel loading s 

As far as the experimenta 

the central channel, mechanically 

rest of the reactor block, provide 

The channel allows experiments on 

formance to be carried out, tog 

operation under nominal and pertu 

indispensable if the feasibility 

is to be demonstrated. To this 

channel are : 

- a parametric study on factors t 

- studies on the effect of power 

tely, or in combination; 

~ a steady-stace and transient s 

a partial obstruction inside the 

- a study of the formation and 

and of their propagation; 



44 - a study of design, and advanced technology solutions which, because 

of their inevitable inherent uncertainty, would not be acceptable in 

the driver even of an experimental reactor. 

Apart from the central channel the reactor driver offers ample 

means to experiment with geometric, thermohydrauiic and neutror.ic condi

tions representative of those in a power reactor. 

In fact statistical-type experiments are possible m the whole 

driver zone related to important aspects of the core design: 

- qualification of project and optimised technological solutions; 

- qualification of new fuel and structural materials; 

- analysis of the effects of power transients; 

- analysis of the effects of power and flow cycles that simulate the 

variation of the network load that power reactors have to follow. 

Finally the possibility exists of transferring pre-irradiated 

test elements from the driver zone or from other reactors to the central 

channel allowing a large flexibility in the use of PEC. 

The characteristic parameters of the first PEC experimental 

channel are as follows: 

- nominal temperature of inlet sodium 370°C + 450°C 

- 'nominal maximum temperature of the outlet sodium 

from the experimental element (E.E.) 650°C 

- nominal maximum temperature in the return side of 

the central channel circuit 600°C 

- maximum diameter of the E.E. 116 mm 

- maximum number of PEC or PHENIX-type pins 91 

- maximum number of SPX-1-type pins 61 

- no limitation on the maximum total height of the E.E. 
15 2 

- maximum neutron flux 4,0x10 n/cm s 
- maximum power of the E.E. 3 MW 

- experimental transients on the E. 

• maximum power gradient with res 

nominal power 

• amplitude of flow variation 

• flow gradient 

- power fluctuations: 

' simple fluctuations between 60% 

of the nominal power 
-t-

• rapid fluctuations of - 10% sup 
on the simple fluctuations 

3. POWER REACTOR SUPERPHSNIX-1 

As noted, Italian industry ha 

ing completion at Creys Malville. 

responsible as turnkey suppliers of t 

With these precincts, all th 

stalled, during 1983 all the assemb 

the cold tests relative to the sys 

The start-up of the plant is 

sibility of a joint team at the C 

the detailed test programmes concern 

ing, temperature increase and start-

We mention among the activit 

ers : 

- the strength tests on the dome wh 

of 0,5 bar in a volume of around 800 

During the test the behaviour of the 

dome was followed by means of com 

other things a large number of st 

and processing equipment. 



This instrumentation allowed the actual forces present to be measured 

with an accuracy that shewed differences cf only a few % frc:c calculated 

results. 

- The completion of the operating tests in air of the fuel element 

transfer mechanisms. 

- The operating tests for the driving systems of the primary pumps, 

consisting of four groups of 500C kW each supplied by 6.6 kV, 

- The completion of the preliminary tests of insertion in sodium of the 

intermediate exchangers. 

- Execution of the tests of all the auxiliary circuits in fluid. 

•i. RESEARCH. DEVELOPMENT AND INDUSTRIAL PROMOTION 

As previously discussed, these activities are mainly carried out 

in the framewerk of the following agreements: 

- associate contract between ENEA and NIRA for activities related to 

NSSS. 

- associate contract between ENEA and AGIP dealing with the core ele

ments. 

- agreement between ENEA and CEA for the R and D programmes. 

*•^ Reactor System and Sodium Components 

The activities carried cut in this field can be divided either 

ihtc activities of a general/fundamental nature, or activities concerned 

with SPX-1, or finally activities to develop components as reference 

solutions or options for a possible future adoption in SPX-2. 

Activities of a General Nature 

The Italian participation in the experimental activity on the 

ESMERALDA plant at Cadaraohe has continued. This concerns the study of 
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large sodium fires and their conse 

cant experiment involving a mass 

temperature of 5J0"C was carried 

and the length of combustion 210 mi 

by the sodium was 316°C, that reac 

cess pressure reached was 710 mbar. 

The prototype straight tube 

tested for around 5000 hours at t 

was disassembled and its compone 

brought forth the following conclu 

of 1.7 mm was observed and it wa 

caused by shrinkage of the seal we 

siderable embrittlement of the tub 

to be a feature of the supply rat 

during the operation in sodium in P 

during acceptance testing of the s 

that the test specimens were take 

sheets (external areas having a h 

stratigraphie inspection a radial 

zirconium inclusion was observed. 

used for'final finishing of the tu 

sion on the steam side was observed 

depth of 0,2 mm. This erosion was 

in any particular area. It is belie 

of water drops in the steam. Furth 

hypothesis. 

In the sphere of the ENEA-C 

opment, validation and application 

areas of the core design was purs 

of the leakage flow rate from the 



code; participation in cladding rupture experiments and the setting-up 

of noise -ethodoicgi.es; participation in the development of core sur

veillance systems; participation in the Joint Evaluated File of nuclear 

data; participation in the Racine experiment; participation in carrying 

out and interpreting the last tests on Hapsodie. 

Activities concerned with SPX-1 

An experimental programme of study of sodium-water reaction using 

a test section representing part of the tube- bundle of a steam genera

tor is underlay at the 3rasimone research centre (the THETRA programme) 

The experimental programme deals with intermediate magnitude water leaks 

of around ÖCO g/s at jô"C°C and 134 tar into a cooled tube bundle car

rying a flaw of sodium. The object of the test programme is to measure 

the temperature regime produced on the tube wails due to the high ther

mal flux from the sodium-water reaction. The coefficients of heat ex

change between the products of the reaction and the tubes themselves 

^ay then be determined and the resistance of the components to the phe

nomena of superheating may be demonstrated. The final objective lies 

m the demonstration of the validity of the guillotine rupture hypothe

sis for a single tube as a reference accident of the project. During 

1983 the activity was concentrated on the preparation of the first ex

periment - THETRA - which was carried out in July, and on the prepara

tion of the second experiment .vhich will take place in a few months 

time. 

Post-operation examination of the test section Pivoterie was 

carried out during 1983. This represents the rotating parts of the pri

mary pump of the SPX-1 reactor and in particular includes the complete 

bearing system and the sliding seals in the upper part of a shaft in 

full-scale, and the hydrostatic bearing in the lower part. 

After a particulary demandin 

the series of experiments concluded 

involved 300 starts and stops and 

also of stronger ones. In particul 

concerned dimensional surveys of t 

careful examination of the seal syst 

This investigation did not bring t 

some abrasion between the rotating 

bearing, that occured during an exp 

ity was attained. 

Activities concerned with SPX-2 

During 1983 studies on the r 

studies are predominantly run by 

NIP.A, which has carried out, among 

quake behaviour of important sub-sy 

the influence of different core des 

reactor block has been studied, tog 

tor building capable of resisting a 

sence of anti-earthquake support so 

As far as component development is 

activities: 

•~ preliminary studies on the lay-out 

tem have been carried out. Each m 

due to functional necessities and l 

have also been carried out on a 

of 900 MW. 

- the study on the sodium-air heat 

during shut-down has concluded. A p 

two competing 23 MWt hot-air circul 

http://-ethodoicgi.es


- as compared »it;: the classic solution of the bolted grid as adopted 

:r; ;P'»:-1 , an alternative design has been studied consisting of a total

ly welded grid. A test section has been planned with the objective of 

verifying the feasibility of this solution. Furthermore technological 

tests have been carried out on the feasibility of new kinds of foot 

housing and on the implementation of hard facing deposits adopting var

ious techniques, cress-checked between each other. 

- the preliminary verifications on the new fixed-floor concept working 

at a temperature (T~100°C) with a support structure of reinforced con

crete have concluded. This promising solution, proposed for SPX-2, is 

a variant or, the solution adopted for SPX-1 where the sole stainless 

steel structure has to support the loads. 

- a feasibility study en a very compact secondary pump was carried out 

which uses a new impeller. 

- a feasibility study cf large diameter pipe ber.es and on a new type of elas

tic pipe support. 

4.2 Core Elements 

There has been a marked increase in the last twelve months in 

the effort expended by ENEA and by industry on the project and in par

ticular en the technological tests and manufacture processes of the PEC 

elements. In the manufacturing sector an important result has been 

achieved with the completion and trial of the production lines of the 

non-fissile elements and of the PEC control rods. Besides the activity 

in support of the design and manufacture of the PEC core elements, sub

stantial effort has been directed towards the research, development 

and industrial promotion of core elements of fast reactor power sta

tions. 

The research and development conducted in the framework of the 

t;N~A-CEA agreement has continued a 

few years and has chiefly beer, conc 

- the study and modelling of the 

the fuel under nominal and perturbed 

- the study and modelling of the be 

- up-dating and validation of the 

bundles in order to better take 

neutronic damage; 

- development and qualification of 

stam dose levels present in fast 

In the sphere of industrial 

been expended on the creation of 

ENEA, AGIP and the manufacturers, a 

materials according to PEC and SPX s 

Worthy cf note has been the 

CEA for the common management of the 

um and plutonium mixed oxide fuel 

joint guidance of research and dev 

duction processes. This decision r 

rection of international collaborati 
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