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1. OBJECT OF THE REPORT 

Activities of research and development carried out in Italy 

on the Thorium Cycle concern: 

A. Technical-economic evaluations 

B. Irradiation Experiments 

C. Reactor physics measurements 

D. Technological research on fuel fabrication and reprocessing. 

2. INVESTMENT? BY CNEN 

Financial and organizational efforts, and results obtained 

are not uniformly distributed among the headings listed above; 

the largest share is taken by point D, that includes the setting 

up of the Trisaia Nuclear Centre and the ITREC Reprocessing 

Plant in Southern Italy, and the research on thorium-based fuels 

carried out at Trisaia and at the other CNEN Centres of Saluggia 

and Casaccia and partly elsewhere. In particular, points A and C 

involved small investments. 

Table I gives an approximate break-down of the investments 

allocated by CNEN to the Uranium-Thorium fuel cycle programme 

since its beginning, nearly "20 years ago. 

The total expenditure for investments and expenses for R&D 

amounts to about 25 billion lire; however, no re-evaluation of 

the expenses (which are expressed in historical money) has been 

included. In 1978 money, this total would rather be of the order 

of 50 billion lire or about 60 million dollars. 

According to a Government decision dating June 1971, Italy 

started phasing out of the Thorium Cycle Programme, since concen

tration of efforts had given priority to the uranium-plutonium 
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T A B L E 1 

CNEN INVESTMENTS IN THE U-TH CYCLE PROGRAMME 

(approximate £igun.z& in million It, Line., hi&tonical value.) 

1960 to 1971 1972 to 1977 Total 

A. Technical and economic evaluations 

B. Irradiation experiments 

C. Neutron physics measurements 

D. Technological Research 

ITREC Design 

\ Research and Development 

Construction of ITREC 

Operatio of ITREC 

Support (*) 

Total 24 300 

(*) No&tly operation o& thz TKUaia. Centte wh&ie. ITREC i& located. Since 1972 on 

a AipaAate. budget. 
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fuel cycle. Most of the activities on points A, B and C (with the 

exception of a few physics measurements in heavy water lattices) 

were terminated in 1971. Only the activities connected with the 

reprocessing plant continued to this day, although a parallel 

effort went int.. the preparation of alternative uses for the plant 

and for the Trlsaia Centre. 

3. OTHER ORGANIZATIONS INVfflvm 

In addition to CNEN, other organizations in Italy were 

involved in the Thorium Cycle Programme. In particular, CISE, 

ENEL and EURATOM-Ispra were active in the field of evaluation 
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studies; EURATOM also participated in the reactor physics measure

ments. AGIP-Nucleare.contributed in the field of experiments on 

fuel fabrication and reprocessing. 

1. ECONOMIC EVALUATION STUDIES 

4.1 Activities at CNEN 

Some studies \on the application of the U-Th Cycle to heavy 

water reactors of the CIRENE type were carried out at CNEN between 

1966 and 1968 /1,2/. A 500 MWe reactor v*as assumed as a reference. 

The technical-economic evaluation involved two successive 

phases: 

a) in a first phase, the design data for the reactor and the 

operational conditions likely to determine the minimum cost of 

the produced energy were identified. In particular, the cal

culations evidenced the incentive to increase the burn-up 

level to the maximum value for which no sensible deterioration 

of the radial power distribution resulted (25 000 MWd/t). 

Optimum values for specific powers started from 30 W/g, while 

the optimum moderating ratio would be smaller than what is 

compatible with the mechanical limits on the construction of 

the calandria. The best conditions were obtained for a 37 rod 

fuel bundle. 

b) In a second phase, in order to proceed to a comparison with 

the thorium cycle defined in phase a), the optimization was 

repeated for other possible fuel cycles applicable to a CIRENE 

type reactor, by using, as much as possible, consistent eco

nomic hypotheses and calculational methods. The cycles exam

ined included: 

i. the once-through cycle with natural uranium 

ii. the once-through cycle with low enrichment uranium 

iii. a low enrichment uranium cycle, with recycle of the plu-

tonium. 
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The results of this second phase shovel that no economic dif

ference among the various fuel cycles could be considered as sig

nificant in view of the untartainties in some of the input data, 

in particular economic parameters relative to the thorium cycle. 

It should be stressed that these studies were carried out on a pu

rely economic basis, at current fuel costs and with no emphasis • ••• 

conservation. Such studies did not show any potential incentives 

for the thorium cycle large enough to justify by themselves the 

large scale experimentation that would be needed to assess more 

precisely the economic parameters. 

4.2 Activities at CISE 

A study carried out by CISE in 1972 investigated the conse

quences of using thorium metal as fuel for LWR's /->/. In particu

lar, the case in which standard PWR fuel is replaced by metal 

thorium fuel with the same geometry was examined, and the possible 

advantages from the economic and resource utilization points of 

view were assessed. 

4.3 Activities at EURATOM, Ispra 

The fuel cycles of the two most developed thermal converters, 

HWft and HTGR, were studied at Euratom, Ispra /4,5/. For heavy 

water reactors, two cases were considered: pressure vessel and 

pressure tube reactors. For the HTGR's, prismatic fuel elements 

(both homogeneous and heterogeneous) were considered. Several 

- types of fuels and fuel cycles were examined. 

The results of the neutronics and fuel evolution calculations 

were used to evaluate the cost of the energy thus produced. Each 

— type of cycle was then optimized by varying its main parameters; 

the moderating ratio in the core, the fuel burn-up and its spe

cific power. 

The results showed a marginal advantage for Th in the HWR and 

a more pronounced advantage in the HTGR. However, caution must be 

used in the interpretation of the results and in any extrapolation 

or generalization. Increasing the cost of the mineral,lowering th~ 
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cost of separative work and increasing fabrication and reprocessing 

costs all tend to enhance in both cases the incentives for the 

Thorium cycle. 

The same authors carried out a comparative evaluation of 

U-235 and Pu m.lce-up for ORGEL and HTR type converters /6/. 

4.4 Evaluations at ENEL 

In 1964, at the time of a re-evaluation of the CNEN programmes 

on experimental reactors, ENEL produced a study /If that shoved 

no net advantage for the use of the thorium cycle in light water 

reactors. 

S. IRRADIATION EXPERIMENTS 

Three sets of experiments were carried out between 1968 and 

1972 in the Halden.reactor: 

I set - Seven fuel elements, of 14 rods each, making up the central 

zone of the third charge of the Halden reactor, were built with 

thorium and uranium oxides (2.22% U0-). The fuel was extruded and 

sinterized, with Zircaloy-2 cladding; It had a thermal load of 

200 W/cm, a central temperature of 1000 °C. The burn-up was V500 

MWD/ton for 5 elements and up to 12 000 MWd/ton for 2 elements. 

Results were satisfactory. 

II set - Three test sections (one with 6 rods, two with 3 rods) 

with 12.5 mm diametre pellets clad in Zircaloy-2, pressed and 

sinterized with 10% fully enriched U02, were irradiated in the 

reactor up to a maximum burn-up of 33 800 MWd/ton with excellent 

results. 

III set - Two test sections with 8 rods each, in two bundles with 

a geometry similar to that of the CIRENE fuel with thoria substi

tuted for uranium oxide, were irradiated to a small burnup (1000 

and 1500 MWd/ton respectively). These experiments yielded negative 

results, mainly because of the high flux gradient through the rods 

and in the sec ion; this was the probable cause of the fractures 

observed on two of the rods and of the discrepancy between calcu

lated and measured central temperatures. 
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6. NEUTRON PHYSICS MEASUREMENTS 

Buckling measurements were performed on thorium fuel bundles 

of 7 rods with 2% U-235 in the R-0 reactor at Studsvik, and of 19 

and 37 rods with 2.4% enrichment in the ECO reactor at Ispra /8, 

9/. The interpretation of the results was not fully satisfactory, 

due to the excessive spread in U-235 content between different 

bundles and different rods of the same bundle. 

\ 
7. TECHNPL06ICAL. ACTIVITIES ON FABRICATION AND REPROCESSING 

7.1 Research on fabrication 

Some fabrication campaigns (with direct manipulation) were 

carried out at the 1FEC Laboratory in Saluggia between 1964 and 

1968. The first reference was the set of specifications for the 

fabrication of the Elk River fuel, produced by Martin Co. 

This research followed the evolution of the main guidelines 

of the thorium programme, the most important events of which were 

the following: 

- introduction of the extrusion and sintering process in place of 

pelleting and sintering 

- replacement of the SS cladding with Zircaloy, and investigation 

of the relative welding problems 

- choice of equipment and validation of fabrication and control 

procedures before their adoption in the ITREC plant 

- reconsideration of the pelleting process 

In addition to many information concerning the process para

meters and their optimization, and to t>3 indications concerning 

the equipment to be installed at ITREC, it seems important to 

point out that the experiments at Saluggia gave re'sults that were 

more encouraging for the pelleting process than for the extrusion-

sintering process chosen for ITREC. 

In particular: 

a) the pelleting process brings to a smaller number of defective 

pellets within a large range of characteristics (specific 

surface, mean diametre, bulk density) of the oxide powder 

which is used; 
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b) the pelleting process yields reproducible characteristics of 

the pellets within a large range of variation of the process 

parameters; 

c) the pelleting process produces limited quantities of ceramic 

losses with respect to the extrusion process. 

For instance, on two lots of 600 and 800 Kg respectively: 

Pelleting Extrusion 

Product within specifications 

Losses before sintering 

Sintering losses 

Rectification losses 

Out-of-specification losses 

Alternate separation processes for U-Th fuels were developed 

by both CNEN and A6IP Nucleare in order to produce microspheres 

that could be used in HTR fuels and also for vibro-compacted 

fuels in metal cladding /10,11/. 

. — - > 
7.2 Reprocessing 

Research and development on U-Th fuel reprocessing were 

carried out mainly at the ITREC plant, and, before this plant be

came available,at several laboratories of CNEN and of the Italian 

industry, in view of setting up different process steps and of 

testing plant components. 

At present, after the first campaigns on the irradiated E.1k 

River fuel, the situation can be summarized as follows: 

a) in the area of fuel receiving and dismantling, a conclusive 

experience has been gained concerning the procedures of.re

ceiving, storage, water treatment, environmental monitoring 

(air, ground water), mechanical dismantling operations, rod 

transfer, removal of solid radioactive wastes (exhausted 

resins, structural materials from the irradiated element). 

The dismantling machine presented some problems, partly 

eliminated by hot maintenance operations,partly by a direct, 

pre-programmed intervention on the machine. 
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b) In the chemical plant, the sections for cutting, dissolution 

and feed adjustment after an accurate checking and calibra

tion, yielded very satisfactory results in both cold and 

hot runs. The chemical process used for dissolution and 

feed adjr-tment in the hot operation is shown in Fig.l. 

c) For the reprocessing, after the head-end section, two alter

nate flow sheets were foreseen: a co-decontamination pro

cess shown in Fig.2, in which U and Th are separated at the 

same time from the fission products in the E-10 battery, 

and backwashed in aqueous phase in the E-20 battery; the 

second was a partition process in which the organic flow 

outcoming from the E-10 battery is treated in a third bat

tery according to the flow sheet shown in Fig.3, where, by 

making use of the salting action of thorium, the uranium 

extraction is enhanced and thorium is completely washed in 

the aqueous phase. One thus obtains from this battery a 

thorium product to be concentrated and precipitated, while 

the uranium-containing organic phase is re-extracted in 

aqueous phase in the E-20 battery, as in the flow sheet of 

Fig.2. 

Already from the pre-nuclear tests, some weak points of the 

plant and of the process had been identified and evaluated: 

- in the extraction with U/Th partition the process is very 

sensitive even to small variations in the flow rates. This 

brings to a U product which is still rich in Th or to ex

cessive U losses in the Th stream; 

- in the reduction from U to U by formic acid on Pt 

catalyst,the catalyst is frequently subjected to poisoning, 

some causes of which have been identified; 

- in the centrifugation of the mixed oxalates, frequent 

product losses in the mother liquors have been observed. 

The nuclear operation was therefore limited to the extrac

tion without partition, with storage of the Th-U solution, 

in view of a further processing in the chemical plant. 

In the hot co-extraction runs, the process showed from the 
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start to be operationally safe and satisfactory as concerns 

U and Th losses. The fission product decontamination requi

red some adjustments in the process parameters. 

d) As for the waste treatment section, it "was decided to double 

the number of storage tanks, to modify the piping in order 

to allow an easier rework of the \aste solution to further 

processing and to the solidification plant, and to adopt 

more severe containment criteria. These changes are being 

introduced in*to the plant at the present time. 

The cold and especially the hot operation of the plant has 

allowed a relevant experience to be gained concerning the mea

sures to be taken in case of various types of malfunctioning. 

The most important which was experienced consisted in a leakage 

of the tube bundle of the HLW evaporator. This event provided a 

significant test, in the most difficult conditions, of the main

tenance system based on movable racks. 

In addition to this set of technological.researches on the 

reprocessing of Th-U mixed oxide fuel with metal cladding, re

searches were carried out at CNEN and at AGIP Nucleare on the 

reprocessing of HTR elements. In particular, CNEN /13/ followed 

the criterion of "grind and leach" and of electrolitic disin

tegration; AGIP Nucleare investigated the method of decarbura-

tion with a gaseous phase /14/. 

7.3 Remote refabrication 

The refabrication process in the ITREC plant included: 

- the calcination of the mixed U-Th oxalate 

- the ceramic process based on extrusion and sintering 

- the rod preparation, including loading, TIG welding of the 

plugs, check of the welds by X-rays and by the detection of 

leakage of the filling He gas 

- the assembling and the tests on the element 

- the quality control on the fabrication line. 

file:///aste
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The experience on remote refabrication, although it yielded 

positive results as concerned single machines and phases of the 

process, was altogether not succesful mainly for two reasons: 

a) limited reproducibility and excessive losses in the extrusion 

and sintering process 

b) inappropriate construction and lay-out characteristics of the 

sintering oven which required frequent operative and mainten

ance interventions in difficult conditions. 

As a consequence of the decision of phasing out the thoriun 

program, the refabrication cell was dismantled and the research 

was discontinued. 

7.4 Engineering 

The ITREC plant was conceived as an integrated reprocessing 

and remote refabrication plant in the same site (Fig.4). 

In the chemical section it was not considered necessary to 

push the decontamination from fission products beyond a factor 

5000 for gamma and 100 000 for beta emitters, because the resid

ual activity from fission products thus resulting is of the same 

order of magnitude as the activity of the fuel due to the decay 

chain of U-232 and Th-228. Therefore, the separation plant in

cludes only one cycle of extraction and stripping. 

The maintenance is carried out by remote removal of the 

defective components, their transfer to the decontamination cell 

and their replacement, also by remote operation, with new or 

repaired components,with no direct intervention inside the cells. 

This system is applied in the chemical section by the so called 

"rack removal system", and in the ceramic-mechanical refabrica

tion cell by the possibility o4 installing, removing and trans

ferring the machines by the master-slave manipulators, the mech

anical arm and the crane existing in the cell. A 10 ton crane 

and an electronic MASCOT manipulator in the corridor above the 

cells help in carrying out the maintenance operations. 
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In practical use, the rack removal system proved to be a 

good solution, as was shown by the large number of disconnec

tions and reconnections performed during the cold runs and by 

the hot maintenance intervention on the HLW evaporator. 

In the refabrication cell, before it was dismantled, all 

the machines installed were subjected to tests of remote removal 

and reinstallation, and also the electric and fluid lines pene

trating inside the cell were subjected, with positive results, 

to the disconnection and reconnection tests by means of tele-

manipulators . 

Also the electronic MASCOT manipulator, installed in the 

service corridor above the cells, is currently used for routine 

operations and for complex maintenance interventions. 

8. CONCLUSIONS 

The thorium cycle involves a number of problems,especially 

as concerns reprocessing and refabrication. Many of these prob

lems are easily overlooked in the conceptual evaluations and 

only become apparent in the detail design stage and even more 

in the construction and operation of the plant. However, none 

of these probl-ms appears to be insuperable, and it can reason

ably be assumed that the technological feasibility of the 

thorium cycle is well within reach. 

Italy has accumulated a large practical experience on the 

various aspects of the thorium cycle, especially by the design 

and construction of a reprocessing and refabrication plant and 

the operation of its reprocessing section. This experience is 

in many ways unique. 

At the moment, there seems to be for Italy no major incen

tive for implementing the thorium cycle on its reactors, or for 

continuing research and development on the thorium cycle at 

more than a marginal level of effort. However, if the situation 

in other countries is such as to justify a full-scale effort in 

this direction, it would seem wasteful not to make use of the 

experience and expertise accumulated by Italy in this field. 

International contacts in this sense should be encouraged. 
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