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ABSTRACT 

Following a positive operating experience of sixteen prototype Pu 

fuel assemblies, a full reload (forty-six assemblies) of Pu island type was 

loaded in the Garigliano BWR 160 MWe Nuclear Power Station. Also in Trino 

Vercellese PWR 260 MWe Nuclear Power Station eight all Pu assemblies are 

now operating. The information given from operation was complemented by a 

series of specific parallel activities consisting of experiments in criti£ 

al facilities, non destructive measurements in the power station, such as 

gamma-scanning at every cycle,as well as non destructive and destructive 

measurements in the hot cells or fuel rods at different burn-up stages. 

INTRODUCTION 

In Italy the importance of plutonium recycle in thermal reactors has 

long been acknowledged both by ENEL and by CNEN who have complemented each 

other'3 activities in this area. 

As a matter of fact, ENEL was faced with this problem earlier than 

the other electric utilities because it operated a graphite-Magnox station 

at Latina with a high plutonium production, and two light water stations. 

Garigi$ano and Trino Verceliese, in which plutonium might be recycled. 

In 1966 EHEL, in collaboration with EURATOM, launched an extensive 

research program in Garigliano station (160 MWe BWR). Sixteen plutonium 

prototype assemblies were loaded in this reactor, in the time period 
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between 1968 and 1970 with about 9C0 mixed-oxide rods and a total weight of 

three tonnes of fuel. On the basis of the encouraging experience obtained, 

ENEL ordered an entire batch of fourty-six plutonium-isiund assemblies for 

the Garigliano to be inserted in 1975. The core so loaded h.3s almost finisfi 

ed the first cycle of operation. ENEL also ordered eight all-piutonium 

assemblies for the 260-MWe PWR of Trino Vercellese, which were inserted 

into the reactor in 1976. 

In parallel, the activities carried out at CNEN aimed at the verifi£ 

ation in operating conditions of the knowledge acquired in the framework of 

the CNEN Plutonium Program in the area of design and fabrication of Pu 

assemblies. To this purpose, prototype plutonium fuel assemblies were 

..fabricated at CNEN pilot plant under CNEN design and have been operating in 

various, reactors (Xgesta, Kahl, Halden). 

EXPERIENCE WITH PU FUEL IN ENEL POWER STATIONS 

More in detail the first group of twelve prototype assemblies was 

loaded into Garigliano in September 1966; of these, eight are all-plutonium, 

and have cold-pressed sintered pellets and were manufactured at BNFL (UK); 

the other four assemblies are plutonium-island and consist of twenty-four 

plutonium and fourty enriched-uranium rods and were manufactured at 

Vallecitos. The latter group has rods of different type; a few have vibro-

coirpacted fuel, the others contain shorter sintered pellets (wafers) or 

hot-pressed standard-size pellets. Thus, experience could be acquired also 

on different fabrication tecniques. 

During the 1970 shutdown a few prototype assemblies of the first 

group were visually examined in the pool by means of an underwater television 

'~".et» and they were found to be in excellent condition. Two of these assemblies 

"Were not reloaded in the reactor, but kept for subsequent gamma-scans and 

destructive tests. 

During the aforesaid shutdown a second group of four all-plutonium 

assemblies was loaded, which differ from the previous eight in that the 

spacer capturing rod is enriched uranium instead of mixed oxide; the rods 

were manufactured by Belgonucl£aire. 

At present the prototypes of the first group, which remained in the 

reactor for four operating cycles, have reached a lead assembly burn-up 

of 24,500 MWd/tonne, whilst the prototypes of the second group, which were 

inserted two years later, have reached a lead assembly burn-up of 21,000 

MWd/tonne. 

The integrity of all the prototype assemblies was confirmed both 

during the 1970, 1972 and 1975 shutdowns by checking their mechanical 

condition by means of the sipping technique. 

Besides the information on mechanical behaviour, valuable experiment^ 

al data have been derived from the operation of these prototypes. Follow

ing the 1968 open-vessel experiments during the 1970 shutdown an assembly-

wise gamma scan was performed on an entire quadrant of the core so that a 

macroscopic power map was obtained. Subsequently, gamma-scanning was carried 

out on the individual rods of an all-plutonium assembly, which permitted 

the local power distribution to be obtained. ' 
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One of these Pu rods (peak bum-up 10,000 MWd/t) was later subjected 

to a hct-cell destructive test at Windscale in order to ascertain in the 

metallurgical conditions and the isotopic content at various elevations. 

The examination of six sections, representative of three areas at different 

void contents, proved that the rods behaved satisfactorily from the 

metallurgical standpoint and tha the plutonium distribution in U0_ remained 

very similar to that prior to irradiation. 

During the 1972 shutdown a second rod-by-rod gamma scan was perform 

ed this time on a plutonium-island assembly which had reached a burn-up 

of about lU.OOC MWd/t. The local power shape was determined at six different 

elevations. 

An extensive post-irradiation program is being implemented on the 

Garigliano mixed-oxide fuel assemblies. The program, includes fourteen 

PuOj and five UO, rods irradiated at different burn-up levels from 7,000 

to 25,000 Mwd/t. At present, phase I is completed, while phase II is in 

progress. Both programs have been performed in the hot cells at Riso 

(Denmark) under a contract between CNEK-ENEL and DAEC. Results are given 

onl} for the five rods of the phase I. 

As regards the comparison between (U-Pu)02 and VO2 rods related to 
the general behaviour, it has been noticed that the only difference between 

the uranium rod and the mixed-oxide rods is in the fuel structure; this 

seemed not to have influenced the general behaviour of the rods; the rods 

behaved well during irradiation, also one (U-Pu}02 rod with localized 

hydride attacks showed no immediate risk of failure. It was concluded that 

the (U-Pu)02 rods, with the above-mentioned few exceptions, behaved just 

as well as the U02 rod. 

In Spring 1975, four all-plutonium prototypes, which had exceeded 

a burn-up of 20,000 MWd/t, were discharged in order to plan a sort of 

demonstration program on the problems of transport, segregated reprocessing 

and re-utilization of second-recycle plutonium. About ten kg of second-

recycle plutonium may be recovered. 

We deem it important to make efforts to check the peculiar properties 

of a high Pu-240 content as a ''fertile poison" in real assemblies for light 

water reactors and the emergence of any extra-costs in reprocessing mixed-

oxide fuel. In this way the economics of all the phases of Pu utilization, 

including subsequent recycle, will have been explored. 

On the basis of the encouraging results obtained from the Plutonium 

Demonstration Program in the Garigliano reactor, ENEL placed an order for 

two reloads with ar, option for additional three batches. The first reload 

was supplied by Fabbricazioni Nuclear!, with Belgonucleaire supplying the 

plutonium rods under a subcontract. Subsequently the order for the other 

batches has been converted to uranium enriched fuel. 

The plutonium island reload was introducedvinto the reactor in 197S. 

About half of the rods ir. these assemblies are enriched with plutonium; 

the peripheral average enrichment in U-235 is 1.93%. About 200 Kg of fissile 

plutonium have been used fcr the first batch of fourty-six fuel assemblies 

for the inside rods enriched to 3.3% and S% Pa. 

The use of such a large air.ount of plutonium caused some new 
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problems, such as the homogeneity of the various batches used for 

different enrichments. This is difficult to achieve when the plutonium 

comes from different reprocessing lets and causes left-overs that cannot 

be utilized unless they are blended which gives rise to extra costs. In 

this connection, ENEL has a very satisfactory experience wir̂ 1 the blending 

of plutonium powders of very different origin3 to a homogeneity of the 

final product of 1%. (The blending was performed by CEA). 

The plutcnium island fuel assembly of the Garigliano reload was 

designed for a reactivity lifetime similar to that of the enriched uranium 

assembly. Since it was a plutonium-island assembly, special care was taken 

in the choice of the four enrichments in order to to reduce the power 

N density of the central rods that are liable to develop a highest-clad-

' temperature rise in the event of a LCCA (loss-of-coolant accident). 

The insertion into the core jf the fourty-six plutoniura-island 

assemblies required the performance of a new safety evaluation. The 

procedure entailed tno revision of the jiant licensing bases in order to 

define which events were still bounded by the original analysis and which 

bad to be re-analyzed. To this purpose, the parameters that significantly 

affect the evolution of the transients and accidents were evaluated and a 

check was made to ascertain whether their values fell within the range 

provided for in the original safety analysis. 

It was observed that some values exceeded the boundary ones, such 

as the scram reactivity function vs. time, mainly owing to the improve

ments in the calculation models since the issuance of the original analysis. 

This particular aspect, especially due to the backfitting require

ments, entailed the revision of a certain number of transients and accidents 

that dr—r.rirrtcd the compliance of the reload batch with the safety limits. 

The fresh plntoniuw assemblies did not entail more trouble in handling 

at Garigliano site than fresh uraniun assemblies. The intensity of the total 

dose in contact with the fresh fuel assembly, that had already been measured 

at the FN factory, proved lowe? than the highest expected dose of ten mrem/h. 

The presence of plutoni un required special procedures in the event 

of an assumed accidental breaV (fall or collision) of the fuel rods. A H 

the lifting facilities and eqtipment used in fuel handling were subjected 

to accurate non-destructive trsts (with dye penetrants, ultrasonics and 

gamma radiography). 

As regards the mechanical behaviour of the assemblies, the off-gas 

trend during the present cycle is indicative of the excellent behaviour 

of all the assemblies in the core. 

Also the operation of the reactor, whose core is loaded by one 

fourth with plutonium assemblies, did not show any substantial difference 

attributable to plutonium, except for the presence of gadolinia that was 

used in the Garigli?no reactor for the first time and led to the 

modification of the control rods inserted as a function of burn-up. 

The radial power distribution underwant no significant modification 

in respect to the previous cycle find the cycle length was as expected. 

At the end of the present oparatirg ccJe (Sumner 1977) is planned 

a measurement compaign on the mixed core; ansembly-wise gamma-scanning 

measurements wijj. be performed on fourty assemblies while local power 

distribution will be measured on fourty-four rods of one assembly at 



different elevations. 
As to the plutonium recycle in the Trino station reactor (260 Mwe 

PWR), ENEL had a right of option to introduce plutonium assemblies into 
the core starting from the 1976 reload. ENEL has decided to limit the 
loading to eight all-plutonium assemblies (about 1/5 of a batch); the 
additional loading of plutonium assemblies in subsequent cycles may 
require a more detailed analysis of the transient core behaviour and of 
the plutonium availability at the time. 

i The plutonium assemblies are graded with three enrichments per 
assembly; a total of 100 kgs of plutonium was employed. Careful positioning 
Of these-assemblies in the core minimized the perturbation normally 
associated with the loading cf plutonium assemblies in a uranium core. In 
fact, owing to the much lower initial reactivity of this fuel as compared 
with an equivalent enriched-uranium assembly, the problems of power 
sharing and shutdown margins may not arise at all when the fraction of 
plutonium fuel is not large. 

A safety analysis similar to that performed for the Garigliano plant 
was performed fa?eight plutonium assemblies loaded into the Trino Vercel-
lese reactor. Also in this case, the availability of more updated methods 
that were in accordance with the latest safety criteria led to the re-
evaluaticn of a few events, including the class of steam line break 
accidents. 

An analysis with highly sophisticated methods was made of steam 
line break accidents since they represent a limiting condition for 
plutonium recycle in PWRs. It was ascertained that the reactor may house 
tip to one third of a core of plutonium fuel assemblies without exceeding 
the limits provided for this type of accidents. • 

For both reactors, use has been made of the depleted uranium 
resulting from reprocessing of the Latina fuel with a U-235 content of 
0.6% for Garigliano and of 0.52% for Trino. The experience with this 
£uasi-natural uranium has been very favourable. Although the material was 
Originally produced in a cheep way as U0_ suitable for prolonged storage 
the conversion to reactor-grade U0 2 was relatively easy. 

FOLLOW-UP AND DEVELOPMENT ACTIVITIES 

In addition to the activies associated with reactor operation out
lined above, a series of experiments and analysis was performed as 
described in the present section, both en Pu fuel of ENEL power stations 
and on development fuel designed and fabricated by CNEN. 
*' The program of post-irradiation measurements is summarised in the 
enclosed table. Nineteen rods at different exposure will be examined. Up 
to now the first campaign was completed at Riso Lot laboratories with 
additional analysis performed at Karlsruhe Euratom labs on rods after 
15,000 Mwd/MTM of exposure; several results of particular interest are 
outlined in the following pertaining to rods, cladding, and pellets; 

h) rods - the thickness of the rather spongy crudlayer varied from 0 to 
26 pm. The crud consisted mainly of Fe with small amounts of Cr and Ni. 
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- The diameter of the rods varied from 15.05 to 15.1U mm, which falls 

within the specified fabrication limits (m.67 - 15.2«* mm). No marks 

pf ridging or of fretting corrosion were observed at the spacer locations. 

?-<• The rods length increased by 0.1!i% in SA-58 and 0.23% in SA-56. -\The 
getter material present in the (U-Pu)02 rods acted well as a getter and 

picked up from about 100 to 300 ppn of hydrogen, which was much more than 

the hydrogen content in the cladding (~ten ppm). - By piercing the 

rods, the pressure was found to be above two ata (SA-58) and above four 

ata (SA-56) in the (U-Fu)02 reds, and 1.26 ata in the U02 rod. The 

pressure and gas composition proved that the rods were leak-tight upon 

completion of the irradiation. 

b) Cladding - The oxide layers were up to 19.H urn thick on the outer 

surface and up to 6 urn thick on the inner surface. - Localized hydrogen 

attacks were found xn the cladding of one (U-Pu)0„ rod of SA-56 in the 

form of cavities with a maximum diameter of *K5 mm and a maximum depth 

$f 0.3 mm. The electron microprobe analysis carried out in this region 

Showed that the cavities contained carbon, chlorine and traces of oxygen. 

jfo fissii~> products were detected in the cavities, caesium was found in 

focalized at the surface where it was associated with the oxide film. 
i-

fhe cavities were presumably due to localized cladding hydriding. - Apart 

from the localized hydrogen attacks mentioned above, the content of 

hydrides in the cladding of all the five rods of phase I was low and 

evenly distributed with random orientation. 

p) Fuel pellets - The plutonium was found to be distributed in the 

pellets very homogeneously. - Local grain growth was observed around 

$he plutonium particles, but there was no evidence of "bridge formation" 

phich could result in a hot spot in the cladding. - The metallic 

inclusions detected in the pellets by the electron microprobe analysis 

consisted mainly of Mo, Tc, Ru, Rh and Pd. In one (U-Pu)02 rod, Sn was 

also found. - The maximum fuel temperature was estimated to be on the 

order of 1600°C. - The pellet stacks shortened by at least 11- 19 mm, but 

fhis values could not be determined exactly because the fuel was general^ 

iy rather loose and inoved easily when the rods were handled. 

^ In conclusions according to the analysis at 15,000 HWd/t the fuel 

has confirmed the operation data derived from sipping. Measurement cam

paigns on the same elements at high exposure will be continued in the next 

years. These examination will be financially sponsored by the European 

Comunity in the framework of Comuuity Program on Pu Recycle. 

To support the design and performance evaluation activities, 

additional experiments were carried out to characterize the behaviour 

of Pu fuel asrernbly especially from the neutronic view point which is 

peculiar of such a fuel. 

••* A large set of conditions was investigated with particular 

enphasis on the effects connected with the inhomogeneities peculiar of 

BHR fuel assembly, also in the presence of control rods and burnable 

poisons. The experiments were performed in the DIMPLE facility at 

Winfrith, in the Plutonium Recycle Critical facility at BNWL, in the 

Qarigliano station (open vessel experiments before loading the first 
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set of prototypes) in the RITMO and ROSPO critical facilities at the-Casei£ 

cia Nuclear Center, in the Grosswelzheim critical facility. The measured 

quantities were: criticality, power distributions, reactivity worths 

associated with perturbation such as control rods, reactivity coefficients 

and in some cases, reaction rates. 

The most recent experiments dealt with the peculiarity of Gd as 

a burnable poison in a Pu environment: - local power distributions and 

reactivity coefficients were measured in different layouts (3x3 assemblies) 

at the Grosswelzheim facility; the central fuel assembly was a CNEN 

manufactured assembly, containing one enriched U fueled Gd poisoned rod 

and one Pu fueled Gd poisoned rod, in an all Pu environment, the other 

eight assemblies were Pu island assemblies; the moderator temperature 

was varied in the range: ambient - 80°C. - Criticality and local power 

distributions were measured in the Kritz facility at Studsvik (twenty-one 

assemblies) under a program organized by General Electric on ENEL plutonium 

reload fuel assemblies (Pu island with H Gd poisoned rods) with the 
moderator temperature up to a value close to operating conditions; a large 

variety of lay-out were examined. 

The activities carried out at CNEN aimed at the verification, in 

operating conditions of the know-how acquired during the past years in the 

framework of the CNEN Plutonium Program for the design and fabrication of 

Plutonium fuel assemblies. To this purpose, the following prototype fuel 

assemblies were fabricated at CNEN plutonium plant to a CNEN design, and 

haye been operating in the following reactors: a) The plutonium island 

(4*1* rods) assembly operating in BWR conditions in the Agesta reactor 

(Sweden). At the final shutdown of the plant in Summer 197U this assembly 

had reached an average burn-up of 16,200 MWd/t, with a peak value of 

2Q|°000 MWd/t. b) Two all plutonium assemblies (each consisting of 6x6 rods) 

operating in the Kahl BWR plant (Federal Republic of Germany). The first 

(P-22) has now reached an, average burn-up of 7,000 MWd/t. In the second 

(P-^H), which has reached an average burn-up of 5,000 MWd/t, Gd 0 has 

been used as a burnable poison in two rods; one is an enriched U fueled, 

thj? other is Pu fueled, c) A plutonium fuel assembly (IFA-170) operating 

in-the Halden reactor has now reached an average burn-up of 28,000 MWd/t. 

d) Irradiation experiments were performed or. an accelerated time scale in 

the high-flux Silog reactor (CEA, Grenoble) on fuel rods containing either 

1% or 2% Gd.O in either-uranium-oxide or mixed-oxide matrices, totalling 

four types of rods. 

Present fabrication activivies at CNEN plutonium plant in connection 

vifh thermal reactor fuel are mainly concentrated on supplying fuel rods 

(more than one tonne of mixed oxide) for a joint AECL-CNEN-ENEL experiment

al program aiming at assessing the physics aspects of plutonium recycle 

in heavy-water reactors. 

For the Agesta assembly a PIE program was performed at the Studsvik 

laboratories, mainly to characterize the thermomechanical behaviour of the 

fuel rods and of the other mechanical assembly components. 
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For the P-Hl assembly an extensive examination program was completed 

to ascertain thj irradiation behaviour of the gadolinium containing uranium-

plutonium fuel in order to provide experimental data for the physics design 

of this type of fuel elements. 

The following examinations were performed purposely at a point 

(t,000 MWd/t average exposure) when Gd was not completely burnt: a) Non

destructive measurements were performed on all the rods of the assembly 

(axial and local power distribution by gross gammascanning, the whole 

fission product spectra being recorded at three axial positions of each fuel 

rods); after the gammascanning, the element was reinstalled in the Kahl 

reactor for further irradiation and the two gadolinium poisoned rods 

together with two additional unpoisoned rods were kept in the cells to urder-

go destructive examinations, b) Hon destructive measurements: puncturing 

of the four fuel rods examined and determination of fission gas isotopes 

and total fission gas release; neutron radiography of the gadolinium contain 

ing rods to determine axial distribution of neutron absorbing gadolinium 

isotopes; ceramographic and autoradiographic examinations of fuel rod :ross 

sections to determine plutonium and gadolinium particle size and distribution 

and structural changes possibly occurred; accurate burn-up determinations; 

isotopic distribution of gadolinium, uranium, plutonium and some transplut£ 

nium elements at several axial positions; radial distribution of the above 

mentioned isotopes and radial burn-up shape within the pellet. 

In addition examinations regarding the general performance of the 

fuel rods and the mechanical behaviour were carried out including: visual 

inspection of four fuel rods and dimensional measurements of length, diameter 

and ovality of four rods. 

A general feedback from the experiments carried out is the enlarge

ment of the basis for the validation of the computational methods. It should 

be considered that the quality of a calculation code does not lie in its 

sophistication level but is associated with the extension of verification 

work performed, and the consequent adjustment. The widening of the 

applicability range is currently associated with some trimming of the 

procedure for specific aspects. Care should be given to the circumstance 

that the submodels within a code are strictly interconnedcted: a typical 

example is the necessity for changin the formula of the dependence of the 

resonance integral of U-238 's water density as a consequence of a 

modification in the formula correlating steam quality and void fraction. 

It appears that to a large extent the trimming work is specific of a given 

computational procedure and can hardly be of wider value; however, some 

points of general interest might be: - determination of parameters of 

fission gas release models for Pu fuel as a funtion of burn-up;-evidence 

of importanceof an accurate control rod history on local power distributions 

vs time; detailed verification of tha Gd depletion model, including both 

ft confirmation of the opportunity of referring the Gd evaluation to the 

neutron fluence in the cells surrounding the poisoned one and an assessment 

of the reduced depletion rate of Gd in a Pu environment with possible 

benefits on time evolution of the reactivity value of the poison; - assess-

nent of the relative merits, for cross section library generation at fuel 

assembly level, of the so called reference models, such as Montecarlo and 
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transport theory, with respect to the standard design methods based mainly 

on diffusion theory properly suppleirc >.ted with tin results of more 

sophisticated models; - assessment of the real advantages of fine mesh 

methods or "higher order" coarse mesh methods vs conventional coarse mesh 

methods. 

CONCLUSIONS ' 

As a general statement it can be said that in Italy the experience 

of recycling significant quantities of Pu fuel has been satisfactory and 

that plutonium can be considered an alternate fuel ior LWR's. The 

present crisis of reprocessing services has of course postponed the problem 

due to shortage of plutoniul availability. 

Therefore, the amount of plutonium that will be recycled in the 

medium term in Italy reactors, in addition to that already introduced, is 

strongly conditioned by the commitments for the Creys-Malville (Super-

Phoenix) fast reactor prototype or other initiatives in fast reactor 

development, and by the actual future production from reprocessed fuel. 

In fact ENEL converted the order for plutonium fuel for Garigliano into 

enriched uranium reload order. 

Even if the "industrial" thermal recycling will be marking time, 

there should be no slowing down in the planned research and development 

intended to obtain information on both entire reloads and prototype 

assemblies. In this connection it should be mentioned that the European 

Community has underway a Research Program on plutonium recycling in water 

reactors, under which many ENEL and CHEN activities are sponsored. 

In effect, in this transitional period it remains essential to 

qualify the individual reactors and the reactor types with demonstration 

projects, also for the purpose of determining the maximum amounts that 

can be loaded without plant changes, and to explore in greater depth 

certain phases of the entire cycle about which knowledge is still incomplete 

It should also be enphasized that plutonium stockpiling may give 

rise to- a lot of problem?, in particular technical problems for plutonium 

coming out from LWR's (h:'.gh Pu-2m content), and that Pu recycling in this 

case may prove to be much more economical than storage. 

It should always be born in mind that, among other things, the 

recycling of plutoniun in thermal reactors makes possible a diversific

ation of nuclear energy sources and may therefore prove of major importance 

as a "safety valve" in periods of crisis or insufficient supply of other 

nuclear fuels. 
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T A B L E 

PIE PROGRAM ON GARIGLIANO BWR PLUTONIUM RECYCLE 

Phase and Schedule 

Phase I 
1975-76 

Phase II 
1976-77 

Phase III 
1977-78 

Phase IV 
1977-78 

Assembly Type 

"Plutonium-Island' 
(assembly SA-58 and SA-56) 

"Plutonium-Island" 
(assembly SA-58) 

"All-Plutonium" 
(assembly SA-33) 

"Plutonium-Island" 
(assembly SA-58 and SA-57) 

"All-Plutonium" 

"Reload Plutonium-Island" 

* 

Rod Type 

( U - P u ) 0 2 

( U - P u ) 0 2 

( U - P u ) 0 2 

(U-Pu)0 2 

U°2 
( U - P u ) 0 2 

( U - P u ) 0 2 

U°2 
( U - P u ) 0 2 

( U - P u ) 0 2 

U°2 
( U - P u ) 0 2 

( U - P u ) 0 2 

( U - P u ) 0 2 

( U - P u ) 0 2 

( U - P u ) 0 2 

(U-Pu)02 
U02 
U02 

i 

Enrichment 

2 .0 

2 .0 

2 .0 

3 .2-

2 .4 

2 .0 

2 . 0 

2 .4 

3 .1 

0 .82 

1.83 

2 .0 

3 . 2 

1.55 

3 .1 

6 .0 

3 .35 
1.44 
2 3 

(+2%Gd2 03) 

0 

Manufacturer 

GE 

GE 

GE 

GE 

KRT 

GE 

GE 

KRT 

BNFL 

BNFL 

KRT 

GE 

GE 

BNFL 

BNFL 

BN 

BN 
FN 
GE 

Assembly Burnup 

2 Cycles 
14,000 MWd/t 

3 Cycles 
21,000 MWd/t 

4 Cycles 
25.000 MWd/t 

4 Cycles 
25, 000 MWd/t 

1 Cycle 
7. 000 MWd/t 


