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ABSTRACT
We investigate a scenario for a smooth transition from an energy production based on PWR to one

relying on the Thorium cycle. The reactors used during the transition are solid-fuel fast-neutron Accelerator
Driven Systems whose initial fuel incorporates the Transuranian waste produced by the PWRs. Our work relies
on a realistic computation of the neutronics of these systems. The benefits of implementing this scenario
(compared to exploiting PWRs) in terms of the reduction of the total radiotoxicity (interim storage, final waste,
and in core material) is evaluated along and after the transition period as well as the impact on a future
repository.
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I) INTRODUCTION
The contribution of nuclear energy to the world energy production of the future is presently a matter of

debate. However, it is already obvious that the tenets underlying its present development will have to be at least
partially revised if it is to participate in a significant way to a future sustainable energy production system. In
particular, beside some well established economic constraints, the concerns which have emerged in the public on
the issue of the management of the nuclear waste will have to be dealt with in a more convincing mannerfl]. Of
course, how such a conviction can be established is a complex problem, the solution of which depends on a
number of parameters, many of them lying outside the realm of science and technology.

The present work aims at contributing to the general reflection on this subject. Our approach is based on
two well-known facts concerning the thorium (Th) cycle[2]. First, Th is widely available and can therefore, more
than uranium (U) whose easily exploitable reserves are more limited, become the basic commodity for a long-
term nuclear energy production. Second, the radio-toxicity of the waste associated with the Th cycle is
significantly lower than that of the U cycle. With this in mind, we choose to explore a scenario to which two
goals are assigned: i) ensure a continuity of energy production by the gradual replacement of U-PWR by systems
based on the Th cycle, ii) incinerate the transuranians (TRU) (i.e. Np, Pu, Am, Cm,...) waste generated by the
past and still running PWRs. It is well known that fuels with high TRU concentrations have unfavourable safety
properties, which prohibits their insertion in significant amounts into the core of standard critical reactors. For
this reason, the reduction, and even the stabilization of the heavy actinide stock has (but for Pu) not yet been
considered within the presently operating reactors. To overcome this difficulty, the concept of Accelerator
Driven Systems (ADS), which because of its inherent sub criticality sidesteps at least this difficulty, has been
revived about a decade ago by Bowman and Rubbia [3-5]. Moreover, whatever the cycle (U or Th) the ADSs
improve the neutron balance and allow for a less constrained operation.

We therefore analyse a scenario in which a fleet of PWRs operated according to present Electricite de
France (EDF) policy (93% UOX, 7% MOX) is gradually replaced by Th-ADSs reactors so as to maintain the
nuclear energy production to a constant level. Because Th is only a fertile element, some fissile nuclei have to
be incorporated into the initial fuel. This fissile material is taken from the waste generated by the past and still
running PWRs. In order not to preclude any type of separation process (aqueous or pyrometallic) we use a
homogenous TRU oxide fuel with the element and isotope composition of the spent fuel produced by PWR.
From then on, each ADS reactor which is started will burn the TRU not yet incinerated (or produced) in its
preceding cycles and, as much as needed, the U (mostly 233U) it has generated from Th breeding. Since it is not
yet clear whether the stock of TRU waste generated by the PWRs can cover the needs for starting the ADS
required for a constant energy production, we have investigated a scenario in which the TRU-Th ADSs breed as
much U as allowed by the ADS neutron economy. In this way, a stock is generated which can be used to start
233U-Th ADS reactors. As the last PWR is replaced by an equivalent energy producing ADS, all the reactors are
reversed into a non-breeding mode. This ensures that no unnecessary stock of 233U is produced. From this
analysis, we determine the minimal amount of initial TRU waste needed by the transition. The efficiency of the
breeding mode in the 233U-Th reactors also provides an indication of the potential growth rate of a nuclear energy
production system based on Th fast reactors. This work is an extension of a first analysis of the Th based
cycles[6]

The next section, recalls the data concerning the energy production by PWRs and the associated waste
generation that we use as backdrop of our scenario ; namely that prevailing in France nowadays. In Section 3, we
give the main characteristics of an ADS reactor suitable to perform the transition and outline the numerical



method which allows a detailed study of its neutronic properties. Section 4 investigates how such reactors should
be optimally deployed to ensure the fulfilment of the two goals mentioned above (constant energy production
and TRU incineration). The next section presents the results concerning the history of future radio-toxicity as the
transition from U to Th cycle progresses. Our main results and some outlooks are reviewed in the conclusion.

II) TRU WASTE GENERATION : ILLUSTRATION WITH THE FRENCH SITUATION
Presently, the capacity for PWR electricity production in France is close to 60GWe. The nominal power

of reactors ranges between 0.9GWe to 1.45GWe. The fuel is either uranium oxide (UOX) or mixed plutonium
uranium oxide (MOX). Approximately 71% of the plants are of the so called UOXl type, 9% of the N4 type and
20% are burning M0X[5]. Taking into account that in the latter type of reactor only one third of pins contain
plutonium oxide, Table 1 shows the average TRU waste associated with an electricity production of lGWe.y
(=8.77TWh).

237Np
13.4

238Pu
5.6

239Pu
139.8

240Pu
65.2

241Pu
35.4

242Pu
17.5

24lAm
11.9

242mAm
0.1

243Am
6.6

243Cm
0.0

244Cm
2.3

Table 1 : Masses (kg) of TRU discharged per GWe.y averaged over the different types of reactors operated by
the French utility.

Nowadays, the situation in France corresponds to a maximal annual production of 0.257x60 = 15.8T of
Pu with the isotopic composition given in Table 1 (in fact, it is smaller by about 20% because power plants are
only partially used). Such a production has begun (at a steadily increasing rate) approximately some twenty five
years ago. It is scheduled to last for almost half a century (of course it will decline if the presently active power
plants are not replaced when they reach their assigned lifetime). Without entering a more detailed accounting,
these figures provide a clear indication that, in a short or medium term, there will exist a significant stock of
TRU available in France to initialise a transition scenario of the sort we analyse here.

However, in view of the many uncertainties affecting the date of the start of a possible transition away
from the standard U-PWR cycle, we have preferred to work our way backward and rather to determine the
minimal mass of the TRU stock which would allow the scenario that we sketched in the introduction. Part of this
minimisation effort requires to breed as early as possible some 233U in order to start U-Th ADSs. Based on the
reactor design described in Sect.2, the corresponding results are given in Sect.3.

Ill) DESCRIPTION AND PROPERTIES OF THE ADS
In this study, we have considered a fast ADS. The choice of a fast neutron spectrum is motivated by our

desire to incinerate all TRUs whatever the parity of their neutron number. In addition, we want this incineration
to take place in operational conditions such that the average neutron flux <& is compatible with irradiation
properties of known steels and other parts of the fuel assemblies (typically <t» < 2.5 1015 cm'V1). Moreover, the
fast spectrum allows to reach favourable breeding rates with standard solid fuels. An ADS is characterized by its
reactivity k . When k is smaller than 1 (sub-criticality), the ratio G(k) of the total electric power to the power
injected into the accelerator which drives the ADS becomes finite. It depends on a set of parameters which
includes the efficiency of the accelerator Ca, the proton beam energy Ep, the number of spallation neutron

generated per incident proton Nsp and the average number of neutrons released per fission V. It is given by the
formula

where G- is the thermal efficiency of the power plant and £ the average energy released per fission. Another
quantity is highly relevant for the definition of a realistic draft design of an ADS : the intensity i(k~) of the
proton beam. Indeed, it defines the irradiation level at the window separating the vacuum tube of the accelerator
from the spallation target. This intensity can be expressed as

where R is the net
given in table 2.
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Table 2 Global parameters used in the definition of the ADS (see Text)



We consider the average reactivity k =0.97 because first analyses have shown that such a value is within the
acceptable range for the safe operation of an ADS. Moreover, the associated request on the intensity of the
proton beam appears compatible with present linear accelerator technology for a facility whose length should be
of the order of 300-400 meters.
Let us now describe the structure of the different components of the ADS as schematised in Fig.l, namely the
spallation target, the core, the blanket and the reflector. For the core, the blanket and the reflector, the selected
coolant is pressurized Helium.

Non Breeding Mode Breeding Mode

Figure 1 : Schematic drawing of the vertical section of the ADS reactor. The blanket configuration on the left
(right) side of the spallation target corresponds to the non-breeding (breeding) configurations. Actual dimensions

are given in text.
III.l) Spallation Target
The target material is molten lead. The fluid moves vertically in an axial tube of martensitic steel. This tube has
an inner diameter of 37cm. For safety reasons, it is distinct from the inside tube of the reactor vessel. In the
upper part it contains a 27cm outer diameter vacuum tube in which the proton beam circulates. The 0.5cm thick
steel window is located 20cm above the geometrical centre of the reactor core. This takes into account that most
of the spallation neutrons are produced in a zone extending approximately 40cm below the window. The space
left between the two tubes allows a cooling of the target with Pb fluxes compatible with capacity of the present
pump technology and steel resistance to erosion. The inner section of the window is such that the beam intensity
does not exceed 65|xA/cm2, a value compatible with the resilience of martensitic steels to irradiation.



III.2) Core
The cylindrical core is enclosed in a martensitic steel vessel with a central duct in which the spallation

target tube is inserted. The fuel pellets are contained in pins of .82cm outer diameter. These pins are arranged in
a regular hexagonal array inside steel hexagonal prismatic assemblies as in Superphenix. The fuel plus steel
volume fraction does not exceed 35%. This value is compatible with a cooling by means of pressurized He. In
order to reach a more homogenous power distribution, the core is divided into three cylindrical zones with
similar volume and different ratios of fissile versus fertile material. The concentration grows from the centre to
the periphery. The concentration in the second (resp. third) zone is 1.28 (resp. 1.62) larger than that in the most
central zone. For different cycles of the reactor, we adjust these absolute concentrations (while keeping constant
the ratio between the three zones) to ensure the stability of both reactivity and power production. At any rate, the
maximum concentration reached at the start of a TRU/Th ADS does not exceed 25%; a value compatible with
present fuel technology. The vertical dimension of the core is 260cm. The inner and outer radii are 20 and 120cm
respectively. The volume of the core is about 32m3 out of which typically 9m3 correspond to fuel.
HI. 3) Blanket and Reflector

The blanket contains pellets of TI1O2 mounted in pins and assemblies arranged with the same geometry
as in the core. The same is true for the solid steel pins of the reflector. The core is enclosed in the blanket which
is itself surrounded by the reflector. Both lateral blankets and reflectors have an annular cylindrical shape. The
inner radius of the blanket coincides with the core outer radius (120cm). The outer radius of the reflector is
247cm. The top and bottom cylindrical blankets are 7.5cm thick while the top and bottom reflectors are 120cm
thick.
111.4) Reactor Operation

Within the scenario analysed in next section, we investigate four different ways of operating the ADS
system we have just described. On the one hand, they correspond to two distinct cycles. In the first, the ADS is
started on an homogenous mix of TRU and Th oxides in which the TRU component has the isotopic composition
given in table 1. In the second, the fissile component of the fuel is U with the initial composition resulting from
breeding of Th (233U 96.1%; 234U 3.5%, 232U+235U 0.4%). In the first case, we consider that the fuel pellets may
also contain some inert material such as Zr. This allows to keep the volume fraction devoted to fuel to a constant
value (30%) and ensure that the power density remains at an acceptable taking into account fuel and pin
resistance and He cooling potential. On the other hand, the ADS can be operated in breeding or non breeding
mode. This is achieved by a modification of the outer radius of the radial blanket (i.e. the inner radius of the
reflector). In the non breeding mode this radius is 127.5cm. It moves to 220cm in the breeding mode. The
thickness of the top and bottom reflectors and blankets remains unchanged. The modification of the radial
blanket corresponds to a ten fold increase of the total blanket volume.

For these four ways of operating the ADS, we require that following characteristic be maintained during
the entire set of cycles 1) a constant thermal power Bh= 2.5GW (which yields /1=1GW), 2) a constant
reactivity k =0.97 + 0.05 which guarantees a stable operation mode for the accelerator, 3) a 5 year operation
cycle without refuelling. With the core described above, the average flux within the core stays between 1.5 and 2
1015 cm"V2. It decreases as a function of radius and is approximately three times larger in the centre zone.
Because we are using variable concentrations of fertile material, the power profile is flatter. As already said,
after each cycle, each ADS started on TRU waste will incorporate the non yet burnt (plus the created TRU) of
the preceding cycle. For the pure U-Th reactor, we take into account the gradual evolution of the uranium
isotopic distribution converging over the years towards its asymptotic value in a fast spectrum (232U 0.11%, 233U
71.99%, 234U 19.74%, 235U 4.32%, 236U 3.82%). As a matter of fact, the two types of reactors (TRU-Th or U-
Th) converge over the cycles towards a single asymptotic U-Th ADS.

When the reactors are operated in a breeding mode, the assemblies in the part of the blanket which does
not cover the core are removed every other month and refilled with fresh Th oxide.
111.5) Calculation of ADS neutronics

The analysis relies on Monte Carlo (MCNP code[8]) calculations performed every other month during a
cycle. The composition of the core and the blanket is followed in a total of 256 zones. In each zone, the neutron
distribution generated by the initial neutrons of the centred spallation source is computed based on the
ENDFB6[8] set of energy dependent reaction, capture and fission cross sections. From the knowledge of the
flux and energy averaged cross sections and natural decay half lives, we determine the time evolution of the
element and isotope composition of each cell between two MCNP calculation according to a simplified Runge-
Kutta algorithm. The reactivity is deduced from the ratio of the total number of produced neutrons (fission and
n,xn reactions) to the number of source neutrons. Whenever needed, the latter number is renormalized to ensure
that the number of fissions per unit time does correspond to the expected power Bh= 2.5GW. The results
presented below have been obtained with an alpha-DEC station, on which each MCNP calculation has been run
for twenty minutes. The statistical quality of all quantities (reactivity, flux and power distribution, isotopic
abundances) has been checked by comparison with MCNP runs using 120 minutes.



IV) THE TRANSITION SCENARIO
Our scenario which is loosely inspired by the French situation, assumes a regular switching off of

PWRs at the rate of lGWe per year and their replacement by equivalently powered ADSs. Every year the
number of PWRs decreases. At any time, the amount of TRU required to start an ADS is taken from the initial
stock built by the past operation of PWRs , augmented by the contribution of the still operating PWRs and
decreased by the amount which have been used to start the active TRU-Th ADSs. The amount of TRU with
composition given in table 1 for each TRU/Th is in proportion with the 5.97T of its 239Pu content. We have said
above that each reactor cycle is five years. We must also take into account the time needed for the discharged
fuel to cool down before reprocessing. We take it to be five years. In the mean time the ADS is not idle but
running a 5 year shifted identical cycle. This means that any TRU-Th ADS will draw twice from the stock of
TRU. Similarly a U-Th ADS will draw twice from the 233U stock. The amount of drawn U stock with
composition given in Sect. III.4 is in proportion with the 8.12T of its 233U content.

This U stock is generated by breeding within the Th blanket until the last ADS is started. The breeding
efficiency as measured by the amount of 233U which can be transferred to the stock of U after the fissile material
required for the next cycle has been drawn. This efficiency depends very much on the fuel content in the reactor.
Because of its more favourable neutron economy a TRU-Th ADS with the geometry described above can
generate approximately 1.05T of 233U. For a starting U-Th ADS this value is reduced to 0.9IT. It further
decreases to 0.82T for the "asymptotic" U-Th ADS. All these figures correspond to a value of the reactivity k
close to 0.97.

Breeding is only performed to reduce the demand on the stock of TRU assuming that it may not be
sufficient to start all the needed ADS in a TRU-Th mode. Therefore, each time the stock of U will be enough to
start a U-Th ADS (and its 5 year shifted duplicate) it will be done. Once the transition is completed, all ADS
reactors are turned into non-breeding mode in order to avoid the build up of an unnecessary stock of uranium.

V) RESULTS
Results are of two types. The first concerns the management of the stocks and of the reactor fleet; the

second the radio-toxicity at any time in the future and the impact on a future geological repository.

On Fig. 2 we give the time evolution of the number of active reactors of the three different types.
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Fig.2 Time evolution of the three type of reactors PWR, TRU-Th ADS and U-Th ADS considered in this work



As required by our scenario, the number of lGWe PWR decreases regularly from time t=0 and vanishes
at t^59 years which marks the end of the transition. Up to year 16, each PWR is replaced by a TRU-Th ADS.
From then on, according to the available stock generated by the already started ADS, all operated in breeding
mode, the U-Th ADSs are started whenever possible. At the end of the transition, about 28% of the new reactors
(17 units) are of the U-Th type. Working backward from this proportion, we deduce that the minimal stock of
TRU which allows a transition to the U-Th cycle is in proportion with 266T of 239Pu. Since 60 PWR (lGWe
each) operated according to the present French utility policy, generate 8.34T of 239Pu (see Table 1) the stock
required for the transition we have analyzed corresponds to 32 years of operation at full exploitation rate (for
reasons linked to management, in France this rate lies between 70 to 80%. It is larger in the USA). If all ADSs
had been started with TRU as fissile material, the required mass of 239Pu would be larger by about 100T
corresponding to 12 more years of operation of a fully operational 60GWe fleet of PWR power plants.

The breeding efficiency of the "asymptotic" U-Th ADS tells on the capacity of the system to increase
the energy production in the absence of TRU waste. From the numbers given in Sect.IV one sees that 10 reactors
generate enough 233U to start a new ADS every ten years. The annual growth rate is therefore about 1% or
equivalently the compounded time for doubling is 70 years. This number is smaller than the present electricity
consumption growth indices. However, it indicates that, as part of a diversified energy production system relying
less heavily on nuclear energy as is presently the case in France, the Th cycle is flexible enough to accommodate
fluctuations arising from possible society requests concerning electricity power.
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Fig. 3 Evolution of the radio-toxicity (in Sieverts) normalized to the cumulated number of GWe.y produced. The
contribution of activation products and fission fragments is not included. The curves labelled inventory give the

total radio-toxicity of the actinides including in core, cooling, interim storage and final waste at a given time.
The curves PWR and ADS waste give the same quantity only for the material destined to geological storage. The

line U natural (PWR) indicates as a reference the radio-toxicity of the Uranium ore required to produced
lGWe.yinaPWR.

Fig.3 presents the future evolution of the total actinide radio-toxicity corresponding to various moments
during our transition scenario. In this way it is possible to estimate the gains brought about by the transition as it
progresses. All curves are normalized to the cumulated number of GWe.y which have been produced. The curve
labelled PWR corresponds to the present French situation. It can be associated to any time, past, present or
future, when the electricity is produced by PWRs only. Indeed, in such a once-through cycle (even when, as it is



the case in France, a small fraction involves MOX) the amount of waste and the quantity of produced electricity
are proportional. The horizontal line "U natural (PWR)" gives the radio-toxicity of the natural Uranium ore (with
0.7% 2 5U) which has been used by the PWR to generate lGWe.y. It can be considered as a sort of reference to
establish time scales for radio-toxicity of the waste to reach "natural" levels. The three other curves correspond
to our scenario. The two curves with the label "inventory" give the evolution of the total radio-toxicity; as if the
scenario was suddenly interrupted at the specified time and all the materials were considered as waste. It
therefore includes the contents of the core, the materials in cooling or interim storages as well as the waste
generated by the losses at reprocessing. To evaluate these rates we have taken an efficiency of 0.1% which
corresponds to present technology for Pu within the PUREX method and have assumed that, given an amount of
efforts similar to that which has been devoted to improve the partitioning of Pu, results of the same quality can
be reached for all the TRUs.

Note that the curves in Fig.3 do not include the radio-toxicity of the activation products nor that of the
fission fragments. Indeed we have not yet evaluated the capacity of the ADS to transmute such products in pins
or assemblies inserted into the blanket or the reflector. On a plot normalized to the cumulated produced power,
the addition of these contributions would shift upwards all the curves by the same function. Taking into account
the shorter half lives of most of these lighter radioactive products and the small amounts of the very long lived
isotopes, the curves would only be modified over a period not extending beyond 1000 years.

Comparison with the PWR curve shows that the radiotoxic inventory per GWe.y decreases with time. It
should be remembered that when the transition is completed (t=60years), one is still far from the asymptotic
limit. Indeed, there is no more TRU in interim storage but only a fraction has yet been incinerated in the core of
the reactors. After 120 years, the radiotoxicity per GWe.y has been reduced by a factor 5. In other words, the
total amount of radiotoxic material is about the same although five times more electricity has been produced.
From then on, even absolute amounts of radio-toxicity are going to decrease, mostly because the mass of the all
the TRUs in the core of the reactors is diminishing (initially some of them, for instance that of 244Cm, increase
through capture-decay processes). Between 10s and 106 years, the radio-toxicity associated with our scenario
exceeds that of the PWR waste. This is due to the apparition of a contribution by 229Th as a result of the decay of
233U. However, it must be noted that this corresponds to "small" radiotoxicity levels (i.e. comparable to that of
the reference Uranium ore).

The curve labelled "waste" gives the evolution of the average radiotoxicity (per produced GWe.y)
associated to the material which is destined to be sent to the ultimate repository when the transition is considered
at year 120. This curve is also going to decrease with time until it reaches the limiting curve associated with the
"asymptotic" U-Th reactor. The difference between the curves "inventory" and "waste" calculated for the same
moment corresponds to the contributions of the contents of reactor cores plus cooling and interim storages. For a
stationary energy production system, after some time, it will be constant in absolute amounts. In other words, on
a plot normalized to the energy production such as Fig.3 the difference between the solid and dot-dashed curves
is bound to vanish.

IV) CONCLUSIONS
In this work, we have analysed a scenario involving a transfer of the energy production from PWRs as

presently used in France to fast-neutron solid-fuel Th-ADSs. Our choice for the ADS has been motivated by our
desire to use the entire TRU waste of the PWRs to initiate the Th cycle. Thus, we achieve two goals. First we
eliminate the unwanted actinides with high intrinsic radiotoxicity. Second, we transfer the production to the less
polluting Th cycle. We believe that ADSs provide a more interesting alternative than critical reactors for the
following reasons. The weak production of delayed neutron associated with TRU makes them unsuitable for
massive incineration in critical cores. ADSs which do not rely on delayed neutron for their safety are much more
flexible in this respect and can accommodate variable concentrations of TRU within the fissile component as
they are gradually replaced by 233U. Another motivation originates from our desire to avoid a situation in which
the build up of a large TRU stock is needed before the transition can be started. To this end, we adopt a 233U
breeding strategy at least until the desired energy production level has been reached. There the subcritical nature
of an ADS turns also to be an advantage in terms of both the size of the reactor and the breeding capacity as can
be seen by a comparison with the analysis of Th based critical reactors by J. Tommasi in Ref.[2].

From a realistic numerical calculation, involving a description of the elements of the reactor down to the
level of pin and fuel pellet, we have determined the main geometrical characteristics of an ADS suitable with our
purpose. Its dimensions and the constraints on accelerator, spallation target, irradiation, cooling, power density,
flux lie within the range considered accessible to present technology or at least to its foreseeable extensions. The
same design with minimal change is used whether the fissile fuel is TRU or 233U. The transformation from a
breeding to non breeding state only involves modifications of assemblies at the common border between radial
blanket and reflector. The main constraint during the evolution is the production of fuel pellets with variable
concentration of fissile material. On the other hand, the required concentrations are within the range of present
know how, at least for pure Pu oxide.



Using this versatile system within a transition scenario, we conclude that, thanks to the improved
breeding capacity of the ADS, only V* of the reactors have to be started from TRU fissile material. The request
on the size of the initial TRU stock corresponds to about 32 years of exploitation of the present French fleet of
reactors. Renouncing the breeding capacity would add approximately 9 more years. Both numbers are
commensurate with the expected life time of today's PWRs. We have also checked that based on the breeding
capacity of our system, the U-Th ADS allows for an average 1% annual growth rate of the electric energy
production should it be required by the economy.

The results of our analysis of the long term radio-toxicity is in line with expectations. Because of the
uncertainties affecting the future of nuclear energy, which, in particular, may lead to its more or less sudden stop,
we have considered the total contribution of the actiriides in addition to that of the waste which is destined to
end in a geological storage within a normal exploitation scenario. For the latter, we find that already after 120
years of operation, as expected, its contribution is two orders of magnitude below that of the waste of a once
through cycle which is the presently official policy in several countries. Still, within our scenario, at this date,
there remains a significant amount of potential radio-toxicity in the cores of the reactors and cooling and interim
storages. Although this contribution will ultimately vanish when averaged over the total produced energy, it
won't become marginal before several centuries. It is therefore preferable to include it in any bookkeeping
procedure. Nevertheless, even when it is taken into account, we note that after 120 years and the production of
five times more electricity than had been made before time 0, the absolute total radio-toxicity has already
become smaller.

Short term extensions of this work will include, taking explicitly into account the contribution of fission
fragments to the radio-toxicity curves, an analysis of the global thermal output associated with the waste and its
impact on a potential repository and an analysis of the dependence of breeding efficiency on the reactivity k of
the ADS system. Another theme of interest is the optimisation of the core and blanket geometries with respect to
233U breeding and core volume (i.e. total power) reduction.

When, after some decades, the reactors participating to the scenario are operating with fuels whose
composition is sufficiently close to the asymptotic 233U-Th limit, the interest for the sub-critical feature of the
ADS could be less compelling. Indeed, when most TRUs have been burned, one reaches a stable situation and
the study performed by Tommasi [2] shows that there exists a design of a fast U-Th reactor which can operate
safely at the critical level. Still the ADS technology may be needed for its flexibility to ensure a significant
breeding capacity. This would allow an increase of the energy production without having to resort to the more
polluting U cycle to produce the needed fissile material. Of course, other options based on molten salt
technology may provide alternative answers.
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